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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 

SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. As 
used herein: 

2. A critical component is any component of a life support 

;"·; 

1. Life support devices or systems are those which (a) are 
intended for surgical implant into the body, or (b) support 
or sustain life, and whose failure to perform, when prop
erly used in accordance with instructions for use pro
vided with the product, can be reasonably expected to 
result in significant injury to the user. 

device or system whose failure to perform can reason- --
ably be expected to cause the failure of the life support 
device or system, or to affect its safety or effectiveness. 
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INTRODUCTION 

SGS-THOMSON Microelectronics manufactures an extensive range of memory products which 
can satisfy the needs of many applications. The products include, 

Non-Volatile Memories: UV EPROM, OTP Memory, FLASH Memory, EEPROM and 
SMARTCARD PRODUCTS. 

Static RAMs: Fast SRAM, Cache TAGRAM and burst RAM (BRAM), BiPORT FIFO, 
ZEROPOWER and TIMEKEEPER battery backed SRAMs. 

This data book provides comprehensive, technical information on each family of memory 
products to aid selection and design for a specific use. 

UV EPROMs (UV Eraseable Electrically Programmable Read Only Memories). This family 
consists of EPROMs which can be erased by exposure to Ultra Violet light through a quartz 
window in the package. The range of EPROMs is from 16K bit up to 16 Megabit and they are 
manufactured in two technologies, NMOS for 16K up to 512K densities and CMOS from 64K 
up to 16 Megabit densities. Memory access times are as fast as 60ns. Programming times have 
been reduced through the use of specially designed 'margin mode verify' circuits and the new 
PRESTO programming algorithms. Many of the CMOS types are able to be programed in the 
application board rather than in a separate programmer. For portable equipment needing low 
power consumption some sizes of EPROM are specified for operation in the read mode at down 
to 3V supply voltage. 

OTP Memories (One Time Programmable Memories). These products are similar to UV 
EPROMs but are packaged in plastic packages, both Dual-In-Line and surface mounting types. 
They are not eraseable, but may be programed one time only by the customer. 

FLASH Memories (Electrically Programmable and Eraseable Memories). FLASH Memories 
provide an extra degree of flexibility for the system designer by implementing both electrical 
programming and erasure in the application. This gives the memories additional functionality 
and enables customers to both load the contents at a late stage in the manufacturing line, or 
field upgrade the equipment. New applications such as Mass Storage for computers are also 
foreseen for FLASH memories. The manufacturing process, although more demanding in terms 
of process control, is basically similar to the EPROM, thus ensuring a similar evolution of 
memory density, performance and reliability. 

EEPROMs (Electrically Eraseable and Programmable Memories). Different from the FLASH 
Memory which may be erased only by chip or large sector, the EEPROM may be erased and 
written byte-by- byte. Two types of EEPROM are included in our range: serial bus and parallel 
access types. EEPROMs are widely used for storing equipment set-up parameters or data 
tables. The special CMOS process and cell designs used by SGS-THOMSON allows us to offer 
products with a very high endurance against wear-out that occurs after many erase/write cycles 
in this type of memory. Our EEPROMs are able to typically withstand 5 to 10 million cycles 
together with over 10 years data retention. 

SMARTCARD PRODUCTS. Three families of Smartcard Product are included. All are based 
on EEPROM technology and in addition include logic, microcomputer cores and/or crypto
graphic mathematical processors. The logic and microcomputers provide both secure memory 
access and serial 1/0 operation. Applications include telephone cards, banking cards, health 
cards, transportation and many other uses. 

~ SGS·lHOMSON ------------ .. .,1 [i(IJU~~~~©WJ©~U~ -------------
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INTRODUCTION 

Fast SRAM and BRAM. Using an innovative submicron CMOS technology SGS-THOMSON 
offers a range of standard Fast SRAM and specialty SRAMs (BRAMs) for data cache 
applications. 

Cache TAGRAM. Computer cache systems are made using a combination of memory to store 
cache data addresses (the TAGRAM) and the cache data itself (either a standard Fast SRAM 
or aBRAM). The TAG RAM family allows customers to design very flexible and high performance 
cache subsystems. 

BiPORT FIFOs. The BiPORT FIFO family is a series of fast FIFO memories based on SRAM 
technology, with built-in address registers for read and write pointers. Sizes range from 512 bit 
to BK bit and the architecture allows both depth and width expansion. 

ZEROPOWER and TIMEKEEPER. This range of products satisfies a very important sector 
of applications: they provide fast read/write non-volatile memory for use as back-up storage, 
for example for data protection at power failure. The basic ZEROPOWER products consist of 
an ultra low power SRAM with an integrated supply voltage detector and a switch-over circuit 
to a battery to sustain the contents at power down. The package includes an integrated lithium 
battery which has the capacity to maintain the memory contents for up to 10 years. TIME
KEEPER products are similar but include also a quartz controlled clock/calendar which is also 
powered by the back-up battery. 

SGS-THOMSON has an extensive program of both process and product development which 
results in many new and upgraded product introductions every year. Please contact your 
nearest sales office to learn about new products that have been introduced since this book was 
published. 

The 4 Megabit FLASH Memory developed in 0.6 micron CMOS Technology. 
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------ GENERAL INDEX 

CMOS UV EPROM & OTP MEMORIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 

M27C64A CMOS 64K (8K x 8) UV EPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 

M27C256B CMOS 256K (32K x 8) UV EPROM & OTP ROM . . . . . . . . . . . . . . . . . . . 65 

M87C257 ADDRESS LATCHED CMOS 256K (32K x 8) UV EPROM & OTP ROM . . . . . . . 73 

M27C512 CMOS 512K (64K x 8) UV EPROM & OTP ROM . . . . . . . . . . . . . . . . . . . 83 

M27V512 LOW VOLTAGE CMOS 512K (64K x 8) OTP ROM . . . . . . . . . . . . . . . . . . 93 

M27C1 001 CMOS 1 MEG (128K x 8) UV EPROM & OTP ROM . . . . . . . . . . . . . . . . . 103 

M27V1 01 LOW VOLTAGE CMOS 1 MEG (128K x 8) UV EPROM & OTP ROM . . . . . . . . 113 

M27C1 024 CMOS 1 MEG (64K x 16) UV EPROM & OTP ROM . . . . . . . . . . . . . . . . . 123 

M27C2001 CMOS 2MEG (256K x 8) UV EPROM & OTP ROM . . . . . . . . . . . . . . . . . 131 

M27V201 LOW VOLTAGE CMOS 2MEG (256K x 8) UV EPROM & OTP ROM . . . . . . . . 141 

M2CV4001 CMOS 4MEG (512K x 8) UV EPROM & OTP ROM . . . . . . . . . . . . . . . . . 151 

M27V401 LOW VOLTAGE CMOS 4MEG (512K x 8) UV EPROM & OTP ROM . . . . . . . . 161 

M27C4002 CMOS 4MEG (256K x 16) UV EPROM AND OTP ROM . . . . . . . . . . . . . . . 171 

M27C160 CMOS 16MEG (2M x 8 or 1M x 16) UV EPROM . . . . . . . . . . . . . . . . . . . 179 

NMOS UV EPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189 

M2716 

M2732A 

M2764A 

M27128A 

M27256 

M27512 

NMOS 16K (2K x 8) UV EPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . 191 

NMOS 32K (4K x 8) UV EPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . 199 

NMOS 64K (8K x 8) UV EPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . 207 

NMOS 128K (16K x 8) UV EPROM . . . . . . . . . . . . . . . . . . . . . . . . . . 215 

NMOS 256K (32K x 8) UV EPROM . . . . . . . . . . . . . . . . . . . . . . . . . . 223 

NMOS 512K (64K x 8) UV EPROM . . . . . . . . . . . . . . . . . . . . . . . . . . 231 

FLASH MEMORIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241 

M28F256 CMOS 256K (32K x 8, BULK ERASE) FLASH MEMORY . . . . . . . . . . . . . . 243 

M28F256A CMOS 256K (32K x 8, BULK ERASE) FLASH MEMORY . . . . . . . . . . . . . . 259 

M28F512 CMOS 512K (64K x 8, BULK ERASE) FLASH MEMORY . . . . . . . . . . . . . . 275 

M28F101 CMOS1MEG(128Kx8,BULKERASE)FLASHMEMORY ............. 291 

M28F1 01 A CMOS 1 MEG (128K x 8, BULK ERASE) FLASH MEMORY . . . . . . . . . . . . . 307 

M28V1 01 A LOW VOLTAGE CMOS 1 MEG (128K x 8, BULK ERASE) FLASH MEMORY . . . . 307 

M28F1 01 B CMOS 1 MEG (128K x 8, BULK ERASE) FLASH MEMORY . . . . . . . . . . . . . 311 

M28V101B LOW VOLTAGE CMOS 1MEG (128Kx 8, BULK ERASE) FLASH MEMORY . . . . 311 

M28F1 02 CMOS 1 MEG (64K x 16, BULK ERASE) FLASH MEMORY . . . . . . . . . . . . . 327 

M28F201 CMOS 2MEG (256K x 8, BULK ERASE) FLASH MEMORY . . . . . . . . . . . . . 343 

M28V201 LOW VOLTAGE CMOS 2MEG (256K x 8, BULK ERASE) FLASH MEMORY . . . . 343 

M28F201 A CMOS 2MEG (256K x 8, BULK ERASE) FLASH MEMORY . . . . . . . . . . . . . 359 

M28V201 A LOW VOLTAGE CMOS 2MEG (256K x 8, BULK ERASE) FLASH MEMORY . . . . 359 

----------- t:r'l SGS•lHOMSON -----------,.,...,~ li':ilUm©t<~~~ 
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FLASH MEMORIES (cont'd) 

M28F410 

M28V410 

CMOS 4MEG (x8/x16, TOP BOOT BLOCK ERASE} FLASH MEMORY . . . . . . 363 

LOW VOLTAGE CMOS 4MEG (x8/x16, TOP BOOT BLOCK ERASE} FLASH 
MEMORY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 363 

M28F420 

M28V420 

CMOS 4MEG (x8/x16, BOTTOM BOOT BLOCK ERASE} FLASH MEMORY . . . . 363 

LOW VOLTAGE CMOS 4MEG (x8/x16, BOTTOM BOOT BLOCK ERASE} FLASH 
MEMORY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 363 

M28F411 

M28V411 

CMOS 4MEG (512K x 8, TOP BOOT BLOCK ERASE} FLASH MEMORY. . . . . . 367 

LOW VOLTAGE CMOS 4MEG (512K x 8, TOP BOOT BLOCK ERASE} FLASH 
MEMORY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 367 

M28F421 CMOS 4MEG (512K x 8, BOTTOM BOOT BLOCK ERASE} FLASH MEMORY . . . 367 

M28V421 LOW VOLTAGE CMOS 4MEG (512K x 8, BOTTOM BOOT BLOCK ERASE} FLASH 
MEMORY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 367 

M28F841 CMOS 8MEG (1M x 8, SECTOR ERASE} FLASH MEMORY . . . . . . . . . . . . 371 

M28V841 LOW VOLTAGE CMOS 8MEG (1M x 8, SECTOR ERASE} FLASH MEMORY . . . 371 

M28F161 CMOS 16MEG (2M x 8, SECTOR ERASE} FLASH MEMORY . . . . . . . . . . . . 377 

12C BUS EEPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 381 

ST24C01 SERIAL ACCESS CMOS 1 K (128 x 8} EEPROM . . . . . . . . . . . . . . . . . . 383 

ST24C01 C SERIAL ACCESS CMOS 1 K (128 x 8} EEPROM . . . . . . . . . . . . . . . . . . 383 

ST24W01 C SERIAL ACCESS CMOS 1 K (128 x 8} EEPROM 

ST25C01 SERIAL ACCESS CMOS 1 K (128 x 8} EEPROM 

ST25C01 C SERIAL ACCESS CMOS 1 K (128 x 8} EEPROM 

ST25W01 C SERIAL ACCESS CMOS 1 K (128 x 8} EEPROM 

ST24C02A SERIAL ACCESS CMOS 2K (256 x 8} EEPROM 

ST24C02C SERIAL ACCESS CMOS 2K (256 x 8} EEPROM 

ST24W02C SERIAL ACCESS CMOS 2K (256 x 8} EEPROM 

ST25C02A SERIAL ACCESS CMOS 2K (256 x 8} EEPROM 

ST25C02C SERIAL ACCESS CMOS 2K (256 x 8} EEPROM 

ST25W02C SERIAL ACCESS CMOS 2K (256 x 8} EEPROM 

ST24C04 SERIAL ACCESS CMOS 4K (512 x 8} EEPROM 

ST24C04C SERIAL ACCESS CMOS 4K (512 x 8} EEPROM 

ST24W04C SERIAL ACCESS CMOS 4K (512 x 8} EEPROM 

ST25C04 SERIAL ACCESS CMOS 4K (512 x 8} EEPROM 

383 

383 

383 

383 

397 

397 

397 

397 

397 

397 

. . . . . . . . . . . . . . . . . . 411 

411 

411 

411 

ST25C04C SERIAL ACCESS CMOS 4K (512 x 8} EEPROM . . . . . . . . . . . . . . . . . . 411 

ST25W04C SERIAL ACCESS CMOS 4K (512 x 8} EEPROM 411 

ST24C08 SERIAL ACCESS CMOS 8K (1 024 x 8} EEPROM . . . . . . . . . . . . . . . . . . 425 

ST24C08C SERIAL ACCESS CMOS 8K (1 024 x 8} EEPROM . . . . . . . . . . . . . . . . . . 425 

ST24W08C SERIAL ACCESS CMOS 8K (1 024 x 8} EEPROM . . . . . . . . . . . . . . . . . . 425 
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12c BUS EEPROM (co~t'd) 
ST25C08 SERIAL ACCESS CMOS 8K (1 024 x 8) EEPROM 

ST25C08C SERIAL ACCESS CMOS 8K (1 024 x 8) EEPROM 

ST25W08C SERIAL ACCESS CMOS 8K (1 024 x 8) EEPROM 

425 

425 

425 

ST24C16 SERIAL ACCESS CMOS 16K (2048 x 8) EEPROM o o o o 0 o o 0 0 o 0 o o 0 0 o 0 o 439 

ST24W16 SERIAL ACCESS CMOS 16K (2048 x 8) EEPROM o 0 o o 0 0 0 0 0 o 0 0 o 0 0 o 0 o 439 

ST25C16 SERIAL ACCESS CMOS 16K (2048 x 8) EEPROM 0 o 0 0 0 0 0 o 0 0 o 0 0 0 o 0 o 0 439 

ST25W16 SERIAL ACCESS CMOS 16K (2048 x 8) EEPROM o o o o 0 o o o 0 o o o o o o o 0 o 439 

ST24164 SERIAL ACCESS CMOS 16K (2048 x 8) EEPROM o o o o o o o o o o o o o o o o o o 453 

ST25164 SERIAL ACCESS CMOS 16K (2048 x 8) EEPROM 0 0 0 0 0 0 0 o 0 0 o 0 0 o 0 0 0 0 453 

XI2C BUS EEPROM o o o o • . . • . . . . . . . • . • . . . • • . . • . . • . . • . • • . • . . . 465 

ST24E16D EXTOADDR. SERIAL ACCESS CMOS 16K {2048 x 8) EEPROM 

ST25E16D EXTOADDRo SERIAL ACCESS CMOS 16K (2048 x 8) EEPROM 

ST24E32D EXToADDR. SERIAL ACCESS CMOS 32K (4096 x 8) EEPROM 

ST25E32D EXTOADDRO SERIAL ACCESS CMOS 32K (4096 x 8) EEPROM 

ST24E64D EXTOADDR. SERIAL ACCESS CMOS 64K (8192 x 8) EEPROM 

ST25E64D EXTOADDRO SERIAL ACCESS CMOS 64K (8192 x 8) EEPROM 

........... 
••••••••• 0 • 

•• 0 •••••••• 

••• 0 ••••••• 

........... 

........... 

467 

467 

481 

481 

495 

495 

MICROWIRE BUS EEPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509 

ST93C06 SERIAL ACCESS CMOS 256 bit (16x16 or 32x8) EEPROM 0 0 0 0 0 0 0 0 0 0 0 0 0 511 

ST93C06C SERIAL ACCESS CMOS 256 bit (16x16 or 32x8) EEPROM o o o 0 0 o 0 0 o 0 0 o 0 511 

ST93C46A SERIAL ACCESS CMOS 1 K (64x16 or 128x8) EEPROM 0 o 0 0 o 0 0 0 0 o 0 0 o 0 o 521 

ST93C46T SERIAL ACCESS CMOS 1 K (64x16 or 128x8) EEPROM 0 o 0 0 o 0 0 o 0 0 0 0 0 o 0 521 

ST93C46C SERIAL ACCESS CMOS 1 K (64x16 or 128x8) EEPROM 0 o o o o o o 0 o 0 o o 0 0 o 521 

ST93C56 SERIAL ACCESS CMOS 2K (128x16 or 256x8) EEPROM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 531 

ST93C66 SERIAL ACCESS CMOS 4K (256x16 or 512x8) EEPROM o o o o o o o o o o o o o o 541 

ST93CS46 SERIAL ACCESS CMOS 1 K (64x16) EEPROM 0 o o 0 0 o 0 0 o 0 0 o 0 o o 0 0 o 0 0 551 

ST93CS47 SERIAL ACCESS CMOS 1 K (64x16) EEPROM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 o 0 551 

ST93CS56 SERIAL ACCESS CMOS 2K (128x16) EEPROM 

ST93CS57 SERIAL ACCESS CMOS 2K (128x16) EEPROM 

ST93CS66 SERIAL ACCESS CMOS 4K (256x16) EEPROM 

ST93CS67 SERIAL ACCESS CMOS 4K (256x16) EEPROM 

565 

565 

579 

579 

SPI BUS EEPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 593 

ST95P04C SERIAL ACCESS CMOS 4K (512 x 8) EEPROM 595 

PARALLEL EEPROM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 607 

M28C64C PARALLEL ACCESS CMOS 64K (8K x 8) EEPROM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 609 
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FAST SRAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 619 

M624064 VERY FAST CMOS 64K x 4 SRAM . . . . . . . . . . . . . . . . . . . . . . . . . . 621 

M624065 VERY FAST CMOS 64K x 4 SRAM WITH OUTPUT ENABLE . . . . . . . . . . . . 631 

M628032 VERY FAST CMOS 32K x 8 SRAM WITH OUTPUT ENABLE . . . . . . . . . . . . 641 

M624256 VERY FAST CMOS 1M (256K x 4) SRAM WITH OUTPUT ENABLE . . . . . . . . . 651 

M628128 VERY FAST CMOS 1M (128K x 8) SRAM WITH OUTPUT ENABLE . . . . . . . . . 661 

CACHE MEMORIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 671 

MK41 S80 VERY FAST CMOS 4K x 4 CACHE TAG RAM . . . . . . . . . . . . . . . . . . . . . 673 

MK48S74 VERY FAST CMOS 8K x 8 CACHE TAGRAM . . . . . . . . . . . . . . . . . . . . . 683 

MK48S80 VERY FAST CMOS 8K x 8 CACHE TAG RAM . . . . . . . . . . . . . . . . . . . . . 695 

MK4202 VERY FAST CMOS 2K x 20 CACHE TAG RAM . . . . . . . . . . . . . . . . . . . . 707 

MK62486 VERY FAST CMOS 32K x 9 CACHE BRAM . . . . . . . . . . . . . . . . . . . . . . 727 

M62486A VERY FAST CMOS 32K x 9 CACHE BRAM . . . . . . . . . . . . . . . . . . . . . . 739 

M62486R VERY FAST CMOS 32K x 9 CACHE BRAM . . . . . . . . . . . . . . . . . . . . . . 751 

MK62940 VERY FAST CMOS 32K x 9 CACHE BRAM . . . . . . . . . . . . . . . . . . . . . . 763 

M62940A VERY FAST CMOS 32K x 9 CACHE BRAM . . . . . . . . . . . . . . . . . . . . . . 775 

STCM128 128K L2 CACHE RAM MODULE WITH TAG . . . . . . . . . . . . . . . . . . . . . 787 

STCM256 256K L2 CACHE RAM MODULE WITH TAG . . . . . . . . . . . . . . . . . . . . . 787 

FIFO MEMORIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 791 

MK4505M VERY FAST CMOS 1 K x 5 CLOCKED FIFO . . . . . . . . . . . . . . . . . . . . . 793 

MK4505S VERY FAST CMOS 1 K x 5 CLOCKED FIFO . . . . . . . . . . . . . . . . . . . . . 793 

MK4501 

MK4503 

MK45H01 

MK45H11 

CMOS 512 x 9 BiPORT FIFO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

CMOS 2K x 9 BiPORT FIFO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

VERY FAST CMOS 512 x 9 BiPORT FIFO ..................... . 

VERY FAST CMOS 512 x 9 BiPORT FIFO ..................... . 

811 

827 

843 

843 

MK45H02 VERY FAST CMOS 1 K x 9 BiPORT FIFO . . . . . . . . . . . . . . . . . . . . . . . 843 

MK45H12 VERY FAST CMOS 1 K x 9 BiPORT FIFO . . . . . . . . . . . . . . . . . . . . . . . 843 

MK45H03 VERY FAST CMOS 2K x 9 BiPORT FIFO . . . . . . . . . . . . . . . . . . . . . . . 843 

MK45H13 VERY FAST CMOS 2K x 9 BiPORT FIFO . . . . . . . . . . . . . . . . . . . . . . . 843 

MK45H04 VERY FAST CMOS 4K x 9 BiPORT FIFO . . . . . . . . . . . . . . . . . . . . . . . 859 

MK45H14 VERY FAST CMOS 4K x 9 BiPORT FIFO . . . . . . . . . . . . . . . . . . . . . . . 859 

MK45H08 VERY FAST CMOS 8K x 9 BiPORT FIFO . . . . . . . . . . . . . . . . . . . . . . . 859 

ZEROPOWER MEMORIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 875 

MK48C02A CMOS 2K x 8 ZEROPOWER SRAM 

MK48C12A CMOS 2K x 8 ZEROPOWER SRAM 

MK48Z02 CMOS 2K x 8 ZEROPOWER SRAM 

MK48Z12 CMOS 2K x 8 ZEROPOWER SRAM 

877 

877 

887 

887 
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ZEROPOWER MEMORIES {cont'd) 

MKI4BZ02 CMOS 2K x B ZEROPOWER SRAM 

MKI4BZ12 CMOS 2K x 8 ZEROPOWER SRAM 

M48Z02 CMOS 2K x 8 ZEROPOWER SRAM 

M4BZ12 CMOS 2K x B ZEROPOWER SRAM 

MK4BZOB CMOS BK x B ZEROPOWER SRAM 

MK4BZ18 CMOS BK x 8 ZEROPOWER SRAM 

MK4BZ09 CMOS 8K x B ZEROPOWER SRAM 

MK48Z19 CMOS 8K x B ZEROPOWER SRAM 

MKI4BZ1 B CMOS BK x B ZEROPOWER SRAM 

M48Z08 

M48Z18 

M4BZ09 

M4BZ19 

M48Z58 

M4BZ59 

CMOS8Kx8ZEROPOWERSRAM 

CMOS 8K x B ZEROPOWER SRAM 

CMOS BK x B ZEROPOWER SRAM 

CMOS BK x B ZEROPOWER SRAM 

CMOS 8K x 8 ZEROPOWER SRAM 

CMOS 8K x B ZEROPOWER SRAM 

899 

899 

911 

911 

913 

913 

913 

913 

925 

929 

929 

933 

933 

935 

937 

M4BZ32 CMOS 32K x B ZERO POWER SRAM . . . . . . . . . . . . . . . . . . . . . . . . . 939 

M4BZ32Y CMOS 32K x B ZEROPOWER SRAM . . . . . . . . . . . . . . . . . . . . . . . . . 939 

M48Z30 CMOS 32K x 8 ZEROPOWER SRAM . . . . . . . . . . . . . . . . . . . . . . . . . 951 

M48Z30Y CMOS 32K x B ZEROPOWER SRAM . . . . . . . . . . . . . . . . . . . . . . . . . 951 

M48Z128 CMOS 128K x B ZEROPOWER SRAM 

M4BZ12BY CMOS 12BK x B ZEROPOWER SRAM 

M4BZ256 CMOS 256K x 8 ZERO POWER SRAM 

M48Z256Y CMOS 256K x B ZERO POWER SRAM 

961 

961 

971 

971 

M46Z12B CMOS 12BK x 16 ZEROPOWER SRAM . . . . . . . . . . . . . . . . . . . . . . . 981 

M46Z128Y CMOS 12BK x 16 ZEROPOWER SRAM . . . . . . . . . . . . . . . . . . . . . . . 981 

M48Z512 CMOS 512K x 8 ZEROPOWER SRAM . . . . . . . . . . . . . . . . . . . . . . . . 991 

M48Z512Y CMOS 512K x B ZEROPOWER SRAM . . . . . . . . . . . . . . . . . . . . . . . . 991 

M46Z256 CMOS 256K x 16 ZEROPOWER SRAM . . . . . . . . . . . . . . . . . . . . . . . 1 001 

M46Z256Y CMOS 256K x 16 ZEROPOWER SRAM . . . . . . . . . . . . . . . . . . . . . . . 1 001 

TIMEKEEPER MEMORIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1011 

MK41T56 

MK4BTB7 

MK48T02 

MK48T12 

M4BT02 

M4BT12 

CMOS 64 x B SERIAL ACCESS TIMEKEEPER SRAM ..... o o o o o o o 0 1013 

CMOS 64 x 8 ADDRESS/DATA MULTIPLEXED TIMEKEEPER SRAM o o o o o 1 025 

CMOS 2K x 8 TIMEKEEPER SRAM o o o o o o o o o o o o o o o o o o o o o o o 1043 

CMOS 2K x B TIMEKEEPER SRAM o o o o o o o o o o o o o o o o o o o o o o o 1043 

CMOS 2K x 8 TIMEKEEPER SRAM o o o o o o o o o o o o o o o o o o o o o o o 1057 

CMOS 2K x B TIMEKEEPER SRAM 0 o 0 o o o o o o o o o o o o o o o o o o 0 0 1057 

----------- t;='l SGS·1HOMSON ----------.. "'1 ~ li1iJO©I!I@rn~rn©'ii100~11©$ 
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------ GENERAL INDEX 

TIMEKEEPER MEMORIES (cont'd) 

MK48T08 

MK48T18 

M48T08 

M48T18 

M48T58 

M48T59 

CMOS 8K x 8 TIMEKEEPER SRAM . . . . . . . . . . . . . . . . . . . . . . . 1059 

CMOS 8K x 8 TIMEKEEPER SRAM . . . . . . . . . . . . . . . . . . . . . . . 1059 

CMOS 8K x 8 TIMEKEEPER SRAM . . . . . . . . . . . . . . . . . . . . . . . 1073 

CMOS 8K x 8 TIMEKEEPER SRAM . . . . . . . . . . . . . . . . . . . . . . . 1073 

CMOS 8K x 8 TIMEKEEPER SRAM . . . . . . . . . . . . . . . . . . . . . . . 1077 

CMOS 8K x 8 TIMEKEEPER SRAM . . . . . . . . . . . . . . . . . . . . . . . 1079 

SMARTCARD PRODUCTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1061 

ST1305 CMOS 192 bit EEPROM WITH SECURE LOGIC ACCESS CONTROL . . . . . 1083 

ST1331 SMARTCARD CMOS 272 bit EEPROM . . . . . . . . . . . . . . . . . . . . . 1085 

ST1336 

ST1333 

ST1335 

ST14C02C 

ST16XYZ 

ST16F48 

ST16601 

ST16SF48 

ST16CF54 

SMARTCARD CMOS 272 bit EEPROM 

SMARTCARD CMOS 272 bit EEPROM 

1085 

1089 

SMARTCARD CMOS 272 bit EEPROM . . . . . . . . . . . . . . . . . . . . . 1 089 

SERIAL ACCESS CMOS 2K (256 x 8) EEPROM . . . . . . . . . . . . . . . . 1 093 

CMOS MCU BASED FAMILY OF SMARTCARD ICs . . . . . . . . . . . . . . 1105 

CMOS MCU SAFEGUARDED SMARTCARD IC, 8K EEPROM . . . . . . . . . 11 07 

CMOS MCU SAFEGUARDED SMARTCARD IC, 1 K EEPROM . . . . . . . . . 11 09 

CMOS MCU SAFEGUARDED SMARTCARD IC, 8K EEPROM . . . . . . . . . 1111 

CMOS MCU SAFEGUARDED SMARTCARD IC, M.A.P. . . . . . . . . . . . . 1113 

ST16xF74 CMOS CRYPTO-COMPUTER FAMILY . . . . . . . . . . . . . . . . . . . . . 1115 

ST16XYZ-EMU ST16XYZ DEVELOPMENT SYSTEM . . . . . . . . . . . . . . . . . . . . . . 1117 

APPLICATION and QUALITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1121 

AN206 REPLACING EEPROM WITH ZEROPOWER . . . . . . . . . . . . . . . . . . 1123 

AN207 

AN208 

AN210 

AN211 

AN218 

AN394 

AN395 

AN396 

AN397 

AN400 

AN402 

AN404 

AN618 

TA125 

QN100 

PROGRAMMING THE MK48Z02 . . . . . . . . . . . . . . . . . . . . . . . . 1127 

POWER FAIL INTERRUPT OF THE MK48Z09/19 . . . . . . . . . . . . . . . . 1129 

TIMEKEEPER CALIBRATION OF THE MK48T02 . . . . . . . . . . . . . . . . 1131 

MEMORY MAPPED TIMEKEEPER REGISTERS OF THE MK48T02 . . . . . . 1135 

THE MK45H03 BiPORT FIFO 16-BIT TO 8-BIT CONVERSION . . . . . . . . . 1137 

MICROWIRE EEPROM COMMON 1/0 OPERATION . . . . . . . . . . . . . . 1141 

ENSURING DATA INTEGRITY IN ZEROPOWER AND TIMEKEEPER RAMs . . 1149 

UPGRADED MEMORY CAPABILITY USING ZEROPOWER AND 
TIMEKEEPER PRODUCTS . . . . . . . . . . . . . . . . . . . . . . . . . . . 1153 

TIMING SPECIFICATIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1155 

THE MK4202 TAGRAM 32-BIT CACHE DESIGN CONCEPTS . . . . . . . . . 1159 

UNDERSTANDING CACHE MEMORY SYSTEMS . . . . . . . . . . . . . . . 1165 

WRITE PROTECTION IN THE ST24/25Wxx EEPROM FAMILY. . . . . . . . . 1171 

TIMEKEEPER SRAMs FIND MANY APPLICATIONS . . . . . . . . . . . . . . 1177 

SYNCHRONOUS BURST SRAM FOR SECONDARY CACHE SYSTEMS . . . 1181 

MEMORY PRODUCTS QUALITY PROGRAM . . . . . . . . . . . . . . . . . . 1189 

------------------------ ~~~~~~9a ------------------------
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CMOS· UV EPROM and OTP ROM 

Size Part Number Organisation 

64K M27C64A-15F1 8Kx8 

M27C64A-20F1 8Kx8 

M27C64A-25F1 8Kx8 

M27C64A-30F1 8Kx8 

M27C64A-20F6 8Kx 8 

M27C64A-25F6 8Kx8 

M27C64A-30F6 8Kx8 

256K M27C256B-70XF1 32Kx8 

M27C256B-80XF1 32Kx8 

M27C256B-1 OXF1 32Kx8 

M27C256B-12XF1 32Kx8 

M27C256B-15XF1 32Kx8 

M27C256B-20XF1 32Kx8 

M27C256B-25XF1 32Kx8 

M27C256B-1 OF1 32Kx8 

M27C256B-12F1 32Kx 8 

M27C256B-15F1 32Kx8 

M27C256B-20F1 32Kx8 

M27C256B-25F1 32Kx8 

M27C256B-15XF6 32Kx8 

M27C256B-20XF6 32Kx8 

M27C256B-90F6 32Kx8 

M27C256B-12F6 32Kx8 

lAce 
Vee Range 

(ns) 

150 5V± 10% 

200 5V±10% 

250 5V±10% 

300 5V±10% 

200 5V±10% 

250 5V±10% 

300 5V±10% 

70 5V±5% 

80 5V±5% 

100 5V±5% 

120 5V±5% 

150 5V±5% 

200 5V±5% 

250 5V±5% 

100 5V± 10% 

120 5V± 10% 

150 5V±10% 

200 5V±10% 

250 5V± 10% 

150 5V±5% 

200 5V±5% 

90 5V±10% 

120 5V± 10% 

Icc I Stby 

30mA 11 OOJ.!A 

30mA 11 OOJ.IA 

30mA /1 OOJ.IA 

30mA /1 OOJ.!A 

30mA/100J.lA 

30mA 11 OOJ.IA 

30mA 11 OOJ.IA 

30mA 11 OOJ.IA 

30mA I 1 OOJ.!A 

30mA/100J.lA 

30mA 11 OOJ.IA 

30mAI100J.lA 

30mAI100J.lA 

30mA 11 OOJ.!A 

30mAI100J.lA 

30mA 11 OOJ.IA 

30mAI100J.lA 

30mAI100J.lA 

30mAI100J.lA 

30mA 11 OOJ.IA 

30mA 11 OOJ.IA 

30mAI100J.lA 

30mAI100J.lA 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (°C) 

Oto 70 FDIP28W 

Oto70 FDIP28W 

Oto70 FDIP28W 

Oto70 FDIP28W 

-40to85 FDIP28W 

-40to85 FDIP28W 

-40to85 FDIP28W 

Oto70 FDIP28W 

Oto70 FDIP28W 

Oto70 FDIP28W 

Oto70 FDIP28W 

Oto70 FDIP28W 

Oto70 FDIP28W 

Oto70 FDIP28W 

Oto70 FDIP28W 

Oto70 FDIP28W 

Oto70 FDIP28W 

Oto70 FDIP28W 

Oto70 FDIP28W 

-40to85 FDIP28W 

-40to85 FDIP28W 

-40to85 FDIP28W 

-40to85 FDIP28W 
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CMOS UV EPROM and OTP ROM (cont'd) 

Size Part Number Organisation 

256K M27C256B-15F6 32Kx8 

M27C256B-20F6 32Kx8 

M27C256B-25F6 32Kx8 

M27C256B-15XF3 32Kx8 

M27C256B-20F3 32Kx8 

M27C256B-90B1 32Kx8 

M27C256B-12B1 32Kx8 

M27C256B-15B1 32Kx8 

M27C256B-20B1 32Kx8 

M27C256B-15B6 32Kx8 

M27C256B-20B7 32Kx8 

M27C256B-20B3 32Kx8 

M27C256B-90C1 32Kx8 

M27C256B-12C1 32Kx8 

M27C256B-15C1 32Kx8 

M27C256B-20C1 32Kx8 

M27C256B-12C6 32Kx8 

M27C256B-15C6 32Kx8 

M27C256B-20C6 32Kx8 

M27C256B-90N1 32Kx8 

M87C257-12XF1 32Kx8 

M87C257 -20XF1 32Kx8 

M87C257 -12F1 32Kx8 

!Ace 
(ns) 

150 

200 

250 

150 

200 

90 

120 

150 

200 

150 

200 

200 

90 

120 

150 

200 

120 

150 

200 

90 

120 

200 

120 

Vee Range Icc I Stby 

5V± 10% 30mAI100flA 

5V± 10% 30mAI100flA 

5V±10% 30mAI100flA 

5V±5% 30mAI100flA 

5V±10% 30mAI100!lA 

5V±10% 30mAI100flA 

5V±10% 30m A 11 OOflA 

5V± 10% 30m A 11 OOflA 

5V± 10% 30m A 11 OOflA 

5V± 10% 30m A 11 OOflA 

5V± 10% 30m A 11 OOflA 

5V± 10% 30mAI100flA 

5V± 10% 30m A 11 OOflA 

5V± 10% 30m A 11 OOflA 

5V± 10% 30mAI100flA 

5V± 10% 30m A 11 OOflA 

5V± 10% 30m A 11 OOflA 

5V± 10% 30m A 11 OOflA 

5V+ 10% 30m A 11 OOflA 

5V+ 10% 30m A 11 OOflA 

5V±5% 30m A I 200flA 

5V±5% 30m A 1200flA 

5V± 10% 30m A I 200flA 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (°C) 

-40to 85 FDIP28W 

-40to 85 FDIP28W 

-40to 85 FDIP28W 

-40to 125 FDIP28W 

-40to 125 FDIP28W 

Oto70 PDIP28 

Oto 70 PDIP28 

Oto70 PDIP28 

Oto 70 PDIP28 

-40to85 PDIP28 

-40 to 105 PDIP28 

-40 to 125 PDIP28 

Oto70 PLCC32 

Oto 70 PLCC32 

Oto70 PLCC32 

Oto70 PLCC32 

-40 to 85 PLCC32 

-40 to 85 PLCC32 

-40 to 85 PLCC32 

Oto70 TSOP28 

Oto70 FDIP28W 

Oto 70 FDIP28W 

Oto 70 FDIP28W 
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CMOS UV EPROM and OTP ROM (cont'd) 

Size Part Number Organisation 

256K M87C257-20F1 32Kx8 

M87C257-15F6 32Kx8 

M87C257-15C1 32Kx8 

M87C257 -15C6 32Kx8 

M87C257 -20C6 32Kx8 

M87C257-15C3 32Kx8 

512K M27C512-70XF1 64Kx8 

M27C512-80XF1 64Kx8 

M27C512-12XF1 64Kx8 

M27C512-15XF1 64Kx8 

M27C512-20XF1 64Kx8 

M27C512-25XF1 64Kx8 

M27C512-10F1 64Kx8 

M27C512-12F1 64Kx8 

M27C512-15F1 64Kx8 

M27C512-20F1 . 64Kx8 

M27C512-25F1 64Kx8 

M27C512-15XF6 64Kx8 

M27C512-15F6 64Kx8 

M27C512-20F6 64Kx8 

M27C512-12F3 64Kx8 

M27C512-20F3 64Kx 8 

tACC 
(ns) 

200 

150 

150 

150 

200 

150 

70 

80 

120 

150 

200 

250 

100 

120 

150 

200 

250 

150 

150 

200 

120 

200 

Vee Range lcciStby 

5V ± 10% 30mA I 200J.!A 

5V ± 10% 30mA I 200J.IA 

5V ± 10% 30mA I 200J.IA 

5V ± 10% 30mA 1200J.IA 

5V ± 10% 30mA I 200J.IA 

5V ± 10% 30mAI200J.1A 

5V ± 5% 30mAI100J.1A 

5V ± 5% 30mA 11 OOJ.IA 

5V ± 5% 30mA I 1 OOJ.IA 

5V ± 5% 30mA I 1 OOJ.IA 

5V ± 5% 30mA I 1 OOJ.IA 

5V ± 5% 30mAI100J.1A 

5V ± 10% 30mAI100J.1A 

5V ± 10% 30mAI100J.1A 

5V ± 10% 30mAI100J.1A 

5V ± 10% 30mAI100J.1A 

5V ± 10% 30mA I 1 OOJ.IA 

5V ± 5% 30mA I 1 OOJ.!A 

5V ± 10% 30mA I 1 OOJ.IA 

5V ± 10% 30mA I 1 OOJ.IA 

5V ± 10% 30mA I 1 OOJ.IA 

5V ± 10% 30mAI100J.1A 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (°C) 

0 to 70 FDIP28W 

-40 to 85 FDIP28W 

0 to 70 PLCC32 

-40to 85 PLCC32 

-40 to 85 PLCC32 

-40 to 125 PLCC32 

0 to 70 FDIP28W 

0 to 70 FDIP28W 

0 to 70 FDIP28W 

0 to 70 FDIP28W 

0 to 70 FDIP28W 

Oto 70 FDIP28W 

Oto 70 FDIP28W 

Oto 70 FDIP28W 

0 to 70 FDIP28W 

o to 70 FDIP28W 

Oto 70 FDIP28W 

-40to 85 FDIP28W 

-40to 85 FDIP28W 

-40to 85 FDIP28W 

-40to 125 FDIP28W 

-40 to 125 FDIP28W 
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CMOS UV EPROM and OTP ROM (cont'd) 

Size Part Number Organisation 

512K M27C512-9081 64Kx 8 

M27C512-1281 64K x 8 

M27C512-1581 64Kx 8 

M27C512-2081 64K x 8 

M27C512-1586 64K x 8 

M27C512-2086 64K x 8 

M27C512-1283 64K X 8 

M27C512-2083 64K X 8 

M27C512-90C1 64K x8 

M27C512-12C1 64K x8 

M27C512-15C1 64K x 8 

M27C512-20C1 64K x8 

M27V512-200K1 64K x8 

M27C512-12C6 64K x 8 

M27C512-20C6 64K x 8 

M27C512-12C3 64Kx8 

M27C512-90N1 64K x8 

M27C512-12N1 64Kx 8 

M27V512-200N1 64K x8 

1M M27C1 001-70XF1 128K x 8 

M27C1 001-80XF1 128K x 8 

M27C1001-12F1 128K x 8 

L____ 
~27C1001-12XF1 

- -~-

128K X 8 
-

lAce 
(ns) 

90 

120 

150 

200 

150 

200 

120 

200 

90 

120 

150 

200 

200 

120 

200 

120 

90 

120 

200 

70 

80 

120 

120 

Vee Range Icc/ Stby 

5V± 10% 30mA/100!!A 

5V± 10% 30mA/100!!A 

5V± 10% 30m A I 1 OO!!A 

5V± 10% 30m A I 1 OO!!A 

5V± 10% 30mA/100!!A 

5V± 10% 30mA/100!!A 

5V± 10% 30m A I 1 OOI!A 

5V± 10% 30mA/100!!A 

5V± 10% 30mA/1001!A 

5V± 10% 30mA/100!!A 

5V± 10% 30m A I 1 OOI!A 

5V± 10% 30mA I 1 OOI!A 

3 to 5.5V 10mA/100!!A 

5V± 10% 30mA/100!!A 

5V± 10% 30mA/100!!A 

5V± 10% 30m A I 1 OO!!A 

5V± 10% 30mA/100!!A 

5V± 10% 30mA/100!!A 

3to5.5V 1 OmA I 1 OO!!A 

5V±5% 30mA/100!!A 

5V±5% 30mA/100!!A 

5V± 10% 30mA/100!!A 

5V±5% 30m A I 1 OOI!A 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (°C) 

o to 70 PDIP28 

0 to 70 PDIP28 

0 to 70 PDIP28 

0 to 70 PDIP28 

--40 to 85 PDIP28 

--40 to 85 PDIP28 

--40 to 125 PDIP28 

--40 to 125 PDIP28 

0 to 70 PLCC32 

0 to 70 PLCC32 
I 0 to 70 PLCC32 

0 to 70 PLCC32 I 

0 to 70 PLCC32 
i 

--40 to 85 PLCC32 

--40 to 85 PLCC32 

I --40 to 125 PLCC32 

Oto 70 TSOP28 

0 to 70 TSOP28 
I 0 to 70 TSOP28 

Oto 70 FDIP32W 

I 
Oto 70 FDIP32W 

Oto 70 FDIP32W _j 
-~ 

Oto 70 
- --

FDIP32W 
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CMOS UV EPROM and OTP ROM (cont'd) 

Size Part Number Organisation 

1M M27C1001-15XF1 128K x 8 

M27C1 001-20XF1 128Kx8 

M27C 1 001-25XF1 128Kx8 

M27C1001-10F1 128K x 8 

M27C1 001-15F1 128Kx8 

M27C 1 001-20F1 128K x 8 

M27C1 001-25F1 128K x 8 

M27C1 001-20XF6 128K x 8 

M27C1001-12F6 128K x 8 

M27C1001-15F6 128K x 8 

M27C1 001-20F6 128K x 8 

M27C 1 001-1 OXF3 128K x 8 

M27C1001-10L1 

M27C 1 001-15B 1 128K x 8 

M27C 1 001-12B3 128K x 8 

M27C1001-90C1 128K x 8 

M27C1001-10C1 128K x 8 

M27C1001-12C1 128K x 8 

M27C1001-15C1 128K x 8 

M27C1001-20C1 128K X 8 

M27V1 01-200K1 128K x 8 

M27C 1 001-90C6 128K x 8 

M27C1001-12C6 128K x 8 

tAcc 
(ns) 

150 

200 

250 

100 

150 

200 

250 

200 

120 

150 

200 

100 

150 

150 

90 

100 

120 

150 

200 

200 

90 

120 

VccRange Icc/ Stby 

5V±5% 30mA/100!lA 

5V±5% 30mA/100!lA 

5V±10% 30mA/100!lA 

5V± 10% 30m A /1 001-lA 

5V±10% 30mA/100!lA 

5V±10% 30mA/100!lA 

5V±10% 30mA/100!lA 

5V±5% 30mA/100!lA 

5V±10% 30mA/100!lA 

5V±10% 30mA/100!lA 

5V±10% 30m A /1 OO!lA 

5V+5% 30mA/100!lA 

Use M27V1 01-200L6 

5V±10% 30m A /1 001-lA 

5V+10% 30mA/100!lA 

5V±10% 30mA/100!lA 

5V±10% 30mA/100!lA 

5V±10% 30mA/100!lA 

5V±10% 30mA/100!lA 

5V±10% 30mA/100!lA 

3 to 5.5V 30mA/100!lA 

5V±10% 30mA/100!lA 

5V±10% __ lOrnA /1 0011A 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (0 C) 

o to 70 FDIP32W 

Oto 70 FDIP32W 

Oto 70 FDIP32W 

Oto70 FDIP32W 

0 to 70 FDIP32W 

Oto 70 FDIP32W 

Oto 70 FDIP32W 

-40 to 85 FDIP32W 

-40to85 FDIP32W 

-40 to 85 FDIP32W 

-40 to 85 FDIP32W 

-40to 125 FDIP32W 

LCCC32W 

Oto 70 PDIP32 

-40 to 125 PDIP32 

Oto 70 PLCC32 

Oto 70 PLCC32 

Oto 70 PLCC32 

Oto 70 PLCC32 

Oto 70 PLCC32 

Oto 70 PLCC32 

-40to 85 PLCC32 

-40!0 85 PLCC32 
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CMOS UV EPROM and OTP ROM (cont'd) 

Size Part Number Organisation 

1M M27C1 001-15C6 128Kx8 

M27V1 01-200L6 128Kx8 

M27C1024-80XF1 64Kx 16 

M27C1024-12XF1 64K x 16 

M27C1024-15XF1 64K x 16 

M27C1 024-20XF1 64K x 16 

M27C1024-10F1 64K X 16 

M27C1024-12F1 64K x 16 

M27C1024-15F1 64K X 16 

M27C1024-20F1 64K X 16 

M27C1 024-25F1 64K x 16 

M27C1 024-12XF6 64K x 16 

M27C1024-10C1 64K x 16 

M27C 1 024-12C1 64K X 16 

M27C 1 024-15C1 64K X 16 

M27C1 024-12C6 64K X 16 

2M M27C2001-80XF1 256Kx8 

M27C2001-15XF1 256Kx8 

M27C2001-1 OF1 256Kx8 

' M27C2001-12F1 256Kx 8 

M27C2001-15F1 256Kx8 

M27C2001-20F1 256Kx8 

M27C2001-12F6 256Kx 8 

IACC 

(ns) 

150 

200 

80 

120 

150 

200 

100 

120 

150 

200 

250 

120 

100 

120 

150 

120 

80 

150 

100 

120 

150 

200 

120 

VccRange Icc/ Stby 

5V± 10% 30mA /1 OOJ.IA 

3.2to5.5V 30m A /1 OOJ.IA 

5V±5% 35mA/100j.lA 

5V±5% 35mA /1 OOJ.IA 

5V±5% 35m A /1 OOJ.IA 

5V±5% 35mA /1 OOJ.IA 

5V± 10% 35m A /1 OOJ.IA 

5V± 10% 35mA /1 OOJ.IA 

5V± 10% 35mA /1 OOJ.IA 

5V±10% 35m A /1 OOJ.IA 

5V±10% 35mA /1 OOJ.IA 

5V+5% 35mA /1 OOJ.IA 

5V± 10% 35mA/100j.lA 

5V± 10% 35mA /1 OOJ.IA 

5V±10% 35mA /1 OOJ.IA 

5V+ 10% 35m A /1 OOJ.IA 

5V±5% 30mA /1 OOJ.IA 

5V±5% 30m A /1 OOJ.IA 

5V± 10% 30mA I 1 OOJ.IA 

5V±10% 30mA /1 OOJ.IA 

5V± 10% 30mA I 1 OOJ.IA 

5V±10% 30mA /1 OOJ.IA 

5V± 10% 30mA /1 OOJ.IA 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (DC) 

-40to85 PLCC32 

-40to85 LCCC32W 

Oto70 FDIP40W 

Oto70 FDIP40W 

Oto70 FDIP40W 

Oto70 FDIP40W 

Oto70 FDIP40W 

Oto70 FDIP40W 

Oto70 FDIP40W 

Oto70 FDIP40W 

Oto70 FDIP40W 

-40to85 FDIP40W 

Oto70 PLCC44 

Oto70 PLCC44 

Oto70 PLCC44 

-40to85 PLCC44 

Oto70 FDIP32W 

Oto70 FDIP32W 

Oto70 FDIP32W 

Oto70 FDIP32W 

Oto70 FDIP32W 

Oto70 FDIP32W 

-40to85 FDIP32W 
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CMOS UV EPROM and OTP ROM (cont'd) 

Size Part Number Organisation 

2M M27C2001-1 OL1 

M27C2001-10C1 2S6Kx8 

M27C2001-12C1 2S6Kx 8 

M27C2001-1SC1 2S6Kx 8 

M27V201-200K1 2S6Kx 8 

M27C2001-12C6 2S6Kx8 

M27C2001-1SC6 2S6Kx8 

M27V201-200L6 2S6Kx8 

4M M27C4001-80XF1 S12Kx8 

M27C4001-1 OXF1 S12K X 8 

M27C4001-1 OF1 S12Kx8 

M27C4001-12F1 S12Kx8 

M27C4001-1SF1 S12Kx8 

M27C4001-12F6 S12Kx8 

M27C4001-9SXL6 S12Kx8 

M27C4001-1 OC1 S12Kx8 

M27C4001-12C1 S12Kx8 

M27C4001-1SC1 S12Kx8 

M27V401-200K1 S12Kx8 

M27C4001-12C6 S12Kx8 

M27V401-200L6 S12Kx8 

M27C4002-80XF1 2S6Kx 16 

M27C4002-1 OXF1 2S6Kx 16 

lAce 
(ns) 

100 

120 

1SO 

200 

120 

1SO 

200 

80 

100 

100 

120 

1SO 

120 

9S 

100 

120 

1SO 

200 

120 

200 

80 

100 

Vee Range lcciStby 

Use M27V201-200L6 

SV ± 10% 30mAI100J.IA 

SV ± 10% 30mA I 1 OOJ.IA 

SV ± 10% 30mA 11 OOJ.IA 

3toS.SV 30mA 11 OOJ.IA 

SV ± 10% 30mAI100J.LA 

SV ± 10% 30mA I 1 OOJ.!A 

3.2toS.SV 30mA 11 OOJ.IA 

SV ± So/o SOmA I 1 OOJ.IA 

SV ± So/o SOmA 11 OOJ.IA 

SV±10o/o SOmAI100J.LA 

SV± 10% SOmA /1 OOJ.!A 

SV ± 10% SOmAI100J.LA 

SV ± 10% SOmA/100J.LA 

SV ±So/o SOmA 11 OOJ.IA 

SV± 10% SOmA /1 OOJ.IA 

SV± 10% SOmA/100J.LA 

SV± 10% SOmA/100J.LA 

3to S.SV SOmA /1 OOJ.IA 

SV± 10% SOmA /1 OOJ.IA 

3.2toS.SV SOmA 11 OOJ.IA 

SV ± So/o SOmA /1 OOJ.IA 

SV ± So/o SOmA/100J.LA 

NON VOLATILE MEMORIES 

Temperature 
Package 

Rangeec> 

LCCC32W 

0 to70 PLCC32 

0 to70 PLCC32 

Oto70 PLCC32 

Oto70 PLCC32 

-40to8S PLCC32 

-40to8S PLCC32 

-40to8S LCCC32W 

Oto70 FDIP32W 

Oto70 FDIP32W 

Oto70 FDIP32W 

Oto70 FDIP32W 

Oto70 FDIP32W 

-40to8S FDIP32W 

-40to8S LCCC32W 

Oto70 PLCC32 

Oto70 PLCC32 

Oto70 PLCC32 

Oto70 PLCC32 

-40to8S PLCC32 

-40to8S LCCC32W 

Oto70 FDIP40W 

Oto 70 FDIP40W 
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CMOS UV EPROM and OTP ROM (cont'd) 

Size Part Number Organisation 

4M M27C4002-1 OF1 2S6K x 16 

M27C4002-12F1 2S6Kx 16 

M27C4002-1SF1 2S6Kx 16 

M27C4002-12F6 2S6K x 16 

M27C4002-1SF6 2S6K x 16 

M27C4002-12J6 2S6K X 16 

M27C4002-12C1 2S6Kx 16 

M27C4002-1SC1 2S6K X 16 

M27C4002-12C6 2S6K x 16 

M27C4002-1SC6 2S6Kx 16 

16M M27C160-200F1 x8/ x16 

lAce 
(ns) 

100 

120 

1SO 

120 

1SO 

120 

120 

1SO 

120 

150 

200 

Vee Range Icc/ Stby 

SV± 10% SOmA/100f.IA 

SV± 10% SOmA/100J.1A 

SV± 10% SOmA /1 OOJ.IA 

SV± 10% SOmA/ 100J.1A 

SV±10% SOmA I 1 OOJ.IA 

SV± 10% SOmA/ 100f.IA 

SV± 10% SOmA I 1 OOJ.IA 

SV± 10% SOmA I 1 OOJ.IA 

SV± 10% SOmA I 1 OOJ.IA 

SV± 10% SOmA /1 OOJ.IA 

SV± 10% SOmA/ 100J.IA 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range(°C) 

Oto70 FDIP40W 

Oto70 FDIP40W 

Oto70 FDIP40W 

-40to8S FDIP40W 

-40to8S FDIP40W 

-40to8S JLCC44W 

Oto70 PLCC44 

Oto70 PLCC44 

Oto70 PLCC44 

Oto70 PLCC44 

Oto70 FDIP42W 
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NMOS UV EPROM 

Size Part Number 

16K M2716F1 

M2716-1 F1 

M2716F6 

M2716-1 F6 

32K M2732A-2F1 

M2732AF1 

M2732A-3F1 

M2732A-4F1 

M2732A-20F1 

M2732A-25F1 

M2732AF6 

M2732A-4F6 

64K M2764A-1F1 

M2764A-2F1 

M2764AF1 

M2764A-3F1 

M2764A-4F1 

M2764A-20F1 

M2764A-25F1 

M2764A-2F6 

M2764AF6 

M2764A-4F6 

Organisation 
lAce 
(ns) 

2Kx8 450 

2Kx 8 350 

2Kx8 450 

2Kx8 350 

4Kx8 200 

4Kx8 250 

4Kx 8 300 

4Kx8 450 

4Kx8 200 

4Kx8 250 

4Kx8 250 

4Kx8 450 

8Kx 8 180 

8Kx8 200 

8Kx8 250 

8Kx8 300 

8Kx8 450 

8Kx 8 200 

8Kx8 250 

8Kx8 200 

8Kx 8 250 

8Kx8 450 

Vee Range Icc I Stby 

5V±5% 100mA/25mA 

5V± 10% 100mA/25mA 

5V±5% 100mA/25mA 

5V± 10% 100mA/25mA 

5V±5% 125mA/ 35mA 

5V±5% 125mA/35mA 

5V±5% 125mA/35mA 

5V±5% 125mA/35mA 

5V± 10% 125mA /35mA 

5V± 10% 125mA/35mA 

5V±5% 125mA/35mA 

5V+5% 125mA/35mA 

5V±5% 75mA/35mA 

5V±5% 75mA/35mA 

5V±5% 75mA/35mA 

5V±5% 75mA/35mA 

5V±5% 75mA/35mA 

5V± 10% 75mA/35mA 

5V± 10% 75mA/35mA 

5V±5% 75mA/35mA 

5V±5% 75mA/35mA 

5V±5% 75mA/35mA 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (0 C) 

o to 70 FDIP24W 

0 to 70 FDIP24W 

--40 to 85 FDIP24W 

--40 to 85 FDIP24W 

0 to 70 FDIP24W 

0 to 70 FDIP24W 

0 to 70 FDIP24W 

0 to 70 FDIP24W 

0 to 70 FDIP24W 

o to 70 FDIP24W 

--40 to 85 FDIP24W 

--40 to 85 FDIP24W 

0 to 70 FDIP28W 

o to 70 FDIP28W 

0 to 70 FDIP28W 

o to 70 FDIP28W 

0 to 70 FDIP28W 

0 to 70 FDIP28W 

o to 70 FDIP28W 

--40 to 85 FDIP28W 

--40 to 85 FDIP28W 

--40 to 85 FDIP28W 
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NMOS UV EPROM (cont'd) 

Size Part Number 

128K M27128AF1 

M27128A-3F1 

M27128A-4F1 

M27128A-2F1 

M27128A-25F1 

M27128AF6 

256K M27256-1F1 

M27256-2F1 

M27256F1 

M27256-3F1 

M27256-4F1 

M27256-20F1 

M27256-25F1 

M27256F6 

512K M27512-2F1 

M27512F1 

M27512-3F1 

M27512-20F1 

M27512-25F1 

M27512-2F6 

M27512F6 

Organisation lAce 
(ns) 

16K x 8 250 

16K x 8 300 

16K x 8 450 

16K x 8 200 

16K x 8 250 

16K x 8 250 

32Kx8 170 

32Kx8 200 

32Kx 8 250 

32Kx8 300 

32K x8 450 

32Kx8 200 

32Kx8 250 

32Kx8 250 

32Kx8 200 

32Kx8 250 

32Kx8 300 

32Kx8 200 

32K x8 250 

32Kx8 200 

32Kx8 250 

Vee Range Icc I Stby 

5V±5% 85mA/40mA 

5V±5% 85mA/40mA 

5V±5% 85mA/40mA 

5V±5% 85mA/40mA 

5V ± 10% 85mA/40mA 

5V+5% 85mA/40mA 

5V±5% 100mA/40mA 

5V±5% 100mA/40mA 

5V±5% 100mA/40mA 

5V±5% 100mA/40mA 

5V±5% 100mA/40mA 

5V± 10% 100mA/40mA 

5V±10% 100mA/40mA 

5V+5% 100mA/40mA 

5V±5% 125mA/40mA 

5V±5% 125mA/40mA 

5V±5% 125mA/40mA 

5V±10% 125mA/40mA 

5V± 10% 125mA/40mA 

5V±5% 125mA/40mA 

5V±5% 125mA/40mA 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (°C) 

0 to 70 FDIP28W 

o to 70 FDIP28W 

o to 70 FDIP28W 

0 to 70 FDIP28W 

0 to 70 FDIP28W 

--40 to 85 FDIP28W 

0 to 70 FDIP28W 

0 to 70 FDIP28W 

o to 70 FDIP28W 

o to 70 FDIP28W 

0 to 70 FDIP28W 

0 to 70 FDIP28W 

0 to 70 FDIP28W 

--40 to 85 FDIP28W 

0 to 70 FDIP28W 

0 to 70 FDIP28W 

0 to 70 FDIP28W 

0 to 70 FDIP28W 

0 to 70 FDIP28W 

--40 to 85 FDIP28W 

--40 to 85 FDIP28W 
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FLASH MEMORIES 

Size Part Number 

256K M28F256A-12B 1 

M28F256-12B1 

M28F256A-15B1 

M28F256-15B1 

M28F256A-20B1 

M28F256-20B1 

M28F256A-15B6 

M28F256-15B6 

M28F256A-15B3 

M28F256-15B3 

M28F256A-12C 1 

M28F256-12C1 

M28F256A-15C1 

M28F256-15C1 

M28F256A-20C1 

M28F256-20C1 

M28F256A-15C6 

M28F256-15C6 

M28F256A-15C3 

M28F256-15C3 

512K M28F512-12B1 

M28F512-15B1 

M28F512-20B1 

Organisation lAce 
(ns) 

32Kx 8 120 

32Kx 8 120 

32Kx 8 150 

32Kx 8 150 

32Kx 8 200 

32Kx 8 200 

32Kx 8 150 

32Kx 8 150 

32Kx 8 150 

32Kx 8 150 

32Kx 8 120 

32Kx 8 120 

32Kx 8 150 

32Kx 8 150 

32Kx 8 200 

32Kx 8 200 

32Kx 8 150 

32Kx 8 150 

32Kx 8 150 

32Kx 8 150 

64Kx 8 120 

64Kx 8 150 

64Kx 8 200 

Vee Range Icc I Stby 

5V± 10% 30mA I 200!lA 

5V± 10% 30mA I 200!lA 

5V± 10% 30mA I 200!lA 

5V± 10% 30mA I 200!lA 

5V± 10% 30mA I 200!lA 

5V± 10% 30mA I 200!lA 

5V± 10% 30m A I 200!lA 

5V± 10% 30m A I 200!lA 

5V± 10% 30m A I 200!lA 

5V+ 10% 30mA I 200!lA 

5V± 10% 30mA I 200!lA 

5V± 10% 30m A I 200!lA 

5V± 10% 30mA I 200!lA 

5V± 10% 30m A I 200!lA 

5V± 10% 30mA I 200!lA 

5V± 10% 30mA I 200!lA 

5V± 10% 30mA I 200!lA 

5V± 10% 30mA I 200!lA 

5V± 10% 30mAI200!lA 

5V+ 10% 30mAI200!lA 

5V± 10% 30mA I 200!lA 

5V± 10% 30mA I 200!lA 

5V± 10% 30mAI200!lA 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (°C) 

0 to 70 PDIP32 

o to 70 PDIP32 

0 to 70 PDIP32 

0 to 70 PDIP32 

0 to 70 PDIP32 

o to 70 PDIP32 

-40 to 85 PDIP32 

-40 to 85 PDIP32 

-40 to 125 PDIP32 

-40 to 125 PDIP32 

0 to 70 PLCC32 

0 to 70 PLCC32 

0 to 70 PLCC32 

0 to 70 PLCC32 

0 to 70 PLCC32 

0 to 70 PLCC32 

-40 to 85 PLCC32 

-40 to 85 PLCC32 

-40 to 125 PLCC32 

-40 to 125 PLCC32 

0 to 70 PDIP32 

o to 70 PDIP32 

0 to 70 PDIP32 
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FLASH MEMORIES (cont'd) 

Size Part Number 

512K M28F512-15B6 

M28F512-1583 

M28F512-12C1 

M28F512-15C1 

M28F512-20C1 

M28F512-15C6 

M28F512-15C3 

1M M28F1 01-120P1 

M28F1 01-150P1 

M28F1 01-200P1 

M28F1 01-150P6 

M28F1 01-150P3 

M28F1 01-120K1 

M28F101-150K1 

M28F1 01-200K1 

M28F1 01-150K6 

M28F1 01-150K3 

M28F1 01-120N1 

M28F1 01-150N1 

M28F1 01 A-60N 1 

M28V1 01 A-1 OON1 

M28F1 01 B-60N 1 

M28V1 01 B-150N1 

Organisation lAce 
(ns) 

64Kx 8 150 

64Kx 8 150 

64Kx 8 120 

64Kx 8 150 

64Kx8 200 

64Kx 8 150 

64Kx8 150 

128K x 8 120 

128K x 8 150 

128K x 8 200 

128K x 8 150 

128K x 8 150 

128K x 8 120 

128K x 8 150 

128K x 8 200 

128K x 8 150 

128K x 8 150 

128K x 8 120 

128K x 8 150 

128K X 8 60 

128K x 8 100 

128K x 8 60 

128K x 8 150 

Vee Range Icc I Stby 

5V± 10% 30mAI200J.tA 

5V + 10% 30mAI200J.lA 

5V± 10% 30mAI200J.lA 

5V± 10% 30mAI200J.tA 

5V± 10% 30mAI200J.lA 

5V± 10% 30mAI200J.lA 

5V+ 10% 30mAI200J.lA 

5V± 10% 30mA 11 OOJ.lA 

5V± 10% 30mAI100J.lA 

5V± 10% 30mA I 1 OOJ.lA 

5V± 10% 30m A I 1 OOJ.lA 

5V+ 10% 30mAI100J.tA 

5V ± 10% 30mAI100J.lA 

sv ± 10% 30mAI100J.lA 

sv ± 10% 30mAI100J.lA 

5V ± 10% 30mAI100J.lA 

5V+ 10% 30mA I 1 OOJ.lA 

5V± 10% 30mA 11 OOJ.lA 

5V± 10% 30mAI100J.lA 

5V± 10% 30mA 1100J.lA 

3.3V±0.3V 30mAI100J.lA 

5V± 10% 30mA I100J.tA 

3.3V+0.3V 30mA 1100J.tA 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (°C) 

-40 to 85 PDIP32 

-40 to 125 PDIP32 

0 to 70 PLCC32 

0 to 70 PLCC32 

o to 70 PLCC32 

-40 to 85 PLCC32 

-40to 125 PLCC32 

0 to 70 PDIP32 

0 to 70 PDIP32 

0 to 70 PDIP32 

-40 to 85 PDIP32 

-40 to 125 PDIP32 

o to 70 PLCC32 

0 to 70 PLCC32 

0 to 70 PLCC32 

-40 to 85 PLCC32 

-40 to 125 PLCC32 

0 to 70 TSOP32 

0 to 70 TSOP32 

o to 70 TSOP32 

0 to 70 TSOP32 

0 to 70 TSOP32 

o to 70 TSOP32 
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FLASH MEMORIES (cont'd) 

Size Part Number 

1M M28F1 02-150K1 

M28F102-150K6 

M28F1 02-150K3 

2M M28F201-60N1 

M28V201-1 OON1 

M28F201 A-60N1 

M28V201A-150N1 

4M M28F410-60N1 

M28V410-150N1 

M28F411-60N1 

M28V411-150N1 

8M M28F841-85N1 

M28V841-200N1 

16M M28F161-100N1 

Organisation lAce 
(ns) 

64Kx 16 150 

64Kx 16 150 

64Kx 16 150 

256K x8 60 

256Kx8 100 

256Kx8 60 

256Kx8 150 

x8/ x16, Block Er. 60 

x8/ x16, BlockEr. 150 

512K x 8, BlockEr. 60 

512K x 8, BlockEr. 150 

1M x 8, Sector Er. 85 

1M x 8, Sector Er. 200 

_ 2M x ?. SectorEr. 100 

Vee Range Icc/ Stby 

5V±10% 50mA/100J,JA 

5V± 10% 50mA/100JlA 

5V±10% 50mA/100JlA 

5V±10% 30mA/100J.l)\ 

3.3V±0.3V 30mA/100J.l)\ 

5V±10% 30mA/100J,JA 

3.3V±0.3V 30mA/100JlA 

5V±10% 30mA/80J,JA 

3Vto5.5V 30mA/50J,JA 

5V±10% 30mA/80J.l)\ 

3Vto5.5V 30mA/50J.l)\ 

5V±10% 30mA/30J,JA 

3Vto5.5V 30mA/30J,JA 

3.3V+0.3V 30mA/30J,JA 
--

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (°C) 

Oto70 PLCC44 

-40to85 PLCC44 

-40 to 125 PLCC44 

Oto70 TSOP32 

Oto70 TSOP32 

Oto70 TSOP32 

Oto70 TSOP32 

Oto70 TSOP56 

Oto70 TSOP56 

Oto70 TSOP40 

Oto70 TSOP40 

Oto 70 TSOP40 

Oto70 TSOP40 

Oto70 TSOP48 
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EEPROM, 12C and MICROWIRE Serial Access Bus 

Size Part Number Organisation 

1K ST24C01B1 128 X 8 

ST24W01B1 128 X 8 

ST24C01CB1 128 X 8 

ST24W01CB1 128x 8 

ST25C01B1 128x 8 

ST25C01CB1 128x 8 

ST25W01CB1 128x 8 

ST24C01B6 128x 8 

ST24W01B6 128x 8 

ST24C01CB6 128x B 

ST24W01CB6 128 x B 

ST25C01B6 128 X B 

ST25C01CB6 128x B 

ST25W01CB6 12B x B 

ST24C01M1 128x B 

ST24C01 M1 013TR 12Bx B 

ST24W01M1 128 X B 

ST24W01M1013TR 128 X B 

ST24C01CM1 128 X B 

ST24C01CM1TR 128x 8 

ST24W01CM1 12Bx 8 

ST24W01 CM1TR 128xB 

Vee min 
(V) 

4.5 

4.5 

3.0 

3.0 

2.5 

2.5 

2.5 

4.5 

4.5 

3.0 

3.0 

2.5 

2.5 

2.5 

4.5 

4.5 

4.5 

4.5 

3.0 

3.0 

3.0 

3.0 

Feature 

Byte/Page Write 

Write Control 

Byte/Page Write 

Write Control 

Byte/Page Write 

Byte/Page Write 

Write Control 

Byte/Page Write 

Write Control 

Byte/Page Write 

Write Control 

Byte/Page Write 

Byte/Page Write 

Write Control 

Byte/Page Write 

Byte/Page Write 

Write Control 

Write Control 

Byte/Page Write 

Byte/Page Write 

Write Control 

Write Control 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (-C) 

Oto70 PSDIP8 

Oto70 PSDIP8 

Oto70 PSDIP8 

Oto70 PSDIP8 

Oto70 PSDIP8 

Oto70 PSDIP8 

Oto70 PSDIP8 

-40to85 PSDIP8 

-40to85 PSDIP8 

-40toB5 PSDIP8 

-40to85 PSDIP8 

-40to85 . PSDIP8 

-40to85 PSDIP8 

-40toB5 PSDIP8 

Oto70 SOB 

Oto70 · SOBTR 

Oto70 SOB 

Oto70 SOBTR 

Oto70 SOB 

Oto70 S08TR 

Oto70 SOB 

Oto70 S08TR 
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EEPROM, fC and MICROWIRE Serial Access Bus (cont'd) 

Siz,e Part Number Organisation Vee min 
(V) 

1K ST25C01CM1 128 X 8 2.5 

ST25C01CM1TR 128 x8 2.5 

ST25C01M1 128 X 8 2.5 

ST25C01 M1 013TR 128 X 8 2.5 

ST25W01CM1 128 x8 2.5 

ST25W01CM1TR 128 X 8 2.5 

ST24C01M6 128 xB 4.5 

ST24C01 M6013TR 128xB 4.5 

ST24W01M6 128 X B 4.5 

ST24W01 M6013TR 128 xB 4.5 

ST24C01CM6 128xB 3.0 

ST24C01CM6TR 128 X B 3.0 

ST24W01CM6 128 xB 3.0 

ST24W01 CMSTR 128 X B 3.0 

8T25C01CM6 128 X B 2.5 

8T25C01CM6TR 128 X B 2.5 

ST25C01M6 128 X B 2.5 

8T25C01 M6013TR 128 X B 2.5 

8T25W01CM6 128 X B 2.5 

ST25W01 CMSTR 128 X B 2.5 

8T24C01M3 128 X B 4.5 

Feature 

Byte/Page Write 

Byte/Page Write 

Byte/Page Write 

Byte/Page Write 

Write Control 

Write Control 

Byte/Page Write 

Byte/Page Write 

Write Control 

Write Control 

Byte/Page Write 

Byte/Page Write 

Write Control 

Write Control 

Byte/Page Write 

Byte/Page Write 

Byte/Page Write 

Byte/Page Write 

Write Control 

Write Control 

Byte/Page Write 

'NON VOLATILE MEMORIES 

Temperature Package 
Range CC) 

0 to 70 S08 

0 to 70 S08TR 

0 to 70 S08 

0 to 70 S08TR 

0 to 70 S08 

o to 70 S08TR 

-40 to 85 SOB 
-40 to 85 S08TR 

-40 to 85 SOB 
-40 to 85 S08TR 

-40 to 85 SOB 
-40 to 85 S08TR 

-40 to 85 SOB 
-40 to 85 808TR 

-40 to 85 80B 
-40 to 85 808TR 

-40 to 85 80B 
-40 to 85 808TR 

-40 to 85 80B 
-40 to 85 808TR 

-40 to 125 80B 
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EEPROM, 12C and MICROWIRE Serial Access Bus (cont'd) 

Size Part Number Organisation 
Vee min 

(V) 

2K ST24C02AB1 256x8 3.0 

ST24C02AB1 /AAB 256x8 3.0 

ST24C02CB1 256x8 3.0 

ST24W02CB1 256x8 3.0 

ST25C02AB1 256x8 2.5 

ST25C02CB1 256x8 2.5 

ST25W02CB1 256x8 2.5 

ST24C02AB6 256x8 3.0 

ST24C02CB6 256x8 3.0 

ST24W02CB6 256x8 3.0 

ST25C02AB6 256x8 2.5 

ST25C02CB6 256x8 2.5 

ST25W02CB6 256x8 2.5 

ST24C02CB3 256x8 3.0 

ST25C02CB3 256x8 2.5 

ST24C02AB3 256x8 3.0 

ST24C02AM1 256x8 3.0 

ST24C02AM1 013TR 256x8 3.0 

ST24C02CM1 256 X 8 3.0 

ST24C02CM1TR 256x 8 3.0 

ST24W02CM1 256x 8 3.0 

ST24W02CM1TR 256x 8 3.0 

Feature 

Byte/Page Write 

Content all 00 

Byte/Page Write 

Write Control 

Byte/Page Write 

Byte/Page Write 

Write Control 

Byte/Page Write 

Byte/Page Write 

Write Control 

Byte/Page Write 

Byte/Page Write 

Write Control 

Byte/Page Write 

Byte/Page Write 

Byte/Page Write 

Byte/Page Write 

Byte/Page Write 

Byte/Page Write 

Byte/Page Write 

Write Control 

Write Control 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (0 C} 

0 to 70 PSDIP8 

0 to 70 PSDIP8 

0 to 70 PSDIP8 

0 to 70 PSDIP8 

0 to 70 PSDIP8 

0 to 70 PSDIP8 

0 to 70 PSDIP8 

-40 to 85 PSDIP8 

-40 to 85 PSDIP8 

-40 to 85 PSDIP8 

-40 to 85 PSDIP8 

-40 to 85 PSDIP8 

-40 to 85 PSDIP8 

-40 to 125 PSDIPB 

-40 to 125 PSDIP8 

-40 to 125 PSDIP8 

0 to 70 808 

0 to70 SOBTR 

0 to 70 SOB 

0 to70 S08TR 

o to70 808 

0 to 70 SOBTR 
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EEPROM, fc and MICROWIRE Serial Access Bus (cont'd) 

Size Part Number Organisation Vee min 
(V) 

2K 8T25C02AM1 256 x8 2.5 

8T25C02AM 1 013TR 256x8 2.5 

8T25C02CM1 256x8 2.5 

8T25C02CM1TR 256 x8 2.5 

8T25W02CM1 256 X 8 2.5 

8T25W02CM1TR 256x8 2.5 

8T24C02AM6 256 X 8 3.0 

8T24C02AM6013TR 256x8 3.0 

8T24C02CM6 256 x8 3.0 

8T24P02CM6TR 256 X 8 3.0 

8T24W02CM6 256x8 3.0 

8T24W02CM6TR 256 X 8 3.0 

8T25C02AM6 256x8 2.5 

8T25C02AM6013TR 256 x8 2.5 

8T25C02CM6 256 x8 2.5 

8T25C02CM6TR 256x8 2.5 

8T25W02CM6 256 x8 2.5 

ST25W02CM6TR 256x8 2.5 

ST24C02AM3 256 X 8 3.0 

4K 8T24C04B1 512 x8 4.5 

ST24C04CB1 512x8 3.0 

ST24W04CB1 512 x8 3.0 

ST25C0481 512x8 2.5 

Feature 

Byte/Page Write 

Byte/Page Write 

Byte/Page Write 

Byte/Page Write 

Write Control 

Write Control 

By1e/Page Write 

By1e/Page Write 

Byte/Page Write 

Byte/Page Write 

Write Control 

Write Control 

Byte/Page Write 

Byte/Page Write 

Byte/Page Write 

By1e/Page Write 

Write Control 

Write Control 

Byte/Page Write 

Write Protection 

Write Protection 

Write Control 

Write Protection 

NON VOLATILE MEMORIES 

Temperature Package 
Range (DC) 

Oto70 808 

Oto 70 808TR 

Oto70 808 

Oto70 808TR 

Oto70 808 

Oto 70 808TR 

-40to85 808 

-40 to 85 808TR 

-40to85 808 

-40to 85 808TR 

-40to 85 808 

-40 to 85 808TR 

-40 to 85 808 

-40 to 85 808TR 

-40 to 85 808 

-40 to 85 S08TR 

-40 to 85 808 

-40 to 85 S08TR 

-40 to 125 808 

0 to 70 P8DIP8 

Oto 70 P8DIP8 

Oto 70 P8DIP8 

Oto 70 P8DIP8 
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EEPROM, I2C and MICROWIRE Serial Access Bus (cont'd) 

Size Part Number Organisation Vee min 
(V) 

4K ST25C04CB1 512 X 8 2.5 

ST25W04CB1 512 x8 2.5 

ST24C0486 512 X 8 4.5 

ST24C04CB6 512 X 8 3.0 

ST24W04CB6 512 X 8 3.0 

ST25C0486 512 X 8 2.5 

ST25C04CB6 512 X 8 2.5 

ST25W04CB6 512 X 8 2.5 

ST24C04CB3 512 x8 3.0 

ST24C04CM1 512 X 8 3.0 

ST24C04CM1TR 512 X 8 3.0 

ST24W04CM1 512 X 8 3.0 

ST24W04CM 1 TR 512 X 8 3.0 

ST25C04CM1 512x8 2.5 

ST25C04CM1TR 512x8 2.5 

ST25W04CM1 512 X 8 2.5 

ST25W04CM1TR 512 X 8 2.5 

ST24C04CM6 512 X 8 3.0 

ST24C04CM6TR 512 X 8 3.0 

ST24W04CM6 512 X B 3.0 

ST24W04CM6TR 512 X B 3.0 

ST25C04CM6 512 X B 2.5 

ST25C04CM6TR 512 X B 2.5 
--------~- -

Feature 

Write Protection 

Write Control 

Write Protection 

Write Protection 

Write Control 

Write Protection 

Write Protection 

Write Control 

Write Protection 

Write Protection 

Write Protection 

Write Control 

Write Control 

Write Protection 

Write Protection 

Write Control 

Write Control 

Write Protection 

Write Protection 

Write Control 

Write Control 

Write Protection 

Write Protection 
~ ~-

NON VOLATILE MEMORIES 

Temperature Package 
Range (°C) 

0 to 70 PSDIP8 

0 to 70 PSDIP8 

-40 to 85 PSDIP8 

-40 to B5 PSDIP8 

-40 to 85 PSDIPB 

-40 to B5 PSDIPB 

-40 to B5 PSDIPB 

-40 to B5 PSDIPB 

-40 to 125 PSDIPB 

0 to 70 SOB 

0 to 70 S08TR 

0 to 70 SOB 

0 to 70 S08TR 

0 to 70 SOB 

0 to 70 S08TR 

Oto 70 SOB 

Oto 70 SOBTR 

-40 to 85 SOB 

-40 to B5 S08TR 

-40 to B5 SOB 

-40 to B5 S08TR 

-40 to 85 SOB 

-40 to 85 S08TR 
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EEPROM, 12C and MICROWIRE Serial Access Bus (cont'd) 

Size Part Number Organisation Vee min 
(V) 

4K ST25W04CM6 512x8 2.5 

ST25W04CM6TR 512x8 2.5 

8K ST24C08B1 1Kx 8 4.5 

ST24C08CB1 1Kx8 3.0 

ST25C08CB1 1Kx8 2.5 

ST24COBB6 1Kx8 4.5 

ST24C08CB6 1Kx8 3.0 

ST25COBCB6 1Kx8 2.5 

ST24COBCM1 1Kx8 3.0 

ST24COBCM1l"R 1Kx8 3.0 

ST25C08CM1 1Kx8 2.5 

ST25C08CM1TR 1Kx8 2.5 

ST24COBCM6 1Kx8 3.0 

ST24COBCM6TR 1Kx 8 3.0 

ST25COBCM6 1Kx8 2.5 

ST25COBCM6TR 1Kx 8 2.5 

16K ST24C16CB1 2Kx8 3.0 

ST24E16DB1 2Kx8 3.0 

ST25C16CB1 2Kx8 2.5 

ST25E16DB1 2Kx8 2.5 

ST24C16CB6 2Kx8 3.0 

ST24E16DB6 2KxB 3.0 

L_____ ST25C16CB6 2Kx8 2.5 

Feature 

Write Control 

Write Control 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Xi2CBus& we 
Write Protection 

X12CBus&WC 

Write Protection 

XI2C Bus&WC 

Write Protection 
-----

NON VOLATILE MEMORIES 

Temperature 
Package 

Range(°C) 

-40to85 S08 

-40to 85 SOBTR 

Oto 70 PSDIP8 

Oto 70 PSDIP8 

Oto 70 PSDIP8 

-40to85 PSDIP8 

-40to 85 PSDIP8 

-40to B5 PSDIPB 

o to 70 SOB 

Oto70 SOBTR 

Oto70 SOB 

0 to 70 SOBTR 

-40to 85 SOB 

-40to 85 SOBTR 

-40toB5 SOB 

-40toB5 SOBTR 

Oto 70 PSDIPB 

Oto 70 PSDIPB 

0 to 70 PSDIP8 

0 to 70 PSDIPB 

-40to 85 PSDIPB 

-40to 85 PSDIPB 

-40 to B5 PSDIPB 
----
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EEPROM, 12C and MICROWIRE Serial Access Bus (cont'd) 

Size Part Number Organisation 
Vee min 

(V) 

16K 8T25E16DB6 2Kx 8 2.5 

8T24e16eB3 2Kx8 3.0 

8T24e16eM1 2Kx8 3.0 

8T24e16eM1TR 2Kx8 3.0 

8T24e16DM1 2Kx8 3.0 

8T24e16DM1TR 2Kx 8 3.0 

8T24E16DM1 2Kx 8 3.0 

8T24E16DM1TR 2Kx 8 3.0 

8T25e16DM1 2Kx 8 2.5 

8T25e16DM1TR 2Kx 8 2.5 

8T25E16DM1 2Kx 8 2.5 

8T25E16DM1TR 2Kx 8 2.5 

8T24e16DM6 2Kx 8 3.0 

8T24e16DM6TR 2Kx 8 3.0 

8T24E16DM6 2Kx 8 3.0 

8T24E16DM6TR 2Kx 8 3.0 

8T25e16DM6 2Kx 8 2.5 

8T25e 16DM6TR 2Kx 8 2.5 

8T25E16DM6 2Kx 8 2.5 

8T25E16DM6TR 2Kx 8 2.5 

8T24e16eML 1 2Kx 8 3.0 

8T24e16eML 1TR 2Kx 8 3.0 

8T25C16eML 1 2K x 8 2.5 

Feature 

Xl2e Bus & we 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Xl2e Bus & we 

Xl2e Bus & We 

Write Protection 

Write Protection 

Xl2e Bus & WC 

Xl2e Bus & We 

Write Protection 

Write Protection 

Xl2e Bus & we 

Xl2e Bus & we 

Write Protection 

Write Protection 

xfe Bus& we 

Xl2e Bus & we 

Write Protection 

Write Protection 

Write Protection 

NON VOLATILE MEMORIES. 

Temperature 
Package 

Range (°C) 

-40 to 85 P8DIP8 

-40 to 125 P8DIP8 

o to 70 808 

0 to 70 808TR 

Oto 70 808 

Oto 70 808TR 

Oto 70 808 

Oto70 808TR 

Oto70 808 

Oto70 808TR 

0 to 70 808 

Oto70 808TR 

-40 to 85 808 

-40to 85 808TR 

-40to 85 808 

-40to85 808TR 

-40to85 808 

-40to85 808TR 

-40to85 808 

-40to85 808TR 

Oto70 8014 

Oto70 8014TR 

Oto70 8014 
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EEPROM, 12C and MI~ROWIRE Serial Access Bus (cont'd) 

Size Part Number Organisation 
Vee min 

(V) 

16K ST25C16CML 1TR 2Kx8 2.5 

ST24C16CML6 2Kx8 3.0 

ST24C16CML6TR 2K x8 3.0 

ST25C16CML6 2Kx8 2.5 

ST25C16CML6TR 2Kx8 2.5 

256 ST93C06CB1 32x8 or 16x16 3.0 

ST93C06B1 32x8 or 16x16 4.5 

ST93C06CB6 32x8 or 16x16 3.0 

ST93C06B6 32x8 or 16x16 4.5 

ST93C06CB3 32x8 or 16x16 3.0 

ST93C06B3 32x8 or 16x16 4.5 

ST93C06CM1 32x8 or 16x16 3.0 

ST93C06CM1TR 32x8 or 16x16 3.0 

ST93C06M1 32x8 or 16x16 4.5 

ST93C06M1 013TR 32x8 or 16x16 4.5 

ST93C06CM6 32x8 or 16x16 3.0 

ST93C06CM6TR 32x8 or 16x16 3.0 

ST93C06M6 32x8 or 16x16 4.5 

ST93C06M6013TR 32x8 or 16x16 4.5 

ST93C06CM3 32x8 or 16x16 3.0 

ST93C06CM3TR 32x8 or 16x16 3.0 

ST93C06M3 32x8 or 16x16 4.5 

NON VOLATILE MEMORIES 

Feature 
Temperature 

Package 
Rangeec) 

Write Protection Oto 70 S014TR 

Write Protection -40to 85 S014 

Write Protection -40to85 S014TR 

Write Protection -40to 85 S014 

Write Protection -40to 85 S014TR 

Dual Org, 1MHz Oto 70 PSDIP8 

Dual Org, 1 MHz Oto 70 PSDIP8 

Dual Org, 1 MHz -40to 85 PSDIP8 

Dual Org, 1MHz -40to85 PSDIP8 

Dual Org, 1 MHz -40to 125 PSDIP8 

Dual Org, 1 MHz -40 to 125 PSDIP8 

Dual Org, 1 MHz Oto70 SOB 

Dual Org, 1 MHz Oto 70 S08TR 

Dual Org, 1MHz Oto 70 SOB 

Dual Org, 1 MHz Oto70 S08TR 

Dual Org, 1 MHz -40to85 SOB 

Dual Org, 1MHz -40to85 S08TR 

Dual Org, 1 MHz -40to85 SOB 

Dual Org, 1 MHz -40to85 S08TR 

Dual Org, 1 MHz -40to 125 SOB 

Dual Org, 1 MHz -40to 125 S08TR 

Dual Org, 1 MHz -40to 125 SOB 
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EEPROM, 12C and MICROWIRE Serial Access Bus (cont'd) 

Size Part Number Organisation 
Vee min 

(V) 

1K ST93CS4681 64 X 16 4.5 

ST93CS4781 64x 16 2.5 

ST93CS4686 64 X 16 4.5 

ST93CS4786 64 X 16 2.5 

ST93CS4683 64 X 16 4.5 

ST93CS46M1 64 X 16 4.5 

ST93CS47M1 64 X 16 2.5 

ST93CS46M6 64 X 16 4.5 

ST93CS47M6 64 X 16 2.5 

ST93CS46M3 64 X 16 4.5 

ST93C46AB1 12Bx8 or 64x16 4.5 

ST93C46CB1 12Bx8 or 64x16 3.0 

ST93C46AB6 12Bx8 or 64x16 4.5 

ST93C46CB6 12Bx8 or 64x16 3.0 

ST93C46AB3 12Bx8 or 64x16 4.5 

ST93C46CB3 12Bx8 or 64x16 3.0 

ST93C46AM1 12BxB or 64x16 4.5 

ST93C46AM1 013TR 12BxB or 64x16 4.5 

ST93C46TM1 12BxB or 64x16 4.5 

ST93C46TM1013TR 12BxB or 64x16 4.5 

ST93C46CM1 128xB or 64x16 3.0 

ST93C46CM1TR 128xB or 64x16 3.0 

ST93C46AM6 128xB or 64x16 4.5 

Feature 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

90 Turn Pinout 

90 Turn Pinout 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (0 C) 

Oto70 PSDIP8 

Oto 70 PSDIP8 

-40 to B5 PSDIP8 

-40 to B5 PSDIP8 

-40 to 125 PSDIP8 

o to70 SOB 

Oto 70 SOB 

-40to B5 SOB 

-40toB5 SOB 

-40 to 125 S08 

0 to 70 PSDIP8 

0 to70 PSDIP8 

-40 to 85 PSDIP8 

-40 to B5 PSDIP8 

-40 to 125 PSDIP8 

-40 to 125 PSDIP8 

Oto 70 SOB 

Oto 70 SOBTR 

0 to 70 SOB 

o to 70 SOBTR 

0 to 70 SOB 

0 to 70 SOBTR 

-40 to B5 SOB 
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EEPROM, I2C and,MICROWIRE Serial Access Bus (cont'd) 

Size Part Number Organisation 
Vee min 

(V) 

1K ST93C46AM6013TR 12BxB or 64x16 4.5 

ST93C46TM6 12Bx8 or 64x16 4.5 

ST93C46TM6013TR 12BxB or 64x16 4.5 

ST93C46CM6 12BxB or 64x16 3.0 

ST93C46CM6TR 12BxB or 64x16 3.0 

ST93C46AM3 12BxB or 64x16 4.5 

ST93C46AM3013TR 12Bx8 or 64x16 4.5 

ST93C46TM3 12BxB or 64x16 4.5 

ST93C46TM3013TR 12BxB or 64x16 4.5 

ST93C46CM3 12BxB or 64x16 3.0 

ST93C46CM3TR 12BxB or 64x16 3.0 

2K ST93CS56B1 12B X 16 4.5 

ST93CS57B1 128 X 16 2.5 

ST93CS56B6 128 X 16 4.5 

ST93CS57B6 12B X 16 2.5 

ST93CS56B3 12B X 16 4.5 

ST93CS56M1 12B X 16 4.5 

ST93CS56M1013TR 12B X 16 4.5 

ST93CS57M1 12B X 16 2.5 

ST93CS57M1013TR 12B X 16 2.5 

ST93CS56M6 12B X 16 4.5 

ST93CS56M6013TR 12B X 16 4.5 
-~~ 

Feature 

Dual Org, 1MHz 

90 Turn Pinout 

90 Turn Pinout 

Dual Org, 1MHz 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

90 Turn Pinout 

90 Turn Pinout 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (°C) 

-40 to B5 SOBTR 

-40 to B5 SOB 

-40 to B5 SOBTR 

-40 to B5 SOB 

-40 to B5 SOBTR 

-40 to 125 SOB 

-40 to 125 S08TR 

-40 to 125 SOB 

-40 to 125 SOBTR 

-40 to 125 SOB 

-40 to 125 SOBTR 

Oto 70 PSDIPB 

o to 70 PSDIP8 

-40 to B5 PSDIPB 

-40 to B5 PSDIPB 

-40 to 125 PSDIPB 

0 to 70 SOB 

0 to 70 SOBTR 

0 to 70 SOB 

o to 70 SOBTR 

-40 to B5 SOB 

-40 to B5 SOBTR 
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EEPROM, 12C and MICROWIRE Serial Access Bus (cont'd) 

Size Part Number Organisation 
Vee min 

(V) 

2K ST93CS57M6 128 X 16 2.5 

ST93CS57M6013TR 128 X 16 2.5 

ST93CS56M3 128 X 16 4.5 

ST93C56B1 256x8 or 128x16 4.5 

ST93C56B6 256x8 or 128x16 4.5 

ST93C56B3 256x8 or 12Bx16 4.5 

ST93C56M1 256x8 or 12Bx16 4.5 

ST93C56M1 013TR 256x8 or 128x16 4.5 

ST93C56M6 256x8 or 128x16 4.5 

ST93C56M3 256x8 or 12Bx16 4.5 

4K ST93CS66B1 256 X 16 4.5 

ST93CS6781 256 X 16 2.5 

ST93CS6686 256 X 16 4.5 

ST93CS67B6 256 X 16 2.5 

ST93CS66B3 256 X 16 4.5 

ST93CS66ML1 256 X 16 4.5 

ST93CS67ML 1 256 X 16 2.5 

ST93CS66ML 1 013TR 256 X 16 4.5 

ST93CS66ML6 256 X 16 4.5 

ST93CS67ML6 256 X 16 2.5 

ST93CS66ML6TR 256 X 16 4.5 

ST93CS66ML3 256 X 16 4.5 

ST93CS66ML3TR 256 X 16 4.5 

Feature 

Write Protection 

Write Protection 

Write Protection 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Dual Org, 1MHz 

Dual Org, 1MHz 

Dual Org, 1 MHz 

Dual Org, 1 MHz 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

Write Protection 

NON VOLATILE MEMORIES 

Temperature 
Package 

Range (0 C} 

-40 to 85 SOB 

-40 to 85 SOBTR 

-40 to 125 S08 

0 to 70 PSDIP8 

-40 to 85 PSDIP8 

-40 to 125 PSDIP8 

0 to 70 SOB 

0 to 70 SOBTR 

-40 to 85 S08 

-40 to 125 S08 

0 to 70 PSDIP8 

0 to 70 PSDIP8 

-40 to 85 PSDIP8 

-40 to 85 PSDIP8 

-40 to 125 PSDIP8 

0 to 70 S014 

0 to 70 S014 

0 to 70 S014TR 

-40 to 85 S014 

-40 to 85 S014 

-40 to 85 S014TR 

-40 to 125 S014 

-40 to 125 S014TR 
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EEPROM, Parallel Access Bus 

Size Part Number 

64K M28C64C-150P1 

M28C64C-200P1 

M28C64C-150P6 

M28C64C-200P6 

M28C64C-150K1 

M28C64C-200K1 

M28C64C-150K6 

M28C64C-200K6 

M28C64C-150M1 

M28C64C-200M1 

M28C64C-150M6 

M28C64C-200M6 

Organisation 
lAce 
(ns) 

8Kx 8 150 

8Kx 8 200 

8Kx 8 150 

8Kx8 200 

8Kx 8 150 

8Kx 8 200 

8Kx8 150 

8Kx 8 200 

8Kx8 150 

8Kx8 200 

8Kx 8 150 

8Kx8 200 

Vee min 
Icc/ Stby 

(V) 

4.5 30mA/100!lA 

4.5 30mA/100!lA 

4.5 30mA /100!lA 

4.5 30mA/100!lA 

4.5 30mA/100!lA 

4.5 30mA /1 OO!lA 

4.5 30mA/100!lA 

4.5 30mA /1 OO!lA 

4.5 30mA/100!lA 

4.5 30mA /100!lA 

4.5 30mA /100!lA 

4.5 30mA/100!lA 

NON VOLATILE MEMORIES 

Temperature Range 
Package 

(oC) 

Oto 70 PDIP28 

Oto 70 PDIP28 

-40 to 85 PDIP28 

-40to 85 PDIP28 

Oto 70 PLCC32 

Oto 70 PLCC32 

-40 to 85 PLCC32 

-40to 85 PLCC32 

Oto 70 8028 

Oto 70 8028 

-40to 85 8028 

-40to 85 8028 
-
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FASTSRAM 

Size 

256K 

----

Part Number 

M624064-12PS1 

M624064-15PS1 

M624064-20PS1 

M624065-12PS1 

M624065-15PS1 

M624065-20PS1 

M624064-12E1 

M624064-12E1TR 

M624064-15E1 

M624064-15E1TR 

M624064-20E1 

M624064-20E 1TR 

M624065-12E1 

M624065-12E1TR 

M624065-15E1 

M624065-15E1TR 

M624065-20E1 

M624065-20E 1 TR 

M628032-12PS1 

M628032-15PS1 

M628032-20PS1 

M628032-12E1 

M628032-12E1TR 

Organisation lAce 
(ns) 

64Kx4 12 

64Kx4 15 

64Kx4 20 

64Kx4 12 

64Kx4 15 

64Kx4 20 

64Kx4 12 

64Kx4 12 

64Kx4 15 

64Kx4 15 

64Kx4 20 

64Kx4 20 

64Kx4 12 

64Kx4 12 

64Kx4 15 

64Kx4 15 

64Kx4 20 

64Kx4 20 

32Kx8 12 

32Kx8 15 

32Kx8 20 

32Kx8 12 

32Kx8 12 

lcctStby Features 

160mA/ 1mA Common 1/0 

160mA/ 1mA Common 1/0 

160mA/1mA Common 1/0 

160mA/1mA With Output Enable 

160mA/ 1mA With Output Enable 

160mA/1mA With Output Enable 

160mA/ 1mA Common 1/0 

160mA/ 1mA Common 1/0 

160mA/1mA Common 1/0 

160mA/1mA Common 1/0 

160mA/ 1mA Common 1/0 

160mA/ 1mA Common 1/0 

160mA/1mA With Output Enable 

160mA/ 1mA With Output Enable 

160mA/ 1mA With Output Enable 

160mA/1mA With Output Enable 

160mA/ 1mA With Output Enable 

160mA/ 1mA With Output Enable 

160mA/1mA With Output Enable 

160mA/ 1mA With Output Enable 

160mA/1mA With Output Enable 

160mA/1mA With Output Enable 

1601l1A/1mA_ . With Output Enable 

STATIC RAMs 

Package 

PSDIP24 

PSDIP24 

PSDIP24 

PSDIP28 

PSDIP28 

PSDIP28 

SOJ24 

SOJ24TR 

SOJ24 

SOJ24TR 

SOJ24 

SOJ24TR 

SOJ28 

SOJ28TR 

SOJ28 

SOJ28TR 

SOJ28 

SOJ28TR 

PSDIP28 

PSDIP28 

PSDIP28 

SOJ28 

SOJ28TR 

I 
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FAST SRAM (cont'd) 

Size Part Number 

256K M628032-15E1 

M628032-15E1TR 

M628032-20E1 

M628032-20E1TR 

1M M624256-15E1 

M624256-15E1TR 

M624256-17E1 

M624256-17E1TR 

M624256-20E1 

M624256-20E1TR 

MG24256-25E1 

M624256-25E1TR 

M628128-15E1 

M628128-15E1TR 

M628128-17E1 

M628128-17E1TR 

M628128-20E1 

M628128-20E1TR 

M628128-25E1 

M628128-25E1 TR 

Organisation 

32Kx8 

32Kx8 

32Kx8 

32Kx8 

256K x4 

256K x4 

2561< x4 

256K x4 

256K x 4 

256K x 4 

256K x 4 

256K x 4 

128K x 8 

128K X 8 

128K x 8 

128K x 8 

128K x 8 

128K x 8 

128K X 8 

128K x 8 

lAce 
lcct Stby 

(ns) 

15 160mA/1mA 

15 160mA/1mA 

20 160mA/1mA 

20 160mA/1mA 

15 175mA/1mA 

15 175mA/1mA 

17 175mA/1mA 

17 175mA/1mA 

20 140mA/1mA 

20 140mA/1mA 

25 130mA/1mA 

25 130mA/1mA 

15 175mA/1mA 

15 175mA/1mA 

17 175mA/1mA 

17 175mA/1mA 

20 140mA/4mA 

20 140mA/4mA 

25 130mA/4mA 

25 130mA/4mA 

Features 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

With Output Enable 

_1,\/ith Output EJ1a.ble 

STATIC RAMs 

Package 

SOJ28 

SOJ28TR 

SOJ28 

SOJ28TR 

SOJ28 

SOJ28TR 

SOJ28 

SOJ28TR 

SOJ28 

SOJ28TR 

SOJ28 

SOJ28TR 

SOJ32 

SOJ32TR 

SOJ32 

SOJ32TR 

SOJ32 

SOJ32TR 

SOJ32 

SOJ32TR 
---------
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CACHE MEMORIES 

Part Number 

MK41S80X10 

MK41 S80X1 OTR 

MK41S80N12 

MK41S80X12 

MK41 S80X12TR 

MK41 S80N15 

MK41S80X15 

MK41 S80X15TR 

MK41S80N20 

MK41S80X20 

MK41 S80X20TR 

MK41S80N25 

MK41S80X25 

MK41 S80X25TR 

MK48S80N17 

MK48880X17 

MK48880X17TR 

MK48S74N20 

MK48S80N20 

MK48S74X20 

MK48S74X20TR 

MK48S80X20 

MK48S80X20TR 

Organisation lAce 
(ns) 

4Kx4 10 

4Kx4 10 

4Kx4 12 

4Kx4 12 

4Kx4 12 

4Kx4 15 

4Kx4 15 

4Kx4 15 

4Kx4 20 

4Kx4 20 

4Kx4 20 

4Kx4 25 

4Kx4 25 

4Kx4 25 

8Kx8 17 

8Kx8 17 

8Kx 8 17 

8Kx 8 20 

8K x 8 20 

8Kx 8 20 

8K x 8 20 

8K X 8 20 

8K x 8 20 

Description 

Very Fast TAG RAM 

Very Fast TAGRAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAGRAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAGRAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

STATIC RAMs 

Package 

SOJ24 

SOJ24TR 

PSDIP22 

SOJ24 

SOJ24TR 

PSDIP22 

SOJ24 

SOJ24TR 

PSDIP22 

SOJ24 

SOJ24TR 

PSDIP22 

SOJ24 

SOJ24TR 

PSDIP28 

SOJ28 

SOJ28TR 

PSDIP28 

PSDIP28 

SOJ28 

SOJ28TR 

SOJ28 

SOJ28TR 
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CACHE MEMORIES (cont'd) 

Part Number 

MK48S74N25 

MK48S80N25 

MK48S74X25 

MK48S74X25TR 

MK48S80X25 

MK48S80X25TR 

M62486ARQ8TR 

M62486ARQ9TR 

M62486RQ8 

M62486RQ9 

M62486AQ11 

M62486AQ11TR 

M62486AQ12 

M62486AQ12TR 

M62486AQ14 

M62486AQ14TR 

MK62486Q19 

MK62486Q19TR 

MK62486Q24 

MK62486Q24TR 

MK4202Q17 

MK4202Q20 

MK4202Q25 

Organisation fAce 
(ns) 

8Kx 8 25 

8Kx 8 25 

8Kx 8 25 

8Kx 8 25 

8Kx 8 25 

8Kx 8 25 

32Kx9 8 

32Kx9 9 

32Kx9 8 

32Kx9 9 

32Kx9 11 

32Kx9 11 

32Kx9 12 

32Kx9 12 

32Kx9 14 

32Kx9 14 

32Kx9 19 

32Kx9 19 

32Kx9 24 

32Kx9 24 

2Kx 20 17 

2Kx 20 20 

2Kx 20 25 

Description 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAGRAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Burst SRAM 

Burst SRAM 

Burst SRAM 

Burst SRAM 

Burst SRAM 

Burst SRAM 

Burst SRAM 

Burst SRAM 

Burst SRAM 

Burst SRAM 

BurstSRAM 

Burst SRAM 

BurstSRAM 

Burst SRAM 

Very Fast TAG RAM 

Very Fast TAG RAM 

Very Fast TAGRAM 

STATIC RAMs 

Package 

PSDIP28 

PSDIP28 

SOJ28 

SOJ28TR 

SOJ28 

SOJ28TR 

PLCC44TR 

PLCC44TR 

PLCC44 

PLCC44 

PLCC44 

PLCC44TR 

PLCC44 

PLCC44TR 

PLCC44 

PLCC44TR 

PLCC44 

PLCC44TR 

PLCC44 

PLCC44TR 

PLCC68 

PLCC68 

PLCC68 
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BiPORTFIFO 

Part Number 

MK4505MN25 

MK4505MN33 

MK4505MN50 

MK4505SN25 

MK4505SN33 

MK4505SN50 

MK45H01N25 

MK45H01N35 

MK45H01N50 

MK45H01N12 

MK45H11N25 

MK45H11N35 

MK45H11N50 

MK45H11N12 

MK45H01K25 

MK45H01 K25TR 

MK45H01K35 

MK45H01 K35TR 

MK45H01K50 

MK45H01 K50TR 

MK45H01K12 

MK45H01 K12TR 
----··-

Organisation lAce 
(ns) 

1Kx5 25 

1Kx5 33 

1Kx5 50 

1Kx5 25 

1Kx5 33 

1Kx5 50 

512x9 25 

512x 9 35 

512x9 50 

512x9 120 

512x9 25 

512x9 35 

512x9 50 

512x9 120 

512x9 25 

512x 9 25 

512x9 35 

512x9 35 

512x9 50 

512x9 50 

512x9 120 

512x9 120 

Description 

Master FIFO 

Master FIFO 

Master FIFO 

Slave FIFO 

Slave FIFO 

Slave FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

STATIC RAMs 

Package 

PSDIP24 

PSDIP24 

PSDIP24 

PSDIP20 

PSDIP20 

PSDIP20 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PLCC32 

PLCC32TR 

PLCC32 

PLCC32TR 

PLCC32 

PLCC32TR 

PLCC32 

PLCC32TR 
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BiPORT FIFO (cont'd) 

Part Number 

MI<4501N80 

MK4501N10 

MK4501N12 

MK4501N15 

MI<4501N20 

MK4501K80 

MK4501 KBOTR 

MK4501K10 

MK4501K10TR 

MK4501K12 

MK4501 K12TR 

MK4501K15 

MK4501 K15TR 

MK4501K20 

MK4501 K20TR 

MK45H02N25 

MK45H02N35 

MK45H02N50 

MK45H02N12 

MK45H12N25 

MK45H12N35 

MK45H12N50 

MK45H12N12 

bee 
Organisation 

(ns) 

512 X 9 80 

512 X 9 100 

512 X 9 120 

512x 9 150 

512 X 9 200 

512 X 9 80 

512x 9 80 

512 X 9 100 

512 X 9 100 

512x 9 120 

512 X 9 120 

512x 9 150 

512 X 9 150 

512 X 9 200 

512x 9 200 

1K x 9 25 

1K x 9 ::J5 

1Kx 9 50 

1K x 9 120 

1Kx 9 25 

1Kx 9 35 

1Kx 9 50 

1Kx 9 120 

Description 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

STATIC RAMs 

Package 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PLCC32 

PLCC32TR 

PLCC32 

PLCC32TR 

PLCC32 

PLCC32TR 

PLCC32 

PLCC32TR 

PLCC32 

PLCC32TR 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PSDIP28 
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BiPORT FIFO (cont'd) 

Part Number 

MK45H02K25 

MK45H02K25TR 

MK45H02K35 

MK45H02K35TR 

MK45H02K50 

MK45H02K50TR 

MK45H02K12 

MK45H02K12TR 

MK45H03N25 

MK45H03N35 

MK45H03N50 

MK45H03N12 

MK45H13N25 

MK45H13N35 

MK45H13N50 

MK45H13N12 

MK45H03K25 

MK45H03K25TR 

MK45H03K35 

MK45H03K35TR 

MK45H03K50 

MK45H03K50TR 

MK45H03K12 

Organisation bee 
(ns) 

1K x 9 25 

1K x9 25 

1K x9 35 

1Kx9 35 

1Kx9 50 

1Kx9 50 

1Kx9 120 

1K X 9 120 

2Kx9 25 

2Kx9 35 

2Kx9 50 

2Kx9 120 

2Kx9 25 

2Kx9 35 

2Kx9 50 

2Kx9 120 

2Kx9 25 

2Kx9 25 

2Kx9 35 

2Kx9 35 

2Kx9 50 

2Kx9 50 

2Kx9 120 

Description 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast. FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

---
Vf3_ry Fast FIFO 

---- ----

STATIC RAMs 

Package 

PLCC32 

PLCC32TR 

PLCC32 

PLCC32TR 

PLCC32 

PLCC32TR 

PLCC32 

PLCC32TR 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PLCC32 

PLCC32TR 

PLCC32 

PLCC32TR 

PLCC32 

PLCC32TR 

PLCC32 
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BiPORT FIFO (cont'd) 

Part Number 

MK45H03K12TR 

MK4503N80 

MK4503N10 

MK4503N12 

MK4503N15 

MK4503N20 

MK45H04N25 

MK45H04N35 

MK45H04N50 

MK45H04N12 

MK45H14N25 

MK45H14N35 

MK45H14N50 

MK45H14N12 

MK45H04K25 

MK45H04K25TR 

MK45H04K35 

MK45H04K35TR 

MK45H04K50 

MK45H04K50TR 

MK45H04K12 

MK45H04K12TR 

Organisation 

2Kx9 

2Kx9 

2Kx9 

2Kx9 

2Kx 9 

2Kx9 

4Kx9 

4Kx9 

4Kx9 

4Kx9 

4Kx 9 

4Kx9 

4Kx9 

4Kx9 

4Kx9 

4Kx9 

4Kx9 

4Kx9 

4Kx9 

4Kx9 

4Kx9 

4Kx9 

IACC 

(ns) 

120 

80 

100 

120 

150 

200 

25 

35 

50 

120 

25 

35 

50 

120 

25 

25 

35 

35 

50 

50 

120 

120 

Description 

Very Fast FIFO 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

Very Fast FIFO 

STATIC RAMs· 

Package 

PLCC32TR 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PSDIP28 

PLCC32 

PLCC32TR 

PLCC32 

PLCC32TR 

PLCC32 

PLCC32TR 

PLCC32 

PLCC32TR 
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BiPORT FIFO (cont'd) 

Part Number 

MK45H08N25 

MK45H08N35 

MK45H08N50 

MK45H08N12 

l:i! ZEROPOWER and TIMEKEEPER 
!o ;JJ:I: 
~en 
~~ Size Part Number 

16K MK48C02AN15 

MK4BC02AK15 

MK48Z02812 

MK48Z02815 

MK48Z02820 

MK48Z02B25 

MK48Z12815 

MK4BZ12820 

MK4BZ12825 

MKI4BZ02B15 

MKI4BZ02B20 

Organisation lAce 
(ns) 

8Kx 9 25 

BKx 9 35 

8Kx9 50 

8Kx9 120 

Organisation lAce 
(ns) 

2Kx8 150 

2Kx8 150 

2Kx8 120 

2Kx8 150 

2Kx8 200 

2Kx8 250 

2Kx8 150 

2Kx8 200 

2Kx8 250 

2Kx8 150 

2Kx8 200 

Description 

Very Fast Fl FO 

Very Fast Fl FO 

Very Fast FIFO 

Very Fast FIFO 

Vee Range 
Temperature 

Range (°C) 

5V +10/-5% Oto 70 

5V +10/-5% Oto 70 

5V +10/-5% Oto 70 

5V +10/-5% Oto 70 

5V +10/-5% Oto 70 

5V +10/-5% Oto70 

5V±10% Oto70 

5V±10% Oto70 

5V±10% Oto 70 

5V +10/-5% -40to 85 

5V +10/-5% -40to 85 

STATIC RAMs 

Package 

PDIP28 

PDIP28 

PDIP28 

PDIP28 

Package 

PDIP28 

PLCC32 

PHDIP24 

PHDIP24 

PHDIP24 

PHDIP24 

PHDIP24 

PHDIP24 

PHDIP24 

PHDIP24 

PHDIP24 
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ZEROPOWER and TIMEKEEPER (cont'd) 

Size Part Number 

16K MKI48Z02B25 

MKI48Z12B15 

MKI48Z12B20 

MKI48Z12B25 

M48Z02-150PC1 

M48Z12-150PC1 

64K MK48Z08B10 

MK48Z09B10 

MK48Z18B10 

MK48Z19B10 

MKI48Z18B10 

M48Z08-1 OOPC1 

M48Z09-1 OOPC1 

M48Z18-1 OOPC1 

M48Z19-1 OOPC1 

M48Z18-1 OOMH1 

256K M48Z30Y-85PM1 

M48Z30Y -1 OOPM 1 

M48Z30-85PM1 

M48Z30-100PM1 

M48Z32-85PC1 

M48Z32-100PC1 

Organisation 

2Kx 8 

2Kx 8 

2Kx8 

2Kx8 

2Kx8 

2Kx8 

8Kx8 

8Kx8 

8Kx8 

8Kx8 

8Kx 8 

8Kx 8 

8Kx8 

8Kx8 

8Kx8 

8Kx8 

32Kx 8 

32Kx 8 

32Kx 8 

32Kx 8 

32Kx 8 

32Kx 8 

tACC 
Vee Range 

(ns) 

250 5V +10/-5% 

150 5V ± 10% 

200 5V ± 10% 

250 5V±10% 

150 5V +10/-5% 

150 5V + 10% 

100 5V +10/-5% 

100 5V +10/-5% 

100 5V±10% 

100 5V±10% 

100 5V± 10% 

100 5V +10/-5% 

100 5V +10/-5% 

100 5V± 10% 

100 5V+ 10% 

100 5V+ 10% 

85 5V± 10% 

100 5V± 10% 

85 5V +10/-5% 

100 5V +10/-5% 

85 5V +10/-5% 

100 5V +10/-5% 

Temperature 
Range (°C) 

-40to85 

-40to85 

-40to 85 

-40to 85 

Oto 70 

Oto 70 

Oto 70 

Oto 70 

Oto 70 

0 to 70 

-40 to 85 

0 to 70 

0 to 70 

0 to 70 

0 to 70 

o to 70 

0 to 70 

0 to 70 

0 to 70 

0 to 70 

0 to 70 

0 to 70 

STATIC RAMs 

Package 

PHDIP24 

PHDIP24 

PHDIP24 

PHDIP24 

PCDIP24 

PCDIP24 

PHDIP28 

PHDIP28 

PHDIP28 

PHDIP28 

PHDIP28 

PCDIP28 

PCDIP28 

PCDIP28 

PCDIP28 

SOH28 

PMDIP28 

PMDIP28 

PMDIP28 

PMDIP28 

PCDIP28 

PCDIP28 
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ZEROPOWER and TIMEKEEPER (cont'd) 

Size Part Number 

256K M48Z32Y-85PC1 

M48Z32Y-100PC1 

1M M48Z128Y -85PM 1 

M48Z128Y -120PM 1 

M48Z128-85PM1 

M48Z128-120PM1 

2M M46Z128Y-85PM1 

M46Z128Y-120PM1 

M46Z128-85PM1 

M46Z128-120PM1 

M48Z256Y-85PL1 

M48Z256Y -120PL 1 

M48Z256-85PL 1 

M48Z256-120PL 1 

4M M46Z256Y-85PM1 

M46Z256Y-120PM1 

M46Z256-85PM1 

M46Z256-120PM1 

M48Z512Y-85PL 1 

M48Z512Y-120PL1 

M48Z512-85PL1 

M48Z512-120PL 1 

Organisation 

32Kx8 

32Kx8 

128K x 8 

128K x 8 

128K x 8 

128K x 8 

128Kx16 

128Kx 16 

128Kx16 

128Kx16 

256K x 8 

256K x 8 

256K x 8 

256K x 8 

256Kx16 

256Kx 16 

256Kx 16 

256Kx 16 

512K x 8 

512K X 8 

512K x 8 

512K x 8 

tACC 
Vee Range 

(ns) 

85 5V± 10% 

100 5V+ 10% 

85 5V±10% 

120 5V±10% 

85 5V +10/-5% 

120 5V +10/-5% 

85 5V± 10% 

120 5V± 10% 

85 5V +10/-5% 

120 5V +10/-5% 

85 5V±10% 

120 5V± 10% 

85 5V +10/-5% 

120 5V +10/-5% 

85 5V± 10% 

120 5V± 10% 

85 5V +10/-5% 

120 5V +10/-5% 

85 5V± 10% 

120 5V± 10% 

85 5V +10/-5% 

120 5V +10/-5% 

Temperature 
Range(°C) 

Oto70 

Oto 70 

Oto 70 

Oto 70 

Oto 70 

Oto 70 

Oto 70 

Oto 70 

Oto 70 

Oto 70 

Oto 70 

Oto 70 

Oto70 

Oto 70 

Oto 70 

Oto70 

Oto 70 

Oto 70 

Oto 70 

Oto70 

Oto 70 

Oto 70 

STATIC RAMs 

Package 

PCDIP28 

PCDIP28 

PMDIP32 

PMDIP32 

PMDIP32 

PMDIP32 

PMDIP40 

PMDIP40 

PMDIP40 

PMDIP40 

PMLDIP32 

PMLDIP32 

PMLDIP32 

PMLDIP32 

PMDIP40 

PMDIP40 

PMDIP40 

PMDIP40 

PMLDIP32 

PMLDIP32 

PMLDIP32 

PMLDIP32 
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ZEROPOWER and TIMEKEEPER (cont'd) 

Size Part Number 

512 MK41T56NOO 

MK41T56SOO 

MK141T56SOO 

MKI41T56SOOTR 

MK48TB7824 

16K MK4BT02B12 

MK4BT02815 

MK4BT02B20 

MK4BT02B25 

MK4BT12815 

MK4BT12820 

MK48T12B25 

M48T02-150PC1 

M48T12-150PC1 

64K MK4BTOBB10 

MK4BTOBB15 

MK4BT1BB10 

MK4BT18815 

M4BTOB-100PC1 

M48T1B-100PC1 

M48T1B-1 OOMH 1 

Organisation 

64x8 

64x8 

64xB 

64xB 

64xB 

2Kx 8 

2KxB 

2Kx8 

2Kx8 

2KxB 

2KxB 

2KxB 

2KxB 

2Kx8 

8Kx8 

8Kx8 

8Kx8 

8KxB 

8KxB 

BKx8 

BKxB 

lACC 
Vee Range 

Temperature 
(ns) Range (DC) 

- 5V±10% Olo 70 

5V±10% Olo 70 

- 5V±10% -4010 85 

- 5V±10% -4010 85 

- 5V±10% Olo 70 

120 5V +10/-5% Olo 70 

150 5V +10/-5% Olo70 

200 5V +10/-5% Olo70 

250 5V +10/-5% Olo 70 

150 5V±10% Olo70 

200 5V±10% Olo 70 

250 5V+10% Olo 70 

150 5V +10/-5% Olo70 

150 5V±10% Olo70 

100 5V +10/-5% Olo70 

150 5V +10/-5% Olo70 

100 5V±10% Olo70 

150 5V±10% Olo70 

100 5V +10/-5% Olo70 

100 5V±10% Olo70 

100 5V±10% Olo70 

STATIC RAMs 

Package 

PSDIP8 

SOB 

SOB 

SOBTR 

PHDIP24 

PHDIP24 

PHDIP24 

PHDIP24 

PHDIP24 

PHDIP24 

PHDIP24 

PHDIP24 

PCDIP24 

PCDIP24 

PHDIP28 

PHDIP28 

PHDIP28 

PHDIP2B 

PCDIP2B 

PCDIP28 

SOH2B 
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SNAPHAT Housing 

Family 

ZEROPOWER 

TIMEKEEPER 

Part Number Description 

M4Z28-BROOSH1 Battery 

M4T28-BR12SH1 Battery and Crystal 

Temperature 
Range ("C) 

Oto70 

Oto70 

STATIC RAMs 

Package 

SH28 

SH28 
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MEMORY BASED !tl 

Product Process Memory 

ST1305 CMOS 192 bit EEPROM 

ST1331 CMOS 208 bit EEPROM 

ST1333 CMOS 288 bit EEPROM 

ST1335 CMOS 272 bit EEPROM 

ST1336 CMOS 208 bit EEPROM 

ST14C02C CMOS 2K bit EEPROM 

ST14C04C CMOS 4K bit EEPROM 

Note:1 .Trend is larger memory, programmable functions, TRANSPORT and PIN code security. 

MICROCOMPUTER BASED 

Product Process 
User 

RAM EP/EEPROM 
ROM 

ST16601 CMOS 1K 128 1088 

ST16F48 CMOS 16K 288 8K 

ST16SF48 CMOS 16K 288 8K 

ST16CF54 CMOS 16K 352 4K 

ST16KF74 CMOS 20K 608 4K 

ST16LF74 CMOS 20K 608 4K 

Note: MAP= Modular Arithmetic Processor 

SMARTCARD PRODUCTS. 

Feature/Application 

Low Cost, TRANSPORT code 

Anti-Tearing 

Anti-Tearing & Authentication 

Anti-Tearing &Authentication 

Anti-Tearing 

12C Serial Access EEPROMs, General Purpose (Health Card, Industry) 

12C Serial Access EEPROMs, General Purpose (Health Card, Industry) 

Feature Application 

Firmware security algorithm Banking 

High EEPROM capacity Multiservice 

3V, Firmware security features Multiservice 

MAP, RSA in 66ms for 512bit Cards (Public Key Algorithms) 

MAP, DES, RSA in 17ms for 512bit Terminals (Public Key Algorithms) 

MAP, RSA in 17ms for 512bit Terminals (Public Key Algorithms) 

(fJ 
m 
r m g 
0 z 
G) 
c 
6 
m 



SELECTION GUIDE 

~ 
::;) 
0 
0 
a: 
D. 
0 
a: 
c:( 
0 
1-
a:: 
<C 
:liE 
(f) 

:1!: 
w 

~ 
(/) 

!z 
w 
:1!: 
c. 
0 
...I 
w 
iij 
c 
w 
a: 

~ 
a: 
<C 
:X: 

(I) 
Cl 
.l!! 
0 
> 
> c. 
c. 
:J en 

c 
0 a 
·;: .., 
"' "' c 

ffi 
.c 
E 
:J z 
t:: 

"' a. 

> 0 
C\1 
C\1 
-c 
c 

"' > 
0 

~ 

-c 
(]) 
X 

~ 

~ 
:; 
E 
LlJ 

~ .E 
"' LL 

:; 
LL 
N 
>-
X 
CJ;> 

t= en 

::J 
::;; 
LlJ 
N 
>-
X 
CJ;> 

t= en 

-----------------------Lyl.~~~;~~~~~~-----------------------
54 



CMOS UV EPROM 
& OTP MEMORIES 
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• VERY FAST ACCESS TIME: 150ns 

• COMPATIBLE with HIGH SPEED MICROPRO
CESSORS, ZERO WAIT STATE 

• LOW POWER "CMOS" CONSUMPTION: 
- Active Current 30mA 

- Standby Current 1 00!-lA 

• PROGRAMMING VOLTAGE: 12.5V 
• ELECTRONIC SIGNATURE for AUTOMATED 

PROGRAMMING 

"' HIGH SPEED PROGRAMMING 
(less than 1 minute) 

DESCRIPTION 

The M27C64A is a high speed 65,536 bit UV eras
able and electrically programmable memory 
EPROM ideally suited for microprocessor systems 
requiring large programs. It is organized as 8,192 
by 8 bits. 

The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written to the 
device by following the programming procedure. 

Table 1. Signal Names 

AO -A12 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 

G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

October 1993 

M27C64A 

CMOS 64K (8K x 8) UV EPROM 

28 

1 

FDIP28W (F) 

Figure 1. Logic Diagram 

Vee Vpp 

13 8 

AO-A12 00-07 

M27C64A 

Vss 
VA00834B 

1/8 
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M27C64A 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oc 

TBIAS Temperature Under Bias -50 to 125 oc 

TsTG Storage Temperature -65to 150 oc 

V1o<21 Input or Output Voltages (except A9) -2to7 v 
Vee Supply Voltage -2to7 v 

VAg (2) A9Voltage -2to 13.5 v 
Vpp Program Supply Voltage -2to 14 v 

Notes: 1. Except for the rat1ng ''Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress rat1ngs only and operation of the device at these or any other 
cond1t1ons above those 1nd1cated 1n the Operat1ng sections of this specrt1cat10n IS not implied. Exposure to Absolute Maximum 
Rat1ng cond1t1ons for extended penods may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents 

2. Minimum DC voltage on Input or Output is -0.5V with poss1ble undershoot to -2 OV lor a penod less than 20ns. Max1mum DC 
voltage on Output IS Vee +0 5V with poss1ble overshoot to Vee +2V for a period less than 20ns. 

Figure 2. DIP Pin Connections 

Vpp 
A12 

A7 
A6 
A5 
A4 
A3 M27e64A 
A2 
A1 
AO 
00 
01 
02 

Vee 
p 

Ne 
A8 
A9 

A11 
G 
A10 
E 
07 
06 
05 
04 

Vss ~~------~~03 
VA00835 

Warning: NC = No Connection 

DEVICE OPERATION 

The modes of operation of the M27C64A are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on A9 for Elec
tronic Signature. 

Read Mode 

The M27C64A has two control functions, both of 
which must be logically active in Qrder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen
dent of device selection. Assuming that the ad
dresses are stable, the address access time (tAvav) 
is equal to the delay from E to output (tELav). Data 
is available at the Q1Jtput after a delf!Y of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27C64A has a standby mode which reduces 
the active current from 30mA to 1 OOf.LA. The 
M27C64A is placed in the standby mode by apply
ing a CMOS high signal to theE input. When in the 
standby mode, the output~re in a high impedance 
state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 

2/8 r==- SGS·lHOMSON --'--'-------------- "-"'fl [l!J]D©Iiil©§!l.§©WJ@il!IU~ ---------------
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DEVICE OPERATION (cont'd) 

a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks ti:!.§l.t are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac
itors. II is recommended that a 0.1 JlF ceramic 
capacitor be used on every device between Vee 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7JlF bulk electrolytic capacitor should be used 
between Vee and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 

Table 3. Operating Modes 

Mode E G 

Read v,L v,L 

Output Disable v,L V1H 

Program V1L v,H 

Verify v,L v,L 

Program Inhibit v,H X 

Standby V1H X 

Electronic Signature v,L v,L 

Note: X= v,H or v,L. v,o = 12V ± o.sv 

Table 4. Electronic Signature 

Identifier AO Q7 Q6 as 
Manufacturer's Code v,L 1 0 0 

Device Code v,H 0 0 0 

M27C64A 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C64A are in the "1" 
state. Data is introduced by selectively program
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposition to ultravi
olet light (UV EPROM). The M27C64A is in the 
Q.rOgramJ!ling mode when Vpp input is at 12.5V, and 
E and P are at TTL-low. The data to be pro
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. Vee is specified to be 6V ± 
0.25V. 

High Speed Programming 

The high speed programming algorithm, described 
in the flowchart, rapidly programs the M27C64A 
using an efficient and reliable method, particularly 
suited to the production programming environ
ment. An individual device will take around 1 minute 
to program. 

Program Inhibit 

Programming of multiple M27C64A in parallel with 
diffe.r.ent data is also easily acco!!YJiished. Except 
for E, all like inputs including G of the parallel 
M27C64A may be common. A TTL low level pulse 
applied to a M27C64A E input, with P low and Vpp 
g_t12.5V, will program that M27C64A. A high level 
E input inhibits the other M27C64A from being 
programmed. 

p A9 Vpp QO-Q7 

v,H X Vee Data Out 

V1H X Vee HI-Z 

V1L Pulse X Vpp Data In 

v,H X Vpp Data Out 

X X Vpp Hi-Z 

X X Vee Hi-Z 

v,H v,o Vee Codes 

Q4 Q3 Q2 Q1 QO Hex Data 

1 1 0 1 1 9Bh 

0 1 0 0 0 OBh 

-------------~~~@It\~~ ___________ ......::3=/8 

59 



M27C64A 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall T1mes 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

~ 20ns 

0.4 to 2.4V 

0.8to2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

~~2.0V 

~O.SV 
VA00826 

Table 5. Capacitance <1> (T A= 25 oc, f = 1 MHz ) 

Figure 4. AC Testing Load Circuit 

DEVICE 

UNDER 
TEST 

1.3V 

CL includes JIG capacitance 

Symbol Parameter Test Condition Min Max 

C1N Input Capacitance V1N=OV 6 

GouT Output Capacitance VouT= OV 12 

Note: 1 Sampled only, not 1 00% tested. 

Figure 5. Read Mode AC Waveforms 

AO-A12 VALID 

tAVQV --to tAX OX 
J 

~ l 
I tGLQV - I- tEHQZ-+ 

\ l 
f-t---- tELQV _. 1-o- tGHQZ _.., 

Hi-Z 
Q0-07 DATA OUT 

VA00778 

OUT 

VA00828 

Unit 

pF 

pF 

_41_8 ____________ ;:;;; ~~J;m~m~~~~ _____________ _ 
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Table 6. Read Mode DC Characteristics 11> 
(TA = 0 to 70 oc or-40 to 85 oc: Vee= 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV~VIN~Vcc 

ILO Output Leakage Current OV~VouT~Vcc 

Icc Supply Current E = VIL, G = VIL, 
loUT= OmA, f = 5MHz 

lcc1 Supply Current (Standby) TTL E=VIH 

lcc2 Supply Current (Standby) CMOS E > Vcc-0.2V 

lpp Program Current Vpp=Vcc 

VIL Input Low Voltage -0.3 

VIH (2) Input High Voltage 2 

VoL Output Low Voltage loL = 2.1mA 

VoH 
Output High Voltage TTL loH =-4001!A 2.4 

Output High Voltage CMOS loH = -1001!A Vcc-0.7V 

Notes: 1. Vee must be applied simultaneously with or before Vpp and removed SimuHanecusly With or after VPP 
2. Maximum DC voltage on Output IS Vee +0.5V. 

Table 7. Read Mode AC Characteristics 11l 
(TA = 0 to 70 oc or -40 to 85 oc: Vee= 5V ± 1 0%; Vpp =Vee) 

M27C64A 

M27C64A 

Max Unit 

±10 I!A 

±10 I!A 

30 rnA 

1 rnA 

100 I!A 
100 I!A 
0.8 v 

Vee+ 1 v 
0.4 v 

v 
v 

Symbol All Parameter Test Condition -15 -20 -25 -30 Unit 

Min Max Min Max Min 

Address Valid to Out· - -
IAVQV lAce put Valid E = V1L, G = V1L 150 200 

IELQV IcE 
Chip Enable Low to 

G=ViL 150 200 Output Valid 

Output Enable Low -
tGLQV toE to Output Valid E=VIL 75 80 

tEHQZ (2) Chip Enable High to -
toF OutputHi·Z G=VIL 0 50 0 50 0 

tGHOZ (2) Output Enable High -
toF to Output Hi·Z E=VIL 0 50 0 50 0 

Address Transition to - -
tAX OX toH Output Transition E = V1L, G = V1L 0 0 0 

Notes: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously with or after VPP 
2. Sampled only, not 100% tested. 

Max Min Max 

250 300 ns 

250 300 ns 

100 120 ns 

60 0 105 ns 

60 0 105 ns 

0 ns 

---------------------------~~~~gm~~~~------------------------~s~m 
61 



M27C64A 

Table 8. Programming Mode DC Characteristics <1> 
(T A= 25 ac; Vee= 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V1L,; V1N ,; V1H 

Icc Supply Current 

lpp Program Current E=VIL 

v,L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage TTL loH =-400J.!A 

v,o A9Voltage 

Min Max 

±10 

30 

30 

-0.3 0.8 

2 Vee+ 0.5 

0.4 

2.4 

11.5 12.5 

Note: 1. Vee must be applied simultaneously with or before Vee and removed simultaneously or after Vee. 

Table 9. Programming Mode AC Characteristics <1> 
(TA = 25 ac; Vee= 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol A It Parameter Test Condition 

tAVPL lAS Address Valid to Program Low 

tavPL los Input Valid to Program Low 

tvPHPL tvps Vpp High to Program Low 

tveHPL tves Vee High to Program Low 

IELPL IcEs 
Chip Enable Low to 
Program Low 

Program Pulse Width (Initial) 
tPLPH tpw 

Program Pulse Width (Over 
Program) 

tPHQX toH 
Program High to Input 
Transition 

taxGL toES 
Input Transition to Output 
Enable Low 

tGLQV toE 
Output Enable Low to 
Output Valid 

IGHQZ (2) IDFP 
Output Enable High to 
Output Hi·Z 

tGHAX tAH Output Enable High to 
Address Transition 

Min 

2 

2 

2 

2 

2 

0.95 

2.85 

2 

2 

0 

0 

Notes: 1. Vee must be applied simultaneously w1th or before Vee and removed simultaneously or after Vee 
2. Sampled only, not 100% tested. 

Max 

1.05 

78.75 

100 

130 

Unit 

~ 

mA 

mA 

v 

v 

v 

v 

v 

Unit 

J.!S 

J.lS 

J.lS 

J.lS 

J.lS 

ms 

ms 

J.lS 

J.lS 

ns 

ns 

ns 

:::.6,..::.8 ____________ ~ ~~©IH~~~!!?~ _____________ _ 
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M27C64A 

Figure 6. Programming and Verify Modes AC Waveforms 

AO-A12 =::)( 
~ 

VALID 

tAVPL---j 

00-07 DATA IN DATA OUT 

~tQVPL-to tPHQX 

Ypp --Jo tGLQV f4-
tVPHPL 1- tGHQZ 

1 
~ tVCHPL 1- tGHAX 

f:tELPL _, 

1\...__/ ---, tQXGL -_,. 
tPLPH -

:.-PROGRAM---+;+-~ VERIFY -.: 

Figure 7. Programming Flowchart 

Vee = 6V. Vpp = 12.5V 

Vee = 5V, Vpp = 5V 

Check all bytes 
VA00775 

VA00779 

Program Verify 

A verify (read) should be performed on the pro· 
grammed bits to determine that they were correct[y 
prog_@.mmed,_The verify is accomplished with E 
and Gat V1L, Pat V1H, Vpp at 12.5V and Vee at 6V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that wil! 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ± soc ambient 
temperature range that is required when program
ming the M27C64A. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C64A, with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from V1L to V1H- All other address 
lines must be held at V1L during Electronic Signa
ture mode. 

Byte 0 (AO=VIL) represents the manufacturer code 
and byte 1 (AO=VIH) the device identifier code. For 
the SGS-THOMSON M27C64A, these two identi
fier bytes are given in Table 4 and can be read-out 
on outputs QO to 07. 

---------------------------~ ~~J@~~l~?~ ------------------------7~/~8 
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M27C64A 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27C64A is 
such that erasure begins when the cells are ex
posed to light with wavelengths shorter than ap
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave
lengths in the 3000-4000 A range. Research 
shows that constant exposure to room level fluo
rescent lighting could erase a typical M27C64A in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C64A is to be exposed to these 
types of lighting conditions for extended periods of 

ORDERING INFORMATION SCHEME 

Example: M27C64A -15 

time, it is suggested that opaque labels be put over 
the M27C64A window to prevent unintentional era
sure. The recommended erasure procedure for 
the M27C64A is exposure to short wave ultraviolet 
light which has a wavelength of 2537 A. The inte
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm2. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cm2 power rating. The M27C64Ashould 
be placed within 2.5 em (1 inch) of the lamp tubes 
dunng the erasure. Some lamps have a filter on 
their tubes which should be removed before erasure. 

F 1 X 

Speed Package Option 

-15 150 ns ±10% F FDIP28W X AdditiOnal 

-20 200 ns 6 -40 to 85 oc Bum-in 

-25 250 ns 

-30 300 ns 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
~~- . 
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M27C256B 

CMOS 256K (32K x 8) UV EPROM and OTP ROM 

• VERY FAST ACCESS TIME: 70ns 
• COMPATIBLE with HIGH SPEED MICRO

PROCESSORS, ZERO WAIT STATE 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 30mA 

- Standby Current 1 0011A 
• PROGRAMMING VOLTAGE: 12.75V 
• ELECTRONIC SIGNATURE for AUTOMATED 

PROGRAMMING 
• PROGRAMMING TIMES of AROUND 3sec. 

(PRESTO II ALGORITHM) 

DESCRIPTION 

The M27C2568 is a high speed 262,144 bit UV 
erasable and electrically programmable memory 
EPROM ideally suited for microprocessor systems. 
It is organized as 32,768 by 8 bits. 

The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has a transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written to the 
device by following the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27C2568 is offered in Plastic Dual-in-Line, Plas
tic Leaded Chip Carrier, and Plastic Thin Small 
Outline packages. 

Table 1. Signal Names 

AO- A14 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 
-
G Output Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

October 1993 

PLCC32 (C) TSOP28 (N) 
8 x 13.4mn 

Figure 1. Logic Diagram 

Vee Vpp 

15 8 

AO-A14 Q0-07 

M27e256B 

VA007558 

1/8 
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Table 2. Absolute Maximum Ratings <11 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oc 
Te1As Temperature Under Bias -50 to 125 oc 
TsTG Storage Temperature -65 to 150 oc 
v,o 121 Input or Output Voltages (except A9) -2to7 v 

Vee Supply Voltage -2to7 v 

VAs 121 AS Voltage -2 to 13.5 v 

Vpp Program Supply Voltage -2 to 14 v 

Notes: 1. Except for the ratmg "Operallng Temperature Range", stresses above those listed m the Table "Absolute Max1mum Rat1ngs" 
may cause permanent damage to the dev1ce. These are stress ratings only and operation of the dev1ce at these or any other 
cond1!1ons above those 1nd1cated 1n the Operating secllons of this specification is not implied. Exposure to Absolute Maximum 
Rat1ng cond1t1ons for extended penods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. M1mmum DC voltage on Input or Output 1s -o.5V With possible undershoot to -2.0V for a period less than 20ns. Maximum DC 
voltage on Output 1s Vee +0.5V w1th possible overshoot to Vee +2V for a penod less than 20ns. 

Figure 2A. DIP Pin Connections 

Vpp 
A12 

A7 
A6 
AS 
A4 
A3 
A2 
A1 
AD 
00 
01 
02 

Vss 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

'-' 25 
27 
26 
25 
24 
23 

M27e256B 
22 
21 
20 
19 
18 
17 
16 
15 

VAOJ756 

Vee 
A14 
A13 
AB 
A9 
A11 
G 
A10 

E 
07 
06 
05 
04 
03 

Figure 2C. TSOP Pin Connections 

7 1 28 

M27e256B 

22 

N..--00..-N U11"')Vt.OtDf"...lwO 
.-:C<(<COOO-!f}OOOOO :t: 

VA00614 

Figure 28. LCC Pin Connections 

N 0... (.) '<t I"") 
r--...--Q..:::JU.-.-
;:,;:,;:=,;;;:=,;:,;:, 

CD 32 
AS 

A9 

A11 

NC 

A6 [ 

A5 [ 

A4[ 

A3 [ 

A2 [ 9 

A1 [ 

AO [ 

Ne [ 

00 [ 

M27e256B 25 G 

17 

(/) ::> 
ttl 0 
> 

"' ..,. "' a a a 

A10 

E 
07 

06 

VA00757 

Warmng; NC = No Connect1on, DU = Dont't Use. 

DEVICE OPERATION 

The modes of operation of the M27C256B are 
listed in the Operating Modes. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on A9 for Elec
tronic Signature. 

Read Mode 

The M27C256B has two control functions, both of 
which must be logically active in Qrder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, inde
pendent of device selection. Assuming that the 
addresses are stable, the address access time 

=21.::.8 ____________ ~ ~fJi©mgm~,~~--------------
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DEVICE OPERATION (cont'd) 

is equal to the delay from E to output (tELov). Data 
is available at the _Qutput after delay_ of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27C256B has a standby mode which re
duces the active current from 30 mA to 1 OO!lA. The 
M27C256B is placed in the standby mode by ap
plying a CMOS high signal to theE input. When in 
the standby mode, the outputs <!i.e in a high imped
ance state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

Table 3. Operating Modes 

Mode E G 

Read VIL VJL 

Output Disable V1L V1H 

Program V1L Pulse V1H 

Verify VIH VIL 

Program Inhibit V1H V1H 

Standby V1H X 

Electronic Signature VJL v,L 

Note: X = v,H or VIL, v,o = 12V ± O.SV 

Table 4. Electronic Signature 

Identifier AO a7 as as 
Manufacturer's Code V1L 0 0 1 
Device Code VIH 1 0 0 

M27C2568 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is desired from a particular memory device. 

System Considerations 

The power switching characteristics of Advance 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
this transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. The associated transient voltage peaks can 
be suppressed by complying with the two line 
output control and by properly selected decoupling 
capacitors. It is recommended that a 0.1j.lF ceramic 
capacitor be used on every device between Vee 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 

A9 Vpp ao-a7 
X Vee Data Out 

X Vee Hi-Z 

X Vpp Data In 

X Vpp Data Out 

X Vpp Hi-Z 

X Vee Hi-Z 

V1o Vee Codes 

a4 a3 a2 a1 ao Hex Data 

0 0 0 0 0 20h 

0 1 1 0 1 8Dh 

--------------~ ~i~©lU~~~~©~ --------------'3"-=-/8 

67 



M27C2568 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times - ~ 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input and Output Timing Ref. Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

~2.0V 

~0.8V 
VAOOB26 

Figure 4. AC Testing Load Circuit 

1.3V 

I1N914 

3.3KO 

DEVICE 
UNDER 
TEST T CL=100pF 

CL includes JIG capacitance 

OUT 

VA00828 

Table 5. Capacitance <1> (T A= 25 ac, f = 1 MHz ) 

Symbol Parameter Test Condition Min Max Unit 

GiN Input Capacitance V1N = OV 6 pF 

GouT Output Capacitance VouT=OV 12 pF 

Note: 1. Sampled only, not1 00% tested. 

Table 6. Read Mode DC Characteristics <1> 
(TA = 0 to 70°C, -40 to 85°C, -40 to 105°C or -40 to 125°C; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV,; V1N,; Vee 

ILO Output Leakage Current OV ~ VouT ~Vee 

Icc Supply Current E = VIL, G = VIL, 
louT= OmA, I= 5MHz 

lcc1 Supply Current (Standby) TTL E=VIH 

lcc2 Supply Current (Standby) CMOS E> Vcc-0.2V 

lpp Program Current Vpp =Vee 

V1L Input Low Voltage -0.3 

V1H (2) Input High Voltage 2 

VoL Output Low Voltage loL = 2.1mA 

VoH 
Output High Voltage TTL loH=-1mA 3.6 

Output High Voltage CMOS loH = -100jlA Vcc-0.7V 

Notes: 1. Vee must be applied simultaneously with or before VPP and removed simultaneously or after Vpp. 

2. Maximum DC voltage on Output is Vee +0.5V. 

Max Unit 

±10 flA 

±10 flA 

30 mA 

1 mA 

100 flA 

100 flA 

0.8 v 
Vee+ 1 v 

0.4 v 
v 
v 

"""4,.:::,8 ____________ ~ ~~©m~:~~©~ _____________ _ 
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Table 7A. Read Mode AC Characteristics <1> 
(T A = 0 to 70°C, -40 to 85°C, -40 to 1 05°C or -40 to 125°C; Vee = 5V ± 5% or 5V ± 1 0%; Vpp = Vee) 

M27C256B 

Symbol A It Parameter Test Condition -70 -80 -90 Unit 

Min Max Min Max Min Max 

IAVQV lAce Address Valid to Output Valid E = v,L, G = v,L 70 80 90 ns 

IELOV IcE Chip Enable Low to Output Valid G=VIL 70 80 90 ns 

IGLOV toE Output Enable Low to Output Valid E=VIL 35 40 40 ns 

IEHQZ (2) toF Chip Enable High to Output Hi-Z G=VIL 0 30 0 30 0 30 ns 

IGHOZ (2) loF Output Enable High to Output Hi-Z E=VIL 0 30 0 30 0 30 ns 

tAXOX toH 
Address Transition to E = v,L, G = v,L 0 0 0 ns Output Transition 

Table 78. Read Mode AC Characteristics <1> 
(TA = 0 to 70°C, -40 to 85°C, -40 to 1 05°C or -40 to 125°C; Vee = 5V ± 5% or 5V ± 1 0%; Vpp = Vee) 

M27C256B 

Symbol A It Parameter Test Condition -10 -12 

Min Max Min Max 

tAVQV lAce Address Valid to Output Valid E = V1L, G = V1L 100 120 

IELQV IcE Chip Enable Low to Output Valid G=ViL 100 120 

tGLQV toE Output Enable Low to Output Valid E=VIL 50 60 

IEHOZ (2) I oF Chip Enable High to Output Hi-Z G=VIL 0 30 0 40 

IGHOZ (2) I oF Output Enable High to Output Hi-Z E=VIL 0 30 0 40 
-

Address Transition to - -
tAXOX toH Output Transition 

E = v,L, G = v,L 0 0 

Notes: 1. Vee must be applied simultaneously With or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 

Figure 5. Read Mode AC Waveforms 

-15/-20/-25 

Min Max 

150 

150 

65 

0 50 

0 50 

0 

AO-A14 _________ v_A_L_ID----------------J~~-------
tAXQX -~>1----+1 ~-

E 

G 

Hi-Z 
QO-Q? DATA OUT 

VA00758 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 
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Table 8. Programming Mode DC Characteristics <1l 
(TA = 25 ac; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V} 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current VIL:::; VIN :::; VIH ±10 ~ 

Icc Supply Current 50 rnA 
-

lpp Program Current E=VIL 50 rnA 

V1L Input Low Voltage -Q.3 0.8 v 
V1H Input High Voltage 2 Vcc+0.5 v 
VoL Output Low Voltage loL = 2.1mA 0.4 v 
VoH Output High Voltage TTL loH=-1mA 3.6 v 
V1o A9Voltage 11.5 12.5 v 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed stmultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics <1l 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol All Parameter Test Condition Min Max Unit 

tAVEL lAS Address Valid to Chip Enable Low 2 J.LS 

tavEL los Input Valid to Chip Enable Low 2 J.LS 

IVPHEL lvps Vpp High to Chip Enable Low 2 J.LS 

tveHEL tves Vee High to Chip Enable Low 2 JlS 

tELEH tpw Chip Enable Program Pulse Width 95 105 JlS 

tEHOX toH Chip Enable High to Input Transition 2 J.LS 

IQXGL toES Input Transition to Output Enable Low 2 J.LS 

tGLQV toE Output Enable Low to Output Valid 100 ns 

tGHOZ toFP Output Enable High to Output Hi-Z 0 130 ns 

tGHAX tAH Output Enable High to Address Transition 0 ns 

Note: 1. Vee must be applied simultaneously with or before VPP and removed simultaneously or after Vpp. 

DEVICE OPERATION (cont'd) 

4.7JlF bulk electrolytic capacitor should be used 
between Vee and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM}, all bits of the M27C256B are in the '1' 

state. Data is introduced by selectively program
ming '0' into the desired bit locations. Although only 
'0' will be programmed, both '1' and '0' can be 
present in the data word. The only way to change 
a '0' to a '1' is by die exposition to ultraviolet light 
(UV EPROM). The M27C256B is in the progr§lm
ming mode when Vpp input is at 12.75 V, and E is 
at TTL-low. The data to be programmed is applied 
8 bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 
Vee is specified to be 6.25 V ± 0.25 V. 

6/8 ~ SGS·THOMSON 
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Figure 6. Programming and Verify Modes AC Waveforms 

VALID 'r-

'i=tAVEL~ 
I~ 

AO-A14 

00-07 DATA IN DATA OUT 

tOVEL-. tEHOX 

Vpp -tGLQV -
tVPHEL - tGHOZ 

Vee __j - tVCHEL - tGHAX 

~ ·- tOXGL -- tELEH 1-

--- PROGRAM ---~o--- VERIFY ------+: 

Figure 7. Programming Flowchart 

Vee 6.25V, Vpp = 12. 75V 

Vee = 5V, Vpp = 5V 

Check all bytes 
VA00760 

' 
VA00759 

PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows to pro
gram the whole array with a guaranteed margin, in 
a typical time of less than 3 seconds. Programming 
with PRESTO II involves the application of a se
quence of 1 OOflS program pulses to each byte until 
a correct verify occurs. During programming and 
verify operation, a MARGIN MODE circuit is auto
matically activated in order to guarantee that each 
cell is programmed with enough margin. No over
program pulse is applied since the verify in MAR
GIN MODE provides necessary margin to each 
programmed cell. 

Program Inhibit 

Programming of multiple M27C256Bs in parallel 
with differeJ2! data is also easily acco'!!Piished. 
Except for E, all like inputs including G of the 
parallel M27C256B may be common. A TTL low 
level pulse applied to a M27C256B's E input, with 
Vpp at 12.'Z9 V, will program that M27C256B. A 
high level E input inhibits the other M27C256Bs 
from being programmed. 

Program Verify 

A verify (read} should be performed on the pro
grammed bits to determine that they were corr~tly 

. prog!_ammed. The verify is accomplished with G at 
ViL, Eat ViH, Vpp at 12.75V and Vee at 6.25V. 

------------- ~iii ~itltl~~~~~ ___________ __..:7.:..::.18 
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Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ± soc ambient 
temperature range that is required when program
ming the M27C256B. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C256B, with Vee = 
Vpp = SV. Two identifier bytes may then be se
quenced from the device outputs by toggling ad
dress line AO from V1L to ViH- All other address lines 
must be held at V1L during Electronic Signature 
mode. Byte 0 (AO=ViL) represents the manufac
turer code and byte 1 (AO=ViH) the device identifier 
code. For the SGS-THOMSON M27C256B, these 
two identifier bytes are given in Table 4 and can be 
read-out on outputs QO to 07. 

ORDERING INFORMATION SCHEME 

ERASURE OPERATION (applies for UV EPROM) 

The erasure characteristics of the M27C256B is 
such that erasure begins when the cells are ex
posed to light with wavelengths shorter than ap
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave
lengths in the 3000-4000 A range. Research shows 
that constant exposure to room level fluorescent 
lighting could erase a typical M27C256B in about 
3 years, while it would take approximately 1 week 
to cause erasure when exposed to direct sunlight. 
If the M27C256B is to be exposed to these types 
of lighting conditions for extended periods of time, 
it is suggested that opaque labels be put over the 
M27C256B window to prevent unintentional era
sure. The recommended erasure procedure for the 
M27C256B is exposure to short wave ultraviolet 
light which has wavelength 2537A. The integrated 
dose (i.e. UV intensity x exposure time) for erasure 
should be a minimum of 15 W-sec/cm2. The era
sure time with this dosage is approximately 15 to 
20 minutes using an ultraviolet lamp with 12000 
JlW/cm2 power rating. The M27C256B should be 
placed within 2.5 em (1 inch) of the lamp tubes 
during the erasure. Some lamps have a filter on 
their tubes which should be removed before era
sure. 

Example: M27C256B -70 X C 1 TR 

Speed Package Option 
-70 70 ns X ±5% F FDIP28W 0 to 70 oc X Additional 

-80 80 ns blank ±10% B PDIP28 -40 to 125 oc Bum-in 

-90 90 ns c PLCC32 6 -40 to 85 oc TR Tape & Reel 
Packing 

-10 100 ns N TSOP28 7 -40 to 105 oc 
-12 120 ns 

8 x 13.4mm 

-15 150 ns 

-20 200 ns 

-25 250 ns 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

~81~8--------------------------~ ~~~;~~~ic9l~ -----------------------------
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M87C257 
ADDRESS LATCHED 

CMOS 256K (32K x 8) UV EPROM and OTP ROM 

• INTEGRATED ADDRESS LATCH 
• VERY FAST ACCESS TIME: 100ns 
• COMPATIBLE with HIGH SPEED MICROPRO

CESSORS, ZERO WAIT STATE 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 30mA 
- Standby Current 1 OOJ.IA 

• PROGRAMMING VOLTAGE: 12.75V 
• ELECTRONIC SIGNATURE for AUTOMATED 

PROGRAMMING 

• PROGRAMMING TIMES of AROUND 3sec. 
(PRESTO II ALGORITHM) 

DESCRIPTION 

The M87C257 is a high speed 262,144 bit UV 
erasable and electrically programmable memory 
EPROM. The M87C257 incorporates latches for all 
address inputs to minimize chip count, reduce cost, 
and simplify the design of multiplexed bus systems. 

The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has a transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written to the 
device by following the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M87C257 is offered in Plastic Leaded Chip Carrier, 
package. 

Table 1. Signal Names 

AO-A14 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 
-
G Output Enable 

ASVpp Address Strobe I Program Supply 

Vee Supply Voltage 

Vss Ground 

October 1993 

1 0 
FDIP28W (F) PLCC32 (C) 

Figure 1. Logic Diagram 

Vee 

Vss 
VA0092BB 

1/9 
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Figure 2A. DIP Pin Connections Figure 2C. LCC Pin Connections 

CL 
CL 

N > (.) ..;- "' ASVpp Vee 
r-- :;;: I~ :::> (.) :;;: :;;: <( D > 

A12 A14 
A7 A13 A6 AS 
A6 A8 A5 A9 
A5 A9 
A4 A11 

A4 A11 

A3 G A3 NC 

A2 A10 A2 G 
A1 E A1 A10 
AO 07 AO r 
00 06 
01 05 NC 07 

02 04 QO 06 

Vss 03 
VA00929 a N (/) :::> "' ..;- ll) 

0 (/) D 0 0 0 
> VA00930 

Warning: NC = No Connection, DU = Dont't Use. 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oc 

Te1As Temperature Under Bias -50 to 125 oc 

Tsm Storage Temperature -65 to 150 oc 
v,o<2l Input or Output Voltages (except A9) -2to7 v 

Vee Supply Voltage -2to7 v 
VA9 (2) A9Voltage -2 to 13.5 v 

Vpp Program Supply Voltage -2 to 14 v 
Notes: 1. Except for the rating "Operatmg Temperature Range", stresses above those listed in the Table • Absolute Maximum Ratings' 

may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
cond1tions above those ind1cated 1n the Operating sections of thiS specification 1s not implied. Exposure to Absolute Max1mum 
Rating condtlions for extended periods may affect dev1ce reliability. Refer also to the SGS·THOMSON SURE Program and other 
relevant quality documents. 

2. Minimum DC voltage on Input or Output is ...Q.SV with possible undershoot to -2.0V for a period less than 20ns. Maximum DC 
voltage on Output IS Vee +0.5V with possible overnhoot to Vee +2V for a period less than 20ns. 

DEVICE OPERATION 

The modes of operation of the M87C257 are listed 
in the Operating Modes. A single 5V power supply 
is required in the read mode. All inputs are TTL 
levels except for Vpp and 12V on A9 for Electronic 
Signature. 

Read Mode 

The M87C257 has two control functions, both of 
which must be logically active in _Qrder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 

~2/~9 ____________ ~ ~~©111~'1-------------
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DEVICE OPERATION (cont'd) 

be used to gate data to the output pins, indepen
dent of device selection. Assuming that the ad
dresses are stable (AS= Vi H) or latched (AS= ViL), 
the addres§_ access time (tAvov) is equal to the 
delay from E to output (tELOv). Data is available at 
the_Qutput after delay _Qf tGLov from the falling edge 
of G, assuming that E has been low and the ad
dresses have been stable for at least tAvov-tGLov. 

The M87C257 reduces the hardware interface in 
multiplexed address-data bus systems. The pro
cessor multiplexed bus (ADO-AD?) may be tied to 
the M87C257's address and data pins. No sepa
rate address latch is needed because the 
M87C257 latches all address inputs when AS is 
low. 

Standby Mode 

The M87C257 has a standby mode which reduces 
the active current from 30mA to 1 OO).lA (Address 
Stable). The M87C257 is placed in the standb_y 
mode by applying a CMOS high signal to the E 
input. When in the standby mode, the outputs are 
in a high impedance state, independent of the G 
input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 

Table 3. Operating Modes 

Mode E G 

Read (Latched Address) VIL VIL 

Read (Applied Address) YIL YIL 

Output Disable V1L V1H 

Program V1L Pulse V1H 

Verify VIH YIL 

Program Inhibit V1H V1H 

Standby V1H X 

Electronic Signature V1L V1L 

Note. X = VtH or VtL, Vto = 12V ± O.SV 

Table 4. Electronic Signature 

Identifier AO Q7 Q6 as 
Manufacturer's Code V1L 0 0 1 

Device Code VIH 1 0 0 

M87C257 

memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is desired from a particular memory device. 

System Considerations 

The power switching characteristics of Advance 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks tQ?t are produced by 
the falling and rising edges of E. The magnitude of 
this transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. The associated transient voltage peaks can 
be suppressed by complying with the two line 
output control and by properly selected decoupling 
capacitors. It is recommended that a 0.1 ).lF ceramic 

A9 ASVpp QO-Q7 

X YIL Data Out 

X V1H Data Out 

X X Hi-Z 

X Vpp Data In 

X Vpp Data Out 

X Vpp Hi-Z 

X X Hi·Z 

V10 VIL Codes 

Q4 Q3 Q2 Q1 ao Hex Data 

0 0 0 0 0 20h 

0 0 0 0 0 80h 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 5 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input and Output Timing Ref. Voltages O.BV to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~0.8V 
0.4V 

VA00826 

Table 5. Capacitance <1> (T A= 25 oc, f = 1 MHz ) 

Figure 4. AC Testing Load Circuit 

1.3V 

1N914 

3.3KO 

OUT 
DEVICE 
UNDER 
TEST T CL=100pF 

CL includes JIG capacitance 

VA00828 

Symbol Parameter Test Condition Min Max Unit 

CIN Input Capacitance VIN = ov 6 pF 

GouT Output Capacitance VouT=OV 12 pF 

Note: 1. Sampled only, not 100% tested. 

Figure 5. Read Mode AC Waveforms 

AO-A14 

AS 

E 

G 

Hi-Z 
00-07 DATA OUT 

VA00931 
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.1 I llllU©ll©lli~ll!~©o!I©l' 

76 



M87C257 

Table 6. Read Mode DC Characteristics (1) 

(T A= 0 to 70°C, -40 to 85°C, -40 to 1 05°C or -40 to 125°C; Vee= 5V ± 5% or 5V ± 1 0%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV ,;;v,N ,;;Vee 

ILO Output Leakage Current OV,;; VoUT,;; Vee 

Icc Supply Current E = v,L, G = v,L, 
louT = OmA, f = 5MHz 

lcc1 
Supply Current E = V1H, ASVpp = V1H, Address Switching 
(Standby) TTL 

E = V1H, ASVpp = V1L, Address Stable 

E ~Vee- 0.2V, ASVpp ~Vee- 0.2V, 

lcc2 
Supply Current (Standby) Address Switching 
CMOS 

E ~Vee- 0.2V, ASVpp = Vss, 
Address Stable 

lpp Program Current Vpp =Vee 

v,L Input Low Voltage -{).3 

v,H 121 Input High Voltage 2 

VoL Output Low Voltage loL=2.1mA 

VoH Output High Voltage loH = -1mA Vcc-O.BV 

Notes: 1. Vee must be applied Simultaneously with or before Vee and removed simultaneously or after Vee. 
2. Max1mum DC voltage on Output is Vee +0.5V. 

Table 7. Read Mode AC Characteristics (1) 

Max Unit 

±10 ~ 

±10 flA 

30 rnA 

10 rnA 

1 rnA 

6 mA 

100 flA 

100 flA 

0.8 v 

Vee+ 1 v 

0.4 v 

v 

(TA = 0 to 70°C, -40 to 85°C, -40 to 105°C or -40 to 125°C; Vee= 5V ± 5% or 5V ± 1 0%; Vpp = Vee) 

M87C257 
Symbol A It Parameter 

Test 
Condition -10 -12 -15 

Min Max Min Max Min Max 

IAVQV lAce 
Address Valid to Output !;,=VIL, 100 120 Valid G =VIL 

lAVASL lAL 
Address Valid to Address 

7 7 7 Strobe Low 

IASHASL ILL 
Address Strobe High to 35 35 35 Address Strobe Low 

tASLAX lLA 
Address Strobe Low to Ad- 20 20 20 
dress Transition 

lASLGL ILOE 
Address Strobe Low to 

20 20 20 
Output Enable Low 

Chip Enable Low to -
120 IELOV leE Output Valid G =VIL 100 

Output Enable Low to -
IGLOV toE Output Valid E=VIL 40 50 

IEHOZ 121 loF 
Chip Enable High to G =VIL 0 30 0 40 0 
Output Hi-Z 

IGHOZ (2) Output Enable High to -
loF Output Hi-Z 

E=VIL 0 30 0 40 0 

lAXOX loH 
Address Transition to ~=VIL, 0 0 0 
Output Transition G =V1L 

Notes: 1. Vee must be applied simultaneously with or before Vee and removed simultaneously or after Vee. 
2 Sampled only. not 100% tested. 

150 

150 

60 

40 

40 

-20 Unit 

Min Max 

200 ns 

15 ns 

50 ns 

30 ns 

30 ns 

200 ns 

70 ns 

0 40 ns 

0 40 ns 

0 ns 

t=<= SGS·THOMSON 5/9 ----------------- .. ...,1 lill:D©rum~~©'iilMIQ;~JO©~ --------------~ 
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Table 8. Programming Mode DC Characteristics <1> 
(TA = 25 ac; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current VrL s VrN s VrH 

Icc Supply Current 
-

lpp Program Current E= VrL 

VrL Input Low Voltage 

VrH Input High Voltage 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage TTL loH=-1mA 

Vro A9 Voltage 

Min 

-o.3 

2 

Vee -O.BV 

11.5 

Note: 1. Vee must be applied simultaneously with or before Vee and removed simultaneously or after Vee. 

Table 9. Programming Mode AC Characteristics <1> 
(TA = 25 ac; Vee= 6.25V ± 0.25V; Vpp = 12. 75V ± 0.25V) 

Symbol A It Parameter 

lA VEL lAs Address Valid to Chip Enable Low 

to vEL los Input Valid to Chip Enable Low 

IVPHEL tvps Vpp High to Chip Enable Low 

!vcHEL !vcs Vee High to Chip Enable Low 

IELEH lpw Chip Enable Program Pulse Width 

tEHOX loH Chip Enable High to Input Transition 

taxGL toES Input Transition to Output Enable Low 

tGLQV toE Output Enable Low to Output Valid 

IGHQZ IOFP Output Enable High to Output Hi-Z 

tGHAX tAH Output Enable High to Address Transition 

Test Condition 

Note: 1. Vee must be applied simultaneously with or before Vee and removed simultaneously or after Vee. 

Max Unit 

±10 ~ 

50 mA 

50 mA 

0.8 v 
Vee+ 0.5 v 

0.4 v 
v 

12.5 v 

Min Max Unit 

2 J.lS 

2 J.lS 

2 J.lS 

2 J.lS 

g5 105 J.lS 

2 J.lS 

2 J.lS 

100 ns 

0 130 ns 

0 ns 

=6/~9 __________________________ ~~~~@~~~~~~~ -----------------------------
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Figure 6. Programming and Verify Modes AC Waveforms 

AO-A14 =l VALID F 
~-tAVE-Lj-----~ 

Q0-07 DATA IN II DATA OUT 

\QVEL_. \EHQX -\GLQV -
\VPHEL 1- \GHQZ 

Vee ___) - \VCHEL 1- \GHAX 

1\....__j ---1 tQXGL 1-
- tELEH 1-

' 

---PROGRAM----...<-- VERIFY 

DEVICE OPERATION (cont'd) 

capacitor be used on every device between Vee 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.71.1F bulk electrolytic capacitor should be used 
between Vee and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M87C257 are in the "1" 
state. Data is introduced by selectively program
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposition to ultravi
olet light (UV EPROM). The M87C257 is in the 
prog_r:?.mming mode when Vpp input is at 12.75 V, 
and E is at TTL-low. The data to be programmed 
is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vee is specified to be 6.25 V ± 0.25 V. 

VA00557 

PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows to pro
gram the whole array with a guaranteed margin, in 
a typical time of less than 3 seconds. Programming 
with PRESTO II involves the application of a se
quence of 1 001.1s program pulses to each byte until 
a correct verify occurs. During programming and 
verify operation, a MARGIN MODE circuit is auto
matically activated in order to guarantee that each 
cell is programmed with enough margin. No over
program pulse is applied since the verify in MAR
GIN MODE provides necessary margin to each 
programmed cell. 

Program Inhibit 

Programming of multiple M87C257s in parallel with 
diffe.r.ent data is also easily accoiJ:!Piished. Except 
for E, all like inputs including G of the parallel 
M87C257 may be comm.Q_n. A TTL low level pulse 
applied to a M87C257's E input, with Vpp at 12.75 
V, will program that M87C257. A high level E input 
inhibits the other M87C257s from being pro
grammed. 

-------------------------- ~~~~@~~~~~~--------------------~--~7~/9 
79 



M87C257 

Figure 7. Programming Flowchart 

Vee = 6.25V, Vpp = 12. 75V 

Vee = 5V, Vpp = 5V 

Check all bytes 

Program Verify 

VA00760 

A verify (read) should be performed on the pro
grammed bits to determine that they were corr~tly 
progr.ammed. The verify is accomplished with G at 
V1L, Eat V1H, Vpp at 12.75V and Vee at 6.25V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 

automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
temperature range that is required when program
ming the M87C257. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M87C257, with Vee= Vpp 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from V1L to V1H. All other address lines must be held 
at V1L during Electronic Signature mode. Byte 0 
(AO=V!L) represents the manufacturer code and 
byte 1 (AO=V!H) the device identifier code. When 
A9 = V10, AS need not be toggled to latch each 
identifier address. For the SGS-THOMSON 
M87C257, these two identifier bytes are given in 
Table 4 and can be read-out on outputs QO to 07. 

ERASURE OPERATION (applies for UV EPROM) 

The erasure characteristics of the M87C257 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M87C257 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M87C257 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M87C257 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M87C257 is exposure to 
short wave ultraviolet light which has wavelength 
2537A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm2. The erasure time with this dos
age is approximately 15 to 20 minutes using an 
ultraviolet lamp with 12000 1J.W/cm2 power rating. 
The M87C257 should be placed within 2.5 em (1 
inch) of the lamp tubes during the erasure. Some 
lamps have a filter on their tubes which should be 
removed before erasure. 

=8,.::.9 ____________ ~ ~~©m~[\lcm -------------
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ORDERING INFORMATION SCHEME 

Example: M87C257 -10 X F 1 X 

T 
Speed Package Temperature Range I Option 

-10 100ns X ±5% F FDIP28W 1 Oto70°C X Additional 

-12 120 ns blank ±10% c PLCC32 3 -40 to 125 oc Burn-in 

-15 150 ns 6 -40to85°C 
TR Tape & Reel 

Packing 
-20 200 ns 7 -40 to 105 oc 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

-------------l.:fi ~~©lt\m',~9~ ---------------'9=/9 
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M27C512 

CMOS 512K (64K x 8) UV EPROM and OTP ROM 

• VERY FAST ACCESS TIME: 60ns 
• COMPATIBLE with HIGH SPEED MICROPRO

CESSORS, ZERO WAIT STATE 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 30mA 

- Standby Current 1 OOJ.LA 
• PROGRAMMING VOLTAGE: 12.75V 
• ELECTRONIC SIGNATURE for AUTOMATED 

PROGRAMMING 
• PROGRAMMING TIMES of AROUND 6sec. 

(PRESTO liB ALGORITHM) 

DESCRIPTION 

The M27C512 is a high speed 524,288 bit UV 
erasable and electrically programmable EPROM 
ideally suited for applications where fast turn
around and pattern experimentation are important 
requirements. Its is organized as 65,536 by 8 bits. 

The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written to the 
device by following the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27C512 is offered in Plastic Dual-in-Line, Plastic 
Thin Small Outline and Plastic Leaded Chip Carrier 
packages. 

Table 1. Signal Names 

AO-A15 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 

-
GVrr Output Enable I Program Supply 

Vee Supply Voltage 

Vss Ground 

October 1993 

re(~o~rea 
~rtl¥ ~Yt¥ 

1 1 

FDIP28W (F) PDIP28 (B) 

PLCC32 (C) TSOP28 (N) 
8 x 13.4mm 

Figure 1. Logic Diagram 

Vee 

16 8 

AO-A15 QO-Q7 

M27e512 

E 

GVpp 

Vss 
VA00761B 
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Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oc 
Ts1As Temperature Under Bias -50 to 125 oc 
TsTG Storage Temperature -65 to 150 oc 
VIO (2) Input or Output Voltages (except A9) -2to7 v 
Vee Supply Voltage -2to7 v 

VA9 (2) A9 Voltage -2 to 13.5 v 
Vpp Program Supply Voltage -2to 14 v 

Notes: 1. Except for the rat1ng "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
cond1t10ns above those md1cated 1n the Operating sect1ons of th•s specification is not imphed. Exposure to Absolute Maximum 
Rat1ng cond1t1ons for extended penods may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. M1n1mum DC vollage on Input or Output is -Q.5V w1th possible undershoot to -2.0V for a period less than 20ns. Max1mum DC 
voltage on Output IS Vee +0.5V with possible overshoot to Vee +2V for a penod less than 20ns. 

Figure 2A. DIP Pin Connections 

A15 

A12 
A7 
A6 
A5 
A4 
A3 
A2 
At 
AO 
00 
01 
02 

Vss 

1 
2 
3 
4 
5 
6 
7 
8 
g 
10 
11 
12 
13 
14 

'--" 

M27C512 

28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 

Vee 
A14 
Al3 
A8 
A9 
All 
GVpp 
AlO 
E 
07 
06 
05 
04 
03 

Figure 2C. TSOP Pin Connections 

7 1 28 

M27C512 

22 

~:;:~8o~~868881w~ 

VA00764 

Figure 28. LCC Pin Connections 

N <{) 
0 " "' r-- - - :::> 0- -;:,;:,;:,;=,;;:,;:,;:, 

A6 [ 
(j) 32 

AS 

A5 ( A9 

A4[ All 

A3 [ NC 
AZ ( 9 M27C512 25 GVpp 

At [ A to 

AO [ E 
NC [ Q7 

QO [ Q6 
17 

a N <J) ::::> "' 
.,. <{) 

0 <J) 0 0 0 0 
> 

VA0076J 

Warning: NC = No Connection, DU = Don't Use 

DEVICE OPERATION 

The modes of operations of the M27C512 are listed 
in the Operating Modes table. A single 5V power 
supply is required in the_Iead mode. All inputs are 
TTL levels except for GVpp and 12V on A9 for 
Electronic Signature. 

Read Mode 

The M27C512 has two control functions, both of 
which must be logically active in Q_rder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen
dent of device selection. Assuming that the ad
dresses are stable, the address access time (tAvov) 
is equal to the delay from E to output (tELov). Data 

2/9 ~ SGS·THOMSON =:.._-------------- Jt..""fl L!~~@ffil@il!~§@'UWIQ;I':JC©ii -----------------
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DEVICE OPERATION (cont'd) 

is available at the Q!Jtput after a dei<!Y of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27C512 has a standby mode which reduces 
the active current from 30m A to 1 OOJ.lA The 
M27C512 is placed in the stal}9by mode by apply
ing a CMOS high signal to the E input. When in the 
standby mode, the outputs_ilre in a high impedance 
state, independent of the GVpp input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

Table 3. Operating Modes 

Mode E 

Read VJL 

Output Disable V1L 

Program V1L Pulse 

Program Inhibit V1H 

Standby VJH 

Electronic Signature V1L 

Note: X= v,H or ViL, VID = 12V ± 0.5V 

Table 4. Electronic Signature 

Identifier AO 07 06 as 
Manufacturer's Code v,L 0 0 1 

Device Code v,H 0 0 1 

M27C512 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks t!:!.at are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. The associated transient voltage peaks 
can be suppressed by complying with the two line 
output control and by properly selected decoupling 
capacitors. It is recommended that a 0.1J.lF ce
ramic capacitor be used on every device between 
Vee and Vss. This should be a high frequency 
capacitor of low inherent inductance and should be 
placed as close to the device as possible. In addi
tion, a 4.7J.lF bulk electrolytic capacitor should be 
used between Vee and Vss for every eight devices. 
The bulk capacitor should be located near the 
power supplyconnection point. The purpose of the 
bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C512 are in the '1' 
state. Data is introduced by selectively program
ming '0' into the desired bit locations. Although only 
'0' will be programmed, both '1' and '0' can be 
present in the data word. The only way to change 
a '0' to a '1' is by die exposure to ultraviolet light 
(UV EPROM). The M27C512 is in the program
ming mode when Vpp input is at 12.75V and E is at 

GVpp A9 Q0-07 

V1L X Data Out 

VJH X Hi-Z 

Vpp X Data In 

Vpp X Hi-Z 

X X Hi-Z 

V1L V1o Codes 

04 Q3 02 Q1 QO Hex Data 

0 0 0 0 0 20h 

1 1 1 0 1 3Dh 

--------------~ ~~©IH2A'I~~~©~ _____________ 3_/9 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 

Input Rise and Fall limes 

Input Pulse Voltages 

Input and Output liming Ref. Voltages 

:!> 20ns 

0.4Vto2.4V 

0.8Vto2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

~2.0V 

~0.8V 

DEVICE 
UNDER 
TEST 

1.3V 

VA00826 CL includes JIG capacitonce 

Table 5. Capacitance <1> (T A= 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition Min Max 

C1N Input Capacitance V1N=OV 6 

GoUT Output Capacitance VouT=OV 12 

Note. 1. Sampled only, not 100% tested. 

Table 6. Read Mode DC Characteristics <1> 
(TA = 0 to 70 °C, -40 to 85 °C or-40 to 125 °C; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min Max 

ILl Input Leakage Current OV:!>V1N :!>Vee ±1d 

ILO Output Leakage Current OV s VoUT s Vee ±10 
- -

Icc Supply Current E = VIL, G = VIL, 30 louT = OmA, f = 5MHz 

lcc1 Supply Current (Standby) TIL E=VIH 1 

lcc2 Supply Current (Standby) CMOS E > Vcc-0.2V 100 

lpp Program Current Vpp=Vcc 10 

VIL Input Low Voltage -Q.3 0.8 

OUT 

VA00828 

Unit 

pF 

pF 

Unit 

J,IA 

J,IA 

mA 

mA 

J,IA 

J,IA 

v 
VIH(2) Input High Voltage 2 Vee+ 1 v 
VoL Output Low Voltage loL=2.1mA 

VoH 
Output High Voltage TIL loH=-1mA 3.6 

Output High Voltage CMOS loH = -100J.1A Vcc-Q.7V 

Notes: 1. Vee must be applied simultaneously with or before v •• and removed simultaneously or after Vpp. 
2. Maximum DC voHage on Output is Vee +0.5V. 

0.4 v 
v 
v 

""41..:.9------------/:.V ~~~;IIIlO!~~ --------------
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Table 7A. Read Mode AC Characteristics <1> 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C512 
Symbol All Parameter Test Condition -60 -70 -80 -90 

Min Max Min Max Min Max Min Max 

IAVOV IACC 
Address Valid to E: = v,L, 8 = v,L 60 70 80 90 
Output Valid 

Chip Enable Low to -
IELQV IcE Output Valid G =VIL 60 70 80 90 

Output Enable Low to -
40 IGLOV toE Output Valid E=ViL 30 35 40 

IEHOZ (2) Chip Enable High to -
I oF Output Hi-Z 

G =VIL 0 25 0 30 0 30 0 30 

IGHOZ (2) 
Output Enable High to -

I oF Output Hi-Z E =VIL 0 25 0 30 0 30 0 30 

Address Transition to - -
lAX OX loH Output Transition 

E = v,L, G = v,L 0 0 0 0 

Table 78. Read Mode AC Characteristics <1> 
(TA = 0 to 70 °C, -40 to 85 oc or-40 to 125 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C512 

Symbol All Parameter Test Condition -10 -12 -15/-20/-25 

Min Max Min 

IAVOV lAce Address Valid to Output Valid E = v,L, G = v,L 100 

IELOV IcE Chip Enable Low to Output Valid G=VIL 100 

IGLOV toE Output Enable Low to Output Valid E=VIL 40 

IEHOZ (2) I oF Chip Enable High to Output Hi-Z G=V1L 0 30 0 

IGHOZ (2) IDF Output Enable High to Output Hi-Z E=VIL 0 30 0 

Address Transition to - -
lAX OX toH Output Transition E = V1L, G = V1L 0 0 

Notes. 1. Vee must be applied simultaneously with or before Vee and removed simultaneously or after Vee. 
2. Sampled only, not1 00% tested. 

Figure 5. Read Mode AC Waveforms 

Max Min Max 

120 150 

120 150 

50 60 

40 0 50 

40 0 50 

0 

VA007JS 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 
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Table 8. Programming Mode DC Characteristics (1) 

(TA = 25 ac; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current VrL s VrN s VrH 

Icc Supply Current 

lpp Program Current E =VrL 

VrL Input Low Voltage 

Min Max 

±10 

50 

50 

-0.3 0.8 

VrH Input High Voltage 2 Vee+ 0.5 

VoL Output Low Voltage loL = 2.1mA 0.4 

VoH Output High Voltage TTL loH=-1mA 3.6 

Vm A9 Voltage 11.5 12.5 

Note: 1. Vee must be applied srmultaneously wrth or before VPP and removed srmultaneously or after VPP. 

Table 9. MARGIN MODE AC Characteristics (1l 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol A It Parameter Test Condition Min 

IA9HVPH IAS9 VA9 High to Vpp High 2 

lvPHEL !vps Vpp High to Chip Enable Low 2 

IA10HEH IAS10 VA10 High to Chip Enable High (Set) 1 

IA10LEH IAS10 VA10 Low to Chip Enable High (Reset) 1 

IEXA10X IAH10 Chip Enable Transition to VA 10 Transition 1 

IEXVPX IV PH Chip Enable Transition to Vpp Transition 2 

tvPXA9X tAH9 Vpp Transition to VA9 Transition 2 

Note: 1. Vee must be applied srmultaneously with or before Vpp and removed simultaneously or after Vpp. 

Table 10. Programming Mode AC Characteristics (1l 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol A It Parameter 

lA VEL lAs Address Valid to Chip Enable Low 

to vEL los Input Valid to Chip Enable Low 

!veHEL tves Vee High to Chip Enable Low 

lvPHEL toES Vpp High to Chip Enable Low 

IVPLVPH IPRT Vpp Rise Time 

IELEH tpw Chip Enable Program Pulse Width (Initial) 

IEHQX toH Chip Enable High to Input Transition 

IEHVPX IOEH Chip Enable High to Vpp Transition 

lvPLEL IvA Vpp Low to Chip Enable Low 

IELOV tov Chip Enable Low to Output Valid 

IEHQZ (2) IDFP Chip Enable High to Output Hi-Z 

IEHAX tAH Chip Enable High to Address Transition 

Test Condition Min 

2 

2 

2 

2 

50 

95 

2 

2 

2 

0 

0 

Notes: 1. Vee must be applied simultaneously with or before VPP and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 

Unit 

JlA 

mA 

mA 

v 
v 
v 
v 
v 

Max Unit 

JlS 

JlS 

JlS 

J.lS 

JlS 

JlS 

JlS 

Max Unit 

JlS 

J.lS 

J.lS 

J.lS 

ns 

105 JlS 

JlS 

JlS 

JlS 

1 JlS 

130 ns 

ns 
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Figure 6. MARGIN MODE AC Waveforms 

Vee 

AS 

A9 f tA9HVPH -tVPXA9X I 
GVpp 

tVPHEL 
I - tEXVPX f-.I 

tA10HEH tEXA1 OX 

AlO Set 

AlO Rese t 

tAlOLEH 
VA00736B 

Note: AB High level = SV; A9 H1gh level = 12V. 

Figure 7. Programming and Verify Modes AC Waveforms 

AO-A15 

Q0-07 DATA OUT 
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M27C512 

Figure 8. Programming Flowchart 

Vee = 6.25V, Vpp = 12. 75V 

SET MARGIN MODE 

RESET MARGIN MODE 
Vee = 5V, Vpp = 5V, Check all bytes 

VA00738 

DEVICE OPERATION (cont'd) 

TTL-low. The data to be programmed is applied 8 
bits in parallel to the data output pins. The levels 
required for the address and data inputs are 
TTL. Vee is specified to be 6.25V ± 0.25V. 

The M27C512 can use PRESTO liB Programming 
Algorithm that drastically reduces the programming 
time (typically less than 6 seconds). Nevertheless 
to achieve compatibility with all programming 
equipments, PRESTO Programming Algorithm can 
be used as well. 

PRESTO liB Programming Algorithm 

PRESTO liB Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin, in a typical time of less than 7 seconds. 
This can be achieved with SGS-THOMSON 
M27C512 due to several design innovations de
scribed in the M27C512 datasheet to improve pro
gramming efficiency and to provide adequate 
margin for reliability. Before starting the program-

ming the internal MARGIN MODE circuit is set in 
order to guarantee that each cell is programmed 
with enough margin. Then a sequence of 1 OOJlS 
program pulses are applied to each byte until a 
correct verify occurs. No overprogram pulses are 
applied since the verify in MARGIN MODE provides 
the necessary margin. 

Program Inhibit 

Programming of multiple M27C512s in parallel with 
diff~ent data is also easily ac~mplished. Except 
for E, all like inputs including GVpp of the parallel 
M27C512 may be comf!!.on. A TTL low level pulse 
applied to a M27C512's E input, with Vpp at !,?.75V, 
will program that M27C512. A high level E input 
inhibits the other M27C512s from being pro
grammed. 

Program Verify 

A verify (read) should be performed on the pro
grammed bits to determine that they were corr~tly 
programmed. The verify is accomplished with G at 
VIL· Data should be verified with tELOV after the 
falling edge of E. 
Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ± 5°C ambient 
temperature range that is required when program
ming the M27C512. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C512. Two identifier 
bytes may then be sequenced from the device 
outputs by toggling address line AO from V1L to V1H. 
All other address lines must be held at V1L during 
Electronic Signature mode. 

Byte 0 (AO=ViL) represents the manufacturer code 
and byte 1 (AO=ViH) the device identifier code. For 
the SGS-THOMSON M27C512, these two identi
fier bytes are given in Table 4 and can be read-out 
on outputs QO to 07. 

ERASURE OPERATION (applies for UV 
EPROM) 

The erasure characteristics of the M27C512 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 A range. 

B/9 ~ SliS•THOMSON "'-"------------- ~"11 ll'iln©lllmll.lll©WJ©[iil]~ --------------

90 



Research shows that constant exposure to room 
level fluorescent lighting could erase a typical 
M27C512 in about 3 years, while it would take 
approximately 1 week to cause erasure when ex
posed to direct sunlight. If the M27C512 is to be 
exposed to these types of lighting conditions for 
extended periods of time, it is suggested that 
opaque labels be put over the M27C512 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27C512 is exposure to 

ORDERING INFORMATION SCHEME 

M27C512 

short wave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm2 . The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi
olet lamp with 12000 ',!W/cm2 power rating. The 
M27C512 should be placed within 2.5 em (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re
moved before erasure. 

Example: M27C512 -70 X C 1 TR 

Speed Package Option 

-60 60 ns X ±5% F FDIP28W X Additional 

-70 70 ns blank ±10% B PDIP28 3 -40 to 125 oc Bum-in 

-80 80 ns c PLCC32 6 -40 to 85 oc TR Tape & Reel 
Packing 

-90 90 ns N TSOP28 

-10 100 ns 
8 x 13.4mm 

-12 120 ns 

-15 150 ns 

-20 200 ns 

-25 250 ns 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

-------------- £.fi ~~©It&~~~~~~~ _____________ 9:::./;:.9 
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M27V512 

LOW VOLTAGE CMOS 512K (64K x 8) OTP ROM 

• LOW VOLTAGE READ OPERATION 
- Vee Range: 3V to 5.5V (TA= 0 to 70°C) 
- Vee Range: 3.2V to 5.5V (T A = -40 to 85°C) 

• ACCESS TIME: 120, 150 and 200ns 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 1Om A 
- Standby Current 1 OJ.!A 

• PROGRAMMING VOLTAGE: 12.75V 
• PROGRAMMING TIMES of AROUND 6sec. 

(PRESTO liB ALGORITHM) 
• M27V512 is PROGRAMMABLE as M27C512 

with IDENTICAL SIGNATURE 

DESCRIPTION 

The M27V512 is a low voltage, low power 512K 
One Time Programmable ROM ideally suited for 
applications where fast turn-around and pattern 
experimentation are important requirements. Its is 
organized as 524,288 by 8 bits. 

The M27V512 operates in the read mode with a 
supply voltage as low as 3V (3.2V between -40 to 
85°C). The decrease in operating power allows 
either a reduction of the size of the battery or an 
increase in the time between battery recharges. 
The M27V512 can also be operated as a standard 
512 EPROM (similar to M27C512) with a 5V power 
supply. 

For equipment requiring a surface monted, low 
profile package, theM27V512 is offered in Plastic 
Leaded Chip Carrier and Plastic Thin Small Outline 
packages. 

Table 1. Signal Names 

AO-A15 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 

-
GVPP Output Enable I Program Supply 

Vee Supply Voltage 

Vss Ground 

October 1 g93 

PLCC32 (K) TSOP28 (N) 
ax 13.4mm 

Figure 1. Logic Diagram 

Vee 

16 8 

AO-A15 Q0-07 

M27V512 

E 

GVpp 

Vss 
VA007328 
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M27V512 

Figure 2A. LCC Pin Connections Figure 28. TSOP Pin Connections 

N lfl u ... n [l_ 
r-- ;;: ;;: ::0 u ;;: ;;: N lfl u.,. n [l_ 
<{ D > n ... lfl "' r-- ;;: ;;: U~ ;;: ro (j) ~ > 

<{ <{ <{ <{ <{ ><C <{ <{ <{ IG 

A6 AS 

A5 A9 7 1 28 22 

A4 A11 

A3 NC 

A2 GVpp M27V512 

A1 A10 

AO E 

NC 07 

00 06 

N ;;: D D ~ N Vl"l ... lfl<D 6 IW ~ 
N ::0 n ... lfl 

<{ <{ 0 00 VJO 0 00 

0 (fJ > 0 Vl 0 0 0 0 
> VA007338 VA007J4 

Warning: NC = No Connection, DU = Don't Use. 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oc 

Ts1As Temperature Under B1as -50 to 125 oc 
Tsm Storage Temperature -us to 150 oc 
v,o'21 Input or Output Voltages (except A9) -2107 v 

Vee Supply Voltage -2to7 v 
VAs(2) A9 Voltage -2 to 13.5 v 

Vpp Program Supply Voltage -2to 14 v 
Notes: 1. Except for the rattng "Operating Temperature Range", stresses above those l1sted 1n the Table "Absolute Max1mum Rattngs" 

may cause permanent damage to the device. These are stress ratings only and ope rattan of the device at these or any other 
conditions above those ind1cated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating cond1t1ons for extended periods may affect dev1ce reliability Refer also to the SGS-THOMSON SURE Program and other 
relevant qual1ty documents. 

2. Minimum DC voltage on Input or Output IS -o.5V With possible undershoot to -2.0V for a penod less than 20ns. Maximum DC 
voltage on Output 1s Vee +0.5V with possible overshoot to Vee +2V for a period less than 20ns. 

DEVICE OPERATION 

The modes of operations of the M27V512 are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for GVpp and 12V on A9 for 
Electronic Signature. 

219 

94 

Read Mode 

The M27V512 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, inde-



DEVICE OPERATION (Cont'd) 

pendent of device selection. Assuming that the 
addresses are stable, the address access time 
(tAvav) is equal to the delay from E to output (tELOV). 
Data is available at the ou!Qut after a delay of.!GLOV 
from the falling edge of G, assuming that E has 
been low and the addresses have been stable for 
at least tAvav·tGLav. 

Standby Mode 

The M27V512 has a standby mode which reduces 
the active current from 1Om A to 1 Oj.IA with low 
voltage operation Vee::;; 3.2V (30mA to 1 OOJ.LA with 
a supply of 5.5V), see Read Mode DC Charac
teristics Table for details. The M27V512 is placed 
in the standqy mode by applying a CMOS high 
signal to the E input. When in the standby mode, 
the outputs are in a high impedance state, inde
pendent of the GVpp input. 

Two Line Output Control 

Because OTP ROMs are often used in larger mem
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 

Table 3. Operating Modes 

-
Mode E 

Read VJL 

Output Disable VJL 

Program VJL Pulse 

Program Inhibit VJH 

Standby VJH 

Electronic Signature VJL 

Note: X = V1H or V1L, V1o = 12V ± O.SV 

Table 4. Electronic Signature 

Identifier AO 07 as as 
Manufacturer's Code V1L 0 0 1 

Device Code V1H 0 0 1 

M27V512 

device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS OTP ROMs require careful decoupling of 
the devices. The supply current, Icc, has three 
segments that are of interest to the system de
signer: the standby current level, the active current 
level, and transient current peaks that are pro
duced by the falling and rising edges of E. The 
magnitude of the transient current peaks is de
pendent on the capacitive and inductive loading of 
the device at the output. The associated transient 
voltage peaks can be suppressed by complying 
with the two line output control and by properly 
selected decoupling capacitors. It is recom
mended that a 0.1 !1F ceramic capacitor be used on 
every device between Vee and Vss. This should be 
a high frequency capacitor of low inherent induc
tance and should be placed as close to the device 
as possible. In addition, a 4.7jlF bulk electrolytic 
capacitor should be used between Vee and Vss for 
every eight devices. The bulk capacitor should be 
located near the power supplyconnection 
point. The purpose of the bulk capacitor is to over
come the voltage drop caused by the inductive 
effects of PCB traces. 

-
GVpp A9 00-07 

VJL X Data Out 

VJH X Hi·Z 

Vpp X Data In 

Vpp X Hi-Z 

X X Hi-Z 

VJL VJD Codes 

a4 a a a2 a1 QO Hex Data 

0 0 0 0 0 20h 

1 1 1 0 1 3Dh 

_____________ ~ ~~©m~>!9~ --------------=3='9 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

~ 20ns 

0.4 to 2.4V 

0.8 to2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2 4V 

0.4V I 

2.0V 

0 sv 

Vt..00826 

Figure 4. AC Testing Load Circuit 

1.3V 

1N914 

3 3KO 

DEVICE 
UNDER 
TEST T CL=100pF 

CL includes JIG copocttonce 

OUT 

VAOOB28 

Table 5. Capacitance <1l (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min 

C1N Input Capacitance V1N = OV 

Cour Output Capacitance Vour=OV 

Note: 1. Sampled only. not 100% tested. 

Table 6. Read Mode DC Characteristics <1l 
(TA = 0 to 70 oc; Vee= 3V to 5.5V unless specified; Vpp =Vee) 
(TA = -40 to 85 oc; Vee= 3.2V to 5.5V unless specified; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV ~ V1N ~Vee 

ILO Output Leakage Current OV,;; Vour,;; Vee 

E = v,L, G = v,L, louT = OmA, 

Icc Supply Current 
f = SMHz, Vee,;; 3.2V 

E = VIL, G = v,L, lour = OmA, 
f = SMHz, Vee = S.SV 

lcc1 
Supply Current (Standby) -

TTL E=ViH 

lcc2 
Supply Current (Standby) E > Vee- 0.2V, Vee~ 3.2V 
CMOS 

E > Vee- 0.2V, Vee = 5.5V 

lpp Program Current Vpp =Vee 

v,L Input Low Voltage -0.3 

V1H (2) Input High Voltage 2 

VoL Output Low Voltage loL = 2.1mA 

VoH 
Output High Voltage TTL loH = -400J.!A 2.4 

Output High Voltage CMOS loH = -1 OOJ.!A Vcc-0.7V 

Notes: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Maximum DC voltage on Output is Vee +O.SV. 

4/9 

Max Unit 

6 pF 

12 pF 

Max Unit 

±10 JlA 

±10 JlA 

10 mA 

30 mA 

1 mA 

10 JlA 

100 llA 

10 JlA 

0.8 v 

Vee+ 1 v 

0.4 v 

v 

v 



M27V512 

Table 7. Read Mode AC Characteristics <1> 
(T A= 0 to 70 oc; Vee = 3V to 5.5V unless specified; Vpp =Vee) 
(TA = -40 to 85 oc; Vee= 3.2V to 5.5V unless specified; Vpp =Vee) 

M27V512 

Symbol All Parameter Test Condition -120 -150 -200 Unit 

Min Max Min 

IAVOV lAce Address Valid to Output Valid E = VJL, G = VJL 120 
-

IELOV teE Chip Enable Low to Output Valid G=VJL 120 

tGLOV toE Output Enable Low to Output Valid E=VJL 65 

tEHOZ 12) 
-

toF Chip Enable High to Output Hi-Z G =VJL 0 60 0 

tGHOZ (2) toF Output Enable High to Output Hi-Z E = VJL 0 60 0 

Address Transition to - -
tAxox toH Output Transition E = VJL, G = VJL 0 0 

Notes: 1. Vee must be applied Simultaneously With or before Vpp and removed Simultaneously or after Vpp. 

2. Sampled only, not 1 00% tested. 

Figure 5. Read Mode AC Waveforms 

AO-A15 ~ VALID 

\A VQV ____,. \AXQX 
'I' 

I ~ l 
\GLQV - k- \EHQZ_. 

G \ l 
- \ELQV ____,. 1-tGHoz_. 

00-07 DATA OUT 

Max Min Max 

150 200 ns 

150 200 ns 

70 80 ns 

60 0 60 ns 

60 0 60 ns 

0 ns 

Hi-Z 

VA00735 
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Table 8. Programming Mode DC Characteristics <1l 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V1L ~ V1N ~ V1H 

Icc Supply Current 

lpp Program Current E=VIL 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage TTL loH =-400J.!A 

V1o A9Voltage 

Table 9. MARGIN MODE AC Characteristics <1l 
(TA = 25 °C; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol All Parameter 

IA9HVPH IAS9 VA9 High to Vpp High 

IVPHEL tvps Vpp High to Chip Enable Low 

IA10HEH lASlO VA10 High to Chip Enable High (Set) 

IA10LEH lASlO VA10 Low to Chip Enable High (Reset) 

IEXA10X IAH10 Chip Enable Transition to VA10 Transition 

texvPx tv PH Chip Enable Transition to Vpp Transition 

IVPXA9X IAH9 Vpp Transition to VA9 Transition 

Table 10. Programming Mode AC Characteristics <1l 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol A it Parameter 

lA VEL lAS Address Valid to Chip Enable Low 

taveL los Input Valid to Chip Enable Low 

IVCHEL tvcs Vee High to Chip Enable Low 

tvPHEL toes Vpp High to Chip Enable Low 

IVPLVPH IPRT Vpp Rise Time 

teLEH tpw Chip Enable Program Pulse Width (Initial) 

IEHQX loH Chip Enable High to Input Transition 

IEHVPX toeH Chip Enable High to Vpp Transition 

IVPLEL IvA Vpp Low to Chip Enable Low 

IELQV tov Chip Enable Low to Output Valid 

leHaz(2) loFP Chip Enable High to Output Hi-Z 

IEHAX IAH Chip Enable High to Address Transition 

Min 

-Q.3 

2 

2.4 

11.5 

Test Condition 

Test Condition 

Notes: 1. Vee must be applied simuttaneously wHh or before VPP and removed simultaneously or after Vpp. 
2. Sampled only, not1 00% tested. 

Max Unit 

±10 J.IA 

50 mA 

50 mA 

0.8 v 
Vcc+0.5 v 

0.4 v 
v 

12.5 v 

Min Max Unit 

2 J.IS 

2 J.IS 

1 J.IS 

1 J.IS 

1 J.IS 

2 J.IS 

2 J.IS 

Min Max Units 

2 J.IS 

2 J.IS 

0 J.IS 

2 J.IS 

50 ns 

95 105 J.IS 

2 J.IS 

2 J.IS 

2 J.IS 

1 J.IS 

0 130 ns 

0 ns 

-=6'-=-9------------i..V ~fi©mgmf~~Al-------------
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Figure 6. MARGIN MODE AC Waveforms 

Vee 

AS 

A9 { 
tA9HVPH -tVPXA9X 

I 

GVpp 

tVPHEL I - tEXVPX -{ 
tA10HEH tEXA1 OX 

A1 0 Set 

A10 Reset 

tA10LEH 

VA007368 

Note: AB High level = 5V; A9 High level = 12V. 

Figure 7. Programming and Verify Modes AC Waveforms 

A0-A15 

00-07 DATA OUT 

__...,1----l<>- tEL Q V 

-t---1-'>- \EHVPX 

GVpp 

, ____ PROGRAM---.-.:..- VERIFY -.: 
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Figure 8. Programming Flowchart 

Vee = 6.25V, Vpp = 12 75V 

SET MARGIN MODE 

RESET MARGIN MODE 
Vee = 5V, Vpp = 5V, Check all bytes 

VA00738 

Programming 

The M27V512 has been designed to be fully com
patible with the M27C512. As a result the M27V512 
can be programmed as the lv127C512 on the same 
programmers applying 12.75V on Vpp and 6.25V 
on Vee. The M27V512 has the same electronic 
signature and uses the same PRESTO liB algo
rithm. 

When delivered, all bits of the M27V512 are in the 
"1" state. Data is introduced by selectively pro
gramming "Os" into the desired bit locations. Al
though only "Os" will be programmed, both "1 s" and 
"Os" can be present in the data word. The M27V512 
is in the pro9.1:amming mode when Vpp input is at 
12. 75V and E is at TTL -low. The data to be pro
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address 
and data inputs are TTL. Vee is specified to be 
6.25V ± 0.25\/. 

The M27V512 uses the PRESTO liB Programming 
Algorithm that drastically reduces the programming 
time (typically less than 6 seconds). Nevertheless 
to achieve compatibility with all programming 
equipments, PRESTO Programming Algorithm can 
be used as well. 

819 
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PRESTO liB Programming Algorithm 

PRESTO liB Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin. in around 6 seconds. This can be achieved 
with SGS-THOMSON M27V512 due to several 
design innovations to improve programming effi
ciency and to provide adequate margin for reliabil
ity. Before starting the programming the internal 
MARGIN MODE circuit is set in order to guarantee 
that each cell is programmed with enough margin. 
Then a sequence of 100J.!S program pulses are 
applied to each byte until a correct verify occurs. 
No overprogram pulses are applied since the verify 
in MARGIN MODE provides the necessary margin. 

Program Inhibit 

Programming of multiple M27V512s in parallel with 
diff~ent data is also easily ae@mplished. Except 
for E, all like inputs including GVpp of the parallel 
M27V512 may be coml!!.on. A TTL low level pulse 
applied to a M27V512's E input, with Vpp at 1_2.75V, 
will program that M27V512. A high level E input 
inhibits the other M27V512s from being pro
grammed. 

Program Verify 

A verify (read) should be performed on the pro
grammed bits to determine that they were corr~tly 
programmed. The verify is accomplished with Gat 
V1L. Data should be verified with tELOV after the 
falling edge of E. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ± soc ambient 
temperature range that is required when program
ming the M27V512. To activate this mode, the 
programming equipment must apply a Supply Volt
age Vee of 5V and force 11.5V to 12.5V on address 
line A9 of the M27V512. 

Two identifier bytes may then be sequenced from 
the device outputs by toggling address line AO from 
V1L to V1H- All other address lines must be held at 
V1L during Electronic Signature mode. Byte 0 
(AO=VIL) represents the manufacturer code and 
byte 1 (AO=VIH) the device identifier code. For the 
SGS-THOMSON M27V512, these two identifier 
bytes are given in Table 4 and can be read-out on 
outputs QO to 07. 

Note that the M27V512 and the M27C512 have the 
same identifier bytes. 



M27V512 

ORDERING INFORMATION SCHEME 

Example: M27V512 -120 K 1 TR 

Speed Option 

-120 120 ns K TR Tape & Reel 

-150 150 ns N TSOP28 6 -40 to 85 oc Packing 

-200 200 ns 
8 x 13.4mm 

For a list of available options (Speed, Package, Temperature Range, etc ... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

---------------------------~~~~@~~~~~~------------------------~9~/9 
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M27C1001 

CMOS 1 Megabit (128K x 8) UV EPROM and OTP ROM 

• VERY FAST ACCESS TIME: 60ns 
• COMPATIBLE with HIGH SPEED MICROPRO

CESSORS, ZERO WAIT STATE 
., LOW POWER "CMOS" CONSUMPTION: 

- Active Current 30mA 
- Standby Current 1 OO!lA 

• PROGRAMMING VOLTAGE: 12.75V 
• ELECTRONIC SIGNATURE for AUTOMATED 

PROGRAMMING 
• PROGRAMMING TIMES of AROUND 12sec. 

(PRESTO II ALGORITHM) 

DESCRIPTION 

The M27C1 001 is a high speed 1 Megabit UV 
erasable and electrically programmable memory 
EPROM ideally suited for microprocessor systems 
requiring large programs. It is organized as 
131,072 by 8 bits. 

The 32 pin Window Ceramic Frit-Seal Dual-in-Line 
and Leadless Chip Carrier packages have trans
parent lids which allow the user to expose the chip 
to ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow
ing the programming procedure. For applications 
where the content is programmed only one time 
and erasure is not required, the M27C1 001 is 
offered in both Plastic Dual-in-Line, Plastic Leaded 
Chip Carrier and Plastic Thin Small Outline pack
ages. 

Table 1. Signal Names 

AO ·A16 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 
-
G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

October 1993 

32 

FDIP32W (F) 

PLCC32 (C) 

Figure 1. Logic Diagram 

LCCC32W (L) 

~-
\~,~-

TSOP32 (N) 
8x20mm 

Vee Vpp 

Vss 
VA00710B 

1/9 
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M27C1001 

Figure 2A. DIP Pin Connections Figure 28. LCC Pin Connections 

1 '-J 32 Vpp Vee 
2 31 A16 P 
3 30 A15 Ne 
4 29 A12 A14 
5 28 A7 A13 
6 27 A6 AS 

7 26 A5 A9 
8 25 A4 A11 
9 M27C1001 24 A3 G 
10 23 A2 A10 
11 22 A1 E 
12 21 AO 07 

[ 13 20 00 06 
14 19 01 05 

[ 15 18 02 04 
16 17 Vss 03 

VA00711 

Warning: NC = No Connection. 

Figure 2C. TSOP Pin Connections 

M27C1001 

(Normol) 

1"'1N~oo.--N U11")Vlf)lDI'IwOIC!) 
<r:<r:<(<r:ooo~ooooo :;;: 

VA01151 

Note: This is advance information on a new product now 1n 
development Details are subject to change without not1ce. 

DEVICE OPERATION 
The modes of operation of the lv127C1001 are listed 
in the Operating Modes table. A single SV power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on A9 for Elec
tronic Signature. 

N "' tO ()._ u 
;;: ;;: ;;: Q_ u u 

> > 1()._ z 

A7 A14 

A6 A13 

A5 AS 
A4 A9 

A3 A11 

A2 G 

A1 A10 

AD r 
QO 07 

0 N UJ"l .,. 
"' tO 

0 (/) 0 0 0 0 
> VA00712 

Warning: NC = No Connection. 

Read Mode 

The M27C1 001 has two control functions, both of 
which must be logically active in Q_rder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen
dent of device selection. Assuming that the ad
dresses are stable, the adQ!"ess access time (tAvov) 
is equal to the delay from E to output (tELov). Data 
is available at the Q!Jtput after a deiC!Y of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAvov-tGLQV. 

Standby Mode 

The M27C1 001 has a standby mode which re
duces the active current from 30mA to 1 OO!lA. The 
M27C1 001 is placed in the stan@y mode by ap
plying a CMOS high signal to the E input. When in 
the standby mode, the outputs are in a high imped
ance state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

=2'..::9------------ Eii ~~~@mg:,~9~~ --------------
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Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature --40 to 125 oc 

TerAs Temperature Under Bias -50 to 125 oc 

TsTG Storage Temperature -65 to 150 oc 
Vro (2) Input or Output Voltages (except A9) -2to7 v 
Vee Supply Voltage -2to7 v 

VAg (2) A9Voltage -2to 13.5 v 
Vpp Program Supply Voltage -2 to 14 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the dev1ce. These are stress ratings only and operation of the dev1ce at these or any other 
conditions above those indicated 1n the Operatrng sect1ons of this specifrcat1on 1s not 1mphed. Exposure to Absolute Maximum 
Rating conditions for extended penods may affect dev1ce reliability. Refer also to the SGS·THOMSON SURE Program and other 
relevant qual1ty documents. 

2. Minimum DC voltage on Input or Output is -{).SV with possible undershoot to -2.0V for a period less than 20ns. Maximum DC 
voltage on Output 1s Vee +O.SV w1th possible overshoot to Vee +2V for a penod less than 20ns. 

Table 3. Operating Modes 

Mode E G 

Read V1L VrL 

Output Disable VrL VrH 

Program V1L V1H 

Verify V1L V1L 

Program Inhibit VrH X 

Standby V1H X 

Electronic Signature V1L V1L 

Note: X = VrH or VtL, Vro = 12V ± O.SV 

Table 4. Electronic Signature 

Identifier AO a7 as as 

Manufacturer's Code V1L 0 0 1 

Device Code VrH 0 0 0 

DEVICE OPERATION (cont'd) 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

p A9 Vpp ao-a7 

X X Vee orVss Data Out 

X X Vee or Vss Hi-Z 

V1L Pulse X Vpp Data In 

VrH X Vpp Data Out 

X X Vpp Hi-Z 

X X Vee or Vss Hi-Z 

VrH Vro Vee Codes 

a4 a a a2 a1 ao Hex Data 

0 0 0 0 0 20h 

0 0 1 0 1 05h 

System Considerations 
The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks tb9t are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 

---------------------------~~~~@~gml~?~------------------------~3~/9 
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M27C1001 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall1imes 

Input Pulse Voltages 

Input and Output 1iming Ref. Voltages 

$ 20ns 

0.4to 2.4V 

0.8to2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

~2.0V 

~O.BV 
VA00826 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

CL includes JIG capacitance 

Table 5. Capacitance <1> (T A= 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition Min Max 

GiN Input Capacitance V1N=OV 6 

GouT Output Capacitance VouT=OV 12 

Note: 1. Sampled only, not 1 00% tested. 

Table 6. Read Mode DC Characteristics (t) 
(TA = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV$V1N$Vcc ±10 

ILO Output Leakage Current OV$VouT$Vcc ±10 
-

Icc Supply Current E = VIL, G = VIL, 30 loUT = OmA, I = 5MHz 

lcct Supply Current (Standby) TTL E=VIH 1 
-

lee2 Supply Current (Standby) CMOS E> Vee-0.2V 100 

lpp Program Current Vpp=Vee 10 

V1L Input Low Voltage -o.3 0.8 

OUT 

VA00828 

Unit 

pF 

pF 

Unit 

!!A 
llA 

mA 

mA 

!!A 

llA 
v 

VJH (2) Input High Voltage 2 Vee+ 1 v 
VoL Output Low Voltage loL = 2.1mA 

VoH 
Output High Voltage TTL loH = -4001!A 2.4 

Output High Voltage CMOS loH = -100J.LA Vcc-0.7V 

Note: 1. Vee must be applied simultaneously with or before VPP and removed simultaneously or after Vpp. 
2. Maximum DC voltage on Output is Vee +ll SV . 

0.4 v 
v 
v 

..::4/..::.9 ____________ /iii ~~©1H9m'~~4 -------------
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Table 7A. Read Mode AC Characteristics <1> 
(TA = 0 to 70 oc, -40 to 85 oc or-40 to 125 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C1001 
Symbol A It Parameter Test Condition -60 -70 -80 -90 

Min Max Min Max Min Max Min Max 

Address Valid to Out- -
IAVQV IACC put Valid E = VIL, G = V!L 60 70 80 90 

Chip Enable Low to -
IELQV IcE Output Valid G =V!L 60 70 80 90 

Output Enable Low -
IGLQV toE to Output Valid E=VIL 35 35 40 45 

IEHOZ (2) 
Chip Enable High to -

!oF Output Hi-Z G =V!L 0 30 0 30 0 30 0 30 

IGHQZ (2) 
Output Enable High -

I oF to Output Hi-Z E=V!L 0 30 0 30 0 30 0 30 

lAx ax loH 
Address Transition to E = VIL, G = VIL 0 0 0 0 Output Transition 

Table 78. Read Mode AC Characteristics <1> 
(TA = 0 to 70 °C, -40 to 85 oc or-40 to 125 °C; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C1001 
Symbol A It Parameter Test Condition -10 -12 

Min Max Min Max 

IAVQV lAce Address Valid to Output Valid E = V!L, G = VIL 100 120 

IELQV IcE Chip Enable Low to Output Valid G=VIL 100 120 

IGLQV toE Output Enable Low to Output Valid E=V!L 50 60 

IEHQZ (2) I oF Chip Enable High to Oulpi.JI Hi-Z G=VJL 0 30 0 40 

IGHQZ (2) !oF Output Enable High to Output Hi-Z E=VJL 0 30 0 40 

lAx ax loH 
Address Transition to E = VJL, G = VJL 0 0 Output Transition 

Noles: 1. Vee must be applied simultaneously with or before VPP and removed simultaneously or alter Vpp, 

2. Sampled only, not 100% tested. 

Figure 5. Read Mode AC Waveforms 

E 

Q0-07 DATA OUT 

·15/-20/-25 

Min Max 

150 

150 

65 

0 50 

0 50 

0 

Hi-Z 

VA00713 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 
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Table 8. Programming Mode DC Characteristics 11l 
(T A = 25 °C; Vee = 6.25V ± 0.25V; Vpp = 12. 75V ± 0.25V) 

Symbol Parameter Test Condition Min Max 

Iu Input Leakage Current V1L S V1N S V1H ±10 

Icc Supply Current 50 

lpp Program Current E=VIL 50 

v,L Input Low Voltage -0.3 0.8 

V1H Input High Voltage 2 Vcc+0.5 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage TTL loH = -400jlA 2.4 

V10 A9Voltage 11.5 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics 11l 
(T A = 25 oc; Vee = 6.25V ± 0.25V; Vpp = 12. 75V ± 0.25V) 

Symbol Aft Parameter Test Condition Min 

IAVPL lAS Address Valid to Program Low 2 

laVPL los Input Valid to Program Low 2 

IVPHPL lvps Vpp High to Program Low 2 

lvcHPL tvcs Vee High to Program Low 2 

leLPL Ices Chip Enable Low to 2 Program Low 

tPLPH tpw Program Pulse Width 95 

I PH OX loH Program High to Input 2 Transition 

taxGL toes 
Input Transition to Output 2 Enable Low 

Output Enable Low to IGLOV toe Output Valid 

IGHQZ (2) IDFP 
Output Enable High to 0 Output Hi-Z 

IGHAX IAH 
Output Enable High to 0 Address Transition 

Notes: 1. Vee must be applied simultaneously With or before Vpp and removed simuttaneously or after Vpp. 
2. Sampled only, not 100% tested . 

0.4 

12.5 

Max 

105 

100 

130 

Unit 

llA 
rnA 

rnA 

v 
v 
v 
v 
v 

Unit 

~s 

~5 

~s 

~ 

~s 

~ 

~ 

~ 

-
ns 

ns 

ns 
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Figure 6. Programming and Verify Modes AC Waveforms 

----...v VALID ~ AO-A16 --t= _____ /L_ 

tAVPL_, 

Q0-07 DA T/1 IN II DATA OUT 

tQVPL~ tPHQX 

Vpp -tGLQV t--
tVPHPL ~ tGHQZ 

Vee : 
' 

tVCHPL ~ tGHAX : 
~ : 

: E 

f-tELPL _,. ' 

1- ' 
1\....__/ 

,_ 
tQXGL 

' : 
p 

- tPLPH t-- : 
' 

G 1\ ' 

-PROGRAM------- VERIFY ------.: 

DEVICE OPERATION (cont'd) 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capa?
itors. It is recommended that a 0.111F ceram1c 
capacitor be used on every device between ~ce 
and Vss. This should be a h1gh frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.71-lF bulk electrolytic capacitor should be used 
between Vee and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 

VA00714 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C1 001 are in the '1' 
state. Data is introduced by selectively program
ming '0' into the desired bit locations. Although only 
'0' will be programmed, both '1' and '0' can be 
present in the data word. T~~ only way I? cha~ge 
a '0' to a '1' is by die expos1t1on to ultraviolet light 
(UV EPROM). The M27C1001 is in the prog_ram
ming mode when Vpp input is at 12.75V, and E an_d 
P are at TTL-low. The data to be programmed 1s 
applied 8 bits in parallel to the data output_ pins. The 
levels required for the address and data Inputs are 
TTL. Vee is specified to be 6.25V ± 0.25V. 

-------------- ~~~~;~~~~9~--------------------------7~/9 
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Figure 7. Programming Flowchart 

Vee 6.25V, Vpp = 12.5V 

Vee = 5V, Vpp = 5V 

Check all Bytes 

PRESTO II Programming Algorithm 

VA00715 

PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 12 seconds. Programming with 
PRESTO II involves in applying a sequence of 
10011s program pulses to each byte until a correct 
verify occurs. During programming and verify oper
ation, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro
grammed cell. 

Program Inhibit 

Programming of multiple M27C1001s in parallel 
with differeQ! data is also easily accoi!Piished. 
Except for E, all like inputs including G of the 
parallel M27C1 001 may be common. A TTL low 
~vel pulse applied to a M27C1 001 's E input, with 
P low and Vpp at 12.I_5V, will program that 
M27C1 001. A high level E input inhibits the other 
M27C1 001 s from being programmed. 

Program Verify 

A verify (read) should be performed on the pro
grammed bits to determine that they were correct!Y 
prog_@mmed . .Jhe verify is accomplished with E 
and Gat V1L, Pat V1H, Vpp at 12.75V and Vee at 
6.25V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ± soc ambient 
temperature range that is required when program
ming the M27C1 001. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C1 001, with 
Vpp=Vee=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from V1L to V1H. All other address 
lines must be held at V1L during Electronic Signa
ture mode. 

Byte 0 (AO=ViL) represents the manufacturer code 
and byte 1 (AO=ViH) the device identifier code. For 
the SGS-THOMSON M27C1 001, these two identi
fier bytes are given in Table 4 and can be read-out 
on outputs QO to 07. 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27C1 001 is 
such that erasure begins when the cells are ex
posed to light with wavelengths shorter than ap
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave
lengths in the 3000-4000 A range. Research 
shows that constant exposure to room level fluo
rescent lighting could erase a typical M27C1 001 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C1 001 is to be exposed to these 
types of lighting conditions for extended periods of 
time, it is suggested that opaque labels be put over 
the M27C1 001 window to prevent unintentional 
erasure. The recommended erasure procedure for 
the M27C1 001 is exposure to short wave ultraviolet 
light which has a wavelength of 2537 A. The inte
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm2• 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cm2 power rating. The M27C1001 
should be placed within 2.5 em (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure . 

.:;.;8,..:..9 ____________ /..W ~itm~~~ -------------
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ORDERING INFORMATION SCHEME 

Example: M27C1001 -70 X C 1 TR 

Speed Package Option 

-60 60 ns X ±5% F FDIP32W X Additional 

-70 70 ns blank ±10% B PDIP32 3 --40 to 125 oc Burn-in 

-80 80 ns c PLCC32 6 --40 to 85 oc TR Tape & Reel 
Packing 

-90 90 ns L LCCC32W 

-10 100 ns N TSOP32 

-12 120 ns 
8x20mm 

-15 150 ns 

-20 200 ns 

-25 250 ns 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M27V101 
LOW VOLTAGE CMOS 

1 Megabit (128K x 8) UV EPROM and OTP ROM 

• LOW VOLTAGE READ OPERATION 

- Vee Range: 3V to 5.5V (TA = 0 to 70°C) 
- Vee Range: 3.2V to 5.5V (T A= -40 to 85°C) 

• ACCESS TIME: 120, 150 and 200ns 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 15mA 
- Standby Current 20J.!A 

• SMALL PACKAGES for SURFACE MOUNTING: 

- Ceramic: LCCC32W, ultra-thin 2.8mm (max) 
height 

- Plastic: PLCC32 and TSOP32 
• PROGRAMMING VOLTAGE: 12.75V 

• PROGRAMMING TIMES of AROUND 12sec. 
(PRESTO II ALGORITHM) 

• M27V101 is PROGRAMMABLE as M27C1001 
with IDENTICAL SIGNATURE 

DESCRIPTION 

The M27V1 01 is a low voltage, low power 1 Mega
bit electrically programmable memory (EPROM), 
ideally suited for handheld and portable micropro
cessor systems requiring large programs. It is or
ganized as 131 ,072 by 8 bits. 

The M27V101 operates in the read mode with a 
supply voltage as low as 3V (3.2V between -40 to 
85°C). The decrease in operating power allows 

Table 1. Signal Names 

AO-A16 Address Inputs 

QO-Q7 Data Outputs 

E: Chip Enable 

G' Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

October 1993 

0 
PLCC32 (K) 

0 
LCCC32W (L) 

TSOP32 (N) 
8x20mm 

Figure 1. Logic Diagram 

Vee Vpp 

17 8 

AO-A16 Q0-07 

M27V101 

Vss 
VA00660B 
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Figure 2A. LCC Pin Connections 

N "' <0 [L u 
::;: ::;: ::;: 0.. u u 

> > to.. z 

A7 A14 

A6 A13 

A5 AS 

A4 A9 

A3 A11 

A2 G 
A1 A10 

AO E 
00 07 

5 N (/) n ..;- L{) (!) 

a (f) a a a a 
> VA00661 

Warning: NC = No Connection. 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter 

TA Ambient Operating Temperature 

Ts1As Temperature Under Bias 

Tsm Storage Temperature 

Vlo (2) Input or Output Voltages (except A9) 

Vee Supply Voltage 

VAg (2) A9Voltage 

Vpp Program Supply Voltage 

Figure 28. TSOP Pin Connections 

16 

M27V101 
(Normol) 

(j) 

VA01152 

Note: This is advance information on a new product now in 
development. Details are subject to change without notice. 

Value Unit 

-40 to 125 oc 
-50 to 125 oc 

-65to 150 oc 
-2to7 v 
-2to7 v 
-2 to 13.5 v 
-2to 14 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the dev1ce. These are stress ratings only and operilt1on of the device at these or any other 
conditions above those 1nd1cated in the Operating sect1ons of this specification is not implied. Exposure to Absolute Maximum 
Rating condrt1ons for extended periods may affect dev1ce reliability. Refer also to the SGS·THOMSON SURE Program and other 
relevant quality documents. 

2. Minimum DC voltage on Input or Output is -D.SV with possible undershoot to -2.0V for a penod Jess than 20ns. Maximum DC 
voltage on Output 1s Vee +0.5V with possible overshoot to Vee +2V for a period less than 20ns. 

DESCRIPTION (cont'd) 

either a reduction of the size of the battery or an 
increase in the time between battery recharges. 
The M27V1 01 can also be operated as a standard 
1 Megabit EPROM (similar to M27C1001) with a 
5V power supply . 

The 32 pin Window, Lead less Chip Carrier package 
has a transparent lid which allows the user to 

expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written to the 
device by following the programming procedure. 
For applications where the content is programmed 
only one time and erasure is not required, the 
M27V1 01 is offered in both Plastic Leaded Chip 
Carrier and Plastic Thin Small Outline packages. 

:::..2/9;:__ __________ ID'I SGS·1HOMSON ------------
• l, liJJU©W©ffii!E©'iilll@OlJQ~ 
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DEVICE OPERATION 

The modes of operation of the M27V1 01 are listed 
in the Operating Modes table. A single power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on A9 for Elec
tronic Signature. 

Read Mode 

The M27V1 01 has two control functions, both of 
which must be logically active in Qrder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen
dent of device selection. Assuming that the ad
dresses are stable, the adQ!"ess access time (tAvov) 
is equal to the delay from E to output (tELov). Data 
is available at the Q.!Jtput after a dela_y of tGLov from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 
The M27V101 has a standby mode which reduces 
the active current from 15mA to 20!lA with low 
voltage operation Vee::; 3.2V (30mA to 1 OOJ.lA with 
a supply of 5.5V), see Read Mode DC Character
istics Table for details. The M27V1 01 is placed in 
the standby mode by applying a CMOS high signal 

Table 3. Operating Modes 

Mode E G 

Read V1L V1L 

Output Disable V1L V1H 

Program V1L v,H 

Verify v,L V1L 

Program Inhibit V1H X 

Standby V1H X 

Electronic Signature v,L v,L 

Note: X = v,H or v.L. v,o = 12V ± 0.5V 

Table 4. Electronic Signature 

Identifier AO Q7 Q6 as 
Manufacturer's Code v,L 0 0 1 

Device Code v,H 0 0 0 

M27V101 

to the E input. When in the standby mode, the 
output~are in a high impedance state, independent 
of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg
ments that are of interest to the system designer: 

p A9 VPP QO-Q7 

X X Vee orVss Data Out 

X X Vee orVss Hi-Z 

V1L Pulse X Vpp Data In 

v,H X Vpp Data Out 

X X Vpp Hi-Z 

X X Vee orVss Hi-Z 

v,H v,o Vee Codes 

Q4 Q3 Q2 Q1 QO Hex Data 

0 0 0 0 0 20h 

0 0 1 0 1 05h 

~ SCiS·lHOMSON 3/9 -------------- ~""YI rwD©l'il©~~~~@e!DI!';~ --------------'= 
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M27V101 

AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 

Input Rise and Fall Times 

Input Pulse Voltages 

~ 20ns 

0.4to2.4V 

Input and Output Timing Ref. Voltages 0.8 to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

~2.0V 

~0.8V 

DEVICE 
UNDER 
TEST 

.uv 

VAOOB26 CL includes JIG capacitance 

Table 5. Capacitance <1> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min Max 

CIN Input Capacitance VIN =OV 6 

GoUT Output Capacitance VoUT=OV 12 

Note: 1. Sampled only, not 100% tested. 

Table 6. Read Mode DC Characteristics <1> 
(TA = 0 to 70 oc; Vee= 3V to 5.5V unless specified; Vpp =Vee) 
(TA = -40 to 85 oc; Vee= 3.2V to 5.5V unless specified; Vpp =Vee) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV~VIN ~Vee ±10 

ILo Output Leakage Current OV ~ VOLrr ~Vee ±10 

E = V1L, G = V1L, lour = OmA, 15 
Icc Supply Current 

f = 5MHz, Vee~ 3.2V 

E = V1L, G = V1L. loUT = OmA, 30 f = 5MHz, Vee= 5.5V 

Supply Current (Standby) -
lee1 TTL E=VIH 1 

lee2 
Supply Current (Standby) E >Vee- 0.2V, Vee~ 3.2V 20 
CMOS 

E >Vee- 0.2V, Vee= 5.5V 100 

lpp Program 'current Vpp=Vec 10 

V1L Input Low Voltage -{).3 0.8 

OUT 

VA00828 

Unit 

pF 

pF 

Unit 

!!A 

!!A 

mA 

mA 

mA 

!!A 

!!A 

!!A 

v 
V1H (2) Input High Voltage 2 Vee+ 1 v 
VoL Output Low Voltage loL=2.1mA 

VoH 
Output High Voltage TTL loH = -4001!A 2.4 

Output High Voltage CMOS loH = -1 OO!!A Vcc-0.7V 

Note: 1. Vee must be applied simultaneously w1th or before Vpp and removed simultaneously or after Vpp. 
2. Max1mum DC voltage on Output is Vee +0.5V . 

0.4 v 
v 
v 

..;:.4,""9 ___________ i..V ~~m~~~ ___________ _ 
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Table 7. Read Mode AC Characteristics <11 
(T A= 0 to 70 °C; Vee= 3V to 5.5V unless specified; Vpp =Vee) 
(T A = -40 to 85 °C; Vee = 3.2V to 5.5V unless specified; Vpp = Vee) 

M27V101 

Symbol A It Parameter Test Condition -120 -150 

Min Max Min Max 

IAVQV lAce Address Valid to Output Valid E = v,L, G = v,L 120 150 

tELQV IcE Chip Enable Low to Output Valid G=V!L 120 150 

IGLQV toE Output Enable Low to Output Valid E=V!L 80 85 

IEHQZ (2) toF Chip Enable High to Output Hi-Z G=V!L 0 70 0 70 

IGHQZ (2) I oF Output Enable High to Output Hi-Z E=V!L 0 70 0 70 

Address Transition to - -
IAXQX loH Output Transition E = v,L, G = v,L 0 0 

Notes: 1. Vee must be applied simultaneously With or before Vpp and removed simultaneously or after Vpp. 

2. Sampled only, not 100% tested. 

Figure 5. Read Mode AC Waveforms 

G 

Q0-07 DATA OUT 

M27V101 

-200 Unit 

Min Max 

200 ns 

200 ns 

90 ns 

0 80 ns 

0 80 ns 

0 ns 

Hi-Z 

VA00713 

~ SGS·THOMSON 5/9 ------------------------------ ~~~ ~U@OO~~~~~---------------------------=~ 
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M27V101 

Table 8. Programming Mode DC Characteristics <1> 
(TA = 25 °C; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V1L $ V1N $ V1H 

Icc Supply Current 

lpp Program Current E=ViL 

V1L Input Low Voltage 

Min Max 

±10 

50 

50 

-0.3 0.8 

V1H Input High Voltage 2 Vcc+0.5 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage TTL loH =-400j.tA 2.4 

V1o A9Voltage 11.5 

Note: 1. Vee must be applied simultaneously w1th or before VPP and removed simultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics <1> 
(TA = 25 ac; Vee= 6.25V ± 0.25V; Vpp = 12. 75V ± 0.25V) 

Symbol A It Parameter Test Condition 

IAVPL lAS Address Valid to Program Low 

!QVPL los Input Valid to Program Low 

tvPHPL tvps Vpp High to Program Low 

tvcHPL tvcs Vee High to Program Low 

IELPL IcEs Chip Enable Low to 
Program Low 

IPLPH lpw Program Pulse Width 

IPHQX loH Program High to Input 
Transition 

taxGL loES 
Input Transition to Output 
Enable Low 

tGLOV toE 
Output Enable Low to 
Output Valid 

tGHQZ (2) toFP Output Enable High to 
Oulput Hi·Z 

IGHAX IAH Output Enable High to 
Address Transition 

Min 

2 

2 

2 

2 

2 

95 

2 

2 

0 

0 

Notes: 1. Vee must be applied Simultaneously w1th or before VPP and removed Simultaneously or after Vpp. 
2. Sampled only, not 1 00% tested. 

0.4 

12.5 

Max 

105 

100 

130 

Unit 

(.!A 

mA 

mA 

v 
v 
v 
v 
v 

Unit 

j.lS 

j.lS 

j.lS 

j.lS 

j.lS 

j.lS 

j.lS 

j.lS 

ns 

ns 

ns 

619 ~ SGS·THOMSON ='--------------- ._"'fl fOiO©Ilil@~~ll'©'WI@I!:~~ ----------------
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Figure 6. Programming and Verify Modes AC Waveforms 

AO-A16 VALID 
r--

·~tAVP~ -
Q0-07 IN DATA OUT .J DATA 

~tQVPL--. tPHQX 

Vpp - tGLQV 1-

tVPHPL ~ tGHQZ 

Vee l ' ' ' 

~ tVCHPL ' 
~ tGHAX ' __, 

' 
E ' 

I+- tELPL __. ' ' ' 
p ' r- tQXGL ~ I\.__) 

' - tPLPH 1-' 

G ' : 

---PROGRAM-------- VERIFY-

DEVICE OPERATION (cont'd) 

the standby current level, the active current level, 
and transient current peaks tl:!_at are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capa~
itors. It is recommended that a 0.1 11F ceramic 
capacitor be used on every device between V,cc 
and Vss. This should be a high frequency capac1tor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7!!F bulk electrolytic capacitor should be used 
between Vee and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 

VA00714 

Programming 
The M27V101 has been designed to be fully com
patible with the M27C1 001. As a result the 
M27V1 01 can be programmed as the M27C1 001 
on the same programmers applying 12.75V on Vpp 
and 6.25V on Vee. The M27V101 has the same 
electronic signature and uses the same PRESTO 
II algorithm . 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27V101 are in the "1" 
state. Data is introduced by selectively program
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposure to ultraviolet 
light (UV EPROM). The M27V1 01 is in the pro
g_ramming mode when Vpp input is at 12.75V, and 
E and Pare at TTL-low. The data to be programmed 
is applied 8 bits in parallel to the data outpu! pins. 
The levels required for the address and data 1nputs 
are TTL. Vee is specified to be 6.25V ± 0.25V. 

~ SCS·lliOMSON 7/9 
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M27V101 

Figure 7. Programming Flowchart 

Vee 6.25V, Vpp = 12.5V 

Vee = 5V, Vpp = 5V 
Check all Bytes 

PRESTO II Programming Algorithm 

VA00715 

PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 12 seconds. Programming with 
PRESTO II involves in applying a sequence of 
1 0011s program pulses to each byte until a correct 
verify occurs. During programming and verify op
eration, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro
grammed cell. 

Program Inhibit 

Programming of multiple M27V1 01 sin parallel with 
diffe_r:_ent data is also easily acco!!}Piished. Except 
for E, all like inputs including G of the parallel 
M27V1 01 may be comm_pn. A TTL IQ_w level pulse 
applied to a M27V1 01 's E input, with P low and Vpp 
g_t 12.75V, will program that M27V1 01. A high level 
E input inhibits the other M27V1 01 s from being 
programmed. 

Program Verify 

A verify (read) should be performed on the pro
grammed bits to determine that they were correctly 
prog!:§mmed . .Jhe verify is accomplished with E 
and Gat V1L, Pat V1H, Vpp at 12.75V and Vee at 
6.25V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ± soc ambient 
temperature range that is required when program
ming the M27V1 01. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27V1 01, with Vpp =Vee 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from V1L to V1H. All other address lines must be held 
at V1L during Electronic Signature mode. 

Byte 0 (AO=ViL) represents the manufacturer code 
and byte 1 (AO=ViH) the device identifier code. For 
the SGS-THOMSON M27V1 01, these two identi
fier bytes are given in Table 4 and can be read-out 
on outputs QO to 07. Note that the M27V101 and 
M27C1 001 have the same identifier bytes . 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27V1 01 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27V1 01 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27V1 01 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27V1 01 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27V1 01 is exposure to 
short wave ultraviolet light which has a wavelength 
of 2537A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm2. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi
olet lamp with 12000 uW/cm2 power rating. The 
M27V1 01 should be placed within 2.5 em (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re
moved before erasure. 

8/9 ~ SGS·lHOMSON -"-'-'-------------- A..'YI o~U©Jil@@~~~@I'!IC~ --------------
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M27V101 

ORDERING INFORMATION SCHEME 

Example: M27V1 01 -200 K 6 TR 

Speed Option 

-120 120 ns K 0 to 70 oc TR Tape & Reel 

-150 150 ns L LCCC32W 6 -40 to 85 oc Packing 

-200 200 ns N TSOP32 
Bx20mm 

For a list of available options (Speed, Package, Temperature Range, etc ... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

---------------------------~~~@~~~9~------------------------~9~/9 
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M27C1024 

CMOS 1 Megabit (64K x16) UV EPROM and OTP ROM 

• FAST ACCESS TIME: 70ns 
• COMPATIBLE with HIGH SPEED MICRO

PROCESSORS, ZERO WAIT STATE 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 35mA 
- Standby Current 1 OO!lA 

• PROGRAMMING VOLTAGE: 12.75V 
• ELECTRONIC SIGNATURE for AUTOMATED 

PROGRAMMING 
• PROGRAMMING TIME of AROUND 6 sec. 

(PRESTO II ALGORITHM) 

DESCRIPTION 

The M27C1 024 is a 1 Megabit UV erasable and 
electrically programmable read only memory 
(EPROM). It is organized as 65,536 words by 16 
bits. 

The 40 pin Ceramic Frit Seal Window package has 
a transparent lid whide allows the user to expose 
the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written to the device by 
following the programming procedure. 

For application where the content is' programmed 
only one time and erasure is not required, the 
M27C1024 is offered in a Plastic Leaded Chip 
Carrier package. 

Table 1. Signal Names 

AO- A15 Address Inputs 

00-015 Data Outputs 

E Chip Enable 

G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

December 1993 

FDIP40W (F) PLCC44 (C) 

Figure 1. Logic Diagram 

Vee Vpp 

16 16 

AO-A15 Q0-015 

M27e1 024 

Vss 
VA007028 

1/8 
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M27C1024 

Figure 2A. DIP Pin Connections Figure 28. LCC Pin Connections 

Vpp 1 \7 40 b Vee 
E 2 39 bt> 

015 3 38 b NC 

014 [ 4 37 b A15 
013 [ 5 36 b A14 
012 [ 6 35 b A13 
011 [ 7 34 b A12 
010 [ 8 33 b A11 

"' ... CL () 

"' ... 
a a a CL() () () :;: :;: IW > z > ICL z 

012 A13 
011 A12 
010 A11 

09 [ 9 32 b A10 
08 [ 10 31 b A9 M27C1024 b Vss Vss 11 30 

07 12 29 b AS 
06 13 28 b A7 

09 A10 
08 A9 

Vss Vss 
NC NC 

05 14 27 b A6 07 A8 

04 15 26 A5 06 A7 
03 16 25 A4 05 A6 
02 17 24 A3 04 A5 
01 18 23 A2 
00 19 22 A1 
G 20 21 AD "' N a 0 

'"' 
() 0 :;: N "' ... 

0 0 0 z "" "" "" "" 
VA00703 

VA00704 

Warning: NC = No Connection. Warning: NC = No Connection. 

Table 2. Absolute Maximum Ratings (1l 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oc 
TBIAS Temperature Under Bias -50 to 125 oc 
TsTG Storage Temperature -65 to 150 oc 
v,o(2l Input or Output Voltages (except A9) -2to7 v 
Vee Supply Voltage -2to7 v 

VAg (2) A9 Voltage -2to 13.5 v 
Vpp Program Supply Voltage -2to 14 v 

Notes: 1. Except for the rating 110perat1ng Temperature Range", stresses above those listed in the Table "Absolute Max1mum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the dev1ce at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied Exposure to Absolute Max1mum 
Rating cond1t1ons for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. M1n1mum DC voltage on Input or Output IS -0.5V w1th possible undershoot to -2.0V for a period less than 20ns. Maximum DC 
voltage on Output IS Vee +0.5V w1th possible overshoot to Vee +2V for a penod less than 20ns. 

DEVICE OPERATION 

The modes of operations of the M27C1 024 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TIL levels except for Vpp and 12V on 
A9 for Electronic Signature. 

Read Mode 

The M27C1 024 has two control functions, both of 
which must be logically active in Qrder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 

Output Enable (G) is the output control and should 
be used to gate data to the output pins, inde
pendent of device selection. Assuming that the 
addresses are stable, the address access time 
(tAvav) is equal to the delay from E to output (tELav). 
Data is available at the o~put after a delay _Qf toE 
from the falling edge of G, assuming that E has 
been low and the addresses have been stable for 
at least tAVQV-tGLQV. 

Standby Mode 

The M27C1 024 has a standby mode which re
duces the active current from 35 rnA to 100 J.lA. 

~2/~8--------------------------~~f~~~g~~~~-----------------------------
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DEVICE OPERATION (cont'd) 

The M27C1 024 is placed in the ~andby mode by 
applying a TIL high signal to the E input. When in 
the standby mode, the outputs 1!.':_e in a high imped
ance state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 

Table 3. Operating Modes 

Mode E G 

Read V1L V1L 

Output Disable V1L VIH 

Program v,L X 

Verify V1L V1L 

Program Inhibit V1H X 

Standby V1H X 

Electronic Signature V1L V1L 

Note: X= v,H or VIL, v,o = 12V ±O.SV 

Table 4. Electronic Signature 

Identifier AO 07 06 05 

Manufacturer's Code VIL 0 0 1 

Device Code V1H 1 0 0 

M27C1024 

the falling and rising edges of E. The magnitude of 
transient current peaks is dependent on the capaci
tive and inductive loading of the device at the 
output. The associated transient voltage peaks 
can be suppressed by complying with the two line 
output control and by properly selected decoupling 
capacitors. It is recommended that a 0.111F ce
ramic capacitor be used on every device between 
Vee and Vss. This should be a high frequency 
capacitor of low inherent inductance and should be 
placed as close to the device as possible. In addi
tion, a 4.711F bulk electrolytic capacitor should be 
used between Vee and Vss for every eight devices. 
The bulk capacitor should be located near the 
power supply connection point. The purpose of the 
bulk capacitor is to overcome the voltage drop 
caused by the inductive effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C1 024 are in the "1" 
state. Data is introduced by selectively program
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposure to ultraviolet 
light (UV EPROM). The M27C1024 is in the pro
g_rammi!J.9 mode when Vpp input is at 12.75V, and 
E and P are at TIL-low. The data to be pro
grammed is applied, 16 bits in parallel, to the data 
output pins. The levels required for the address 
and data inputs are TIL. Vee is specified to be 
6.25V ± 0.25V. 

p A9 Vpp 00-015 

VIH X Vee orVss Data Output 

X X Vee orVss Hi-Z 

V1L Pulse X Vpp Data Input 

V1H X Vpp Data Output 

X X Vpp Hi-Z 

X X Vee orVss Hi-Z 

V1H V1o Vee Codes 

04 03 02 01 00 Hex Data 

0 0 0 0 0 20h 

0 1 1 0 0 8Ch 

______________ li1i ~~~@m~~~~/1-------------=3=/8 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 

Input Rise and Fall Times !> 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input and Output Timing Ref. Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~0.8V 
0.4V 

VA00826 

Table 5. Capacitance 11> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition 

CJN Input Capacitance VJN=OV 

GouT Output Capacitance VouT= OV 

Note: 1. Sampled only, not 100% tested. 

Figure 5. Read Mode AC Waveforms 

00-015 

DEVICE 
UNDER 
TEST 

1.3V 

CL includes JIG capacitance 

Min Max 

6 

12 

tAXOX -t----14-

Hi-Z 

VA00705 

OUT 

VA00828 

Unit 

pF 

pF 
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Table 6. Read Mode DC Characteristics <1> 

(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min Max Unit 

Ill Input Leakage Current OV ~ V1N ~Vee ±10 JlA 

ILO Output Leakage Current OV ~ VouT ~Vee ±10 JlA 

Icc Supply Current E = VIL. G = VIL, 35 mA 
louT= OmA, f = 5MHz 

lcct Supply Current (Standby) TIL E=VIH 1 rnA 

lcc2 Supply Current (Standby) CMOS E > Vcc-0.2V 100 JlA 

lpp Program Current Vpp =Vee 100 JlA 

V1L Input Low Voltage -0.3 0.8 v 
V1H (2) Input High Voltage 2 Vee+ 1 v 
VoL Output Low Voltage loL= 2.1mA 

VoH 
Output High Voltage TIL loH =-400J.tA 2.4 

Output High Voltage CMOS loH = -1 OOJ.!A .Vcc-0.7V 

Notes: 1. Vee must be applied simultaneously with or before VPP and removed simuHaneously wrth or after VPP 
2. Maximum DC voltage on Output is Vee +O.SV. 

Table 7 A. Read Mode AC Characteristics <1> 
. (TA = 0 to 70 oc or -40 to 85 oc; Vee= 5V ± 5% or 5V ± 1 0%; Vpp =Vee) 

M27C1024 
Symbol All Parameter Test Condition -80 -90 

Min Max Min Max 

lAVOY lAce Address Valid to Output Valid E = VIL. G = VIL 80 90 

IELOV IcE Chip Enable Low to Output Valid G=V1L 80 90 

IGLOV IcE Output Enable Low to Output Valid E=VJL 40 45 

IEHOZ (2) loF Chip Enable High to Output Hi·Z G=VIL 0 30 0 30 

IGHOZ (2) I oF Output Enable High to Output Hi-Z E=VJL 0 30 0 30 

Address Transition to - -
IAXOX toH Output Transition E = V1L. G = V1L 0 0 

Table 78. Read Mode AC Characteristics <1> 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C1024 
Symbol A It Parameter Test Condition -12 -15 

Min Max Min Max 

lAVOY lAce Address Valid to Output Valid E = VIL. G = VIL 120 150 

IELOV IcE Chip Enable Low to Output Valid G=VJL 120 150 

IGLOV IcE Output Enable Low to Output Valid E=VJL 60 60 

IEHOZ (2) toF Chip Enable High to Output Hi·Z G=V1L 0 40 0 50 

tGHQZ(2) toF Output Enable High to Output Hi-Z E=ViL 0 40 0 50 

Address Transition to - -
lAX OX toH Output Transition E = VIL. G = VIL 0 0 

Notes: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously with or after Vpp 

2. Sampled only, not 100% tested. 

0.4 v 
v 
v 

-10 Unit 

Min Max 

100 ns 

100 ns 

50 ns 

0 30 ns 

0 30 ns 

0 ns 

-20/-25 Unit 

Min Max 

200 ns 

200 ns 

70 ns 

0 60 ns 

0 60 ns 

0 ns 
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Table 8. Programming Mode DC Characteristics <1> 
(TA = 25 °C; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 0 o> YIN o> V1H 

Icc Supply Current 

)pp Program Current E =YIL 

Y1L Input Low Voltage 

YIH Input High Voltage 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage TTL loH =-400flA 

V1o A9Voltage 

Min 

-0.3 

2 

2.4 

11.5 

Note: 1. Vee must be applied Simultaneously With or before Vpp and removed simultaneously with or after Vee. 

Table 9. Programming Mode AC Characteristics <1> 
(TA = 25 °C; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol A It Parameter 

IAVPL lAs Address Valid to Program Low 

tavPL los Input Valid to Program Low 

lvPHPL lvps Vpp High to Program Low 

IVCHPL tvcs Vee High to Program Low 

IELPL IcES Chip Enable Low to Program Low 

tPLPH tpw Program Pulse Width 

tPHQX toH Program High to Input Transition 

taxGL toES 
Input Transition to Output Enable 
Low 

tGLOV toE Output Enable Low to Output Valid 

tGHOZ (2) IDFP Output Enable High to Output Hi-Z 

tGHAX IAH 
Output Enable High to Address 
Transition 

Test Condition Min 

2 

2 

2 

2 

2 

95 

2 

2 

0 

0 

Notes: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously with or after VPP. 

2. Sampled only, not 1 00% tested . 

Max Unit 

±10 flA 

50 rnA 

50 rnA 

0.8 v 
Vee+ 0.5 v 

0.4 v 
v 

12.5 v 

Max Unit 

flS 

flS 

flS 

flS 

f!S 

105 flS 

flS 

J.lS 

100 ns 

130 ns 

ns 

.:::.6,:::.8 ____________ ~iii ~~~m~~~~~ ____________ _ 
128 



M27C1024 

Figure 6. Programming and Verify Modes AC Waveforms 

J 
,,....--

VALID 
f\---·~tAVPL~ 

AO-A15 

DATA IN DATA OUT 

~QVPL-. tPHQX 

00-015 

Vpp --- tGLQV ~ 

tVPHPL ~ tGHOZ 

Vee 

tVeHPL - tGHAX 

!="tELPL-. 

\....__) 
r--. tQXGL +-

--- tPLPH ~ 

!---- PROGRAM---...:.-- VERIFY ------J 

Figure 7. Programming Flowchart 

Vee = 6.25V, Vpp = 12.5V 

Vee = 5V, Vpp = 5V 
Check all Words 

VA00707 

VA00706 

PRESTO II Programming Algorithm 

PRESTO II Programming Algorithm allows pro
gramming of the whole array with a guaranteed 
margin, in a typical time of less than 6 seconds. 
Programming with PRESTO II consists of applying 
a sequence of 1 00 JlS program pulses to each word 
until a correct verify occurs. During programming 
and verify operation, a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 
overprogram pulse is applied since the verify in 
MARGIN MODE provides necessary margin to 
each programmed cell. 

Program Inhibit 

Programming of multiple M27C1 024s in parallel 
with differef!! data is also easily acCOf!!Piished. 
Except for E, all like inputs including G of the 
parallel M27C1 024 may be common:_ A TTL low 
jgvel pulse applied to a M27C1 024's E input, with 
P low and Vpp at 12.I_5V, will program that 
M27C1 024. A high level E input inhibits the other 
M27C1024s from being programmed. 

Program Verify 

A verify (read) should be performed on the pro
grammed bits to determine that they were correctlY 
prog@mmed. _The verify is accomplished with E 
and Gat V1L, Pat V1H, Vpp at 12.75V and Vee at 
6.25V. 

------------- i.V ~~;m~i~~lj ___________ __:7='8 
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Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. this mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ± soc ambient 
temperature range that is required when program
ming the M27C1 024. To activate this mode, the 
programming equipment must force 11.5Vto 12.5V 
on address line A9 of the M27C1 024 with Vpp = 
Vee = SV. Two identifier bytes may then be se
quenced from the device outputs by toggling ad
dress line AO from VJL to VJH. All other address lines 
must be held at VJL during Electronic Signature 
mode. Byte 0 (AO=VJL) represents the manufac
turer code and byte 1 (AO=ViH) the device identifier 
code. For the SGS-THOMSON M27C1024, these 
two iden-tifier bytes are given in Table 4 and can 
be read-out on outputs QO to 07. 

ORDERING INFORMATION SCHEME 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27C1 024 is 
such that erasure begins when the cells are ex
posed to light with wavelengths shorter than ap
proximately 4000 A. It should be noted that 
sunlight and some type of fluorescent lamps have 
wavelengths in the 3000-4000 A range. Research 
shows that constant exposure to room level fluo
rescent lighting could erase a typical M27C1 024 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C1024 is to be exposed to 
these types of lighting conditions for extended pe
riods of time, it is suggested that opaque labels be 
put over the M27C1 024 window to prevent uninten
tional erasure. The recommended erasure proce
dure for the M27C1 024 is exposure to short wave 
ultraviolet light which has wavelength 2537 A. The 
integrated dose (i.e. UV intensity x exposure time) 
for erasure should be a minimum of 15 W-sec/cm2. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 r.tW/cm2 power rating. The M27C1 024 
should be placed within 2.5 em (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 

Example: M27C1024 -12 X F 1 X 

Speed Package Option 

-80 SOns X ±5% F FDIP40W X Additional 

-90 90ns blank ±10% c PLCC44 6 -40to 85 oc Bum-in 

-10 100ns 
TR Tape & Reel 

Packing 
-12 120ns 

-15 150ns 

-20 200ns 

-25 250ns 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you . 

.:::8'=-8 ____________ i..V ~~~m~~'"~H --------------
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CMOS 2 Megabit (256K x 8) UV EPROM and OTP ROM 

• VERY FAST ACCESS TIME: SOns 
• COMPATIBLE with HIGH SPEED MICROPRO

CESSORS, ZERO WAIT STATE 

• LOW POWER "CMOS" CONSUMPTION: 
- Active Current 30mA 

- Standby Current 1 00~-tA 
'" PROGRAMMING VOLTAGE: 12.75V 
a ELECTRONIC SIGNATURE for AUTOMATED 

PROGRAMMING 

• PROGRAMMING TIMES of AROUND 24sec. 
(PRESTO II ALGORITHM) 

DESCRIPTION 

The M27C2001 is a high speed 2 Megabit UV 
erasable and programmable memory (EPROM) 
ideally suited for microprocessor systems requiring 
large programs. It is organised as 262,144 by 8 bits. 

The 32 pin Window Ceramic Frit-Seal Dual-in-Line 
and Leadless Chip Carrier packages have trans
parent lids which allow the user to expose the chip 
to ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow
ing the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27C2001 is offered in both Plastic Leaded Chip 
Carrier and Plastic Thin Small Outline packages. 

Table 1. Signal Names 

AO-A17 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 

G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

October 1993 

FDIP32W (F) LCCC32W (L) 

~\ 
\\ \ ~ 
~~~ \~~~c· 

PLCC32 (C) TSOP32 (N) 
8x20mm 

Figure 1. Logic Diagram 

Vee Vpp 

I 
18 8 

AO-A17 00-07 

p M27e2001 

E 

G 

Vss 
VA007168 

1/9 
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Figure 2A. DIP Pin Connections 

Vpp Vee 
A16 p 
A15 A17 
A12 A14 
A7 A13 
A6 AB 
A5 A9 
A4 A11 
A3 G 
A2 A10 
A1 E 
AO 07 
00 06 
01 05 
02 04 

Vss 03 
VAD0717 

Figure 2C. TSOP Pin Connections 

M27C2001 
(Normal) 

VA01153 

Note: Th1s 1s advance information on a new product now in 
development. Details are subJect to change without notice. 

DEVICE OPERATION 

The modes of operations of the M27C2001 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TIL levels except for Vpp and 12V on A9 
for Electronic Signature. 

Figure 28. LCC Pin Connections 

0J "' "' 
[L 0 r--
[L 0 :;: :;: :;: > > lo_ :;: 

A7 A14 
A6 A13 

A5 AB 
A4 A9 

A3 A11 
A2 G 

A1 A10 
AO r 
QO 07 

0J ...., ..,. 
"' <!) 

0 (/) 
0 (/) 0 0 0 0 

> VA00718 

Read Mode 

The M27C2001 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen
dent of device selection. Assuming that the ad
dresses are stable, the ad~ess access time (tAvav) 
is equal to the delay from E to output (tELOv). Data 
is available at the Q.!Jtput after a dei'!Y of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27C2001 has a standby mode which re
duces the active current from 30mA to 1 OO).LA. The 
M27C2001 is placed in the standby mode by ap
plying a CMOS high signal to theE input. When in 
the standby mode, the outputs are in a high imped
ance state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 
b. complete assurance that output bus contention 

will not occur. 

=2'.::.9------------~ ~i~©IH~li>J~~ --------------
132 



M27C2001 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oc 
TBIAS Temperature Under Bias -50 to 125 oc 
TsTG Storage Temperature -65 to 150 oc 
V1o(2) Input or Output Voltages (except A9) -2to7 v 

Vee Supply Voltage -2to7 v 

VAe (2) A9Voltage -2 to 13.5 v 
Vpp Program Supply Voltage -2 to 14 v 

Notes: 1. Except for the rating "Operat1ng Temperature Range", stresses above those listed in the Table "Absolute Max1mum Ratmgs" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
cond1t1ons above those Indicated in the Operating sections of th1s specHication is not implied. Exposure to Absolute Maximum 
Rat1ng conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. Minimum DC voltage on Input or Output is -O.SV with possible undershoot to -2.0V for a period less than 20ns. Maximum DC 
voltage on Output is Vee +{).SV with possible overshoot to Vee +2V for a period less than 20ns. 

Table 3. Operating Modes 
- -

Mode E G 

Read V1L V1L 

Output Disable V1L V1H 

Program V1L V1H 

Verify v,L v,L 

Program Inhibit v," X 

Standby v," X 

Electronic Signature v,L v,L 

Note: X = VIH or VIL, Vlo = 12V ± o.sv 

Table 4. Electronic Signature 

Identifier AD Q7 Q6 Q5 

Manufacturer's Code V1L 0 0 1 

Device Code v," 0 1 1 

For the most efficient use oflhese two control lines, 
E should be decoded and usezg as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

-p A9 Vpp QO-Q7 

X X VccorVss Data Out 

X X VccorVss Hi-Z 

V1L Pulse X Vpp Data In 

v," X Vpp Data Out 

X X Vpp Hi-Z 

X X VccorVss Hi-Z 

v," v,o Vee Codes 

Q4 Q3 Q2 Q1 QO Hex Data 

0 0 0 0 0 20h 

0 0 0 0 1 61h 

System Considerations 
The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg
ments that are of interest to the system designer : 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 

~ SGS·lHOMSON 3/9 
------------------------------~~~ ~u~rn~~~u~--------------------------~~ 

133 



M27C2001 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall T1mes ~ 20ns 

- Input Pulse Voltages OAV to 2.4V 

Input and Output Timing Ref. Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

Figure 4. AC Testing Load Circuit 

1.3V 

i: 1N914 

0 3.3KO 

OUT 
2.4V 

0.4V 

~2.0V 

~O.SV 

DEVICE 
UNDER 
TEST ! CL=100pF 

VA00826 
CL includes JIG capacitance 

Table 5_ Capacitance (1) (T A= 25 °C, f = 1 MHz) 

Symbol Parameter Test Condition Min Max 

CIN Input Capacitance V1N =OV 6 

Cour Output Capacitance Vour=OV 12 

Note: 1. Sampled only. not 1 00% tested. 

Table 6. Read Mode DC Characteristics <1> 
(TA = 0 to 70 ac or-40 to 85 ac; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV ~ V1N ~Vee 

ILO Output Leakage Current OV ~ Vour ~Vee 
- -

Icc Supply Current E = VIL. G = VIL. 
lour= OmA, f = 5MHz 

-
lcct Supply Current (Standby) TTL E=VIH 

-
lcc2 Supply Current (Standby) CMOS E > Vcc-0.2V 

lpp Program Current Vpp =Vee 

V1L Input Low Voltage -0.3 

V1H (2) Input High Voltage 2 

VoL Output Low Voltage loL=2.1mA 

VoH 
Output High Voltage TTL loH =-400~A 2.4 

Output High Voltage CMOS loH=-100~A Vcc-0.7V 

Notes: 1. Vee must be appl1ed Simultaneously With or before Vee and removed Simultaneously or after Vee. 
2. Maximum DC voltage on Output IS Vee +0.5V. 

Max 

±10 

±10 

30 

1 

100 

10 

0.8 

Vee+ 1 

0.4 

VA00828 

Unit 

pF 

pF 

Unit 

J.lA 

J.lA 

mA 

mA 

J.lA 

J.lA 

v 
v 
v 
v 
v 

4/9 ~ SGS·lHOMSON ...::_::.__ _____________ A.""fl ~U©OO©Il!~ll!©li1Jii©I'IJU©~ ----------------
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Table 7 A. Read Mode AC Characteristics 11> 
(TA = 0 to 70 °C or-40 to 85 °C; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C2001 

Symbol A It Parameter Test Condition -80 -10 

Min Max Min Max 

lAVOY lAce Address Valid to Output Valid E = VIL, G = VIL 80 100 

tELQY IcE Chip Enable Low to Output Valid G=VIL 80 100 

IGLQY toE Output Enable Low to Output Valid E=VIL 40 50 

IEHQZ (2) I oF Chip Enable High to Output Hi-Z G=VIL 0 30 0 30 

IGHQZ (2) I oF Output Enable High to Output Hi-Z E=VIL 0 30 0 30 

IAXOX loH 
Address Transition to E = VIL, G = VIL 0 0 
Output Transition 

Table 78. Read Mode AC Characteristics 11> 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C2001 
Symbol A It Parameter Test Condition -15 -20 

Min Max Min Max 

lAVOY lAce Address Valid to Output Valid E = VIL, G = VIL 150 200 

IE LOY IcE Chip Enable Low to Output Valid G=VIL 150 200 

IGLQY toe Output Enable Low to Output Valid E=VIL 60 70 

IEHOZ (2) loF Chip Enable High to Output Hi-Z G=V1L 0 50 0 60 

IGHOZ (2) toF Output Enable High to Output Hi-Z E=VIL 0 50 0 60 

Address Transition to - -
IAXOX loH Output Transition E = V1L, G = V1L 0 0 

Notes: 1. Vee must be applied simultaneously With or before Vpp and removed simullaneously or after Vpp. 

2. Sampled only, not 100% tested. 

Figure 5. Read Mode AC Waveforms 

tAXQX -.1--J-

-12 

Min Max 

120 

120 

50 

0 40 

0 40 

0 

-25 

Min Max 

250 

250 

100 

0 60 

0 60 

0 

Hi-Z 
00-07 

VA00719 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 
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Table 8. Programming Mode DC Characteristics <1> 
(TA = 25 °C; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current O~VrN ~Vee 

Icc Supply Current 

-
lpp Program Current E=VrL 

VrL Input Low Voltage 

VrH Input High Voltage 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage TTL loH = --400!-LA 

Vro A9Voltage 

Min 

-0.3 

2 

2.4 

11.5 

Note: 1. Vee must be applied simultaneously with or before Vee and removed simultaneously or after Vee. 

Table 9. Programming Mode AC Characteristics <1> 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp =. 12. 75V ± 0.25V) 

Symbol Alt Parameter 

IAVPL lAs Address Valid to Program Low 

tavPL los Input Valid to Program Low 

IVPHPL lvPS Vpp High to Program Low 

IVCHPL lvcs Vee High to Program Low 

IELPL IcES 
Chip Enable Low to Program 
Low 

IPLPH lpw Program Pulse Width 

IPHQX loH 
Program High to Input 
Transition 

laxGL toEs 
Input Transition to Output 
Enable Low 

tGLQV IcE 
Output Enable Low to Output 
Valid 

tGHQZ (2 ) toFP 
Output Enable High to Output 
Hi-Z 

IGHAX IAH 
Output Enable High to 
Address Transition 

Test Condition 

Notes: 1. Vee must be applied Simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 1 00% tested . 

Max Unit 

±10 !!A 

50 rnA 

50 rnA 

0.8 v 
Vee+ 0.5 v 

0.4 v 
v 

12.5 v 

Min Max Unit 

2 !lS 

2 !lS 

2 !!S 

2 !!S 

2 !!S 

95 105 !lS 

2 !!S 

2 !!S 

100 ns 

0 130 ns 

0 ns 
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Figure 6. Programming and Verify Modes AC Waveforms 

AO-A17 VALID 
,·-
J 

tAVPL+j 

QO-Q7 DATA IN X DATA OUT 

tQVPL_,. tPHQX 

Vpp -tGLQV 1--

tVPHPL 1-- tGHQZ 

' Vee ' 
' 

E 

tVCHPL 1-- tGHAX ' 

~ 
: 
: 
: 

~tELPL_,. ' 

p \....__) 

,_ 
tQXGL ~ 

- tPLPH 1--

G ' 
PROGRAM ----t.:--- VERIFY --

DEVICE OPERATION (cont'd) 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
~ontrol a~d by properly selected decoupling capac
Itors .. It 1s recommended that a 0.11-!F ceramic 
capac1tor be used on every device between Vee 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.71-!F bulk electrolytic capacitor should be used 
between Vee and Vss for every eight devices. The 
bulk capacitor should be located near the power 
suppiX co~nection point.The purpose of the bulk 
capacitor 1s to overcome the voltage drop caused 
by the inductive effects of PCB traces. 

' 
VA00720 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C2001 are in the "1" 
st~te. Data is introduced by selectively program
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposition to ultravi
olet light (UV EPROM). The M27C2001 is in the 
prog§mmi~ mode when Vpp input is at 12.75V, 
and E and Pare at TTL-low. The data to be pro
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. Vee is specified to be 6.25V 
±0.25V. 

-------------~ ~~©mu:~~~~ ___________ ___:7~19 
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Figure 7. Programming Flowchart 

6.25V, Vpp = 12.5V 

Vee = 5V, Vpp = 5V 

Check all Bytes 

PRESTO II Programming Algorithm 

VA00715 

PRESTO II Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin, in a typical time of less than 24 seconds. 
Programming with PRESTO II consists of applying 
a sequence of 1 0011s program pulses to each byte 
until a correct verify occurs. During programming 
and verify operation, a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 
overprogram pulse is applied since the verify in 
MARGIN MODE provides the necessary margin to 
each programmed cell. 

Program Inhibit 

Programming of multiple M27C2001s in parallel 
with differeQ! data is also easily accoJ!!Piished. 
Except for E, all like inputs including G of the 
parallel M27C2001 may be common"-A TTL low 
~vel pulse applied to a M27C2001's E input, with 
P low and Vpp at 12.l_5V, will program that 
M27C2001. A high level E input inhibits the other 
M27C2001s from being programmed. 

Program Verify 

A verify (read) should be performed on the pro
grammed bits to determine that they were correctly 
prog!:§mmed. _The verify is accomplished with E 
and Gat V1L, Pat V1H, Vpp at 12.75V and Vee at 
6.25V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. this mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
temperature range that is required when program
ming the M27C2001. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C2001 with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from V1L to V1H. All other address 
lines must be held at V1L during Electronic Signa
ture mode. Byte 0 (AO=ViL) represents the manu
facturer code and byte 1 (AO=VIH) the device 
identifier code. For the SGS-THOMSON 
M27C2001, these two identifier bytes are given in 
Table 4 and can be read-out on outputs 00 to 07. 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27C2001 are 
such that erasure begins when the cells are ex
posed to light with wavelengths shorter than ap
proximaiely 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave
lengths in the 3000-4000 A range. Data shows that 
constant exposure to room level fluorescent light
ing could erase a typical M27C2001 in about 3 
years, while it would take approximately 1 week to 
cause erasure when exposed to direct sunlight. If 
the M27C2001 is to be exposed to these types of 
lighting conditions for extended periods of time, it 
is suggested that opaque labels be put over the 
M27C2001 window to prevent unintentional era
sure. The recommended erasure procedure for the 
M27C2001 is exposure to short wave ultraviolet 
light which has wavelength of 2537 A. The inte
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm2• 

The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 11W/cm2 power rating. The M27C2001 
should be placed within 2.5 em (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 
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M27C2001 

ORDERING INFORMATION SCHEME 

Example: M27C2001 -80 X F 1 X 

Speed Package I Temperature Range I Option 

-80 80 ns X ±5% F. FDIP32W 1 o to 70 oc X Additional 

-10 100 ns blank ±10% c PLCC32 6 -40to 85 oc Burn-in 

-12 120 ns L LCCC32W TR Tape& Reel 
Packing 

-15 150 ns N TSOP32 

-20 200 ns 
8x 20mm 

-25 250 ns 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

-----------------------------~ ~~;~g~:~~~ __________________________ 9_1_9 





M27V201 
LOW VOLTAGE CMOS 

2 Megabit (256K x 8) UV EPROM and OTP ROM 

• LOW VOLTAGE READ OPERATION 
- Vee Range: 3V to 5.5V (T A = 0 to 70°C) 
- Vee Range: 3.2V to 5.5V (TA = -40 to 85°C} 

• ACCESS TIME: 200 and 250ns 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 15mA 
- Standby Current 20)lA 

• SMALL PACKAGES for SURFACE MOUNTING: 
- Ceramic: LCCC32W, ultra-thin 2.8mm (max) 

height 
- Plastic: PLCC32 and TSOP32 

• PROGRAMMING VOLTAGE: 12.75V 
• PROGRAMMING TIMES of AROUND 24sec. 

(PRESTO II ALGORITHM) 
• M27V201 is PROGRAMMABLE as M27C2001 

with IDENTICAL SIGNATURE 

DESCRIPTION 

The M27V201 is a low voltage, low power 2 Mega
bit electrically programmable memory (EPROM), 
ideally suited for handheld and portable micropro
cessor systems requiring large programs. It is or
ganized as 262,144 by 8 bits. 

The M27V201 operates in the read mode with a 
supply voltage as low as 3V (3.2V between -40 to 
85°C). The decrease in operating power allows 
either a reduction of the size of the battery or an 
increase in the time between battery recharges. 

Table 1. Signal Names 

AO-A17 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 

G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

October 1993 

00 
PLCC32 (K) LCCC32W (L) 

TSOP32 (N) 
Bx20mm 

Figure 1. Logic Diagram 

Vee Vpp 

18 

M27V201 

Vss 

8 

QO-Q7 

VA00693B 

1/9 



M27V201 

Figure 2A. LCC Pin Connections 

N of) CD [)._ u 
" :;;: :;;: :;;: [)._ u :;;: > > In_ 

A7 A14 

A6 A13 

A5 AS 

A4 A9 

A3 A11 

A2 G 

A1 A10 

AO E 
QO 07 

a N Vl "' .... of) CD 
0 Vl 0 0 0 0 

> VA00694 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter 

TA Ambient Operating Temperature 

TerAs Temperature Under Bias 

TsTG Storage Temperature 

Vro(21 Input or Output Voltages (except A9) 

Vee Supply Voltage 

VAg (2) A9Voltage 

Vpp Program Supply Voltage 

Figure 28. TSOP Pin Connections 

16 

M27V201 
(Normal) 

CD 

VA01154 

Note: This is advance Information on a new product now in 
development Details are subject to change without notice. 

Value Unit 

-40 to 125 oc 
-50 to 125 oc 
--65 to 150 oc 
-2to7 v 
-2to7 v 
-2 to 13.5 v 
-2to 14 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Rat1ngs" 
may cause permanent damage to the device These are stress rat1ngs only and operation of the dev1ce at these or any other 
conditions above those ind1cated 1n the Operating sections of th1s specnication 1s not implied Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. M1n1mum DC voltage on Input or Output is -0.5V wrth possrble undershoot to -2.0V for a period less than 20ns. Maximum DC 
voltage on Output IS Vee +0.5V with possrble overshoot to Vee +2V for a penod less than 20ns. 

DESCRIPTION (cont'd) 

The M27V201 can also be operated as a standard 
2 Megabit EPROM (similar to M27C2001) with a 
SV power supply . 

The 32 pin Window, Lead less Chip Carrier package 
has a transparent lid which allows the user to 
expose the chip to ultraviolet light to erase the bit 

pattern. A new pattern can then be written to the 
device by following the programming procedure. 
For applications where the content is programmed 
only one time and erasure is not required, the 
M27V201 is offered in both Plastic Leaded Chip 
Carrier and Plastic thin Small Outline packages. 
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DEVICE OPERATION 

The modes of operation of the M27V201 are listed 
in the Operating Modes table. A single power 
supply is required in the read mode. All inputs are 
TTL levels except for VPP and 12V on A9 for Elec
tronic Signature. 

Read Mode 

The M27V201 has two control functions, both of 
which must be logically active in Q_J'der to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen
dent of device selection. Assuming that the ad
dresses are stable, the adQ!ess access time (tAVov) 
is equal to the delay from E to output (tELov). Data 
is available at the Q!Jtput after a dela_y of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAvov-tGLQV. 

Standby Mode 

The M27V201 has a standby mode which reduces 
the active current from 15mA to 20flA with low 
voltage operation Vee~ 3.2V (30mA to 1 OOflA with 
a supply of 5.5V), see Read Mode DC Character
istics Table for details. The M27V201 is placed in 
the standby mode by applying a CMOS high signal 

Table 3. Operating Modes 

Mode E G 

Read V1L V1L 

Output Disable V1L V1H 

Program v,L v,H 

Verify V1L V1L 

Program Inhibit v,H X 

Standby v,H X 

Electronic Signature V1L V1L 

Note: X = v,H or VIL, v,o = 12V ± o.sv 

Table 4. Electronic Signature 

Identifier AO 07 06 as 
Manufacturer's Code VIL 0 0 1 

Device Code V1H 0 1 1 

M27V201 

to the E input. When in the standby mode, the 
output§_ are in a high impedance state, independent 
of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and usEZ9 as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg
ments that are of interest to the system designer: 

p A9 Vpp 00-07 

X X Vee or Vss Data Out 

X X Vee or Vss Hi-Z 

v,L Pulse X Vpp Data In 

V1H X Vpp Data Out 

X X Vpp Hi-Z 

X X Vee or Vss Hi-Z 

V1H V1o Vee Codes 

04 03 02 01 ao Hex Data 

0 0 0 0 0 20h 

0 0 0 0 1 61h 

~ SGS·THOMSON 3/9 -------------- A..""'fl [/ji]QI\:ImGI~~ffilt:1i'OO@Ii:lUI\:i!' -------------= 
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M27V201 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

~ 20ns 

0.4 to 2.4V 

0.8to2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3- AC Testing Input Output Waveforms 

2.4V 

0.4V 

~2.0V 

~O.SV 
VA00826 

Figure 4. AC Testing Load Circuit 

1.3V 

1N914 

3.3KO 

DEVICE 
UNDER 
TEST T CL=100pF 

CL includes JIG capacitance 

OUT 

VA00828 

Table 5. Capacitance (t) (T A= 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition Min 

CIN Input Capacitance V1N =0V 

CouT Output Capacitance VouT=OV 

Note: 1. Sampled only, not 1 00% tested. 

Table 6. Read Mode DC Characteristics <1> 
(TA = 0 to 70 oc; Vee= 3V to 5.5V unless specified; Vpp =Vee) 
(T A= -40 to 85 oc; Vee= 3.2V to 5.5V unless specified; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV~VIN ~Vee 

ILD Output Leakage Current OV ~ VouT ~Vee 

E = V1L, G = V1L, louT = OmA, 

Icc Supply Current 
f = 5MHz, Vee~ 3.2V 

E = V1L, G = V1L, louT = OmA, 
f = 5MHz, Vee= 5.5V 

lee1 
Supply Current (Standby) E=VIH TTL 

lee2 
Supply Current (Standby) E >Vee- 0.2V, Vee~ 3.2V 
CMOS 

E >Vee- 0.2V, Vee= 5.5V 

lpp Program Current Vpp =Vee 

VIL Input Low Voltage -0.3 

VJH (2) Input High Voltage 2 

VoL Output Low Voltage loL = 2.1mA 

VoH 
Output High Voltage TTL loH=-4001-lA 2.4 

Output High Voltage CMOS loH = -10DilA Vec-0.7V 

Notes: 1. Vee must be applied simultaneously w1th or before Vpp and removed simultaneously or after Vpp. 
2. Max1mum DC voltage on Output is Vee +0.5V. 

Max Unit 

6 pF 

12 pF 

Max Unit 

±10 llA 

±10 llA 

15 rnA 

30 rnA 

1 rnA 

20 llA 

100 llA 

10 llA 

0.8 v 
Vee+ 1 v 

0.4 v 
v 
v 

4/9 t=:' SGS·lHOMSON ..::..:: ______________ A.""fl lliil~~oom~m~oo:wlii~~"' ----------------

144 



Table 7. Read Mode AC Characteristics <1> 
(TA = 0 to 70 oc; Vee= 3V to 5.5V unless specified; Vpp =Vee) 
(TA = -40 to 85 oc; Vee= 3.2V to 5.5V unless specified; Vpp =Vee) 

M27V201 

Symbol AI! Parameter Test Condition -200 

Min Max 

IAVOV lAce Address Valid to Output Valid E = v,L, G = v,L 200 
-

IELOV IcE Chip Enable Low to Output Valid G=VIL 200 

IGLOV toE Output Enable Low to Output Valid E = V1L 100 

IEHOZ (2) Chip Enable High to Output Hi-Z 
-

!oF G=V1L 0 80 

IGHDZ (2) toF Output Enable High to Output Hi-Z E=ViL 0 80 

Address Transition to - -
lAX OX loH Output Transition E = v,L, G = v,L 0 

Notes: 1. Vee must be applied simultaneously w1th or before Vpp and removed simultaneously or after Vpp. 

2. Sampled only, not 100% tested. 

Figure 5. Read Mode AC Waveforms 

E 

Q0-07 DATA OUT 

Min 

0 

0 

0 

M27V201 

-250 Unit 

Max 

250 ns 

250 ns 

120 ns 

80 ns 

80 ns 

ns 

Hi-Z 

VA00719 
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M27V201 

Table 8. Programming Mode DC Characteristics 11) 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V1L $ V1N $ V1H 

Icc Supply Current 

lpp Program Current E=VIL 

V1L Input Low Voltage 

Min Max 

±10 

50 

50 

-0.3 0.8 

V1H Input High Voltage 2 Vcc+0.5 

VoL Output Low Voltage loL =2.1mA 

VoH Output High Voltage TTL loH=-400(lA 2.4 

V1o A9Voltage 11.5 

Note: 1. Vee must be applied Simultaneously With or before Vpp and removed Simultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics 11> 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol A It Parameter Test Condition 

IAVPL lAs Address Valtd to Program Low 

lovPL los Input Vahd to Program Low 

IVPHPL tvps Vpp High to Program Low 

IVCHPL tvcs Vee High to Program Low 

leLPL Ices Chip Enable Low to 
Program Low 

tPLPH tpw Program Pulse Width 

IPHOX loH 
Program High to Input 
Transition 

toxGL toes 
Input Transition to Output 
Enable Low 

IGLOV toe 
Output Enable Low to 
Output Valid 

IGHOZ (2 ) IDFP 
Output Enable High to 
OutputHi-Z 

tGHAX IAH Output Enable High to 
Address Transition 

Min 

2 

2 

2 

2 

2 

95 

2 

2 

0 

0 

Notes: 1. Vee must be applied simultaneously with or before v •• and removed simuHaneously or after v ••. 
2 Sampled only. not 100% tested. 

0.4 

12.5 

Max 

105 

100 

130 

Unit 

(.lA 

mA 

mA 

v 

v 

v 

v 

v 

Unit 

J.IS 

J.IS 

(lS 

(lS 

(lS 

(lS 

(lS 

J.IS 

ns 

ns 

ns 
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M27V201 

Figure 6. Programming and Verify Modes AC Waveforms 

AO-A17 VALID v--
I"--

tAVP~ 

00-07 DATA IN 
_j 

DATA OUT 

tQVPL--Jo tPHQX 

Vpp - tGLOV 1-
tVPHPL .__ 

tGHOZ 

Vee : 

=:! tVCHPL 1- tGHAX 
~ 

E 

~tELPL ._. 

p ' r- tQXGL 1- : ' : : 1'----~ : -tPLPH 1- ' : 
G 

: ' 
_j ' 

--- PROGRAivl-----.;..,>-- VERIFY ------.: 

DEVICE OPERATION (cont'd) 

the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac
itors. It is recommended that a 0.11-lF ceramic 
capacitor be used on every device between V,ee 
and Vss. This should be a high frequency capac1tor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.71-lF bulk electrolytic capacitor should be used 
between Vee and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 

YA00720 

Programming 

The M27V201 has been designed to be fully com
patible with the M27C2001. As a result the 
M27V201 can be programmed as the M27C2001 
on the same programmers applying 12.75V on Vpp 
and 6.25V on Vee. The M27V201 has the same 
electronic signature and uses the same PRESTO 
II algorithm . 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27V201 are in the "1" 
state. Data is introduced by selectively program
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposure to ultraviolet 
light (UV EPROM). The M~7V2~1 is in the pro
g_ramming mode when Vpp mput IS at 12.75V, and 
E and Pare at TTL-low. The data to be programmed 
is applied 8 bits in parallel to the data outpu! pins. 
The levels required for the address and data 1nputs 
are TTL. Vee is specified to be 6.25V ± 0.25V. 

~ SGS·THOMSON ___________ 7:..=/9 -------------- ~"'fl ii:!U©Ui'©~llf:!lt:li1ll©i!:U©@' 
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M27V201 

Figure 7. Programming Flowchart 

Vee 6.25V, Vpp = 12.5V 

Vee = 5V, Vpp = 5V 
Check all Bytes 

PRESTO II Programming Algorithm 

VA00715 

PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 26 seconds. Programming with 
PRESTO II involves in applying a sequence of 
1 OOJlS program pulses to each byte until a correct 
verify occurs. During programming and verify oper
ation, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro
grammed cell. 

Program Inhibit 

Programming of multiple M27V201 sin parallel with 
diffe.r.ent data is also easily acco~lished. Except 
for E, all like inputs including G of the parallel 
M27V201 may be com~n. A TTL IQ_w level pulse 
applied to a M27V201's E input, with Plow and Vpp 
~ 12.75V, will program that M27V201. A high level 
E input inhibits the other M27V201s from being 
programmed. 

Program Verify 

A verify (read) should be performed on the pro
grammed bits to determine that they were correct!Y 
prog@mmed. _Ihe verify is accomplished with E 
and Gat V1L, Pat V1H, Vpp at 12.75V and Vee at 
6.25V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
temperature range that is required when program
ming the M27V201. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27V201, with Vpp =Vee 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from V1L to V1H. All other address lines must be held 
at V1L during Electronic Signature mode. 

Byte 0 (AO=ViL) represents the manufacturer code 
and byte 1 (AO=ViH) the device identifier code. For 
the SGS-THOMSON M27V201, these two identi
fier bytes are given in Table 4 and can be read-out 
on outputs QO to 07. Note that the M27V201 and 
M27C2001 have the same identifier bytes . 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27V201 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27V201 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27V201 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27V201 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27V201 is exposure to 
short wave ultraviolet light which has a wavelength 
of 2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm2• The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi
olet lamp with 12000 uW/cm2 power rating. The 
M27V201 should be placed within 2.5 em (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re
moved before erasure. 

::::BI:::_9 ___________ 1:;j ~~lH~~~~~ -------------
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ORDERING INFORMATION SCHEME 

-200 

-250 

Example: 

Speed 

200 ns 

250 ns 

M27V201 -200 K 6 TR 

K 

L 

N TSOP32 
8x20mm 

Oto70°C 

-40to 85 oc 

Option 

TR Tape & Reel 
Packing 

M27V201 

For a list of available options (Speed, Package, Temperature Range, etc ... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shorlform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M27C4001 

CMOS 4 Megabit (512K x 8) UV EPROM and OTP ROM 

• VERY FAST ACCESS TIME: SOns 
" COMPATIBLE with HIGH SPEED MICROPRO

CESSORS, ZERO WAIT STATE 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 30mA at SMHz 

- Standby Current 100J.1A 
• PROGRAMMING VOLTAGE: 12.75V 
• ELECTRONIC SIGNATURE for AUTOMATED 

PROGRAMMING 
• PROGRAMMING TIMES of AROUND 48sec. 

(PRESTO II ALGORITHM) 

DESCRIPTION 

The M27C4001 is a high speed 4 Megabit UV 
erasable and programmable memory (EPROM) 
ideally suited for microprocessor systems requiring 
large programs. It is organised as 524,288 by 8 bits. 

The 32 pin Window Ceramic Frit-Seal Dual-in-Line 
and Leadless Chip Carrier packages have trans
parent lids which allow the user to expose the chip 
to ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow
ing the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27C4001 is offered in both Plastic Leaded Chip 
Carrier and Plastic Thin Small Outline packages. 

Table 1. Signal Names 

AO-A18 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 

-
G Output Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

October 1993 

32 

FDIP32W (F) 

PLCC32 (C) 

LCCC32W (L) 

TSOP32(N) 
Bx20mm 

Figure 1. Logic Diagram 

Vee Vpp 

19 8 

Q0-07 

M27C4001 

Vss 
VA007218 

1/9 
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M27C4001 

Figure 2A. DIP Pin Connections 

Vpp 1 \.J 32 Vee 
A16 2 31 A18 
A15 3 30 A17 
A12 4 29 A14 
A7 5 28 A13 
A6 6 27 A8 
A5 7 26 A9 
A4 8 25 A11 
A3 9 M27C4001 24 G 
A2 10 23 A10 
A1 11 22 E 
AD 12 21 07 
00 13 20 06 
01 14 19 05 
02 15 18 04 

Vss 16 17 03 
VA00722 

Figure 2C. TSOP Pin Connections 

M27C4001 
(Normal) 

VA01155 

Note: This is advance information on a new product now in 
development. Details are subject to change without notice. 

DEVICE OPERATION 

The modes of operations of the M27C4001 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for V PP and 12V on A9 
for Electronic Signature. 

Figure 28. LCC Pin Connections 

N "' lO "- u 0) " :;;: :;;: :;;: "- u ~ :;;: > > <( 

A7 A14 
A6 A13 

A5 AB 
A4 A9 

A11 
A2 G 

A1 A10 
AD E 

00 07 

N Ul I') .... "' <D 5 0 [/) 0 0 0 0 
> VA00723 

Read Mode 

The M27C4001 has two control functions, both of 
which must be logically active in _Qrder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen
dent of device selection. Assuming that the ad
dresses are stable, the address access time (tAvav) 
is equal to the delay from E to output (teLav). Data 
is available at the Q!Jtput after a deii!Y of tGLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 
Standby Mode 

The M27C4001 has a standby mode which re
duces the active current from 50mA to 1 OOJ..LA. The 
M27C4001 is placed in the stand_!?y mode by ap
plying a CMOS high signal to the E input. When in 
the standby mode, the outputs ~e in a high imped
ance state, independent of the G input. 
Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 
b. complete assurance that output bus contention 

will not occur. 
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M27C4001 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40to 125 oc 
TeJAS Temperature Under Bias -50 to 125 oc 
TsTG Storage Temperature -65to 150 oc 
v,o<21 Input or Output Voltages (except A9) -2to7 v 

Vee Supply Voltage -2to7 v 

VNJ (21 A9Voltage -2 to 13.5 v 

Vpp Program Supply Voltage -2 to 14 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those hsted 1n the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
cond1t1ons above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating condfiions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quahty documents. 

2. Minimum DC voltage on Input or Output is -0.5V wrth possible undershoot to -2.0V for a penod less than 20ns. Maximum DC 
voltage on Output IS Vee +0.5V with possible overshoot to Vee +2V for a period less than 20ns. 

Table 3. Operating Modes 
- -

Mode E G 

Read V1L V1L 

Output Disable V1L V1H 

Program V1L Pulse V1H 

Verify v,H V1L 

Program Inhibit v,H v,H 

Standby VJH X 

Electronic Signature VJL V1L 

Note: X= VIH or VIL, VIa= 12V ± 0.5V 

Table 4. Electronic Signature 

Identifier AO Q7 Q6 Q5 

Manufacturer's Code v,L 0 0 1 

Device Code V1H 0 1 0 

DEVICE OPERATION (cont'd} 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

A9 Vpp QO-Q7 

X Vee orVss Data Out 

X Vee orVss Hi-Z 

X Vpp Data In 

X Vpp Data Out 

X Vpp Hi-Z 

X Vee orVss Hi-Z 

V1o Vee Codes 

Q4 Q3 Q2 Q1 QO Hex Data 

0 0 0 0 0 20h 

0 0 0 0 1 41h 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg
ments that are of interest to the system designer : 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 

-------------I..V ~Ltt&gmfO!~~ -------------=3::...::./9 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

:>20ns 

0.4Vto2.4V 
0.8Vto2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

v=====v- 2.0V 

~0.8V 
VA00826 

Table 5. Capacitance <1> (T A= 25 ac, f = 1 MHz ) 

Symbol Parameter Test Condition 

C!N Input Capacitance ViN=OV 

Cour Output Capacitance Vour=OV 

Note: 1. Sampled only, not 1 00% tested. 

Figure 5. Read Mode AC Waveforms 

DEVICE 
UNDER 
TEST 

1.3V 

CL includes JIG capacitance 

Min Max 

6 

12 

tAXQX -+------14-

Hi-Z 

VA00724 

OUT 

VA00828 

Unit 

pF 

pF 
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Table 6. Read Mode DC Characteristics <1> 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV SV;N :>Vee ±10 

ILO Output Leakage Current OV s VoUT s Vee ±10 

Icc Supply Current E = VIL, G = VIL. 30 
louT = OmA, f = 5MHz 

lcct Supply Current (Standby) TTL E=VIH 1 

lcc2 Supply Current (Standby) CMOS E > Vcc-0.2V 100 

lpp Program Current Vpp =Vee 10 

VIL Input Low Voltage -Q.3 0.8 

V;H (2) Input High Voltage 2 Vee+ 1 

VoL Output Low Voltage loL=2.1mA 

VoH 
Output High Voltage TTL loH = -400JlA 2.4 

Output High Voltage CMOS loH = -100JlA Vcc-0.7V 

Notes: 1. Vee must be apphed simultaneously wilh or before v •• and removed simultaneously or after Vpp 
2. Maximum DC voltage on Output is Vee +0.5V. 

Table 7 A. Read Mode AC Characteristics <1> 
(TA = 0 to 70 °C or-40 to 85 °C; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C4001 
Symbol All Parameter Test Condition -80 -10 

Min Max Min Max 

IAvov lAce Address Valid to Output Valid E = VIL, G = VIL 80 100 

IE LOY IcE Chip Enable Low to Output Valid G=VIL 80 100 

IGLOV toE Output Enable Low to Output Valid E=VIL 40 50 

IEHOZ (2) I oF Chip Enable High to Output Hi-Z G=VIL 0 30 0 30 

IGHOZ (2) I oF Output Enable High to Output Hi-Z E=VIL 0 30 0 30 

Address Transition to - -
IAXOX loH Output Transition E = ViL, G = VIL 0 0 

Table 7B. Read Mode AC Characteristics <1> 
(TA = 0 to 70 °C or-40 to 85 °C; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C4001 

Symbol A It Parameter Test Condition -15 

Min Max Min 

lAVOY lAce Address Valid to Output Valid E = V1L, G = V1L 150 

IELOV IcE Chip Enable Low to Output Valid G=VIL 150 

IGLOV toE Output Enable Low to Output Valid E=VIL 60 

IEHOZ (2) I oF Chip Enable High to Output Hi-Z G=VIL 0 50 0 

IGHOZ (2) loF Output Enable High to Output Hi-Z E=VIL 0 50 0 

Address Transition to - -
IAXOX loH Output Transition E =VIL, G = V1L 0 0 

Notes: 1. Vee must be apphed simultaneously with or before Vpp and removed simultaneously or after VPP 
2. Sampled only. not1 00% tested. 

0.4 

-12 

Min Max 

120 

120 

60 

0 40 

0 40 

0 

-20 

Max 

200 

200 

70 

80 

80 

Unit 

JlA 

JlA 

mA 

mA 

JlA 

JlA 

v 
v 
v 
v 
v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unis 

ns 

ns 

ns 

ns 

ns 

ns 
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Table 8. Programming Mode DC Characteristics <1> 
(TA = 25 ac; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 0 ~ V1N ~Vee 

Icc Supply Current 

lpp Program Current E=ViL 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage TTL loH =-4001-lA 

V10 A9 Voltage 

Min 

-0.3 

2 

2.4 

11.5 

Note: 1. Vee must be applied Simultaneously w1th or before Vpp and removed simultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics <1> 
(TA = 25 ac; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol A It Parameter Test Condition Min 

tAVEL lAS Address Valid to Chip Enable Low 

IQVEL los Input Valid to Chip Enable Low 

tvPHEL tvps Vpp High to Chip Enable Low 

IVGHEL tvcs Vee High to Chip Enable Low 

tELEH tpw Chip Enable Program Pulse 
Width 

tEHOX toH 
Chip Enable High to Input 
Transition 

toxGL toES 
Input Transition to Output Enable 
Low 

tGLQV toE 
Output Enable Low to Output 
Valid 

tGHQZ toFP 
Output Enable High to Output 
Hi-Z 

tGHAX tAH 
Output Enable High to Address 
Transition 

Notes: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 

2 

2 

2 

2 

95 

2 

2 

0 

0 

Max Unit 

±10 llA 

50 mA 

50 mA 

0.8 v 
Vee+ 0.5 v 

0.4 v 
v 

12.5 v 

Max Unit 

IJ.S 

IJ.S 

IJ.S 

!lS 

105 !lS 

IJ.S 

!lS 

100 ns 

130 ns 

ns 
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Figure 6. Programming and Verify Modes AC Waveforms 

AO-A18 

QO-Q7 

Vpp 

Vee 

E 

G 

-PROGRAM ----1.;.--- VERIFY-. , 

DEVICE OPERATION (cont'd) 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac
itors. It is recommended that a 0.1 ).lF ceramic 
capacitor be used on every device between ~cc 
and Vss. This should be a high frequency capac1tor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7)1F bulk electrolytic capacitor should be used 
between Vee and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point.The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 

' 
VA00725 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C4001 are in the "1" 
state. Data is introduced by selectively program
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way I? 
change a "0" to a "1" is by die exposition to ultravi
olet light (UV EPROM). The M27C4001 is in the 
prog.r..amming mode when Vpp input is at 12.75y, 
and E is at TTL-low. The data to be programmed 1s 
applied 8 bits in parallel to the data outpu~ pins. The 
levels required for the address and data 1nputs are 
TTL. Vee is specified to be 6.25V ± 0.25V. 

_____________ ~ ~~~m~~~~ ___________ __;7..;...:./9 
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M27C4001 

Figure 7. Programming Flowchart 

Vee = 6.25V, Vpp = 12.5V 

Vee = SV, Vpp = SV 

Check all Bytes 

PRESTO II Programming Algorithm 

VA00726 

PRESTO II Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin, in a typical time of less than 52 seconds. 
Programming with PRESTO II consists of applying 
a sequence of 1 OOJlS program pulses to each byte 
until a correct verify occurs. During programming 
and verify operation, a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 
overprogram pulse is applied since the verify in 
MARGIN MODE provides the necessary margin to 
each programmed cell. 

Program Inhibit 

Programming of multiple M27C4001s in parallel 
with differel}! data is also easily accoQ])Iished. 
Except for E, all like inputs including G of the 
parallel M27C4001 may be common..:...A TTL low 
level pulse applied to a M27C4001 's E input, with 
Vpp at 12. 75V, will program that M27C4001. A high 
level E input inhibits the other M27C4001 s from 
being programmed. 

Program Verify 

A verify (read) should be performed on the pro
grammed bits to determine that they were corr~tly 
prog@mmed. The verify is accomplished with G at 
V1L, Eat V1H, Vpp at 12.75V and Vee at 6.25V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. this mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
temperature range that is required when program
ming the M27C4001. To activate this mode, the 
programming equipment must force 11.5Vto 12.5V 
on address line A9 of the M27C4001 with 
Vpp=Vec=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from V1L to V1H. All other address 
lines must be held at V1L during Electronic Signa
ture mode. Byte 0 (AO=ViL) represents the manu
facturer code and byte 1 (AO=ViH) the device 
identifier code. For the SGS-THOMSON 
M27C4001, these two identifier bytes are given in 
Table 4 and can be read-out on outputs QO to Q7. 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27C4001 are 
such that erasure begins when the cells are ex
posed to light with wavelengths shorter than ap
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave
lengths in the 3000-4000 A range. Data shows that 
constant exposure to room level fluorescent light
ing could erase a typical M27C4001 in about 3 
years, while it would take approximately 1 week to 
cause erasure when exposed to direct sunlight. If 
the M27C4001 is to be exposed to these types of 
lighting conditions for extended periods of time, it 
is suggested that opaque labels be put over the 
M27C4001 window to prevent unintentional era
sure. The recommended erasure procedure for the 
M27C4001 is exposure to short wave ultraviolet 
light which has wavelength of 2537 A. The inte
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm2• 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 JlW/cm2 power rating. The M27C4001 
should be placed within 2.5 em (1 inch} of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 
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ORDERING INFORMATION SCHEME 

Example: M27C4001 -80 X F 1 X 

Speed Package Option 

-80 SOns X ±5% F FDIP32W X Additional 

-10 100 ns blank ±10% c PLCC32 6 -40to85°C 
Bum-in 

-12 120 ns L LCCC32W 
TR Tape & Reel 

Packing 
-15 150 ns N TSOP32 

-20 200 ns 
8x20mm 

For a list of available options {Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

-------------~ ~5tm~~~J~--------------'9"-'-'9 
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M27V401 
LOW VOLTAGE CMOS 

4 Megabit (512K x 8) UV EPROM and OTP ROM 

• LOW VOLTAGE READ OPERATION 
- Vee Range: 3V to 5.5V (TA = 0 to 70°C) 
- Vee Range: 3.2V to 5.5V (T A= -40 to 85°C) 

• ACCESS TIME: 200 and 250ns 
• LOW POWER "CMOS" CONSUMPTION: 

- Active Current 15mA 
- Standby Current 2011A 

• SMALL PACKAGES for SURFACE MOUNT
ING: 
- Ceramic: LCCC32W, ultra-thin 2.8mm (max) 

height 
- Plastic: PLCC32 and TSOP32 

• PROGRAMMING VOLTAGE: 12.75V 
• PROGRAMMING TIMES of AROUND 48sec. 

(PRESTO II ALGORITHM) 

• M27V401 is PROGRAMMABLE as M27C4001 
with IDENTICAL SIGNATURE 

DESCRIPTION 

The M27V401 is a low voltage, low power 4 Mega
bit electrically programmable memory (EPROM), 
ideally suited for handheld and portable micropro
cessor systems requiring large programs. It is or
ganized as 524,288 by 8 bits. 

The M27V401 operates in the read mode with a 
supply voltage as low as 3V (3.2V between -40 to 
85°C). The decrease in operating power allows 
either a reduction of the size of the battery or an 
increase in the time between battery recharges. 

Table 1. Signal Names 

AO-A18 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 

-
G Output Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

October 1993 

PLCC32 (K) 

0 
LCCC32W (L) 

TSOP32 (N) 
8 x 20mm 

Figure 1. Logic Diagram 

Vee Vpp 

Vss 
VA00695B 

1/9 
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Figure 2A. LCC Pin Connections 

N tlJ <0 o.ucor--a.. () ..-- ..--
3..3.3.~~;:,;:, 

A7 [ 
CD 32 

A14 

A6 [ A13 

A5 [ AB 

A4[ A9 

A3 ( 9 M27V401 25 A11 

A2 [ G 
A1 [ A10 

AD [ E 
QO [ Q7 

17 
~~~~~~~ 

- N Ill "' .... tlJ "' 0 0 Ill 0 0 0 0 
> VA00696 

Table 2. Absolute Maximum Ratings (t) 

Symbol Parameter 

TA Ambient Operating Temperature 

Te1As Temperature Under Bias 

TsrG Storage Temperature 

V1o 12> Input or Output Voltages (except A9) 

Vee Supply Voltage 

VAg (2) A9Voltage 

Vpp Program Supply Voltage 

Figure 28. TSOP Pin Connections 

16 

M27V401 
(Normal) 

VA01156 

Note: This is advance information on a new product now in 
development. Details are subject to change Without notice. 

Value Unit 

-40 to 125 oc 
-50 to 125 oc 
-£5 to 150 oc 
-2to7 v 
-2to7 v 
-2 to 13.5 v 
-2 to 14 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratmgs' 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
condilions above those indicated in the Operating sections of this specff1cation is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant qual~y documents. 

2. Minimum DC voltage on Input or Output is -0.5V with possible undershoot to -2.0V for a period less than 20ns. Maximum DC 
voltage on Output IS Vee +0.5V wrth possible overshoot to Vee +2V for a period less than 20ns. 

DESCRIPTION (cont'd) 

The M27V401 can also be operated as a standard 
4 Megabit EPROM (similar to M27C4001) with a 
5V power supply . 
The 32 pin Window, Lead less Chip Carrier package 
has a transparent lid which allows the user to 

expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written to the 
device by following the programming procedure. 
For applications where the content is programmed 
only one time and erasure is not required, the 
M27V401 is offered in both Plastic Leaded Chip 
Carrier and Plastic thin Small Outline packages. 

=21.::..9 ___________ ~ ~~@lHgm~9/l-------------
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DEVICE OPERATION 

The modes of operation of the M27V401 are listed 
in the Operating Modes table. A single power 
supply is required in the read mode. All inputs are 
TIL levels except for Vpp and 12V on A9 for Elec
tronic Signature. 

Read Mode 

The M27V401 has two control functions, both of 
which must be logically active in Q_rder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen
dent of device selection. Assuming that the ad
dresses are stable, the adQ[ess access time (tAvav) 
is equal to the delay from E to output (tELav). Data 
is available at the Q!Jtput after a del~ of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27V401 has a standby mode which reduces 
the active current from 15mA to 20)lA with low 
voltage operation Vee :s; 3.2V (30mA to 1 OO)lA with 
a supply of 5.5V), see Read Mode DC Character
istics Table for details. The M27V401 is placed in 
the staQ9by mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
output§_ are in a high impedance state, independent 
of the G input. 

Table 3. Operating Modes 

Mode E G 

Read VIL VIL 

Output Disable V1L V1H 

Program V1L Pulse V1H 

Verify VIH VIL 

Program Inhibit VIH V1H 

Standby V1H X 

Electronic Signature V1L VIL 

Note: X = v,H or VIL, v,o = 12V ± o.sv 

Table 4. Electronic Signature 

Identifier AO Q7 Q6 as 
Manufacturer's Code V1L 0 0 1 

Device Code VIH 0 1 0 

M27V401 

Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks tQ_at are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 

A9 Vpp QO-Q7 

X VccorVss Data Out 

X VccorVss Hi-Z 

X Vpp Data In 

X Vpp Data Out 

X Vpp Hi-Z 

X Vee orVss Hi-Z 

VID Vee Codes 

Q4 Q3 Q2 Q1 QO Hex Data 

0 0 0 0 0 20h 

0 0 0 0 1 41h 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times :::; 20ns 

Input Pulse Voltages 0.4 to 2.4V 

Input and Output Timing Ref. Voltages 0.8 to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

~2.0V 

~O.SV 
VA00826 

Figure 4. AC Testing Load Circuit 

1.3V 

1N914 

DEVICE 
UNDER 
TEST T CL=100pF 

CL includes JIG capacitance 

OUT 

VA00828 

Table 5. Capacitance (1l (T A= 25 oc. f = 1 MHz ) 

Symbol Parameter Test Condition Min 

GiN Input Capacitance VIN =OV 

GouT Output Capacitance VouT=OV 

Note: 1. Sampled only, not 100% tested. 

Table 6. Read Mode DC Characteristics (1) 
(TA = 0 to 70 oc; Vee= 3V to 5.5V unless specified; Vpp =Vee) 
(TA = -40 to 85 oc; Vee= 3.2V to 5.5V unless specified; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV $ V1N $Vee 

ILO Output Leakage Current OV :> Vour :>Vee 

E = v,L, G = v,L, lour = OmA, 

Icc Supply Current 
f = 5MHz, Vee:::; 3.2V 

E = v,L, G = v,L, louT= OmA, 
f = 5MHz, Vee = 5.5V 

Supply Current (Standby) -
lcc1 TTL E=VIH 

lcc2 
Supply Current (Standby) E >Vee- 0.2V, Vee:::; 3.2V 
CMOS 

E >Vee- 0.2V, Vee= 5.5V 

lpp Program Current Vpp =Vee 

V1L Input Low Voltage -0.3 

v,H 12l Input High Voltage 2 

VoL Output Low Voltage loL = 2.1mA 

VoH 
Output High Voltage TTL loH =-400~A 2.4 

Output High Voltage CMOS loH=-100~A Vcc-O.?V 

Notes: 1. Vee must be applied simultaneously with or before Vee and removed simultaneously or after Vee. 
2. Maximum DC voltage on Output is Vee +0.5V. 

Max Unit 

6 pF 

12 pF 

Max Unit 

±10 ~A 

±10 ~A 

15 mA 

30 mA 

1 mA 

20 ~A 

100 ~A 

10 ~A 

0.8 v 

Vee+ 1 v 

0.4 v 

v 

v 

~4/~9--------·------------------ ~ ~~~@~~~i~~~ -----------------------------
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Table 7. Read Mode AC Characteristics <1> 
(TA = 0 to 70 oc; Vee= 3V to 5.5V unless specified; Vpp =Vee) 
(T A= -40 to 85 oc; Vee= 3.2V to 5.5V unless specified; Vpp = Vee) 

M27V401 

Symbol All Parameter Test Condition -200 

Min Max 

IAVQV lAce Address Valid to Output Valid E = VIL, G = VIL 200 
-

IELQV IcE Chip Enable Low to Output Valid G=VIL 200 

IGLOV loE Output Enable Low to Output Valid E =ViL 130 

IEHOZ (2) I oF Chip Enable High to Output Hi-Z G=ViL 0 80 

IGHQZ (2) loF Output Enable High to Output Hi-Z E=VIL 0 80 

Address Transition to - -
lAx ax loH Output Transition E = V1L, G = V1L 0 

Notes: 1. Vee must be applied Simultaneously with or before Vee and removed Simultaneously or afler Vee. 

2. Sampled only, not 100% tested .. 

Figure 5. Read Mode AC Waveforms 

Min 

0 

0 

0 

-250 

Max 

250 

250 

150 

80 

80 

AO-A18 ~------------V_A_LI_D ____________ ~1~---------
f.--- tA VQ V ___.! tAX OX -+-----!+-

E 

G 

Hi-Z 
00-07 

VA00724 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

t=:: SGS·lHOMSON 5/9 --------------- ._...,1 r:::lu©m©~<~rn©1ill\l©1li0©11 _____________ __;;_'"" 
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Table 8. Programming Mode DC Characteristics <1> 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current VtL s; VtN s; VtH 

Icc Supply Current 

lpp Program Current E=VtL 

VtL Input Low Voltage 

Min Max 

±10 

50 

50 

-{),3 0.8 

VtH Input High Voltage 2 Vcc+0.5 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage TTL loH =-400J.1A 2.4 

Vto A9Voltage 11.5 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics <1> 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol A It Parameter Test Condition 

lAVPL lAs Address Valid to Program Low 

laVPL los Input Valid to Program Low 

lvPHPL lvps Vpp High to Program Low 

IVCHPL tvcs Vee High to Program Low 

IELPL lCES Chip Enable Low to 
Program Low 

lPLPH lpw Program Pulse Width 

lpHQX loH Program High to Input 
Transition 

toxGL loES 
Input Transition to Output 
Enable Low 

lGLQV toE 
Output Enable Low to 
Output Valid 

lGHQZ (2) lDFP Output Enable High to 
Output Hi-Z 

lGHAX tAH Output Enable High to 
Address Transition 

Min 

2 

2 

2 

2 

2 

95 

2 

2 

0 

0 

Notes: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after VPP. 
2. Sampled only, not 100% tested .. 

0.4 

12.5 

Max 

105 

100 

130 

Unit 

J,!A 

mA 

mA 

v 
v 
v 
v 
v 

Unit 

JlS 

JlS 

JlS 

JlS 

JlS 

J.IS 

J.IS 

JlS 

ns 

ns 

ns 
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Figure 6. Programming and Verify Modes AC Waveforms 

AO-A18 VALID I\__ 
tAVEL -+j 

Q0-07 DATA IN 
1\ 

DATA OUT 

tQVEL--. tEHQX 

Vpp -tGLQV ;4-

tVPHEL - tGHQZ 

Vee --' ' ' ' - tVeHEL ~ tGHAX 

E \..__/ 
,_ 

tQXGL 1--tELEH 1-
-
G ' 1\ I 

~----PROGRAM------~~--- VERIFY-, 

DEVICE OPERATION (cont'd) 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
?ontrol a~d by properly selected decoupling capac
Itors. It 1s recommended that a 0.1 J.!F ceramic 
capacitor be used on every device between Vee 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7J.!F bulk electrolytic capacitor should be used 
between Vee and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 

Programming 

The M27V401 has been designed to be fully com
patible with the M27C4001. As a result the 

VA00725 

M27V401 can be programmed as the M27C4001 
on the same programmers applying 12.75V on Vpp 
and 6.25V on Vee. The M27V401 has the same 
electronic signature and uses the same PRESTO 
II algorithm . 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27V401 are in the "1" 
state. Data is introduced by selectively program
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposure to ultraviolet 
light (UV EPROM). The M27V401 is in the pro
gramrl}jng mode when Vpp input is at 12.75V, and 
!=and~ are at.TT.L-Iow. The data to be programmed 
1s applied 8 bit~ 1n parallel to the data output pins. 
The levels requ1red for the address and data inputs 
are TTL. Vee is specified to be 6.25V ± 0.25V. 

--------------------------~ ~~;;m~~~~~ ------------------------7~/9 



M27V401 

Figure 7. Programming Flowchart 

Vee 6.25V, Vpp = 12.5V 

Vee = SV, Vpp = SV 

Check all Bytes 

PRESTO II Programming Algorithm 

VA00726 

PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 52 seconds. Programming with 
PRESTO II involves in applying a sequence of 
1 0011s program pulses to each byte until a correct 
verify occurs. During programming and verify oper
ation, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro
grammed cell. 

Program Inhibit 

Programming of mulliple M27V401 sin parallel with 
diffeJ:.ent data is also easily accof!!Piished. Except 
for E, all like inputs including G of the parallel 
M27V401 may be comm_9n. A TTL IQ_w level pulse 
applied to a M27V401 's E input, with Plow and Vpp 
~t 12.75V, will program that M27V401. A high level 
E input inhibits the other M27V401s from being 
programmed. 

Program Verify 

A verify (read) should be performed on the pro
grammed bits to determine that they were corr~tly 
pro9!_ammed. The verify is accomplished with Gat 
VIL, Eat V1H, Vpp at 12.75V and Vee at 6.25V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ± 5°C ambient 
temperature range that is required when program
ming the M27V401. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27V401, with Vpp =Vee 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from V1L to Vi H. All other address lines must be held 
at V1L during Electronic Signature mode. 

Byte 0 (AO=ViL) represents the manufacturer code 
and byte 1 (AO=VIH) the device identifier code. For 
the SGS-THOMSON M27V401, these two identi
fier bytes are given in Table 4 and can be read-out 
on outputs QO to 07. Note that the M27V401 and 
M27C4001 have the same identifier bytes . 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27V401 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27V401 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27V401 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27V401 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27V401 is exposure to 
short wave ultraviolet light which has a wavelength 
of 2537A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm2. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi
olet lamp with 12000 uW/cm2 power rating. The 
M27V401 should be placed within 2.5 em (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re
moved before erasure. 

8/9 ~ SGS-1HOMSON ;:::..:: _____________ .._""!/ lll'~ffil©rn~rn~©~JU©(\' --------------
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ORDERING INFORMATION SCHEME 

Example: M27V401 -200 K 6 TR 

~· 
Speed Package I t...:..:::..:.:.!:.=:.=.:..::...:..:.:~.:...J L __ O=.p!::t:::io::.n:___ _ __J 

-200 200 ns K PLCC32 TR Tape & Reel 

-250 250 ns L LCCC32W -40 to 85 oc Packing 

N TSOP32 
8 x 20mm 

For a list of available options (Speed, Package, Temperature Range, etc ... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

-------------~ ~i©m~~~~ ___________ _____,9=/9 





M27C4002 

CMOS 4 Megabit (256K x 16) UV EPROM and OTP ROM 

" VERY FAST ACCESS TIME: SOns 
• COMPATIBLE with HIGH SPEED MICROPRO

CESSORS, ZERO WAIT STATE 

• LOW POWER "CMOS" CONSUMPTION: 
- Active Current SOmA at 5MHz 

- Standby Current 1 OO).lA 
• PROGRAMMING VOLTAGE: 12.75V 

• ELECTRONIC SIGNATURE for AUTOMATED 
PROGRAMMING 

• PROGRAMMING TIMES of AROUND 24sec. 
(PRESTO II ALGORITHM) 

DESCRIPTION 

The M27C4002 is a high speed 4 Megabit UV 
erasable and programmable memory (EPROM) 
ideally suited for microprocessor systems requiring 
large programs. It is organised as 262,144 by 16 
bits. 

The Window Ceramic Frit-Seal Dual-in-Line and 
J-Lead Chip Carrier packages have transparent 
lids which allow the user to expose the chip to 
ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow
ing the programming procedure. 

For applications where the content is programmed 
only one time and erasure is not required, the 
M27C4002 is offered in Plastic Leaded Chip Carrier 
package. 

Table 1. Signal Names 

AO -A17 Address Inputs 

QO- Q15 Data Outputs 

E Chip Enable 

-
G Output Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

October 1993 

JLCC44W (J) 

40 

FDIP40W (F) 

Figure 1. Logic Diagram 

Vee Vpp 

I I 
18 16 

AO-A17 Q0-015 

M27e4002 

VA007278 

1/8 
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Figure 2A. DIP Pin Connections Figure 28. LCC Pin Connections 

Vpp [ 1 
-.:::7 

40 P Vee 

E [ 2 39 PA17 
015 [ 3 38 b A16 

- 014 4 37 b A15 

n ... "' <L ()" <D "' ... 
a a a~.>J 

o..u u~ :;: :;: :;: > z > "" 
013 5 36 A14 

012 6 35 p A13 

011 7 34 P A12 

012 A13 
011 A12 

010 [ 8 33 All 010 A11 
09 [ 9 32 p A10 

08 10 31 b A9 

V5s 
M27C4002 P Vss 11 30 

07 12 29 AS 

06 13 28 b A7 

09 A10 
08 A9 

Vss Vss 
NC NC 

05 14 27 p A6 

Q4 15 26 h AS 

07 AS 

06 A7 
03 16 25 A4 05 A6 
02 17 24 A3 04 AS 
01 18 23 p A2 

00 19 22 AI 

G 20 21 AO 

n N a 0 le> ~ 0 :;: N n ... 
0 0 0 "" "" "" "" 

VA00728 
VA00729 

Warning: NC = No Connection. 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oc 
Ts1As Temperature Under Bias -50 to 125 oc 
TsTG Storage Temperature -65 to 150 oc 
v,o (2) Input or Output Voltages (except A9) -2to7 v 

Vee Supply Voltage -2 to 7 v 

VAs (Z) AS Voltage -2to 13.5 v 

Vpp Program Supply Voltage -2to 14 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the dev1ce at these or any other 
conditions above those 1nd1cated in the Operating sect1ons of this speCification is not implied. Exposure to Absolute Max1mum 
Rating conditions for extended penods may affect device reliability. Refer also to the SGS·THOMSON SURE Program and other 
relevant quality documents. 

2. Minimum DC voltage on Input or Output is -Q.SV with possible undershoot to -2.0V for a period less than 20ns. Maximum DC 
voltage on Output is Vee +O.SV with possible overshoot to Vee +2V for a period less than 20ns. 

DEVICE OPERATION 

The modes of operations of the M27C4002 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on A9 
for Electronic Signature. 

Read Mode 

The M27C4002 has two control functions, both of 
which must be logically active in Q.rder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 

Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen
dent of device selection. Assuming that the ad
dresses are stable, the adQ[ess access time (tAvov) 
is equal to the delay from E to output (tELov). Data 
is available at the Q!Jtput after a del~ of tGLOV from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27C4002 has a standby mode which re
duces the active current from SOmA to 1 OO)lA. The 

:::.218~---------- ~ SGS·lliOMSON li."!l lll:G©lil@[ilJl!©iimlill11iO~ ----------------
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DEVICE OPERATION (cont'd) 

M27C4002 is placed in the stan@y mode by ap
plying a CMOS high signal to the E input. When in 
the standby mode, the outputs l!!:_e in a high imped
ance state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

For the most efficient use of these two control lines, 
E should be decoded and us~ as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 

Table 3. Operating Modes 

Mode E G 

Read VIL V1L 

Output Disable VIL VIH 

Program V1L Pulse V1H 

Verify V1H V1L 

Program Inhibit V1H VIH 

Standby VIH X 

Electronic Signature V1L V1L 

Note: X = v,H or v,L, VID = 12V ± 0.5V 

Table 4. Electronic Signature 

Identifier AO Q7 as 05 

Manufacturer's Code VIL 0 0 1 

Device Code VIH 0 1 0 

M27C4002 

the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
output capacitive and inductive loading of the de
vice. 

The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac
itors. It is recommended that a 0.1JlF ceramic 
capacitor be used on every device between Vee 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7JlF bulk electrolytic capacitor should be used 
between Vee and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point.The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M27C4002 are in the "1" 
state. Data is introduced by selectively program
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by die exposure to ultraviolet 
light (UV EPROM). The M27C4002 is in the pro
g_ramming mode when Vpp input is at 12.75V, and 
E is at TTL-low. The data to be programmed is 
applied 16 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vee is specified to be 6.25V ± 0.25V. 

A9 Vpp QO- 015 

X Vee orVss Data Out 

X Vee or Vss Hi-Z 

X Vpp Data In 

X Vpp Data Out 

X Vpp Hi-Z 

X Vee or Vss Hi-Z 

V1D Vee Codes 

04 Q3 02 01 QO Hex Data 

0 0 0 0 0 20h 

0 0 1 0 0 44h 

----------------------------- ~~~~~~~~~--------------------------3~ffl 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 

Input Rise and Fall T1mes 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

.; 20ns 

0.4V to 2.4V 

0.8Vto2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.4V 

--v=====v 2.0V 

~0.8V 
VA00826 

Table 5. Capacitance <1> (TA = 25 oc. f = 1 MHz) 

Symbol Parameter Test Condition 

CIN Input Capacitance V1N =DV 

GouT Output Capacitance VouT=DV 

Note: 1. Sampled only, not 1 00% tested. 

Figure 5. Read Mode AC Waveforms 

AO-A17 

00-015 

DEVICE 
UNDER 
TEST 

1.3V 

CL includes JIG capacitance 

Min Max 

6 

12 

tAXOX -t--~-

Hi-Z 

VA00731 

OUT 

VA00828 

Unit 

pF 

pF 
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Table 6. Read Mode DC Characteristics <1l 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV~VIN ~Vee ±10 

lw Output Leakage Current OV ~ VoUT ~Vee ±10 

E = V1L, G = V1L, 70 
Icc Supply Current 

lour = OmA, f = 1OM Hz 

E = V1L, G = v1L. 50 
loUT = OmA, f = 5MHz 

lcct Supply Current (Standby) TTL E=VIH 1 

lcc2 Supply Current (Standby) CMOS E>Vcc-0.2V 100 

lpp Program Current Vpp=Vcc 10 

V1L Input Low Voltage -0.3 0.8 

VIH (2) Input High Voltage 2 Vee+ 1 

VoL Output Low Voltage loL=2.1mA 

VoH 
Output High Voltage TTL loH = -400J!A 2.4 

Output High Voltage CMOS loH = -1 OOJ!A Vcc-0.7V 

Notes: 1. Vee must be applied Simultaneously With or before VPP and removed simultaneously or after Vpp 
2. Maximum DC voltage on Output is Vee +0 5V. 

Table 7A. Read Mode AC Characteristics <1l 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C4002 
Symbol A It Parameter Test Condition -80 -10 

Min Max Min Max 

IAVQV lAce Address Valid to Output Valid E = V,L, G = V1L 80 100 

IELQV IcE Chip Enable Low to Output Valid G =VIL 80 100 

tGLQV toE Output Enable Low to Output Valid E=VIL 40 50 

tEHQZ (2) toF CtJip Enable High to Output Hi-Z G =VJL 0 30 0 30 

IGHQZ (2) I oF Output Enable High to Output Hi-Z E=VIL 0 30 0 30 

Address Transition to - -
IAXQX loH Output Transition E = VJL, G = VJL 0 0 

Table 78. Read Mode AC Characteristics <1> 
(TA = 0 to 70 °C or-40 to 85 °C; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C4002 
Symbol All Parameter Test Condition -15 

Min Max Min 

IAVQV lAce Address Valid to Output Valid E = VIL, G = VIL 150 

tELQV IcE Chip Enable Low to Output Valid G=VIL 150 

tGLQV toE Output Enable Low to Output Valid E=VJL 60 

tEHQZ (2) toF Chip Enable High to Output Hi-Z G=VIL 0 50 0 

tGHOZ (2) toF Output Enable High to Output Hi-Z E=VIL 0 50 0 

IAXQX loH 
Address Transition to E = VIL, G = VIL 0 0 
Output Transition 

Notes: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp 

2. Sampled only, not 100% tested. 

0.4 

-12 

Min Max 

120 

120 

60 

0 40 

0 40 

0 

-20 

Max 

200 

200 

70 

80 

80 

Unit 

J!A 

J!A 

mA 

mA 

mA 

J!A 

J!A 

v 

v 

v 

v 

v 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 
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Table 8. Programming Mode DC Characteristics <1> 
(T A = 25 °C; Vee= 6.25V ± 0.25V; Vpp = 12. 75V ± 0.25V) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OSViNSVcc 

Icc Supply Current 

lpp Program Current E=VIL 

V1L Input Low Voltage --{).3 

V1H Input High Voltage 2 

VoL Output Low Voltage loL=2.1mA 

VoH Output High Voltage TTL loH=-400f!A 2.4 

V1o A9Voltage 11.5 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics <1> 
(T A = 25 oc; Vee = 6.25V ± 0.25V; Vpp = 12. 75V ± 0.25V) 

Symbol A It Parameter Test Condition Min 

lA VEL lAs Address Valid to Chip Enable Low 

loVEL los Input Valid to Chip Enable Low 

tvPHEL lvps Vpp High to Chip Enable Low 

tvcHEL tves Vee High to Chip Enable Low 

tELEH tpw Chip Enable Program Pulse 
Width 

IEHOX toH 
Chip Enable High to Input 
Transition 

loXGL loES Input Transition to Output Enable 
Low 

tGLOV loE 
Output Enable Low to Output 
Valid 

tGHOZ IDFP 
Output Enable High to Output 
Hi-Z 

IGHAX IAH 
Output Enable High to Address 
Transition 

Notes: 1. Vee must be applied simultaneously with or before VPP and removed simultaneously or after Vpp. 
2. Sampled only, not 1 00% tested . 

2 

2 

2 

2 

95 

2 

2 

0 

0 

Max Unit 

±10 J.LA 

50 rnA 

50 rnA 

0.8 v 
Vcc+0.5 v 

0.4 v 
v 

12.5 v 

Max Unit 

f!S 

f!S 

f!S 

f!S 

105 f!S 

f!S 

f!S 

100 ns 

130 ns 

ns 
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Figure 6. Programming and Verify Modes AC Waveforms 

~ 

AO-A17 VALID -
tAVEL+j 

Q0-015 DATA IN DATA OUT 

tQVEL-+ tEHQX 

Vpp -tGLQV I-
tVPHEL 1- tGHQZ 

Vee __} - tVCHEL 1- tGHAX 

E 
~ 

,_ 
tQXGL --tELEH -

G 

- PROGRAM -------1.;+--- VERIFY ~ 
' ' 

Figure 7. Programming Flowchart 

Vee = 6.25V, Vpp = 12.5V 

Vee = 5V, Vpp = 5V 

Check all Bytes 
VA00726 

VA00730 

PRESTO II Programming Algorithm 
PRESTO II Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin, in a typical time of less than 24 seconds. 
Programming with PRESTO II consists of applying 
a sequence of 1 OOJ.ls program pulses to each byte 
until a correct verify occurs. During programming 
and verify operation, a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 
overprogram pulse is applied since the verify in 
MARGIN MODE provides necessary margin to 
each programmed cell. 

Program Inhibit 
Programming of multiple M27C4002s in parallel 
with differel}! data is also easily accoi!!IJiished. 
Except for E, all like inputs including G of the 
parallel M27C4002 may be common. A TIL low 
level pulse applied to a M27C4002's E input, with 
Vpp at 12.75V, will program that M27C4002. A high 
level E input inhibits the other M27C4002s from 
being programmed. 

Program Verify 
A verify {read) should be performed on the pro
grammed bits to determine that they were corr~tly 
pro9..1:.ammed. The verify is accomplished with Gat 
V!L, Eat V1H, Vpp at 12.75V and Vee at 6.25V. 
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Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ±soc ambient 
temperature range that is required when program
ming the M27C4002. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C4002 with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from V1L to V1H. All other address 
lines must be held at V1L during Electronic Signa
ture mode. Byte 0 (AO=ViL) represents the manu
facturer code and byte 1 (AO=ViH) the device 
identifier code. For the SGS-THOMSON 
M27C4002, these two identifier bytes are given in 
Table 4 and can be read-out on outputs QO to 07. 

ORDERING INFORMATION SCHEME 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristics of the M27C4002 are 
such that erasure begins when the cells are ex
posed to light with wavelengths shorter than ap
proximately 4000 A. It should be noted that 
sunlight and some type of fluorescent lamps have 
wavelengths in the 3000-4000 A range. Research 
shows that constant exposure to room level fluo
rescent lighting could erase a typical M27C4002 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C4002 is to be exposed to 
these types of lighting conditions for extended pe
riods of time, it is suggested that opaque labels be 
put over the M27C4002 window to prevent uninten
tional erasure. The recommended erasure proce
dure for the M27C4002 is exposure to short wave 
ultraviolet light which has wavelength 2537 A. The 
integrated dose (i.e. UV intensity x exposure time) 
for erasure should be a minimum of 15 W-sec/cm2. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 11W/cm2 power rating. The M27C4002 
should be placed within 2.5cm (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 

Example: M27C4002 · 1 0 X F 1 X 

Speed Package Option 

-80 80 ns X ±5% F FDIP40W X Additional 

·10 100 ns blank ±10% c PLCC44 
Burn-in 

-12 120 ns J JLCC44W 
TR Tape & Reel 

Packing 
-15 150 ns 

-20 200 ns 

For a list of available options (Speed, Vee Tolerance, Package etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

~8/~8 __________________________ ~~i~@~~~~9©~ -----------------------------
178 



M27C160 

CMOS 16 Megabit (2M x 8 or 1 M x 16) UV EPROM 

• FAST ACCESS TIME: 150ns 
• WORD-WIDE or BYTE-WIDE CONFIGURABLE 

• 16 Megabit, 42 Pin, MASK ROM COMPATIBLE 

• LOW POWER CONSUMPTION 
- Active Current 70mA at BMHz 

- Standby Current 1 0011A 

• PROGRAMMING VOLTAGE 12.5V ± 0.3V 
• PROGRAMMING TIME of AROUND 10sec. 

(PRESTO Ill ALGORITHM) 

DESCRIPTION 

The M27C160 is a 16 Megabit UV erasable and 
programmable memory (EPROM) ideally suited for 
microprocessor systems requiring large data or 
program storage. It is organised as either 2M words 
of 8 bit or 1M words of 16 bit. The pin-out is 
compatible with a 16 Megabit Mask ROM. 

The 42 pin Window Ceramic Frit-Seal package has 
a transparent lid which allows the user to expose 
the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written rapidly to the 
device by following the programming procedure. 

Table 1. Signal Names 

AO -A19 Address Inputs 

00-07 Data Outputs 

08-014 Data Outputs 

Q15A-1 Data Output I Address Input 

E Chip Enable 

-
G Output Enable 

BYTEVpp Byte Mode I Program Supply 

Vee Supply Voltage 

Vss Ground 

October 1993 

ADVANCE DATA 

42 

FDIP42W (F) 

Figure 1. Logic Diagram 

Vee 

Q15A-1 
20 

AO-A19 Q0-014 

M27e160 
BYTEVpp 

E 

G 

Vss 
VA007398 

119 

This is advance rnformation on a new procfuct now m development or underg01ng evaluation. Details are subject to change wrthout notrce. 
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Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature -40 to 125 oc 

Ts1As Temperature Under Bias -50 to 125 oc 

Tsm Storage Temperature -65 to 150 oc 

v,o '21 Input or Output Voltages (except A9) -2 to 7 v 

Vee Supply Voltage -2to7 v 

VAg (2) A9 Voltage -2 to 13.5 v 

Vpp Program Supply Voltage -2 to 14 v 
Notes: 1. Except for the rat1ng "Operat1ng Temperature Range", stresses above those listed in the Table "Absolute Max1mum Ratings" 

may cause permanent damage to the devrce. These are stress ratrngs only and operatron of the device at these or any other 
condrhons above those rndicated rn the Operating sectrons of thrs specrfrcatron rs not imphed Exposure to Absolute Maxrmum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents 

2. Minimum DC voltage on Input or Output is -O.SV with possible undershoot to -2 OV for a period less than 20ns. Maximum DC 
voltage on Output 1s Vee +O.SV w1th possible overshoot to Vee +2V for a penod less than 20ns. 

Figure 2. DIP Pin Connections 

A1B 

A17 2 

A7 3 

A6 4 

A5 5 

A4 6 

A3 7 

A2 

Al 

AO 

E 

Vss 

G 13 

00 14 

08 15 

01 16 

09 17 

02 lB 

010 19 

03 20 

011 21 

DEVICE OPERATION 

VA00740 

A19 

A8 

A9 

A10 

A11 

A12 

A13 

A14 

A15 

A16 

BYTEVpp 

Vss 

015A-1 

07 

014 

06 

013 

05 

012 

Q4 

Vee 

The operating modes of the M27C160 are listed in 
the Operating Modes Table. A single 5V supply is 
required in the read mode. All inputs are TTL com
patible except for Vpp and 12V on A9 for the 
Electronic Signature. 

Read Mode 

The M27C160 has two organisations, Word-wide 
and Byte-wide. The organisation is selected by the 
signal level on the BYTEVpp pin. When BYTEVpp 
is at V1H the Word-wide organisation is selected and 
the Q15A-1 pin is used for 015 Data Output. When 
the BYTEVpp pin is at V1L the Byte-wide organisa
tion is selected and the 015A-1 pin is used for the 
Address Input A-1. When the memory is logically 
regarded as 16 bit wide, but read in the Byte-wide 
organisation, then with A-1 at V1L the lower 8 bits of 
the 16 bit data are selected and with A-1 at V1H the 
upper 8 bits of the 16 bit data are selected. 

The M27C160 has two control inputs, both of which 
must be logically active in order to obtain data at 
the outputs.ln addition the Word-wid§..or Byte- wide 
organisation must be selected. The E signal is the 
power control and should be used for device selec
tion. The G signal is the output control and sb,ould 
be used to gate data to the output pins. With E=VIL 
and G=VIL the output data will be valid in a time 
tAvov after the all address lines are valid and stable. 
The Chip Enable to Output Valid time tELav is equal 
to the Address Valid to output VaJl.d time tAvav. 
When the Addresses are valid and E=VIL, the out
put data is valid after a time of tGLQV from the falling 
edge of the Output Enable signal. 

Standby Mode 

The M27C160 has a standby mode which reduces 
the active current from SOmA (f = 5MHz) to 1 OOJ-lA. 
The standby mode is ente_r_ed by applying a CMOS 
high level Vee -0.2V to E. When in the standby 
mode the outputs a.@ in an high impedance state, 
independant of the G input level. 

_21_9__________________________ ~ ~i~;~~:~~©~ -----------------------------
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Table 3. Operating Modes 

Mode E G BYTEVpp A9 Q0-07 as- 014 Q15A-1 

Read Word-wide VIL VIL V1H X Data Out Data Out Data Out 

Read Byte-wide Upper V1L V1L V1L X Data Out HI·Z V1H 

Read Byte-wide Lower V1L V1L V1L X Data Out Hi-Z V1L 

Output Disable V1L V1H X X Hi·Z Hi-Z Hi-Z 

Program V1L Pulse V1H Vpp X Data In Data In Data In 

Verify X V1L Vpp X Data Out Data Out Data Out 

Program Inhibit V1H V1H Vpp X Hi-Z Hi-Z Hi-Z 

Standby V1H X X X Hi-Z Hi-Z Hi-Z 

Electronic Signature VIL V1L VIH VIa Codes Codes Code 

Note: X = VrH or VrL, Vro = 12V ± 0.5V 

Table 4. Electronic Signature 

Identifier AO Q7or Q6 or Q5or Q4or Q3 or Q2 or Q1 or QO or Hex 
015 014 Q13 Q12 Q11 Q10 Q9 QB Data 

Manufacturer's Code VIL 0 0 1 0 0 0 0 0 20h 

Device Code V1H 1 0 1 1 0 0 0 1 B1h 

Table 5. Read Mode DC Characteristics <1> 
(TA = 0 to 70 oc; Vee= 5V ± 5% or 5V ± 1 0%; Vpp =Vee) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV,; V1N,; Vee ±1 I! A 

ILO Output Leakage Current OV,; VouT,; Vee ±10 I!A 

Icc Supply Current E = VIL, G = VIL, 70 mA 
louT = OmA, f = 8Mhz 

Icc Supply Current E = VIL, G = VIL, 50 mA 
louT = OmA, f = 5MHz 

lcct Supply Current (Standby} TTL E=ViH 1 mA 

lcc2 Supply Current (Standby} CMOS E > Vcc-0.2V 100 I! A 

lpp Program Current Vpp =Vee 10 I!A 

los Output Short Circuit Current Note 2 and 3 100 mA 

V1L Input Low Voltage --{).3 0.8 v 
V1H (4) Input High Voltage 2 Vee+ 1 v 
VoL Output Low Voltage loL = 2.1mA 0.4 v 

VoH Output High Voltage TTL loH = -400f!A 2.4 v 
Notes: 1. Vee must be applied stmultaneously w1th or before Vpp and removed simultaneously with or after Vpp. 

2. Sampled only, not 100% tested. 
3. Output shortcircuited for no more than one second. No more than one output shorted at a time. 
4. Maximum DC voltage on Output is Vee +0.5V 

----------------------------- ~~~~@~~~:~@~--------------------------3~/~9 
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Table 6. Read Mode AC Characteristics <1> 
(TA = 0 to 70 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27C160 
Symbol A It Parameter Test Condition 

-~50 -200 

Min 

IAvav lAce Address Valid to Output Valid E = V1L, G = V1L 

taHOV tsr BYTE High to Output Valid E = ViL, G = ViL 

taav Ice Chip Enable Low to Output Valid G =ViL 

IGLQV toe 
Output Enable Low to Output E=ViL Valid 

IBLOZ (2) BYTE Low to Output - -
tsro Hi-Z E = v,L, G = v,L 

leHOZ (2) loF Chip Enable High to Output Hi-Z G=ViL 0 

tGHQZ (2) loF Output Enable High to Output E=ViL 0 Hi-Z 

Address Transition to Output - -
lAx ax !oH Transition E = ViL, G = V1L 5 

tBLQX toH BYTE Low to Output Transition E = v,L, G = v,L 5 

Notes: 1. Vee must be applied simultaneously with or before v •• and removed simultaneously or alter Vpp 
2. Sampled only, not100o/o tested. 

Figure 3. Word-Wide Read Mode AC Waveforms 

AO-A19 

\AXQX 

E 

c 

Q0-015 DATA OUT 

Note: BYTEVpp = Y1H 

Max Min Max 

150 200 

150 200 

150 200 

60 70 

50 60 

50 0 60 

50 0 60 

5 

5 

Hi-Z 

VA00741 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Figure 4. Byte-Wide Read Mode AC Waveforms 

A-1,AO-A19 

00-07 

VAD0742 

Note: BYTEVpp = VIL 

Figure 5. BYTE Transition AC Waveforms 

AO-A19 VALID 

A-1 ~ VALID ~ 
--1\, VQV t =+r- '"0> 

]'------t-~-;t---+-=4',....--w~ov r,::-
00-07 

1/ 
DATA OUT DATA OUT 

I I 

tBLOX 

r\1 HI-Z 
DATA OUT 

tBL~~ -08-015 

VA00743 

Note: E and G = V" 
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AC Measurement Conditions 

Input Rise and Fall Times < 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input and Output Timing Ref. Voltages O.SV to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 6. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~o.sv 
0.4V 

VA00826 

Figure 7. AC Testing Load Circuit 

1.3V 

1N914 

3.3Kil 

DEVICE 
UNDER 
TEST T CL=100pF 

CL includes JIG capacitance 

OUT 

VA00828 

Table 7. Capacitance <1) (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition 

CrN 
Input Capacitance (except BVTEVPP) VrN =OV 

Input Capacitance (BVTEVpp) VrN=OV 

CoUT Output Capacitance VouT=DV 

Note: 1. Sampled only, not 100% tested. 

Table 8. Programming Mode DC Characteristics (1) 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 05VrN :>Vee 

Icc Supply Current 

lpp Program Current E=VrL 

VrL Input Low Voltage 

VrH Input High Voltage 

VoL Output Low Voltage loL=2.1mA 

VoH Output High Voltage TTL loH =-2.5mA 

Vm A9Voltage 

Min 

Min 

-o.3 

2.4 

3.5 

11.5 

Note: 1. Vee must be applied simultaneously with or before Vee and removed simultaneously or after Vpp. 

Max Unit 

10 pF 

120 pF 

12 pF 

Max Unit 

±1 !!A 
50 mA 

50 mA 

0.8 v 
Vcc+0.5 v 

0.4 v 
v 

12.5 v 
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Table 9. Programming Mode AC Characteristics <11 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol A It Parameter 

lA VEL lAS Address Valid to Chip Enable Low 

Ia VEL los Input Valid to Chip Enable Low 

tvPHAV tvps Vpp High to Address Valid 

tveHAV tves Vee High to Address Valid 

tELEH tpw Chip Enable Program Pulse Width 

tEHOX toH Chip Enable High to Input Transition 

taxGL toEs Input Transition to Output Enable 
Low 

tGLOV toE Output Enable Low to Output Valid 

lGHOZ (2) toFP Output Enable High to Output Hi·Z 

tGHAX IAH Output Enable High to Address 
Transition 

Test Condition Min 

2 

2 

2 

2 

9.5 

2 

2 

0 

0 

Notes: 1. Vee must be applied simultaneously with or before Vee and removed simultaneously or after Vee. 
2. Sampled only, not 100% tested. 

Figure 8. Programming and Verify Modes AC Waveforms 

AO-A19 

00-015 

f4- tAVEL-J 

------!--{~ DATA IN 

!:tQVEL+ 

VALID 

-1-1- tEHQX 

__. tGLov-

DATA OUT 

Max 

10.5 

120 

130 

tVPHAV - tGHOZ -f---14+ 

- fotOXGL.,. tGH AX ~f-------;---14-

f\...--1 
- tELEH fo----

PROGRAM ---__.,.;--- VERIFY-

M27C160 

Unit 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

ns 

ns 

ns 

VA00744 
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Figure 9. Programming Flowchart 

6.25V, Vpp 12.5V 

Vee = SV, BYTEVpp = VIH 

Check all words 

Output Disable Mode 

VA00745 

When EPROMs are used in memory arrays two line 
output control should be used. This function uses 
the output disable mode which allows: 

a. the lowest possible power consumption 

b. complete assurance that output bus contention 
will not occur 

For the best use of the two control lines E and G, 
the input E should be decoded and used as the 
primary selection, while G should be made a COf!l: 
mon connection to all memories in the array. G 
should be connected to the READ signal of the 
system bus. This will ensure that all deselected 
devices are in the low power standby mode and 
that the output lines are only active when data is 
required from a particular memory device. 

System Considerations 

The power switching characteristics of Advanced 
CMOS EPROMs require careful! decoupliing of the 
supplies to the devices. The supply current Icc has 
three segments of importance to the system de· 
signer: the standby current, the active current and 
the transient peaks \.bat are produced by the falling 
and rising edges of E. 

The magnitude of the transient current peaks is 
dependant on the capacititive and inductive loading 
of the device outputs. The associated transient 
voltage peaks can be supressed by complying with 
the two line output control and by properly selected 
decoupling capacitors. It is recommended that a 
0.1 j.tF ceramic capacitor is used on every device 
between Vee and Vss. This should be a high fre
quency type of low inherent inductance and should 
be placed as close as possible to the device. In 
addition, a 4.7j.tF electrolytic capacitor should be 
used between Vee and Vss for every eight devices. 
This capacitor should be mounted near the power 
supply connection point. The purpose of this capac
itor is to overcome the voltage drop caused by the 
inductive effects of PCB traces. 

Programing 

When first delivered, and after erasure for UV 
EPROMs, all bits are in the "1" logic state (Output 
High). Data with both "1's" and "O's" is applied and 
the "Os"' are programed into the memory array. For 
programing Vee is raised to 6.25V. The M27C16_Q 
is in the Program Mode when Vpp is at 12.75V, G 
is at V1H and E is pulsed to V1L. Data to be pro
gramed is applied 16 bits in parallel to the data 
output pins QO- 015. 

PRESTO Ill Algorithm 

The PRESTO Ill Algorithm allows the whole 16 
Megabit array to be programed with a guaranteed 
margin in a typical time of less than 10 seconds. 
The algorithm applies a series of 1 Oj.ts program 
pulses to each word until a correct verify is made. 
During programing and verify a MARGIN MODE 
circuit is automatically activated to guarantee that 
each cell is programed with an adequate margin. 
No overprogram pulse is applied since the verify in 
MARGIN MODE provides the neccessary thresh
old margin for each cell. 

Program Inhibit 

Multiple M27C160s may be programed in parallel 
with different data_,_This i~one by putting in parallel 
all inputs except E and G. With Vee at 6.25V and 
Vpp at 12.5V, data should be applied to all devices 
and G placed at V1H. Low level pulses on theE of 
one device will program that device. 

Program Verify 

After each program pulse a verify read is made by 
reading the_data output with Vee at 6.25V, Vpp at 
12.5V and G placed at VIL. 

Electronic Signature 

The Electronic Signature Mode allows a binary 
code to be read from the EPROM which identifies 
the Manufacturer and Device Type. These codes 
are intended to be used to match the programing 
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equipment to the device being programed and its 
corresponding algorithm. 

The Electronic Signature Mode is activated by ap
plying a voltage V1o of 12V to the Address line A9 
and V1L to all other Address lines, with E and G at 
V1L and BYTE at VJH. The identifier bytes may be 
read from either 00-07 or 08-015. With Address 
line AO at V1L the byte output is the Manufacture's 
code, with AO at V1H the byte identifies the Device 
Type. The codes for the SGS-THOMSON 
M27C160 are given in Table 4. 

Erasure 

The erasure of the M27C160 begins when the cells 
are exposed to light of wavelengths shorter than 
approximately 4000 A. Sunlight and some types of 
fluorescent lamps have wavelengths in the 3000 -

ORDERING INFORMATION SCHEME 

M27C160 

4000 A range. Constant exposure to room level 
fluorescent lighting could erase a typical EPROM 
in about 3 years, while it takes approximately 170 
hours to cause erasure when exposed to direct 
sunlight. To prevent accidental erasure it is recom
mended that opaque labels be placed over the 
M27C160 window. 

The erase procedure for the M27C160 is exposure 
to UV light with a wavelength of 2537 A. The 
integrated dose (UV intensity x time) for erasure 
should be a minimum of 15 W-sec/cm2. The erase 
time with this dosage is 15 to 20 minutes using an 
UV lamp with 12,000 11W/cm2 rating. The M27C160 
should be placed within 2.5cm of the lamp tube 
during erasure. No filter should be used on the 
lamp. 

Example: M27C160 -200 X F 1 

-150 

-200 

Speed 

150 ns 

200 ns 

X 

blank 

±5% 

± 10% 

F FDIP42W 

Temperature Range 

0 to 70 ac 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

--------------------------- ~~~@~~~9~------------------------~9~/9 
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• 2048 x 8 ORGANIZATION 
• 525mW Max ACTIVE POWER, 132mW Max 

STANDBY POWER 
• ACCESS TIME: 

- M2716-1 is 350ns 
- M2716 is 450ns 

• SINGLE 5V SUPPLY VOLTAGE 
• STATIC-NO CLOCKS REQUIRED 
• INPUTS and OUTPUTS TTL COMPATIBLE 

DURING BOTH READ and PROGRAM MODES 
• THREE-STATE OUTPUT with TIED-OR- CAPA

BILITY 
• EXTENDED TEMPERATURE RANGE 
• PROGRAMMING VOLTAGE: 25V 

DESCRIPTION 
The M2716 is a 16,384 bit UV erasable and elec
trically programmable memory EPROM, ideally 
suited for applications where fast turn around and 
pattern experimentation are important require
ments. 

The M2716 is housed in a 24 pin Window Ceramic 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the user to expose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can then be 
written to the device by following the programming 
procedure. 

Table 1. Signal Names 

AO-A10 Address Inputs 

Q0-07 Data Outputs 

EP Chip Enable I Program 

G Output Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

August1993 

M2716 

NMOS 16K (2K x 8) UV EPROM 

1 
FDIP24W (F) 

Figure 1. Logic Diagram 

Vee Vpp 

11 8 

AO-A10 Q0-07 

M2716 

EP 

Vss 
VA00784B 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 oc 
grade 6 --40 to 85 

TBIAS Temperature Under Bias grade 1 -10 to 80 oc 
grade 6 -50 to 95 

TsTG Storage Temperature -65 to 125 oc 
Vee Supply Voltage -0.3 to 6 v 
VIO Input or Output Voltages -0.3tci6 v 
Vpp Program Supply -0.3 to 26.5 v 

Po Power Dissipation 1.5 w 
Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Max1mum Ratings" may cause 
permanent damage to the dev1ce. These are stress rat1ngs only and operation of the dev1ce at these or any other conditions above those 
ind1cated in the Operating sect1ons of th1s specification 1s not implied. Exposure to Absolute Max1mum Rating conditions for extended penods 
may affect dev1ce reliability Refer also to the SGS·THOMSON SURE Program and other relevant quality documents. 

Figure 2. DIP Pin Connections 

A7 Vee 
A6 AS 
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A4 Vpp 

A3 G 
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A1 EP 
AO 07 

00 06 

01 05 

02 04 
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DEVICE OPERATION 

The M2716 has 3 modes of operation in the normal 
system environment. These are shown in Table 3. 

Read Mode. The M2716 read operation requires 
that G = V1L, EP = V1L and that addresses AO-A10 
have been stabilized. Valid data will appear on the 
output pins after time tAvov, tGLOV or tELOV (see 
Switching Time Waveforms) depending on which is 
limiting. 

Des~lect Mode. The M2716 is deselected ~ mak
ing G = VJH. This mode is independent of EP and 
the conditiQ.n of the addresses. The outputs are 
Hi-Z when G = V1H. This allows tied-OR of 2 or more 
M2716's for memory expansion. 

Standby Mode (Power Down). The M2716 may 
Q.e powered down to the standby [!!Ode by making 
EP = V1H. This is independent of G and automati
cally puts the outputs in the Hi-Z state. The power 
is reduced to 25% (132 mW max) of the normal 
operating power. Vee and Vpp must be maintained 
at 5V. Access time at power up remains either tAvov 
or tELOV (see Switching Time Waveforms). 

Programming 

The M2716 is shipped from SGS-THOMSON com
pletely erased. All bits will be at "1" level (output 
high) in this initial state and after any full erasure. 
Table 3 shows the 3 programming modes. 

Program Mode. The M2716 is programmed by 
introducing "O"s into the desired locations. This is 
done 8 bits (a byte) at a time. Any individual address, 
sequential addresses, or addresses chosen at ran
dom may be programmed. Any or all of the 8 bits 
associated with an address location may be pro
grammed with a single program pulse applied to the 
EP pin. All input voltage levels including the program 
pulse on chip enable are TTL compatible. 

The p!Qgramming ~equence is: with VPP = 25V, Vee 
= 5V, G = V1H and EP = V1L, an address is selected 
and the desired data word is applied to the output 
pins (VIL = "0" and V1H = "1" for both address and 
data). After the address and data signals are stable 
the program pin is pulsed from V1L to V1H with a 
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DEVICE OPERATION (cont'd) 

pulse width between 45ms and 55ms. Multiple 
pulses are not needed but will not cause device 
damage. No pins should be left open. A high level 
(V1H or higher) must not be maintained longer than 
tPHPL (max) on the program pin during program
ming. M2716's may be programmed in parallel in 
this mode. 

Program Verify Mode. The programming of the 
M2716 may be verified either one byte at a time 
during the programming (as shown in Figure 6) or 
by reading all of the bytes out at the end of the 
programming sequence. This can be done with 
Vpp = 25V or 5V in either case. Vpp must be at 5V 
for all operating modes and can be maintained at 
25V for all programming modes. 

Program Inhibit Mode. The program inhibit mode 
allows several M2716's to be programmed simul
taneously with different data for each one by con
trolling which ones receive the program pulse. All 
similar inputs of the M2716 may be paralleled. 
Pulsing the program pin (from V1L to V1H) will pro
gram a unit while inhibiting the program pulse to a 
~nit~ill keep !t from. being programmed and keep
Ing G = V1H Will put 1ts outputs in the Hi-Z state. 

Table 3. Operating Modes 

Mode EP 

Read V1L 

Program V1H Pulse 

Verify VIL 

Program Inhibit V1L 

Deselect X 

Standby V1H 

Note. X = V1H or V1L· 

M2716 

ERASURE OPERATION 

The rv_12716. is erased by exposure to high intensity 
ultraviolet light through the transparent window. 
This exposure discharges the floating gate to its 
initial state through induced photo current. It is 
recommended that the M2716 be kept out of direct 
sunlig.ht. The UV content of sunlight may cause 
a part1al erasure of some bits in a relatively short 
period of time. 

An ultraviolet source of 2537 A yielding a total 
integrated dosage of 15 watt-seconds/cm2 power 
rating is used. The M2716 to be erased should be 
placed 1 inch away from the lamp and no filters 
should be used. 

An erasure system should be calibrated periodi
cally. The erasure time is increased by the square 
of the distance (if the distance is doubled the 
erasure time goes up by a factor of 4). Lamps lose 
inte.nsi~y as they age, it is therefore important to 
penod1cally check that the UV system is in good 
order. 

This will ensure that the EPROMs are being com
pletely erased. Incomplete erasure will cause 
symptoms that can be misleading. Programmers, 
components, and system designs have been er
roneously suspected when incomplete erasure 
was the basic problem. 

G Vpp Q0-07 

V1L Vee Data Out 

VIH Vpp Data In 

V1L Vpp or Vee Data Out 

V1H Vpp Hi-Z 

V1H Vee Hi-Z 

X Vee Hi-Z 
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M2716 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

S:20ns 
0.45V to 2.4V 

0.8Vto2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Wave!orms 

2.4V -v=====\f 2.0V 

~0.8V 
0.45V 

Figure 4. AC Testing Load Circuit 

1.3V 

1N914 

3.3KO 

DEVICE 
UNDER 
TEST T CL=100pF 

CL includes JIG capacitance 

OUT 

VAOOB27 VA00828 

Table 4. Capacitance <1> (T A= 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition Min Max Unit 

C!N Input Capacitance V1N=OV 6 pF 

CoUT Output Capacitance VoUT=OV 12 pF 

Note: 1. Sampled only, not 100% tested. 

Table 5. Read Mode DC Characteristics <1> 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current O:!>ViN:!>Vcc ±10 !lA 
-

ILO Output Leakage Current VoUT =Vee. EP =Vee ±10 !lA 
Icc Supply Current EP= v,L, G = v,L 100 rnA 

lcct Supply Current (Standby) EP = V1H. G = V1L 25 rnA 

lpp Program Current Vpp=Vce 5 rnA 

V!L Input Low Voltage -0.1 0.8 v 

V!H Input High Voltage 2 Vee+ 1 v 

VoL Output Low Voltage loL = 2.1mA 0.45 v 

VoH Output High Voltage loH=-400J.1A 2.4 v 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed simuHaneously or after Vpp. 

4/7 ~ SGS·1HOMSON 
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Table 6. Read Mode AC Characteristics <11 
(TA = 0 to 70 oc or-40 to 85 °C; Vee= 5V ±5% or 5V ± 10%; Vpp =Vee) 

M2716 
Symbol A It Parameter Test Condition -1 

Min Max 

IAVQV IACC Address Valid to Output Valid EP=ViL, G = V1L 350 

IELOV Ice Chip Enable Low to Output Valid G=ViL 350 

tGLOV toe Output Enable Low to Output Valid EP=ViL 120 

IEHQZ (2) too Chip Enable High to Output Hi-Z G=ViL 0 100 

IGHQZ (2) loF Output Enable High to Output Hi-Z EP=VIL 0 100 

IAxax loH Address Transition to Output Transition EP=VIL. G = ViL 0 
Notes: 1. V cc must be applied simultaneously w1th or before Vpp and removed simultaneously or after Vpp. 

2. Sampled only, not 100% tested. 

Figure 5. Read Mode AC Waveforms 

AO-A10 

EP 

Q0-07 

Table 7. Programming Mode DC Characteristics <11 
(TA = 25 °C; Vee= 5V ± 5%; Vpp = 25V ± 1V) 

DATA OUT 

blank 

Min Max 

450 

450 

120 

0 100 

0 100 

0 

Hi-Z 

VA00786 

M2716 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current v,L :s; v,N :s; v,H ±10 J.lA 

Icc Supply Current 100 mA 

lpp Program Current 5 mA 

IPP1 Program Current Pulse EP = V1H Pulse 30 mA 

V1L Input Low Voltage -o.1 0.8 v 

v,H Input High Voltage 2 Vee+ 1 v 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
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M2716 

Table 8. Programming Mode AC Characteristics <1> 
(TA = 25 oc; Vee= 5V ± 5%; Vpp = 25V ± 1V) 

Symbol All Parameter 

IAVPH lAs Address Valid to Program High 

!ovPH los Input Valid to Program High 

IGHPH los Output Enable High to Program 
High 

IPL1 PL2 IPR Program Pulse Rise Time 

IPH1PH2 IPF Program Pulse Fall Time 

IPHPL lpw Program Pulse Width 

IPLOX loH Program Low to Input Transition 

IPLGX toH Program Low to Output Enable 
Transition 

IGLQV loE Output Enable to Output Valid 

IGHQZ !oF Output Enable High to Output Hi-Z 

IPLAX IAH Program Low to Address Transition 

Test Condition Min 

G=ViH 2 

G=ViH 2 

2 

5 

5 

45 

2 

2 

EP=ViL 

0 

2 

Notes: 1. Vee must be applied simultaneously With or before Vpp and removed simultaneously or after Vpp. 

2. Sampled only, not 100% tested. 

Figure 6. Programming and Verify Modes AC Waveforms 

tPLAX 

AO-A10 

Q0-07 DATA OUT 

G 

tGLQV 

EP 

' 

i--- PROGRAM ------1.:.---- VERIFY 
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Max Units 

JlS 

JlS 

JlS 

ns 

ns 

55 ms 

!!S 

JlS 

120 ns 

100 ns 

JlS 

VA00787 



ORDERING INFORMATION SCHEME 

Example: M2716 

Speed and Vee Tolerance 

-1 350 ns, 5V ±10% 

blank 450 ns, 5V ±5% 

-1 F 

Package 

F FDIP24W 

Temperature Range 

Oto70°C 

6 --40 to 85 oc 

M2716 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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"="= SGS·lliOMSON ... 'Y L ~D©OO@~[L~©'iJOO@~D©~ M2732A 

NMOS 32K (4K x 8) UV EPROM 

• FAST ACCESS TIME: 200ns 

• EXTENDED TEMPERATURE RANGE 

a SINGLE 5V SUPPLY VOLTAGE 

• LOW STANDBY CURRENT: 35mA max 

• INPUTS and OUTPUTS TTL COMPATIBLE 
DURING READ and PROGRAM 

n COMPLETELY STATIC 

DESCRIPTION 

The M2732A is a 32,768 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 4,096 words by 8 bits. The M2732A 
with its single 5V power supply and with an access 
time of 200 ns, is ideal suited for applications where 
fast turn around and pattern experimentation one 
important requirements. 

The M2732A is honsed in a 24 pin Window Ceramic 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the user to expose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can be then 
written to the clerice by following the programming 
procedure. 

Table 1. Signal Names 

AO-A11 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 

-
GVpp Output Enable I Program Supply 

Vee Supply Voltage 

Vss Ground 

August 1993 

FDIP24W (F) 

Figure 1. Logic Diagram 

Vee 

12 8 

AO-A11 Q0-07 

M2732A 

E 

GVpp 

Vss 
VA00780B 

1/7 
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M2732A 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 oc 
grade 6 -40to85 

TsiAS Temperature Under Bias grade 1 -10to80 oc 
grade 6 -50 to 95 

Tsm Storage Temperature -6510 125 oc 
v,o Input or Output Voltages -Q.6 to 6 v 

Vee Supply Voltage -{).6 to 6 v 

Vpp Program Supply Voltage -{).6 to 22 v 

Note: Except for the rat1ng "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Rat1ngs" may cause 
permanent damage to the dev1ce. These are stress rat1ngs only and operation of the dev1ce at these or any other conditions above those 
ind1cated 1n the Operating sections of this specif1cat1on 1s not implied. Exposure to Absolute Maximum Rating condijions for extended periods 
may affect dev1ce reilab1lrty. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

Figure 2. DiP Pin Connections 

A7 Vee 
A6 A8 

A5 A9 

A4 A11 

A3 GVpp 

A2 A10 

A1 E 
AO Q7 

QO Q6 

Q1 Q5 

02 04 

Vss 03 

VA00781 

DEVICE OPERATION 

The six modes of operation for the M2732A are 
listed in the Operating Modes Table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL level except for VPP. 

Read Mode 

The M2732A has two control functions, both of 
which must be logically satisfied in _prder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 

be used to gate data to the output pins, indepen
dent of device selection. 

Assuming that the addresses are stable, add~ss 
access time (tAvAa) is equal to the delay from E to 
output (tELav). Da~ is available at t~ outputs after 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M2732A has a standby mode which reduces 
the active power current by 70 %, from 125 rnA to 
35 rnA. The M2732A is placed in tt!_e standby mode 
by applying a TTL high signal to E input. When in 
standby mode, the output~re in a high impedance 
state, independent of the GVpp input. 

Two Line Output Control 

Because M2732A's are usually used in larger mem
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

To most efficiently u~e these two control lines, it is 
recommended that E be decoded and used as the 
primary device selecting function, while G should 
be made a common connection to all devices in the 
array and connected to the READ line from the 
system control bus. 

This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is required 
from a particular memory device. 

:::.217.:...._ ___________ 1iii ~~mgm~~©~ -------------
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Programming 

When delivered, and after each erasure, all bits of 
the M2732A are in the "1" state. Data is introduced 
by selectively programming "D's" into the desired 
bit locations. Although only "D's" will be pro
grammed, both "1 's" and "D's" can be presented in 
the data word. The only way to change a "D" to a 
"1" is by ultraviolet light erasure. 

I_he M2732A is in the programming mode when the 
GVpp input is ~ 21 V. A D.1 11F capacitor must be 
placed across GVpp and ground to suppress spu
rious voltage transients which may damage the 
device. The data to be programmed is applied, 8 
bits in parallel, to the data output pins. The levels 
required for the address and data inputs are TTL. 

When the address and data are stable, a 5Dms, 
active low, TTL program pulse is applied to the E 
input. A program pulse must be applied at each 
address location to be programmed. Any location 
can be programmed at any time- either individually, 
sequentially, or at random. The program pulse has 
a maximum width of 55ms. The M2732A must not 
be programmed with a DC signal applied to the E 
input. 

Programming of multiple M2732As in parallel with 
the same data can be easily accomplished due to 
the simplicity of the programming requirements. 
Inputs of the paralleled M2732As may be con
nected together when they are programmed with 
!!)e same data. A low level TTL pulse applied to the 
E input programs the paralleled 2732As. 

Program Inhibit 

Programming of multiple M2732As in parallel with 
diff§_!'ent data is also easily aQgomplished. Except 
forE, all like inputs (including GVpp) of the parallel 
M2732As may be common. A TTL level program 

Table 3. Operating Modes 

Mode E 

Read V1L 

Program V1L Pulse 

Verify V1L 

Program Inhibit v,H 

Standby v,H 

Note: X = v,H or VIL. 

M2732A 

pulse applied to a M2732A's E input with G,..YPP at 
21 V will program that M2732A. A high level E input 
inhibits the other M2732As from being pro
grammed. 

Program Verify 

A verify should be performed on the programmed 
bits to determine that they were corr~ctly pro
grammed. The verify is carried out with GVpp and 
EatVJL. 

ERASURE OPERATION 

The erasure characteristics of the M2732A are 
such that erasure begins when the cells are ex
posed to light with wavelengths shorter than ap
proximately 4DDD A. It should be noted that sunlight
and certain types of fluorescent lamps have wave
lengths in the 3DDD-4DDD A range. Research shows 
that constant exposure to room level fluorescent 
lighting could erase a typical M2732A in approxi
mately 3 years, while it would take approximately 
1 week to cause erasure when exposed to the 
direct sunlight. If the M2732A is to be exposed to 
these types of lighting conditions for extended pe
riods of time, it is suggested that opaque labels be 
put over the M2732A window to prevent uninten
tional erasure. 

-

The recommended erasure procedure for the 
M2732A is exposure to shortwave ultraviolet light 
which has a wavelength of 2537 A. The integrated 
dose (i.e. UV intensity x exposure time) for erasure 
should be a minimum of 15 W-sec/cm2. The era
sure time with this dosage is approximately 15 to 
2D minutes using an ultraviolet lamp with 12DDD 
11W/cm2 power rating. The M2732A should be 
placed within 2.5 em of the lamp tubes during 
erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 

GVpp Vee Q0-07 

V1L Vee Data Out 

Vpp Vee Data In 

v,L Vee Data Out 

Vpp Vee Hi-Z 

X Vee Hi-Z 
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M2732A 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

,:; 20ns 

0.45V to 2.4V 

Input and Output Timing Ref. Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.45V 

~2.0V 

~0.8V 
VA00827 

Table 4. Capacitance (1l (T A= 25 oc, f = 1 MHz ) 

Symbol Parameter 

CrN Input Capacitance (except GVpp) 

CtN1 Input Capacitance (GVpp) 

CouT Output Capacitance 

Note: 1. Sampled only, not 100% tested. 

Figure 5. Read Mode AC Waveforms 

A0-A11 

GVpp 

QD-07 

Figure 4. AC Testing Load Circuit 

1.3V 

DEVICE 
UNDER 
TEST T CL=100pF 

CL includes JIG capacitance 

OUT 

VA00828 

Test Condition Min Max Unit 

VrN =OV 6 pF· 

VrN =OV 20 pF 

VouT=OV 12 pF 

tAXQX -+-----+<-

Hi-Z 
DATA OUT 

VA00782 
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Table 5. Read Mode DC Characteristics <1> 
(TA = 0 to 70 oc or -40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition 
Min 

lu Input Leakage Current 0:5 V1N :>Vee 

ILO Output Leakage Current VouT =Vee 

Icc Supply Current E = V1L, G = V1L 

lcc1 Supply Current (Standby) E = V1H, G = V1L 

V1L Input Low Voltage -o.1 

VJH Input High Voltage 2 

VoL Output Low Voltage lm = 2.1mA 

VoH Output High Voltage loH =-400J1A 2.4 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp, 

Table 6. Read Mode AC Characteristics <1> 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= SV ± 5% or SV ± 10%; Vpp =Vee) 

M2732A 
Symbol All Parameter TestCondi· 

lion ·2, -20 blank, -25 -3 

Min Max Min Max Min 

IAVQV IACC 
Address Valid to Out- I;.=VJL, 200 250 put Valid G =V1L 

Chip Enable Low to -
IELQV IcE Output Valid G =V1L 200 250 

Output Enable Low -
IGLQV IcE to Output Valid E=ViL 100 100 

IEHOZ (2) Chip Enable High to -
I oF Output Hi-Z G =VIL 0 60 0 60 0 

IGHOZ (2) Output Enable High -
loF to Output Hi-Z E=VIL 0 60 0 60 0 

lAX OX toH 
Address Transition to E.=VJL, 0 0 0 Output Transition G =VIL 

Notes: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp, 

2. Sampled only, not 100% tested. 

M2732A 

Value 
Unit 

Max 

±10 JlA 

±10 JlA 

125 mA 

35 mA 

0.8 v 

Vee+ 1 v 
0.45 v 

v 

-4 Unit 

Max Min Max 

300 450 ns 

300 450 ns 

150 150 ns 

130 0 130 ns 

130 0 130 ns 

0 ns 
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M2732A 

Table 7. Programming Mode DC Characteristics <1> 
(TA = 25 oc; Vee= 5V ± 5%; Vpp = 21V ± 0.5V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V1L ~ V1N ~ V1H 

lee Supply Current E = V1L, G = V1L 

lpp Program Current E = V1L. G = Vpp 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL=2.1mA 

VoH Output High Voltage ioH = -400J.!A 

Min 

-{).1 

2 

2.4 

Note: 1. Vee must be applied Simultaneously with or before Vpp and removed simultaneously or after Vpp 

Table 8. Programming Mode AC Characteristics <1> 
(TA = 25 oc; Vee= 5V ± 5%; Vpp = 21V ± 0.5V) 

Symbol All Parameter 

lA VEL lAs 
Address Valid to Chip Enable 
Low 

tavEL los Input Valid to Chip Enable Low 

IVPHEL toES Vpp High to Chip Enable Low 

IVPL1VPL2 IPRT Vpp Rise Time 

IELEH lpw Chip Enable Program Pulse 
Width 

IEHOX loH 
Chip Enable High to Input Tran-
sition 

IEHVPX IOEH 
Chip Enable High to Vpp Tran-
sition 

lvPLEL IVR Vpp Low to Chip Enable Low 

Chip Enable Low to Output 
tELQV tov Valid 

IEHQZ toF Chip Enable High to Output 
Hi-Z 

IEHAX IAH Chip Enable High to Address 
Transition 

Test Condition Min 

2 

2 

2 

50 

45 

2 

2 

2 

- -
E=VtL,G=ViL 

0 

0 

Note: 1. Vee must be applied Simultaneously with or before Vpp and removed simultaneously or after Vpp. 

204 

Max Units 

±10 J.!A 

125 rnA 

30 rnA 

0.8 v 
Vee+ 1 v 

0.45 v 
v 

Max Units 

J.!S 

J.!S 

J.!S 

ns 

55 ms 

J.!S 

J.!S 

J.!S 

1 J.!S 

130 ns 

ns 



Figure 6. Programming and Verify Modes AC Waveforms 

AO-A11 VALID 

Q0-07 

tEHQX 

GVpp 

tEHVPX 

E 

tVPLEL 

PROGRAM 

ORDERING INFORMATION SCHEME 

Example: M2732A -2 F 

Speed and Vee Tolerance Package 

-2 200 ns, 5V ±5% F FDIP24W 

blank 250 ns, 5V ±5% 

-3 300 ns, 5V ±5% 

-4 450 ns, 5V ±5% 

-20 200 ns, 5V ±1 0% 

-25 250 ns, 5V ±1 0% 

DATA OUT 

tELOV 

VERIFY-, 

VA00783 

Temperature Range 

Oto70°C 

6 -40 to 85 ac 

M2732A 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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• FAST ACCESS TIME: 180ns 

• EXTENDED TEMPERATURE RANGE 

• SINGLE 5V SUPPLY VOLTAGE 

• LOW STANDBY CURRENT: 35mA max 

• TTL COMPATIBLE DURING READ and PROGRAM 

• FAST PROGRAMMING ALGORITHM 

• ELECTRONIC SIGNATURE 

• PROGRAMMING VOLTAGE: 12V 

DESCRIPTION 

The M2764A is a 65,536 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 8,192 words by 8 bits. 

The M27C64A is housed in a 28 pin Window Ce
ramic Frit-Seal Dual-in-Line package. The trans
parent lid allows the user to expose the chip to 
ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow
ing the programming procedure. 

Table 1. Signal Names 

AO-A12 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 
-
G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

August 1993 

M2764A 

NMOS 64K (8K x 8) UV EPROM 

28 

FDIP28W (F) 

Figure 1. Logic Diagram 

Vee Vpp 

13 8 

AO-A12 Q0-07 

M2764A 

Vss 
VA00776B 

1/8 
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M2764A 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 oc 
grade 6 -40 to 85 

Ta1As Temperature Under Bias grade 1 -10to80 oc 
grade 6 -50 to 95 

TsTG Storage Temperature -65 to 125 oc 
V1o Input or Output Voltages -0.6 to 6.5 v 
Vee Supply Voltage -0.6to 6.5 v 
VAg A9Voltage -0.6 to 13.5 v 
Vpp Program Supply -0.6 to 14 v 

Note: Except lor the ratmg "Operating Temperature Range", stresses above those l1sted in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the dev1ce. These are stress rat1ngs only and operatron of the dev1ce at these or any other cond1t1ons above those 
1nd1cated 1n the Operating sect1ons of th1s specification 1s not 1mpl1ed. Exposure to Absolute Max1mum Rat1ng cond1t10ns for extended penods 
may affect device rel1abihty. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

Figure 2. DIP Pin Connections 

Vpp 
A12 

A7 
A6 
A5 
A4 
A3 

A2 
A1 
AO 
00 
01 
02 

Vss 

Warning: NC = No Connection. 

DEVICE OPERATION 

VA00777 

Vee 
p 
Ne 
AS 
A9 

A11 
G 
A10 
I 
07 
06 
05 
04 
03 

The seven modes of operations of the M2764A are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for VPP and 12V on A9 
for Electronic Signature. 

Read Mode 

The M2764A has two control functions, both of 
which must be logically satisfied in_9rder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen
dent of device selection. 

Assuming that the addresses are stable, add~ss 
access time (tAvov) is equal to the delay from E to 
output (tELOV)- Da§. is available at t~ outputs after 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M2764A has a standby mode which reduces 
the maximum active power current from 75mA to 
35mA. The M2764A is placed in the gandby mode 
by applying a TIL high signal to the E input. When 
in the standby mode, the outputs a_@ in a high 
impedance state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

=2/-=-8 ____________ !V ~~~©m~~:~~~ _____________ _ 
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DEVICE OPERATION (cont'd) 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. 

This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is desired 
from a particular memory device. 

System Considerations 

The power switching characteristics of fast 
EPROMs require careful decoupling of the devices. 
The supply current, Icc, has three segments that 
are of interest to the system designer: the standby 
current level, the active current level, and transient 
current peaks th.Et are produced by the falling and 
rising edges of E. The magnitude of the transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup
pressed by complying with the two line output 
control and by properly selected decoupling capac
itors. It is recommended that a 1 11F ceramic capac
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 

Table 3. Operating Modes 

Mode E G 

Read V1L V1L 

Output Disable V1L VIH 

Program V1L VIH 

Verify VIL V1L 

Program Inhibit VIH X 

Standby V1H X 

Electronic Signature VIL V1L 

Note: X= V1H or Vll. V,o = 12V ± 0.5%. 

Table 4. Electronic Signature 

Identifier AO Q7 Q6 as 
Manufacturer's Code VIL 0 0 1 

Device Code VIH 0 0 0 

M2764A 

inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7!1F bulk 
electrolytic capacitor should be used between Vee 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPROM), all bits of the M2764A are in the "1" state. 
Data is introduced by selectively programming "Os" 
into the desired bit locations. Although only "Os" will 
be programmed, both "1 s" and "Os" can be present 
in the data word. The only way to change a "0" to 
a "1" is by ultraviolet light erasure. 

The M2764A is in the prQgraml"!}!ng mode when 
Vpp input is at 12.5V and E and P are at TTL low. 
The data to be programmed is applied, 8 bits in 
parallel, to the data output pins. The levels required 
for the address and data inputs are TIL. 

Fast Programming Algorithm 

Fast Programming Algorithm rapidly programs 
M2764A EPROMs using an efficient and reliable 
method suited to the production programming en
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 
continually monitored to determine when it has 

p A9 Vpp QO-Q7 

V1H X Vee Data Out 

VIH X Vee Hi-Z 

V1L Pulse X Vpp Data In 

V1H X Vpp Data Out 

X X Vpp Hi-Z 

X X Vee Hi-Z 

V1H V1o Vee Codes Out 

Q4 Q3 Q2 Q1 QO Hex Data 

0 0 0 0 0 20h 

0 1 0 0 0 OBh 

_____________ ~ ~~m~~~~~ ___________ __,3='8 
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M2764A 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

,; 20ns 

0.45V to 2.4V 

Input and Output Timing Ref. Voltages O.BV to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~O.SV 
0.45V 

VA00827 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

CL includes JIG capacitance 

Table 5. Capacitance <1l (T A= 25 ac, f = 1 MHz) 

Symbol Parameter Test Condition Min Max 

CIN Input Capacitance V1N= OV 6 

Cour Output Capacitance Vour=OV 12 

Note: 1. Sampled only, not 100% tested. 

Figure 5. Read Mode AC Waveforms 

AO-A12 

\AXQX -t---_,.-

Hi-Z 
Q0-07 

VA00778 

OUT 

VA00828 

Unit 

pF 

pF 

4/B ~ SGS·lHOMSON -"-"-------------- ~"'!I ~!U©OO©rnll.ll:lf:WJ!itlliic©S ---------------
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Table 6. Read Mode DC Characteristics 11> 
(TA = 0 to 70 °C or -40 to 85 °C; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current O$V1N<Vcc 

fLO Output Leakage Current VolJT =Vee 

Icc Supply Current E = ViL. G = VIL 

lcc1 Supply Current (Standby) E=VIH 

(pp Program Current Vpp =Vee 

V1L Input Low Voltage -0.1 

V1H Input High Voltage 2 

VoL Output Low Voltage loL =2.1mA 

VoH Output High Voltage loH =-400!!A 2.4 

Note: 1. Vee must be applied Simultaneously with or before VPP and removed simultaneously or after Vpp. 

Table 7 A. Read Mode AC Characteristics 11> . 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Test 
M2764A 

Symbol Aft Parameter Condition -1 -2,-20 

Min Max Min Max 

IAVQV tACC 
Address Valid to E..= ViL, 180 200 OutputVahd G =VIL 

Chip Enable Low -
leLOV Ice to Output Valid G =VIL 180 200 

Output Enable -
IGLQV toe Low to Output Valid E=VIL 65 75 

leHOZ {2) I oF 
Chip Enable High 

G=VIL 0 55 0 55 to Output Hi-Z 

IGHOZ (2) Output Enable -
I oF High to Output Hi-Z E=VIL 0 55 0 55 

lAX OX toH 
Address Transition E..= VIL, 0 0 to Output Transition G=VIL 

Table 7B. Read Mode AC Characteristics <1> 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Test 
M2764A 

Symbol Aft Parameter Condition -3 

Min Max Min 

IAVOV lAce 
Address Valid to E..= v,L, 300 Output Valid G =VIL 

Chip Enable Low -
leLOV tee to Output Valid G =VIL 300 

IGLOV toe 
Output Enable 

E=ViL. 120 
Low to Output Valid 

leHOZ {2) Chip Enable High -
loF to Output Hi-Z G =VIL 0 105 0 

IGHOZ {2) 
Output Enable -

!oF High to Output Hi-Z E=VIL 0 105 0 

lAX OX loH 
Address Transition E..= V1L, 0 0 
to Output Transition G =VIL 

Notes: 1. Vee must be applied simultaneously w1th or before Vpp and removed simultaneously or alter Vpp 
2. Sampled only, not 1 00% tested. 

M2764A 

Max Unit 

±10 !!A 

+10 !!A 

75 mA 

35 mA 

5 mA 

0.8 v 

Vee+ 1 v 

0.45 v 

v 

blank, -25 Unit 

Min Max 

250 ns 

250 ns 

100 ns 

0 60 ns 

0 60 ns 

0 ns 

-4 Unit 

Max 

450 ns 

450 ns 

150 ns 

130 ns 

130 ns 

ns 
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Table 8. Programming Mode DC Characteristics 11> 
(T A = 25 °C; Vee = 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol Parameter Test Condition 

lu Input Leakage Current VJL ~ VJN ~ VJH 

Icc Supply Current 

lpp Program Current E=VJL 

VJL Input Low Voltage 

VJH Input High Voltage 

VoL Output Low Voltage loL=2.1mA 

VoH Output High Voltage loH = -400f!A 

VA9 A9Voltage 

Min 

-{).1 

2 

2.4 

11.5 

Note: 1. Vee must be applied simultaneously with or before VPP and removed simu~aneously or after v ••. 

Table 9. Programming Mode AC Characteristics 11> 
(TA = 25 oc; Vee= 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol A It Parameter Test Condition 

IAVPL lAS Address Valid to Program Low 

tavPL los Input Valid to Program Low 

IVPHPL tvps Vpp High to Program Low 

lvCHPL lvcs Vee High to Program Low 

IELPL IcES 
Chip Enable Low to Program 
Low 

IPLPH lpw Program Pulse Width (Initial) Note2 

IPLPH topw Program Pulse Width (Overpro· Note3 gram) 

IPHQX loH Program High to Input Transi· 
lion 

taxGL IcEs Input Transition to Output En· 
able Low 

IGLQV IcE 
Output Enable Low to Output 
Valid 

IGHQZ (4) loFP 
Output Enable High to Output 
Hi-Z 

IGHAX IAH 
Output Enable High to Address 
Transition 

Min 

2 

2 

2 

2 

2 

0.95 

2.85 

2 

2 

0 

0 

Notes: 1. Vee must be applied simultaneously with or before v •• and removed simultaneously or after v •• 
2. The Initial Program Pulse width tolerance is 1 ms ± 5%. 

Max Units 

±10 flA 
75 rnA 

50 rnA 

0.8 v 
Vee+ 1 v 

0.45 v 
v 

12.5 v 

Max Units 

JlS 

JlS 

JlS 

JlS 

JlS 

1.05 ms 

78.75 ms 

JlS 

f.LS 

150 ns 

130 ns 

ns 

3. The length of the Over·program Pulse vanes from 2.85 ms to 78.95 ms, depending of the multiplication value of the iteration counter. 
4. Sampled only, not 100% tested. 

=6'=-8 ___________ ;.v ~~m~~~~-------------
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M2764A 

Figure 6. Programming and Verify Modes AC Waveforms 

AO-A12 )K 
,.-..-

VALID 

. j;"tAVPL~ 

Q0-07 DATA IN DATA OUT 

~tQVPL_. IPHQX 

Vpp ___, tGLQV ~ 
tVPHPL - tGHQZ 

tVeHPL - tGHAX 

E 

FtELPL ... 

j5 ' '---'r- IQXGL -
___, IPLPH ~ 

' 

' !---PROGRAM----.;.-- VERIFY ----.: 

Figure 7. Fast Programming Flowchart 

Vee = 6V, Vpp = 12.5V 

Vee = 5V. Vpp = 5V 

Check all bytes 
VA00775 

VA00779 

DEVICE OPERATION (cont'd) 

been successfully programmed. A flowchart of the 
M2764A Fast Programming Algorithm is shown on 
the last page. The Fast Programming Algorithm 
utilizes two different pulse types: initial and over
program. 

The duration of the initial P pulse(s) is 1 ms, which 
will then be followed by a longer overprogram pulse 
of length 3ms by n (n is equal to the number of the 
initial one millisecond pulses applied to a particular 
M2764A location), before a correct verify occurs. 
Up to 25 one-millisecond pulses per byte are pro· 
vided for before the overprogram pulse is applied. 

The entire sequence of program pulses and byte 
verifications is performed at Vee= 6V and Vpp = 
12.5V. When the Fast Programming cycle has been 
completed, all bytes should be compared to the 
original data with Vee = 5V and Vpp = 5V. 

Program Inhibit 

Programming of multiple M2764A in parallel with 
diff~ent data is also easily acco_!!lplished. Except 
for E, all like inputs (including G) of the parallel 
M2764A may be Q_ommon. A TTL low pulse applied 
to a M2764A's E input, with Vpp _at 12.5V, will 
program that M2764A. A high level E input inhibits 
the other M2764As from being programmed. 

~ SGS•ntOMSON 7/8 
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M2764A 

Program Verify 

A verify should be performed on the programmed 
bits to determine that they were correc,!!y pro
g_ramme.Q.. The ve~ify is accomplished with G = V1L, 
E = ViL, P = V1H and Vpp = 12.5V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C ± 5°C ambient 
temperature range that is required when program
ming the M2764A. 

To activate this mode, the programming equipment 
must force 11.5V to 12.5V on address line A9 of the 
M2764A. Two identifier bytes may then be se
quenced from the device outputs by toggling ad
dress line AO from V1L to V1H. All other address lines 
must be held at V1L during Electronic Signature 
mode. Byte 0 (AO = ViL) represents the manufac
turer code and byte 1 (AO =Vi H) the device identifier 
code. Forthe SGS-THOMSON M2764A, these two 
identifier bytes are given below. 

ORDERING INFORMATION SCHEME 

Example: M2764A 

Speed and Vee Tolerance 

-1 180 ns, 5V ±5% 

-2 

blank 

-3 

-4 

-20 

200 ns, 5V ±5% 

250 ns, 5V ±5% 

300 ns, 5V ±5% 

450 ns, 5V ±5% 

200 ns, 5V ±10% 

-25 250 ns, 5V ±10% 

ERASURE OPERATION (applies to UV EPPROM) 

The erasure characteristic of the M2764A is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M2764A in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M2764A is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M2764A window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M2764A is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm2. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi
olet lamp with 12000 11W/cm2 power rating. The 
M2764A should be placed within 2.5 em (1 inch) of 
the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re
moved before erasure. 

-1 F 

Package 

F FDIP28W 

Temperature Range 

Oto70° 

6 -40to85 oc 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

;:::B/.:::.8 ____________ ~ ~~~~~~~li -------------
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M27128A 

NMOS 128K (16K x 8) UV EPROM. 

• FAST ACCESS TIME: 200ns 

• EXTENDED TEMPERATURE RANGE 

• SINGLE 5 V SUPPLY VOLTAGE 

• LOW STANDBY CURRENT: 40mA max 

• TTL COMPATIBLE DURING READ and 
PROGRAM 

• FAST PROGRAMMING ALGORITHM 

• ELECTRONIC SIGNATURE 

• PROGRAMMING VOLTAGE: 12V 

DESCRIPTION 

The M27128A is a 131 ,072 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 16,384 words by 8 bits. 

The M27128A is housed in a 28 Pin Window Ce
ramic Frit-Seal Dual-in-Line package. The trans
parent lid allows the user to expose the chip to 
ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow
ing the programming procedure. 

Table 1. Signal Names 

AO- A13 Address Inputs 

QO-Q7 Data Outputs 

E Chip Enable 
-
G Output Enable 

p Program 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

August 1993 

FDIP28W (F) 

Figure 1. Logic Diagram 

Vee Vpp 

14 8 

Q0-07 

M27128A 

Vss 
VA00769B 

1/8 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 oc 
grade 6 -40to85 

TsiAS Temperature Under Bias grade 1 -10to80 oc 
grade 6 -50 to 95 

Tsm Storage Temperature -65 to 125 oc 
V1o Input or Output Voltages -o.6to6.25 v 
Vee Supply Voltage -o.6to6.25 v 
VA9 A9Voltage -o.6to 13.5 v 
Vpp Program Supply -o.6to 14 v 

Note: Exceptforthe rating "Operallng Temperature Range", stresses above those listed in the Table 'Absolute Max1mum Ratings" may cause 
permanent damage to the dev1ce. These are stress rat1ngs only and operat1on of the dev1ce at these or any other cond1t1ons above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

Figure 2. DIP Pin Connections 

Vpp I 1 \_/ 28 Vee 
A12 I 2 27 lp 

A7 I 3 26 ] A13 
A6 I 4 25 ] A8 

A5 I 5 24 J A9 
A4[ 6 23 A11 
A3 I 7 

M27128A 
22 G 

A2 I 8 21 A10 
A1 I 9 20 r 
AO I 10 19 07 
QO I 11 18 Q6 
01 [ 12 17 05 
02 [ 13 16 04 

Vss I 14 15 03 
VA00770 

Warning: NC = No Connection. 

DEVICE OPERATION 

The seven modes of operation of the M27128A are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on A9 
for Electronic Signature. 

Read Mode 

The M27128A has two control functions, both of 
which must be logically satisfied in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen
dent of device selection. 

Assuming that the addresses are stable, add!:§!SS 
access time (tAvov) is equal to the delay from E to 
output (tELov). Da~ is available at t~ outputs after 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27128A has a standby mode which reduces 
the maximum active power current from 85mA to 
40mA. The M27128A is placed in the mandby mode 
by applying a TTL high signal to the E input. When 
in the standby mode, the outputs a,!!! in a high 
impedance state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

=21.::.8 ____________ /..V ~~©me~~~~ ____________ _ 
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DEVICE OPERATION (cont'd) 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. 

This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is required 
from a particular memory device. 

System Considerations 

The power switching characteristics of fast 
EPROMs require careful decoupling of the devices. 
The supply current, Icc, has three segments that 
are of interest to the system designer: the standby 
current level, the active current level, and transient 
current peaks tl}§.t are produced by the falling and 
rising edges of E. The magnitude of this transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup
pressed by complying with the two line output 
control and by properly selected decoupling capac
itors. It is recommended that a 1 f.lF ceramic capac
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 

Table 3. Operating Modes 

Mode E G 

Read VrL VrL 

Output Disable VrL VrH 

Program VrL VrH 

Verify VrL VrL 

Program Inhibit VrH X 

Standby VrH X 

Electronic Signature VrL VrL 

Note: X; v,H or VIL, v,o; 12V ± 0.5%. 

Table 4. Electronic Signature 

Identifier AO Q7 Q6 Q5 

Manufacturer's Code VrL 0 0 1 

Device Code VrH 1 0 0 

M27128A 

inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7f.lF bulk 
electrolytic capacitor should be used between Vee 
and GND for every eight devices. The bulk capac
itor should be located near the power supply con
nection point. The purpose of the bulk capacitor is 
to overcome the voltage drop caused by the induc
tive effects of PCB traces. 

Programming 

When delivered (and after each erasure for UV 
EPPROM), all bits of the M27128A are in the "1" 
state. Data is introduced by selectively program
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1 s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a "1" is by ultraviolet light erasure. 

The M27128A is in the prQ_gram~ing mode when 
Vpp input is at 12.5V and E and P are at TTL low. 
The data to be programmed is applied 8 bits in 
parallel, to the data output pins. The levels required 
for the address and data inputs are TIL. 

Fast Programming Algorithm 

Fast Programming Algorithm rapidly programs 
M27128A EPROMs using an efficient and reliable 
method suited to the production programming en
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 

p A9 Vpp QO-Q7 

VrH X Vee Data Out 

VrH X Vee Hi-Z 

VrL Pulse X Vpp Data In 

VrH X Vpp Data Out 

X X Vpp Hi-Z 

X X Vee Hi-Z 

VrH Vro Vee Codes Out 

Q4 Q3 Q2 Q1 QO Hex Data 

0 0 0 0 0 20h 

0 1 0 0 1 89h 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ,;; 20ns 

Input Pulse Voltages 0.45V to 2.4V 

Input and Output Timing Ref. Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~0.8V 
0.45V 

VA00827 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

CL includes JIG capacitance 

Table 5. Capacitance <1l (T A= 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition Min Max 

CiN Input Capacitance V1N=OV = 6 

Cour Output Capacitance Vour=OV = 12 

Note: 1. Sampled only, not 1 00% tested. 

Figure 5. Read Mode AC Waveforms 

A0-A13 

\AXQX -1--t-

G 

Hi-Z 
Q0-07 DATA OUT 

VA00771 

OUT 

VA00828 

Unit 

pF 

pF 
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Table 6. Read Mode DC Characteristics <1> 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current 0 ~ VtN ~Vee 

ILO Output Leakage Current VouT =Vee 

Icc Supply Current E = V1L, G = v1L 

lcct Supply Current (Standby) E=VtH 

lpp Program Current Vpp =Vee 

VtL Input Low Voltage -0.1 

v1H Input High Voltage 2 

VoL Output Low Voltage loL = 2.1mA = 

VoH Output High Voltage loH =-400J.!A 2.4 

Note: 1. Vee must be applied simultaneously w1th or before Vee and removed Simultaneously or after Vee. 

Table 7. Read Mode AC Characteristics <1> 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or SV ± 10%; Vpp =Vee) 

M2712BA 
Test Con-

Symbol A It Parameter dition -2,-20 blank, -25 -3, -30 

Min Max Min Max Min 

tAVQV lAce 
Address Valid to Out- ~=VIL, 200 250 put Valid G =VIL 

Chip Enable Low to -
tELQV IcE Output Valid G =VtL 200 250 

Output Enable Low -
IGLQV toE to Output Valid E =VtL 75 100 

IEHQZ (2) Chip Enable High to -
toF Output Hi-Z G=VtL 0 55 0 60 0 

tGHQZ 121 Output Enable High -
IDF to Output Hi-Z E=VtL 0 55 0 60 0 

lAX OX toH 
Address Transition to ~=VIL, 0 0 0 
Output Transition G=VtL 

Notes: 1. Vee must be applied simultaneously with or before Vee and removed simultaneously or after Vee. 

2. Sampled only, not 100% tested. 

Max 

300 

300 

120 

105 

105 

M27128A 

Max Unit 

±10 J.lA 

±10 J.lA 

75 rnA 

35 rnA 

5 mA 

0.8 v 

Vee+ 1 v 

0.45 v 

v 

-4 Unit 

Min Max 

450 ns 

450 ns 

150 ns 

0 130 ns 

0 130 ns 

0 ns 
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Table 8. Programming Mode DC Characteristics <1> 
(TA = 25 oc; Vee= 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol Parameter Test Condition 

lu Input Leakage Current v,L ~ v,N ~ v,H 

Icc Supply Current 

lpp Program Current E=VIL 

v,L Input Low Voltage 

v,H Input High Voltage 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage loH = --400J1A 

v,o A9 Voltage 

Min 

-0.1 

2 

2.4 

11.5 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics <1> 

(T A= 25 oc; Vee= 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol A It Parameter Test Condition 

tAVPL lAs Address Valid to Program Low 

tavPL los Input Valid to Program Low 

tvPHPL tvps Vpp High to Program Low 

tveHPL tves Vee High to Program Low 

IELPL IcES 
Chip Enable Low to Program 
Low 

IPLPH lpw Program Pulse Width (Initial} Note 2 

tPLPH topw Program Pulse Width (Overpro- Note 3 gram) 

tPHQX toH Program High to Input Transi-
tion 

taxGL toES 
Input Transition to Output En-
able Low 

tGLQV toE 
Output Enable Low to 
Output Valid 

IGHQZ 141 loFP 
Output Enable High to 
Output Hi-Z 

IGHAX tAH 
Output Enable High to 
Address Transition 

Min 

2 

2 

2 

2 

2 

0.95 

2.85 

2 

2 

0 

0 

Notes: 1. Vee must be applied simultaneously w1th or before Vpp and removed Simultaneously or after Vpp. 
2. The Initial Program Pulse Width tolerance 1s 1 ms ± 5%. 

Max Unit 

±10 JlA 

100 rnA 

50 rnA 

0.8 v 

Vee+ 1 v 

0.45 v 

v 

12.5 v 

Max Unit 

JlS 

JlS 

JlS 

JlS 

JlS 

1.05 ms 

78.75 ms 

JlS 

JlS 

150 ns 

130 ns 

ns 

3. The length of the Over-program Pulse vanes from 2.85 ms to 78.95 ms, depending on the mult1phcat1on value of the 1terat1on counter. 
4. Sampled only, not 100% tested. 

6/8 t== SGS·lHOMSON ='---------------- A.""fl ~~UIQ;;m@~~[©'ii'OOI!!PiU©i!' -----------------

220 



M27128A 

Figure 6. Programming and Verify Modes AC Waveforms 

~ VALID 

tAVPL_, 

AO-A13 

00-07 DATA IN DATA OUT 

l;=toVPL_. tPHOX 

Vpp ---- tGLOV -
tVPHPL - tGHOZ 

tVCHPL - tGHAX 

E 

FtELPL ... 

\__.../ 

,_ 
tOXGL -

---- tPLPH ~ 

:.-PROGRAM------- VERIFY ~ 

Figure 7. Programming Flowchart 

Vee = 6V, Vpp = 12.5V 

Vee = 5V, Vpp = 5V 

Check all bytes 
VA00775 

VA00772 

DEVICE OPERATION (cont'd) 

continually monitored to determine when it has 
been successfully programmed. A flowchart of the 
M27128A Fast Programming Algorithm is shown 
on the last page. The Fast Programming Algorithm 
utilizes two different pulse types: initial and over
program. 

The duration of the initial P pulse(s) is 1 ms, which 
will then be followed by a longer overprogram pulse 
of length 3ms by n (n is equal to the number of the 
initial one millisecond pulses applied to a particular 
M27128A location), before a correct verify occurs. 
Up to 25 one-millisecond pulses per byte are pro
vided for before the over program pulse is applied. 

The entire sequence of program pulses and byte 
verifications is performed at Vee = 6V and Vpp = 
12.5V. When the Fast Programming cycle has been 
completed, all bytes should be compared to the 
original data with Vee= 5 and Vpp = 5V. 

Program Inhibit 

Programming of multiple M27128A's in parallel with 
diff~ent data is also easily acco_!!lplished. Except 
for E, all like inputs (including G) of the parallel 
M27128A may be CO!!Jmon. A TTL low pulse ap
plied to a M27128A's E input, with VEf = 12.5V, will 
program that M27128A. A high level E input inhibits 
the other M27128As from being programmed. 

--------------~ ~~©Ui~~~>!~©~ ____________ ....:7=/8 
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Program Verify 

A verify should be performed on the programmed 
bits to determine that they were correc.!)y pro
gramme.Q_. The verify is accomplished with G = VrL, 
E = VrL, P = VrH and Vpp at 12.5V. 

Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the25°C ±soc ambient 
temperature range that is required when program
ming the M27128A. 

To activate this mode, the programming equipment 
must force 11.5V to 12.5V on address line A9 of the 
M27128A. Two identifier bytes may then be se
quenced from the device outputs by toggling ad
dress line AO from VrL to VrH. All other address lines 
must be held at VrL during Electronic Signature 
mode. Byte 0 (AO = VrL) represents the manufac
turer code and byte 1 (AO = VrH) the device identifier 
code. For the SGS-THOMSON M27128A, these 
two identifier bytes are given below. 

ORDERING INFORMATION SCHEME 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristic of the M27128A is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27128A in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27128A is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27128A window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27128A is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm2. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi
olet lamp with 12000 11W/cm2 power rating. The 
M27128A should be placed within 2.5cm (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re
moved before erasure. 

Example: M27128A -2 F 

Speed and Vee Tolerance 

-2 200 ns, 5V ±5% 

blank 250 ns, 5V ± 5% 

-3 300 ns, 5V ± 5% 

-4 450 ns, 5V ± 5% 

-20 200 ns, 5V ± 10% 

-25 250 ns, 5V ± 10% 

-30 300 ns, 5V ± 10% 

Package 

F FDIP28W 

Temperature Range 

o to 70 oc 
6 --40 to 85 oc 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

=8!c::8 _____________ ~ ~~~;ID~~~"~©~ _____________ _ 
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NMOS 256K (32K x 8) UV EPROM 

• FAST ACCESS TIME: 170ns 

• EXTENDED TEMPERATURE RANGE 

• SINGLE 5V SUPPLY VOLTAGE 

• LOW STANDBY CURRENT: 40mA max 

• TTL COMPATIBLE DURING READ and 
PROGRAM 

• FAST PROGRAMMING ALGORITHM 

• ELECTRONIC SIGNATURE 

• PROGRAMMING VOLTAGE: 12V 

DESCRIPTION 
The M27256 is a 262,144 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 32.768 words by 8 bits. 

The M27256 is housed in a 28 pin Window Ceramic 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the user toexpose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can then be 
written to the device by following the programming 
procedure 

Table 1. Signal Names 

AO-A14 Address Inputs 

Q0-07 Data Outputs 

E Chip Enable 
-
G Output Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

August 1993 

28 

FDIP28W (F) 

Figure 1. Logic Diagram 

Vee Vpp 

15 8 

AO-A14 QO-Q7 

M27256 

r 

Vss 
VA007678 

1/8 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 oc 
grade 6 -40 to 85 

TsiAS Temperature Under Bias grade 1 -10 to 80 oc 
grade 6 -50 to 95 

TsTG Storage Temperature -65 to 125 oc 
V1o Input or Output Voltages -0.6 to 6.25 v 
Vee Supply Voltage -0.6to 6.25 v 
VA9 VA9Voltage -0.6 to 13.5 v 
Vpp Program Supply -0.6to 14 v 

Note: Except for the rat1ng "Operating Temperature Range", stresses above those hsted 1n the Table "Absolute Maximum Ratings" may cause 
permanent damage to the dev1ce. These are stress rattngs only and operatton of the device at these or any other condtttons above those 
indtcated in the Operating sections of thts spectftcation ts not imphed. Exposure to Absolute Maximum Rating condttions for extended penods 
may affect device rel1ab11ity. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

Figure 2. DIP Pin Connections 

Vpp Vee 
A12 A14 

A7 A13 
A6 AS 
A5 A9 
A4 A11 
A3 G 
A2 A10 
A1 E 
AO 07 
00 06 
01 05 
Q2 Q4 

Vss 03 
VA00768 

DEVICE OPERATION 

The eight modes of operations of the M27256 are 
listed in the Operating Modes Table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on A9 
for Electronic Signature. 
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Read Mode 

The M27256 has two control functions, both of 
which must be logically satisfied in_prder to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen
dent of device selection. Assuming that the ad
dresses are stable, address access time (tAvov) is 
equal to the delay from E to output (tELov). Data_!? 
available at the_outputs after the falling edge of G, 
assuming that E has been low and the addresses 
have been stable for at least tAvov-tGLOV-

Standby Mode 

The M27256 has a standby mode which reduces 
the maximum active power current from 1 OOmA to 
40mA. The M27256 is placed in the standby mode 
by applying a TTL high signal to theE input. When 
in the standby mode, the outputs a_!!) in a high 
impedance state, independent of the G input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 



DEVICE OPERATION (cont'd) 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. 

This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is required 
from a particular memory device. 

System Considerations 

The power switching characteristics of fast 
EPROMs require careful decoupling of the devices. 
The supply current, Icc, has three segments that 
are of interest to the system designer: the standby 
current level, the active current level, and transient 
current peaks th_et are produced by the falling and 
rising edges of E. The magnitude of the transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup
pressed by complying with the two line output 
control and by properly selected decoupling capac
itors. It is recommended that a 11J.F ceramic capac
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.71J.F bulk 
electrolytic capacitors should be used between Vee 
and Vss for every eight devices. The bulk capacitor 

Table 3. Operating Modes 

Mode E G 

Read VJL VJL 

Output Disable VJL VJH 

Program v,L Pulse VJH 

Verify VJH v,L 

Optional Verify v,L v,L 

Program Inhibit VJH VJH 

Standby VJH X 

Electronic Signature VJL VJL 

Note: X= v,H or v,L, v,o = 12V ± 0.5%. 

Table 4. Electronic Signature 

Identifier AD Q7 Q6 as 
Manufacturer's Code VJL 0 0 1 

Device Code VJH 0 0 0 

M27256 

should be located near the power supply connec
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Program main 

When delivered, (and after each erasure for UV 
EPROM), all bits of the M27256 are in the "1" state. 
Data is introduced by selectively programming "Os" 
into the desired bit locations. Although only "Os" will 
be programmed, both "1 s" and "Os" can be present 
in the data word. The only way to change a "0" to 
a "1" is by ultraviolet light erasure. The M27256 is 
in the prog@mming mode when Vpp input is at 
12.5V and E is at TTL low. The data to be pro
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. 

Fast Programming Algorithm 

Fast Programming Algorithm rapidly programs 
M27256 EPROMs using an efficient and reliable 
method suited to the production programming en
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 
continually monitored to determine when it has 
been successfully programmed. A flowchart of the 
M27256 Fast Programming Algorithm is shown on 
the Flowchart. The Fast Programming Algorithm 
utilizes two different pulse types : iniQ?I and over
program. The duration of the initial E pulse(s) is 
1 ms, which will then be followed by a longer over
program pulse of length 3ns by n (n is equal to the 
number of the initial one millisecond pulses applied 

A9 Vpp QO-Q7 

X Vee Data Out 

X Vee Hi-Z 

X Vpp Data In 

X Vpp Data Out 

X Vpp Data Out 

X Vpp Hi-Z 

X Vee Hi-Z 

V1o Vee Codes 

Q4 Q3 Q2 Q1 QO Hex Data 

0 0 0 0 0 20h 

0 0 1 0 0 04h 

_____________ ~ ~~~@mgm:~q11 ___________ ___..:3='8 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

~ 20ns 

0.45V to 2.4V 

0.8Vto2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.45V 

~2.0V 

~0.8V 
VA00827 

Figure 4. AC Testing Load Circuit 

1.3V 

1N914 

DEVICE 
UNDER 
TEST T CL=100pF 

CL includes JIG capacitance 

OUT 

VA00828 

Table 5. Capacitance (l) (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min Max Unit 

CIN Input Capacitance V1N = OV 6 pF 

GouT Output Capacitance VouT = OV 12 pF 

Note: 1. Sampled only, not 1 00% tested 

Figure 5. Read Mode AC Waveforms 

AO-A14 

\AXQX -4----lool-

Hi-Z 
Q0-07 DATA OUT 

VA00758 

-"41-=-8------------ !¥1 ~~©1H211~9~ --------------
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Table 6. Read Mode DC Characteristics <1> 
(TA = 0 to 70 °C or-40 to 85 °C; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current O<V1N<Vcc 

ILO Output Leakage Current Vour=Vcc 

Icc Supply Current E = v,L, G = v,L 

lcct Supply Current (Standby) E=ViH 

lpp Program Current Vpp=Vcc 

v,L Input Low Voltage -Q.1 

V1H Input High Voltage 2 

VoL Output Low Voltage loL=2.1mA 

VoH Output High Voltage loH = -400IJA 2.4 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or alter Vpp. 

Table 7A. Read Mode AC Characteristics <1> 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Test Condi-
M27256 

Symbol A It Parameter lion -1 -2,-20 

Min Max Min Max 

IAvov lAce 
Address Valid to I;.= ViL, 170 200 Output Valid G =ViL 

IELQV IcE 
Chip Enable Low 

G=VIL 170 200 to Output Valid 

Output Enable -
tGLQV toE Low to Output Valid E=VIL 70 75 

IEHOZ (2) 
Chip Enable High -

!oF to Output Hi-Z G=ViL 0 35 0 55 

IGHOZ (2) 
Output Enable -

I oF HiQh to Output Hi-Z E=VIL 0 35 0 55 

lAX OX toH 
Address Transition E.= V1L. 0 0 to Output Transition G =VIL 

Table 78. Read Mode AC Characteristics <1> 
(TA = 0 to 70 °C or -40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

TestCondi-
M27256 

Symbol A It Parameter 
tion -3 

Min Max Min 

IAVQV IACC 
Address Valid to I;__:=VIL, 

300 Output Valid G=VIL 

Chip Enable Low -
IELOV IcE to Output Valid G=VIL 300 

Output Enable -
IGLQV loE Low to Output Valid E=VIL, 120 

IEHQZ (2) 
Chip Enable High -

toF to Output Hi-Z G=VIL 0 105 0 

IGHQZ (2) loF 
Output Enable 

E=VIL 0 105 0 
High to Output Hi-Z 

IAXOX loH 
Address Transition i;.= V1L, 0 0 
to Output Transition G=VIL 

Notes: 1. Vee must be applied simultaneously with or before VPP and removed simultaneously or after Vpp. 
2. Sampled only, not100% tested. 

M27256 

Max Unit 

+10 M_ 
±10 !lA 
100 mA 

40 mA 

5 mA 

0.8 v 

Vee+ 1 v 

0.45 v 

v 

blank, -25 Unit 

Min Max 

250 ns 

250 ns 

100 ns 

0 60 ns 

0 60 ns 

0 ns 

-4 Unit 

Max 

450 ns 

450 ns 

150 ns 

130 ns 

130 ns 

ns 

-------------~ ~~~~~~~Jg --------------'5=/8 
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Table 8. Programming Mode DC Characteristics <1> 
(TA = 25 oc; Vee= 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V1L,; V1N,; V1H 

Icc Supply Current 
-

lpp Program Current E=VIL 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage loH = -400flA 

V1o A9Voltage 

Min 

-0.1 

2 

2.4 

11.5 

Note. 1. Vee must be applied simultaneously w1th or before Vpp and removed simultaneously or after Vpp. 

Table 9. Programming Mode AC Characteristics <1> 
(TA = 25 oc; Vee= 6V ± 0.25V; Vpp = 12.5V ± 0.3V) 

Symbol A It Parameter Test Condition 

lA VEL lAs 
Address Valid to Chip Enable 
Low 

to vEL los Input Valid to Chip Enable Low 

tvPHEL tvps Vpp High to Chip Enable Low 

tvcHEL tvcs Vee High to Chip Enable Low 

IELEH lpw Chip Enable Program Pulse Note2 
Width (Initial) 

IELEH topw 
Chip Enable Program Pulse Note3 
Width (Overprogram) 

tEHOX toH 
Chip Enable High to Input Tran-
sition 

taxGL toES 
Input Transition to Output En-
able Low 

tGLQV toE 
Output Enable Low to 
Output Valid 

IGHOZ (4) toFP 
Output Enable Low to 
Output Hi-Z 

tGHAX tAH 
Output Enable High to 
Address Transition 

Min 

2 

2 

2 

2 

0.95 

2.85 

2 

2 

0 

0 

Notes. 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. The Initial Program Pulse width tolerance 1s 1 ms ± 5%. 

Max Unit 

±10 flA 

100 rnA 

50 rnA 

0.8 v 
Vee+ 1 v 

0.45 v 
v 

12.5 v 

Max Unit 

flS 

f!S 

flS 

f!S 

1.05 ms 

78.75 ms 

f!S 

f!S 

150 ns 

130 ns 

ns 

3 The length of the Over-program Pulse varies from 2.85 ms to 78.95 ms, depend1ng on the multiplication value of the iteration counter. 
4. Sampled only, not 100% tested . 

.:::6/.::.8 ____________ ~ ~~©1H~&9~ --------------
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Figure 6. Programming and Verify Modes AC Waveforms 

VALID 
'---

AO-A14 

tAVEL -J 
Q0-07 DATA IN DATA OUT 

tQVEL+ tEHQX 

Vpp -tGLQV 1-
tVPHEL - tGHQZ 

Vee --' - tVCHEL :- tGHAX 

~ ·- tQXGL --tELEH -
' 
' 

*---PROGRAM ---__.,..1-- VERIFY -----...; 

Figure 7. Programming Flowchart 

Vee = 6V, Vpp = 12.5V 

Vee = 5V, Vpp = 5V 

Check all bytes 

VA00774 

VA00759 

DEVICE OPERATION (cont'd) 

to a particular M27256 location), before a correct 
verify occurs. Up to 25 one-millisecond pulses per 
byte are provided for before the over program pulse 
is applied. The entire sequence of program pulses 
and byte verifications is performed at Vee= 6V and 
Vpp = 12.5V. 
When the Fast Programming cycle has been com
pleted, all bytes should be compared to the original 
data with Vee= 5V and Vpp = 5V. 

Program Inhibit 

Programming of multiple M27256s in parallel with 
diff~ent data is also easily accoJilplished. Except 
for E, all like inputs (including G) of the parallel 
M27256 may be Q9mmon. A TTL low pulse applied 
to a M27256's E input, with Vpp _ = 12.5V, will 
program that M27256. A high level E input inhibits 
the other M27256s from being programmed. 

Program Verify 

A verify should be performed on the programmed 
bits to determine that they were correc!]y pro
grammed. The verify is accomplished withE= V1L, 
G = V1H and Vpp = 12.5V. 

Optional Verify 

The optional verify may be perform.§_d instea.Q_ of the 
verify mode. It is performed with G = V1L, E = .:!1L 
(as opposed to the standard verify which has E = 

~ SGS·THOMSON 7/8 -------------- Jo.""'fl [lj]DcmJm~rn=©:li'ID@@ _____________ :..:..:: 
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DEVICE OPERATION (cont'd) 

ViH), and Vpp = 12.5V. The outputs will b~n a Hi-z 
state according to the signal presented tQ. G. There
fore, all devices with Vpp = 12.5V and G = .}:!IL will 
present data on the bus independent of the Estate. 
When parallel programming several devices which 
share the common bus, Vpp should be lowered to 
Vee (6V) and the normal read mode used to exe
cute a program verify. 

Electronic Signature 
The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment for the 
purpose of automatically matching the device to be 
programmed with its corresponding programming 
algorithm. This mode is functional in the 25°C ±soc 
ambient temperature range that is required when 
programming the M27256. To activate this mode, 
the programming equipment must force 11.5V to 
12.5V on address line A9 of the M27256. Two 
identifier bytes may then be sequenced from the 
device outputs by toggling address line AO from V1L 
to V1H. All other address lines must be held at V1L 
during Electronic Signature mode. Byte 0 (AO = ViL) 
represents the manufacturer code and byte 1 (AO 
= ViH) the device identifier code. For the SGS-

ORDERING INFORMATION SCHEME 

THOMSON M27256, these two identifier bytes are 
given below. 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristic of the M27256 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27256 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27256 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque lables be put over the M27256 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27256 is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm2. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi
olet lamp with 12000 ',1W/cm2 power rating. The 
M27256 should be placed within 2.5cm (1 inch) of 
the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re
moved before erasure. 

Example: M27256 -1 F 1 

Speed and Vee Tolerance 

-1 170 ns, 5V ±5% 

-2 200 ns, 5V ±5% 

blank 250 ns, 5V ±5% 

-3 300 ns, 5V ±5% 

-4 400 ns, 5V ±5% 

-20 200 ns, 5V ±10% 

-25 250 ns, 5V ±1 0% 

F 

Temperature Range 

Oto70°C 

6 -40 to 85 ac 

For a list of available options (Speed, Vee Tolerance, Package, etc) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. · 
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NMOS 512K (64K x 8) UV EPROM 

• FAST ACCESS TIME: 200ns 

• EXTENDED TEMPERATURE RANGE 

• SINGLE 5V SUPPLY VOLTAGE 

• LOW STANDBY CURRENT: 40mA max 

• TTL COMPATIBLE DURING READ and 
PROGRAM 

• FAST PROGRAMMING ALGORITHM 

• ELECTRONIC SIGNATURE 

• PROGRAMMING VOLTAGE: 12V 

DESCRIPTION 

The M27512 is a 524,288 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 65,536 words by 8 bits. 

The M27512 is housed in a 28 Pin Window Ceramic 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the user to expose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can then be 
written to the device by following the programming 
procedure. 

Table 1. Signal Names 

AO- A15 Address Inputs 

QO-Q7 Data Outputs 

E Chip Enable 

-
GVpp Output Enable I Program Supply 

Vee Supply Voltage 

Vss Ground 

August 1993 

28 

FDIP28W (F) 

Figure 1. Logic Diagram 

Vee 

16 8 

AO-A15 Q0-07 

M27512 

E 

GVpp 

Vss 
VA00765B 
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M27512 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature 
Grade 1 Oto70 oc 
Grade 6 -40to85 

TaoAS Temperature Under Bias Grade 1 -10to80 oc 
Grade 6 -50 to 95 

TsTG Storage Temperature -65to 125 oc 
Voo Input or Output Voltages -D.6to6.5 v 
Vee Supply Voltage -D.6to6.5 v 
VA9 A9Voltage -o.6to 13.5 v 
Vpp Program Supply -o.6to 14 v 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the dev1ce. These are stress rat1ngs only and operat1on of the dev1ce at these or any other conditions above those 
indicated on the Operatong sections of thos specification os not omplled. Exposure to Absolute Maxomum Ratong conditions for extended periods 
may affect device reliability. Refer also to the SGS·THOMSON SURE Program and other relevant quality documents. 

Figure 2. DIP Pin Connections 
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The six modes of operations of the M27512 are 
listed in the Operating Modes table. A single 5V 
power supply is required in th~ read mode. All 
inputs are TTL levels except for GVpp and 12V on 
A9 for Electronic Signature. 

Read Mode 

The M27512 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen
dent of device selection. Assuming that the ad
dresses are stable, add)!!SS access time (IAvov) is 
equal to the delay from E to output (tELov). Data is 
available at the o!,!!puts after delay_ of tGLOv from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tAVQV-tGLQV. 

Standby Mode 

The M27512 has a standby mode which reduces 
the maximum active power current from 125mA to 
40mA. The M27512 is placed in the gandby mode 
by applying a TTL high signal to the E input. When 
in the standby mode, the outputs a~ in a high 
impedance state, independent of the GVpp input. 

Two Line Output Control 

Because EPROMs are usually used in larger mem
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 

a. the lowest possible memory power dissipation, 

b. complete assurance that output bus contention 
will not occur. 

2/9 ru'/f SCS·1HOMSON 
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DEVICE OPERATION (cont'd) 

For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while GVpp should be 
made a common connection to all devices in the 
array and connected to the READ line from the 
system control bus. This ensures that all 
deselected memory devices are in their low power 
standby mode and that the output pins are only 
active when data is required from a particular mem
ory device. 

System Considerations 

The power switching characteristics of fast 
EPROMs require careful decoupling of the devices. 

The supply current, Icc, has three segments that 
are of interest to the system designer : the standby 
current level, the active current level, and transient 
current peaks th_9t are produced by the falling and 
rising edges of E. The magnitude of the transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup
pressed by complying with the two line output 
control and by properly selected decoupling capac
itors. It is recommenced that a 1 11F ceramic capac
itor be used on every device between Vee and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7!1F bulk 
electrolytic capacitor should be used between Vee 
and Vss for every eight devices. The bulk capacitor 

Table 3. Operating Modes 

Mode E 

Read V1L 

Output Disable V1L 

Program v,L Pulse 

Verify VIH 

Program Inhibit V1H 

Standby V1H 

Electronic Signature V1L 

Note: X= v," or vll, v,o = 12V ± 0.5%. 

Table 4. Electronic Signature 

Identifier AO 07 06 as 
Manufacturer's Code V1L 0 0 1 

Device Code VIH 0 0 0 

M27512 

should be located near the power supply connec
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 

Programming 

When delivered, and after each erasure, all bits of 
the M27512 are in the "1" state. Data is introduced 
by selectively programming "Os" into the desired bit 
locations. Although only "Os" will be programmed, 
both "1 s" and "Os" can be present in the data word. 
The only way to change a "0" to a "1" is by ultraviolet 
light erasure._Jhe M27512 is in the progra_r:11ming 
mode when GVpp input is at 12.5V and E is at 
TIL-low. The data to be programmed is applied 8 
bits in parallel to the data output pins. The levels 
required for the address and data inputs are TIL. 
The M27512 can use PRESTO Programming Algo
rithm that drastically reduces the programming 
time (typically less than 50 seconds). Nevertheless 
to achieve compatibility with all programming 
equipment, the standard Fast Programming Algo
rithm may also be used. 

Fast Programming Algorithm 

Fast Programming Algorithm rapidly programs 
M27512 EPROMs using an efficient and reliable 
method suited to the production programming en
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 
continually monitored to determine when it has 
been successfully programmed. A flowchart of the 
M27512 Fast Programming Algorithm is shown in 
Figure 8. 

GVpp A9 Q0-07 

VIL X Data Out 

VIH X Hi-Z 

Vpp X Data In 

v,L X Data Out 

Vpp X Hi-Z 

X X Hi-Z 

V1L v,o Codes 

04 03 02 01 QO Hex Data 

0 0 0 0 0 20h 

0 1 1 0 1 ODh 
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M27512 

AC MEASUREMENT CONDITIONS . 

Input Rise and Fall Times 

Input Pulse Voltages 

,;; 20ns 

0.45V to 2.4V 

Input and Output Timing Ref. Voltages O.SV to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~o.sv 
0.45V 

VA00827 

Table 5. Capacitance <1> (T A= 25 oc, f = 1 MHz) 

Figure 4. AC Testing Load Circuit 

DEVICE 

UNDER 

TEST 

1.3V 

CL includes JIG capacitance 

Symbol Parameter Test Condition Min Max 

C1N Input Capacitance V1N = OV 6 

CouT Output Capacitance VouT=OV 12 

Note: 1. Sampled only, not 100% tesled. 

Figure 5. Read Mode AC Waveforms 

AD-A15 ~ VALID 

I= \AVQV _., \AXQX 1 
~ l f \GLQV - I- \EHQZ---

l 
- \ELQV _., 1- tGHoz---

HI-Z 
00-07 DATA OUT 

VA00735 

OUT 

VA00828 

Unit 

pF 

pF 
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Table 6. Read Mode DC Characteristics <1> 
(TA = 0 to 70 oc or-40 to 85 oc; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current o::;v,N:>Vcc 

ILO Output Leakage Current VouT=Vcc 

Icc Supply Current E = v,L, G = v,L 

lcc1 Supply Current (Standby) E=V!H 

v,L Input Low Voltage -{).1 

v,H Input High Voltage 2 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage loH=-400J.!A 2.4 

Note: 1. Vee must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 

Table 7. Read Mode AC Characteristics <1> 
(TA = 0 to 70 °C or -40 to 85 °C; Vee= 5V ± 5% or 5V ± 10%; Vpp =Vee) 

M27512 
Test Symbol A It Parameter Condition -2,-20 blank,-25 

Min Max Min 

lAVQV lAce Address Valid to Output Valid ~=VIL, 200 
G=VIL 

lELOV teE Chip Enable Low to Output Valid G=V!L 200 

lGLQV toE Output Enable Low to Output Valid E=VIL 75 

lEHOZ (2) toF Chip Enable High to Output Hi-Z G=V!L 0 55 0 

tGHOZ (2) toF Output Enable High to Output Hi-Z E=V!L 0 55 0 

lAX OX loH 
Address Transition to Output Tran- ~;__= v,L, 0 0 sition G=V!L 

Notes: 1. Vee must be applied Simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. Sampled only, not 100% tested. 

Table 8. Programming Mode DC Characteristics <1> 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol Parameter Test Condition 

lu Input Leakage Current V!L ::; V!N ::; V!H 

Icc Supply Current 

lpp Program Current E=V!L 

V!L Input Low Voltage 

V!H Input High Voltage 

VoL Output Low Voltage loL=2.1mA 

VoH Output High Voltage loH = -400).1A 

VID A9Voltage 

Min 

-o.1 

2 

2.4 

11.5 

Note: 1. Vee must be applied simultaneously wHh or before Vpp and removed simultaneously or after Vpp. 

Max 

250 

250 

100 

60 

60 

Max 

±10 

150 

50 

0.8 

Vee+ 1 

0.45 

12.5 

M27512 

Max Unit 

±10 ).lA 

±10 ).lA 

125 mA 

40 mA 

0.8 v 

Vee+ 1 v 

0.45 v 

v 

-3 Unit 

Min Max 

300 ns 

300 ns 

120 ns 

0 105 ns 

0 105 ns 

0 ns 

Unit 

).lA 

mA 

mA 

v 

v 

v 

v 

v 
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Table 9. MARGIN MODE AC Characteristics 11l 
(TA = 25 ac; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol A It Parameter Test Condition Min 

IA9HVPH IAS9 VA9 High to Vpp High 2 

lvPHEL tvps Vpp High to Chip Enable Low 2 

IA10HEH IAS10 
VA10 High to Chip Enable 1 High (Set) 

IA10LEH tAS10 
VA 1 0 Low to Chip Enable High 1 (Reset) 

tEXA10X IAH1o Chip Enable Transition to 1 VA10 Transition 

IEXVPX lvPH 
Chip Enable Transition to Vpp 2 Transition 

IVPXA9X IAH9 
Vpp Transition to VA9 Transi- 2 tion 

Note: 1. Vee must be applied simultaneously w1th or before VPP and removed simultaneously or after Vpp." 

Table 10. Programming Mode AC Characteristics 11> 
(TA = 25 oc; Vee= 6.25V ± 0.25V; Vpp = 12.75V ± 0.25V) 

Symbol A It Parameter Test Condition 

tAVEL lAs 
Address Valid to Chip Enable 
Low 

!QVEL los Input Valid to Chip Enable Low 

lveHEL tves Vee High to Chip Enable Low 

lvPHEL loES Vpp High to Chip Enable Low 

IVPLVPH IPRT Vpp Rise Time 

IELEH tpw Chip Enable Program Pulse Note2 Width (Initial) 

IELEH topw Chip Enable Program Pulse Note3 Width (Overprogram) 

IEHOX loH Chip Enable High to Input Tran-
sition 

IEHVPX toEH Chip Enable High to VPP Tran-
sition 

IVPLEL IVA Vpp Low to Chip Enable Low 

IELOV tov Chip Enable Low to Output 
Valid 

IEHOZ (4) !oF Chip Enable High to Output Hi-
z 

tEHAX tAH Chip Enable High to Address 
Transition 

Min 

2 

2 

2 

2 

50 

0.95 

2.85 

2 

2 

2 

0 

0 

Notes. 1. Vee must be apphed simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. The lmtial Program Pulse width tolerance is 1 ms ± 5%. 

Max Unit 

J.lS 

J.!S 

J.lS 

J.lS 

J.lS 

J.lS 

J.lS 

Max Unit 

J.lS 

J.lS 

J.lS 

J.lS 
ns 

1.05 ms 

78.75 ms 

J.lS 

J.!S 

J.lS 

1 J.!S 

130 ns 

ns 

3. The length of the Over-program Pulse varies from 2.85 ms to 78.95 ms, depend1ng on the multiplication value of the 1terat1on counter. 
4. Sampled only, not100% tested. 
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Figure 6. MARGIN MODE AC Waveform 

Vee 

AS 

A9 J \A9HVPH -\VPXA9X I 
GVpp 

\VPHEL I - \EXVPX -i 
tA10HEH \EXA 1 OX 

A 10 Set 

A10 Rese \ 

\A10LEH 
VA00736B 

Note: A8 High level= 5V; A9 H1gh level= 12V. 

Figure 7. Programming and Verify Modes AC Waveforms 
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M27512 

Figure 8. Fast Programming Flowchart 

Vee = 6V, Vpp = 12.5V 

Vee = 5V, Vpp = 5V 
Check all bytes 

DEVICE OPERATION (cont'd) 

VA00774 

The Fast Programming Algorithm utilizes two differ
ent pulse types : ~itial and overprogra_m. T~e du
ration of the initial E pulse(s) is 1 ms, wh1ch Will then 
be followed by a longer overprogram pulse of length 
3ns by n (n is an iteration counter and is equal to 
the number of the initial one millisecond pulses 
applied to a particular M27512 location) •. ~efore a 
correct verify occurs. Up to 25 one-m1111second 
pulses per byte are provided for before the over 
program pulse is applied. . 
The entire sequence ot_program pulses 1s per
formed at Vee= 6V and GVpp = 12.5V (byte verifi
cations at Vee= 6V and GVPP = VIL). When the Fast 
Programming cycle has been completed, all bytes 
should be compared to the original data with 
Vee= 5V. 

PRESTO Programming Algorithm 

PRESTO Programming Algorithm allows to. pr?
gram the whole array with a guaranted marg1n, 1n 
a typical time of less than 50 seconds (to be_ com
pared with 283 seconds for the Fast algonthm). 
This can be achieved with the SGS-THOMSON 
M27512 due to several design innovations de
scribed in the next paragraph that improves pro
gramming efficiency and brings adequate margin 

Figure 9. PRESTO Programming Flowchart 

Vee = 6.25V, Vpp = 12.75V 

SET MARGIN MODE 

RESET MARGIN MODE 

Vee = 5V, Vpp = 5V, Check all bytes 

VA00773 

for reliability. Before starting the programming the 
internal MARGIN MODE circuit is set in order to 
guarantee that each cell is programmed with 
enough margin. 
Then a sequence of 500f.LS program pulses are 
applied to each byte until a correct verify occurs. 
No overprogram pulses are applied since the veri!Y 
in MARGIN MODE provides the necessary marg1n 
to each programmed cell. 

Program Inhibit 

Programming of multiple M27512s in parallel with 
different data is also easily accomplished. Except 
forE, all like inputs (including GVpp) of the parallel 
M27512 may be com!IIon. A TTL [Q_w level pulse 
applied to a M27512's E input, with GVpp a!_12.5V, 
will program that M27512. A high level E input 
inhibits the other M27512s from being pro
grammed. 

Program Verify 

A verify (read) should be performed on the pro
grammed bits to determine that they were cor~ctly 
programmed. The verify is accomplished with GVpp 
and E at V1L. Data should be verified tov after the 
falling edge of E. 

:::::81:::..9 ____________ iV ~i;m&~~,~~ij --------------
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Electronic Signature 

The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25 ac ± 5 ac ambient 
temperature range that is required when program
ming the M27512. To activate this mode, the pro
gramming equipment must force 11.5V to 12.5V on 
address line A9 of the M27512. Two identifier bytes 
may then be sequenced from the device outputs by 
toggling address line AO from V1L to V1H. All other 
address lines must be held at V1L during Electronic 
Signature mode, except for A 14 and A 15 which 
should be high. Byte 0 (AO = ViL) represents the 
manufacturer code and byte 1 (AO =Vi H) the device 
identifier code. 

ERASURE OPERATION (applies to UV EPROM) 

The erasure characteristic of the M27512 is such 
that erasure begins when the cells are exposed to 

ORDERING INFORMATION SCHEME 

Example: M27512 

Speed and Vee Tolerance 

-2 200 ns, 5V ±5% 

blank 250 ns, 5V ±5% 

-3 300 ns, 5V ±5% 

-20 200 ns, 5V ±10% 

-25 250 ns, 5V ±1 0% 

M27512 

light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27512 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when expose to direct sunlight. If the M27512 is to 
be exposed to these types of lighting conditions for 
extended periods of time, it is suggested that 
opaque labels be put over the M27512 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27512 is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. 
The integrated dose (i.e. UV intensity x exposure 
time) for erasure should be a minimum of 15 
W-sec/cm2. The erasure time with this dosage is 
approximately 15 to 20 minutes using an ultraviolet 
lamp with 12000 11W/cm2 power rating. The 
M27512 should be placed within 2.5 em (1 inch) of 
the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re
moved before erasure. 

-2 F 

Package Temperature Range 

F FDIP28W 1 0 to 70 oc 
6 -40 to 85 oc 

For a list of available options (Speed, Vee Tolerance, Package, etc) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M28F256 

CMOS 256K (32K x 8, Chip Erase) FLASH MEMORY 

• FAST ACCESS TIME: 120ns 

• 1,000 ERASE/PROGRAM CYCLES 

• 12V PROGRAMMING VOLTAGE 

• TYPICAL BYTE PROGRAMMING TIME 100f.lS 
(PRESTO F PROGRAMMING) 

• ELECTRICAL CHIP ERASE IN 1 s RANGE 

DESCRIPTION 

The M28F256 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or
ganised as 32K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter
face. The M28F256 FLASH MEMORY is suitable 
for applications where the memory has to be repro
grammed in the equipment. The access time of 
100ns makes the device suitable for use in high 
speed microprocessor systems. 

Table 1. Signal Names 

AO-A14 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

E Chip Enable 
-
G Output Enable 
-w Write Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

March 1993 

PDIP32 (P) PLCC32 (K) 

Figure 1. Logic Diagram 

Vee Vpp 

15 8 

AO-A14 DQO-DQ7 

Vss 
VA006888 

1/15 
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M28F256 

Figure 2A. DIP Pin Connections Figure 28. LCC Pin Connections 

Vpp [ 1 \__./ 32 Vee 
Ne [ 2 31 w "' 

(1_ u 
::;: u u (1_ u u 

z z > > 13 z 

NC [ 3 30 NC 
A12 [ 4 29 A14 A7 A14 
A7 [ 5 28 A13 A6 A13 
A6 [ 6 27 AB A5 A8 
A5 [ 7 26 A9 
A4[ 8 25 A11 

A4 A9 

A3 [ 9 M28F256 24 G A3 A11 

A2 [ 10 23 A10 A2 G 

A1 [ 11 22 I A1 A10 
AO [ 12 21 DQ7 AO E 

OQO [ 13 20 006 DOD 007 
001 [ 14 19 005 
DQ2 [ 15 18 DQ4 
Vss r 16 17 DQ3 0 "' if) n "" <I) <D 

0 if) 0 0 0 0 
0 0 > 0 0 0 0 

VA00690 
VA00689 

Warning: NC = No Connectton Warning: NC =No Connection 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

TsTG Storage Temperature -65 to 150 oc 
Vto Input or Output Voltages -0.6 to 7 v 
Vee Supply Voltage -o.6to 7 v 
VAg A9Voltage -0.6 to 13.5 v 

Vpp Program Supply Voltage, during Erase 
-o.6 to 14 v or Programming 

Note: Except for the rating ''Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress rat1ngs only and operation of the device at these or any other condttions above those 
tndtcated in the Operat1ng sect10ns of this spectfication is not implied. Exposure to Absolute Maximum Rating condittons for extended penods 
may affect devtce rehabthty. Refer also to the SGS·THOMSON SURE Program and other relevant quality documents. 

DEVICE OPERATION 

The M28F256 FLASH MEMORY employs a tech
nology similar to a 256K EPROM but adds to the 
device functionality by providing electrical erasure 
and programming. These functions are managed 
by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 

input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F256 func
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command register 
is enabled and this provides, in addition, Erase and 
Program operations. 

=2/~1~5-------------------------~~i~~~~~~~~ -----------------------------
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READ ONLY MODES, Vpp::; 6.5V 

For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is 'don't care'. 

Read Mode. The M28F256 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and sh.Q_uld be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 

Standby Mode. In the Standby Mode the maxi
mum supply current is reduced from 30mA to 
20011A. The device is placed in the StandQ}t Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
impedance state, independant of the Output En
able (G) input. 

Q!Jtput Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 

Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high volta_ge (1 u;v to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 

Table 3. Operations <1l 

Vpp Operation E 

Read Only VPPL Read VIL 

Output Disable ViL 

Standby V1H 

Electronic Signature ViL 

Read/Write 12l VPPH Read V1L 

Write V1L 

Output Disable V1L 

Standby V1H 

Note: 1. X = v,L or v,H 
2. Refer also to the Command Table 

M28F256 

READ/WRITE MODES, 11.4V::; Vpp::; 12.6V 

When Vpp is High both read and write operations 
may be performed. These are defined by the con
tents of an internal command register. Commands 
may be written to this register to set-up and exe
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 

6_ write to the .Q_ommand register is made b_yj)ringing 
W Low while E is Low. The falling edgeofW latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 

When the device is powered up and when Vpp is ::; 
6.5V the contents of the command register default 
to OOh, thus automatically setting-up Read opera
tions. In addition a specific command may be used 
to set the command register to OOh for reading the 
memory. 

The system designer may chose to provide a con
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem
ory. 

-
G w A9 DQO-DQ7 

VIL V1H A9 Data Output 

V1H VIH X Hi-Z 

X X X Hi-Z 

V1L V1H V10 Codes 

V1L V1H A9 Data Output 

V1H V1L Pulse A9 Data Input 

V1H V1H X Hi-Z 

X X X Hi-Z 

---------------------------~~~~@~~:~~~------------------------3~/~15 
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Table 4. Electronic Signature 

Identifier AO DQ7 DQ6 DQ5 

Manufacturer's Code V1L 0 0 

Device Code V1H 1 0 

Table 5. Commands (1) 

Command Cycles 
1st Cycle 

Operation AO-A14 

Read 1 Write X 

Electronic 
2 Write X Signature 

Setup Erase/ 
2 

Write X 

Erase 

Erase Verify 2 Write AO·A14 

Setup Program/ 
2 

Write X 

Program 

Program Verify 2 Write X 

Reset 2 Write X 

Note: 1. X= V1L or V1H 

READ/WRITE MODES (cont'd) 

If the device is deselected during Erasure, Pro
gramming or Verification it will draw active supply 
currents until the operations are terminated. 

Read Mode. The Read Mode is the default at 
power up or may be set-up by writing OOh to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 

Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs OOOOh or 
0001 h, output the manufacturer or device type 
codes. The command is terminated by writing an
other valid command to the command register (for 
example Reset). 

1 

1 

DQ4 DQ3 DQ2 DQ1 DQO Hex Data 

0 0 0 0 0 20h 

0 1 0 0 0 OA8h 

2nd Cycle 

DQO-DQ7 Operation AO-A14 DQO-DQ7 

DOh 

90h 
Read OOOOh 20h 

Read 0001h OA8h 

20h 

Write X 20h 

OAOh Read X Data Output 

40h 

Write AO-A14 Data Input 

OCOh Read X Data Output 

OFFh Write X OFFh 

Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to OOh, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 

The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad
dressed byte. 

Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the addr:g_ss of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 

~~~1~5_________________________ ~ ~~~@~~~~?©~ -----------------------------
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READ/WRITE MODES (cont'd) 

As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). 

Program and Program Verify Modes. The Pro
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
second cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ~ 10ns 

Input Pulse Voltages 0.45V to 2.4V 

Input and Output Timing Ref. Voltages 0.8V to 2V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V --v====\f 2.0V 

~0.8V 
0.45V 

YA00827 

Table 6. Capacitance <1> (TA = 25 oc, f = 1 MHz) 

M28F256 

Program Verify Mode is set-up by writing_QCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 

Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol
lowed by writing a valid command to the the com
mand register (for example Read). 

Figure 4. AC Testing Load Circuit 

DEVICE 

UNDER 
TEST 

1 . .3V 

T 

1N914 

.3 .3KO 

CL includes JIG capacitance 

OUT 

VAOOB28 

Symbol Parameter Test Condition Min Max Unit 

C1N Input Capacitance V1N = OV 6 pF 

Gaur Output Capacitance Vour =OV 12 pF 

Note: 1. Sampled only, not 100% tested 

_____________ '-V ~~~@m~,~~ ___________ __:5:::.'=15 
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Table 7. DC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or-40 to 125 oc; Vee= 5V ± 5% or 5V ± 10%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV,;; V1N,;; Vee ±1 [!A 

ILO Output Leakage Current OV,;; VouT,;; Vee ±10 [!A 

Icc Supply Current (Read) E = V1L, I = 5MHz 30 rnA 

lcc1 
Supply Current (Standby) TTL E=VIH 1 rnA 

Supply Current (Standby) CMOS E =Vcc±0.2V 200 f!A 

lcc2 (1) Supply Current (Programming) During Programming jQ rnA 

lee3 (1l Supply Current (Program Verify) During Verify 30 rnA 

lcC4 (1l Supply Current (Erase) During Erasure 15 rnA 

Ices '1l Supply Current (Erase Verify) During Erase Verify 30 rnA 

ILPP Program Leakage Current Vpp,;; Vee ±100 f!A 

Program Current (Read or Vpp >Vee 200 f!A lpp Standby} 
Vpp,;; Vee ±100 f!A 

IPP1(1) Program Current (Programming) VPP = VPPH, During Programming 30 rnA 

lpp2(1) Program Current (Program Vpp = VPPH, During Verify 5 rnA 
Verify} 

lppll Program Current (Erase) Vpp = VPPH, During Erase 30 rnA 

IPP4(1l Program Current (Erase Verify) Vpp = VPPH, During Erase Verify 5 rnA 

V1L Input Low Voltage -0.5 0.8 v 

V1H 
Input High Voltage TTL 2 Vee+0.5 v 
Input High Voltage CMOS 0.7Vee Vee+ 0.5 v 

VoL Output Low Voltage loL = 2.1mA 0.45 v 
Output High Voltage TTL 10H=-2.5mA 2.4 v 

VoH loH = -1 OO[!A 
Output High Voltage CMOS 

4.1 v 
loH=-1mA Vce-0.8 v 

VPPL 
Program Voltage (Read 0 6.5 v Operations) 

VPPH Program Voltage (Read/Write 11.4 12.6 v Operations) 

V1o A9 Voltage (Electronic Signature) 11.5 13 v 
l10 (1) A9 Current (Electronic Signature) A9 = V10 500 f!A 

Note: 1. Not 1 00% Tested. eharactensation Data available . 

..:;.;6,_;_15;:..._ ___________ ~ ~~©m~:"~~ ____________ _ 
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Table BA. Read Only Mode AC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc, -40 to 125 oc; Vee= 5V ± 5% or 5V ± 1 0%; OV::; Vpp::; 6.5V) 

M28F256 

Symbol Alt Parameter Test Condition -12 Unit 

Min Max 

tAVAV IRe Read Cycle Time E = VIL, G = VIL 120 ns 

IAVQV lAce Address Valid to Output Valid E = VIL. G = VIL 120 ns 

Chip Enable Low to Output -
IELOX !eEL Transition 

G=VIL 0 ns 

teLOV tee Chip Enable Low to Output Valid G=VIL 120 ns 

Output Enable Low to Output -
IGLOX toEL Transition 

E =VIL 0 ns 

IGLOV toe Output Enable Low to Output Valid E =VIL 50 ns 

IEHOZ (1) 
-

tcoF Chip Enable High to Output Hi-Z G=VIL 0 40 ns 

IGHQZ (1) !oF Output Enable High to Output Hi-Z E=VIL 0 30 ns 

Address Transition to Output - -
lAX OX toH Transition E = VIL, G = VIL 0 ns 

Note: 1. Sampled only, not 100% tested 

Table 88. Read Only Mode AC Characteristics 
((TA = 0 to 70 °C, -40 to 85 °C, -40 to 125 oc; Vee= 5V ± 5% or 5V ± 1 0%; OV::; Vpp::; 6.5V) 

M28F256 

Symbol A It Parameter Test Condition -15 -20 Unit 

Min Max Min Max 

IAVAV IRe Read Cycle Time E = VIL, G = VIL 150 200 ns 

IAVOV lAce Address Valid to Output Valid E = VIL, G = VIL 150 200 ns 

Chip Enable Low to Output -
IELQX ICEL Transition G=V1L 0 0 ns 

IELOV tee Chip Enable Low to Output Valid G=VIL 150 200 ns 

Output Enable Low to Output -
tGLQX toEL Transition E=VIL 0 0 ns 

IGLQV toe Output Enable Low to Output Valid E=VIL 55 60 ns 

IEHQZ 111 tcoF Chip Enable High to Output Hi-Z G=VIL 0 55 0 60 ns 

tGHQZ 111 toF Output Enable High to Output Hi-Z E=VIL 0 35 0 40 ns 

IAXQX toH 
Address Transition to Output E = VIL, G = VIL 0 0 ns 
Transition 

Note: 1. Sampled only, not 100% tested 

~ SGS·lHOMSON 7/15 ---------------- la.""fl lli!O©JJOO~~©ii'OO©l\JO~ --------------~ 
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Figure 5. Read Mode AC Waveforms 

I tAVAV 

AO-A14 

~ tAvov-- tAX OX 

f--- tELOV -- {_tEHOZ-o-

I+- tELOX -+ 

tGLOV tGHQZ-

tGLOX 

D00-007 DATA OUT 

VA00682 

Figure 6. Read Command Waveforms 

,,-----------------------------------------------
Vpp 

AO-A14 

w 

DQ0-007 

tDVWH -f--~--+1:-- tWHDX 

COMMAND ------------+-----lDATA OUT 

' 
' ' 

~READ SET -UP--------..: 
' ' 

' 
' ' ' ' 
:.----- READ --------..: 
' ' 

tAX OX 

tEHOZ 

tGHOZ 

VA00683 
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Figure 7. Electronic Signature Command Waveforms 

r-------------------------------------------
Vpp 

AO-A14 

E 

"G 

w 

DQ0-007 

--------
--------
tWHEH 
--------

----------- tWHGL 
--------

~~--~~-- tWHDX 

COMMAND ------------+---!:DATA OUT 

' 
READ ELECTRONIC ------.! 

SIGNATURE SET-UP 

' 
' 
:.----- READ -----.: 
' MANUFACTURER ' 

OR DEVICE 

tAXQX 

tEHQZ 

tGHQZ 

VA006B4 
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Table 9A. Read/Write Mode AC Characteristics 
(TA = 0 to 70 ac, -40 to 85 oc or -40 to 125 oc; Vee = 5V ± 5% or 5V ± 1 0%; Vpp = 12V) 

M28F256 
Symbol A It Parameter -12 Unit 

Min Max 

IVPHEL Vpp High to Chip Enable Low 100 ns 

lwHWH3 !we Write Cycle Time 120 ns 

IAVWL lAS Address Valid to Write Enable Low 0 ns 

lwLAX IAH Write Enable Low to Address Transition 60 ns 

IELWL tcs Chip Enable Low to Write Enable Low 20 ns 

IGHWL Output Enable High to Write Enable Low 0 J.iS 

tovwH los Input Valid to Write Enable High 50 ns 

lwLWH twp Write Enable Low to Write Enable High (Write Pulse) 60 ns 

IELEH(2) Chip Enable Low to Chip Enable High (Write Pulse) 60 ns 

lwHOX loH Write Enable High to Input Transition 10 ns 

lwHWH1 Duration of Program Operation 95 105 J.LS 

lwHWH2 Duration of Erase Operation 9.5 10.5 ms 

IWHEH tcH Write Enable High to Chip Enable High 0 ns 

IWHWL lwPH Write Enable High to Write Enable Low 20 ns 

lwHGL Write Enable High to Output Enable Low 6 J.LS 

tAVQV lAce Addess Valid to data Output 120 ns 

IELQX !eEL Chip Enable Low to Output Transition 0 ns 

IELQV teE Chip Enable Low to Output Valid 120 ns 

IGLQX loEL Output Enable Low to Output Transition 0 ns 

tGLQV toE Output Enable Low to Output Valid 50 ns 

IEHQZ (1) tcoF Chip Enable High to Output Hi·Z 40 ns 

tGHQZ (1) toF Output Enable High to Output Hi·Z 30 ns 

lAX OX toH Address Transition to Output Transition 0 ns 

Notes: 1. Sampled only, not 100% tested _ _ 
2. A Wnte is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Write is controlled by Chip Enable 

(with a Chip Enable pulse width smaller than Write Enable), all timings should be measured relative to Chip Enable waveform. 
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Table 98. Read/Write Mode AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 °C or-40 to 125 °C; Vee= 5V ± 5% or 5V ± 10%; Vpp = 12V) 

M28F256 

Symbol Aft Parameter -15 -20 Unit 

Min Max Min Max 

IVPHEL Vpp High to Chip Enable Low 100 100 ns 

lwHWH3 twc Write Cycle lime 150 200 ns 

IAVWL lAs Address Valid to Write Enable Low 0 0 ns 

IWLAX IAH Write Enable Low to Address Transition 60 75 ns 

IELWL tcs Chip Enable Low to Write Enable Low 20 20 ns 

tGHWL Output Enable High to Write Enable Low 0 0 1!5 

tovwH tos Input Valid to Write Enable High 50 50 ns 

IWLWH twp Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

IELEH(2) Chip Enable Low to Chip Enable High (Write Pulse) 60 60 ns 

lWHDX toH Write Enable High to Input Transition 10 10 ns 

IWHWH1 Duration of Program Operation 95 105 95 105 1!5 

lWHWH2 Duration of Erase Operation 9.5 10.5 9.5 10.5 ms 

lWHEH tcH Write Enable High to Chip Enable High 0 0 ns 

lwHWL lWPH Write Enable High to Write Enable Low 20 20 ns 

lWHGL Write Enable High to Output Enable Low 6 6 I!S 

lAVQV lAce Addess Valid to data Output 150 200 ns 

lELOX ICEL Chip Enable Low to Output Transition 0 0 ns 

IELOV IcE Chip Enable Low to Output Valid 150 200 ns 

IGLQX loEL Output Enable Low to Output Transition 0 0 ns 

tGLQV toE Output Enable Low to Output Valid 55 60 ns 

IEHQZ(I) tcoF Chip Enable High to Output Hi-Z 55 60 ns 

tGHOZ(I) toF Output Enable High to Output Hi-Z 35 40 ns 

lAX OX toH Address Transition to Output Transition 0 0 ns 

Notes: 1. Sampled only, nol100% tested _ _ 
2. A Wnte is enabled by a vahd combtnalion of Chip Enable (E) and Write Enable fY'I). When Write is controlled by Chip Enable 

(with a Chip Enable pulse width smaller than Write Enable), all timings should be measured relative to Chip Enable waveform. 

-------------I..W ~~@mgm~O!~~ ___________ _:.1"""1'-=15 

253 



~ 

~ 
01 

~ 

Vpp 

AO-A14 

E 
I 

I ~ G" 

~In 

~~ I w ~i! 
~0 

i== In I ~0 
~z . I 

DQO-DQ7 

E Write 

:.-- ERASE OPERA liON --..: . . 
I I -- I 

tWHGL tl I .. , ,. tGHQZ 

. tDVWH I I• Ill• Ill tWHDX . tDVWH I• Ill• Ill tWHDX 

. . 
:--. 

----H COMMAND] (COMMAND 

ERASE SET-UP 

. . . . . 
---to!-- ERASE SET-UP ----..! 

' (REPEAT OF 1st CYCLE) ' 

. . . . . . :-. 

COMMAND . . . . 
ERASE VERIFY 

SET-UP 
-: . 

--~--

DATA OUT . . . 
:+-- VERIFY --J. 
• READ • 

VA00685 

::!! 
CQ 
c 
iiJ 
~ 
m 
iil 
8l 
en 
!!l-c 
'C 
Ill 
::J a. 
m 
iil 
8l 
Ci 
::!. 

-<" 
0 
0 
3 
3 
Ill 
::J a. 
Ul 

r 
3 
Ul 

s 
~ 
~ 
8l 



Ypp 

AO-A14 

E 
I 

~ I G 
§5(/) 
ifiin 
:eel(/) 

I ©• w 
~= ~0 
>il=: 
~~ 
itllz 

I 
DQO-DQ7 

EWrlte 

~ 
01 

!-- PROGRAM OPERATlON ---! 
~~tW--H-EL-~----------------------~~----- ' 

' ' ' 

tAVWL 

t-
·~: 

I• ~I• •I tWLAX 

' ' ' ' ' ' ' ' tDVWH i I• ~>I• "' t"":lDX I· .. ,. ·I tWHDX 

i 
i :------
' 

f1\ COMMAND 

! ! . 
PROGRA~ SET-UP -J. 

j ! I 

tDVWH 

i 
DATA IN 

i-- ADDRESS AND --..! 
' DATA LATCH ' 

----------~· •r---------~ 

tDVWH 

i K COMMAND i 

i-- PROGRAM -J. 
' VERIFY SET-UP ' 

--~--

tWHDX 

DATA OUT 
' ' ' ' 
!.-VERIFY 
• READ 

' ' i 
-----.; 

' 

tEHQZ 

tGHQZ 

VA006Ba 

"11 
IE' 
c 
iil 
!D 
"'C ... 
0 
(Q ... 
Ill 
3 
(/) 

*" c 
'0 
Ill 
::J 
c. 
"'C ... 
0 
(Q ... 
Ill 

13 
~ 
::!. 
-<' 

lo 
0 
3 
3 
Ill 
::J 
c. 
(/) 

:!E 
Ill 
< 
(1) 

0 
3 
(/) 

s 
1\) 
CIO 
'TI 
1\) 
C1l 
0) 



M28F256 

Figure 10. Erasing Flowchart 

Vpp = 12V 

READ COMMAND 

Vpp < 6.5V, PASS 
VA00692 

PRESTO F ERASE ALGORITHM 

The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programs all bytes to OOh in order to 
ensure uniform erasure. The programming follows 
the Presto F Programming Algorithm (see below). 
Erase is set-up by writing 20h to the command 
register, the erasure is started by repeating this 
write cycle. Erase Verify is set-up by writing OAOh 
to the command register together with the address 
of the byte to be verified. The subsequent read 
cycle reads the data which is compared to OFFh. 
Erase Verify begins at address OOOOh and contin
ues to the last address or until the comparison of 
the data to OFFh fails. If this occurs, the address of 
the last byte checked is stored and a new Erase 
operation performed. Erase Verify then continues 
from the address of the stored location. 

Figure 11. Programming Flowchart 

Vpp 12V 

Vpp < 6.5V, PASS 
VA00691 

PRESTO F PROGRAM ALGORITHM 

The PRESTO F Programming Algorithm applies a 
series of 1 OOJ.lS programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 

14/15 ~ SCS·lHOMSON .:....::.-=-------------- .._""fl lWD©Ilil:iilrn~rn©'illlii©~Jo©1t ---------------
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ORDERING INFORMATION SCHEME 

Example: M28F256 -12 X B 1 TR 

Speed Package Option 

-12 120 ns blank ±10% B PDIP32 TR Tape& Reel 

-15 150 ns X ±5% c PLCC32 3 -40to 125°C 
Packing 

-20 200 ns 6 -40to85°C 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

r=-= SGS·1HOMSON 15/15 -------------- A."fl li\IJO©OO@!illl.IW'iJW@~O©@ ------------...;..,;;,;--"" 
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M28F256A 

CMOS 256K (32K x 8, Chip Erase) FLASH MEMORY 

• FAST ACCESS TIME: 120ns 

• LOW POWER CONSUMPTION 
- Standby Current: 200)lA Max 

• 10,000 ERASE/PROGRAM CYCLES 

• 12V PROGRAMMING VOLTAGE 

• TYPICAL BYTE PROGRAMING TIME 10)ls 
(PRESTO F ALGORITHM) 

• ELECTRICAL CHIP ERASE IN 1s RANGE 

• INTEGRATED ERASE/PROGRAM-STOP 
TIMER 

DESCRIPTION 

The M28F256A FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or
ganised as 32K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter
face. The M28F256A FLASH MEMORY is suitable 
for applications where the memory has to be repro
grammed in the equipment. The access time of 
100ns makes the device suitable for use in high 
speed microprocessor systems. 

Table 1. Signal Names 

AO-A14 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

E Chip Enable 
-
G Output Enable 

Vii Write Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

March 1993 

PDIP32 (B) PLCC32 (C) 

Figure 1. Logic Diagram 

Vee Vpp 

15 8 

DQO-DQ7 

M28F256A 

Vss 
VA00679B 

1/15 

259 



M28F256A 

Figure 2A. DIP Pin Connections Figure 28. LCC Pin Connections 

Vpp [ 1 '._./ 32 p Vee 
Ne [ 2 31 p w 

N ()_ 0 

:;: 0 0 ()_ 0 0 
z z > > I~ z 

Ne 3 30 p Ne 
A12 4 29 p A14 
A7 5 28 p A13 

A7 A14 

A6 A13 
A6 L 6 27 p A8 AS AS 
AS 7 26 p A9 
A4 8 25 p A11 

A3 9 M28F256A 24 p G 

A4 A9 

A3 A11 

A2 10 23 p A10 A2 G 

A1 11 22 p E A1 A10 
AO l 12 21 p DQ7 AO E 

DQO 13 20 p DQ6 
DQ1 14 19 p DQS 

DQO DQ7 

DQ2 15 18 p DQ4 

Vss 16 17 b DQ3 5 N (/] r<) .... LO <0 
a (/] a a a a 

0 0 > 0 0 0 0 

VA006BO VA006B1 

Warmng: NC =No ConnectiOn Warning: NC = No Connection 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 
grade 3 -40to 125 oc 
grade 6 -40to85 

Tsm Storage Temperature -65to 150 oc 
V1o Input or Output Voltages --Q.6to 7 v 
Vee Supply Voltage --o.6to 7 v 
VAg A9Voltage --o.6 to 13.5 v 

Vpp 
Program Supply Voltage, during Erase --Q.6to 14 v or Programming 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table 'Absolute Maximum Ratings" may cause 
permanent damage to the dev1ce. These are stress rat1ngs only and operation of the dev1ce at these or any other condrtions above those 
1nd1cated in the Operat1ng sections of th1s speCification 1s not implied. Exposure to Absolute Max1mum Rat1ng cond1t1ons for extended penods 
may affect dev1ce reliab1hty. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DEVICE OPERATION 

The M28F256A FLASH MEMORY employs a tech
nology similar to a 256K EPROM but adds to the 
device functionality by providing electrical erasure 
and programming. These functions are managed 
by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 

input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F256A func
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output·Dis
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command register 
is enabled and this provides, in addition, Erase and 
Program operations. 

=21..:..:15=-------------~ ~itm~~~ ____________ _ 
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READ ONLY MODES, Vpp::; 6.5V 

For all Read Only Mod~ except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is don't care. 

Read Mode. The M28F256A has two enable in
puts, E and G, both of which must be Low in order 
to output data from the memory. The Chip Enable 
(E) is the power control and sho!:![d be used for 
device selection. Output Enable (G) is the output 
control and should be used to gate data on to the 
output, independant of the device selection. 

Standby Mode. In the Standby Mode the maxi
mum supply current is reduced from 30mA to 
200f.lA. The device is placed in the StandQ}l Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
impecgnce state, independant of the Output En
able (G) input. 

Q!Jtput Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 

Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high volta_ge (11..:§V to 13V) 
is applied to address line A9 withE and GLow. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 

Table 3. Operations <1> 

Vpp Operation E 

Read Only VPPL Read V1L 

Output Disable V1L 

Standby V1H 

Electronic Signature V1L 

Read/Write 12l VPPH Read V1L 

Write V1L 

Output Disable V1L 

Standby V1H 

Note: 1. X= VIL orV," 
2. Refer also to the Command Table 

M28F256A 

READ/WRITE MODES, 11.4V::; Vpp::; 12.6V 

When Vpp is High both read and write operations 
may be performed. These are defined by the con
tents of an internal command register. Commands 
may be written to this register to set-up and exe
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 

~write to the ~ommand register is made by_bringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 

When the device is powered up and when Vpp is ::; 
6.5V the contents of the command register default 
to OOh, thus automatically setting-up Read opera
tions. In addition a specific command may be used 
to set the command register to OOh for reading the 
memory. 

The system designer may chose to provide a con
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem
ory. All command register access is inhibited when 
Vee falls below the Erase/Write Lockout Voltage 
(VLKO) of 2.5V. 

G w A9 DQO- DQ7 

V1L V1H A9 Data Output 

V1H V1H X Hi-Z 

X X X Hi-Z 

V1L V1H V1o Codes 

V1L V1H A9 Data Output 

V1H V1L Pulse A9 Data Input 

V1H VIH X Hi-Z 

X X X Hi-Z 

---------------------------~~~~@~~~~~~------------------------=3/~15 
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Table 4. Electronic Signature 

Identifier AO DQ7 DQ6 DQS 

Manufacturer's Code V1L 0 0 

Device Code VIH 1 0 

Table 5. Commands (1) 

Command Cycles 
1st Cycle 

Operation AO·A14 

Read 1 Wnte X 

Electronic 
Signature 2 Write X 

Setup Erase/ 
2 

Write X 

Erase 

Erase Verify 2 Write AO-A14 

Setup Program/ 
2 

Write X 

Program 

Program Verify 2 Write X 

Reset 2 Write X 

Note: 1. X = VIL or v,H 

READ/WRITE MODES (cont'd) 

If the device is deselected during Erasure, Pro
gramming or Verification it will draw active supply 
currents until the operations are terminated. 

The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 

Read Mode. The Read Mode is the default at 
power up or may be set-up by writing OOh to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 

Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 

1 

1 

DQ4 DQ3 DQ2 DQ1 DQO Hex Data 

0 0 0 0 0 20h 

0 1 0 1 0 OAAh 

2nd Cycle 

DQO-DQ7 Operation AO-A14 DQO-DQ7 

DOh 

90h 
Read OOOOh 20h 

Read 0001h OAAh 

20h 

Write X 20h 

OAOh Read X Data Output 

40h 

Write AO-A14 Data Input 

OCOh Read X Data Output 

OFFh Write X OFFh 

apply a high voltage to A9 when using the com
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs OOOOh or 
0001 h, output the manufacturer or device type 
codes. The command is terminated by writing an
other valid command to the command register (for 
example Reset). 

Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to OOh, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 

The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad
dressed byte. 

Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 

~4/~1~5 _________________________ ~ ~i~©~~~i~©~ -----------------------------
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READ/WRITE MODES (cont'd) 

edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 

As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). 

Program and Program Verify Modes. The Pro
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

~ 10ns 

0.45V to 2.4V 

Input and Output Timing Ref. Voltages o.av to 2V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~O.SV 
0.45V 

VA00827 

M28F256A 

which latches the address and data Qf the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 

Program Verify Mode is set-up by writing_QCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 

Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol
lowed by writing a valid command to the the com
mand register (for example Read). 

Figure 4. AC Testing Load Circuit 

1.3V 

DEVICE 
UNDER 
TEST T CL=100pF 

CL includes JIG capacitance 

OUT 

VA00828 

Table 6. Capacitance (1) (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min Max Unit 

CiN Input Capacitance V1N =OV 6 pF 

GouT Output Capacitance VouT= OV 12 pF 

Note: 1. Sampled only, not 100% tested 

______________ ~ ~~~m~:~~(G~ ____________ .:::5,...:..::15 
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Table 7. DC Characteristics 
(TA = 0 to 70 ac, -40 to 85 ac or-40 to 125 ac; Vee= 5V ± 5% or Vee= 5V ± 10%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV ~ V1N ~Vee ±1 JlA 

ILO Output Leakage Current OV ~ VouT ~Vee ±10 JlA 

Icc Supply Current (Read) E = V1L, f = 6MHz 30 rnA 

lcc1 
Supply Current (Standby) TTL E=VIH 1 rnA 

Supply Current (Standby) CMOS E =Vcc±0.2V 200 JlA 

lcc2 (1) Supply Current (Programming) During Programming 10 rnA 

lcc3 (1) Supply Current (Program Verify) During Verify 30 rnA 

lcc4 (1) Supply Current (Erase) During Erasure 15 rnA 

Ices (1) Supply Current (Erase Verify) During Erase Verify 30 rnA 

ILPP Program Leakage Current Vpp ~Vee ±100 JlA 

lpp Program Current (Read or Vpp >Vee 200 JlA 
Standby) Vpp ~Vee ±100 JlA 

IPP1(1) Program Current (Programming) Vpp = VPPH, During Programming 30 rnA 

IPP2(1) Program Current (Program Vpp = VPPH, During Verify 5 rnA 
Verify) 

IPP3(1) Program Current (Erase) Vpp = VPPH, During Erase 30 rnA 

lpp4(1) Program Current (Erase Verify) Vpp = VPPH, During Erase Verify 5 rnA 

v,L Input Low Voltage -0.5 0.8 v 

v,H 
Input High Voltage TTL 2 Vee+ 0.5 v 

Input High Voltage CMOS 0.7Vcc Vcc+0.5 v 

VoL Output Low Voltage 
loL = 5.8mA (grade 1) 0.45 v 

loL = 2.1 rnA (grade 6) 0.45 v 
loH=-100J!A 4.1 v 

VoH 
Output High Voltage CMOS loH=-1mA Vcc..:.O.§ v 

loH = -2.5mA (grade 1) Vcc-0.8 v 

Output High Voltage TTL loH =-2.5mA 2.4 v 

VPPL 
Program Voltage (Read 

0 6.5 v 
Operations) 

VPPH 
Program Voltage (Read/Write 11.4 12.6 v 
Operations) 

V10 A9 Voltage (Electronic Signature) 11.5 13 v 
ho (1) A9 Current (Electronic Signature) 

A9 = V1o (grade 1) 200 JlA 

A9 = V1o (grade 6) 500 JlA 

VLKO 
Supply Voltage, Erase/Program 2.5 v Lock-out 

Note: 1. Not 100% Tested. eharactensat1on Data available. 

6/15 ~ SGS·niOMSON ::::...:..::.._ _____________ A."'f/ L~&Q©llOOil[~rn©'ifli2©~u~ ----------------
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M28F256A 

Table SA. Read Only Mode AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 °C or-40 to 125 °C; Vee= 5V ± 10%; OV.,::; Vpp.,::; 6.5V) 

M28F256A 
Symbol A It Parameter Test Condition -12 Unit 

Min Max 

IAVAV IRe Read Cycle Time E = VIL, G = VIL 120 ns 

IAVQV lAce Address Valid to Output Valid E = V1L, G = V1L 120 ns 

IELQX (1) ILZ 
Chip Enable Low to Output G=VIL 0 ns Transition 

IELQV IcE Chip Enable Low to Output Valid G=VIL 120 ns 

IGLQX (1) 
Output Enable Low to Output -

loLZ Transition E=VIL 0 ns 

tGLQV IcE Output Enable Low to Output Valid E=VIL 50 ns 

tEHOZ(1) Chip Enable High to Output Hi-Z G =VIL 0 40 ns 

IGHOZ(1) loF Output Enable High to Output Hi-Z E=VIL 0 30 ns 

Address Transition to Output - -
lAX OX loH Transition E = V1L, G = V1L 0 ns 

Note: 1. Sampled only, not 100% tested 

Table 88. Read Only Mode AC Characteristics 
((TA = 0 to 70 °C, -40 to 85 oc or-40 to 125 oc; Vee= 5V ± 10%; OV.,::; Vpp.,::; 6.5V) 

M28F256A 
Symbol A It Parameter Test Condition -15 -20 Unit 

Min Max Min Max 

IAVAV IRe Read Cycle Time E = V1L, G = V1L 150 200 ns 

IAVQV lAce Address Valid to Output Valid E = VIL, G = VIL 150 200 ns 

tELOX (1) 
Chip Enable Low to Output -

ILZ Transition G=VIL 0 0 ns 

IELQV IcE Chip Enable Low to Output Valid G=VIL 150 200 ns 

IGLQX (1) 
Output Enable Low to Output -

loLZ Transition E=VIL 0 0 ns 

IGLQV IcE Output Enable Low to Output Valid E=VIL 55 60 ns 

IEHQZ (1) Chip Enable High to Output Hi-Z G=VIL 0 55 0 60 ns 

tGHOZ(1) I oF Output Enable High to Output Hi-Z E=VIL 0 35 0 40 ns 

tAx ax toH Address Transition to Output E= VIL, G = VIL 0 = 0 ns 
Transition 

Note: 1. Sampled only, not 1 00% tested 

______________ ~ ~~©mm:~~~~------------.:..:7,..:..::.15 



M28F256A 

Figure 5. Read Mode AC Waveforms 

I. tAVAV 

A0-A14 I 
~tAVQV-- tAX OX 

l 
- tELQV-- tEHQZ _. 

- tELQX -

tGLOV {tGHQZ-

tGLQX 

DQ0-007 DATA OUT 

VA00682 

Figure 6. Read Command Waveforms 

lr-------------------------------------------
Vpp 

AO-A14 

tAX OX 

tEHOZ 

tGHQZ 

w 

-J4--~1--~- tWHDX 

DQO-DQ7 COMMAND -----------+---rDATA OUT 

SET-UP -------+i :.- READ -------<>i 
' ' 

VA00683 
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Figure 7. Electronic Signature Command Waveforms 

r------------------------------------------------
Vpp 

AO-A14 

E 

"G 

w 

DQO-DQ7 

--------
--------
tWHEH --------

----------- tWHGL --------

tDVWH -!4----+!<t--+--- tWHDX 

' 
' 

COMMAND -------------+-----(DATA OUT 

' 
:---- READ ELECTRONIC----.! 
' SIGNATURE SET -UP 

' ' 
' 
:.---READ _.; 
' MANUFACTURER ' 

OR DEVICE 

tAX OX 

tEHQZ 

tGHQZ 

VA006B4 
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M28F256A 

Table 9A. Read/Write Mode AC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc or-40 to 125 oc; Vee= 5V ± 5% or Vee= 5V ± 10%: Vpp = 12V) 

M28F256A 

Symbol Aft Parameter -12 Unit 

Min Max 

lvPHEL Vpp High to Chip Enable Low 100 ns 

IWHWH3 !we Write Cycle Time 120 ns 

IAVWL lAS Address Valid to Write Enable Low 0 ns 

IWLAX IAH Write Enable Low to Address Transition 60 ns 

!awL !cs Chip Enable Low to Write Enable Low 20 ns 

IGHWL Output Enable High to Write Enable Low 0 llS 

tovwH los Input Valid to Write Enable High 50 ns 

IWLWH IWP Write Enable Low to Write Enable High (Write Pulse) 60 ns 

IELEH(2) Chip Enable Low to Chip Enable High (Write Pulse) 70 ns 

IWHDX loH Write Enable High to Input Transition 10 ns 

lwHWH1 Duration of Program Operation 10 !lS 

IWHWH2 Duration of Erase Operation 9.5 ms 

lwHEH lcH Write Enable High to Chip Enable High 0 ns 

lwHWL IWPH Write Enable High to Write Enable Low 20 ns 

lwHGL Write Enable High to Output Enable Low 6 !lS 

IAVQV !Aee Addess Valid to data Output 120 ns 

IELOX !eEL Chip Enable Low to Output Transition 0 ns 

IELQV tee Chip Enable Low to Output Valid 120 ns 

IGLQX loEL Output Enable Low to Output Transition 0 ns 

IGLOV toe Output Enable Low to Output Valid 50 ns 

teHOz(1) !coF Chip Enable High to Output Hi-Z 40 ns 

tGHOZ(1) toF Output Enable High to Output Hi-Z 30 ns 

tAX OX loH Address Transition to Output Transition 0 ns 

Notes: 1. Sampled only, not 100% tested _ _ 
2. A Wnte is enabled by a valid combination of Chip Enable (E) and Wnte Enable (W). When Write IS controlled by Chip Enable 

(w1th a Chip Enable pulse width smaller than Wnte Enable), all timings should be measured relatwe to Chip Enable waveform. 

10/15 ~ SGS·THOMSON ..;...;;.;...;...;;.. _____________ A."fl utUU©OO@Il:l!.i<©"ii'OO@(i!lll©@ ---------------
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Table 98. Read/Write Mode AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or-40 to 125 °C; Vee= 5V ± 5% or Vee= 5V ± 10%: Vpp = 12V) 

M28F256A 
Symbol A It Parameter -15 -20 Unit 

Min Max Min Max 

IVPHEL Vpp High to Chip Enable Low 100 100 ns 

IWHWH3 twc Write Cycle Time 150 200 ns 

IAVWL lAs Address Valid to Write Enable Low 0 0 ns 

IWLAX IAH Write Enable Low to Address Transition 60 75 ns 

IELWL lcs Chip Enable Low to Write Enable Low 20 20 ns 

IGHWL Output Enable High to Write Enable Low 0 0 llS 

tovwH los Input Valid to Write Enable High 50 50 ns 

lwLWH lwp Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

IELEH(2) Chip Enable Low to Chip Enable High (Write Pulse) 70 70 ns 

IWHOX loH Write Enable High to Input Transition 10 10 ns 

IWHWH1 Duration of Program Operation 10 10 !lS 

IWHWH2 Duration of Erase Operation 9.5 9.5 ms 

lwHEH lcH Write Enable High to Chip Enable High 0 0 ns 

lwHWL lwPH Write Enable High to Write Enable Low 20 20 ns 

IWHGL Write Enable High to Output Enable Low 6 6 llS 

IAVQV IACC Addess Valid to data Output 150 200 ns 

IELOX ICEL Chip Enable Low to Output Transition 0 0 ns 

taav IcE Chip Enable Low to Output Valid 150 200 ns 

IGLOX IOEL Output Enable Low to Output Transition 0 0 ns 

IGLOV toE Output Enable Low to Output Valid 55 60 ns 

IEHOZ(l) tcoF Chip Enable High to Output Hi-Z 55 60 ns 

IGHQZ(l) I oF Output Enable High to Output Hi-Z 35 40 ns 

lAX OX loH Address Transition to Output Transition 0 0 ns 

Notes: 1. Sampled only. not 100% tested _ _ 
2. A Wrrte is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Write is controlled by Chip Enable 

(with a Chip Enable pulse Width smaller than Wrrte Enable), all t1m1ngs should be measured relative to Chip Enable wavefoiTTl. 
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M28F256A 

Figure 10. Erasing Flowchart 

Vpp = 12V 

Vpp < 6.5V, PASS 
VA00687 

Limit: 1 000 at grades 1 & 6; 6000 at grade 3. 

PRESTO F ERASE ALGORITHM 

The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to OOh in order 
to ensure uniform erasure. The programming fol
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address OOOOh and 
continues to the last address or until the compari
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location . 

Figure 11. Programming Flowchart 

Vpp = 12V 

Vpp < 6.5V, PASS 

VA00677 

PRESTO F PROGRAM ALGORITHM 
The PRESTO F Programming Algorithm applies a 
series of 1 OjlS programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 

..:..14..::./.:...:15'------------l:.fi ~itm~~~~~ ____________ _ 
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M28F256A 

ORDERING INFORMATION SCHEME 

Example: M28F256A -12 X B 1 TR 

Speed Package Option 

-12 120ns ±10% B PDIP32 Y3 1,000 Cycles 

-15 150 ns X ±5% c PLCC32 3 -40 to 125 oc TR Tape& Reel 

-20 200 ns 6 -40to85°C Packing 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

------------ ~'I SGS·1HOMSON _________ ____;1:.:::;5/c.;..::.15 .. "'1, ~U©Iiil@I<OJO©'ii'IKlW~ 
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M28F512 

CMOS 512K (64K x 8, Chip Erase) FLASH MEMORY 

• FAST ACCESS TIME: 120ns 

• LOW POWER CONSUMPTION 
- Standby Current: 2001J.A Max 

• 10,000 ERASE/PROGRAM CYCLES 

• 12V PROGRAMMING VOLTAGE 

• TYPICAL BYTE PROGRAMMING TIME 101J.s 
(PRESTO F ALGORITHM) 

• ELECTRICAL CHIP ERASE IN 1 s RANGE 

• INTEGRATED ERASE/PROGRAM-STOP 
TIMER 

DESCRIPTION 

The M28F512 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or
ganised as 64K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter
face. The M28F512 FLASH MEMORY is suitable 
for applications where the memory has to be repro
grammed in the equipment. The access time of 
1 DOns makes the device suitable for use in high 
speed microprocessor systems. 

Table 1. Signal Names 

AO -A15 Address Inputs 

DQO- DQ7 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 

w Write Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

March 1993 

PDIP32 (B) PLCC32 (C) 

Figure 1. Logic Diagram 

Vee Vpp 

16 8 

DQO-DQ7 

M28F512 

Vss 
VA00548B 

1/16 
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M28F512 

Figure 2A. DIP Pin Connections Figure 28. LCC Pin Connections 

1 '-.../ 32 p 
2 31 p 

Vpp Vee 
Ne W 

N <1"l Q_ u 
~ ~ u Q_ u u 
<C<CZ>>IS:z .,.,.,.,.,.,., 

3 30 

4 29 

A15 NC 

A12 A14 
(j) 32 

~ A14 A7 

5 28 A7 A13 A6 J A13 
6 27 A6 AS As r ] A8 
7 26 

8 25 
9 M28F512 

24 

AS A9 
A4 A11 

A3 G 

A4[ ] A9 

A3 [ 9 M28F512 25 ] A11 

10 23 A2 A10 A2 [ Jc 
11 22 A1 E A1 [ ] A10 
12 21 AD DQ7 AD [ ]E 
13 20 DQO 006 DQO [ ] DQ7 
14 19 DQ1 DQ5 17 

15 18 
[ 16 17 

DQ2 DQ4 

Vss oo3 0 N (/) n .,_ 
"' <D 

0 (/) 0 0 0 0 0 0 > 0 0 0 0 

VA00549 
VAOOSSO 

Warning: NC = No Connection Warning: NC =No Connection 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

TsTG Storage Temperature -65 to 150 oc 

Vro Input or Output Voltages -o.6to7 v 

Vee Supply Voltage -D.6to 7 v 
VAg A9 Voltage -o.6 to 13.5 v 

Vpp Program Supply Voltage, during Erase 
-D.6 to 14 v or Programming 

Note: Except for the ratrng "Operatrng Temperature Range", stresses above those Irs ted rn the Table "Absolute Maximum Ratrngs" may cause 
permanent damage to the devrce. These are stress ratrngs only and operatron of the devrce at these or any other condrtrons above those 
indicated in the Operating sections of this specification is not implred. Exposure to Absolute Maximum Rating condrtrons for extended perrods 
may affect device reliabilrty. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DEVICE OPERATION 

The M28F512 FLASH MEMORY employs a tech
nology similar to a 512K EPROM but adds to the 
device functionality by providing electrical erasure 
and programming. These functions are managed 
by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 
input. When Vpp is less than or equal to 6.5V, the 

command register is disabled and M28F512 func
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command register 
is enabled and this provides, in addition, Erase and 
Program operations. 

=-2/.:...:16:.__ _________ ID'J SGS·lHOMSON 
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READ ONLY MODES, Vpp:::; 6.5V 

For all Read Only Mod~ except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is 'don't care'. 

flead M_pde. The M28F512 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and sh_Q_uld be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 

Standby Mode. In the Standby Mode the maxi
mum supply current is reduced from 30mA to 
200JlA. The device is placed in the StandQy Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
imped.§_nce state, independant of the Output En
able (G) input. 

Q!Jtput Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 

Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high volta_ge (11JiV to 13V) 
is applied to address line A9 withE and GLow. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 

Table 3. Operations <1l 

Vpp Operation E 

Read Only VPPL Read V1L 

Output Disable VIL 

Standby V1H 

Electronic Signature V1L 

Read/Write (2) VPPH Read VIL 

Write V1L 

Output Disable V1L 

Standby V1H 

Note: 1. X=V"orV1H 

2. Refer also to the Command Table 

M28F512 

READ/WRITE MODES, 11.4V:::; Vpp:::; 12.6V 

When Vpp is High both read and write operations 
may be performed. These are defined by the con
tents of an internal command register. Commands 
may be written to this register to set-up and exe
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 

A_ write to the .c<_ommand register is made by_bringing 
W Low while E is Low. The falling edgeofWiatches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 

When the device is powered up and when Vpp iss; 
6.5V the contents of the command register default 
to DOh, thus automatically setting-up Read opera
tions. In addition a specific command may be used 
to set the command register to DOh for reading the 
memory. 

The system designer may chose to provide a con
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem
ory. All command register access is inhibited when 

-
G w A9 DQ0-007 

V1L VIH A9 Data Output 

VIH VIH X Hi-Z 

X X X Hi-Z 

VIL VIH V1o Codes 

VIL VIH A9 Data Output 

V1H V1L Pulse A9 Data Input 

V1H V1H X Hi-Z 

X X X Hi-Z 
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M28F512 

Table 4. Electronic Signature 

Identifier AO DQ7 DQ6 DQ5 

Manufacturer's Code V1L 0 0 1 

Device Code V1H 0 0 0 

Table 5. Commands (1) 

Command Cycles 
1st Cycle 

Operation AO-A15 

Read 1 Write X 

Electronic 2 Wnte X Signature 

Setup Erase/ 
2 

Write X 

Erase 

Erase Verify 2 Write AO-A15 

Setup Program/ 
2 

Write X 

Program 

Program Verify 2 Write X 

Reset 2 Write X 

READ/WRITE MODES (cont'd) 

Vee falls below the Erase/Write Lockout Voltage 
(VLKO) of 2.5V. 

If the device is deselected during Erasure, Pro
gramming or Verification it will draw active supply 
currents until the operations are terminated. 

The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 

Read Mode. The Read Mode is the default at 
power up or may be set-up by writing OOh to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 

DQ4 DQ3 DQ2 DQ1 DQO Hex Data 

0 0 0 0 0 20h 

0 0 0 1 0 02h 

2nd Cycle 

DQO-DQ7 Operation AO-A15 DQO-DQ7 

OOh 

90h 
Read OOOOh 20h 

Read 0001h 02h 

20h 

Write X 20h 

OAOh Read X Data Output 

40h 

Write AO-A15 Data Input 

OCOh Read X Data Output 

OFFh Write X OFFh 

Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs OOOOh or 
0001 h, output the manufacturer or device type 
codes. The command is terminated by writing an
other valid command to the command register (for 
example Reset). 

Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to DOh, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 

The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 

..::.4/.:...:16=----------- ru SGS·lHOMSON 
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READ/WRITE MODES (cont'd) 

followed by an Erase Verify which reads an ad
dressed byte. 

Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 

As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). · 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ~ 10ns 

Input Pulse Voltages 0.45V to 2.4V 

Input and Output Timing Ref. Voltages O.BV to 2V 

Note that Output Hi-Z is defmed as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.45V 

~2.0V 

~0.8V 
VA00827 

M28F512 

Program and Program Verify Modes. The Pro
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 

Program Verify Mode is set-up by writing_QCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program
ming, is made with an internally generafed margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 

Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol
lowed by writing a valid command to the the com
mand register (for example Read). 

Figure 4. AC Testing Load Circuit 

DEVICE 

UNDER 
TEST 

1.3V 

:1 1N914 

T 
C L includes JIG capacitance 

OUT 

VA00828 

Table 6. Capacitance (l) (TA = 25 °C, f = 1 MHz) 

Symbol Parameter Test Condition Min Max Unit 

C1N Input Capacitance V1N =OV 6 pF 

GouT Output Capacitance VouT= OV 12 pF 

Note: 1. Sampled only, not 100% tested 
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M28F512 

Table 7. DC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 °C; Vee= 5V ± 10%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV~VIN ~Vee ±1 llA 

ILO Output Leakage Current OV ~ VouT ~Vee ±10 llA 

Icc Supply Current (Read) E = V1L, f = 6MHz 30 mA 

lcc1 
Supply Current (Standby) TTL E=ViH 1 mA 

Supply Current (Standby) CMOS E =Vcc±0.2V 200 llA 

lcc2 (1) Supply Current (Programming) During Programming 10 mA 

lcc3 (1) Supply Current (Program Verify) During Verify 30 mA 

lcc4 (1) Supply Current (Erase) During Erasure 15 mA 

Ices (1) Supply Current (Erase Verify) During Erase Verify 30 mA 

ILPP Program Leakage Current Vpp,;; Vee ±100 f.LA 

lpp Program Current (Read or Vpp >Vee 200 llA 
Standby) Vpp,;; Vee ±100 llA 

IPP1(1) Program Current (Programming) Vpp = VPPH, During Programming 30 mA 

IPP2(1) Program Current (Program Vpp = VppH, During Verify 5 mA 
Verify) 

IPP3(1) Program Current (Erase) Vpp = VppH, During Erase 30 mA 

IPP4(1) Program Current (Erase Verify) Vpp = VPPH, During Erase Verify 5 mA 

V1L Input Low Voltage -0.5 0.8 v 

v,H 
Input High Voltage TTL 2 Vcc+0.5 v 

Input High Voltage CMOS 0.7Vcc Vcc+0.5 v 

VoL Output Low Voltage 
loL = 5.8mA (grade 1) 0.45 v 

loL = 2.1 mA (grade 6) 0.45 v 

loH = -1 OOf.LA 4.1 v 

VoH 
Output High Voltage CMOS loH=-1mA Vcc-0.8 v 

loH = -2.5mA (grade 1) Vcc-0.8 v 

Output High Voltage TTL loH =-2.5mA 2.4 v 

VPPL 
Program Voltage (Read 

0 6.5 v 
Operations) 

VPPH 
Program Voltage (Read/Write 11.4 12.6 v 
Operations) 

V1o A9 Voltage (Electronic Signature) 11.5 13 v 

l10 (1) A9 Current (Electronic Signature) A9 =V1o 200 llA 

VLKO 
Supply Voltage, Erase/Program 

2.5 v Lock-out 

Note: 1. Not 1 00% tested. Characterisation Data available. 

-=6/...:..16=--------------~ ;~~©m~~~~~ _____________ _ 
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M28F512 

Table SA. Read Only Mode AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee = 5V ± 1 0%; OV ~ Vpp ~ 6.5V) 

M28F512 

Symbol A It Parameter Test Condition -12 Unit 

Min Max 

IAVAV IRe Read Cycle Time E = v,L, G = v,L 120 ns 

IAVQV lAce Address Valid to Output Valid E = v,L, G = v,L 120 ns 

IELQX (1) 
Chip Enable Low to Output -

0 ILZ Transition G=V!L ns 

IELQV IcE Chip Enable Low to Output Valid G=VIL 120 ns 

IGLQX (1) Output Enable Low to Output -
toLZ Transition E =V!L 0 ns 

IGLQV toE Output Enable Low to Output Valid E=V!L 50 ns 

IEHOZ (1) Chip Enable High to Output Hi·Z G=VIL 0 40 ns 

IGHQZ (1) I oF Output Enable High to Output Hi·Z E=V!L 0 30 ns 

Address Transition to Output - -
IAXQX loH Transition 

E = v,L, G = v,L 0 ns 

Note: 1. Sampled only, not 100% tested 

Table 88. Read Only Mode AC Characteristics 
((TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee = 5V ± 1 0%; OV ~ Vpp ~ 6.5V) 

M28F512 

Symbol A It Parameter Test Condition -15 -20 Unit 

Min Max Min Max 

lAVAV IRe Read Cycle Time E = V1L, G = V1L 150 200 ns 

lAVOV lAce Address Valid to Output Valid E = V1L, G = V1L 150 200 ns 

lELOX (1) Chip Enable Low to Output -
ILz Transition G=V!L 0 0 ns 

lELQV IcE Chip Enable Low to Output Valid G=VIL 150 200 ns 

lGLQX (1) 
Output Enable Low to Output -

lOLZ Transition E=V!L 0 0 ns 

lGLQV loE Output Enable Low to Output Valid E =VIL 55 60 ns 

lEHQZ (1) Chip Enable High to Output Hi·Z G=V!L 0 55 0 60 ns 

lGHQZ (1) loF Output Enable High to Output Hi·Z E=V!L 0 35 0 40 ns 

Address Transition to Output - -
lAX OX loH Transition E = v,L, G = v,L 0 = 0 ns 

Note: 1. Sampled only, not 1 DO% tested 
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M28F512 

Figure 5. Read Mode AC Waveforms 

AO-A15 

L tAVAV 
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VA00551 

Figure 6. Read Command Waveforms 
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M28F512 

Figure 7. Electronic Signature Command Waveforms 
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M28F512 

Table 9A. Reaci/Write Mode AC Characteristics - W and E Controlled 
(TA = 0 to 70 °C, -40 to 85 °C or-40 to 125 oc; Vee= 5V ± 5% or 5V ± 10%) 

M28F512 
Symbol A It Parameter -12 Unit 

Min Max 

tvPHeL Vpp High to Chip Enable Low 1 JlS 

tvPHWL Vpp High to Write Enable Low 1 f!S 

IWHWH3 !we Write Cycle lime 120 ns 

IAVWL lAs Address Valid to Write Enable Low 0 ns 

tAVEL Address Valid to Chip Enable Low 0 ns 

IWLAX IAH Write Enable Low to Address Transition 60 ns 

leLAX Chip Enable Low to Address Transition 80 ns 

leLWL lcs· Ch1p Enable Low to Write Enable Low 20 ns 

IWLeL Write Enable Low to Chip Enable Low 0 ns 

tGHWL Output Enable High to Write Enable Low 0 JlS 

tGHeL Output Enable High to Chip Enable Low 0 JlS 

tovwH los Input Valid to Write Enable High 50 ns 

toveH Input Valid to Chip Enable High 50 ns 

IWLWH lwP Write Enable Low to Write Enable High (Write Pulse) 60 ns 

leLeH Chip Enable Low to Chip Enable High (Write Pulse) 70 ns 

twHDX toH Write Enable High to Input Transition 10 ns 

tEHDX Chip Enable High to Input Transition 10 ns 

tWHWH1 Duration of Program Operation 9.5 JlS 

tEHeH1 Duration of Program Operation 9.5 JlS 

lwHWH2 Duration of Erase Operation 9.5 ms 

twHEH tcH Write Enable High to Chip Enable High 0 ns 

teHWH Chip Enable High to Write Enable High 0 ns 

twHWL twPH Write Enable High to Write Enable Low 20 ns 

teHeL Chip Enable High to Chip Enable Low 20 ns 

twHGL Write Enable High to Output Enable Low 6 JlS 

teHGL Chip Enable High to Output Enable Low 6 JlS 

tAVQV IACC Addess Valid to data Output 120 ns 

teLOX (1) ttz Chip Enable Low to Output Transition 0 ns 

leLOV Ice Chip Enable Low to Output Valid 120 ns 

lGLQX (l) lotz Output Enable Low to Output Transition 0 ns 

lGLQV toe Output Enable Low to Output Valid 50 ns 

leHOZ (1) Chip Enable High to Output Hi-Z 50 ns 

tGHOZ(l) I oF Output Enable High to Output Hi-Z 30 ns 

tAX OX toH Address Transition to Output Transition 0 ns 

Notes: 1. Sampled only, not 100% tested _ _ 
2. A Wnte 1s enabled by a valid combination of Chip Enable (E) and Wnte Enable rN). When Wnte is controlled by Ch1p Enable 

(with a Chip Enable pulse width smaller than Wnte Enable), all bmings should be measured relative to Chip Enable wavefonn • 
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M28F512 

Table 98. Read/Write Mode AC Characteristics - W and E Controlled 
(TA = 0 to 70 oc, -40 to 85 oc or-40 to 125 oc; Vee= 5V ± 5% or 5V + 10%) -

M28F512 
Symbol A It Parameter -15 -20 Unit 

Min Max Min Max 

lvPHEL Vpp High to Chip Enable Low 1 1 !!S 

IVPHWL Vpp High to Write Enable Low 1 1 !!S 

lwHWH3 twc Write Cycle lime 150 200 ns 

IAVWL lAS Address Valid to Write Enable Low 0 0 ns 

lA VEL Address Valid to Chip Enable Low 0 0 ns 

IWLAX IAH Write Enable Low to Address Transition 60 60 ns 

IELAX Chip Enable Low to Address Transition 80 80 ns 

I awL lcs Chip Enable Low to Write Enable Low 20 20 ns 

IWLEL Write Enable Low to Chip Enable Low 0 0 ns 

IGHWL Output Enable High to Write Enable Low 0 0 !!S 

IGHEL Output Enable High to Chip Enable Low 0 0 !!S 

tovwH los Input Valid to Write Enable High 50 50 ns 

lovEH Input Valid to Chip Enable High 50 50 ns 

twLWH tWP Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

IELEH Chip Enable Low to Chip Enable High (Write Pulse) 70 70 ns 

lwHDX loH Write Enable High to Input Transition 10 10 ns 

IEHDX Chip Enable High to Input Transition 10 10 ns 

IWHWH1 Duration of Program Operation 9.5 9.5 !!S 

IEHEH1 Duration of Program Operation 9.5 9.5 !!S 

IWHWH2 Duration of Erase Operation 9.5 9.5 ms 

IWHEH lcH Write Enable High to Chip Enable High 0 0 ns 

IEHWH Chip Enable High to Write Enable High 0 0 ns 

IWHWL lwPH Write Enable High to Write Enable Low 20 20 ns 

IEHEL Chip Enable High to Chip Enable Low 20 20 ns 

lwHGL Write Enable High to Output Enable Low 6 6 !!S 

IEHGL Chip Enable High to Output Enable Low 6 6 !!S 

IAvav lAce Addess Valid to data Output 150 200 ns 

teLOX (1) ttZ Chip Enable Low to Output Transition 0 0 ns 

tELQV tee Chip Enable Low to Output Valid 150 200 ns 

IGLQX (1) lotZ Output Enable Low to Output Transition 0 0 ns 

IGLQV toE Output Enable Low to Output Valid 55 60 ns 

teHaz 11) Chip Enable High to Output Hi-Z 55 60 ns 

tGHQZ(1) toF Output Enable High to Output Hi-Z 35 40 ns 

lAX ax loH Address Transition to Output Transition 0 0 ns 

Notes: 1. Sampled only. not100% tested _ _ 
2. A Wrrte is enabled by a valid combination of Chip Enable (E) and Wnte Enable (W). When Write is controlled by Chip Enable 

(with a Chip Enable pulse Width smaller than Wrrte Enable). all timings should be measured relatiVe to Chip Enable waveform. 
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Figure 11. Erasing Flowchart 

Vpp = 12V 

Vpp < 6.5V, PASS 
VA00687 

Limit: 1 000 at grades 1 & 6; 6000 at grade 3. 

PRESTO F ERASE ALGORITHM 

The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to OOh in order 
to ensure uniform erasure. The programming fol
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address OOOOh and 
continues to the last address or until the compari
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 

M28F512 

Figure 12. Programming Flowchart 

Vpp = 12V 

Vpp < 6.5V, PASS 
VA00677 

PRESTO F PROGRAM ALGORITHM 

The PRESTO F Programming Algorithm applies a 
series of 1 O!J.S programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 

_____________ ;.:y ~~©m•~cm ___________ ..;_15:::.'=16 
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ORDERING INFORMATION SCHEME 

Example: M28F512 -12 X C 1 TR 

Speed Package Option 

-12 120 ns blank ±10% B PDIP32 Oto70°C Y3 1 ,ooo Cycles 

-15 150 ns X ±5% c PLCC32 3 -40 to 125 oc TR Tape& Reel 

-20 200 ns 6 -40to85°C Packing 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you . 

..:..16:::..1.:..:16'--------------/..V ~~ttl~~~~lj -------------
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CMOS 1 Megabit (128K x 8, Chip Erase) FLASH MEMORY 

a FAST ACCESS TIME: 1 OOns 

• LOW POWER CONSUMPTION 
- Standby Current: 10011A Max 

• 10,000 ERASE/PROGRAM CYCLES 

• 12V PROGRAMMING VOLTAGE 

" TYPICAL BYTE PROGRAMING TIME 1011s 
(PRESTO F ALGORITHM) 

• ELECTRICAL CHIP ERASE in 1s RANGE 

., INTEGRATED ERASE/PROGRAM-STOP 
TIMER 

DESCRIPTION 

The M28F1 01 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or
ganised as 128K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter
face. The M28F1 01 FLASH MEMORY is suitable 
for applications where the memory has to be repro
grammed in the equipment. The access time of 
100ns makes the device suitable for use in high 
speed microprocessor systems. 

Table 1. Signal Names 

AO -A16 Address Inputs 

DQ0-007 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 
-w Write Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

July 1993 

ADVANCE DATA 

32 

PDIP32 (P) PLCC32 (K) 

0 
TSOP32 (N) 

8 x 20 mm 

Figure 1. Logic Diagram 

Vee Vpp 

17 8 

AO-A16 DQO-DQ7 

w M28F101 

Vss 
VA006668 

1/16 

This IS advance mformat1on on a new product now m development or undergo1ng evaluation. Details are subject to change Without not1ce. 
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Figure 2A. DIP Pin Connections 
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VA00667 

Warning: NC =No Connection 

Vee 
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Ne 
A14 
A13 
AS 
A9 
A11 
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E 
007 
OQ6 
005 
004 
003 

Figure 2C. TSOP Pin Connections 

M28F101 
(Normal) 

Warning: NC =No Connection 

VA00669 

Figure 28. LCC Pin Connections 
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Figure 20. TSOP Reverse Pin Connections 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 0 to 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

Tsm Storage Temperature -65 to 150 oc 
Vro Input or Output Voltages -0.6to7 v 
Vee Supply Voltage -0.6 to 7 v 
VA9 A9Voltage -0.6 to 13.5 v 

Vpp Program Supply Voltage, during Erase -0.6 to 14 v or Programming 

Note: Except for the rating "Operating Temperature Range", stresses above those Irs ted in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the dev1ce. These are stress rat1ngs only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating cond1t1ons for extended periods 
may affect dev1ce reliability. Refer also to the SGS·THOMSON SURE Program and other relevant quality documents. 

DEVICE OPERATION 

The M28F101 FLASH MEMORY employs a tech
nology similar to a 1 Megabit EPROM but adds to 
the device functionality by providing electrical era
sure and programming. These functions are man
aged by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 
input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F101 func
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command regsiter 
is enabled and this provides, in addition, Erase and 
Program operations. 

READ ONLY MODES, Vpp::; 6.5V 

For all Read Only Mod~ except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is don't care. 

Read Mode. The M28F1 01 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and st"]Quld be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 

Standby Mode. In the Standby Mode the maxi
mum supply current is reduced from 30mA to 
1 OOj.LA. The device is placed in the Stand.Qy Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 

imped_gnce state, independant of the Output En
able (G) input. 

Q!Jtput Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 

Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high volt<!Qe (11JiV to 13V) 
is applied to address line A9 withE and GLow. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 

READ/WRITE MODES, 11.4V::; Vpp::; 12.6V 

When Vpp is High both read and write operations 
may be performed. These are defined by the con
tents of an internal command register. Commands 
may be written to this register to set-up and exe
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 

---------------------------- ~~~©~2~~~~©~ -------------------------=3/~16 
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Table 3. Operations <1> 

Vpp Operation E G w A9 DQO- DQ7 

Read Only VPPL Read VIL V1L V1H A9 Data Output 

Output Disable V1L V1H V1H X Hi·Z 

Standby V1H X X X Hi-Z 

Electronic Signature V1L V1L V1H V1o Codes 

Read/Write <21 VPPH Read V1L V1L V1H A9 Data Output 

Write V1L V1H V1L Pulse A9 Data Input 

Output Disable V1L V1H V1H X Hi-Z 

Standby V1H X X X Hi-Z 

Note: 1. X= VtL or V1H 

2. Refer also to the Command Table 

Table 4. Electronic Signature 

Identifier AD DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 oao Hex Data 

Manufacturer's Code V1L 0 0 1 0 0 0 0 0 20h 

Device Code V1H 0 0 0 0 0 1 1 1 07h 

Table 5. Commands <1> 

Command Cycles 
1st Cycle 2nd Cycle 

Operation AO-A16 DQO-DQ7 Operation AO-A16 DQO-DQ7 

Read 1 Write X OOh 

Electronic 90h 
Read OOOOOh 20h 

Signature 2 Write X 
Read 00001h 07h 

Setup Erase/ 
2 

Write X 20h 

Erase Write X 20h 

Erase Verify 2 Write AO-A16 OAOh Read X Data Output 

Setup Program/ 
2 

Write X 40h 

Program Write AO-A16 Data Input 

Program Verify 2 Write X OCOh Read X Data Output 

Reset 2 Write X OFFh Write X OFFh 

-"4/...;.16;;..._ ___________ ~~it~~~~~-------------
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READ/WRITE MODES (cont'd) 

~write to the _£ommand register is made bypringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 

When the device is powered up and when Vpp is $; 

6.5V the contents of the command register default 
to DOh, thus automatically setting-up Read opera
tions. In addition a specific command may be used 
to set the command register to DOh for reading the 
memory. 

The system designer may chose to provide a con
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem
ory. All command register access is inhibited when 
Vee falls below the Erase/Write Lockout Voltage 
(VLKO) of 2.5V. 

If the device is deselected during Erasure, Pro
gramming or Verification it will draw active supply 
currents until the operations are terminated. 

The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ,; 1 Ons 

Input Pulse Voltages 0.45V to 2.4V 

Input and Output Timing Ref. Voltages O.BV to 2V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.45V 

~2.0V 

~0.8V 
VA00827 

M28F101 

internal stop timer automatically stops the opera
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 

Read Mode. The Read Mode is the default at 
power up or may be set-up by writing DOh to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 

Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs OOOOOh or 
00001 h, output the manufacturer or device type 
codes. The command is terminated by writing an
other valid command to the command register (for 
example Reset). 

Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to DOh, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 

The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 

Figure 4. AC Testing Load Circuit 

1.3V 

i 1N914 

OUT 
DEVICE 
UNDER 
TEST T CL=100pF 

CL includes JIG capacitance 

VA00828 

Table 6. Capacitance <1> (TA = 25 ac, f = 1 MHz) 

Symbol Parameter Test Condition Min Max Unit 

GiN Input Capacitance YIN= OV 6 pF 

GouT Output Capacitance VouT= OV 12 pF 

Note: 1. Sampled only, nol 1 00% tested 

r=-= SGS·lHOMSON 5/16 --------------- ~"11 ll:IIU©OO©rn~rn=©~tU©®' _____________ ..:::...:c.:. 
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Table 7. DC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or-40 to 125 oc; Vee= 5V ± 5% or 5V ± 10%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OVSVtNSVcc ±1 JlA 

ILO Output Leakage Current OVSVouTSVcc ±10 JlA 

Icc Supply Current (Read) E = VtL, f = 6MHz 30 rnA 

lcc1 
Supply Current (Standby) TTL E=VtH 1 rnA 

Supply Current (Standby) CMOS E=Vcc±0.2V 100 JlA 
lcc2 <11 Supply Current (Programming) During Programming 10 rnA 

lcc3 <11 Supply Current (Program Verify) During Verify 15 rnA 

lcc4 <11 Supply Current (Erase) During Erasure 15 rnA 

Ices <11 Supply Current (Erase Verify) During Erase Verify 15 rnA 

lLPP Program Leakage Current Vpp SVcc ±10 JlA 

(pp Program Current (Read or Vpp >Vee 200 JlA 
Standby) 

Vpp SVcc ±10 JlA 

IPP1(1) Program Current (Programming) Vpp = VPPH, During Programming 30 rnA 

IPP2(1) Program Current (Program Vpp = VPPH, During Verify 5 rnA Verify) 

IPP3(1) Program Current (Erase) Vpp = VPPH, During Erase 30 rnA 

IPPl1 Program Current (Erase Verify) Vpp = VPPH, During Erase Verify 5 rnA 

VtL Input Low Voltage -Q.5 0.8 v 

VtH 
Input High Voltage TTL 2 Vcc+0.5 v 
Input High Voltage CMOS 0.7Vcc Vcc+0.5 v 

VoL Output Low Voltage 
loL = 5.8mA (grade 1) 0.45 v 
loL = 2.1 rnA (grade 6) 0.45 v 

Output High Voltage CMOS 
loH=-100JlA 4.1 v 

VoH loH =-2.5mA 0.85 Vee v 
Output High Voltage TTL loH =-2.5mA 2.4 v 

VPPL 
Program Voltage (Read 0 6.5 v Operations) 

VPPH Program Voltage (Read/Write 11.4 12.6 v Operations) 

Vto A9 Voltage (Electronic Signature) 11.5 13 v 
Ito <11 A9 Current (Electronic Signature) A9=Vto 200 JlA 

VLKO Supply Voltage, Erase/Program 2.5 v Lock·out 

Note: 1. Not 100% tested. Characterisation Data available. 

6/16 rr SGS·lHOMSON .:::...:c-=--------------- llo."'f/ [lj;O©oo©mrn(!;'!(lll~Q~O©>'l ---------------
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Table SA. Read Only Mode AC Characteristics 
(TA = 0 to 70 oc, -40 to 85 °C or -40 to 125 °C; Vee= 5V ± 5% or 5V ± 10%; OV :=; Vpp :=; 6.5V) 

M28F101 
Symbol A It Parameter Test Condition -100 -120 Unit 

Min Max Min Max 

lwHGL 
Write Enable High to Output 6 6 (.lS Enable Low 

IAVAV IRe Read Cycle Time E = V1L, G = V1L 100 120 ns 

IAVOV lAce Address Valid to Output Valid E = v,L, G = v,L 100 120 ns 

IELOX (1) Chip Enable Low to Output -
ILz Transition G=VIL 0 0 ns 

IELOV IcE Chip Enable Low to Output Valid G=VIL 100 120 ns 

IGLOX (1) 
Output Enable Low to Output -

toLZ Transition E=VIL 0 0 ns 

IGLQV toE Output Enable Low to Output Valid E=VIL 45 50 ns 

tEHOZ(1) Chip Enable High to Output Hi-Z G=ViL 0 45 0 55 ns 

IGHOZ(1) IDF Output Enable High to Output Hi-Z E=VtL 0 30 0 30 ns 

lAX OX loH 
Address Transition to Output E = V!L, G = ViL 0 0 ns Transition 

Note: 1. Sampled only, not 100% tested 

Table 88. Read Only Mode AC Characteristics 
((TA = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; Vee = 5V ± 5% or 5V ± 1 0%; OV :=; Vpp :=; 6.5V) 

M28F101 
Symbol A It Parameter Test Condition -150 -200 Unit 

Min Max Min Max 

IWHGL Write Enable High to Output 6 6 (.lS Enable Low 

IAVAV IRe Read Cycle Time E = V!L, G = V1L 150 200 ns 

IAVOV IACC Address Valid to Output Valid E = V!L, G = V1L 150 200 ns 

tELOX (t) ILZ Chip Enable Low to Output 
G=ViL 0 0 ns Transition 

teLOV IcE Chip Enable Low to Output Valid G=VIL 150 200 ns 

tGLOX (1) toLZ 
Output Enable Low to Output 

E=ViL 0 0 ns Transition 

tGLOV toE Output Enable Low to Output Valid E=VIL 55 60 ns 

tEHOZ(t) Chip Enable High to Output Hi-Z G=VIL 0 55 0 60 ns 

tGHQZ(l) toF Output Enable High to Output HI-Z E=ViL 0 35 0 40 ns 

tAX OX toH 
Address Transition to Output E = V!L, G = ViL 0 = 0 ns Transition 

Note: 1, Sampled only, not 100% tested 

_____________ ~ ~~©m21,q~ ___________ .:..:,7,=16 

297 



M28F101 

Figure 5. Read Mode AC Waveforms 
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Figure 6. Read Command Waveforms 
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Figure 7. Electronic Signature Command Waveforms 

r-------------------------------------------

AO-A16 

tAX OX 

tEHQZ 

tGHQZ 

tDVWH ~ tWHDX 

DQO-DQ7 ---~-------------+-----{DATA OUT 

READ ELECTRONIC ----.: 
SIGNATURE SET-UP 

READ/WRITE MODES (cont'd) 

to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad
dressed byte. 
Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the add!:§.SS of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set·up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 
As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 

:.------- READ ----i 
' MANUFACTURER ' 

OR DEVICE 
VA00673 

command to the command register (for example 
Program or Reset). 

Program and Program Verify Modes. The Pro
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 

Program Verify Mode is set-up by writing_QCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 

Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol
lowed by writing a valid command to the the com
mand register (for example Read). 

-------------- l:ifi ~~~@ru,~m£P©~ ------------"'9/-=16 
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Table 9A. Read/Write Mode AC Characteristics - Wand E Controlled 
(TA = 0 to 70 °C, -40 to 85 °C or-40 to 125 ac; Vee= 5V ± 5% or 5V ± 10%) 

M28F101 
Symbol AI! Parameter -100 -120 Unit 

Min Max Min Max 

lvPHEL Vpp High to Chip Enable Low 1 1 [!S 

IVPHWL Vpp High to Write Enable Low 1 1 [!S 

IWHWH3 I we Write Cycle Time 100 120 ns 

IAVWL lAs Address Valid to Write Enable Low 0 0 ns 

lA VEL Address Valid to Chip Enable Low 0 0 ns 

lwLAX IAH Write Enable Low to Address Transition 60 60 ns 

IELAX Chip Enable Low to Address Transition 80 80 ns 

IELWL tcs Chip Enable Low to Write Enable Low 20 20 ns 

lwLEL Write Enable Low to Chip Enable Low 0 0 ns 

IGHWL Output Enable High to Write Enable Low 0 0 [!S 

IGHEL Output Enable High to Chip Enable Low 0 0 [!S 

lovwH los Input Valid to Write Enable High 50 50 ns 

lovEH Input Valid to Chip Enable High 50 50 ns 

IWLWH lwP Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

IELEH Chip Enable Low to Chip Enable High (Write Pulse) 70 70 ns 

lwHDX loH Write Enable High to Input Transition 10 10 ns 

IEHDX Chip Enable High to Input Transition 10 10 ns 

IWHWH1 Duration of Program Operation 9.5 9.5 llS 

IEHEH1 Duration of Program Operation 9.5 9.5 f!S 

twHWH2 Duration of Erase Operation 9.5 9.5 ms 

lwHEH lcH Write Enable High to Chip Enable High 0 0 ns 

IEHWH Chip Enable High to Write Enable High 0 0 ns 

IWHWL IWPH Write Enable High to Write Enable Low 20 20 ns 

IEHEL Chip Enable High to Chip Enable Low 20 20 ns 

IWHGL Write Enable High to Output Enable Low 6 6 [!S 

IEHGL Chip Enable High to Output Enable Low 6 6 [!S 

tAvav lAce Addess Valid to data Output 100 120 ns 

IELax (1) b Chip Enable Low to Output Transition 0 0 ns 

IELQV IcE Chip Enable Low to Output Valid 100 120 ns 

IGLQX (1) loLZ Output Enable Low to Output Transition 0 0 ns 

IGLQV toE Output Enable Low to Output Valid 45 50 ns 

IEHQZ (1) Chip Enable High to Output Hi-Z 40 50 ns 

IGHOZ (l) I oF Output Enable High to Output Hi-Z 30 30 ns 

IAXQX loH Address Transition to Output Transition 0 0 ns 

Note: 1. Sampled only, not 100% tested 

.:._10:::./.:..:16'--------------/:.V ~~i©ltl~:i!~~~ --------------
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Table 98. Read/Write Mode AC Characteristics - W and E Controlled 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 5V ± 5% or 5V ± 10%) 

M28F101 
Symbol A It Parameter ·150 -200 Unit 

Min Max Min Max 

lvPHEL Vpp High to Chip Enable Low 1 1 llS 

IVPHWL Vpp High to Write Enable Low 1 1 llS 

IWHWH3 !we Write Cycle lime 150 200 ns 

IAVWL lAs Address Valid to Write Enable Low 0 0 ns 

lA VEL Address Valid to Chip Enable Low 0 0 ns 

IWLAx IAH Write Enable Low to Address Transition 60 75 ns 

IELAX Chip Enable Low to Address Transition 80 80 ns 

IELWL tcs Chip Enable Low to Write Enable Low 20 20 ns 

IWLEL Write Enable Low to Chip Enable Low 0 0 ns 

IGHWL Output Enable High to Write Enable Low 0 0 llS 

IGHEL Output Enable High to Chip Enable Low 0 0 llS 
tovwH los Input Valid to Write Enable High 50 50 ns 

tovEH Input Valid to Chip Enable High 50 50 ns 

IWLWH IWP Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

IELEH Chip Enable Low to Chip Enable High (Write Pulse) 70 70 ns 

IWHOX toH Write Enable High to Input Transition 10 10 ns 

IEHOX Chip Enable High to Input Transition 10 10 ns 

tWHWH1 Duration of Program Operation 9.5 9.5 llS 
IEHEH1 Duration of Program Operation 9.5 9.5 llS 
tWHWH2 Duration of Erase Operation 9.5 9.5 ms 

lwHEH lcH Write Enable High to Chip Enable High 0 0 ns 

IEHWH Chip Enable High to Write Enable High 0 0 ns 

IWHWL IWPH Write Enable High to Write Enable Low 20 20 ns 

IEHEL Chip Enable High to Chip Enable Low 20 20 ns 

IWHGL Write Enable High to Output Enable Low 6 6 llS 

IEHGL Chip Enable High to Output Enable Low 6 6 llS 

IAVQV lAce Addess Valid to data Output 150 200 ns 

IELQX (1) ltz Chip Enable Low to Output Transition 0 0 ns 

IELQV IcE Chip Enable Low to Output Valid 150 200 ns 

IGLQX (l) lotz Output Enable Low to Output Transition 0 0 ns 

IGLQV toE Output Enable Low to Output Valid 55 60 ns 

IEHQZ(l) Chip Enable High to Output Hi·Z 55 60 ns 

IGHQZ(l) I oF Output Enable High to Output Hi·Z 35 40 ns 

IAXQX toH Address Transition to Output Transition 0 0 ns 

Note: 1. Sampled only, not 100% tested 
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Figure 11. Erasing Flowchart 

Vpp = 12V 

Vpp < 6.5V, PASS 

VA00678 

Limit: 1000 at grade 1; 6000 at grades 3 & 6. 

PRESTO F ERASE ALGORITHM 

The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to OOh in order 
to ensure uniform erasure. The programming fol· 
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address OOOOh and 
continues to the last address or until the compari
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 

M28F101 

Figure 12. Programming Flowchart 

Vpp = 12V 

Vpp < 6.5V, PASS 

VA00677 

PRESTO F PROGRAM ALGORITHM 

The PRESTO F Programming Algorithm applies a 
series of 1 Oj.lS programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 

-----------------------------~ ~~~ij~~~&?©~ ------------------------~1=5/~16 



M28F101 

ORDERING INFORMATION SCHEME 

Example: M28F101 -100 X N R 

Speed Package Option 

-100 100 ns blank ±10% p PDIP32 R Reverse 

-120 120 ns X ±5% K PLCC32 3 -40 to 125 oc Pin-Out 

-150 150 ns N TSOP32 6 -40 to 85 oc Y3 1 ,000 Cycles 

-200 200 ns 
8 x20 mm TR Tape & Reel 

Packing 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

_1~~_16~----------------------- ~~~~@~~~:~~©~-----------------------------
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M28F101A 
M28V101A 

CMOS 1 Megabit (128K x 8, Chip Erase) 
FLASH MEMORY 

• MEMORY CHIP ERASE 

• SUPPLY VOLTAGE in READ OPERATION 
- SV ± 10% for M28F101A version 
- 3.3V ± 0.3V for M28V1 01 A version 

• 12V PROGRAMMING VOLTAGE 

• PROGRAM/ERASE CYCLES 
- 100,000 for M28F1 01 A 
- 10,000 for M28V1 01 A 

• PROGRAM/ERASE CONTROLLER 
- Program Byte-by-Byte 
- Data Polling and Toggle Protocol for P/E. C. 

Status 

• LOW POWER CONSUMPTION 
- 30!!A Typical in Standby 

• FAST ACCESS TIMES 
- 60ns for M28F101A version 
- 150ns for M28V1 01 A version 

DESCRIPTION 
The M28F1 01 A, M28V1 01 A FLASH MEMORY 
products are non-volatile memories that may be 
erased electrically in bulk and programmed byte
by-byte. The interface is directly compatible with 
most microprocessors. The device is available in 
PDIP32, PLCC32 and TSOP32 (8 x 20mm). Both 
normal and reverse pin outs are available for the 
TSOP32 package. 

Table 1. Signal Names 

AO-A16 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

E' Chip Enable 

G Output Enable 

w Write Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

August1993 

PRODUCT CONCEPT 

32 

PDIP32 (P) 

0 

TSOP32 (N) 
8x20 mm 

PLCC32 (K) 

Figure 1. Logic Diagram 

Vee Vpp 

17 8 

AO-A16 DQO-DQ7 

w M28F101A 
M28V101A 

Vss 
VA01141 

1/4 
This is advance information on a new product now undergoing evaluation. Details are subject to change Without no~ce. 
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M28F101A, M28V101A 

Figure 2A. DIP Pin Connections 

Vpp 
A16 
A15 

A12 

A7 

A6 
A5 

A4 
A3 
A2 

A1 
AO 

DOD 
001 

002 

Vss 

1 '-.-/ 32 p 
2 31 p 
3 30 p 
4 29 p 
5 28 

6 27 

7 26 

8 M28F101A 25 
9 M28V101A 24 

10 23 p 
11 22 
12 21 
13 20 
14 19 

15 18 p 
16 17 D 

VAOt142 

Warning: NC = No Connection 

Vee 
w 
NC 

A14 

A13 

AB 

A9 

A11 

G 
A10 

E 
007 
006 
005 

004 
003 

Figure 2C. TSOP Pin Connections 

16 

M28F101A 
M2BV101A 
(Normal) 

Warning: NC = No Connection 

VA01144 

Figure 28. LCC Pin Connections 

A7 

A6 

A5 

A4 

A3 9 

A2 

Al 

AO 

DQO 

~~~8:~ u 
<( <( <( > > so z ..., ..., ..., ...,_...,...,..., 

G) 32 

M2BF101A 
M2BV101A 

17 

Warning: NC = No Connection 

VA01143 

Figure 20. TSOP Reverse Pin Connections 

0"'""" N (!)!"') "¢ lO ID,...... 0 
I"")N.--0000 (1)00000 .--
<( <( <( <( 0 0 0 > 0 0 0 0 0 IW <( I'-' 

16 

M28F101A 
M2BV101A 
(Reverse) 

Warning: NC = No Connection 

1 
<1 

VA01145 

=214"------------ 'r'/ SGS·1HOMSON -----------._ "'!, ll>IO©'!I©I<Il.rn©ii'OO@~~ 
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Organisation 

The organisation is 128K x 8 with Address lines 
AO-A16 and Data Input/Outputs DOO-D07. Mem
ory control is provided by Chip Enable, Output 
Enable and Write Enable inputs. 

Erase and Program are performed under control of 
the internal Program/Erase Controller (P/E.C.). 

Data Output bits D07 and D06 provide polling or 
toggle signals during Automatic Program or Erase 
to indicate the Busy/Ready state of the internal 
Program/Erase Controller. 

Command Interface 

The memory is interfaced by 5 operation cycles for 
reading the array, reading the Electronic Signature, 
output disable, standby or writing. 

Command bytes can be written to a Command 
Interface latch to perform instructions for reading 
(array or Electronic Signature), erasure, program
ing or reset. When power is first applied, or if Vee 
falls below VLKO, the command interface is reset to 
read the array. 

Table 2. Instructions 

Mnemonic Instruction Cycles 

M28F101A, M28V101A 

Instructions 

Five instructions are defined to perform Read 
Memory Array, Read Electronic Signature, Auto 
Erase, Auto Program and Reset. Instructions are 
composed of a first command write operation fol
lowed by either a second command write, to con
firm the commands for programing and erase, or 
read operations to read data from the memory or 
to read the Electronic Signature. 

For added data protection, the intructions for byte 
program and erase consist of two commands that 
are written to the memory. These instructions can 
be aborted after the first command has been given 
using the Reset instruction. Byte programing takes 
typically 611s. Erasure of the entire memory takes 
typically 2.4sec when performed by the internal 
Automatic P/E.C. algorithm. 

During an Automatic Program or Erase operation 
reads to the memory return a byte of which two data 
bits, D07 and D06, reflect the Busy/Ready status 
of the P/E.C. 

After a Program or Erase command the interface 
is reset to read the memory array. 

1st Cycle 2nd Cycle 

Opera- Address (tl Data Opera- Ad- Data 
lion tion dress Output 

RD Read Array 1+ Write X OOh Read Address Array 
Output 

RSIG Read Electronic 
1+ Write X SOh or 90h Read AO='O' Code 

Signature or'1' Output 

EE Erase Auto 2 Write X 30h Write X 30h 

PG Program Auto 2 Write X 10h or 50h Write Address Data 
Input 

RST<2l Reset 1-2 Write X OFFh Write X OFFh 

Notes: 1. X= Don't Care 
2. 1 or 2 cycles may be required, see Instruction descriptions. 

--------------------------- ~~~~@~~~~~~------------------------~3~~ 
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M28F101A,M28V101A 

ORDERING INFORMATION SCHEME 

Example: 

I Vee Range I 
F 5V 

V 3.3V±0.3V 

Speed 

-60 60 ns 

-70 70 ns 

-80 80 ns 

-100 100 ns 

-120 120 ns 

-150 150 ns 

-200 200 ns 

M28F101A -100 X N R 

I 

---.--.---T 
L----------------, 

r------_J '-------.., 

Vee Tol. 'F' Version Package 

blank ±10% p PDIP32 

X ±5% K PLCC32 

N TSOP32 
8 x 20 mm 

I Option I 
R Reverse Pin-Out 

TR Tape & Reel 
Package 

Temperature Range 

1 0 to 70 oc 
3 --40 to 125 oc 
6 --40 to 85 oc 

For a list of available options (Vee Range, Speed, Vee Tolerance, Package, etc ... ) refer to the Selector 
Guide in this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you . 

..::41_:.4 _____________ /..W ~~m~:~~~ ____________ _ 
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M28F1018 
M28V101B 

CMOS 1 Megabit (128K x 8, Chip Erase) FLASH MEMORY 

• FAST ACCESS TIMES 

- 60ns for M28F101 B version 
- 150ns for M28V1 01 B version 

• LOW POWER CONSUMPTION 
- Standby Current: 1 00~ Max 

• 10,000 PROGRAM/ERASE CYCLES 

• 12V PROGRAMMING VOLTAGE 

• SUPPLY VOLTAGE in READ OPERATION 
- 5V ± 10% for M28F101B version 
- 3.3V ± 0.3V for M28V1 01 B version 

• TYPICAL BYTE PROGRAMING TIME 10J.LS 
(PRESTO F ALGORITHM) 

• ELECTRICAL CHIP ERASE in 1s RANGE 

• INTEGRATED ERASE/PROGRAM-STOP 
TIMER 

DESCRIPTION 

The M28F101B, M28V101B FLASH MEMORY 
products are non-volatile memories which may be 
erased electrically at the chip level and pro
grammed byte-by-byte. They are organised as 
128K bytes of 8 bits. They use a command register 
architecture to select the operating modes and thus 
provide a simple microprocessor interface. The 
M28F1 01 B, M28V1 01 B FLASH MEMORY prod
ucts are suitable for applications where the mem
ory has to be reprogrammed in the equipment. The 
access time of 60ns makes the device suitable for 

Table 1. Signal Names 

AO-A16 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 

w Write Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

August 1993 

ADVANCE DATA 

0 
PDIP32 (P) 

TSOP32 (N) 
8x20mm 

Figure 1. Logic Diagram 

Vee Vpp 

PLCC32 (K) 

17 8 

AO-A16 DQO-DQ7 

w M28F101B 
M28V101B 

Vss 
VA0\124 

1/15 

This 1s advance Information on a new product now In development or undergoing evaluation. Details are subject to change without notice. 
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M28F101B,M28V101B 

Figure 2A. DIP Pin Connections 

vpp 1 '-' 32 vee 
A16 2 31 W 
A15 

A12 

A7 
A6 

A5 

A4 

A3 

A2 

A1 
AD 

DQO 
DQ1 
DQ2 

Vss 

3 30 
4 29 
5 28 

6 27 
7 26 

8 M28F1 01 B 25 
9 M28V101B 24 

10 23 

11 22 
12 21 

13 20 

14 19 
15 18 

16 17 

VA01125 

Warning: NC = No Connection 

Ne 
A14 

A13 

A8 

A9 
A11 

G 
A10 

E 
DQ7 
DQ6 
DQ5 
DQ4 
DQ3 

Figure 2C. TSOP Pin Connections 

16 

M28F101B 
M28V101B 
(Normol) 

Warning: NC = No Connection 

G) 

VA01127 

Figure 28. LCC Pin Connections 

A7 [ 

A6 [ 

A5 [ 

A4[ 

A3 [ 9 

A2 [ 

A1 [ 

AO [ 

DOO [ 

G) 32 

M28F101B 
M28V101B 

17 

Warnmg: NC = No Connect1on 

] A14 

] A13 

] AS 

] A9 

25 ] A11 

]G 
] A10 

]E 

] 007 

VA01126 

Figure 20. TSOP Reverse Pin Connections 

M28F101B 
M28V101B 
(Reverse) 

Warning: NC = No Connection 

1 
<I 

VA01128 
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M28F101B,M28V101B 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

Tsm Storage Temperature -65 to 150 oc 
Vlo Input or Output Voltages -o.6 to 7 v 
Vee Supply Voltage -o.6 to 7 v 
VA9 A9Voltage -o.6 to 13.5 v 

Vpp Program Supply Voltage, during Erase -Q.6 to 14 v or Programming 

Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress rat1ngs only and operation of the device at these or any other cond1tions above those 
indicated in the Operating seclions of this spec1f1callon is not implied. Exposure to Absolute Max1mum Rat1ng cond1t1ons for extended periods 
may affect device reliability. Refer also to the SGS·THOMSON SURE Program and other relevant quality documents. 

DESCRIPTION (conl'd) 

use in high speed microprocessor systems, while 
the low supply voltage capability makes it ideal for 
portable applications. 

DEVICE OPERATION 

The M28F1 01 B, M28V1 01 B FLASH MEMORY 
products employ a technology similar to a 1 Mega
bit EPROM but add to the device functionality by 
providing electrical erasure and programming. 
These functions are managed by a command reg
ister. The functions that are addressed via the 
command register depend on the voltage applied 
to the Vpp, program voltage, input. When Vpp is 
less than or equal to 6.5V, the command register is 
disabled and M28F1 01 functions as a read only 
memory providing operating modes similar to an 
EPROM (Read, Output Disable, Electronic Signa
ture Read and Standby). When Vpp is raised to 12V 
the command regs iter is enabled and this provides, 
in addition, Erase and Program operations. 

READ ONLY MODES, Vpp s; 6.5V 

For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is don't care. 

Read Mode. The M28F1 01 B, M28V101 B have two 
enable inputs, E and G, both of which must be Low 
in order !Q output data from the memory. The Chip 
Enable (E) is the power control and should be used 
for device selection. Output Enable (G) is the output 

control and should be used to gate data on to the 
output, independant of the device selection. 

Standby Mode. In the Standby Mode the maxi
mum supply current is reduced from 30mA to 
100(.1A. The device is placed in the S!andQy Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
imped.E_nce state, independant of the Output En
able (G) input. 

~tput Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 

Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high volt~e (11J>V to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 

READ/WRITE MODES, 11.4V s; Vpp s; 12.6V 

When Vpp is High both read and write operations 
may be performed. These are defined by the con
tents of an internal command register. Commands 
may be written to this register to set-up and exe
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 

______________ ~ ~~©m~:~~©~ ____________ 3='=15 
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M28F101B,M28V1018 

Table 3. Operations <1> 

Vpp Operation E G w A9 DQO- DQ7 

Read Only VPPL Read V1L V1L V1H A9 Data Output 

Output Disable V1L V1H V1H X Hi·Z 

Standby V1H X X X Hi·Z 

Electronic Signature V1L V1L V1H V1o Codes 

Read/Write (2> VpPH Read V1L V1L V1H A9 Data Output 

Write V1L V1H V1L Pulse A9 Data Input 

Output Disable V1L V1H V1H X Hi·Z 

Standby VIH X X X Hi-Z 

Note: 1. X= VrL or VrH 
2. Refer also to the Command Table 

Table 4. Electronic Signature 

Identifier AO DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO Hex Data 

Manufacturer's Code V1L 0 0 1 0 0 0 0 0 20h 

Device Code: M28F1 01 B V1H 1 1 1 0 1 1 1 0 OEEh 

Device Code: M28V1 01 B V1H 1 1 1 0 1 1 1 1 OEFh 

Table 5. Commands <1> 

Command Cycles 
1st Cycle 2nd Cycle 

Operation AO-A16 DQO·DQ7 Operation AO·A16 DQO-DQ7 

Read 1 Write X OOh 

Electronic SOh or90h 
Read OOOOOh 20h 

Signature (2) 2 Write X 
Read 00001h OEEh orOEFh 

Setup Erase/ 
2 

Write X 20h 

Erase Write X 20h 

Erase Verify 2 Write AO-A16 OAOh Read X Data Output 

Setup Program! 
2 

Write X 40h 

Program Write AO-A16 Data Input 

Program Verify 2 Write X OCOh Read X Data Output 

Reset 2 Write X OFFh Write X OFFh 

Note: 1. X=VrLorVrH 
2. Refer also to the Electronic Signature Table 

.::4,...:.;15~----------- i..1i ~~~m•'"'~-------------
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READ/WRITE MODES (cont'd) 

set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 

~write to the g_ommand register is made by_bringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 

When the device is powered up and when Vpp is 5 
6.5V the contents of the command register default 
to OOh, thus automatically setting-up Read opera
tions. In addition a specific command may be used 
to set the command register to OOh for reading the 
memory. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ::; 1 Ons 

Input Pulse Voltages 0.45V to 2.4V 

Input and Output T1ming Ref. Voltages o.av to 2V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 
~2.0V 

~0.8V 
0.45V 

VA00827 

Table 6. Capacitance <1> (TA = 25 °C, f = 1 MHz) 

M28F1 01 B, M28V1 01 B 

The system designer may chose to provide a con
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem
ory. All command register access is inhibited when 
Vee falls below the Erase/Write Lockout Voltage 
(VLKO) of 2.5V. 

If the device is deselected during Erasure, Pro
gramming or Verification it will draw active supply 
currents until the operations are terminated. 

The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 

Read Mode. The Read Mode is the default at 
power up or may be set-up by writing OOh to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 

Figure 4. AC Testing Load Circuit 

uv 

1N914 

DEVICE 
UNDER 
TEST T CL=100pF 

CL includes JIG capacitance 

OUT 

VA00828 

Symbol Parameter Test Condition Min Max Unit 

C1N Input Capacitance V1N=OV 6 pF 

CouT Output Capacitance VoUT=OV 12 pF 

Note: 1. Sampled only, not 100% tested 

----------- ~'/ SGS·1HOMSON _________ _;5::._11~5 
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Table 7. DC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc or-40 to 125 oc; Vee= 5V ± 10%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV5V;N5Vcc ±1 !!A 
ILO Output Leakage Current OV 5 Vour 5 Vee ±10 !!A 

Icc Supply Current (Read) E = V;L, f = 10MHz 50 mA 

lcc1 
Supply Current (Standby) TTL E=ViH 1 mA 

Supply Current (Standby) CMOS E =Vee± 0.2V 100 !!A 
lcc2 <1l Supply Current (Programming) During Programming 10 mA 

lcca <1l Supply Current (Program Verify) During Verify 20 mA 

lcC4 <1l Supply Current (Erase) During Erasure 20 mA 

Ices <1l Supply Current (Erase Verify) During Erase Verify 20 mA 

ILPP Program Leakage Current Vpp5Vcc ±10 !!A 

Program Current (Read or Vpp >Vee 200 !!A lpp 
Standby) 

Vpp5Vcc ±10 I!A 

IPP1(1) Program Current (Programming) Vpp = VPPH, During Programming 30 mA 

IPP2(1) Program Current (Program Vpp = VPPH, During Verify 5 mA 
Verify) 

lppa(t) Program Current (Erase) Vpp = VPPH, During Erase 30 mA 

IPP4(1) Program Current (Erase Verify) Vpp = VPPH, During Erase Verify 5 mA 

ViL Input Low Voltage -D.5 0.8 v 

V;H 
Input High Voltage TTL 2 Vcc+0.5 v 
Input High Voltage CMOS 0.7Vcc Vcc+0.5 v 

VoL Output Low Voltage loL=5.8mA 0.45 v 

Output High Voltage CMOS 
loH=-1001!A Vcc-D.4 v 

VoH loH=-2.5mA 0.85Vcc v 
Output High Voltage TTL loH=-2.5mA 2.4 v 

VPPL Program Voltage (Read 0 6.5 v Operations) 

VPPH Program Voltage (Read/Write 11.4 12.6 v Operations) 

V;o AS Voltage (Electronic Signature) 11.5 13 v 
ho <1l AS Current (Electronic Signature) A9=V;o 200 !!A 

VLKo Supply Voltage, Erase/Program M28F101B 2.2 v 
Lock-out 

M28V101B 2.0 v 
Note: 1. Not 100% tested. Characterisation Data avatlable. 

=6'..:.;15::...._ ___________ ~ ~~@m~cm ____________ _ 
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Table 8. Read Only Mode AC Characteristics 
(TA = 0 to 70 ac, -40 to 85 °C or-40 to 125 °C; Vee= 5V ± 10%; OV S:: Vpp S:: 6.5V) 

Symbol A It Parameter 

IWHGL 
Write Enable High to Output 
Enable Low 

IAVAV IRe Read Cycle Time 

IAVOV lAce Address Valid to Output Valid 

tELQX (1) 
Chip Enable Low to Output ILz Transition 

IELQV IcE Chip Enable Low to Output Valid 

IGLOX (1) loLZ 
Output Enable Low to Output 
Transition 

IGLOV toE Output Enable Low to Output Valid 

IEHOZ(1) Chip Enable High to Output Hi-Z 

IGHOZ(1) !oF Output Enable High to Output Hi-Z 

lAX OX loH Address Transition to Output 
Transition 

Note: 1. Sampled only, not 100% tested 

READ/WRITE MODES (cont'd) 

Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com
mand register. The Electronic Signature Mode is 
set-up by writing BOh or 90h to the command 
register. The following read cycle, with address 
inputs OOOOOh or 00001 h, output the manufacturer 
or device type codes. The command is terminated 
by writing another valid command to the command 
register (for example Reset). 

Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to DOh, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 

M28F101B 

Test Condition -80 Unit 

Min Max 

6 J.IS 

E = V1L, G = V1L 80 ns 

E = VIL, G = ViL 80 ns 

-
G=VIL 0 ns 

G =VIL 80 ns 

E=VIL 0 ns 

E=VIL 35 ns 

G=VIL 0 30 ns 
-
E=VIL 0 30 ns 

E = VIL. G = VIL 0 ns 

The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad
dressed byte. 

Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 

-------------/:.V ~!i@ltl-,~~4 ____________ 7""/"""15 
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Figure 5. Read Mode AC Waveforms 

~~--------\AVAV 

b i-AO-A16 

\AVQV-- 'I \AXQX 

~\ELQV-- c\EHQZ-J> 

~ \ELQX ----

1 
\GLQV \GHQZ _., 

\GLQX 

DQO-D07 DATA OUT 

VA00671 

Figure 6. Read Command Waveforms 

,r-------------------------------------------

AO-A16 ~~~~ 

DQO-DQ7 

tDVWH --1~-+\4--1--- tWHDX 

COMMAND -----------+---{DATA OUT 

' ' ' ' ' f.- READ SET -UP --.! 
' 

' ' 
' 
' i-t- READ ------«>! 
' ' 

tAX OX 

tEHQZ 

tGHQZ 

VA00672 
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Figure 7. Electronic Signature Command Waveforms 

r-------------------------------------------

AO-A16 ~~~~ 
tAVQV tAXQX 

tEHQZ 

tGHQZ 

---1!4---~-1--- tWHDX 

DOO-D07 COMMAND -------------+----(DATA OUT 

!-- READ ELECTRONIC__.; 
' SIGNATURE SET- UP ' 

READ/WRITE MODES (cont'd) 

As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). 
Program and Program Verify Modes. The Pro
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data Qf. the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 

:.-- READ ----.: 
' MANUFACTURER ' 

OR DEVICE 
VA00673 

Program Verify Mode is set-up by writing_QCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 

Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol
lowed by writing a valid command to the the com
mand register (for example Read). 

_____________ ~ ~~©m~~~~~u;~ ___________ _..:::.9/=15 
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Table 9. Read/Write Mode AC Characteristics - W and E Controlled 
(TA = 0 to 70 °C, -40 to 85 °C or-40 to 125 oc; Vee= 5V ± 10%) 

Symbol A It Parameter 

IVPHEL Vpp High to Chip Enable Low 

lvPHWL Vpp High to Write Enable Low 

IWHWH3 twc Write Cycle lime 

IAVWL lAs Address Valid to Write Enable Low 

lA VEL Address Valid to Chip Enable Low 

IWLAX IAH Write Enable Low to Address Transition 

IELAX Chip Enable Low to Address Transition 

tELWL tcs Chip Enable Low to Write Enable Low 

IWLEL Write Enable Low to Chip Enable Low 

IGHWL Output Enable High to Write Enable Low 

tGHEL Output Enable High to Chip Enable Low 

tovwH los Input Valid to Write Enable High 

lovEH Input Valid to Chip Enable High 

lwLWH lwp Write Enable Low to Write Enable High (Write Pulse) 

IELEH Chip Enable Low to Chip Enable H1gh (Write Pulse) 

IWHOX toH Write Enable High to Input Transition 

IEHDX Chip Enable High to Input Transition 

IWHWH1 Duration of Program Operation 

IEHEH1 Duration of Program Operation 

IWHWH2 Duration of Erase Operation 

twHEH lcH Write Enable High to Chip Enable High 

tEHWH Chip Enable High to Write Enable High 

IWHWL IWPH Write Enable High to Write Enable Low 

IEHEL Chip Enable High to Chip Enable Low 

IWHGL Write Enable High to Output Enable Low 

IEHGL Chip Enable High to Output Enable Low 

IAVQV lAce Addess Valid to data Output 

IELQX (1) 112 Chip Enable Low to Output Transition 

tELQV IcE Chip Enable Low to Output Valid 

IGLQX (1) to12 Output Enable Low to Output Transition 

IGLQV toe Output Enable Low to Output Valid 

IEHQZ (1) Chip Enable High to Output Hi-Z 

IGHQZ(1) I oF Output Enable High to Output Hi·Z 

IAXQX loH Address Transition to Output Transition 

Note: 1. Sampled only, not 1 00% tested 

M28F101B 

-80 Unit 

Min Max 

1 J.lS 

1 J.lS 

80 ns 

0 ns 

0 ns 

45 ns 

60 ns 

0 ns 

0 ns 

0 J.lS 

0 J.lS 

45 ns 

50 ns 

45 ns 

60 ns 

0 ns 

0 ns 

10 J.lS 

10 J.lS 

9.5 ms 

0 ns 

0 ns 

20 ns 

20 ns 

6 J.lS 

6 J.lS 

80 ns 

0 ns 

80 ns 

0 ns 

35 ns 

35 ns 

30 ns 

0 ns 
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M28F101B,M28V101B 

Figure 11. Erasing Flowchart 

Ypp = 12V 

Ypp < 6.5V, PASS 
VA00649 

PRESTO F ERASE ALGORITHM 
The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to OOh in order 
to ensure uniform erasure. The programming fol
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address OOOOh and 
continues to the last address or until the compari
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 

Figure 12. Programming Flowchart 

Ypp = 12V 

Ypp < 6.5V, PASS 
VA00677 

PRESTO F PROGRAM ALGORITHM 

The PRESTO F Programming Algorithm applies a 
series of 1 Oils programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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ORDERING INFORMATION SCHEME 

Example: M28F101B -100 X N 

I 

----

Vee Range 

F 5V 

V 3.3V±0.3V 

Speed Vee Tol. 'F' Version 

-60 60 ns blank ±10% 

-70 70 ns X ±5% 

-80 80 ns 

-100 100 ns 

-120 120 ns 

-150 150 ns 

-200 200 ns 

R 

Package 

p PDIP32 

K PLCC32 

N TSOP32 
ax 20 mm 

M28F101B,M28V101B 

Option 

R Reverse Pin-Out 

TR Tape & Reel 
Packing 

Temperature Range 

o to 70 oc 
3 --40 to 125 oc 
6 --40 to 85 °C 

For a list of available options (Vee Range, Speed, Vee Tolerance, Package, etc ... ) refer to the Selector 
Guide in this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M28F102 

CMOS 1 Megabit (64K x 16, Chip Erase) FLASH MEMORY 

• FAST ACCESS TIME: 1 OOns 

• LOW POWER CONSUMPTION 
- Standby Current: 1 OO!lA Max 

• 10,000 ERASE/PROGRAM CYCLES 

• 12V PROGRAMMING VOLTAGE 

• TYPICAL BYTE PROGRAMMING TIME 10JlS 
(PRESTO F ALGORITHM) 

• ELECTRICAL CHIP ERASE in 1s RANGE 

• INTEGRATED ERASE/PROGRAM-STOP 
TIMER 

DESCRIPTION 

The M28F1 02 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed word-by-word. It is 
organised as 64K words of 16 bits. It uses a com
mand register architecture to select the operating 
modes and thus provides a simple microprocessor 
interface. The M28F1 02 FLASH MEMORY is suit
able for applications where the memory has to be 
reprogrammed in the equipment. The access time 
of 1 OOns makes the device suitable for use in high 
speed microprocessor systems. 

Table 1. Signal Names 

AO-A15 Address Inputs 

DQO- DQ15 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 

w Write Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

Jul 1993 

ADVANCE DATA 

PDIP40 (P) PLCC44 (K) 

Figure 1. Logic Diagram 

Vee Vpp 

16 16 

AO-A15 DQ0-0015 

w M28F102 

Vss 
VA00627B 

1/16 

This is advance information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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M28F102 

Figure 2A. DIP Pin Connections 

Vpp 

r 
[ 1 

[[ 23 
015 

014 [[ 45 
013 

012 [ 6 

011 7 
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09 9 
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39 

38 
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35 
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w 
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34 A12 

33 All 

32 A10 

08 

Yss 
07 

06 

QS 

04 

03 

02 

01 

00 

G 

~ ~ M28F1 02 ~: A9 

Yss 
AB 12 29 

13 28 A7 

14 

15 

16 

17 

18 

19 

20 

27 ~ A6 

26 ~ AS 

25 ~ A4 

24 r' A3 

23 ~ A2 
22 r' AI 

21 D AO 

VA0062B 

Warning: NC =No Connection 

Table 2. Absolute Maximum Ratings 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

V1o Input or Output Voltages 

Vee Supply Voltage 

VAg A9Voltage 

Vpp Program Supply Voltage, during Erase 
or Programming 

Figure 28. LCC Pin Connections 

"' 
.,. 

"' ll. {) 

"' 
.,. 

0 0 OIW 
ll.U u {) :;: :;: > z > I"' z 

012 [ (j) 44 ~ A13 

011 [ ~ A12 

QIO [ ~ All 

09 [ ~ A10 

08 [ ~ A9 

Vss [ 12 M28F102 34 ~ Vss 
NC [ ~ Ne 

07 [ p AB 

06 [ ~ A7 

QS [ ~ A6 

04 [ 
23 

p AS 

"' "' 0 0 K.> {) 0 :;: "' "' .,. 0 0 0 z <( <( <( <( 

V~00629C 

Wamtng: NC = No Connection 

Value Unit 

grade 1 Oto70 
grade 3 -40 to 125 oc 
grade 6 -40to85 

--65 to 150 oc 
-o.6to7 v 
-o.6to7 v 
-Q.6to 13.5 v 

-Q.6to 14 v 

Note: Except! or the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the deVIce. These are stress ratings only and operation of the device at these or any other condHions above those 
Indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rat1ng conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DEVICE OPERATION 
The M28F102 FLASH MEMORY employs a tech
nology similar to a 1 Megabit EPROM but adds to 
the device functionality by providing electrical era
sure and programming. These functions are man
aged by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 

input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F102 func
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command regsiter 
is enabled and this provides, in addition, Erase and 
Program operations. 

2116 r== SGS·lHOMSON :::....:,.::.,_ ____________ A."'fl li>JO©]JOOil.l<©1i1iil@&:l0©@ --------------
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READ ONLY MODES, Vpp :5 6.5V 

For all Read Only Mod~ except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is 'don't care'. 

,Bead ~de. The M28F1 02 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and sh..Q.uld be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 

Standby Mode. In the Standby Mode the maxi
mum supply current is reduced from SOmA to 
1 OO!lA. The device is placed in the StandQ}t Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
impec!§.nce state, independant of the Output En
able (G) input. 

Q!Jtput Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 

Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high volta_ge (1 u;v to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 

Table 3. Operations <1l 
-

Vpp Operation E 

Read Only VPPL Read V1L 

Output Disable ViL 

Standby V1H 

Electronic Signature VJL 

Read/Write 12> VPPH Read V1L 

Write V1L 

Output Disable VIL 

Standby V1H 

Note: 1. X= Vrc or v,. 
2. Refer also to the Command Table 

M28F102 

READ/WRITE MODES, 11.4V :5 Vpp :512.6V 

When Vpp is High both read and write operations 
may be performed. These are defined by the con
tents of an internal command register. Commands 
may be written to this register to set-up and exe
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 

A write to the Q_ommand register is made by_bringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 

When the device is powered up and when Vpp is :5 
6.5V the contents of the command register default 
to OOOOh, thus automatically setting-up Read oper
ations. In addition a specific command may be 
used to set the command register to OOOOh for 
reading the memory. 

The system designer may chose to provide a con
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem
ory. All command register access is inhibited when 

G w A9 DQO-DQ15 

VJL VJH A9 Data Output 

V1H V1H X Hi-Z 

X X X Hi-Z 

V1L V1H V1o Codes 

V1L V1H A9 Data Output 

V1H V1L Pulse A9 Data Input 

V1H VIH X Hi-Z 

X X X Hi-Z 

-------------~ ~~~~~~ ___________ 3=./=16 
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Table 4. Electronic Signature 

Identifier AO DQ15-DQ8 DQ7 DQ6 

Manufacturer's 
V1L 0 0 0 Code 

Device Code V1H 0 0 1 

Table 5. Commands <1l 

Command Cycles 
1st Cycle 

Operation AO-A15 

Read 1 Write X 

Electronic Write X Signature 2 

Setup Erase/ 
2 

Write X 

Erase 

Erase Verify 2 Write AO-A15 

Setup Program/ 
2 

Write X 

Program 

Program Verify 2 Write X 

Reset 2 Write X 

Note: 1. X=VtLorVJH 

READ/WRITE MODES (cont'd) 

Vee falls below the Erase/Write Lockout Voltage 
(VLKO) of 2.5V. 
If the device is deselected during Erasure, Pro
gramming or Verification it will draw active supply 
currents until the operations are terminated. 

The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 

Read Mode. The Read Mode is the default at 
power up or may be set-up by writing OOOOh to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 

DQ5 DQ4 DQ3 DQ2 DQ1 DQO Hex Data 

1 0 0 0 0 0 0020h 

0 1 0 0 0 0 0050h 

2nd Cycle 

DQO-DQ15 Operation AO-A15 DQO-DQ15 

OOOOh 

0090h 
Read OOOOh 0020h 

Read 0001h 0050h 

0020h 

Write X 0020h 

OOAOh Read X Data Output 

0040h 

Write AO-A15 Data Input 

OOCOh Read X Data Output 

OFFFFh Write X OFFFFh 

Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com
mand register. The Electronic Signature Mode is 
set-up by writing 0090h to the command register. 
The following read cycle, with address inputs 
OOOOh or 0001 h, output the manufacturer or device 
type codes. The command is terminated by writing 
another valid command to the command register 
(for example Reset). 

Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to OOOOh, the 
Erase command then erases them to OFFFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFFFh. 

The Erase Mode is set-up by writing 0020h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 

..::.4,""16'------------- l:.fi ~~m~~~~-------------
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READ/WRITE MODES (cont'd) 

followed by an Erase Verify which reads an ad
dressed byte. 

Erase Verify Mode is set-up by writing OOAOh to the 
command register and at the same time supplying 
the add@.SS of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OOAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 

As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFFFh, an
other Erase operation is performed and verification 
continues from the address of the last verified byte. 
The command is terminated by writing another 
valid command to the command register (for exam
ple Program or Reset). 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

,; 10ns 

0.45V to 2.4V 

0.8Vto2V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.45V 

~2.0V 

~O.SV 
VA00827 

M28F102 

Program and Program Verify Modes. The Pro
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data .2! the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 

Program Verify Mode is set-up by writing QQCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 

Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFFFh to 
the command register. The command should be 
followed by writing a valid command to the the 
command register (for example Read). 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

1.3V 

CL includes JIG capacitance 

OUT 

VA00828 

Table 6. Capacitance <1l (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min Max Unit 

C1N Input Capacitance V1N=OV 6 pF 

GouT Output Capacitance VouT=OV 12 pF 

Note: 1. Sampled only, not 1 00% tested 

r=-= SGS·THOMSON 5/16 --------------- b"'j§ 1\l:C©Jm@lli~lli©'iiiMI!l[\I]C©i!' -------------..:::::...:~ 
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M28F102 

Table 7. DC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV$VJN$Vcc ±1 [!A 

ILo Output Leakage Current OV:;; Vour:;; Vee ±10 [!A 

Icc Supply Current (Read) E = VJL, I= 5MHz 50 rnA 

lcc1 
Supply Current (Standby) TTL E=VJH 1 rnA 

Supply Current (Standby) CMOS E = Vcc±0.2V 100 [!A 

lcc2 (1) Supply Current (Programming) · During Programming 10 rnA 

lcc3 (1) Supply Current (Program Verily} During Verily 30 rnA 

lcc4 '1' Supply Current (Erase) During Erasure 15 rnA 

Ices (1) Supply Current (Erase Verify) During Erase Verify 30 rnA 

ILPP Program Leakage Current Vpp:;; Vee ±10 [!A 

lpp Program Current (Read or VPP >Vee 200 [!A 
Standby) 

Vpp:;; Vee ±10 [!A 

IPP1(t) Program Current (Programming) Vpp = VppH, During Programming 50 rnA 

IPP2(t) Program Current (Program 
Vpp = VPPH, During Verily 5 rnA Verify) 

IPP3(1) Program Current (Erase) Vpp = VPPH, During Erase 50 rnA 

IPP4(t) Program Current (Erase Verify) Vpp = VPPH, During Erase Verify 5 rnA 

VJL Input Low Voltage -{).5 0.8 v 

V1H 
Input High Voltage TTL 2 Vee+ 0.5 v 
Input High Voltage CMOS 0.7 Vee Vee+ 0.5 v 

VoL Output Low Voltage 
loL = 5.8mA (grade 1) 0.45 v 
loL = 2.1 rnA (grade 6) 0.45 v 

Output High Voltage CMOS 
loH=-100[!A Vee -{).4 v 

VoH loH=-2.5mA 0.85 Vee v 
Output High Voltage TTL loH =-2.5mA 2.4 v 

VPPL 
Program Voltage (Read 

0 6.5 v Operations) 

VPPH 
Program Voltage (Read/Write 

11.4 12.6 v Operations) 

V1o A9 Voltage (Electronic Signature) 11.5 13 v 
ho (1) A9 Current (Electronic Signature) A8=V1o 200 [!A 

VLKO 
Supply Voltage, Erase/Program 

2.5 v Lock-out 

Note: 1. Not100% tested. Characterisation Data available. 
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M28F102 

Table BA. Read Only Mode AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee = 5V ± 1 0%; OV s Vpp s 6.5V) 

M2BF102 

Symbol Alt Parameter Test Condition -100 -120 Unit 

Min Max Min Max 

IAVAV IRe Read Cycle Time E = VJL, G = VJL 100 120 ns 

IAVQV lAce Address Valid to Output Valid E = VJL, G = VJL 100 120 ns 

IELOX (1) Chip Enable Low to Output -
ILz Transition 

G =VJL 0 0 ns 

IELQV IcE Chip Enable Low to Output Valid G=VJL 100 120 ns 

IGLQX (1) Output Enable Low to Output -
loLZ Transition 

E =VJL 0 0 ns 

tGLOV toE Output Enable Low to Output Valid E=VJL 45 50 ns 

IEHOZ (1) Chip Enable High to Output Hi-Z G=VJL 0 40 0 40 ns 

IGHQZ (1) loF Output Enable High to Output Hi-Z E=VIL 0 30 0 30 ns 

Address Transition to Output - -
IAXOX loH Transition E = VJL, G = VIL 0 0 ns 

Note: 1. Sampled only, not 100% tested 

Table 88. Read Only Mode AC Characteristics 
((TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 5V ± 1 0%; OV:; Vpp:; 6.5V) 

M28F102 

Symbol A It Parameter Test Condition -150 -200 Unit 

Min Max Min Max 

lAVAV IRe Read Cycle Time E = VJL, G = VJL 150 200 ns 

IAVQV IACC Address Valid to Output Valid E = VJL, G = VIL 150 200 ns 

IELOX (1) Chip Enable Low to Output -
ILZ Transition G=V]L 0 0 ns 

IELQV IcE Chip Enable Low to Output Valid G=VJL 150 200 ns 

IGLQX (1) Output Enable Low to Output -
IOLZ Transition E=V1L 0 0 ns 

taLOV toE Output Enable Low to Output Valid E =VJL 55 60 ns 

tEHOZ (1) Chip Enable High to Output Hi-Z G=VIL 0 55 0 60 ns 

IGHQZ (1) loF Output Enable High to Output Hi-Z E=VJL 0 35 0 45 ns 

Address Transition to Output - -
tAX OX toH Transition E = VJL, G = V1L 0 0 ns 

Note: 1. Sampled only, not 100% tested 

------------- ffi ~~©It&~~~~~©~ ____________ 7:..:./=16 
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Figure 5. Read Mode AC Waveforms 

tAVAV 

AO-A15 

f--- tA VQV _____. tAXQX 

f--- tELQV _____. -ctEHQZ--+ 

~ tELQX-

l 
tGLQV tGHOZ-

tGLQX 

DQO-DQ15 DATA OUT 

VA00630 

Figure 6. Read Command Waveforms 

r-----------------------------------------------
Vpp 

AO-A15 

w 

DQO-DQ15 
' ' 

' 
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i---READ 

--1~---¥--t+- tWHDX 

COMMAND -------------+-----{DATA OUT 

' 
' 

SET-UP---i 
' 

' 
' 
' ' 
~READ---i 
' ' 

tGHQZ 
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M28F102 

Figure 7. Electronic Signature Command Waveforms 
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M28F102 

Table 9A. Read/Write Mode AC Characteristics - W and E Controlled 
{TA = 0 to 70 °C, -40 to 85 oc or-40 to 125 oc; Vee= 5V ± 10%) 

M28F102 
Symbol All Parameter -100 -120 

Min Max Min Max 

tvPHEL Vpp High to Chip Enable Low 1 1 

tvPHWL Vpp High to Write Enable Low 1 1 

IWHWH3 twc Write Cycle Time 100 120 

IAVWL lAS Address Valid to Write Enable Low 0 0 

tAVEL Address Valid to Chip Enable Low 0 0 

tWLAX IAH Write Enable Low to Address Transition 60 60 

IELAX Chip Enable Low to Address Transition 80 80 

IELWL tcs Chip Enable Low to Write Enable Low 20 20 

IWLEL Write Enable Low to Chip Enable Low 0 0 

IGHWL Output Enable High to Write Enable Low 0 0 

IGHEL Output Enable High to Chip Enable Low 0 0 

lovwH los Input Valid to Write Enable High 50 50 

loVEH Input Valid to Chip Enable High 50 50 

lwLWH IWP Write Enable Low to Write Enable High (Write Pulse) 60 60 

IELEH Chip Enable Low to Chip Enable High (Write Pulse) 70 70 

IWHDX loH Write Enable High to Input Transition 10 10 

IEHDX Chip Enable High to Input Transition 10 10 

IWHWH1 Duration of Program Operation 9.5 9.5 

IEHEH1 Duration of Program Operation 9.5 9.5 

IWHWH2 Duration of Erase Operation 9.5 9.5 

IWHEH lcH Write Enable High to Chip Enable High 0 0 

IEHWH Chip Enable High to Write Enable High 0 0 

IWHWL IWPH Write Enable High to Write Enable Low 20 20 

tEHEL Chip Enable High to Chip Enable Low 20 20 

IWHGL Write Enable High to Output Enable Low 6 6 

IEHGL Chip Enable High to Output Enable Low 6 6 

IAvov lAce Addess Valid to data Output 100 120 

IELOX (1) IL2 Chip Enable Low to Output Transition 0 0 

IELOV IcE Chip Enable Low to Output Valid 100 120 

tGLQX (1) lol2 Output Enable Low to Output Transition 0 0 

IGLOV toE Output Enable Low to Output Valid 45 50 

IEHOZ (1) Chip Enable High to Output Hi-Z 40 40 

IGHOZ(1) toF Output Enable High to Output Hi-Z 30 30 

tAX OX toH Address Transition to Output Transition 0 0 

Notes: 1. Sampled only, not 100% tested 
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Unit 

J.lS 

J.lS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

J.lS 

J.lS 

ns 

ns 

ns 

ns 

ns 

ns 

J.lS 

J.lS 

ms 

ns 

ns 

ns 

ns 

J.lS 

J.lS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



Table 98. Read/Write Mode AC Characteristics - W and E Controlled 
(TA = 0 to 70 ac, -40 to 85 ac or -40 to 125 ac; Vee = 5V ± 1 0%) 

M28F102 

M28F102 
Symbol All Parameter -150 -200 Unit 

Min Max Min Max 

IVPHEL Vpp High to Chip Enable Low 1 1 11S 

tvPHWL Vpp High to Write Enable Low 1 1 11S 

lwHWH3 !we Write Cycle Time 150 200 ns 

IAVWL lAs Address Valid to Write Enable Low 0 0 ns 

tAVEL Address Valid to Chip Enable Low 0 0 ns 

twLAX tAH Write Enable Low to Address Transition 60 75 ns 

lELA X Chip Enable Low to Address Transition 80 80 ns 

IELWL tcs Chip Enable Low to Write Enable Low 20 20 ns 

lwLEL Write Enable Low to Chip Enable Low 0 0 ns 

IGHWL Output Enable High to Write Enable Low 0 0 11S 

IGHEL Output Enable High to Chip Enable Low 0 0 11S 

tovwH los Input Valid to Write Enable H1gh 50 50 ns 

tovEH Input Valid to Chip Enable High 50 50 ns 

IWLWH lwP Write Enable Low to Write Enable High (Write Pulse) 60 60 ns 

tELEH Chip Enable Low to Chip Enable High (Write Pulse) 70 80 ns 

lwHDX loH Write Enable High to Input Transition 10 10 ns 

IEHDX Chip Enable High to Input Transition 10 10 ns 

IWHWH1 Duration of Program Operation 9.5 9.5 !lS 

IEHEH1 Duration of Program Operation 9.5 9.5 11S 

IWHWH2 Duration of Erase Operation 9.5 9.5 ms 

lwHEH lcH Write Enable High to Chip Enable High 0 0 ns 

IEHWH Chip Enable High to Write Enable High 0 0 ns 

IWHWL IWPH Write Enable High to Write Enable Low 20 20 ns 

IEHEL Chip Enable High to Chip Enable Low 20 20 ns 

IWHGL Write Enable High to Output Enable Low 6 6 !lS 

IEHGL Chip Enable High to Output Enable Low 6 6 !lS 

IAVOV IACC Addess Valid to data Output 150 200 ns 

IELOX (l) tl2 Chip Enable Low to Output Transition 0 0 ns 

IELOV IcE Chip Enable Low to Output Valid 150 200 ns 

IGLOX (1) tol2 Output Enable Low to Output Transition 0 0 ns 

IGLQV toE Output Enable Low to Output Valid 55 60 ns 

tEHQZ (1) Chip Enable High to Output Hi·Z 55 60 ns 

IGHOZ(1) loF Output Enable High to Output Hi·Z 35 45 ns 

IAXQX loH Address Transition to Output Transition 0 0 ns 

Notes: 1. Sampled only, not 100% tested 
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Figure 11. Erasing Flowchart 

Vpp = 12V 

Vpp < 6.5V, PASS 
VA00536 

Limit: 1000 at grade 1; 6000 at grades 3 & 6. 

PRESTO F ERASE ALGORITHM 
The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all words to OOOOh in 
order to ensure uniform erasure. The programming 
follows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 0020h to the 
command register, the erasure is started by repeat
ing this write cycle. Erase Verify is set-up by writing 
OOAOh to the command register together with the 
address of the word to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFFFh. Erase Verify begins at address OOOOh and 
continues to the last address or until the compari
son of the data to OFFFFh fails. If this occurs, the 
address of the last word checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 

M28F102 

Figure 12. Programming Flowchart 

Vpp = 12V 

Vpp < 6.5V, PASS 
VA00677 

PRESTO F PROGRAM ALGORITHM 

The PRESTO F Programming Algorithm applies a 
series of 1 O(.!S programming pulses to a word until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one word. Program is 
set-up by writing 0040h to the command register, 
the programming is started after the next write 
cycle which also latches the address and data to 
be programmed. Program Verify is set-up by writing 
OOCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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M28F102 

ORDERING INFORMATION SCHEME 

Example: M28F102 -100 X P 1 TR 

T 
Speed Package Option 

-100 100 ns blank ±10% p PDIP40 Oto70°C Y3 1,000 Cycles 

-120 120 ns X ±5% K PLCC44 -40 to 125 oc TR Tape & Reel 

-150 150 ns 6 -40 to 85 oc Packing 

-200 200 ns 

For a list of available options (Speed, Vee Tolerance, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M28F201 
M28V201 

CMOS 2 Megabit (256K x 8, Chip Erase) FLASH MEMORY 

• FAST ACCESS TIMES 
- 60ns for M28F201 version 

- 150ns for M28V201 version 

• LOW POWER CONSUMPTION 

- Standby Current: 100f.lA Max 

• 10,000 PROGRAM/ERASE CYCLES 

• 12V PROGRAMMING VOLTAGE 

" SUPPLY VOLTAGE in READ OPERATION 

- 5V ± 10% for M20F201 version 

- 3.3V ± 0.3V for M20V201 version 

• TYPICAL BYTE PROGRAMMING TIME 10f.lS 
(PRESTO F ALGORITHM) 

• ELECTRICAL CHIP ERASE in 1s RANGE 

• INTEGRATED ERASE/PROGRAM-STOP 
TIMER 

DESCRIPTION 

The M28F201, M28V201 FLASH MEMORY prod
ucts are non-volatile memories which may be 
erased electrically at the chip level and pro
grammed byte-by-byte. They are organised as 
256K bytes of 8 bits. They use a command register 
architecture to select the operating modes and thus 
provide a simple microprocessor interface. The 
M28F201, M28V201 FLASH MEMORY products 
are suitable for applications where the memory has 
to be reprogrammed in the equipment. 

Table 1. Signal Names 

AO-A17 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 

w Write Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

August 1993 

PDIP32 (P) 

TSOP32 (N) 
8x20 mm 

Figure 1. Logic Diagram 

Vee Vpp 

ADVANCE DATA 

PLCC32 (K) 

18 8 

AO-A17 DQO-DQ7 

w M28F201 
M28V201 

Vss 
VA006378 

1/15 

This is advance 1nfonnat1on on a new product now in development or undergoing evaluation. Details are subject to change Without notice. 
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M28F201, M28V201 

Figure 2A. DIP Pin Connections 
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1 '-._./ 32 
2 31 
3 30 
4 29 
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6 27 
7 26 
8 M28F201 25 
9 M28V201 24 
10 23 
11 22 
12 21 
13 20 
14 19 
15 18 
16 17 
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Figure 2C. TSOP Pin Connections 

16 

M28F201 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 
grade 3 -4010125 oc 
grade 6 -40to85 

TsTG Storage Temperature -65 to 150 oc 
v,o Input or Output Voltages -Q.6to7 v 

Vee Supply Voltage -Q.6to7 v 
VAs A9Voltage -o.6to 13.5 v 

Vpp Program Supply Voltage, during Erase -Q.6 to 14 v or Programming 

Note: Except for the rating "Operating Temperature Range", stresses above those listed m the Table "Absolute Max1mum Rat1ngs" may cause 
permanent damage to the dev1ce. These are stress rat1ngs only and operation of the dev1ce at these or any other cond1t1ons above those 
Indicated in the Operating sections of this spec1f1cation is not implied. Exposure to Absolute Maximum Rating cond1t1ons for extended penods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 

DESCRIPTION (cont'd} 

The access time of 60ns makes the device suitable 
for use in high speed microprocessor systems, 
while the low supply voltage capability makes it 
ideal for portable applications. 

DEVICE OPERATION 

The M28F201, M28V201 FLASH MEMORY prod
ucts employ a technology similar to a 1 Megabit 
EPROM but add to the device functionality by 
providing electrical erasure and programming. 
These functions are managed by a command reg
ister. The functions that are addressed via the 
command register depend on the voltage applied 
to the Vpp, program voltage, input. When Vpp is 
less than or equal to 6.5V, the command register is 
disabled and the M28F201 functions as a read only 
memory providing operating modes similar to an 
EPROM (Read, Output Disable, Electronic Signa
ture Read and Standby). When Vpp is raised to 12V 
the command register is enabled and this provides, 
in addition, Erase and Program operations. 

READ ONLY MODES, Vpp s 6.5V 

For all Read Only Mod~ except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is 'don't care'. 

Read Mode. The M28F201 , M28V201 have two 
enable inputs, E and G, both of which must be Low 
in order 1Q output data from the memory. The Chip 
Enable (E) is the power control and ~auld be used 
for device selection. Output Enable (G) is the output 

control and should be used to gate data on to the 
output, independant of the device selection. 

Standby Mode. In the Standby Mode the maxi
mum supply current is reduced from 30mA to 
100J.1A. The device is placed in the Stand_gy Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
imped.E_nce state, independant of the Output En
able (G) input. 

Output Disable Mode. When the Output Enable 
{G) is High the outputs are in a high impedance 
state. 

Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high volt~e (11_1)V to 13V} 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device code. All 
other address lines should be maintained Low 
while reading the codes. 

READ/WRITE MODES, 11.4V S Vpp S 12.6V 

When Vpp is High both read and write operations 
may be performed. These are defined by the con
tents of an internal command register. Commands 
may be written to this register to set-up and exe
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
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Table 3. Operations <1> 

Vpp Operation E G w A9 DQO- DQ7 

Read Only VPPL Read V1L V1L V1H A9 Data Output 

Output Disable V1L V1H V1H X Hi·Z 

Standby V1H X X X Hi-Z 

Electronic Signature VIL VIL V1H V1o Codes 

Read/Write 121 VPPH Read VIL VIL V1H A9 Data Output 

Write V1L V1H V1L Pulse A9 Data Input 

Output Disable VIL VIH VIH X Hi-Z 

Standby V1H X X X Hi-Z 

Note: 1. X = V1L or V1H 

2. Refer also to the Command Table 

Table 4. Electronic Signature 

Identifier AO DQ7 DQS DQ5 DQ4 DQ3 DQ2 DQ1 DQO Hex Data 

Manufacturer's Code VIL 0 0 1 0 0 0 0 0 20h 

Device Code: M28F201 V1H 1 1 1 1 0 1 0 0 OF4h 

Device Code: M28V201 V1H 1 1 1 1 0 1 0 1 OF5h 

Table 5. Commands <1> 

Command Cycles 
1st Cycle 2nd Cycle 

Operation AO-A17 DQO-DQ7 Operation AO-A17 DQO-DQ7 

Read 1 Write X OOh 

Electronic 
Write X 80h or 90h 

Read OOOOOh 20h 
Signature 121 2 

Read 00001h OEEh orOEFh 

Setup Erase/ 
2 

Write X 20h 

Erase Write X 20h 

Erase Verify 2 Write AO·A17 OAOh Read X Data Output 

Setup Program/ 
2 

Write X 40h 

Program Write AO·A17 Data Input 

Program Verify 2 Write X OCOh Read X Data Output 

Reset 2 Write X OFFh Write X OFFh 

Note: 1. X = v,L or v,H 
2. Refer also to the Electronic Signature Table 
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READ/WRITE MODES (cont'd) 

set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 

A_ write to the Q_ommand register is made by_bringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 

When the device is powered up and when Vpp is ~ 
6.5V the contents of the command register default 
to OOh, thus automatically setting-up Read opera
tions. In addition a specific command may be used 
to set the command register to OOh for reading the 
memory. 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ~ 1 Ons 

Input Pulse Voltages 0.45V to 2.4V 

Input and Output Timing Ref. Vollages O.BV to 2V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

2.4V 

0.45V 

~2.0V 

~O.SV 
VA00827 

M28F201, M28V201 

The system designer may chose to provide a con
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem
ory. All command register access is inhibited when 
Vee falls below the Erase/Write Lockout Voltage 
(VLKO) of 2.5V. 

If the device is deselected during Erasure, Pro
gramming or Verification it will draw active supply 
currents until the operations are terminated. 

The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 

Read Mode. The Read Mode is the default at 
power up or may be set-up by writing OOh to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 

Figure 4. AC Testing Load Circuit 

DEVICE 

UNDER 
TEST 

1.3V 

l1N914 

D 3.3KO 

~----~--------~·~ OUT 

~~ CL~100pF 

1 
CL includes JIG capacitance 

VA00828 

Table 6. Capacitance <1> (T A= 25 ac, f = 1 MHz ) 

Symbol Parameter Test Condition Min Max Unit 

C1N Input Capacitance V1N = OV 6 pF 

CouT Output Capacitance VouT= OV 12 pF 

Note: 1. Sampled only, not 100% tested 
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Table 7. DC Characteristics 
(TA = 0 to 70 oc, -40 to 85 °C or -40 to 125 oc; Vee= 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV:SV1N:SVcc ±1 !!A 
ILO Output Leakage Current OV :S Vour :S Vee ±10 !!A 
Icc Supply Current (Read) E = V1L. f = 10MHz 50 rnA 

lcc1 
Supply Current (Standby) TTL E=VIH 1 rnA 

Supply Current (Standby) CMOS E=Vcc±0.2V 100 !!A 
lcc2 11> Supply Current (Programming) During Programming 10 rnA 

lcc3 (t) Supply Current (Program Verify) During Verify 20 rnA 

lcC4 11> Supply Current (Erase) During Erasure 20 rnA 

Ices 11> Supply Current (Erase Verify) During Erase Verify) 20 rnA 

ILPP Program Leakage Current Vpp:SVcc ±10 llA 

Program Current (Read or Vpp >Vee 200 llA lpp 
Standby) 

Vpp :SVcc ±10 llA 

lpp1(l) Program Current (Programming) Vpp = VPPH, During Programming 30 rnA 

IPP2(1) Program Current (Program Vpp = VPPH, During Verify 5 rnA Verify) 

IPP3(1) Program Current (Erase) VPP = VPPH, During Erase 30 rnA 

IPP4(1) Program Current (Erase Verify) Vpp = VPPH, During Erase Verify 5 rnA 

V1L Input Low Voltage -0.5 0.8 v 

V1H 
Input High Voltage TTL 2 Vcc+0.5 v 
Input High Voltage CMOS 0.7Vcc Vcc+0.5 v 

VoL Output Low Voltage loL=5.8mA 0.45 v 

Output High Voltage CMOS 
loH =-100j.1A Vcc-0.4 v 

VoH loH=-2.5mA 0.85 Vee v 
Output High Voltage TTL loH=-2.5mA 2.4 v 

VPPL 
Program Voltage (Read 0 6.5 v Operations) 

VPPH Program Voltage (Read/Write 11.4 12.6 v Operations) 

V1o A9 Voltage (Electronic Signature) 11.5 13 v 
ho 11 > A9 Current (Electronic Signature) A9=Vio 200 jlA 

VLKO 
Supply Voltage, ErasefProgram M28F201 2.2 v 
Lock-out 

M28V201 2.0 v 
Note: 1. Not 1 000/o tested. Characterisation Data available . 
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Table 8. Read Only Mode AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 °C, -40 to 125 oc; Vee= 5V ± 1 0%; OV ~ Vpp ~ 6.5V) 

M28F201 

Symbol A It Parameter Test Condition -80 
Unit 

Min Max 

IWHGL Write Enable High to Output Enable Low 6 J.lS 
- -

IAVAV IRe Read Cycle Time E = VrL, G = VrL 80 ns 

-
IAVOV lAce Address Valid to Output Valid E = VrL, G = VrL 80 ns 

IELQX (1) 
-

ILZ Chip Enable Low to Output Transition G=VrL 0 ns 

-
IELOV IcE Chip Enable Low to Output Valid G=VrL 80 ns 

-
tGLQX (1) loLZ Output Enable Low to Output Transition E=VrL 0 ns 

-
tGLOV toE Output Enable Low to Output Valid E =VrL 40 ns 

tEHOZ (l) 
-

Chip Enable High to Output Hi-Z G =VrL 0 30 ns 

IGHOZ (1) Output Enable High to Output Hi-Z 
-

!oF E =VrL 0 30 ns 

- -
tAXOX toH Address Transition to Output Transition E = VrL, G = VrL 0 ns 

Note: 1. Sampled only. not 100% tested 

READ/WRITE MODES (eont'd) 

Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com
mand register. The Electronic Signature Mode is 
set-up by writing 80h or 90h to the command 
register. The following read cycle, with address 
inputs OOOOOh or 00001 h, output the manufacturer 
or device codes. The command is terminated by 
writing another valid command to the command 
register (for example Reset). 

Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to OOh, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 

The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the er~e operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad
dressed byte. 

Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the addrg_ss of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 
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Figure 5. Read Mode AC Waveforms 
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Figure 7. Electronic Signature Command Waveforms 

~------------------------------------------
Vpp 

AO-A17 

tAXQX --------
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G 

----------- tWHGL tGHQZ --------
w 
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DQO-DQ7 COMMAND -----------+---!DATA OUT 

' ' ' 
:+- READ ELECTRONIC -----..: 
' SIGNATURE SET-UP ' 

READ/WRITE MODES (cont'd) 

As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). 

Program and Program Verify Modes. The Pro
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
second cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 

' 
' ' 
:.----- READ -.! 
' MANUFACTURER ' 

OR DEVICE 
VA00644 

Program Verify Mode is set-up by writing_QCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 

Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol
lowed by writing a valid command to the the com
mand register (for example Read}. 
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Table 9. Read/Write Mode AC Characteristics - W and E Controlled 
(TA = 0 to 70 °C, -40 to 85 °C or-40 to 125 °C; Vee= 5V ± 10%) 

Symbol A It Parameter 

tvPHEL Vpp High to Chip Enable Low 

tvPHWL Vpp High to Write Enable Low 

IAVAV !we Write Cycle lime 

IAVWL lAs Address Valid to Write Enable Low 

lA VEL Address Valid to Chip Enable Low 

IWLAx IAH Write Enable Low to Address Transition 

teLAX Chip Enable Low to Address Transition 

tELWL tcs Chip Enable Low to Write Enable Low 

IWLEL Write Enable Low to Chip Enable Low 

IGHWL Output Enable High to Write Enable Low 

IGHEL Output Enable High to Chip Enable Low 

tovwH los Input Valid to Write Enable High 

lovEH Input Valid to Chip Enable High 

lwLWH tWP Write Enable Low to Write Enable High (Write Pulse) 

IELEH Chip Enable Low to Chip Enable High (Write Pulse) 

twHDX toH Write Enable High to Input Transition 

IEHOX Chip Enable High to Input Transition 

IWHWH1 Duration of Program Operation 

teHEH1 Duration of Program Operation 

tWHWH2 Duration of Erase Operation 

IWHEH lcH Write Enable High to Chip Enable High 

teHWH Chip Enable High to Write Enable High 

twHWL IWPH Write Enable High to Write Enable Low 

IEHEL Chip Enable High to Chip Enable Low 

twHGL Write Enable High to Output Enable Low 

IEHGL Chip Enable High to Output Enable Low 

tAVQV tACC Addess Valid to data Output 

teLOX (1) tLZ Chip Enable Low to Output Transition 

taov tee Chip Enable Low to Output Valid 

IGLOX (1) loLZ Output Enable Low to Output Transition 

tGLQV toe Output Enable Low to Output Valid 

IEHQZ (l) Chip Enable High to Output Hi·Z 

IGHOZ(1) !oF Output Enable High to Output Hi·Z 

lAx ox loH Address Transition to Output Transition 

Note: 1. Sampled only, not 100% tested 

M28F201 

-80 Unit 

Min Max 

1 f.lS 

1 f.lS 

80 ns 

0 ns 

0 ns 

45 ns 

60 ns 

0 ns 

0 ns 

0 f.lS 

0 f.lS 

45 ns 

50 ns 

45 ns 

60 ns 

0 ns 

0 ns 

10 f.lS 

10 f.lS 

9.5 ms 

0 ns 

0 ns 

20 ns 

20 ns 

6 f.lS 

6 f.lS 

80 ns 

0 ns 

80 ns 

0 ns 

35 ns 

35 ns 

30 ns 

0 ns 
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M28F201, M28V201 

Figure 11. Erasing Flowchart 

Vpp = 12V 

Vpp < 6.5V. PASS 
VA00649 

PRESTO F ERASE ALGORITHM 
The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to OOh in order 
to ensure uniform erasure. The programming fol
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address OOOOh and 
continues to the last address or until the compari
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 

Figure 12. Programming Flowchart 

Vpp = 12V 

Vpp < 6.5V. PASS 
VA00677 

PRESTO F PROGRAM ALGORITHM 
The PRESTO F Programming Algorithm applies a 
series of 1 OJlS programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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ORDERING INFORMATION SCHEME 

F 

v 

Example: M28F201 

Vee Range 

5V 

3.3V±0.3V 

-100 X N 1 R 

Speed I I Vee Tol. 'F' Version I I Package 

-60 60 ns blank ±10% p PDIP32 

-70 70 ns X ±5% K PLCC32 

-80 SOns N TSOP32 

-100 100 ns Bx20mm 

-120 120 ns 

-150 150 ns 

-200 200 ns 

I I 

M28F201, M28V201 

Option 

R Reverse Pin-Out 

TR Tape & Reel 
Packing 

Temperature Range 

Oto70°C 

3 -40 to 125 oc 
6 -40to85 oc 

For a list of available options (Vee Range, Speed, Vee Tolerance, Package, etc ... ) refer to the Selector 
Guide in this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

_____________ i.V. ~l©lt'•~~~a __________ ___.:.15=-'=15 
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M28F201A 
M28V201A 

CMOS 2 Megabit (256K x 8, Chip Erase) 
FLASH MEMORY 

• MEMORY CHIP ERASE 

• SUPPLY VOLTAGE in READ OPERATION 
- 5V ± 10% for M28F201A version 
- 3.3V ± 0.3V for M28V201A version 

• 12V PROGRAMMING VOLTAGE 

• PROGRAM/ERASE CYCLES 
- 100,000 for M28F201A 
- 10,000 for M28V201A 

• PROGRAM/ERASE CONTROLLER 
- Program Byte-by-Byte 
- Data Polling and Toggle Protocol for P/E. C. 

Status 

• LOW POWER CONSUMPTION 
- 301-!A Typical in Standby 

• FAST ACCESS TIMES 
- 60ns for M28F201A version 
- 150ns for M28V201 A version 

DESCRIPTION 

The M28F201A. M28V201A FLASH MEMORY 
products are non-volatile memories that may be 
erased electrically in bulk and programmed byte
by-byte. The interface is directly compatible with 
most microprocessors. The device is available in 
PDIP32, PLCC32 and TSOP32 (8 x 20mm). Both 
normal and reverse pin outs are available for the 
TSOP32 package. 

Table 1. Signal Names 

AO -A17 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 
-w Write Enable 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

Au ust 1993 

PRODUCT CONCEPT 

PDIP32 (P) 

TSOP32 (N) 
8 x 20 mm 

Figure 1. Logic Diagram 

Vee Vpp 

PLCC32 (K) 

18 8 

AO-A 17 DQ0-007 

w M28F201A 
M28V201 A 

Vss 
VA01146 

1/4 
This is advance Information on a new product now undergoing evaluation. Details are subject to change without notice. 
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M28F201A,M28V201A 

Figure 2A. DIP Pin Connections 

Vpp 1 '-' 32 P Vee 
A15 2 31 p w 
A15 3 30 p A17 

A12 4 29 p A14 

A7 5 28 p A13 

A5 6 27 p A8 

AS 7 26 p A9 

A4 8 M28F201A 25 p A11 

A3 9 M28V201 A 24 p G 
A2 10 23 p A10 

A1 11 22 p E 
AO 12 21 p D07 

DOD 13 20 p D06 

D01 14 19 p DOS 

D02 15 18 p D04 

Vss 16 17 p D03 

VA01147 

Figure 2C. TSOP Pin Connections 

M28F201A 
M2BV201A 
(Normal) 

VA01149 

Figure 28. LCC Pin Connections 

A7 

A6 

AS 

A4 

A3 9 

A2 

A1 

AD 

DQO 

N LI) lD 0... U r--.. 
..-.-.-n_o ,..... 

~~~~~~~ 
G) 32 

M28F201A 
M28V201A 

17 

VA01148 

Figure 20. TSOP Reverse Pin Connections 

0.--N tnl"")'<t"l{)lDf"-.. 0 
t'lN...--0000 (/)00000 ...-
~ ~ ~ ~ 0 0 0 > 0 0 0 0 O!W < IG 

M2BF201 A 
M28V201A 
(Reverse) 

VA01150 

2/4 r=-= SGS·THOMSON :::.._: ______________ A"!/ lifllD©Ilil©~~~©'ITUB©li1D©!l ---------------
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Organisation 

The organisation is 256K x 8 with Address lines 
AO-A17 and Data Input/Outputs DQO-DQ7. Mem
ory control is provided by Chip Enable, Output 
Enable and Write Enable inputs. 

Erase and Program are performed under control of 
the internal Program/Erase Controller (P/E.C.). 

Data Output bits DQ7 and DQ6 provide polling or 
toggle signals during Automatic Program or Erase 
to indicate the Busy/Ready state of the internal 
Program/Erase Controller. 

Command Interface 

The memory is interfaced by 5 operation cycles for 
reading the array, reading the Electronic Signature, 
output disable, standby or writing. 

Command bytes can be written to a Command 
Interface latch to perform instructions for reading 
(array or Electronic Signature), erasure, program
ing or reset. When power is first applied, or if Vee 
falls below VLKO, the command interface is reset to 
read the array. 

Table 2. Instructions 

Mnemonic Instruction Cycles 

M28F201A,M28V201A 

Instructions 

Five' instructions are defined to perform Read 
Memory Array, Read Electronic Signature, Auto 
Erase, Auto Program and Reset. Instructions are 
composed of a first command write operation fol
lowed by either a second command write, to con
firm the commands for programing and erase, or 
read operations to read data from the memory or 
to read the Electronic Signature. 

For added data protection, the intructions for byte 
program and erase consist of two commands that 
are written to the memory. These instructions can 
be aborted after the first com.nand has been given 
using the Reset instruction. Byte programing takes 
typically 611s. Erasure of the entire memory takes 
typically 2.4sec when performed by the internal 
Automatic P/E.C. algorithm. 

During an Automatic Program or Erase operation 
reads to the memory return a byte of which two data 
bits, DQ7 and DQ6, reflect the Busy/Ready status 
of the P/E.C. 

After a Program or Erase command the interface 
is reset to read the memory array. 

1st Cycle 2nd Cycle 

Opera- Address (1l Data 
Opera- Ad- Data 

tion tion dress Output 

RD Read Array 1+ Write X OOh Read Address Array 
Output 

RSIG Read Electronic 
1+ Write X SOh or 90h Read AO='O' Code 

Signature or'1' Output 

EE Erase Auto 2 Write X 30h Write X 30h 

PG Program Auto 2 Write X 10h or 50h Write Address Data 
Input 

RSTC21 Reset 1-2 Write X OFFh Write X OFFh 

Notes: 1. X= Don't Care 
2. 1 or 2 cycles may be required, see Instruction descriptiOns. 

-------------~iii ~itm~~~~~ --------------'3::...:.'4 
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M28F201A,M28V201A 

ORDERING INFORMATION SCHEME 

Example: M28F201A -100 X N 1 R 

I 

---. 

Vee Range Option 

F 5V R Reverse Pin-Out 

v 3.3V±0.3V TR Tape & Reel 
Packing 

Vee Tol. 'F' Version Package Temperature Range 

-60 SOns blank ±10% p PDIP32 1 Oto70°C 

-70 70 ns X ±5% K PLCC32 3 -40to 125°C 

-80 SOns N TSOP32 6 -4010 85 oc 
-100 100 ns 

8x20mm 

-120 120 ns 

-150 150 ns 

-200 200 ns 

For a list of available options {Vee Range, Speed, Vee Tolerance, Package, etc ... ) refer to the Selector 
Guide in this Data Book or to the current Memory Shortform catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you . 

..;;,4,,;_4 ____________ ~ ~~©I&U'IO!~~ ____________ _ 
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M28F410,F420 
M28V410, V420 

CMOS 4 Megabit (x8 or x16, 7 Block Erase) 
FLASH MEMORY 

• SMALL SIZE TSOP56 and S044 PLASTIC 
PACKAGES 

- Normal and Reverse Pinout for TSQP ver
sion 

• DUAL x8 and x16 ORGANISATION 

• MEMORY ERASE in BLOCKS 

- One 16K Boot Block (top or bottom location) 
with hardware write protection 

- Two 8K bytes Key Parameter Blocks 
- One 96K bytes Main Block 

- Three 128K bytes Main Blocks 
• SUPPLY VOLTAGE in READ OPERATION 

- SV ± 1 0% for M28F41 0, F420 versions 
- 3V to 5.5V for M28V41 0, V420 versions 

• PROGRAM/ERASE CYCLES 
- 100,000 for M28F41 0, F420 versions 
- 10,000 for M28V410, V420 versions 

• PROGRAM/ERASE CONTROLLER 
• LOW POWER CONSUMPTION 

- 80).1A Typical in Standby for M28F410, F420 

- SO).IA Typical in Standby for M28V41 0, V420 

- 0.2J.1A Typical in Deep Power Down for all 
versions 

• FAST ACCESS TIMES 

- 60-80ns for M28F410, F420 
- 150-200ns for M28V410, V420 

Table 1. Signal Names 

AO-A17 Address Inputs 

DQO-DQ7 Data Input I Outputs 

DQ8·DQ14 Data Input I Outputs 

DQ15A-1 Data Input/Output or Address Input 

E Chip Enable 

G Output Enable 

w Write Enable 

BYTE Byte/Word Organisation 

PWD Power Down/Boot Block Lock 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

August 1993 

44 

TSOP56 (N) 
14x20mm 

Figure 1. Logic Diagram 

AO-A17 

PWD 

w 
E 

G 

18 

Vee Vpp 

M28F /V410 
M28F /V420 

Vss 

ADVANCE DATA 

8044 (M) 

DQ15A-1 

DQD-0014 

VA01130 

114 
This is advance information on a new product now in development or undergoing evaluation. Details are subjets to change without notice. 
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M28F410, F420,V410, V420 

Figure 2A. TSOP Pin Connections 

28 

29 

Warning: NC = No Connections, DU = Don't Use 

Figure 2B. SO Pin Connections 

M28F /V410 
M28F /V420 

Vpp [ 1 44 ~ PWD 
DU [ 2 43 ~ w 

A17 [ 3 42 ~ A8 
A7 [ 4 41 ~ A9 
A6 [ 5 40 ~ A10 
AS [ 6 39 ~ A11 
A4[ 7 38 A12 
A3 [ 8 37 A13 
A2 [ 9 36 A14 
A1 [ 10 35 A15 

AO [ 11 34 A16 
E! 12 33 BYTE 

Vss ! 13 32 Vss 
G ! 14 31 0015A-1 

000 [ 15 30 007 
008 [ 16 29 0014 
001 [ 17 28 006 
009 [ 18 27 0013 
002 [ 19 26 005 

0010 [ 20 25 0012 
003 [ 21 24 004 
0011 [ 22 23 Vee 

VA01133 

Warmng: DU = Don't Use 

M28F /V410 
M28F/V420 

(Normal) 

DESCRIPTION 

CD 

56 

The M28F410, F420 and M28V410, V420 FLASH 
MEMORY products are non- volatile memories that 
may be erased electrically at the block level and 
programed by byte or word. The interface is directly 
compatible with most microprocessors. Plastic 
PTS056 (Normal and Reverse pinout) and PS044 
packages are used. 

Organisation 

The organisation, as 512K x 8 or 256K x 16, is 
selectable by an external BYTE signal. When 
BYTE is Low and the xB organisation is selected, 
the Data Input/Output signal DQ15 acts as Address 
line A-1 and selects the lower or upper byte of the 
memory word for output on DQO-DQ7, DQ8-DQ15 
remain high impedance. When BYTE is High the 
memory uses the Address inputs AO-A18 and the 
Data Input/Outputs DQO-DQ15. Memory control is 
provided by Chip Enable, Output Enable and Write 
Enable inputs. A Power Down/Boot block unlock, 
tri-state, input places the memory in deep power 
down, normal operation or enables programing and 
erasure of the Boot block. 

Blocks 

Erasure of the memories is in blocks. There are 7 
blocks in the memory address space, one 'Boot' 
block of 16K, two 'Key Parameter' blocks of 8K, one 
'Main' block of 96K and three 'Main' blocks of 128K. 
The M28F410, V410 memories have the Boot 
block at the top of the memory address space and 
the M28F420, V420 locate the Boot block starting 
at the bottom. Erasure of each block takes typically 

=21....:.4 ____________ 1.:ii ~~©m9m~~~~~~-------------
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DESCRIPTION (cont'd) 

1-2 seconds and each block may be programed 
and erased over 100,000 cycles (1 0,000 cycles for 
M28V41 0, V420). The Boot block is protected from 
accidental programing or erasure by a hardware 
protection depending on the Power Down PWD 
signal. Program/Erase commands in the Boot block 
are executed only when PWD is at 12V. Block 
erasure may be suspended while data is read from 
other blocks of the memory, then resumed. 

Command Interface 

Commands can be written to a Command Interface 
latch to perform read, programming, erasure and 
to monitor the memory's status. When power is first 
applied, on exit from power down or if Vee falls 
below VLKO, the command interface is reset to 
Read Memory Array. Five operations can be per
formed by the appropriate bus cycles, Read Byte 
or Word from the Array, Read Electronic Signature, 
Output Disable, Standby and Write a Command of 
an Instruction. 

Instructions and Commands 

Eight Instructions are defined to perform Read 
Memory Array, Read Status Register, Read Elec
tronic Signature, Erase, Program, Clear Status 
Register, Erase Suspend and Erase Resume. An 
internal Program/Erase Controller (P/E.C.) handles 
all timing and verification of the Program and Erase 
instructions and provides status bits to indicate its 
operation and exit status. Instructions are com-

Table 2. Instructions 

Mnemonic Instruction Cycles 
Opera-

tion 

RD Read 1+ Write 

RSR Read Status 1+ Write Register 

RSIG Read Electronic 3 Write Signature 

EE Erase 2 Write 

PG Program 2 Write 

CLRS Clear Status Reg- 1 Write ister 

ES Erase Suspend 1 Write 

ER Erase Resume 1 Write 

Notes: 1. X= Don't Care 

M28F410,F420,V410,V420 

posed of a first command write operation followed 
by either second command write, to confirm the 
commands for programming or erase, or a read 
operation to read data from the array, the Electronic 
Signature or the Status Register. 

For added data protection, the instructions for byte 
or word program and block erase consist of two 
commands that are written to the memory and 
which start the automatic PIE. C. operation, byte or 
word programming takes typically 9J..lS, block erase 
typically 1- 2.4 seconds. Erasure of a memory block 
may be suspended in order to read data from 
another block and then resumed. A Status Register 
may be read at any time, including during the 
programming or erase cycles, to monitor the prog
ress of the operation. 

Power Saving 

The M28F410, F420 and M28V410, V420 memo
ries have a number of power saving features. Fol
lowing a Read access the memory enters a static 
mode in which the supply current is typically 1.0mA 
(O.BmA for M28V410, V420). A CMO~standby 
mode is entered when the Chip Enable E and the 
Power Down PWD signals are at Vee, when the 
supply current drops to typically 45J..lA. A deep 
power down mode is enabled when the Power 
Down PWD signal is at Vss, when the supply 
current drops to typically 0.2J..lA. The time required 
to awake from the deep power down mode is 600ns 
maximum (700ns for M28V410, V420), with in
structions to the C.l. recognised after only 480ns 
(1 J..lS for M28V41 0, V420). 

1st Cycle 2nd Cycle 

Address Opera-Data Ad- Data 
(1) tion dress Output 

X OFFh Note 2 

X 70h Note 2 

X 90h Note2 

X 20h Write Block ODOh 
Address 

X 40h or 10h Write Address Data 
Input 

X SOh 

X OBOh 

X ODOh 

2. The first cycle of the RD, RSR or RSIG instuction is followed by read operations to read the Array, Status Register or 
Electronic Signature code. 

-----------------------------~ ~~~@~~~~qa ------------------------~3~g 
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M28F410,F420,V410,V420 

ORDERING INFORMATION SCHEME 

Example: M28F410 -80 X W N R 

Vee Range Option 

F 5V Oto70°C R Reverse 

v 3Vto5.5V 2 Bottom Boot -40 to 125 oc Pin-Out 

6 -40to85°C 
TR Tape & Reel 

Packing 

-60 60ns blank ±10% blank ±5% M 

-70 70ns X ±5% w ±10% N TSOP56 

-80 SOns 
14x20mm 

-100 100ns 

-150 150ns 

For a list of available options (Vee Range, Array Organisation, Speed, etc ... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

4/4 ~ SGS·THOMSON --'--------------- l!t."f/ lllJO©IrJ@!<I!.I<©'ITOO@IK<lll©@ --------------

366 



M28F411, F421 
M28V411, V421 

CMOS 4 Megabit (512K x 8, 7 Block Erase) 
FLASH MEMORY 

• SMALL SIZE TSOP40 PLASTIC PACKAGE 

- Normal and Reverse Pinout 
• MEMORY ERASE in BLOCKS 

- One 16K Boot Block (top or bottom location) 
with hardware write protection 

- Two BK Key Parameter Blocks 
- One 96K Main Block 
- Three 128K Main Blocks 

• SUPPLY VOLTAGE in READ OPERATION 

- 5V ± 10% for M28F411, F421 versions 
- 3V to 5.5V for M28V411, V421 versions 

• PROGRAM/ERASE CYCLES 
- 100,000 for M28F411, F421 versions 

- 10,000 for M28V411, V421 versions 
• PROGRAM/ERASE CONTROLLER 

• LOW POWER CONSUMPTION 

- BOJ.lA Typical in Standby for M28F411, F421 
- 50J.!A Typical in Standby for M28V411, V421 
- 0.211A Typical in Deep Power Down for all 

versions 

• FAST ACCESS TIMES 
- 60-BOns for M28F411, F421 
- 150-200ns for M28V411, V421 

Table 1. Signal Names 

AO-A18 Address Inputs 

DQO-DQ7 Data Input I Outputs 

E Chip Enable 

G Output Enable 

w Write Enable 

PWD Power Down/Boot Block Lock 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

August 1993 

TSOP40 (N) 
10x20mm 

Figure 1. Logic Diagram· 

19 

Vee Vpp 

M28F /V411 
M28F /V421 

Vss 

ADVANCE DATA 

8 

DQO-DQ7 

VA01131 

1/4 

This is advance informabon on a new product now on development or undergoong evaluatiOn. Details are subjets to change Without notice. 
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M28F411, F421,V411,V421 

Figure 2. TSOP Pin Connections 

20 <D 

M28F /V411 
M28F /V421 

(Normal) 

Warning: NC = No Connection, DU = Don't Use 

DESCRIPTION 

The M28F411, F421 and M28V411, V421 FLASH 
MEMORY products are non- volatile memories that 
may be erased electrically at the block level and 
programed byte-by-byte. The interface is directly 
compatible with most microprocessors. Plastic 
TSOP40 (Normal and Reverse pinout) package is 
used. 

Organisation 

The organisation is 512K x 8 with Address lines 
AO-A18 and Data Input/Outputs DQO-DQ7. Mem
ory control is provided by Chip Enable, Output 
Enable and Write Enable inputs. A Power 
Down/Boot block unlock, tri-state, input places the 
memory in deep power down, normal operation or 
enables programing and erasure of the Boot block. 

Blocks 

Erasure of the memories is in blocks. There are 7 
blocks in the memory address space, one 'Boot' 
block of 16K, two 'Key Parameter' blocks of 8K one 
'Main' block of 96K and three 'Main' blocks of 128K. 
The M28F411, V411 memories have the Boot block 
at the top of the memory address space and the 
M28F421, V421 locate the Boot block starting at 
the bottom. Erasure of each block takes typically 
1-2 seconds and each block may be programed 
and erased over 100,000 cycles (1 0,000 for 
M28V411, V421 ). The Boot block is protected from 
accidental programing or erasure by a hardware 

VA011J4 

protection depending on the PWD signal. Pro
gram/Erase commands in the Boot block are exe
cuted only when PWD is at 12V. Block erasure may 
be suspended while data is read from other blocks 
of the memory, then resumed. 

Command Interface 

Commands can be written to a Command Interface 
latch to perform read, programming, erasure and 
to monitor the memory's status. When power is first 
applied, on exit from power down or if Vee falls 
below VL.Ko, the command interface is reset to 
Read Memory Array. Five operations can be per
formed by the appropriate bus cycles, Read Byte 
fr?m the Array, Read Electronic Signature, Output 
D1sable, Standby and Write a Command of an 
Instruction. 

Instructions and Commands 

Eight Instructions are defined to perform Read 
Memory Array, Read Status Register, Read Elec
tronic Signature, Erase, Program, Clear Status 
Register, Erase Suspend and Erase Resume. An 
internal Program/Erase Controller (P/E.C.) handles 
all timing and verification of the Program and Erase 
instructions and provides status bits to indicate its 
operation and exit status. 

Instructions are composed of a first command write 
operation followed by either second command 
write, to confirm the commands for programming 
or erase, or a read operation to read data from the 

:::.21_:_4 ----------W'l SCS·1HOMSON -----------• h ll:<JU©IfJ@!<Il.rn©'ii'liil@i:!U©@ 
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DESCRIPTION (cont'd) 

array, the Electronic Signature or the Status Reg
ister. 

For added data protection, the instructions for byte 
program and block erase consist of two commands 
that are written to the memory and which start the 
automatic P/E.C. operation, byte programming 
takes typically 9J..lS, block erase typically 1-2.4 sec
onds. Erasure of a memory block may be sus
pended in order to read data from another block 
and then resumed. A Status Register may be read 
at any time, including during the programming or 
erase cycles, to monitor the progress of the oper
ation. 

Table 2. Instructions 

Mnemonic Instruction Cycles 
Opera-

tion 

RD Read 1+ Write 

RSR Read Status 
1+ Write Register 

RSIG Read Electronic 3 Write Signature 

EE Erase 2 Write 

PG Program 2 Write 

CLRS Clear Status 1 Write Register 

ES Erase Suspend 1 Write 

ER Erase Resume 1 Write 

Notes: 1. X= Don't Care 

M28F411, F421,V411,V421 

Power Saving 

The M28F411, F421 and M28V411, V421 memo
ries have a number of power saving features. Fol
lowing a Read access the memory enters a static 
mode in which the supply current is typically 1.0mA 
(O.BmA for M28V411, V421). A CMO~standby 
mode is entered when the Chip Enable E and the 
Power Down PWD signals are at Vee, when the 
supply current drops to typically 45J..lA. A deep 
power down mode is enabled when the Power 
Down PWD signal is at Vss, when the supply 
current drops to typically 0.2J..lA. The time required 
to awake from the deep power down mode is 600ns 
maximum (700ns for M28V411, V421 ), with instruc
tions to the C.l. recognised after only 480ns (1J..lS 
forM28V411, V421). 

1st Cycle 2nd Cycle 

Opera- Ad- Data Address (l) Data tion dress Output 

X OFFh Note2 

X 70h Note 2 

X 90h Note2 

X 20h Write Block ODOh Address 

X 40h or 10h Write Address Data 
Input 

X 50h 

X OBOh 

X ODOh 

2. The first cycle of the RD, RSR or RSIG instuct1on is followed by read operations to read the Anray, Status Register or 
Electronic Signature code 

~ SGS·lHOMSON 3/4 --------------- A"fl ~O©IJ:l©~lli<©li1li©I'!IO~ ---------------=.'-'-
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M28F411,F421,V411, V421 

ORDERING INFORMATION SCHEME 

Vee Range 

F 5V 

v 3Vto5.5V 

-60 SOns 

-80 SOns 

-100 100ns 

-150 150ns 

Example: 

2 

X 

M28F411 -80 X W N 

Bottom Boot 

±10% 

±5% 

R 

3 

6 

w 

-40 to 125 oc 
-40 to 85 oc 

±5% 

±10% 

Option 

R Reverse 
Pin-Out 

TR Tape & Reel 
Packing 

N 

For a list of available options (Vee Range, Array Organisation, Speed, etc ... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M28F841 
M28V841 

CMOS 8 Megabit (1 Meg x 8, 16 x 64K Sector Erase) 
FLASH MEMORY 

• SMALL SIZE TSOP40 and S044 PLASTIC 
PACKAGES 

- Normal and Reverse Pinout for TSOP ver
sions 

• MEMORY ERASE in SECTORS, 16 x 64K 

• SUPPLY VOLTAGE in READ OPERATION 

- SV ± 1 0% for M28F841 version 

- 3V to 5.5V for M28V841 version 

• PROGRAM/ERASE CYCLES per SECTOR 
- 100,000 for M28F841 version 

- 10,000 for M28V841 version 
• PROGRAM/ERASE CONTROLLER 

- Program Byte-by-Byte 

- Erase by Sector, Erase Suspend/Resume 

- Ready/Busy Output 

• LOW POWER CONSUMPTION 

- 30!1A Typical in Standby 

- 0.2JlA Typical in Deep Power Down 

• FAST ACCESS TIMES 
- 85-120ns for M28F841 

- 200ns for M28V841 

Table 1. Signal Names 

AO-A19 Address Inputs 

DQO-DQ7 Data Input I Outputs 

E Chip Enable 

-
G Output Enable 

w Write Enable 

PWD Power Down 

RB Ready Busy Output 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

August 1993 

TSOP40 (N) 
10 x 20mm 

Figure 1. Logic Diagram 

AO-A19 

PWD 

w 
E 

G 

20 

Vee Vpp 

M28F841 
M28V841 

Vss 

ADVANCE DATA 

5044 (M) 

8 

DQ0-007 

RB 

VA01026 

1/5 
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M28F841, V841 

Figure 2A. TSOP Pin Connections 

20 <D 

M28F841 
M28V841 
(Normal) 

Warning: NC = No Connection 

Figure 28. TSOP Reverse Pin Connections 

20 

VA01135 

1 
<I 

M28F841 
M28V841 
(Reverse) 

21 

~~w~rorno~~o~u~N~~~w~rorn 
~~~~~~~~[~~ ~~~~~~~~ 

Warning: NC =No Connection 

DESCRIPTION 
The M28F841, M28V841 FLASH MEMORY prod
ucts are non-volatile memories that may be erased 
electrically at the sector level and programed byte
by-byte. The interface is directly compatible with 
most microprocessors. They are intended for com
puter file systems applications. Plastic TSOP40 
(Normal and Reverse pinout) and 5044 packages 
are used. 

VA011J6 

Organisation 

The organisation is 1 Meg x 8 with Address lines 
AO-A19 and Data lnpuVOutputs DQO-DQ7. Mem
ory control is provided by Chip Enable, Output 
Enable and Write Enable inputs. A Power Down 
input places the memory in deep power down. A 
Ready/Busy output indicates the status of the inter
nal Program/Erase Controller (P/E.C.). 

=.21.::....5 ---------- t:r'/ SGS·lHOMSON -----------.. ...,~ lliiU©Ill@ll:ll.rn~IX!l@ 
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Figure 2C. SO Pin Connections 

Vpp 1 44 Vee 
PWD 2 43 E 

A11 3 42 A12 
A10 4 41 A13 
A9 5 40 A14 
A8 6 39 A15 
A7 7 38 A16 
A6 8 37 A17 
AS 9 36 A18 
A4 10 35 A19 
Ne 11 M28F841 34 Ne 
Ne 12 M28V84133 Ne 
A3 13 32 Ne 
A2 14 31 Ne 
A1 15 30 w 

AO 16 29 G 
DQO 17 28 RB 
DQ1 18 27 007 

DQ2 19 26 DQ6 
DQ3 20 25 DQ5 
Vss 21 DQ4 
Vss 22 Vee 

VA01137 

Warning: NC = No Connection 

Sectors 

Erasure of the memories is in sectors. There are 
16 sectors in the memory address space, each of 
64K bytes. Programing of each sector takes typi
cally 0.6 seconds and erasure 1.6 seconds, each 
sector may be programed and erased over 100,000 
cycles (10,000 for M28V841). All sectors are pro
tected from Q!Q9Iamming or erasure when the 
Power Down PWD signal is Low. Sector erase may 
be suspended while data is read from other sectors 
of the memory, then resumed. 

Command Interface 

Commands can be written to a Command Interface 
latch to perform read, programing, erasure and to 
monitor the memory's status. When power is first 

M28F841, V841 

applied, on exit from power down or if Vee falls 
below VLKO, the command interface is reset to 
Read Memory Array. Four operations can be per
formed by the appropriate bus cycles, Read a Byte 
from the Array, Output Disable, Standby and Write 
a Command of an Instruction. 

Instructions and Commands 

Eight Instructions are defined to perform Read 
Memory Array, Read Status Register, Read Elec
tronic Signature, Erase, Program, Clear Status 
Register, Erase Suspend and Erase Resume. An 
internal Program/Erase Controller (P/E.C.) handles 
all timing and verification of the Program and Erase 
instructions and provides status bits to indicate its 
operation and exit status. Instructions are com
posed of a first command write operation followed 
by either second command write, to confirm the 
commands for programming or erase, or a read 
operation to read data from the Array, the Electronic 
Signature or the Status Register. 

For added data protection, the instructions for byte 
program and sector erase consist of two com
mands that are written to the memory and which 
start the automatic P/E.C. operation. Byte pro
gramming takes typically 9flS, sector erase typically 
1 .6 seconds. Erasure of a memory sector may be 
suspended in order to read data from another 
sector and then resumed. A Status Register may 
be read at any time, including during the program
ming or erase cycles, to monitor the progress of the 
operation. In addition a Ready/Busy output indi
cates the status of the P/E.C. After Programing or 
Erasure the command interface must be reset by 
giving the Read Memory Array instruction before 
the memory contents can be accessed. 

Power Saving 

The M28F841, M28V841 memories have a number 
of power saving features. Following a Read access 
the memory enters a static mode in which the 
supply current is typically 1.0mA. A CMO§. standby 
mode is entered when the Chip Enable E and the 
Power Down PWD signals are at Vee, when the 
supply current drops to typically 30flA. A deep 
power down mode is enabled when the Power 
Down PWD signal is at Vss. when the supply 
current drops to typically 0.2flA. The time required 
to awake from the deep power down mode is 400ns 
maximum, with instructions to the C.l. recognised 
after 1 f.LS. 

------------ tr'l SGS·1HOMSON ----------~3/5 ._...,~ li>IU~I!H©'iillliOO!~ 
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M28F841, V841 

Table 2. Instructions 

1st Cycle 2nd Cycle 
Mnemonic Instruction Cycles 

Opera- Opera- Ad-
tion 

Address<'l Data tion dress 

RD Read 1+ Write X OFFh Note2 

RSR Read Status 1+ Write X 70h Note2 Register 

RSIG Read Electronic 3 Write X 90h Note2 Signature 

EE Erase 2 Write Sector 20h Write Sector 
Address Address 

PG Program 2 Write Byte 40h or 10h Write Byte 
Address Address 

CLRS Clear Status 1 Write X 50h Register 

ES Erase Suspend 1 Write X OBOh 

ER Erase Resume 1 Write X ODOh 

Notes: 1. X = Don't Care 
2. The f1rst cycle of the RD, RSR or RSIG instuction is followed by read operations to read the Array, Status Register or 

Electronic Signature code . 

Data 
Output 

ODOh 

Data 
Input 

.::.41.=.5 ____________ A.V ~~~~~~~ -------------
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ORDERING INFORMATION SCHEME 

Example: M28F841 -85 X 

I 

-,-

Vee Range I 
F 5V 

V 3Vto5.5V 

I 
Speed I I Vee Tol. 'F' Version 

-85 85ns blank ± 10% 

-90 90ns X ±5% 

-120 120ns 

N 

M28F841, V841 

R -.- T 
L_ ______________ --, 

I 

I 
Package I I 

M 5044 

N TSOP40 
10x20mm 

Option 

R Reverse Pin-Out 

TR Tape & Reel 
Packing 

Temp. Range 

1 o to 70 oc 
6 -40 to 85 oc 

I 

I 

For a list of available options (Vee Range, Speed, etc ... ) refer to the Selector Guide in this Data Book or 
to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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M28F161 
CMOS 16 Megabit (2Meg x 8, 32 x 64K Sector Erase) 

FLASH MEMORY 

• SMALL SIZE TSOP48 and S044 PLASTIC 
PACKAGES 

- Normal and Reverse Pinout for TSOP ver
sions 

• MEMORY ERASE in SECTORS, 32 x 64K 

• SUPPLY VOLTAGE in READ OPERATION 

- 3.3V± 0.3V 

• 12V PROGRAMMING VOLTAGE 

• 10,000 PROGRAM/ERASE CYCLES per 
SECTOR 

• PROGRAM/ERASE CONTROLLER 
- Program Byte-by-Byte 

- Erase by Sector, Erase Suspend/Resume 

- Ready/Busy Output 

• LOW POWER CONSUMPTION 

- 301-LA Typical in Standby 

- 0.21-LA Typical in Deep Power Down 

• FAST ACCESS TIMES: 1 OOns Max 

Table 1. Signal Names 

AO-A20 Address Inputs 

DQO-DQ7 Data Input I Outputs 

"E Chip Enable 

G Output Enable 

w Write Enable 

PWD Power Down 

RB Ready Busy Output 

Vpp Program Supply 

Vee Supply Voltage 

Vss Ground 

August 1993 

TSOP48 (N) 
12x20mm 

Figure 1. Logic Diagram 

44 

Vee Vpp 

PRODUCT CONCEPT 

S044 (M) 

21 8 

AO-A20 DQO-DQ7 

PWD 

w 
E 

M28F161 

Vss 

RB 

VA01138 

1/4 

This IS advance information on a new product now undergoing evaluation. Details are subjets to change w1thout notice. 
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M28F161 

Figure 2A. TSOP Pin Connections 

24 

Warning: NC = No Connection 

Figure 28. SO Pin Connections 

Vpp 1 44 
PWO 2 43 

A11 3 42 
A10 4 41 
A9 5 40 
AS 6 39 
A7 7 38 
A6 8 37 
A5 9 36 
A4 10 35 
Ne 11 34 
Ne 1 2 M28F161 33 

A3 13 32 
A2 14 31 
A1 15 30 

AO 16 29 
000 17 28 
001 18 27 
002 19 26 
003 20 25 
Vss 21 24 
Vss 22 23 

VA01140 

Warning: NC = No Connection 

Vee 
E 
A12 
A13 
A14 
A15 
A16 
A17 
A18 
A19 
Ne 
Ne 
A20 
Ne 
w 
G 
RB 
007 
006 
005 
DQ4 

vee 

M28F161 
(Normal) 

DESCRIPTION 

VA01139 

The M28F161 FLASH MEMORY is a non-volatile 
memory that may be erased electrically at the 
sector level and programed byte-by-byte. The in
terface is directly compatible with most micropro
cessors. It is intended for computer file systems 
applications. Plastic TSOP48 (Normal and Re
verse pinout) and 8044 packages are used. 

Organisation 

The organisation is 2 Meg x 8 with Address lines 
AO-A20 and Data lnpuVOutputs DQO-DQ7. Mem
ory control is provided by Chip Enable, Output 
Enable and Write Enable inputs. A Power Down 
input places the memory in deep power down. A 
Ready/Busy output indicates the status of the inter
nal Program/Erase Controller (P/E.C.). 

Sectors 

Erasure of the memory is in sectors. There are 32 
sectors in the memory address space, each of 64K 
bytes. Programing of each sector takes typically 0.6 
seconds and erasure 1.6 seconds, each sector 
may be programed and erased over 10,000 cycles. 
All sectors are protected froi!!....Q.I!>gramming or 
erasure when the Power Down PWD signal is Low. 
Sector erase may be suspended while data is read 
from other sectors of the memory, then resumed. 

Command Interface 

Commands can be written to a Command Interface 
latch to perform read, programing, erasure and to 
monitor the memory's status. When power is first 
applied, on exit from power down or if Vee falls 

=21..:..4------------l:fi' ~itm~~~n -------------
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below VLKO, the command interface is reset to 
Read Memory Array. Four operations can be per
formed by the appropriate bus cycles, Read a Byte 
from the Array, Output Disable, Standby and Write 
a Command of an Instruction. 

Instructions and Commands 

Eight Instructions are defined to perform Read 
Memory Array, Read Status Register, Read Elec
tronic Signature, Erase, Program, Clear Status 
Register, Erase Suspend and Erase Resume. An 
internal Program/Erase Controller (P/E.C.) handles 
all timing and verification of the Program and Erase 
instructions and provides status bits to indicate its 
operation and exit status. Instructions are com
posed of a first command write operation followed 
by either second command write, to confirm the 
commands for programming or erase, or a read 
operation to read data from the Array, the Electronic 
Signature or the Status Register. 

For added data protection, the instructions for byte 
program and sector erase consist of two com
mands that are written to the memory and which 
start the automatic P/E.C. operation. 

Table 2. Instructions 

Mnemonic Instruction Cycles 
Opera-

tion 

RD Read 1 Write 

RSR Read Status 1 Write Register 

RSIG Read Electronic 3 Write Signature 

EE Erase 2 Write 

PG Program 2 Write 

CLRS Clear Status 1 Write Register 

ES Erase Suspend 1 Write 

ER Erase Resume 1 Write 

Notes: 1. X ; Don"! Care 

M28F161 

Byte programming takes typically 9!ls, sector erase 
typically 1.6 seconds. Erasure of a memory sector 
may be suspended in order to read data from 
another sector and then resumed. A Status Regis
ter may be read at any time, including during the 
programming or erase cycles, to monitor the prog
ress of the operation. In addition a Ready/Busy 
output indicates the status of the P/E.C. After Pro
graming or Erasure the command interface must 
be reset by giving the Read Memory Array instruc
tion before the memory contents can be accessed. 

Power Saving 

The M2BF161 memory has a number of power 
saving features. A CMOS standby mode is entered 
when the Chip Enable E and the Power Down PWD 
signals are at Vee, when the supply current drops 
to typically 30!lA. A deep power down mode is 
enabled when the Power Down PWD signal is at 
Vss, when the supply current drops to typically 
0.211A. The time required to awake from the deep 
power down mode is 400ns maximum, with instruc
tions to the C.l. recognised after 1 !lS. 

1st Cycle 2nd Cycle 

Opera-Address (t) Data Ad- Data 
!ion dress Output 

X FFh Note 2 

X 70h Note2 

X 90h Note 2 

Sector 20h Write Sector DOh Address Address 

Byte 40h or 10h Write Byte Data 
Address Address Input 

X SOh 

X SOh 

X DOh 

2. The first cycle of the RD, RSR or RSIG instuction is followed by read operations to read the Array, Status Register or 
Electronic Signature code. 

~ SGS·THOMSON 3/4 --------------- 11t.."'!l ~J1Utmi©rn~l<©1i'liil:QilliU©ii' ---------------=-'-' 
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M28F161 

ORDERING INFORMATION SCHEME 

Example: M28F161 -100 X N R 

Speed Package Option 

-100 100ns ± 10% M 8044 R Reverse 

-120 120ns X ±5% N TSOP48 6 --40 to 85 oc Pin-Out 

-150 150ns 
12 x20mm TR Tape &Reel 

Packing 

For a list of available options (Speed, Vee Tolerance, etc ... ) refer to the Selector Guide in this Data Book 
or to the current Memory Shortform catalogue. 
For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

380 



381 





ST24C01 , ST25C01 
ST24x01C,ST25x01C 

SERIAL ACCESS CMOS 1 K (128 x 8). EEPROMs 

• MINIMUM 1 MILLION ERASE/WRITE 
CYCLES with OVER 10 YEARS DATA 
RETENTION 

• SINGLE SUPPLY VOLTAGE: 
- 4.5V to 5.5V for ST24C01 version 

- 3V to 5.5V for ST24x01 C versions 
- 2.5V to 5.5V for ST25C01, ST25x01 C ver-

sions 

• HARDWARE WRITE CONTROL VERSIONS: 
ST24W01C and ST25W01C 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

., BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 

• PAGE WRITE (up to 8 BYTES) 
., BYTE, RANDOM and SEQUENTIAL READ 

MODES 

• SELF TIMED PROGRAMMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
• ENHANCED ESD/LATCH UP 

PERFORMANCES FOR "C" VERSIONS 

• PREFERRED DEVICES for NEW DESIGN: 
ST24/25C01 C and ST24/25W01 C 

DESCRIPTION 

This specification covers a range of 1 K bits 12C bus 
EEPROM products, the ST24/25C01, the 
ST24/25C01C and the ST24/25W01C. In the text, 
products are referred to as ST24/25x01C, where 

Table 1. Signal Names 

EO- E2 Chip Enable Inputs 

SDA Serial Data Address lnpuVOutput 

SCL Serial Clock 

MODE Multibyte/Page Wnte Mode 
(Cversion) 

-we Write Control rN version) 

Vee Supply Voltage 

Vss Ground 

October 1993 

PSDIPB (B) 
0.25mm Frame 

8~ 
1 

SOB (M) 

Figure 1. Logic Diagram 

Vee 

I 
3 

E 0- E 2 =::;Z'=:) ST24C01 -SDA 
ST25C01 

SCL - ST24x01C 

MODE/WC*-
ST25x01C 

I 
Vss 

VAOOB398 

Note: WG s1gnal is only available for ST24125W01 G products. 

1/13 



ST24/25C01, ST24/25x01 C 

Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST24/25e01 
ST2 4/25e01 e 

ST24/25e01 
ST24/25e01 C Eoli]s Vee 

E1 2 7 MODEjWC 
E2 3 6 SCL 

Vss 4 5 SDA 

Eous vee 
E1 2 7 MODEjWC 
E2 3 6 SeL 

Vss 4 5 SDA 
VA00840B VA00841B 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 
grade 3 -40 to 125 oc 
gradeS -40to85 

TsrG Storage Temperature -65 to 150 oc 
TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oc 

(PSDIPB package) 10 sec 260 

Vo Output Voltage ST24/25C01 -o.3 to Vee +0.6 
ST24/25x01 C -o.3to6.5 

v 

V1 Input Voltage -o.3to6.5 v 
Vee Supply Voltage -o.3to6.5 v 

Electrostatic Discharge Voltage (Human Body model) <2l ST24/25C01 2000 v 
VESD 

ST24/25x01 C 4000 

Electrostatic Discharge Voltage (Machine model) (a) ST24/25C01 500 v ST24/25x01C 500 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed In the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
condHions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS·THOMSON SURE Program and other 
relevant quality documents. 

2. MIL·STD·BB3C, 3015.7 (100pF, 1500 0). 
3. EIAJ IC·121 (Condition C) (200pF, 0 0). 

DESCRIPTION (cont'd) 

"x" is: "C" for Standard version and "W" for hard
ware Write Control version. 

The ST24/25x01C are 1K bit electrically erasable 
programmable memories (EEPROM), organized 
as 128 x 8 bits. They are manufactured in SGS
THOMSON's Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 10 years. The memories operate 
with a power supply value as low as 2.5V. 

Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 

The memories are compatible with the 12C stan
dard, two wire serial interface which uses a bi-di
rectional data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1 01 0) corresponding to the 12C bus defini
tion. This is used together with 3 chip enable inputs 
(E2, E1, EO) so that up to 8 x 1 K devices may be 
attached to the 12C bus and selected individually. 
The memories behave as a slave device in the 12C 
protocol with all memory operations synchronized 

~21.:..:13~----------- i.W ~~~m~~~~~-------------
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ST24/25C01, ST24/25x01 C 

Table 3. Device Select Code 

Device' Code Chip Enable RW 

Bit b7 I b6 I b5 I b4 b3 I b2 I b1 bO 

Device Select 1 I 0 I 1 I 0 E2 I E1 I EO RW 

Note: The MSB b7 is sent first. 

Table 4. Operating Modes <1> 

Mode RWbit MODE Bytes Initial Sequence 

Current Address Read '1' X 1 START, Device Select, RW = '1' 

Random Address Read 
'0' X START, Device Select, RW = '0', Address 

'1' X 1 reSTART, Device Select, RW = '1' 

Sequential Read '1' X 1to 128 Similar to Current or Random Mode 

Byte Write '0' X 1 START, Device Select, RW = '0' 

Multibyte Write 12> '0' V1H 4 START, Device Select, RW = '0' 

Page Write '0' V1L 8 START, Device Select, RW = '0' 

Notes: 1. X= v,H or v,L 
2. Multibyte Write not available in ST24/25W01 C versions. 

Table 5. Endurance and Data Retention Guarantees 

Device Endurance Data Retention 
EIWCycles Years 

ST24C01, ST25C01 1,000,000 10 

ST24C01C,ST25C01C 1,000,000 10 ST24W01C, ST25W01C 

by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 7 bits (identification code 101 0), plus one 
read/write bit and terminated by an acknowledge 
bit. 

When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi· 
nated with a STOP condition. 

Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vee 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 

_____________ ~ ~~©IHWI~~ ___________ .....:::3,~13 
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ST24/25C01, ST24/25x01 C 

AC MEASUREMENT CONDITIONS 

Input R1se and Fall Times $ 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

Figure 3. AC Testing Input Output Waveforms 

o.7Vcc O.BVcc~ 

o.JVcc 
o.2Vcc 

VA00825 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 4). 

Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 

with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 4). 

Chip Enable (EO - E2). These chip enable inputs 
are used to set the 3 least significant bits (b3, b2, 
b1) of the 7 bit device select code. These inputs 
may be driven dynamically or tied to Vee or Vss to 
establish the device select code. 

Mode (MO~ The MODE input is available on pin 
7 (see also we feature) and may be driven dynam
ically. It must be at V1L or V1H for the Byte Write 
mode, V1H for Multibyte Write mode or V1L for Page 
Write mode. When unconnected, the MODE input 
is internally read as V1H (Multibyte Write mode). 

Write Control (WC). An hardware Write Control 
feature (WC) is offered only for ST24W01C and 
ST25W01 C versions on pin 7. This feature is 
usefull to protect the contents of the memory from 
any erroneous erase/writ~cle. The Write Control 
signal is used to enable (WC =Vi H) or disable (WC 
= ViL) the internal write protection. When uncon
nected, the we input is internally read as V1L. The 
devices with this Write Control feature no longer 
support the Multibyte Write mode of operation, 
however all other write modes are fully supported. 

Refer to the AN404 Application Note for more de
tailed information about Write Control feature. 

Figure 4. Maximum RL Value versus Bus Capacitance (Csus) for an 12C Bus 

20 
Vee 

16 \ 

\ 
~ 

cs; 12 
X 
0 

\ 
\ MASTER 

E 
__} '\ 

El:: B 

""" 4 """"' ........ Vcc=5V r--r--
0 

100 200 300 400 

Csus (pF) VA01100 
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ST24/25C01, ST24/25x01 C 

Table 6. Capacitance <1> (TA = 25 °C, f = 100 kHz) 

Symbol Parameter Test Condition Min Max Unit 

CiN Input Capacitance (SDA) 8 

C1N Input Capacitance (other pins) 6 

ZwcL WC Input Impedance VIN,.:;0.3Vcc 5 20 

ZwcH WC Input Impedance VIN~0.7Vcc 500 

Note: 1. Sampled only, not 100% tested. 

Table 7. DC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee = 3V to 5.5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current ov,.:;v,N,.:;Vcc ±2 

ILO Output Leakage Current OV,.:; Vour,.:; Vee 
±2 SDAin Hi-Z 

Supply Current Vee= 5V, fc =100kHz 2 
Icc (Rise/Fall time< 10ns) 

Supply Current (ST25 series) Vee= 2.5V, fe = 1OOkHz 1 

V1N = Vss or Vee, 100 
lcct Supply Current (Standby) 

Vec=5V 

V1N = Vss or Vee, 
300 Vee= 5V, fc =100kHz 

V1N = Vss or Vee. 5 
lec2 

Supply Current (Standby) Vcc=2.5V 
(ST25 series) 

V1N = Vss or Vee. 
Vee= 2.5V, fc =100kHz 

50 

V1L Input Low Voltage (SCL, SDA) -Q.3 0.3Vee 

VIH Input High Voltage (SCL, SDA) 0.7Vce Vee+ 1 

V1L 
Input Low Voltage_ 

-Q.3 0.5 (EO- E2, MODE, WC) 

V1H 
Input High Voltage__ 

Vee-D.5 Vee+ 1 (EO- E2, MODE, WC) 

VoL 
Output Low Voltage loL = 3mA, Vee= 5V 0.4 

Output Low Voltage (ST25 series) loL = 2.1mA, Vee= 2.5V 0.4 

VPOR(t) Power On Reset Threshold 
1.5 2.4 (ST25 series) 

Vee Read <t> Vee Range for Read Operations 
2.5 5.5 (ST25 series) 

Vee Write Vee Range for Write Operations ~.5 5.5 

Note: 1. At the t1me of publication of lh1s data sheet, the statistical histmy, for the ST25x01 C, was not yet suff1cientto guarantee a 
Vee Read= 2V. For the lastest information contact your local SGS-THOMSON Sales Off1ce. 

pF 

pF 

kQ 

kQ 

Unit 

llA 

JlA 

rnA 

mA 

JlA 

JlA 

JlA 

JlA 

v 

v 

v 

v 

v 

v 

v 

v 

v 
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ST24/25C01, ST24/25x01 C 

Table 8. AC Characteristics 
(T A = 0 to 70 °C, -40 to 85 oc or -40 to 125 °C; Vee = 3V to 5.5V or 2.5V to 5.5V) 

Symbol All Parameter Min Max Unit 

tcH1CH2 tR Clock Rise Time 1 J.LS 

tcucL2 IF Clock Fall1ime 300 ns 

toH1DH2 IR Input Rise Time 1 J.LS 

IDL1DL1 IF Input Fall Time 300 ns 

lcHDX (l) lsu STA Clock High to Input Transition 4.7 J.LS 

lcHCL IHtGH Clock Pulse Width High 4 J.LS 

IDLCL IHD.STA Input Low to Clock Low (START) 4 J.LS 

ICLDX IHD.DAT Clock Low to Input Transition 0 J.LS 

lcLCH I LOW Clock Pulse Width Low 4.7 J.LS 

toxcx lsU.DAT Input Transition to Clock Transition 250 ns 

lcHDH lsU.STO Clock High to Input High (STOP) 4.7 J.LS 

loHDL !auF Input High to Input Low (Bus Free) 4.7 J.LS 

ICLOV IAA Clock Low to Data Out Valid 0.3 3.5 J.LS 

lcLOx loH Clock Low to Data Out Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

INs Tr 
Noise Suppression Time Constant 100 ns (SCL & SDA Inputs) 

tw 12> lwR Write1ime 10 ms 

Notes: 1. For a reSTART cond1tlon, or following a write cycle. 
2. In the Mullibyte Write mode only, if accessed bytes are on two consecutrve 8 bytes rows (6 address MSB are not constant) the 

maximum programming time is doubled to 20ms. 

DEVICE OPERATION 

12C Bus Background 

The ST24/25x01C support the 12C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn
chronisation. The ST24/25x01 C are always slave 
devices in all communications. 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x01C 
continuously monitor the SDA and SCL signals for 
a START condition and will not respond unless one 
is given. 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the ST24/25x01 C 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 

Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 

Data Input. During data input the ST24/25x01 C 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 

~6/~1~3------------------------~~~~gm:~~~---------------------------
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ST24/25C01, ST24/25x01 C 

Figure 5. AC Waveforms 
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ST24/25C01, ST24/25x01 C 

DEVICE OPERATION (cont'd) 

Memory Addressing. To start communication be
tween the bus master and the slave ST24/25x01 C, 
the master must initiate a START condition. Follow
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a READ or WRITE bit. 

The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
12C bus definition. For these memories the 4 bits 
are fixed as 101 Ob. The following 3 bits identify the 
specific memory on the bus. They are matched to 
the chip enable signals E2, E1, EO. Thus up to 8 x 
1 K memories can be connected on the same bus 
giving a memory capacity total of BK bits. After a 
START condition any memory on the bus will iden
tify the device code and compare the following 3 
bits to its chip enable inputs E2, E1, EO. 

Figure 6. 12C Bus Protocol 

The 8th bit sent is the read or write bit (RW), this 
bit is set to '1' for read and '0' for write operations. 
If a match is found, the corresponding memory will 
acknowledge the identification on the SDA bus 
during the 9th bit time. 

Write Operations 

The Multibyte Write mode (only available on the 
ST24/25C01 and ST24/25C01 C versions) is se
lected when the MODE pin is at V1H and the Page 
Write mode when MODE pin is at V1L. The MODE 
pin may be driven dynamically with CMOS input 
levels. 

Following a START conditior!_!he master sends a 
device select code with the RW bit reset to '0'. The 
memory acknowledges this and waits for a byte 
address. The byte address of 7 bits (the Most 
Significant Bit is ignored) provides access to any of 
the 128 bytes of the memory. After receipt of the 
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byte address the device again responds with an 
acknowledge. 

For the ST24/25W01 C versions, any write com
mand with we= 1 (during a period of time from the 
START condition untill the end of the Byte Address) 
will not modify data and will NOT be acknowledged 
on data bytes, as in Figure 9. 

Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either VJH 
or VJL, to minimize the stand-by current. 

Multi byte Write. For the Multi byte Write mode, the 
MODE pin must be at VJH. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the mem
ory. The transfer is terminated by the master gen
erating a STOP condition. The duration of the write 
cycle is tw = tOms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 5 most significant address bits A6-
A2), the programming time is then doubled to a 
maximum of 20ms. Writing more than 4 bytes in the 
Multibyte Write mode may modify data bytes in an 
adjacent row (one row is 8 bytes long). However, 
the Multibyte Write can properly write up to 8 
consecutive bytes only if the first address of these 
8 bytes is the first address of the row, the 7 following 
bytes being written in the 7 following bytes of this 
same row. 

Page Write. For the Page Write mode, the MODE 
pin must be at VJL. The Page Write mode allows up 
to 8 bytes to be written in a single write cycle, 
provided that they are all located in the same 'row' 
in the memory: that is the 5 most significant mem
ory address bits (A7-A3) are the same. The master 
sends from one up to 8 bytes of data, which are 
each acknowledged by the memory. After each 
byte is transfered, the internal byte address counter 
(3 least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad
dress counter 'roll-over' which could result in data 
being overwritten. Note that, for any write mode, 
the generation by the master of the STOP condition 
starts the internal memory program cycle. All inputs 
are disabled until the completion of this cycle and 
the memory will not respond to any request. 

ST24/25C01, ST24/25x01 C 

Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tW) is given in 
the AC Characteristics table, since the typical time 
is shorter, the time seen by the system may be 
reduced by an ACK polling sequence issued by the 
master. The sequence is as follows: 

- Initial condition: a Write is in progress (see Figure 
7). 

- Step 1: the Master issues a START condition 
followed by a Device Select byte (1st byte of the 
new instruction). 

- Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1 . If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1). 

Read Operations 

Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all "1 's" (or FFh). 

Current Address Read. The memory has an inter
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad
dress Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to '1 '. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out
put, but terminates the transfer with a STOP con-
dition. · 

Random Address Read. A dummy write is per
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address is repeated with the RW bit set to '1 '.The 
memory acknowledges this and outputs the byte 
addressed. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
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ST24/25C01, ST24/25x01 C 

DEVICE OPERATION (cont'd) 

memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresse~, 
with the internal byte address counter automati
cally incremented after each byte output. After a 

Figure 7. Write Cycle Polling using ACK 

count of the last memory address, the address 
counter will 'roll- over' and the memory will continue 
to output data. 

Acknowledge in Read Mode. In all read modes 
the ST24/25x01C wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the St24/25x01 C termi
nate the data transfer and switches to a standby 
state. 

WRITE Cycle 

NO YES 

VA01099 
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ST24/25C01, ST24/25x01 C 

Figure 8. Write Modes Sequence (ST24/25C01 , ST24/25C01 C) 

BYTE 
WRITE 

ACK ACK ACK 

0 ...... 1 :""T""o:EvT""'T; ~...,..~LT""'I: 11,11 :sr~<ApqR: 111 : :o+ Tt :~~ : 11, 0 

START RW STOP 

ACK ACK ACK 
MULTIBYTE 
AND 
PAGE WRITE 

0 ,...,.1 :..,...o:EvT""'T; ~...,..~L"T'""'1: I~ I :sr~<Ap9R: 111 :~At~ ~~;,: 11 ,...,.1 :o..,...~T,...,:A:,...,.~0 :~:~ 
START RW 

ACK ACK 

~:JII P~T~:~~ :N: II. n 
STOP 

Figure 9. Write Modes Sequence with Write Control= 1 (ST24/25W01C) 

BYTE 
WRITE 

START RW STOP 

ACK ACK NO ACK 

VA00793 

PAGE wRITE 0 r-"11 :r-Tof.,.Y""T"~E"T"":L.,...,: 11.11 :sr~<AP9R: 111 :o:AtA: ~~:< 111rT :o..,...~T,...,:<r-T~0:~:~ 

we 
(cent' d) 

PAGE WRITE 
(cent' d) 

START RW 

NO ACK NO ACK 

~: :1 11 H T~ :~~ : N: 11. n 
STOP VA01161 
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ST24/25C01, ST24/25x01 C 

Figure 10. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

START RW STOP 

ACK ACK ACK NO ACK 

0 rTI :..,...~E-r-,Y :s ....... ~L"T""1: II, II :s7~E >r9R: 110 I : ~EY ~~< 111 11 : D:AtA: 9u:r: 11 LD 
- -

START RW START RW STOP 

ACK ACK ACK NO ACK 

0 I'""'TI :"'"T"~E ...... Y :rTs~L""T'": TOIIIII hT~ ;oy~ j II c~:~~ ~~:~JII9~T+ P~T: ~ 11LO 
START RW STOP 

START RW START RW 

ACK NO ACK 

:~:~J 11 g~T~ P~T; ~ 11 LD 
STOP VA007948 
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ORDERING INFORMATION SCHEME 

Example: 

Operating Voltage 

24 3Vto5.5V 

25 2.5V to 5.5V 

c 
w Hardware 

Write Control 

ST24C01C M 

Revision 

blank CMOS F3 
Tech. 

c CMOS F4 
Tech. 

TR 

Package 

B PSDIP8 
0.25mm 
Frame 

M SOB 

Parts are shipped with the memory content set at all "1 's" (FFh). 

ST24/25C01, ST24/25x01 C 

Option 

013TR Tape & Reel 
Packing 

TR Tape & Reel 
Packing (for 
Revision C 
Version) 

1 Oto 70 oc 
3 -40 to 125 oc 
6 -40 to 85 oc 

For a list of available options (Operating Voltage, Range, Package, etc ... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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ST24C02A,ST25C02A 
ST24x02C,ST25x02C 

SERIAL ACCESS CMOS 2K (256 x 8) EEPROMs 

• MINIMUM 1 MILLION ERASE/WRITE 
CYCLES with OVER 1 0 YEARS DATA 
RETENTION 

• SINGLE SUPPLY VOLTAGE: 

- 3V to 5.5V for ST24C02A version 
- 3V to 5.5V for ST24x02C versions 

- 2.5V to 5.5V for ST25C02A, ST25x02C ver-
sions 

• HARDWARE WRITE CONTROL VERSIONS: 
ST24W02C and ST25W02C 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

• BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 

• PAGE WRITE (up to 8 BYTES) 

• BYTE, RANDOM and SEQUENTIAL READ 
MODES 

• SELF TIMED PROGRAMMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 

• ENHANCED ESD/LATCH-UP 
PERFORMANCES for "C" VERSIONS 

• PREFERRED DEVICES for NEW DESIGNS: 
ST24/25C02C and ST24/25W02C 

DESCRIPTION 

This specification covers a range of 2K bits 12C bus 
EEPROM products, the ST24/25C02A, the 
ST24/25C02C and the ST24/25W02C. In the text, 
products are referred to as ST24/25x02C, where 

Table 1. Signal Names 

EO·E2 Chip Enable Inputs 

SDA Serial Data Address Input/Output 

SCL Senal Clock 

MODE Multibyte/Page Write Mode 
(Cversion) 

-we Write Control (W version) 

Vee Supply Voltage 

Vss Ground 

October 1993 

·~ 
PSDIPB (B) 

0.25mm Frame 

8~ 

SOB (M) 

Figure 1. Logic Diagram 

Vee 

I 
3 

EO-E2 ~ ST24e02A -SDA 
ST25C02A 

SeL- ST24x02C 

MODE/WC*-
ST25x02C 

I 
Vss 

VA007888 

Note: WC s1gnal is only available for ST24/25W02C products. 

1/13 
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ST24/25C02A, ST24/25x02C 

Figure 2A. DIP Pin Connections 

ST24/25C02A 
ST24/25e02e 

E1 2 7 MODE/WC 
EOUJ8 Vee 

E2 3 6 SeL 
Vss 4 5 SDA 

VA00789B 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter 

TA Ambient Operating Temperature 

Tsm Storage Temperature 

Figure 28. SO Pin Connections 

ST24/25C02A 
ST24/25C02C 

E1 2 7 MODE/WC 
Eo[]s Vee 

E2 3 6 SeL 
Vss 4 5 SDA 

VA00790B 

Value Unit 

grade 1 0 to 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

-65 to 150 oc 
TLEAD Lead Temperature, Soldering (SOB package) 40 sec 215 oc 

(PSDIPB package) 10 sec 260 

Vo Output Voltage ST24/25C02A -0.3 to Vee +0.6 v ST24/25x02C -0.3to6.5 

VI Input Voltage -0.3to6.5 v 
Vee Supply Voltage -0.3 to 6.5 v 

Electrostatic Discharge Voltage (Human Body model) (2) ST24/25C02A 2000 v 
VESD 

ST24/25x02C 4000 

Electrostatic Discharge Voltage (Machine model) (3) ST24/25C02A 500 v ST24/25x02C 500 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not Implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-BB3C, 3015.7 (100pF, 1500 0). 
3. EIAJ JC-121 (Condition C) (200pF, 0 0). 

DESCRIPTION (cont'd) 

"x" is: "C" for Standard version and "W" for hard
ware Write Control version. 

The ST24/25x02C are 2K bit electrically erasable 
programmable memories (EEPROM), organized 
as 256 x 8 bits. They are manufactured in SGS
THOMSON's Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 10 years. The memories operate 
with a power supply value as low as 2.5V. 

Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 

The memories are compatible with the 12C stan
dard, two wire serial interface which uses a bi-di
rectional data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1 01 0) corresponding to the 12C bus defini
tion. This is used together with 3 chip enable inputs 
(E2, E1, EO) so that up to 8 x 2K devices may be 
attached to the 12C bus and selected individually. 
The memories behave as a slave device in the 12C 
protocol with all memory operations synchronized 

=:2,~13~----------- ~ ~~~©m~:~~ _____________ _ 
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ST24/25C02A, ST24/25x02C 

Table 3. Device Select Code 

Device Code Chip Enable RW 

Bit b7 I b6 I b5 I b4 b3 I b2 I b1 bO 

Device Select 1 I 0 I 1 I 0 E2 I E1 I EO RW 

Note: The MSB b7 1s sent first. 

Table 4. Operating Modes <1> 

Mode RWbit MODE Bytes Initial Sequence 

Current Address Read '1' X 1 START, Device Select, RW = '1' 

Random Address Read 
'0' X START, Device Select, RW = '0', Address 

'1' X 1 reSTART, Device Select, RW = '1' 

Sequential Read '1' X 1to256 Similar to Current or Random Mode 

Byte Write '0' X 1 START, Device Select, RW = '0' 

Multibyte Write <21 '0' v,H 4 START, Device Select, RW = '0' 

Page Write '0' v,L 8 START, Device Select, RW = '0' 

Noles: 1. X= v,H or v,L 
2. Mult1byte Write not available in ST24/25W02e versions. 

Table 5. Endurance and Data Retention Guarantees 

Device Endurance Data Retention 
EIW Cycles Years 

ST24C02A,ST25C02A 1,000,000 10 

ST24C02C,ST25C02C 1,000,000 10 ST24W02C, ST25W02C 

by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 7 bits (identification code 101 0), plus one 
read/write bit and terminated by an acknowledge 
bit. 
When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi
nated with a STOP condition. 

Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vee 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 
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ST24/25C02A, ST24/25x02C 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times s SOns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

Figure 3. AC Testing Input Output Waveforms 

o.svee ~ o.7Vee 

~0.3Vee 
o.2Vee 

VAOOB25 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 4). 
Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 

with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 4). 

Chip Enable (E2 - EO). These chip enable inputs 
are used to set the 3 least significant bits {b3, b2, 
b1) of the 7 bit device select code. These inputs 
may be driven dynamically or tied to Vee or Vss to 
establish the device select code. 

Mode (MO~ The MODE input is available on pin 
7 (see also we feature) and may be driven dynam
ically. It must be at V1L or V1H for the Byte Write 
mode, V1H for Multibyte Write mode or V1L for Page 
Write mode. When unconnected, the MODE input 
is internally read as a V1H (Multibyte Write mode). 

Write Control (WC). An hardware Write Control 
feature (WC) is offered only for ST24W02C and 
ST25W02C versions on pin 7. This feature is 
usefull to protect the contents of the memory from 
any erroneous erase/write cycle. 

The Write Control signal is used to enable (WC = 
ViH) or disable (WC = ViL) the internal write protec
tion. The devices with this Write Control feature no 
longer support the Multibyte Write mode of opera
tion, however all other write modes are fully sup
ported. 

Refer to the AN404 Application Note for more de
tailed information about Write Control feature. 

Figure 4. Maximum RL Value versus Bus Capacitance (Ceus) for an 12C Bus 
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ST24/25C02A, ST24/25x02C 

Table 6. Capacitance <1> (TA = 25 oc, f = 100 kHz) 

Symbol Parameter Test Condition Min Max Unit 

CiN Input Capacitance (SDA) 8 

c,N Input Capacitance (other pins) 6 

Note: 1. Sampled only, not 100% tested 

Table 7. DC Characteristics 
(T A = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee = 3V to 5.5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OVSViNSVcc ±2 

ILO Output Leakage Current OV s VouT s Vee ±2 SDAin Hi-Z 

Supply Current Vee= 5V, fc =100kHz 2 
Icc (Rise/Fall time< 1 Ons) 

Supply Current (ST25 series) Vee= 2.5V, fe = 1OOkHz 1 

v,N = Vss or Vee. 100 
lee1 Supply Current (Standby} 

Vee =5V 

v,N = Vss or Vee, 300 Vee= 5V, fe =100kHz 

V1N = Vss or Vee. 5 
Supply Current (Standby) Vee= 2.5V 

lee2 (ST25 series) 
v,N = Vss or Vee, 50 Vee= 2.5V, fe = 1OOkHz 

V1L Input Low Voltage (SCL, SDA) -0.3 0.3 Vee 

V1H Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 

v,L Input Low Volta~ 
-0.3 0.5 (EO-E2, MODE, WC) 

v,H Input High VoltaQSL 
Vee-0.5 Vee+ 1 (EO-E2, MODE, WC) 

VoL 
Output Low Voltage loL = 3mA, Vee= 5V 0.4 

Output Low Voltage (ST25 series) loL = 2.1 rnA, Vee= 2.5V 0.4 

VPoR (1) Power On Reset Threshold 
1.5 2.4 (ST25 series) 

Vee Read (1) Vee Range for Read Operations 2.5 5.5 (ST25 series) 

Vee Write Vee Range for Write Operations 2.5 5.5 

Note: 1. At the time of publication of this data sheet, the statistical history, for the ST25x02e, was not yet sufficient to guarantee a 
Vee Read= 2V. For the last est information contact your local SGS-THOMSON Sales Off1ce. 

pF 

pF 

Unit 

!!A 

I! A 

rnA 

rnA 

!!A 

I! A 

I! A 

I! A 

v 

v 

v 

v 

v 

v 

v 

v 

v 
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ST24/25C02A, ST24/25x02C 

Table 8. AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 3V to 5.5V or 2.5V to 5.5V) 

Symbol A It Parameter Min Max Unit 

ICH1CH2 lA Clock Rise Time 1 JlS 

ICL1CL2 IF Clock Fall Time 300 ns 

IDH1DH2 lA Input Rise Time 1 JlS 

touou IF Input Fall Time 300 ns 

ICHDX (j) lsu STA Clock High to Input Transition 4.7 JlS 

lcHCL IHIGH Clock Pulse Width High 4 JlS 

loLCL IHO.STA Input Low to Clock Low (START) 4 JlS 

lcLOX IHO OAT Clock Low to Input Transition 0 JlS 

lcLCH !LOw Clock Pulse Width Low 4.7 JlS 

!oxcx lsU.OAT Input Transition to Clock Transition 250 ns 

ICHOH !susm Clock High to Input High (STOP) 4.7 JlS 

IOHDL lsuF Input High to Input Low (Bus Free) 4.7 JlS 

!cLOV IAA Clock Low to Data Out Valid 0.3 3.5 JlS 

lcLOX loH Clock Low to Data Out Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

INs T1 Noise Suppression Time Constant 100 ns (SCL & SDA Inputs) 

tw(2) twA Write Time 10 ms 

Notes: 1. For a reSTART condition, or following a write cycle. 
2. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 

maximum programming time is doubled to 20ms. 

DEVICE OPERATION 

12C Bus Background 

The ST24/25x02C support the 12C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn
chronisation. The ST24/25x02C are always slave 
devices in all communications. 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x02C 
continuously monitor the SDA and SCL signals for 
a START condition and will not respond unless one 
is given . 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the ST24/25x02C 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 

Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful! data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 

Data Input. During data input the ST24/25x02C 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera
tion the SDA signal must be stable during the clock 

.:::6,...:..13=-------------- iiii ~i~©mg:~~~©~ --------------
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Figure 5. AC Waveforms 
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DEVICE OPERATION (cont'd) 

low to high transition and the data must change 
ONLY when the SCL line is low. 

Memory Addressing. To start communication be
tween the bus master and the slave ST24/25x02C, 
the master must initiate a START condition. Follow
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a READ or WRITE bit. 

The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
12C bus definition. For these memories the 4 bits 
are fixed as 101 Ob. The following 3 bits identify the 
specific memory on the bus. They are matched to 
the chip enable signals E2, E1, EO. Thus up to 8 x 
2K memories can be connected on the same bus 
giving a memory capacity total of 16K bits. After a 
START condition any memory on the bus will iden
tify the device code and compare the following 3 
bits to its chip enable inputs E2, E1, EO. 

Figure 6. 12C Bus Protocol 

SCL 

The 8th bit sent is the read or write bit (RVV), this 
bit is set to '1' for read and '0' for write operations. 
If a match is found, the corresponding memory will 
acknowledge the identification on the SDA bus 
during the 9th bit time. 

Write Operations 

The Multibyte Write mode (only available on the 
ST24/25C02A AND ST24/25C02C versions) is se
lected when the MODE pin is at V1H and the Page 
Write mode when MODE pin is at V1L. The MODE 
pin may be driven dynamically with CMOS input 
levels. 

Following a START condition...!he master sends a 
device select code with the RW bit reset to '0'. The 
memory acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac
cess to 256 bytes of the memory. After receipt of 
the byte address the device again responds with 
an acknowledge. 

---~ 

' 

SDA I X ......... _~~~~ ; I ' 
' 

' 
' 

•' 
START 

CONDITION 

... .... .. 
SDA SDA 

INPUT CHANGE 

' ' ' 
: .. 

' ' ' 

•' 
STOP 

CONDITION 

SCL ~- _ __FLF\_F\_ __ 

SDA ~~~--

SDA 

~ 
START 

CONDITION 

' 
' 

:...---.: 
STOP 

CONDITION 

VA00792 
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For the ST24/25W02C versions, any write com
mand with WC = 1 will not modify the memory 
content. 

Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is in dependant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either VJH 

or VJL, to minimize the stand-by current. 

Multibyte Write. For the Multi byte Write mode, the 
MODE pin must be at VJH. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the mem
ory. The transfer is terminated by the master gen
erating a STOP condition. The duration of the write 
cycle is tw = 10ms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 6 most significant address bits A7-
A2), the programming time is then doubled to a 
maximum of 20ms. Writing more than 4 bytes in the 
Multibyte Write mode may modify data bytes in an 
adjacent row (one row is 8 bytes long). However, 
the Multibyte Write can properly write up to 8 
consecutive bytes only if the first address of these 
8 bytes is the first address of the row, the 7 following 
bytes being written in the 7 following bytes of this 
same row. 

Page Write. For the Page Write mode, the MODE 
pin must be at VJL. The Page Write mode allows up 
to 8 bytes to be written in a single write cycle, 
provided that they are all located in the same 'row' 
in the memory: that is the 5 most significant mem
ory address bits (A7-A3) are the same. The master 
sends from one up to 8 bytes of data, which are 
each acknowledged by the memory. After each 
byte is transfered, the internal byte address counter 
(3 least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad
dress counter 'roll-over' which could result in data 
being overwritten. Note that, for any write mode, 
the generation by the master of the STOP condition 
starts the internal memory program cycle. All inputs 
are disabled until the completion of this cycle and 
the memory will not respond to any request. 

Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 

ST24/25C02A, ST24/25x02C 

maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re
duced by an ACK polling sequence issued by the 
master. The sequence is as follows: 

- Initial condition: a Write is in progress (see Figure 
7). 

- Step 1: the master issues a START condition 
followed by a device select byte (1st byte of the 
new instruction). 

- Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1 ). 

Read Operations 

Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all "1 's" (or FFh). 

Current Address Read. The memory has an inter
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad
dress Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to '1 '. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out
put, but terminates the transfer with a STOP con
dition. 

Random Address Read. A dummy write is per
formed to load the address into the address 
counter, see Figure 1 0. This is followed by another 
START condition from the master and the byte 
address is repeated with the RW bit set to '1 '.The 
memory acknowledges this and outputs the byte 
addressed. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 

---------------------------~~~©~2m~a~------------------------~9'~13 
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DEVICE OPERATION (cont'd) 

with the internal byte address counter automati
cally incremented after each byte output. After a 
count of the last memory address, the address 
counter will 'roll- over' and the memory will continue 
to output data. 

Figure 7. Write Cycle Polling using ACK 

Acknowledge in Read Mode. In all read modes 
the ST24/25x02C wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25x02C termi
nate the data transfer and switches to a standby 
state. 

WRITE Cycle 

NO YES 

VA01 099 
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Figure 8. Write Modes Sequence (ST24/25C02A, ST24/25C02C) 

BYTE 
WRITE 

ACK ACK ACK 

0 r-TI :-.-~Ev,.....; f-r~LTO: 1~1 :ar~<ApqR: 111: :o~Tt:~~: 1110 
START RW STOP 

ACK ACK ACK MULTIBYTE 
AND 
PAGE WRITE 

0 I""""TI ;-.-o;Ev,.....~ ~-r~L,....,: I~ I :sr~E >r9R: 111 ;o:At~ ~~ >: 11 .-..I ;o-r~-.-~ A:.-..~~:~:~ 
START RW 

ACK ACK 

~:111 p~T~:~~ :N: 111 0 
STOP 

Figure 9. Write Modes Sequence with Write Control = 1 (ST24/25W02C) 

BYTE 
WRITE 

ACK ACK ACK 

0 r-TI :-.-o:E,.....Y ~ ..... ~LTO: 11 I II :sr~E >rqR; 111 : :o+ T~ :~~ : 11 I 0 
START RW STOP 

ACK ACK ACK 

VA00793 

PAGE wRITE 0 r-'11 ; ..... o;E....,.Y..,...~E...-;L,..,; 111 11 ;ar~E>P9R: 111 ;~At~+>: 11,....1 ;-rof-.-~A:r-T~0 :~:~ 

we 
(cont'd) 

PAGE WRITE 
(cent' d) 

START RW 

ACK ACK 

~:JII P+Tt:~~ :N: 11 1 0 

STOP VA01101 

__________ !fi ~~@m~~~~ ---------:-----'1=1'=13 
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Figure 10. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

START RW STOP 

ACK ACK ACK NO ACK 

0 rrl :--r-~E.,Y :s---.-~L.,...,: II, 11 :a HE >P~R: 110 I : ~EY :s~< 11111 : D:AfA: 9u:< 11 L_0 
START RW START RW STOP 

ACK ACK ACK NO ACK 

0 r-TI :"'T"~E'T""y ;rrs~L"'T": ..,111 11 P~T~ :ov~ 11 1 c~:~~ ~ ~:~J II 9A:T+ P~T: 0 11 LD 
START RW STOP 

START RW START RW 

ACK NO ACK 

:~:~J 119A:T~ P~< 01 1 LD 
STOP VA00794B 

=121:...:_13=-----------~ ~~©IH21~0!?li ----------
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ORDERING INFORMATION SCHEME 

Example: 

Operating Voltage 

24 3Vto5.5V 

25 2.5V to 5.5V 

c 
w Hardware 

Write Control 

ST24C02C M 

Revision 

blank CMOS F3 
Tech. 

c CMOS F4 
Tech. 

TR 

Package 

B PSDIP8 
0.25mm 
Frame 

M SOB 

Parts are shipped with the memory content set at all "1 's" (FFh). 

ST24/25C02A, ST24/25x02C 

Option 

013TR Tape & Reel 
Packing 

TR Tape & Reel 
Packing 

3 

6 

(for Revision 
C Version) 

o to 70 oc 
-40 to 125 oc 
-40 to 85 oc 

For a list of available options (Operating Voltage, Range, Package, etc ... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

---------------------------~~~~~~:~~~----------------------~1=3/~13 
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ST24C04,ST25C04 
ST24x04C,ST25x04C 

SERIAL ACCESS CMOS 4K (512 x 8) EEPROMs 

• MINIMUM 1 MILLION ERASE/WRITE 
CYCLES with OVER 10 YEARS DATA 
RETENTION 

• SINGLE SUPPLY VOLTAGE: 

- 4.5V to 5.5V for ST24C04 version 
- 3V to 5.5V for ST24x04C versions 

- 2.5V to 5.5V for ST25C04, ST25x04C ver-
sions 

• HARDWARE WRITE CONTROL VERSIONS: 
ST24W04C and ST25W04C 

" T'/1/0 WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

• BYTE and MULTIBYTE WRITE (up to 4 
BYTES) 

111 PAGE WRITE (up to 8 BYTES) 
11 BYTE, RANDOM and SEQUENTIAL READ 

MODES 

" SELF TIMED PROGRAMMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
11 ENHANCED ESD/LATCH UP 

PERFORMANCES for "C" VERSIONS 
" PREFERRED DEVICES for NEW DESIGNS: 

ST24/25C04C and ST24/25W04C 

DESCRIPTION 

This specification covers a range of 4K bits 12C bus 
EEPROM products, the ST24/25C04, the 
ST24/25C04C and the ST24/25W04C. In the text, 
products are referred to as ST24/25x04C, where 

Table 1. Signal Names 

PRE Write Protect Enable 

E1- E2 Chip Enable Inputs 

SDA Serial Data Address Input/Output 

SCL Serial Clock 

MODE Multibyte/Page Write Mode 
(C version) 

we Write Control (W version) 

Vee Supply Voltage 

Vss Ground 

October 1 993 

PSDIP8 (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

2 
E1-E2 

PRE 

SeL 

MODE/WC* 

Vss 

a"\"\ 
\~ 

808 (M) 

SDA 

VA00851B 

Note: WC signal is only available for ST24/25W04C products. 

1/13 
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ST24/25C04, ST24/25x04C 

Figure 2A. DIP Pin Connections 

ST24/25e04 
ST24/25x04e 

E1 2 7 MODE/WE 
PRE[j]s Vee 

E2 3 6 SeL 
Vss 4 5 SDA 

VA008528 

Table 2. Absolute Maximum Ratings 111 

Symbol Parameter 

TA Ambient Operating Temperature 

Tsm Storage Temperature 

Figure 28. SO Pin Connections 

ST24/25e04 
ST24/25x04e 

E1 2 7 MODE/WE 
PRE[]8 Vee 

E2 3 6 SeL 
Vss 4 5 SDA 

VA01107 

Value Unit 

grade 1 Oto70 
grade 3 -40 to 125 oc 
grade 6 -40to85 

-65 to 150 oc 
TLEAD Lead Temperature, Soldering (S08 package) 40sec 215 oc 

(PSDIP8 package) 10 sec 260 

Vo Output Voltage ST24/25C04 -{).3 to Vee +0.6 v ST24/25x04C -{).3 to 6.5 

v, Input Voltage -o.3to6.5 v 
Vee Supply Voltage -o.3to6.5 v 

Electrostatic Discharge Voltage (Human Body model) <21 ST24/25C04 2000 v 
VESD 

ST24/25x04C 4000 

Electrostatic Discharge Voltage (Machine model) <31 ST24/25C04 500 v ST24/25x04C 500 

Notes: 1. Except for the rat1ng "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the deVIce. These are stress rat1ngs only and operation of the device at these or any other 
condrtions above those 1nd1cated in the Operat1ng sections of this speC1f1cat1on 1s not implied. Exposure to Absolute Maximum 
Rat1ng cond1t10ns for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-BB3C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condttion C) (200pF, OQ). 

DESCRIPTION (cont'd) 

"x" is: "C" for Standard version and "W" for hard
ware Write Control version. 

The ST24/25x04C are 4K bit electrically erasable 
programmable memories (EEPROM), organized 
as 2 blocks of 256 x 8 bits. They are manufactured 
in SGS-THOMSON's Hi-Endurance Advanced 
CMOS technology which guarantees an endur
ance of more than one million erase/write cycles 
with a data retention of over 1 0 years. The memo
ries operate with a power supply value as low as 

2.5V. Both Plastic Dual-in-Line and Plastic Small 
Outline packages are available. The memories are 
compatible with the J2C standard, two wire serial 
interface which uses a bi-directional data bus and 
serial clock. The memories carry a built-in 4 bit, 
unique device identification code (1010) corre
sponding to the 12C bus definition. This is used 
together with 2 chip enable inputs (E2, E1) so that 
up to 4 x 4K devices may be attached to the J2C 
bus and selected individually. The memories be
have as a slave device in the 12C protocol with all 
memory operations synchronized by the serial 

=21..:..13=--------------~ !~©m~~~~ ____________ _ 
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Table 3. Device Select Code 

Block -
Device Code Chip Enable Select RW 

Bit b7 I b6 I b5 I b4 b3 I b2 b1 bO 

Device Select 1 I 0 I 1 I 0 E2 I E1 AB RW 

Note: The MSB b7 is sent frrst. 

Table 4. Operating Modes <1> 

Mode RWbit MODE Bytes Initial Sequence 

Current Address Read '1' X 1 START, Device Select, RW = '1' 

Random Address Read 
'0' X START, Device Select, RW = '0', Address 

'1' X 1 reSTART, Device Select, RW = '1' 

Sequential Read '1' X 1 to 512 Similar to Current or Random Mode 

Byte Write '0' X 1 START, Device Select, RW = '0' 

Multibyte Write !21 '0' v,H 4 START, Device Select, RW = '0' 

Page Write '0' v,L 8 START, Device Select, RW = '0' 

Notes: 1. X= v,H or VIL 
2. Multibyte Write not available in ST24/25W04e versions. 

Table 5. Endurance and Data Retention Guarantees 

Device Endurance Data Retention 
EJW Cycles Years 

ST24C04, ST25C04 1,000,000 10 

ST24C04C,ST25C04C 1,000,000 10 ST24W04C, ST25W04C 

clock. Read and write operations are initiated by a 
START condition generated by the bus master. The 
START condition is followed by a stream of 7 bits 
(identification code 101 0), plus one read/write bit 
and terminated by an acknowledge bit. 

When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi
nated with a STOP condition. 

Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vee 

voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 

must be applied before applying any logic signal. 

_____________ ~ ~~©m~:O£~©~ ___________ __:::.31=13 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ,; 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

Figure 3. AC Testing Input Output Waveforms 

o.7Vcc o.svcc~ 

o.3Vcc 
o.2Vcc 

VA00825 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 4). 

Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 

the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 4). 

Chip Enable (E1 - E2). These chip enable inputs 
are used to set the 2 least significant bits (b2, b3) 
of the 7 bit device select code. These inputs may 
be driven dynamically or tied to Vee or Vss to 
establish the device select code. 

Protect Enable (PRE). The PRE input pin, in ad
dition to the status of the Block Address Pointer bit 
(b2, location 1 FFh as in Figure 7), sets the PRE 
write protection active. 

Mode (MO~ The MODE input is available on pin 
7 (see also we feature) and may be driven dynam
ically. It must be at V1L or V1H for the Byte Write 
mode, V1H for Multibyte Write mode or V1L for Page 
Write mode. When unconnected, the MODE input 
is internally read as V1H (Multibyte Write mode). 

Write Control (WC). An hardware Write Control 
feature (WC) is offered only for ST24W04C and 
ST25W04C versions on pin 7. This feature is 
usefull to protect the contents of the memory from 
any erroneous erase/writg_gycle. The Write Control 
signal is used to enable (WC =Vi H) or disable (WC 
= VJL) the internal write protection .. The devices 
with this Write Control feature no longer support the 
Multibyte Write mode of operation, however all 
other write modes are fully supported. 

Refer to the AN404 Application Note for more de
tailed information about Write Control feature. 

Figure 4. Maximum RL Value versus Bus Capacitance (Csus) for an 12C Bus 

20 

16 

9 12 
X 
0 

E 
..J 

"' 8 

4 

0 

\ 
\ 
\ 
1\ 

" 
vec=sv 

100 

Vee 

MASTER 

""" ......... 
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Csus (pF) VA01100 
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Table 6. Capacitance (1l (TA = 25 oc, f = 100 kHz) 

Symbol Parameter Test Condition Min Max 

CtN Input Capacitance (SDA) 8 

CtN Input Capacitance (other pins) 6 

Note: 1. Sampled only, not 100% tested 

Table 7. DC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; Vee = 3V to 5.5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV ~VtN SVcc ±2 

ILO Output Leakage Current OV s VouT s Vee ±2 SDAin Hi-Z 

Supply Current Vee= 5V, fc =100kHz 2 
Icc (Rise/Fall time < 1 Ons) 

Supply Current (ST25 series) Vee= 2.5V, fc =100kHz 1 

VtN = Vss or Vee, 100 
Vee= 5V 

leet Supply Current (Standby) 
VtN = Vss or Vee. 300 

Vee= 5V, fe =100kHz 

VtN = Vss or Vee, 5 
Supply Current (Standby) Vee= 2.5V 

lee2 (ST25 series) 
VtN = Vss or Vee. 50 

Vee = 2.5V, fe = 1OOkHz 

VtL Input Low Voltage (SCL, SDA) --o.3 0.3 Vee 

VtH Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 

V1L 
Input Low Voltage 

--o.3 0.5 (E1 - E2, PRE, MODE, WC) 

VtH 
Input High Voltage 

Vee --D.5 Vee+ 1 (E1 - E2, PRE, MODE, WC) 

VoL 
Output Low Voltage loL = 3mA, Vee= 5V 0.4 

Output Low Voltage (ST25 series) loL = 2.1 rnA, Vee= 2.5V 0.4 

VPOR (1) 
Power On Reset Threshold 1.5 2.4 
(ST25 series) 

Vee Read '11 Vee Range for Read Operations 2.5 5.5 
(ST25 series) 

Vee Write Vee Range for Write Operations 2.5 5.5 

Note: 1. At the time of publication of this data sheet, the statistical history, for the ST25x04e, was not yet sufficient to guarantee a 
Vee Read= 2V. For the lastest infonnation contact your local SGS-THOMSON Sales Office. 

Unit 

pF 

pF 

Unit 

~tA 

!lA 

rnA 

rnA 

!lA 

!lA 

!lA 

!lA 

v 
v 

v 

v 

v 
v 

v 

v 

v 
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Table 8. AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 3V to 5.5V or 2.5V to 5.5V) 

Symbol A It Parameter Min Max Unit 

ICH1CH2 IR Clock Rise Time 1 I!S 

ICL1CL2 IF Clock Fall Time 300 ns 

IDH1DH2 IR Input Rise Time 1 I!S 

loL mu IF Input Fall Time 300 ns 

ICHDX (1) lsu.STA Clock High to Input Transition 4.7 I!S 

tcHCL IHIGH Clock Pulse Width High 4 I!S 

IDLCL IHD.STA Input Low to Clock Low (START) 4 I!S 

lcLDX lHD DAT Clock Low to Input Transition 0 JlS 

lcLCH I LOw Clock Pulse Width Low 4.7 JlS 

toxcx lsu:DAT Input Transition to Clock Transition 250 ns 

ICHDH tsu:STO Clock High to Input High (STOP) 4.7 I!S 

loHDL tsuF Input High to Input Low (Bus Free) 4.7 I!S 

ICLQV lAA Clock Low to Data Out Valid 0.3 3.5 I!S 

tcLOX toH Clock Low to Data ~ut Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

INs T, Noise Suppression Time Constant 100 ns (SCL & SDA Inputs) 

tw(2) twA Write Time 10 ms 

Notes: 1. For a reSTART condition, or following a write cycle. 
2. In the Multibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 

maximum programming time is doubled to 20ms. 

DEVICE OPERATION 

12C Bus Background 

The ST24/25x04C support the 12C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn
chronisation. The ST24/25x04C are always slave 
devices in all communications. 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x04C 
continuously monitor the SDA and SCL signals for 

a START condition and will not respond unless one 
is given. 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the ST24/25x04C 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 

Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 

~6/:,:_1:::,3 ____________ 1i;j ~i~©!H2!&1~1£9~~ --------------
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Figure 5. AC Waveforms 

SCL 
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ST24/25C04, ST24/25x04C 

DEVICE OPERATION (cont'd) 

Data Input. During data input the ST24/25x04C 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 

Memory Addressing. To start communication be
tween the bus master and the slave ST24/25x04C, 
the master must initiate a START condition. Follow
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a READ or WRITE bit. 

The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
12C bus definition. For these memories the 4 bits 
are fixed as 101 Ob. The following 2 bits identify the 
specific memory on the bus. They are matched to 
the chip enable signals E2, E1. Thus up to 4 x 4K 
memories can be connected on the same bus 

Figure 6. 12C Bus Protocol 

SCL 

giving a memory capacity total of 16K bits. After a 
START condition any memory on the bus will iden
tify the device code and compare the following 2 
bits to its chip enable inputs E2, E1. 

The 7th bit sent is the block number (one block= 
25.§_bytes). The 8th bit sent is the read or write bit 
(RW), this bit is set to '1' for read and '0' for write 
operations. If a match is found, the corresponding 
memory will acknowledge the identification on the 
SDA bus during the 9th bit time. 

Write Operations 

The Multibyte Write mode (only available on the 
ST24/25C04 and ST24/25C04C versions) is se
lected when the MODE pin is at V1H and the Page 
Write mode when MODE pin is at V1L. The MODE 
pin may be driven dynamically with CMOS input 
levels. 

Following a START condition_lhe master sends a 
device select code with the RW bit reset to '0'. The 
memory acknowledges this and waits for a byte 

---~ 

SDA 
\._;.._..I--;.___:........J ~-~ ~ ~ ~ • I 

:4 l:lo 

START 
CONDITION 

:~~ 

' 
.. : 

SDA SDA 
INPUT CHANGE 

' ' :..--..-..: 
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SDA ~~~--
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VA00792 

=8/..:..;13:..._ ___________ l.fi ~~©Ri~~~i!~G:~ -------------
418 



Figure 7. Memory Protection 

Protect Location 

8 byte Protect Flag 
boundary Enable = 0 

address Disable = 1 

:b7 b3:b2 ------
1FFh --L--L--L--L-!_1~-L~ 

Block 1 

100h 

: Block 0 

VA008558 

address. The byte address of 8 bits provides ac· 
cess to one block of 256 bytes of the memory. After 
receipt of the byte address the device again re
sponds with an acknowledge. 

For the ST24/25W04C versions, any write com
mand with we = 1 will not modify the memory 
content. 

Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either V1H 
or V1L, to minimize the stand-by current. 

Multi byte Write. For the Multi byte Write mode, the 
MODE pin must be at V1H- The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the mem
ory. The transfer is terminated by the master gen
erating a STOP condition. The duration of the write 
cycle is tw = 10ms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 6 most significant address bits A7-
A2), the programming time is then doubled to a 
maximum of 20ms. Writing more than 4 bytes in the 
Multibyte Write mode may modify data bytes in an 

ST24/25C04, ST24/25x04C 

adjacent row (one row is 8 bytes long). However, 
the Multibyte Write can properly write up to 8 
consecutive bytes as soon as the first address of 
these 8 bytes is the first address of the row, the 7 
following bytes being written in the 7 following bytes 
of this same row. 

Page Write. For the Page Write mode, the MODE 
pin must be at V1L- The Page Write mode allows up 
to 8 bytes to be written in a single write cycle, 
provided that they are all located in the same 'row' 
in the memory: that is the 5 most significant mem
ory address bits (A7-A3) are the same inside one 
block. The master sends from one up to 8 bytes of 
data, which are each acknowledged by the mem
ory. After each byte is transfered, the internal byte 
address counter (3 least significant bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter 'roll-over' which 
could result in data being overwritten. Note that, for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro
gram cycle. All inputs are disabled until the comple
tion of this cycle and the memory will not respond 
to any request. 

Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re
duced by an ACK polling sequence issued by the 
master. The sequence is as follows: 

- Initial condition: a Write is in progress (see Figure 
8). 

- Step 1: the Master issues a START condition 
followed by a Device Select byte (1st byte of the 
new instruction). 

- Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will re
spond with an ACK, indicating that the memory 
is ready to receive the second part of the next 
instruction (the first byte of this instruction was 
already sent during Step 1 ). 

Write Protection. Data in the upper block of 256 
bytes of the memory may be write protected. The 
memory is write protected between a boundary 
address and the top of memory (address 1 FFh) 
when the PRE input pin is taken high and when the 
Protect Flag (bit b2 in location 1 FFh) is set to '0'. 
The boundary address is user defined by writing a 
value in the Block Address Pointer (location 1 FFh). 

This Block Address Pointer defines an 8 bit address 
composed of the 5 MSBs of location 1 FFh and 3 
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ST24/25C04, ST24/25x04C 

DEVICE OPERATION (cont'd) 

LSBs which are read as '0'. This address pointer 
can therefore address a boundary in steps of 8 
bytes. 

The sequence to follow to use the Write Protected 
feature is: 
- write the data to be protected into the top of the 

memory, up to, but not including, location 1 FFh; 
- set the protection by writing the correct bottom 

boundary address, into location 1 FFh, with bit 
b2 (Protect flag) set to '0'. 

Figure 8. Write Cycle Polling using ACK 

The area will now be protected when the PRE input 
is taken High. 

Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input pin High). If the Multibyte 
Write starts at the location right below the first byte 
of the Write Protected area, then the instruction will 
write over the first 3 bytes of the Write Protected 
area. The area protected is therefore smaller than 
the content defined in the location 1 FFh, by 3 bytes. 
This does not apply to the Page Write mode as the 
address counter 'roll-over' and thus cannot go 
above the 8 bytes lower boundary of the protected 
area. 

WRITE Cycle 

NO YES 

VA01099 
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ST24/25C04, ST24/25x04C 

Figure 9. Write Modes Sequence (ST24/25C04, ST24/25C04C) 

BYTE 
WRITE 

MULTIBYTE 
AND 
PAGE WRITE 

ACK ACK ACK 

0 ....... I :"T'"o:ET""'1Y ~-r-~L"'T""'1: 1
1 

I 11 :Br~E >P~R: 111 : :o+ Tf :~~ : 11 I 0 
START RW STOP 

START RW 

ACK ACK 

~: J II p~ T~ :~~ : N: II. 0 
STOP 

Figure 10. Write Modes Sequence with Write Control = 1 (ST24/25W04C) 

BYTE 
WRITE 

START RW STOP 

ACK ACK ACK 

VA00793 

PAGE WRITE 0 "I ;,...,.o;E..,..Y"T""~E-r-;L....,; II~ II ;B~~<ApqR; 111 ;o;AJA; ~~;,; 11.-.1 ;"""T'"ot.,....,~A;r-rl0 :~:~ 

we 
(cont'd) 

PAGE WRITE 

(cont'd) 

START RW 

ACK ACK 

~:JII p~T~:~~ :N: 111 0 
STOP VA01101 
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Read Operations 

Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all "1's" (or FFh). 

Current Address Read. The memory has an inter
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad
dress Read mode, following a START conditio.!:l.t 
the master sends a memory address with the RW 
bit set to '1'. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out
put, but terminates the transfer with a STOP con
dition. 

Random Address Read. A dummy write is per
formed to load the address into the address 
counter, see Figure 11. This is followed by another 
START condition from the ml":!§ter and the byte 
address is repeated with the RW bit set to '1 '. The 
memory acknowledges this and outputs the byte 
addressed. The master does NOT acknowledge 

Figure 11. Read Modes Sequence 

CURRENT 
ADDRESS 
READ START RW 

the byte output, but terminates the transfer with a 
STOP condition. 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automati
cally incremented after each byte output. After a 
count of the last memory address, the address 
counter will 'roll- over' and the memory will continue 
to output data. 

Acknowledge in Read Mode. In all read modes 
the ST24/25x04C wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25x04C termi
nate the data transfer and switches to a standby 
state. 

STOP 

ACK ACK ACK NO ACK 
RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

0 lro:""T""~ET"""TY :s ....... ~L"TO: ~~--~~ :a~~E>:D9R: 110 I :~EY ~~< 11111 :D:AtA: qu:r; IIL_O 
START RW START RW STOP 

ACK ACK ACK NO ACK 

0 lr-r:-r-~E ....... Y :r-rs~L-r-: T"""llllll HT~ :oy~ j II c~:~~ ~~:~J 119~T+ p0r; 0 11 LD 
START RW STOP 

START RW START RW 

ACK NO ACK 

:~:~J 119~T+ P~T: 01 1 LD 
STOP VA007948 
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ORDERING INFORMATION SCHEME 

Example: 

Operating Voltage 

24 3Vto 5.5V 

25 2.5V to 5.5V 

c Standard 

w Hardware 
Write Control 

ST24C04C M 

Revision 

blank CMOS F3 
Tech. 

c CMOS F4 
Tech. 

TR 

Paclmge 

B PSDIP8 
0.25mm 
Frame 

M SOB 

Parts are shipped with the memory content set at all "1 's" (FFh). 

ST24/25C04, ST24/25x04C 

Option 

013TR Tape & Reel 
Packing 

TR Tape & Reel 
Packing 

3 

6 

(for Revision 
C Version) 

-40 to 125 oc 
-40 to 85 oc 

For a list of available options (Operating Voltage, Range, Package, etc ... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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ST24C08,ST25C08 
ST24x08C,ST25x08C 

SERIAL ACCESS CMOS 8K (1 024 x 8) EEPROMs 

• MINIMUM 1 MILLION ERASE/WRITE 
CYCLES with OVER 10 YEARS DATA 
RETENTION 

• SINGLE SUPPLY VOLTAGE: 
- 4.5V to 5.5V for ST24C08 version 
- 3V to 5.5V for ST24x08C versions 
- 2.5V to 5.5V for ST25C08, ST25x08C ver-

sions 
• HARDWARE WRITE CONTROL VERSIONS: 

ST24W08C and ST25W08C 
• TWO WIRE SERIAL INTERFACE, FULLY 12C 

BUS COMPATIBLE 
• BYTE and MULTIBYTE WRITE (up to 8 

BYTES) 
• PAGE WRITE (up to 16 BYTES) 
• BYTE, RANDOM and SEQUENTIAL READ 

MODES 
• SELF TIMED PROGRAMMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
• ENHANCED ESD/LATCH UP 

PERFORMANCES for "C" VERSIONS 
• PREFERRED DEVICES for NEW DESIGN: 

ST24/25COSC and ST24/25WOSC 

DESCRIPTION 

This specification covers a range of BK bits 12C bus 
EEPROM products, the ST24/25C08, the 
ST24/25C08C and the ST24/25W08C. In the text, 

Table 1. Signal Names 

PRE Write Protect Enable 

E Chip Enable Input 

SDA Serial Data Address Input/Output 

SCL Serial Clock 

MODE Multibyte/Page Write Mode 
(Cversion) 

we Write Control (W version) 

Vee Supply Voltage 

Vss Ground 

October 1993 

PSDIP8 (B) 
0.25mm Frame 

soa (M) 

Figure 1. Logic Diagram 

·vee 

I 
E-

ST24C08 r--- SDA 
PRE - ST25C08 
SCL - ST24x08C 

MODE/WE*-
ST25x08C 

I 
Vss 

VAOOB608 

Note: we signal Is only available for ST24/25W08C products. 
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ST24/25C08, ST24/25x08C 

Figure 2A. DIP Pin Connections 

ST24/25COB 
ST24/25xOBC 

NC 2 7 MODE/WC 
PREU]B Vee 

E .3 6 SCL 
Vss 4 5 SDA 

VA00861B 

Warning: NC = No Connection 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter 

TA Ambient Operating Temperature 

TsrG Storage Temperatura 

Figure 28. SO Pin Connections 

ST24/25eOB 
ST24/25xOBe 

Ne 2 7 MODEjWC 
PREUB Vee 

E .3 6 SCL 
Vss 4 5 SDA 

VA01073 

Warning: NC = No Connection 

Value Unit 

grade 1 Oto70 
grade 3 -40 to 125 oc 
grade 6 -40to85 

-65to 150 oc 

TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oc 
(PSDIPB package) 10 sec 260 

Vo Output Voltage ST24/25C08 -{).3 to Vee +0.6 
ST24/25x08C -{).3 to 6.5 v 

v, Input Voltage -{),3 to 6.5 v 
Vee Supply Voltage -{).3 to 6.5 v 

Electrostatic Discharge Voltage (Human Body model) 12> ST24/25C08 2000 v 
VESD 

ST24/25x08C 4000 

Electrostatic Discharge Voltage (Machine model) (a) ST24/25C08 500 v ST24/25x08C 500 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those hsted in the Table "Absolute Maximum Rat1ngs" 
may cause permanent damage to the device. These are stress rat1ngs only and operat1on of the dev1ce at these or any other 
condrt1ons above those 1nd1cated 1n the Operating sect10ns of th1s spec1ficat1on 1s not implied. Exposure to Absolute Max1mum 
Rating cond1t1ons for extended penods may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2 MIL-STD-BB3C, 3015.7 (100pF, 1500 Q). 
3 EIAJ IC-121 (Condition C) (200pF, 0 Q). 

DESCRIPTION (cont'd) 

products are referred to as ST24/25xOBC, where 
"x" is: "C" for Standard version and "W" for Hard
ware Write Control version. 

The ST24/25xOBC are BK bit electrically erasable 
programmable memories (EEPROM), organized 
as 4 blocks of 256 x 8 bits. They are manufactured 
in SGS-THOMSON's Hi-Endurance Advanced 
CMOS technology which guarantees an endur
ance of more than one million erase/write cycles 
with a data retention of over 10 years. The memo-

ries operate with a power supply value as low as 
2.5V. Both Plastic Dual-in-Line and Plastic Small 
Outline packages are available. 

The memories are compatible with the 12C stan
dard, two wire serial interface which uses a bi-di
rectional data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1 01 0) corresponding to the 12C bus defini
tion. This is used together with 1 chip enable input 
(E) so that up to 2 x BK devices may be attached 
to the 12C bus and selected individually. The mem
ories behave as a slave device in the fc protocol 

:::.21_;_;13:;__ ___________ li1i ~~@R\~£'1 -------------
426 



ST24/25C08, ST24/25x08C 

Table 3. Device Select Code 

Device Code Chip Block -

Enable Select RW 

Bit b7 I b6 I b5 I b4 b3 b2 I b1 bO 

Device Select 1 I 0 I 1 I 0 E A9 I AB RW 

Note: The MSB b7 is sent first. 

Table 4. Operating Modes <1> 

Mode RWbit MODE Bytes Initial Sequence 

Current Address Read '1' X 1 START, Device Select, RW = '1' 

Random Address Read 
'0' X START, Device Select, RW = '0', Address 

'1' X 1 reSTART, Device Select, RW = '1' 

Sequential Read '1' X 1 to 1024 Similar to Current or Random Mode 

Byte Write '0' X 1 START, Device Select, RW = '0' 

Multibyte Write 12> '0' VIH 8 START, Device Select, RW = '0' 
-

Page Write '0' V1L 16 START, Device Select, RW = '0' 

Notes: 1. X= v,H or v,L 
2. Multibyte Write not available in ST24/25WOSe vemions. 

Table 5. Endurance and Data Retention Guarantees 

Device Endurance Data Retention 
EIW Cycles Years 

ST24C08,ST25COB 1,000,000 10 

ST24COBC,ST25COBC 1,000,000 10 ST24WOBC, ST25WOBC 

with all memory operations synchronized by the 
serial clock. Read and write operations are initiated 
by a START condition generated by the bus master. 
The START condition is followed by a stream of 7 
bits (identification code 1010), plus one read/write 
bit and terminated by an acknowledge bit. 

When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi
nated with a STOP condition. 

Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vee 
voltage has reached the POR threshold value, the 
internal reset is active, ali operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 

_____________ ~ ~~m~M~~~lj ____________ 3::c.'=13 
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ST24/25C08, ST24/25x08C 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times :s; 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

Figure 3. AC Testing Input Output Waveforms 

o.7Vcc O.BVcc~ 

o.3Vcc 
o.2Vcc 

VA00825 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 4). 

Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 

the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 4). 

Chip Enable (E). This chip enable input is used to 
set one least significant bit (b3) of the device select 
byte code. This input may be driven dynamically or 
tied to Vee or Vss to establish the device select 
code. 

Protect Enable (PRE). The PRE input pin, in ad
dition to the status of the Block Address Pointer bit 
(b2, location 3FFh as in Figure 7), sets the PRE 
write protection active. 

Mode (MOJ2t:l The MODE input is available on pin 
7 (see also we feature) and may be driven dynam
ically. It must be at V1L or V1H for the Byte Write 
mode, V1H for Multi byte Write mode or V1L for Page 
Write mode. When unconnected, the MODE input 
is internally read as a V1H (Multibyte Write mode). 

Write Control (WC). An hardware Write Control 
(WC) feature is offered only for ST24W08C and 
ST25W08C versions on pin 7. This feature is 
usefull to protect the contents of the memory from 
any erroneous erase/writ~cle. The Write Control 
signal is used to enable (WC =Vi H) or disable (WC 
= ViL) the internal write protection. When uncon
nected the WC input is internally read as V1L. The 
devices with this Write Control feature no longer 
support the Multibyte Write mode of operation, 
however all other write modes are fully supported. 

Refer to the AN404 Application Note for more de
tailed information about Write Control feature. 

Figure 4. Maximum RL Value versus Bus Capacitance (Ceus) for an 12C Bus 
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ST24/25C08, ST24/25x08C 

Table 6. Capacitance <1l (TA = 25 oc, f = 100 kHz) 

Symbol Parameter Test Condition Min Max Unit 

c,N Input Capacitance (SDA) 8 

c,N Input Capacitance (other pins) 6 

ZwcL WC Input Impedance v,N ~ 0.3 Vee 5 20 

ZwcH WC Input Impedance v,N ~ 0.7 Vee 500 

Note: 1. Sampled only, not 1 00% tested 

Table 7. DC Characteristics 
(T A = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; Vee = 3V to 5.5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV ~ V1N ~Vee ±2 

ILO Output Leakage Current OV ~ VouT ~Vee ±2 
SDAin Hi·Z 

Supply Current Vee= 5V, fc =100kHz 2 
Icc (Rise/Fall time < 1 Ons) 

Supply Current (ST25 series) Vee= 2.5V, fc =100kHz 1 

v,N = Vss or Vee. 100 
Vee= 5V 

lcc1 Supply Current (Standby) 

V1N = Vss or Vee, 300 
Vee= 5V, fc =100kHz 

v,N = Vss or Vee, 5 
Supply Current (Standby) Vee= 2.5V 

lcc2 (ST25 series) 
v,N = Vss or Vee. 

Vee= 2.5V, fc =100kHz 50 

v,L Input Low Voltage (SCL, SDA) -0.3 0.3Vcc 

v,H Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 

v,L Input Low Voltage_ -0.3 0.5 
(E, PRE, MODE, WC) 

V1H 
Input High Voltage_ 

Vcc-0.5 Vee+ 1 (E, PRE, MODE, WC) 

VoL 
Output Low Voltage loL = 3mA, Vee= 5V 0.4 

Output Low Voltage (ST25 series) loL = 2.1mA, Vee= 2.5V 0.4 

VPOR (1) 
Power On Reset Threshold 

1.5 2.4 
(ST25 series) 

Vee Read <1l 
Vee Range for Read Operations 

2.5 5.5 (ST25 series) 

Vee Write Vee Range for Write Operations 2.5 5.5 
.. 

Note: 1. At the lime of pubhcat1on of th1s data sheet, the stat1sbcal h1story, for the ST25xose, was not yet suff1c1ent to guarantee a 
Vee Read= 2V. For the las test information contact your local SGS·THOMSON Sales Off1ce. 

pF 

pF 

kn 

kn 

Unit 

JlA 

JlA 

mA 

mA 

JlA 

JlA 

JlA 

JlA 

v 

v 

v 

v 

v 

v 

v 

v 

v 
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Table 8. AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 3V to 5.5V or 2.5V to 5.5V) 

Symbol A It Parameter Min Max Unit 

lcH1CH2 IR Clock Rise lime 1 !!S 

lcL 1CL2 IF Clock Fall lime 300 ns 

loH1DH2 IR Input Rise Time 1 J.lS 

loL1DL1 IF Input Fall Time 300 ns 

lcHOX (1) lsu STA Clock High to Input Transition 4.7 !!S 

lcHCL IHJGH Clock Pulse Width High 4 J.lS 

toLCL IHD STA Input Low to Clock Low (START) 4 J.lS 

tcwx tHo OAT Clock Low to Input Transition 0 J.lS 

lcLCH I LOw Clock Pulse Width Low 4.7 J.lS 

toxcx lsU.DAT Input Transition to Clock Transition 250 ns 

lcHOH tsusro Clock High to Input High (STOP) 4.7 I!S 

loHOL lsuF Input High to Input Low (Bus Free) 4.7 !!S 

lcLOv IAA Clock Low to Data Out Valid 0.3 3.5 !!S 

tcLOX loH Clock Low to Data Out Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

INs T, Noise Suppression T1me Constant 100 ns (SCL & SDA Inputs) 

tw'21 lwR Write lime 10 ms 

Notes: 1. For a reSTART condition, or following a wnte cycle. 
2. In the Mullibyte Write mode only, if accessed bytes are on two consecutive 8 bytes rows (6 address MSB are not constant) the 

maximum programming time is doubled to 20ms. 

DEVICE OPERATION 

12C Bus Background 

The ST24/25x08C support the 12C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn
chronisation. The ST24/25x08C are always slave 
devices in all communications. 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x08C 
continuously monitor the SDA and SCL signals for 

a START condition and will not respond unless one 
is given. 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the ST24/25x08C 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition.at the end of a Write command 
triggers the internal EEPROM write cycle. 

Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful! data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 

~6,-'-13"--------------- i:ii ~~©mg~~~?©~ _____________ _ 
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Figure 5. AC Waveforms 

SCL 

SDA IN 

SCL 

SDA OUT 

SCL 

SDA IN 

START : SDA SDA 
CONDITION INPUT CHANGE 
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tCLQV tCLQX 

~~~~ 
' 
' i-- DATA OUTPUT--i 

' ' 

STOP & 
BUS FREE 

STOP : 
CONDITION 

WRITE CYCLE-------, f---_., 
' START 
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VA00795 
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DEVICE OPERATION (cont'd) 

Data Input. During data input the ST24/25x08C 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 

Memory Addressing. To start communication be
tween the bus master and the slave ST24/25x08C, 
the master must initiate a START condition. Follow
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the device select 
code (7 bits) and a READ or WRITE bit. 

The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
J2C bus definition. For these memories the 4 bits 
are fixed as 101 Ob. The following bit identifies the 
specific memory on the bus. It is matched to the 
chip enable signal E. Thus up to 2 x 8K memories 
can be connected on the same bus giving a mem-

Figure 6. 12C Bus Protocol 

SCL 

ory capacity total of 16K bits. After a START condi
tion any memory on the bus will identify the device 
code and compare the following bit to its chip 
enable input E. 

The 6th and 7th bits sent, select the block number 
(one block= ~6 bytes). The 8th bit sent is the read 
or write bit (RW), this bit is set to '1 'for read and '0' 
for write operations. If a match is found, the corre
sponding memory will acknowledge the identifica
tion on the SDA bus during the 9th bit time. 

Write Operations 

The Multibyte Write mode (only available on the 
ST24/25C08 and ST24/25C08C versions) is se
lected when the MODE pin is at V1H and the Page 
Write mode when MODE pin is at V1L. The MODE 
pin may be driven dynamically with CMOS input 
levels. 

Following a START condition_lhe master sends a 
device select code with the RW bit reset to '0'. The 
memory acknowledges this and waits for a byte 

SDA n~~-~-:-'x.__ __ ~ ~ =--=" I 
' 

, 

: .. tt: 
START 

CONDITION 
SDA SDA 

INPUT CHANGE 

:.. ..: 
STOP 

CONDITION 

SCL ~--~--, 
' ' 

SDA ~~~--
~ 
START 

CONDITION 

SCL --~--

SDA 

STOP 
CONDITION 

VA00792 
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Figure 7. Memory Protection 

Protect Loco tion 

8 byte Protect Flog 

boundary Enable = 0 
address Disable = 1 

:b7 b3:b2 ------

3FFh -L-L-L-L_l_l~L~ 

Block 3 

300h 

: Block 0 

VA01121 

address. The byte address of 8 bits provides ac
cess to one block of 256 bytes of the memory_ After 
receipt of the byte address the device again re
sponds with an acknowledge. 

For the ST24/25W08C versions, any write com
mand with WC = 1 will not modify the memory 
content 

Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory_ The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is in dependant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either VtH 
or VtL, to minimize the standby current 

Multibyte Write. For the Multibyte Write mode, the 
MODE pin must be at VtH- The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 8 bytes 
of data, which are each acknowledged by the mem
ory. The transfer is terminated by the master gen
erating a STOP condition. The duration of the write 
cycle is tw = 1 Oms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 5 most significant address bits A7-
A3), the programming time is then doubled to a 
maximum of 20ms. Writing more than 8 bytes in the 
Multibyte Write mode may modify data bytes in an 

ST24/25C08, ST24/25x08C 

adjacent row (one row is 16 bytes long). However, 
the Multibyte Write can properly write up to 16 
consecutive bytes only if the first address of these 
16 bytes is the first address of the row, the 15 
following bytes being written in the 15 following 
bytes of this same row. 

Page Write. For the Page Write mode the MODE 
pin must be at VtL- The Page Write mode allows 
up to 16 bytes to be written in a single write cycle, 
provided that they are all located in the same 'row' 
in the memory: that is the 4 most significant mem
ory address bits (A7-A4) are the same inside one 
block. The master sends from one up to 16 bytes 
of data, which are each acknowledged by the mem
ory. After each byte is transfered, the internal byte 
address counter (4 least significant bits only) is 
incremented. The transfer is terminated by the 
master generating a STOP condition. Care must be 
taken to avoid address counter 'roll-over' which 
could result in data being overwritten. Note that, for 
any write mode, the generation by the master of the 
STOP condition starts the internal memory pro
gram cycle. All inputs are disabled until the comple
tion of this cycle and the memory will not respond 
to any request 

Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re
duced by an ACK polling sequence issued by the 
master. The sequence is as follows: 
- Initial condition: a Write is in progress (see Figure 

8). 
- Step 1: the Master issues a START condition 

followed by a Device Select byte (1st byte of the 
new instruction). 

- Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1 _ If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1 ). 

Write Protection. Data in the upper block of 256 
bytes of the memory may be write protected. The 
memory is write protected between a boundary 
address and the top of memory (address 3FFh) 
when the PRE input pin is taken high and when the 
Protect Flag (bit b2 in location 3FFh) is set to '0'. 
The boundary address is user defined by writing a 
value in the Block Address Pointer (location 3FFh). 

This Block Address Pointer defines an 8 bit address 
composed of the 5 MSBs of location 3FFh and 3 

~ SGS·THOMSON 9/13 -------------- Jt."'fl l\'lJG©iJ@I<~tg©'ii1Jl@l'i10©§ ____________ ----=.;...= 
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DEVICE OPERATION (cont'd) 

LSBs which are read as '0'. This address pointer 
can therefore address a boundary in steps of 8 
bytes. 

The sequence to follow to use the Write Protected 
feature is: 
- write the data to be protected into the top of the 

memory, up to, but not including, location 3FFh; 
- set the protection by writing the correct bottom 

boundary address, into location 3FFh, with bit 
b2 (Protect flag) set to '0'. 

Figure 8. Write Cycle Polling using ACK 

The area will now be protected when the PRE input 
is taken High. 

Caution: Special attention must be used when 
usi_ng the protect mode together with the Multibyte 
Wnte mode (MODE input pin High). If the Multibyte 
Write starts at the location right below the first byte 
of the Write Protected area, then the instruction will 
write over the first 7 bytes of the Write Protected 
area. The area protected is therefore smaller than 
the content defined in the location 3FFh, by 7 bytes. 
This does not apply to the Page Write mode as the 
address counter 'roll-over' and thus cannot go 
above the 16 bytes lower boundary of the protected 
area. 

WRITE Cycle 

NO YES 

VA01099 
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Figure 9. Write Modes Sequence (ST24/25COB, ST24/25COBC) 

BYTE 
WRITE 

MULTIBYTE 
AND 
PAGE WRITE 

ACK ACK ACK 

0 1 ....... : -.-o:Ev ....... ; ~-.-~L.......,: I~ I :sr~<ApqR: 111 : :o+ Tf :~~ : 11. 0 
START RW STOP 

START RW 

ACK ACK 

~:JII P1T~:~~ :N: 11. 0 
STOP 

Figure 10. Write Modes Sequence with Write Control = 1 (ST24/25WOBC) 

BYTE 
WRITE 

ACK ACK NO ACK 

0 rTI :""T""o:EvT""'T; ~-.-~L.......,: 11.11 :BrT:<ApqR: 111-: p+rf:~~: 11. 0 
START RW STOP 

ACK ACK NO ACK 

VA00793 

PAGE wRITE 0 ...... 1 :""T""o:EvT""'T: ~-.-~L.......,: 11.11 :sr~E>pqR: 111 :o:AtA: +>: 11r-T1 :o-.-~r,--:< ...... ~0:~:~ 

we 
(cont'd) 

PAGE WRITE 
( cont' d) 

START RW 

NO ACK NO ACK 

~:JII HT~:~~ :N: II. 0 
STOP VA01161 
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Read Operations 

Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all "1 's" (or FFh). 

Current Address Read. The memory has an inter
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad
dress Read mode, following a START conditio.!!,_ 
the master sends a memory address with the RW 
bit set to '1'. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out
put, but terminates the transfer with a STOP con
dition. 

Random Address Read. A dummy write is per
formed to load the address into the address counter 
(see Figure 11 ). This is followed by another START 
condition from the m~ter and the byte address is 
repeated with the RW bit set to '1 '. The memory 
acknowledges this and outputs the byte ad
dressed. The master does NOT acknowledge the 

Figure 11. Read Modes Sequence 

CURRENT 
ADDRESS 
READ START RW 

byte output, but terminates the transfer with a 
STOP condition. 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automati
cally incremented after each byte output. After a 
count of the last memory address, the address 
counter will 'roll-over' and the memory will continue 
to output data. 
Acknowledge in Read Mode. In all read modes 
the ST24/25x08C wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25xOBC termi
nate the data transfer and switches to a standby 
state. 

STOP 

ACK ACK ACK NO ACK 
RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

n l,...,.: .... qE"y :s.,..~L,.,: II, II :s7~<A:o9R: liD I :qEy ~~< IIIII :o:AtA: ?u:< IILD 
- -

START RW START RW STOP 

ACK ACK ACK NO ACK 

n l,...,.:...,qE'"'y :r-Ts~L .... : ,.,IIIII P~T~ :o~~ j II c~:~~ ~~:~J 119A:T+ P~T: 01 1 LO 
START RW STOP 

START RW START RW 

ACK NO ACK 

:~:~J 119~T~ P~T: 01 1 LD 
STOP VA00794B 

.:..:12=-/1:...::3 __________ ID'I SGS·lliOMSON -------------
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ORDERING INFORMATION SCHEME 

Example: 

Operating Voltage 

24 3Vto5.5V 

25 2.5V to 5.5V 

c Standard 

w Hardware 
Write Control (l) 

ST24C08C M 

Revision 

blank CMOS F3 B 
Tech. 

c CMOS F4 M 
Tech. 

TR 

Package 

PSDIPB 
0.25mm Frame 

SOB 

ST24/25C08, ST24/25x08C 

Option 

TR Tape & Reel 
Packing (for 
Revision C 
Version) 

3 -40 to 125 oc 
6 -40 to 85 oc 

Note: 1. At the time of publication of this document the "W" type was not available for the las test information. 
Please contact your local SGS-THOMSON sales office. 

Parts are shipped with the memory content set at all "1 's" (FFh). 

For a list of available options (Operating Voltage, Range, Package, etc ... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

---------------------------~~~~~~~~~----------------------~13~/~13 
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ST24C16,ST25C16 
ST24W16, ST25W16 

SERIAL ACCESS CMOS 16K (2048 x 8) EEPROMs 

• MINIMUM 1 MILLION ERASE/WRITE CY
CLES, with OVER 10 YEARS DATA RETEN
TION 

• SINGLE SUPPLY VOLTAGE: 
- 3V to 5.5V for ST24x16 versions 
- 2.5V to 5.5V for ST25x16 versions 

• HARDWARE WRITE CONTROL VERSIONS: 
ST24W16 and ST25W16 

• TWO WIRE SERIAL INTERFACE, FULLY 12C 
BUS COMPATIBLE 

• BYTE and MULTI BYTE WRITE (up to 8 
BYTES) 

• PAGE WRITE (up to 16 BYTES) 
• BYTE, RANDOM and SEQUENTIAL READ 

MODES 

• SELF TIMED PROGRAMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 

• ENHANCED ESD/LATCH UP PERFORM
ANCES 

DESCRIPTION 

This specification covers a range of 16K bits 12C 
bus EEPROM products, the ST24/25C16 and the 
ST24/25W16. In the text, products are referred to 
as ST24/25x16 where "x" is: "C" for Standard ver
sion and "W" for hardware Write Control version. 

The ST24/25x16 are 16K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 256 x 8 bits. These are manufactured 

Table 1. Signal Names 

PRE Write Protect Enable 

PBO, PB1 Protect Block Select 

SDA Serial Data Address Input/Output 

SCL Serial Clock 

MODE Multybyte/Page Write Mode 
(C version) 

we Write Control (W version) 

Vee Supply Voltage 

Vss Ground 

October 1993 

PSDIP8 (B) 
0.25mm Frame 

8~ 

SOB (M) 

Figure 1. Logic Diagram 

Vee 

PBO-PB1 

PRE 
SeL 

MODEjWC* 

Vss 

14~ 
1 

S014 (ML) 

SDA 

VA00866B 

Note: WC signal Is only available for ST24/25W16 products. 

1/14 
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Figure 2A. DIP Pin Connections 

ST24x16 
ST25x16 

PRE [I] Vee 
PBO 2 7 MODE/WC 
PB1 3 6 SeL 

Vss 4 5 SDA 

VA00867B 

Figure 2C. SOB Pin Connections 

ST24x16 
ST25x16 

PRE[]8 Vee 
PBO 2 7 MODE/We 
PB1 3 6 SeL 

Vss 4 5 SDA 

VA00500 

DESCRIPTION (cont'd) 

in SGS-THOMSON's Hi-Endurance Advanced 
CMOS technology which guarantees an endur
ance of more than one million erase/write cycles 
with a data retention of over 10 years. The ST25x16 
operates with a power supply value as low as 2.5V. 
Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 

Figure 28. S014 Pin Connections 

ST24x16 
ST25x16 

Ne 14 Ne 
PRE Vee 
PBO MODEjWC 

Ne Ne 
PB1 SeL 

Vss SDA 
NC NC 

VA00868B 

Warning: NC = No Connection 

The memories are compatible with the 12C stand
ard, two wire serial interface which uses a bi-direc
tional data bus and serial clock. The memories 
carry a built-in 4 bit, unique device identification 
code (1 01 0) corresponding to the 12C bus defini
tion. The memories behave as slave devices in the 
12C protocol with all memory operations synchro
nized by the serial clock. Read and write operations 
are initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 4 bits (identification code 101 0), 3 block 
select bits, plus one read/write bit and terminated 
by an acknowledge bit. When writing data to the 
memory it responds to the 8 bits received by as
serting an acknowledge bit during the 9th bit time. 
When data is read by the bus master, it acknow
ledges the receipt of the data bytes in the same 
way. Data transfers are terminated with a STOP 
condition. 

Data in the 4 upper blocks of the memory may be 
write protected. The protected area is programma
ble to start on any 16 byte boundary. The block in 
which the protection starts is selected by the input 
pins PBO, PB1. Protection is enabled by setting a 
Protect Flag bit when the PRE input pin is driven 
High. 

Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Untill the Vee 
voltage has reached the POR threshold value, the 
internal reset is active: all operations are disabled 

=21..:...14.:...._ ___________ /:iii ~it-~~~11-------------
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Table 2. Absolute Maximum Ratings 11> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 
grade 3 -40 to 125 oc 
grade 6 -40to85 

TsTG Storage Temperature -65 to 150 oc 

TLEAO Lead Temperature, Soldering (S08 and S014) 40sec 215 oc 
(PSDIPB) 10 sec 260 

V1o Input or Output Voltages -0.3to6.5 v 

Vee Supply Voltage -0.3to6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) 12l 4000 v 
Electrostatic Discharge Voltage (Machine model) 13l 500 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings• 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
condrt1ons above those 1nd1cated 1n the Operating sections of this specdicabon IS not implied. Exposure to Absolute Maximum 
Rat1ng cond1bons for extended penods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant qualrty documents. 

2. 100pF through 1500Q; MIL-STD-883C, 3015.7 
3. 200pF through 00; EIAJ IC-121 (cond1tion C) 

Table 3. Device Select Code 
-

Device Code Memory MSB Addresses RW 

Bit b7 I b6 I b5 I b4 b3 I b2 I b1 bO 

Device Select 1 I 0 I 1 I 0 A10 I A9 I A8 RW 

Note: The MSB b7 is sent first. 

Table 4. Operating Modes 

Mode RWbit MODE Bytes Initial Sequence 

Current Address Read '1' X 1 START, Device Select, RW = '1' 

Random Address Read 
·o· X START, Device Select, RW = '0', Address 

'1' X 1 reSTART, Device Select, RW = '1' 

Sequential Read '1' X 1 to 2048 As CURRENT or RANDOM Mode 

Byte Write ·o· X 1 START, Device Select, RW = '0' 

Multibyte Write ·o· V1H 8 START, Device Select, RW = '0' 

Page Write ·o· VIL 16 START, Device Select, RW = '0' 

Note: X= V1H or V1L. 

Table 5. Endurance and Data Retention Guarantees 

Device Endurance EIW Cycles Data Retention Years 

ST24C16, ST25C16 1,000,000 10 
ST24W16, ST25W16 

~ SGS·THOMSON 3114 --------------- ._..,I W!la©rnJ©~<Il.[g©1fOO@ilJa©@ --------------"-'--'-' 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall limes ~ SOns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output liming Ref. Voltages 0.3Vcc to 0.7Vcc 

Figure 3. AC Testing Input Output Waveforms 

o svcc 

o 2Vcc 

~o.7vcc 

~03Vcc 
VA00825 

DESCRIPTION (cont'd) 

and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 

SIGNALS DESCRIPTION 

Serial Clock (SCL). The SCL input signal is used 
to synchronise all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 4). 

Serial Data (SDA). The SDA signal is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 4). 

Protected BlockSelect(PBO, PB1). PBO and PB1 
input signals select the block in the upper part of 
the memory where write protection starts. These 
inputs have a CMOS compatible input level. 

Protect Enable (PRE). The PRE input signal, in 
addition to the status of the Block Address Pointer 
bit (b2, location 7FFh as in Figure 7), sets the PRE 
write protection active. 

Mode (MO@. The MODE input is available on pin 
7 (see also we feature) and may be driven dynami
cally. It must be at V1L or V1H for the Byte Write 
mode, V1H for Multibyte Write mode or V1L for Page 
Write mode. When unconnected, the MODE input 
is internally read as V1H (Multibyte Write mode). 

Figure 4. Maximum RL Value versus Bus Capacitance (Ceus) for an 12C Bus 
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Table 6. Capacitance 111 (T A= 25 ac, f = 100 kHz ) 

Symbol Parameter Test Condition Min Max 

CrN Input Capacitance (SDA) 8 

CrN Input Capacitance (other pins) 6 

ZweL WC Input Impedance VrN $; 0.3 Vee 5 20 

ZweH WC Input Impedance VrN~O.?Vee 500 

Note: 1. Sampled only, not100% tested. 

Table 7. DC Characteristics 
(TA = 0 to 70 ac, -40 to 85 ac or -40 to 125 ac; Vee= 3V to 5.5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV$;VrN $;Vee ±2 

ILO Output Leakage Current OV$;VouT$;Vcc 
±2 SDAin Hi-Z 

Supply Current Vee= 5V, fc = 1OOkHz 2 
Icc (Rise/Fall time< 10ns) 

Supply Current (ST25 series) Vee= 2.5V, fc =100kHz 1 

VrN = Vss or Vee, 100 
Vee= 5V 

leet Supply Current (Standby) 
VrN = Vss or Vee, 

300 Vee= 5V, fc =100kHz 

VrN = Vss or Vee, 5 
Supply Current (Standby) Vee= 2.5V 

lcc2 (ST25 series) 
VrN = Vss or Vee, 

Vee= 2.5V, fc = 1OOkHz 50 

VrL Input Low Voltage (SCL, SDA) -0.3 0.3 Vee 

VrH Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 

VrL 
Input Low Voltage -0.3 0.5 (PBO- PB1, PRE, MODE, WC) 

VrH 
Input High Voltage 

Vee -0.5 Vee+ 1 (PBO- PB1, PRE, MODE, WC) 

VoL 
Output Low Voltage loL = 3mA, Vee= 5V 0.4 

Output Low Voltage (ST25 series) loL=2.1mA, Vcc=2.5V 0.4 

VPOR(t) Power On Reset Threshold 1.5 2.4 
(ST25 series) 

Vee Read (t) Vee Range for Read Operations 
2.5 5.5 (ST25 series) 

Vee Write Vee Range for Write Operations 2.5 5.5 

Note: 1. At the time of publication of this data sheet, the statistical history, for the ST25x16, was not yet sufficient to guarantee a 
Vee Read= 2V. For the lastest Information contact your local SGS-THOMSON Sales Office. 

Unit 

pF 

pF 

kQ 

kQ 

Unit 

J.LA 

J.LA 

mA 

mA 

J.LA 

J.LA 

J.LA 

J.LA 

v 
v 

v 

v 

v 
v 

v 

v 

v 
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Table 8. AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or-40 to 125 oc; Vee= 3V to 5.5V or 2.5V to 5.5V) 

Symbol All Parameter Min Max Unit 

ICH1CH2 IR Clock Rise lime 1 fLS 

ICL1Cl2 IF Clock Fall T1me 300 ns 

toH1DH2 tR Input Rise Time 1 flS 

IDL1DL1 IF Input Fall lime 300 ns 

lcHDX(I) lsu STA Clock High to Input Transition 4.7 flS 

ICHCL IHIGH Clock Pulse Width High 4 fLS 

IDLCL IHDSTA Input Low to Clock Low (STAAl) 4 fLS 

lcLDX IHD DAT Clock Low to Input Transition 0 flS 

lcLCH I LOW Clock Pulse Width Low 4.7 fLS 

toxcx lsUDAT Input Transition to Clock Transition 250 ns 

ICHDH tsusro Clock High to Input High (STOP) 4.7 fLS 

IDHDL I auF Input High to Input Low (Bus Free) 4.7 fLS 

ICLQV tM Clock Low to Data Out Valid 0.3 3.5 fLS 

tcLOX toH Clock Low to Data Out Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

INs 11 Noise Suppression lime Constant 100 ns (SCL & SDA Inputs) 

tw<2> twA Write Time 10 ms 

Notes: 1. For a reSTART condition. or following a wnte cycle. 
2. In the MuHibyte Wnte mode only. if accessed bytes are on two consecufive 8 bytes rows (5 address MSB are not constant) 

the maXImum programming lime is doubled to 20ms. 

SIGNAL DESCRIPTIONS (cont'd) 

Write Control (WC). An hardware Write Control 
feature is offered only for ST24W16 and ST25W16 
versions on pin 7. This feature is usefull to protect 
the contents of the memory from any erroneous 
erase/write _2Y9Ie. The Write Contro~nal is used 
to enable (WC at VIH) or disable (WC at VIL) the 
internal write protection. When unconnected, the 
WC input is internally read as V1L. The devices with 
this Write Control feature no longer supports the 
Multibyte Write mode of operation, however all 
other write modes are fully supported. 

Refer to the AN404 Application Note for more de
tailed information about Write Control feature. 

DEVICE OPERATION 

12C Bus Background 

The ST24/25x16 support the 12C protocol. This 
protocol defines any device that sends data onto 

the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn
chronisation. The ST24/25x16 are always slave 
devices in all communications. 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25x16 con
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the ST24/25x16 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 

=6'..:...14;__ ___________ 1..V ~~m~~~li ____________ _ 
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Figure 5. AC Waveforms 
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DEVICE OPERATION (conl'd) 

STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 

Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful! data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 

Data Input. During data input the ST24/25x16 
samples the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera
tion the SDAsignal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 

Memory Addressing. To start communication be
tween the bus master and the slave ST24/25x16, 

Figure 6. 12C Bus Protocol 

SCL 

the master must initiate a START condition. The 8 
bits sent after a START condition are made up of a 
device select of 4 bits that identifie the device type 
(1 01 0), 3 Block select bits and one bit for a READ 
(RW = 1) or WRITE (RW = 0) operation. 

There are three modes both for read and write. 
These are summarised in Table 4 and described 
hereafter. A communication between the master 
and the slave is ended with a STOP condition. 

Write Operations 

The Multibyte Write mode (only available on the 
ST24/25C16 versions) is selected when the MODE 
pin is at V1H and the Page Write mode when MODE 
pin is at V1L. The MODE pin may be driven dynami
cally with CMOS input levels. 

Following a START condition.J.he master sends a 
device select code with the RW bit reset to '0'. The 
memory acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac-
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Figure 7. Memory Protection 
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cess to any of the 256 bytes of one memory block. 
After receipt of the byte address the device again · 
responds with an acknowledge. 

For the ST24/25W16 versions, any write command 
with we = 1 (during a period of time from the 
START condition until! the end of the Byte Address) 
will not modify data and will NOT be acknowledged 
on data bytes, as in Figure 10. 

Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either V1H 
or VJL, to minimize the stand-by current. 

Multibyte Write. For the Multi byte Write mode, the 
MODE pin must be at VJH. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 8 bytes 
of data, which are each acknowledged by the mem-

Black 5 0 1 

Block 4 o o; 

VA008708 

ory. The transfer is terminated by the master gen
erating a STOP condition. The duration of the write 
cycle is tw = 1 Oms maximum except when bytes 
are accessed on 2 contiguous rows (one row is 16 
bytes), the programming time is then doubled to a 
maximum of 20ms. Writing more than 8 bytes in the 
Multibyte Write mode may modify data bytes in an 
adjacent row (one row is 16 bytes long). However, 
the Multibyte Write can properly write up to 16 
consecutive bytes only if the first address of these 
16 bytes is the first address of the row, the 15 
following bytes being written in the 15 following 
bytes of this same row. ' 

Page Write. For the Page Write mode, the MODE 
pin must be at VJL. The Page Write mode allows up 
to 16 bytes to be written in a single write cycle, 
provided that they are all located in the same 'row' 
in the memory: that is the same Black Address bits 
(b3, b2, b1 of Device Select code in Table 3) and 
the same 4 MSBs in the Byte Address. The master 
sends one up to 16 bytes of data, which are each 
acknowledged by the memory. After each byte is 
transfered, the internal byte address counter (4 
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DEVICE OPERATION (cont'd) 

Least Significant Bits only) is incremented .. The 
transfer is terminated by the master generat1ng a 
STOP condition. Care must be taken to avoid ad
dress counter 'roll-over' which could result in data 
being overwritten. Note that for any write mode: ~he 
generation by the master of the STOP co~d1t1on 
starts the internal memory program cycle. Allmputs 
are disabled until the completion of this cycle and 
the memory will not respond to any request. 

Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the memory discon
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the Write time (tw) is given in the 

Figure 8. Write Cycle Polling using ACK 

AC Characteristics table, this timing value may be 
reduced by an ACK polling sequence issued by the 
master. The sequence is: 
- Initial condition: a Write is in progress (see Figure 

8). 
- Step 1: the Master issues a START condition 

followed by a Device Select byte (1st byte of the 
new instruction). 

- Step 2: if the memory is internally writing, no ACK 
will be returned. The Master goes back to Step1. 
If the memory has terminated the internal writ: 
ing, it will issue an ACK indicating that the 
memory is ready to receive the second part of 
the instruction (the first byte of this instruction 
was already sent during Step 1). 

WRITE Cycle 

NO is YES 

VA01099 
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Write Protection. Data in the upper four blocks of 
256 bytes of the memory may be write protected. 
The memory is write protected between a boundary 
address and the top of memory (address 7FFh). 
The boundary address is user defined by writing a 
value in the Block Address Pointer (location 7FFh). 

This Block Address Pointer defines an 8 bit address 
composed of the 4 MSBs of location 7FFh and 4 
LSBs which are forced to '0'. This address pointer 
can therefore address a boundary in steps of 16 
bytes. 

The block in which the Block Address Pointer de
fines the boundary of the write protected memory 
is defined by the logic level on the PB1 and PBO 
inputs: 

- PB1 = '0' and PBO = '0' select block 4 
- PB1 = '0' and PBO = '1' select block 5 
- PB1 = '1' and PBO = '0' select block 6 
- PB1 = '1' and PBO = '1' select block 7 

To use the Write Protected feature follow this se
quence: 
- write the data to be protected into the top of the 

memory, up to, but not including, location 7FFh; 
- select the block by hardwiring the signals PBO & 

PB1; 
- and set the protection by writing the correct 

bottom boundary address into location 7FFh. 

The area will now be protected when the PRE input 
is taken High. 

Caution: Special attention must be used when 
using the protect mode together with the Multi byte 

Figure 9. Write Modes Sequence (ST24/25C16) 

ST24/25C16, ST24/25W16 

Write mode (MODE input pin High). If the Multi byte 
Write starts at the location right below the first byte 
of the Write Protected area, then the instruction will 
write over the first 7 bytes of the Write Protected 
area. The area protected is therefore smaller than 
the content defined in the location 7FFh, by 7 bytes. 
This does not apply to the Page Write mode as the 
address counter 'roll-over' and thus cannot go 
above the 16 bytes lower boundary of the protected 
area. 

Read Operation 

Read operations are independent of the state of the 
MODE signal. On delivery, the memory content is 
set at all "1 's" (or FFh). 

Current Address Read. The memory has an in
ternal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to '1'. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out
put, but terminates the transfer with a STOP con
dition. 

Random Address Read. A dummy write is per
formed to load the address into the address counter 
(see Figure 11 ). This is followed by another START 
condition from the f!§Ster and the byte address 
repeated with the RW bit set to '1'. The memory 
acknowledges this and outputs the byte ad
dressed. The master does NOT acknowledge the 

ACK ACK ACK 

BYTE 
WRITE 

MULTIBYTE 
AND 
PAGE WRITE 

0 ....,.I ;..,-o;Ev,....,; ~..,..~L...,: 11.11 :srT:<ApqR; 111 : HTt :~~ ; 11. 0 
START RW STOP 

ACK ACK ACK 

0 ....,.I ;..,-o;Ev,....,: ~..,..~L...,; 11,11 ;sf~E >r9R: 111 ; o;AtA>~;,; 11 r-TI ;o..,..~,_~A:r-T~0 :~:~ 
START RW 

ACK ACK 

~:JII P+Tt:~~ :N: 11. 0 
STOP VA00793 
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Figure 10. Write Modes Sequence with Write Control= 1 (ST24/25W16) 

ACK ACK NO ACK 
BYTE 
WRITE n I :o:EY ~~< ,,,,, :sr~<ApqR: ,,, : r+Tf:l~: ''· n 

START RVV STOP 

we 
(cont'd) 

PAGE WRITE 
(cont'd) 

START RW 

NO ACK NO ACK 

~:JII p1T~:~~ :N: jl, 0 
STOP 

DEVICE OPERATION (cont'd) 

byte output, but terminates the transfer with a 
STOP condition. 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out
put, but MUST generate a STOP condition. The 

VA01161 

output data is from consecutive byte addresses, 
with the internal byte address counter automat
ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will 'roll- over' and the memory will continue 
to output data. 
Acknowledge in Read Mode. In all read modes 
the ST24/25x16 wait for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST24/25x16 terminate the 
data transfer and switches to a standby state. 
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Figure 11. Read Modes Sequence 
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- -START RW START RW STOP 

ACK ACK ACK NO ACK 
0 !"""TI : ....... qE.,....,Y ;r-rs~L..,...: .,....,111 11 HT~ :ov~ j 1 1 C~:~~ ~~:~J 1 19A:Tf P~T: 01 1LD 
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ACK ACK ACK ACK 
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ACK NO ACK 
:~:~1 119~T{ P~T: 011 LD 

STOP VA007948 
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ORDERING INFORMATION SCHEME 

Example: 

Operating Voltage 

24 3Vto 5.5V 

25 2.5V to 5.5V 

c 
w Hardware Write 

Control 1'l 

Notes: 1. Available on Rev1s1on D only. 

c 
D 

ST24C16C M 

Revision 

CMOS F4 Tech. B 

CMOS F4 
Tech. 12) M 

ML 

TR 

Package 

PSDIP8 
0.25mm Frame 

S08 13) 

S014 

2. Rev1s1on D is an upgrade of Revision C with optimized ch1p lay·out f1ts SOB package. 
3. Available only for Rev1s1on D dev1ces. 

Parts are shipped with the memory content set at all "1 's" (FFh). 

Option 

TR Tape & Reel 
Packing 

3 

6 -40to 85 oc 

For a Jist of available options (Operating Voltage, Range, Package, etc ... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you . 
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SERIAL ACCESS CMOS 16K (2048 x 8) EEPROMs 

• MINIMUM 1 MILLION ERASE/WRITE 
CYCLES with OVER 10 YEARS DATA 
RETENTION 

• SINGLE SUPPLY VOLTAGE: 
- 3V to 5.5V for ST24164 version 
- 2.5V to 5.5V for ST25164 version 

• HARDWARE WRITE CONTROL PIN 
• TWO WIRE SERIAL INTERFACE 
• PAGE WRITE (up to 16 BYTES) 
• BYTE, RANDOM and SEQUENTIAL READ 

MODES 
• SELF TIMED PROGRAMMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
• ENHANCED ESD/LATCH-UP 

PERFORMANCES 

DESCRIPTION 

The ST24/25164 are 16K bit electrically erasable 
programmable memories (EEPROM), organized 
as 2048 x 8 bits. They are manufactured in SGS
THOMSON's Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 1 0 years. The memories operate 
with a power supply value as low as 2.5V. 

Table 1. Signal Names 

EO-E2 Chip Enable Inputs 

SDA Serial Data Address Input/Output 

.,SCL Serial Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

January 1994 

PSDIP8 (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
3 

EO-E2 =i::::) 
ST24164 
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we-

I 
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SOB (M) 

r--- SDA 

VA01248 

1112 
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Figure 2A. DIP Pin Connections 

ST24164 
ST25164 EoDs Vee IT 2 7 we 

E2 3 6 SeL 

Vss 4 5 SDA 

VA01249 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter 

TA Ambient Operating Temperature 

TsrG Storage Temperature 

Figure 28. SO Pin Connections 

ST24164 
ST25164 

E0[]1 8 Vee 
IT 2 7 we 
E2 3 6 SeL 

Vss 4 5 SDA 

VA01250 

Value 

grade 3 -40 to 125 
grade 6 -40 to 85 

-65 to 150 

Unit 

oc 

oc 
TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oc 

(PSDIPB package) 10 sec 260 

Vo Output Voltage -0.3 to 6.5 v 
v, Input Voltage -0.3 to 6.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

VEso 
Electrostatic Discharge Voltage (Human Body model) (21 4000 v 
Electrostatic Discharge Voltage (Machine model) (3) 500 v 

Notes: 1. Except for the rating "Operating Temperature Range', stresses above those listed in the Table 'Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the dev1ce at these or any other 
conditions above those ind1cated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Ratmg conditions for extended penods may affect device reliability. Refer also to the SGS· THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500 n). 
3. EIAJ IC-121 (Condition C) (200pF, 0 r!). 

DESCRIPTION (cont'd) 

Both Plastic Dual-in-Line and Plastic Small Outline 
packages are available. 

The memories are compatible with the two wire 
serial interface which uses a bi-directional data bus 
and serial clock. The memories offer 3 chip enable 
inputs (E2, E1, EO) so that up to 8 x 16K devices 
may be attached to the bus and selected individu
ally. The memories behave as a slave device with 
all memory operations synchronized by the serial 
clock. 

Read and write operations are initiated by a START 
condition generated by the bus master. The START 
condition is followed by a stream of 7 bits, plus one 
read/write bit and terminated by an acknowledge 
bit (see Table 3). 

When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi
nated with a STOP condition. 

=-2,.:..:12=------------- IY~ ~~~@m~:~~©~ _____________ _ 
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Table 3. Device Select Code 
-

Chip Enable MSB Address R!W 

Bit b7 b6 I bS I b4 b3 I b2 I b1 bO 

Device Select 1 E2 I E1 I EO A10 I A9 I AB R/W 

Note. The MSB b7 ts sent f1rst. 

Table 4. Operating Modes <1> 

Mode RWbit MODE Bytes Initial Sequence 

Current Address Read '1' X 1 START, Device Select, R/W = '1' 

Random Address Read 
'0' X START, Device Select, RiW- '0', Address 

'1' X 1 reSTART, Device Select, R/W- '1' 

Sequential Read '1' X 1 to 2048 Similar to Current or Random Mode 

Byte Write '0' X 1 START, Device Select, R/W- '0' 

Page Write '0' VtL 16 START, Device Select, R/W- '0' 

Notes. 1. X - VrH or VtL 

Table 5. Endurance and Data Retention Guarantees 

Device Endurance Data Retention 
ClW Cycles Years 

ST24164,ST25164 1,000,000 10 

Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vee 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 4). 

Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 4). 

-------------l::;i ~i©n&!ll:~~~ ___________ _.:3'!'._/1~2 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times :,; SOns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

Figure 3. AC Testing Input Output Waveforms 

o 7Vcc OSVcc~ 

o 2Vcc o 3Vcc 
VA00825 

Chip Enable (E2 • EO). These chip enable inputs 
are used to set 3 bits (b6, b5, b4) of the 7 bit device 
select code. These inputs may be driven dynami
cally or tied to Vee or Vss to establish the device 
select code. 

Write Control (WC). An hardware Write Control 
feature (WC) is offered on pin 7. This feature is 
usefull to protect the contents of the memory from 

any erroneous erase/writ~cle. The Write Control 
signal is used to enable (WC = ViH) or disable (WC 
= ViL) the internal write protection. WC pin can be 
direcly connected to Vss pin, in order to run the 
ST24/25164 without the Write Control protection. 

Refer to the AN404 Application Note for more de
tailed information about Write Control feature. 

DEVICE OPERATION 

Bus Background 

The device that controls the data transfer is known 
as the master and the other as the slave. The 
master will always initiate a data transfer and will 
provide the serial clock for synchronisation. The 
ST24/25164 are always slave devices in all com
munications. 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25164 con
tinuously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 

Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the ST24/25164 

Figure 4. Maximum RL Value versus Bus Capacitance (Ceus) for a Serial Bus 
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Table 6. Capacitance <1> (T A= 25 oc, f = 100 kHz) 

Symbol Parameter Test Condition Min Max 

CtN Input Capacitance (SDA) 8 

CtN Input Capacitance (other pins) 6 

Note: 1. Sampled only, not 100% tested 

Table 7. DC Characteristics 
(TA = -40 to 85 oc or -40 to 125 oc; Vee= 3V to 5.5V or 2.5V to 5.5V) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV:>VtN :>Vee ±2 

ILO Output Leakage Current ov => Vour =>Vee ±2 SDAin Hi-Z 

Supply Current Vee= 5V, lc =100kHz 2 
Icc (Rise/Fall time < 1 Ons) 

Supply Current (ST25 series) Vee= 2.5V, lc =100kHz 1 

VtN = Vss or Vee, 100 
lcct Supply Current (Standby) 

Vee =5V 

VtN = Vss or Vee, 300 Vee= 5V, fc = 1OOkHz 

V1N = Vss or Vee. 5 
Supply Current (Standby) Vee= 2.5V 

lce2 (ST25 series) 
VtN = Vss or Vee, 50 Vee= 2.5V, fc =100kHz 

VtL Input Low Voltage (SCL, SDA) -Q.3 0.3 Vee 

VtH Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 

VtL 
Input Low Voltage 

-0.3 0.5 (EO-E2, WC) 

V1H Input High_Y'oltage Vee -0.5 Vee+ 1 (EO-E2, WC) 

VoL 
Output Low Voltage loL = 3mA, Vee= 5V 0.4 

Output Low Voltage (ST25 series) loL = 2.1 rnA, Vee= 2.5V 0.4 

VPOR(t) Power On Reset Threshold 1.5 2.0 (ST25 series) 

Vee Read (t) Vee Range for Read Operations 2.5 5.5 (ST25 series) 

Vee Write Vee Range for Write Operations 2.5 5.5 

Note: 1. At the time of publication of this data sheet, the statistical history, for the ST25164, was not yet sufficient to guarantee a 
Vee Read= 2V. For the lastest Information contact your local SGS-THOMSON Sales Office. 

Unit 

pF 

pF 

Unit 

[!A 

[!A 

rnA 

rnA 

[!A 

11A 

11A 

11A 

v 
v 

v 

v 

v 
v 

v 

v 

v 

--------------~ ~i~@m~~:i~ ____________ 5:::./-=12 
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Table 8. AC Characteristics 
(TA = -40 to 85 oc or -40 to 125 oc; Vee= 3V to 5.5V or 2.5V to 5.5V) 

Symbol A It Parameter Min Max Unit 

ICH1CH2 tR Clock Rise lime 1 ~s 

tcL1CL2 IF Clock Fall Time 300 ns 

loH1DH2 IR Input Rise Time 1 ~s 

loLmu IF Input Fall Time 300 ns 

ICHDX(t) tsu STA Clock High to Input Transition 4.7 JlS 

tcHCL IHJGH Clock Pulse Width High 4 JlS 

IDLCL tHOSTA Input Low to Clock Low (START) 4 ~s 

ICLDX IHo OAT Clock Low to Input Transition 0 JlS 

ICLCH tLOW Clock Pulse Width Low 4.7 ~s 

toxcx tsu.oAT Input Transition to Clock Transition 250 ns 

ICHDH tsusm Clock High to Input High (STOP) 4.7 ~s 

IOHDL lsuF Input High to Input Low (Bus Free) 4.7 JlS 

lcLQV tAA Clock Low to Data Out Valid 0.3 3.5 JlS 

lcLOX loH Clock Low to Data Out Transition 300 ns 

fc fscL Clock Frequency 100 kHz 

INs T, Noise Suppression lime Constant 100 ns 
(SCL & SDA Inputs) 

tw twA WriteT1me 

Note: 1. For a reSTART cond111on, or following a wnte cycle. 

DEVICE OPERATION (cont'd) 

and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 

Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 

Data Input. During data input the ST24/25164 
sample the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 

10 ms 

Memory Addressing. To start communication be
tween the bus master and the slave ST24/25164, 
the master must initiate a START condition. Follow
ing this, the master sends onto the SDA bus line 8 
bits (MSB first) corresponding to the dev~e select 
code (7 bits) and a Read or Write bit (R!W). 

Three out of the four most significant bits of the 
Device Select code are the Device Select bits (b6, 
b5, b4). They are matches!..._to the chip enable 
signals applied on pins E2, E1, EO. Thus up to 8 x 
16K memories can be connected on the same bus 
giving a memory capacity total of 128K bits. After a 
START condition any memory on the bus will iden
tify the device code ans!..._compare the 3 bits to its 
chip enable inputs E2, E1, EO. 

The 8th bit sent is the Read or Write bit (R/W), this 
bit is set to '1' for read and '0' for write operations. 
If a match is found, the corresponding memory will 
acknowledge the identification on the SDA bus 
during the 9th bit time. 

6/12 t=':' SGS·THOMSON ~-=--------------- A..'Y# llllD©Jl@~~~©'iirn©:O!JD©!Q ---------------
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Figure 5. AC Waveforms 
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DEVICE OPERATION (cont'd} 

Write Operations 

The Write Operations is____Q!!Iy possible when the 
Write Control pin is low (WC to ground}. 

Following a START condition__!he master sends a 
device select code with the RW bit reset to '0'. The 
memory acknowledges this and waits for the lower 
byte address. After receipt of the byte address the 
device again responds with an acknowledge. 

Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. 

Page Write. The Page Write mode allows up to 16 
bytes to be written in a single write cycle, provided 
that they are all located in the same 'row' in the 
memory: that is the 4 most significant Byte Address 

Figure 6. 12C Bus Protocol 

SCL 

bits (A7-A4) are the same. The master sends from 
one up to 16 bytes of data, which are each acknow
ledged by the memory. After each byte is trans
fared, the internal byte address counter (4 least 
significant bits only) is incremented. The transfer is 
terminated by the master generating a STOP con
dition. Care must be taken to avoid address counter 
'roll-over' which could result in data being overwrit
ten. Note that, for any write mode, the generation 
by the master of the STOP condition starts the 
internal memory program cycle. All inputs are dis
abled until the completion of this cycle and the 
memory will not respond to any request. 

Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 

---~ 

' 

SDA T'\....O.,__.L'--_;,_____;,_.....,Jx\........;._~ ~ ~ =---" ; 1 ' ' ' ' ' 
' ' ' 

SCL 

SDA 

: ' :.. .. :. ~... .... :. .. : 
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~- _ ___r;'Us\_F\__-
' 
' 

' 
' ' ' : ~.~---' 

:.--.: 
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~ 
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VA00792 
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Figure 7. Write Cycle Polling using ACK 

WRITE Cycle 

NO 

shorter, the time seen by the system may be re
duced by an ACK polling sequence issued by the 
master. The sequence is as follows: 

- Initial condition: a Write is in progress (see Figure 
7). 

- Step 1: the master issues a START condition 
followed by a device select byte (1st byte of the 
new instruction). 

- Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 

YES 

VA01099 

with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1 ). 

Read Operations 

Read operations are independent of the state of the 
WC pin. On delivery, the memory content is set at 
all"1's" (or FFh). 

Current Address Read. The memory has an inter
nal byte address counter. Each time a byte is read, 

_____________ ifii ~~m~~~~ ____________ 9::::.'=12 

461 



ST24164,ST25164 

Figure 8. Write Modes Sequence 

BYTE 
WRITE 

MULTIBYTE 
AND 
PAGE WRITE 

ACK ACK ACK 

0 r-TI : .... D:Ev ... ; ~-r-~L..,: 'I· II :sr~<ApqR: Ill : r+Tf :~~ : II. 0 
START RW STOP 

START RW 

ACK ACK 

~:JII P+T~;~~ ;N; 11. 0 
STOP 

Figure 9. Write Modes Sequence with Write Control = 1 

BYTE 
WRITE 

ACK ACK NO ACK 

n ,...,., : .... o:Ev ...... ; ~-r~LT"1: 'I· II :srr:E >rQR: Ill : H Tf :~~ : II. n 
START RW STOP 

ACK ACK NO ACK 

VA00793 

PAGE WRITE n I""TI :-r-o:Ev ...... ; ~-r~LT"1: 'I· II :sr~<AP9R: Ill :~At A: I~:,; II r-rl :-r-D~.....,1<r-rl~ :~:~ 

we 
(cent' d) 

PAGE WRITE 
(cent' d) 

START RW 

NO ACK NO ACK 

~:111 H+:~~ :N: 11. n 
STOP VA011S1 

.:..::10;..:,;/12=-----------~ ~~©m~~~~©~ _________ _ 
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Figure 10. Read Modes Sequence 

CURRENT 
ADDRESS 
READ START 

ST24164, ST25164 

RW STOP 

ACK ACK ACK NO ACK 
RANDOM 
ADDRESS 
READ 

n I : ~EY :s~< 'I~ I' :s~~E >:D9R: II 0 I : qEy ~~< 'Ill' : D:At< 9u:r; II LD 
START RW START RW STOP 

ACK ACK ACK NO ACK 
SEQUENTIAL 
CURRENT 
READ 

n r-ri :-,-~E,-Y :r-Ts~L-r: ..,,11 11 HT~ ;oy~ 11 1 c~:~~ ~~:~J 1 19~T+ PYT: 01 1 LO 

SEQUENTIAL 
RANDOM 
READ 

START RW 

START RW 

ACK NO ACK 

:~:~JII9A:r+ pyr: 011L0 
STOP 

DEVICE OPERATION (cont'd) 

this counter is incremented. For the Current Ad
dress Read mode, following a START conditio.D.r 
the master sends a memory address with the R/W 
bit set to '1'. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out
put, but terminates the transfer with a STOP con
dition. 

Random Address Read. A dummy write is per
formed to load the address into the address 
counter, see Figure 1 0. This is followed by another 
START condition from the m'!§_ter and the byte 
address is repeated with the R/W bit set to '1 '.The 
memory acknowledges this and outputs the byte 
addressed. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 

STOP 

START RW 

VA00794B 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat
ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will 'roll- over' and the memory will continue 
to output data. 
Acknowledge in Read Mode. In all read modes 
the ST24/25164 wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25164 terminate 
the data transfer and switches to a standby state. 

--------------~ ~~i©ltl~~J?~ ___________ _:_1.:.:.1/=12 
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ORDERING INFORMATION SCHEME 

Example: ST24164D M TR 

Operating Voltage 

24 3Vto5.5V 

25 2.5V to 5.5V 

D CMOS F4 
Tech. 

Note: 3 • Temperature range on request only. 

Package 

B PSDIPB 
0.25mm Frame 

M SOB 

Parts are shipped with the memory content set at all "1 's" (FFh). 

6 -40 to 85 oc 

Option 

TR Tape & Reel 
Packing 

For a list of available options (Operating Voltage, Range, Package, etc ... ) refer to the current Memory 
Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

~12~/~12~-----------------------~ ~~~@~~~lm~©~ -----------------------------
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ST24E16D 
ST25E16D 

SERIAL ACCESS CMOS 16K {2048 x 8) EEPROMs 
EXTENDED ADDRESSING COMPATIBLE WITH 12C BUS 

• COMPATIBLE with 12C EXTENDED 
ADDRESSING 

• TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 

• MINIMUM 1 MILLION ERASE/WRITE 
CYCLES, with OVER 10 YEARS DATA 
RETENTION 

• SINGLE SUPPLY VOLTAGE: 
- 3V to 5.5V for ST24E16D version 
- 2V to 5.5V for ST25E16D version 

• WRITE CONTROL FEATURE 
• BYTE and PAGE WRITE (up to 16 BYTES) 
• BYTE, RANDOM and SEQUENTIAL READ 

MODES 
• SELF TIMED PROGRAMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
• ENHANCED ESD/LATCH UP 

PERFORMANCES 

DESCRIPTION 
The ST24/25E16D are 16K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 256 x 8 bits. It is manufactured in 
SGS-THOMSON's Hi-Endurance Advanced 
CMOS technology which guarantees an endur
ance of more than one million erase/write cycles 
with a data retention of over 10 years. The 
ST25E16D operates with a power supply value as 

Table 1. Signal Names 

EO- E2 Chip Enable Inputs 

SDA Serial Data Address Input/Output 

SCL Serial Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

October 1993 

PRODUCT CONCEPT 

·~ 
PSDIP8 (B) 

0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
3 

EO-E2 ~ 
ST24E16D 
ST25E16D 

SeL ~ 

we ---c 

I 
Vss 

8~~~ 
\~ 

1 

SOB (M) 

~soA 

VA01102 

1/13 

This Is advance Information on a new product now undergomg evaruat1on. Deta11s are subjets to change wtthout not1ce. 
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Figure 2A. DIP Pin Connections 

ST24E160 
ST25E160 

Eoli]s Vee 
E1 2 7 we 

E2 3 6 SeL 

Vss 4 5 SDA 

VA01103 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

TLEAD Lead Temperature, Soldering (SOB) 
(PSDIP8) 

Vro Input or Output Voltages 

Vee Supply Voltage 

Figure 28. SO Pin Connections 

ST24E160 
ST25E160 

EO[]B Vee 
E1 2 7 we 

E2 3 6 SeL 

Vss 4 5 SDA 

VA01104 

Value 

grade 1 Oto70 
grade 3 -40to 125 
grade 6 -40to85 

- -65 to 150 

40sec 215 
10sec 260 

--Q.3 to 6.5 

--D.3 to 6.5 

Unit 

oc 

oc 

oc 

v 
v 

Veso 
Electrostatic Discharge Voltage (Human Body model) 12> 4000 v 
Electrostatic Discharge Voltage (Machine model) 13> 500 v 

Notes: 1. Except for the ratrng "Operatrng Temperature Range', stresses above those listed in the Table 'Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operatiOn of the dev1ce at these or any other 
conditions above those indicated in the Operating sections of this specification IS not implied. Exposure to Absolute Maximum 
Rating cond1tions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant quality documents. 

2. 100pF through 15000; MIL-STD-883C, 3015.7 
3. 200pF through OQ; EIAJ IC-121 (condition C) 

DESCRIPTION (cont'd) 

low as 2.0V. Both Plastic Dual-in-Line and Plastic 
Small Outline packages are available. 

Each memory is compatible with the 12C extended 
addressing standard, two wire serial interface 
which uses a bi-directional data bus and serial 
clock. The ST24/25E16D carry a built-in 4 bit, 
unique device identification code (1 01 0) corre-

spending to the 12C bus definition. The 
ST24/25E16D behave as slave devices in the 12C 
protocol with all memory operations synchronized 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 4 bits (identification code 101 0), 3 bit 
Chip Enable input to form a 7 bit Device Select, plus 
one read/write bit and terminated by an acknow-

=2/-"13=------------- .:;; ~i©m~~~'l-------------
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Table 3. Device Select Code 

Device Code 

Bit b7 b6 b5 

Device Select 1 0 1 

Note: The MSB b7 is sent f1rst. 

Table 4. Operating Modes 

Mode RW bit Bytes 

Current Address Read '1' 1 

Random Address Read 
'0' 

'1' 1 

Sequential Read '1' 1 to 2048 

Byte Write '0' 1 

Page Write '0' 16 

Note: X = v,H or VIL. 

ledge bit. When writing data to the memory it 
responds to the 8 bits received by asserting an 
acknowledge bit during the 9th bit time. When data 
is read by the bus master, it acknowledges the 
receipt of the data bytes in the same way. 

·oata transfers are terminated with a STOP condi
tion. In this way, up to 8 ST24/25E16D may be 
connected to the same 12C bus and selected indi
vidually, allowing a total addressing field of 128 
Kbit. 

Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Untill the Vee 
voltage has reached the POR threshold value, the 
internal reset is active: all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 

' 

SIGNALS DESCRIPTION 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 

ST24/25E16D 

-
Chip Enable RW 

b4 b3 b2 b1 bO 

-
0 E2 E1 EO RW 

Initial Sequence 

START, Device Select, RW = '1' 

START, Device Select, RW = '0', Address 
-

reSTART, Device Select, RW = '1' 

As CURRENT or RANDOM Mode 

START, Device Select, RW = '0' 
-

START, Device Select, RW = '0' 

resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 3) 

Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 3). 

Chip Enable (EO - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynami
cally or tied to Vee or Vss to establish the device 
select code. Note that the V1L and V1H levels for the 
inputs are CMOS, not TTL compatible. 

Write Control (WC). The Write Control feature 
we is useful to protect the contents of the memory 
from any erroneous erase/write cycle. The Write 
Control sJf!!!.al is used to enable (WC at ViH) or 
disable (WC at ViL) the internal write protection. 
The devices with this Write Control feature no 
longer supports the muf!iPyte mode of operation. 
When unconnected, the WC input is internally read 
as V1L. 

Refer to the AN404 Application Note for more de
tailed information about Write Control feature. 

~ SGS-THOMSON 3/13 -------------- ._""!I li:!Ja©OO@~~~@Wl@J!la~ ____________ __;:,;...;_c_ 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ::; sons 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

Figure 4. AC Testing Input Output Waveforms 

o.svcc 

o.2Vcc 

~o.7vcc 

~0.3Vcc 
VA00825 

DEVICE OPERATION 

12C Bus Background 

The ST24/25E16D support the extended address
ing 12C protocol. This protocol defines any device 

that sends data onto the bus as a transmitter and 
any device that reads the data as a receiver. The 
device that controls the data transfer is known as 
the master and the other as the slave. The master 
will always initiate a data transfer and will provide 
the serial clock for synchronisation. The 
ST24/25E16D are always slave devices in all com
munications. 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25E16D 
continuously monitor the SDA and SCL signals for 
a START condition and will not respond unless one 
is given. 
Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the ST24/25E16D 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 

Figure 3. Maximum RL Value versus Bus Capacitance (Csus) for an 12C Bus, fc = 400kHz 

20 
Vee 

1\ 16 ,,0 ,, Q ,, \ 
\ _g 12 

X 1\ MASTER ±-'a:;-" E "\ SeL 
_j 

rr 8 

""" 
yesus ........._ 

........ 4 
Vee=5V F==: 1---

0 
25 50 75 100 

eaus (pF) VA01115 
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Table 5. Capacitance <1> (T A= 25 oc, f = 400 kHz) 

Symbol Parameter Min Max 

c1N Input Capacitance (SDA) 8 

c1N Input Capacitance (other pins) 6 

ZwcL WC Input Impedance YIN$ 0.3 Vee 5 20 
-

ZwcH WC Input Impedance V1N;, 0.7 Vee 500 

Note: 1. Sampled only, not 100% tested. 

Table 6. DC Characteristics 
(TA = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; Vee= 3V to 5.5V or 2V to 5.5V) 

Symbol Parameter Test Condition Min Max 

- OV $ V1N $ 0.3Vcc 8 25 
R1N WC Input Resistor 

0.7 Vee$ V1N $Vee 1 

lu 
Input Leakage Current 

OV $ V1N $Vee ±2 (SCL, SDA, EO-E2) 

ILO Output Leakage Current OV:;VouT:;Vee 
±2 SDAin Hi-Z 

Supply Current Vee= 5V, fe =400kHz 
2 

Icc (Rise/Fall time < 1 Ons) 

Supply Current (ST25 series) Vee= 2V, fc =400kHz 1 

V1N = Vss or Vee. 100 
Vcc=5V 

lec1 Supply Current (Standby) 
V1N = Vss or Vee, 

300 Vee= 5V, fe =400kHz 

V1N = Vss or Vee, 
5 

lee2 
Supply Current (Standby) Vcc=2V 
(ST25 series) 

V1N = Vss or Vee. 
Vee = 2V, fe =400kHz 50 

v1L Input Low Voltage (SCL, SDA) ---0.3 0.3 Vee 

V1H Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 

v1L Input Low Voltage (EO-E2, WC) ---0.3 0.5 

v1H Input High Voltage (EO-E2, WC) Vcc-0.5 Vee+ 1 

VoL 
Output Low Voltage loL = 3mA, Vee= 5V 0.4 

Output Low Voltage (ST25 series) loL = 2.1mA, Vee= 2V 0.4 

VPOR(l) Power On Reset Threshold 1.5 2 
(ST25 series) 

Vee Read (l) Vee Range for Read Operations 2.5 5.5 
(ST25 series) 

Vee Write Vee Range for Write Operations 2.5 5.5 

Note: 1. At the time of publication of this data sheet, the statistical history, for the ST25E16D, was not yet sufficient to guarantee a 
Vee Read= 2V. For the lastest information contact your local SGS-THOMSON Sales Office. 

Unit 

pF 

pF 

kn 

kn 

Unit 

kn 

kn 

~A 

~A 

rnA 

rnA 

~A 

~A 

~A 

~A 

v 

v 

v 

v 

v 

v 

v 

v 

v 

--------------------------- ~~~@~~:~~~------------------------5~/~13 
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Table 7. AC Characteristics 
(TA = 0 to 70 °G, -40 to 85 oc or -40 to 125 oc; Vee= 3V to 5.5V or 2V to 5.5V) 

Symbol A It Parameter Min Max Unit 

ICH1CH2 IR Clock Rise lime 300 ns 

lcL1CI2 IF Clock Fall Time 300 ns 

IDH1DH2 IR Input Rise Time 300 ns 

IDL1DL1 IF Input Fall lime 300 ns 

ICHDX (l) lsu STA Clock High to Input Transition 600 ns 

ICHCL IHIGH Clock Pulse Width High 600 ns 

loLCL IHD.STA Input Low to Clock Low (START) 600 ns 

ICLDX IHD.DAT Clock Low to Input Transition 0 ~s 

lcLCH !LOw Clock Pulse Width Low 1.3 ~s 

!oxcx lsU.DAT Input Transition to Clock Transition 100 ns 

ICHDH !susm Clock High to Input High (STOP) 600 ns 

loHDL !suF Input High to Input Low (Bus Free) 1.3 ~s 

ICLQV IAA Clock Low to Data Out Valid 200 800 ns 

lcLOX loH Clock Low to Data Out Transition 200 ns 

fc fscL Clock Freq~ency 400 kHz 

INS II 
Noise Suppression Time Constant 100 ns 
(SCL & SDA Inputs) 

tw <2l twR Write Time 5 ms 

Notes: 1. For a reSTART cond1t1on, or following a wnte cycle. 
2. In the Multi byte Wnte mode only, 1f accessed bytes are on two consecutive 8 bytes rows (5 address MSB are not constant) 

the maximum programming t1me is doubled to 2Dms. 

DEVICE OPERATION (cont'd) 

Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse the receiver pulls the SDA bus low 
to acknowledge the receipt of the 8 bits of data. 

Data Input. During data input the ST24/25E16D 
sample the SDA bus signal on the rising edge of 
the clock SCL. For correct device operation the 
SDA signal must be stable during the clock low to 
high transition and the data must change ONLY 
when the SCL line is low. 

Device Selection. To start communication be
tween the bus master and the slave ST24/25E16D, 
the master must initiate a START condition. The 8 
bits sent after a START condition are made up of a 
device select of 4 bits that identifies the device tYQe, 
3 Chip Enable bits and one bit for a READ (RW = 
1) or WRITE (RW = 0) operation. There are two 

modes both for read and write. These are summa
rised in Table 4 and described hereafter. A commu
nication between the master and the slave is ended 
with a STOP condition. 

Memory Addressing. A data byte in the memory 
is addressed through 2 bytes of address informa
tion. The Most Significant Byte is sent first and the 
Least significant Byte is sent after. The Least Sig
nificant Byte addresses a block of 256 bytes, bits 
b1 O,b9,b8 of the Most Significant Byte select one 
block among 8 blocks (one block is 256 bytes). 

Most Significant Byte 

I o I o I o I o I o b10 b9 b8 

Least Significant Byte 

b7 b6 b5 b4 b3 b2 b1 bO 

.:...6/...;.13::..._ ___________ ~ ~~@ltt~~~~~ --------------
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Figure 5. AC Waveforms 
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Figure 6. 12C Bus Protocol 
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SDA 

' 
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' 
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SCL 
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Write Operations 

Following a START condition_!_he master sends a 
device select code with the RW bit reset to '0'. The 
ST24/25E16D acknowledge this and waits for 2 
bytes of address. These 2 address bytes (8 bits 
each) provide access to any of the 8 blocks of 256 
bytes each. Writing in the ST24/25E16D may be 
inhibited if input pin we is taken high. 

For the ST24/25E16D versions, any write com
mand with WC = 1 (during a period of time from the 
START condition untill the end of the 2 Bytes 
Address) will not modify data and will NOT be 
acknowledged on data bytes, as in Figure 9. 

STOP 
CONDITION 

VA00792 

Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the · 
ST24/25E16D. The master then terminates the 
transfer by generating a STOP condition. 

Page Write. The Page Write mode allows up to 16 
bytes to be written in a single write cycle, provided 
that they are all located in the same row of 16 bytes 
in the memory, that is the same Address bits (b10-
b4). The master sends one up to 16 bytes of data, 
which are each acknowledged by the 
ST24/25E16D. After each byte is transfered, the 
internal byte address counter (4 Least Significant 
Bits only) is incremented. The transfer is terminated 
by the master generating a STOP condition. Care 
must be taken to avoid address counter 'roll-over' 

8113 ~ SGS·lHOMSON ::::..:..::..... ____________ l!t.""JI [ij]O©FJ©ffill.lli~©ii:!D~ --------------
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which could result in data being overwritten. Note 
that for any write mode, the generation by the 
master of the STOP condition starts the internal 
memory program cycle. All inputs are disabled until 
the completion of this cycle and the ST24/25E16D 
will not respond to any request. 

Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the ST24/25E16D 
disable itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the Write time (tw) is given in the 
AC Characteristics table, this timing value may be 
reduced by an ACK polling sequence issued by the 
master. The sequence is: 

Figure 7. Write Cycle Polling using ACK 

ST24/25E16D 

- Initial condition: a Write is in progress (see Figure 
7). 

- Step 1: the Master issues a START condition 
followed by a Device Select byte. (1st byte of 
the new instruction) 

- Step 2: if the ST24/25E16D are internally writing, 
no ACK will be returned. The Master goes back 
to Step1. If the ST24/25E16D have terminated 
the internal writing, it will issue an ACK. The 
ST24/25E16D are ready to receive the second 
part of the instruction (the first byte of this in
struction was already sent during Step1 ). 

WRITE Cycle 

NO YES 

VA01099 

_____________ ~ ~~m~:~~~ --------------'-9'"""'13 
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Read Operations 

On delivery, the memory content is set at all "1 's" 
(or FFh). 

Current Address Read. The ST24/25E16D have 
an internal 11 bits address counter. Each time a 
byte is read, this counter is incremented. For the 
Current Address Read mode, following a START 
condition, the master sends a Device Select with 
the RW bit set to '1 '. The ST24/25E16D acknow
ledge this and outputs the byte addressed by the 
internal address counter. This counter is then incre
mented. The master does NOT acknowledge the 
byte output, but terminates the transfer with a 
STOP condition. 

Random Address Read. A dummy write is per
formed to load the address into the address 
counter, see Figure 1 0. This is followed by another 
START condition from the master and the byte 
address repeated with the RW bit set to '1 '. The 
ST24/25E16D acknowledge this and outputs the 
byte addressed. The master does NOT acknow
ledge the byte output, but terminates the transfer 
with a STOP condition. 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
ST24/25E16D continue to output the next byte in 

Figure 8. Write Modes Sequence with Write Control = 0 

BYTE 
WRITE 

PAGE WRITE 

we 
(cant' d) 

PAGE WRITE 
(cont'd) 

ACK ACK ACK ACK 

0 ,-,.I ;-.-o;EvT"'T; ~"'T"~L,...,: I~ I :sr~<ApqR; 111 :sr~<ApqR; 111 : p~ Tf :~~ : 11, 0 
START RW STOP 

START RW 

ACK ACK 

::J11 HTt~~ :N: 11
• 0 
STOP VA01106 

~10~/1~3~----------------------- ~~~@~~~~~~ -----------------------------
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Figure 9. Write Modes Sequence with Write Control = 1 

ACK ACK ACK NO ACK 

BYTE 
WRITE 0 .... I :""T'"o:E ...... H""T"~L ...... : 11.11 :sr~<Ar9R: 111 :sH>r9R: 111: r++:~~: 11. 0 

START RW STOP 

PAGE WRITE 

we 
(cont'd) 

START RW 

NO ACK NO ACK 

(:o~~·d)RITE ~:JII P~Tf:l~ :N: 11. 0 
STOP 

sequence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat
ically incremented after each byte output. After a 
count of the last memory address, the address 

VA01120 

counter will 'roll-over' and the memory will continue 
to output data. 

Acknowledge in Read Mode. In all read modes 
the ST24/25E16D wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25E16D termi
nate the data transfer and switch to a standby state. 

-------------~ ~itn&W&?:~~Jl------------1_11_13 
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Figure 1 0. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

START RW STOP 

ACK ACK 

0 ,....I :...,..~E.,....Y ..... ~~L...,..: .,...,111'1 ?N ;o~~ j II C~:~~ 
START RW 

ACK NO ACK 

:~:~J 11 ?~T+ p~r; ~ 11 LO 
STOP 

ACK NO ACK 

:~:~J 11 9~Tf p~r: ~ jl LO 
STOP 

VA01105 

.:..:121=..1:..::3 ___________ 11fi li©Itl~~~~~-------------
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ORDERING INFORMATION SCHEME 

Example: 

Operating Voltage 

24 3Vto 5.5V 

25 2Vto 5.5V 

E Extended 
Addressing 

ST24E16D M 

Revision 

D CMOS F4 
Tech. 

TR 

Package 

B PSDIPS 
0.25mm 
Frame 

M SOB 

Parts are shipped with the memory content set at all "1 's" (FFh). 

ST24/25E16D 

Option 

TR Tape & Reel 
Packing 

3 -40 to 125 oc 
6 -40 to 85 oc 

For a list of available options (Operating Voltage, Range, Package, etc ... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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ST24E32D 
ST25E32D 

SERIAL ACCESS CMOS 32K (4096 x 8) EEPROMs 
EXTENDED ADDRESSING COMPATIBLE WITH 12C BUS 

• COMPATIBLE with 12C EXTENDED 
ADDRESSING 

• TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 

• MINIMUM 1 MILLION ERASE/WRITE 
CYCLES, with OVER 10 YEARS DATA 
RETENTION 

• SINGLE SUPPLY VOLTAGE: 
- 3V to 5.5V for ST24E32D version 
- 2V to 5.5V for ST25E32D version 

• WRITE CONTROL FEATURE 
• BYTE and PAGE WRITE (up to 32 BYTES) 
• BYTE, RANDOM and SEQUENTIAL READ 

MODES 
• SELF TIMED PROGRAMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
• ENHANCED ESD/LATCH UP 

PERFORMANCES 

DESCRIPTION 
The ST24/25E32D are 32K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 512 x 8 bits. It is manufactured in 
SGS-THOMSON's Hi-Endurance Advanced 
CMOS technology which guarantees an endur
ance of more than one million erase/write cycles 
with a data retention of over 1 0 years. The 
ST25E32D operates with a power supply value as 

Table 1. Signal Names 

EO- E2 Chip Enable Inputs 

SDA Serial Data Address Input/Output 

SCL Serial Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

December 1993 

PSDIPB (B) 
0.25mm Frame 

PRODUCT CONCEPT 

8\~ 
\~ 
1 

SOB (M) 
208mil Width 

Figure 1. Logic Diagram 

Vee 

I 
3 

EO-E2 ~ -SDA 
ST24E32D 
ST25E32D 

SeL-
we ----c 

I 
Vss 

VA01201 

1/13 

nus IS advance mfonnatton on a new product now undergotng evaluation. Detatls are subjets to change wtthout not1ce. 
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Figure 2A. DIP Pin Connections 

ST24E32D 
ST25E32D 

EO[]S Vee 
E1 2 7 we 
E2 3 6 SeL 

Vss 4 5 SDA 
VA01202 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter 

TA Ambient Operating Temperature 

Tsra Storage Temperature 

TLEAD Lead Temperature, Soldering (SOB) 
(PSDIPB) 

V1o Input or Output Voltages 

Vee Supply Voltage 

Figure 28. SO Pin Connections 

ST24E32D 
ST25E32D 

EO[]S Vee 
E1 2 7 we 

E2 3 6 SeL 
Vss 4 5 SDA 

VA01203 

Value 

grade 3 -40 to 125 
grade 6 -40to85 

-65to 150 

40 sec 215 
10sec 260 

-0.3to6.5 

-0.3to6.5 

Unit 

·c 

·c 

·c 

v 

v 

Veso 
Electrostatic Discharge Voltage (Human Body model) C2l 4000 v 

Electrostatic Discharge Voltage (Machine model) C3l 500 v 
Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed In the Table 'Absolute Maximum Ratings• 

may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those Indicated In the Operating sections of this specification Is not Implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS·THOMSON SURE Program and 
other relevant quality documents. 

2. 100pF through 15000; MIL·STD·883C, 3015.7 
3. 200pF through 00; EIAJ 10·121 (condition C) 

DESCRIPTION (cont'd) 

low as 2.0V. Both Plastic Dual-in-Line and Plastic 
Small Outline packages are available. 

Each memory is compatible with the J2C extended 
addressing standard, two wire serial interface 
which uses a bi-directional data bus and serial 
clock. The ST24/25E32D carry a built-in 4 bit, 
unique device identification code (1010) corre-

spending to the 12C bus definition. The 
ST24/25E32D behave as slave devices in the J2C 
protocol with all memory operations synchronized 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition Is followed by a 
stream of 4 bits (Identification code 1010), 3 bit 
Chip Enable input to form a 7 bit Device Select, plus 
one read/write bit and terminated by an acknow-

=-2/1.:...:;3 __________ t:r'l SGS·1HOMSON -----------"' "'J, 11:j]Q©I.il@lii!.m©WJ@Ii'!ID~ 
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Table 3. Device Select Code 

Device Code 

Bit b7 b6 b5 

Device Select 1 0 1 

Note: The MSB b7 is sent first. 

Table 4. Operating Modes 
-

Mode RW bit Bytes 

Current Address Read '1' 1 

Random Address Read 
'0' 

'1' 1 

Sequential Read '1' 1 to 4096 

Byte Write '0' 1 

Page Write '0' 32 

Note: X = v,H or VIL. 

ledge bit. When writing data to the memory it 
responds to the 8 bits received by asserting an 
acknowledge bit during the 9th bit time. When data 
is read by the bus master, it acknowledges the 
receipt of the data bytes in the same way. 

Data transfers are terminated with a STOP condi
tion. In this way, up to 8 ST24/25E32D may be 
connected to the same 12C bus and selected indi
vidually, allowing a total addressing field of 256 
Kbit. 

Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Untill the Vee 
voltage has reached the POR threshold value, the 
internal reset is active: all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 

SIGNALS DESCRIPTION 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 

ST24/25E32D 

-
Chip Enable RW 

b4 b3 b2 b1 bO 

-
0 E2 E1 EO RW 

Initial Sequence 

START, Device Select, RW = '1' 
-

START, Device Select, RW = '0', Address 
-

reSTART, Device Select, RW = '1' 

As CURRENT or RANDOM Mode 

START, Device Select, RW = '0' 
-

START, Device Select, RW = '0' 

resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 3) 

Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 3). 

Chip Enable (EO - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynami
cally or tied to Vee or Vss to establish the device 
select code. Note that the V1L and V1H levels for the 
inputs are CMOS, not TTL compatible. 

Write Control (WC). The Write Control feature 
we is useful to protect the contents of the memory 
from any erroneous erase/write cycle. The Write 
Control s.l.9.!lal is used to enable (WC at ViH) or 
disable (WC at ViL) the internal write protection. 
The devices with this Write Control feature no 
longer sup~s the multi byte mode qf_ operation. 
When pin we is unconnected, the we input is 
internally read as V1L. 

When WC=1, Device Select and Address bytes are 
acknowledged; Data bytes are not acknowledged. 

Refer to the AN404 Application Note for more de
tailed information about Write Control feature. 
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AC MEASUREMENT CONDITIONS 

Input Rise and Fall limes ~ SOns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output liming Ref. Voltages 0.3Vcc to 0.7Vcc 

Figure 4. AC Testing Input Output Waveforms 

o.svcc 

o 2Vcc 

~07Vcc 

~0.3Vcc 
VA00825 

DEVICE OPERATION 

12C Bus Background 

The ST24/25E32D support the extended address
ing 12C protocol. This protocol defines any device 

that sends data onto the bus as a transmitter and 
any device that reads the data as a receiver. The 
device that controls the data transfer is known as 
the master and the other as the slave. The master 
will always initiate a data transfer and will provide 
the serial clock for synchronisation. The 
ST24/25E32D are always slave devices in all com
munications. 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25E32D 
continuously monitor the SDA and SCL signals for 
a START condition and will not respond unless one 
is given. 
Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the ST24/25E32D 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 

Figure 3. Maximum RL Value versus Bus Capacitance {Ceus) for an 12C Bus, fc = 400kHz 

20 
Vee 

\ ---

SDAD Rc 0 '' 
16 

\ 
~ \ ~ 12 

X \ MASTER -t-es:~-c 
E 

" SeL 
_J 

0:: 8 

"' yesus 
.......... ....... 4 

Vcc=5V ......_ -
0 

25 50 75 100 

csus (pF) VA01115 
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Table 5. Capacitance 11l (T A = 25 ac, f = 400 kHz ) 

Symbol Parameter Min Max Unit 

CrN Input Capacitance (SDA) 8 pF 

CrN Input Capacitance (other pins) 6 pF 

ZwcL WC Input Impedance VrN ~0.3 Vee 5 20 kn 

ZwcH WC Input Impedance VrN ~0.7Vcc 500 kn 

Note: 1. Sampled only, not 100% tested. 

Table 6. DC Characteristics 
(TA = -40 to 85 ac or -40 to 125 oc; Vee= 3V to 5.5V or 2V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

- OV ~ VrN ~ 0.3Vcc 8 25 kn 
RrN WC Input Resistor 

0.7 Vee~ VrN ~Vee 1 kn 

lu 
Input Leakage Current 

OV~VrN ~Vee ±2 ~A (SCL, SDA, EO-E2) 

ILO Output Leakage Current OV:O:VouT:O:Vee ±2 ~A SDAin Hi-Z 

Supply Current Vee= 5V, fc = 400kHz 2 rnA 
Icc (Rise/Fall time < 1 Ons) 

Supply Current (ST25 series) Vee= 2V, fe = 400kHz 1 rnA 

VrN = Vss or Vee, 20 ~A 
lcc1 Supply Current (Standby) 

Vee =5V 

VrN = Vss or Vee, 300 ~A Vee= 5V, fc =400kHz 

VrN = Vss or Vee, 
5 ~A 

lee2 
Supply Current (Standby) Vcc=2V 
(ST25 series) 

VrN = Vss or Vee. 
Vee= 2V, fc =400kHz 

50 ~A 

VrL Input Low Voltage (SCL, SDA) -0.3 0.3 Vee v 
VrH Input High Voltage (SCL, SDA) 0.7Vcc Vee+ 1 v 
VrL Input Low Voltage (EO-E2, WC) -0.3 0.5 v 
VrH Input High Voltage (EO-E2, WC) Vcc-0.5 Vee+ 1 v 

VoL 
Output Low Voltage loL = 3mA, Vee= 5V 0.4 v 
Output Low Voltage (ST25 series) loL = 2.1mA, Vee= 2V 0.4 v 

Vee Read 
Vee Range for Read Operations 2 v 
(ST25 series) 

Vee Write Vee Range for Write Operations 2 v 

-------------I:.V ~itm•~~~ ____________ 5=-'=13 
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Table 7. AC Characteristics 
(TA = -40 to 85 oc or -40 to 125 oc; Vee= 3V to 5.5V or 2V to 5.5V) 

Symbol All Parameter Min Max Unit 

lcH1CH2 IR Clock Rise Time 300 ns 

lcL1Cl2 IF Clock Fall Time 300 ns 

IDH1DH2 IR Input Rise Time 300 ns 

IDL1DL1 IF Input Fall Time 300 ns 

ICHDX (l) tsu STA Clock High to Input Transition 600 ns 

ICHCL !HIGH Clock Pulse Width High 600 ns 

IDLCL IHD.STA Input Low to Clock Low (START} 600 ns 

ICLDX IHD.DAT Clock Low to Input Transition 0 J.IS 

ICLCH I LOw Clock Pulse Width Low 1.3 J.IS 

toxcx lsu OAT Input Transition to Clock Transition 100 ns 

lcHDH tsusro Clock High to Input High (STOP) 600 ns 

IDHDL tsuF Input High to Input Low (Bus Free) 1.3 J.IS 

lcLOV IAA Clock Low to Data Out Valid 200 800 ns 

!CLQX loH Clock Low to Data Out Transition 200 ns 

fc fscL Clock Frequency 400 kHz 

INs t, Norse Suppression Trme Constant 100 ns 
(SCL & SDA Inputs) 

Write Trme (ST25E32D at Vee= 2V) 5 ms 
tw twA 

Write Time (ST24E32D at Vee= 5V) 10 ms 

Note: 1. For a reSTART condition, or followmg a wnte cycle. 

DEVICE OPERATION (cont'd) 

Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful! data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse the receiver pulls the SDA bus low 
to acknowledge the receipt of the 8 bits of data. 

Data Input. During data input the ST24/25E32D 
sample the SDA bus signal on the rising edge of 
the clock SCL. For correct device operation the 
SDA signal must be stable during the clock low to 
high transition and the data must change ONLY 
when the SCL line is low. 

Device Selection. To start communication be
tween the bus master and the slave ST24/25E32D, 
the master must initiate a START condition. The 8 
bits sent after a START condition are made up of a 
device select of 4 bits that identifies the device t~e. 
3 Chip Enable bits and one bit for a READ (RW = 
1) or WRITE (RW = 0) operation. There are two 

modes both for read and write. These are summa
rised in Table 4 and described hereafter. A commu
nication between the master and the slave is ended 
with a STOP condition. 

Memory Addressing. A data byte in the memory 
is addressed through 2 bytes of address informa
tion. The Most Significant Byte is sent first and the 
Least significant Byte is sent after. The Least Sig
nificant Byte addresses a block of 256 bytes, bits 
b11 ,b10,b9,b8 of the Most Significant Byte select 
one block among 16 blocks (one block is 256 
bytes). 

Most Significant Byte 

I o 0 0 0 b11 I b1o I b9 b8 

Least Significant Byte 

I b7 I b6 b5 b4 b3 b2 b1 bO 

6/13 "'='= SGS·lHOMSON .:::....:.=--------------- &'11 l':'lo©I.OOrnlill:i£;illli@~Jo~ ---------------
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ST24/25E32D 

Figure 5. AC Waveforms 

SCL 

SDA IN 

SCL 

SDA OUT 

SCL 

SDA IN 

' .. .· 
: START: 
CONDITION 

SDA SDA 
INPUT CHANGE 

DATA VALID 

:.--DATA OUTPUT--! 
' ' 

STOP & 
BUS FREE 

WRITE CYCLE ------f---.. 
STOP 

CONDITION 
START 

CONDITION 

VA00795 
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ST24/25E32D 

Figure 6. 12C Bus Protocol 

SCL 

SDA ---n ;! xi ' ...._;._J__.~ _ __;.__J ' 

' ' ' ' ' ' I : I 

:.. ... : .. .... ... 
' 

.. . 
SDA SDA START 

CONDITION INPUT CHANGE 
STOP 

CONDITION 

SCL 

SDA ' ' ' 
' ' :..-....: 
START 

CONDITION 

SCL --~--
SDA 

Write Operations 

Following a START condition the master sends a 
device select code with the RW bit reset to '0'. The 
ST24/25E32D acknowledge this and waits for 2 
bytes of address. These 2 address bytes (8 bits 
each) provide access to any of the 16 blocks of 256 
bytes each. Writing~he ST24/25E32D may be 
inhibited if input pin we is taken high. 

For the ST24/25E32D versions, any write com
mand with we= 1 (during a period of time from the 
START condition untill the end of the 2 Bytes 
Address) will not modify data and will NOT be 
acknowledged on data bytes, as in Figure 9. 

' ' ' ' 
:---.: 
STOP 

CONDITION 

VA00792 

Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
ST24/25E32D. The master then terminates the 
transfer by generating a STOP condition. 

Page Write. The Page Write mode allows up to 32 
bytes to be written in a single write cycle, provided 
that they are all located in the same row of 32 bytes 
in the memory, that is the same Address bits (b11 
to b5). The master sends one up to 32 bytes of data, 
which are each acknowledged by the 
ST24/25E32D. After each byte is transfered, the 
internal byte address counter (5 Least Significant 
Bits only) is incremented. The transfer is terminated 
by the master generating a STOP condition. Care 
must be taken to avoid address counter 'roll-over' 
which could result in data being overwritten. 

=8/.:..:13:___ _________ ID'f SCS·lHOMSON ------------
• J' ll:i]Q©OO@~~~©'irnl@~Q©ii 
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Note that for any write mode, the generation by the 
master of the STOP condition starts the internal 
memory program cycle. This STOP condition will 
trigger an internal memory program cycle only if the 
STOP condition is internally decoded right after the 
ACK bit; any STOP condition decoded out of this 
"1Oth bit" time slot will not trigger the internal pro
gramming cycle. All inputs are disabled until the 
completion of this cycle and the ST24/25E32D will 
not respond to any request. 

Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the ST24/25E32D 
disable itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the Write time (tw) is given in the 

Figure 7. Write Cycle Polling using ACK 

NO 

ST24/25E32D 

AC Characteristics table, this timing value may be 
reduced by an ACK polling sequence issued by the 
master. The sequence is: 

- Initial condition: a Write is in progress (see Figure 
7). 

- Step 1: the Master issues a START condition 
followed by a Device Select byte. (1st byte of 
the new instruction) 

- Step 2: if the ST24/25E32D are internally writing, 
no ACK will be returned. The Master goes back 
to Step1. If the ST24/25E32D have terminated 
the internal writing, it will issue an ACK. The 
ST24/25E32D are ready to receive the second 
part of the instruction (the first byte of this in
struction was already sent during Step1 ). 

YES 

VA01099 

------------ I:.V ~~~~~ ___________ ;::.9/~13 
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ST24/25E32D 

Read Operations 

On delivery, the memory content is set at all "1 's" 
(or FFh). 

Current Address Read. The ST24/25E32D have 
an internal 12 bits address counter. Each time a 
byte is read, this counter is incremented. For the 
Current Address Read mode, following a START 
condition, the master sends a Device Select with 
the RW bit set to '1'. The ST24/25E32D acknow
ledge this and outputs the byte addressed by the 
internal address counter. This counter is then incre
mented. The master does NOT acknowledge the 
byte output, but terminates the transfer with a 
STOP condition. 

Random Address Read. A dummy write is per
formed to load the address into the address 
counter, see Figure 1 0. This is followed by another 
START condition from the master and the byte 
address repeated with the RW bit set to '1 '. The 
ST24/25E32D acknowledge this and outputs the 
byte addressed. The master does NOT acknow
ledge the byte output, but terminates the transfer 
with a STOP condition. 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
ST24/25E32D continue to output the next byte in 

Figure 8. Write Modes Sequence with Write Control = 0 

BYTE 
WRITE 

PAGE WRITE 

we 
(con\' d) 

PAGE WRITE 

(cent' d) 

ACK ACK ACK ACK 
n ~I :~o:E~Y ~~~L~: I~ I :sr~<ApqR: Ill :srT:<ApqR: Ill: P+Tt:l~: II. n 
START RW STOP 

START RW 

ACK ACK 
~:J 1 1 pfrt:~~ :N: 11• 0 

STOP 

10/13 ~ SGS·lHOMSON 
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ST24/25E32D 

Figure 9. Write Modes Sequence with Write Control = 1 

ACK ACK ACK NO ACK 

~ii 0 lrr:-.-o:Ev,...,.; ~..,..~Ln: 1,.11 :s;nf>p~R: 1'1 :sr~<Ap~R: 1'1: :o++:~~: 1'. 0 
START RW STOP 

PAGE WRITE 

NO ACK 
,.....,......"'T""T""T""'I""1 rT""T""T""T""T""'I"T"1 ,.........,.."'T""T-.-r-, ,....,..D.,.A"TT A..,..,l N , 2 r-

LL~~-CCL~~~~~~~~~~~~~~~~~~~~-•-

we 
(con\' d) 

START RW 

NO ACK NO ACK 

(to~~'dlRITE ~:J'I P+Tt:1 ~ :N: 11• 0 
STOP 

sequence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat
ically incremented after each byte output. After a 
count of the last memory address, the address 

VA01120 

counter will'roll-over' and the memory will continue 
to output data. 

Acknowledge in Read Mode. In all read modes 
the ST24/25E32D wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25E32D termi
nate the data transfer and switch to a standby state. 

_____________ i.W ~~©m2m~~~~ ____________ 1_1,_13 
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ST24/25E32D 

Figure 10. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

START RW STOP 

ACK ACK 

0 "I :"'T'qE..,....Y ..,~~"'T'< T"1l1l1l rN :a~~ l 11 C~:~~ 
START RW 

START RW 

ACK NO ACK 

:~:~J 1 J9~T~ P~T: 01 1 LO 
STOP 

ACK NO ACK 

~~:~J 119~Ti PYT: 01 1 LO 
STOP 

START RW 

Note: ' The 7 Most Significant bits of DEV SEL bytes of a Random Read (1st byte and 4th byte) must be identical. 

VA01255 
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ORDERING INFORMATION SCHEME 

Example: 

Operating Voltage 

24 3Vto 5.5V 

25 2Vto5.5V 

E Extended 
Addressing 

ST24E32D M 

Revision 

D CMOS F4 
Tech. 

Note: 3 • Temperature range on request only. 

TR 

Package 

B PSDIPS 
0.25mm 
Frame 

M SOB 
208mil 
Width 

Parts are shipped with the memory content set at all "1 's" (FFh). 

ST24/25E32D 

Option 

TR Tape & Reel 
Packing 

3. -40 to 125 oc 
6 -40 to 85 oc 

For a list of available options (Operating Voltage, Range, Package, etc ... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

--------------~ ~i©l!i~~~~li ___________ ___;,1.:c.3/_.:.,;;,13 
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ST24E64D 
ST25E64D 

SERIAL ACCESS CMOS 64K (8192 x 8) EEPROMs 
EXTENDED ADDRESSING COMPATIBLE WITH 12C BUS 

• COMPATIBLE with 12C EXTENDED 
ADDRESSING 

• TWO WIRE SERIAL INTERFACE, 
SUPPORTS 400kHz PROTOCOL 

• MINIMUM 1 MILLION ERASE/WRITE 
CYCLES, with OVER 10 YEARS DATA 
RETENTION 

• SINGLE SUPPLY VOLTAGE: 
- 3V to 5.5V for ST24E64D version 
- 2V to 5.5V for ST25E64D version 

• WRITE CONTROL FEATURE 
• BYTE and PAGE WRITE (up to 32 BYTES) 
• BYTE, RANDOM and SEQUENTIAL READ 

MODES 
• SELF TIMED PROGRAMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
• ENHANCED ESD/LATCH UP 

PERFORMANCES 

DESCRIPTION 

The ST24/25E64D are 64K bit electrically erasable 
programmable memories (EEPROM), organized 
as 8 blocks of 1024 x 8 bits. It is manufactured in 
SGS-THOMSON's Hi-Endurance Advanced 
CMOS technology which guarantees an endur
ance of more than one million erase/write cycles 
with a data retention of over 10 years. The 
ST25E64D operates with a power supply value as 

Table 1. Signal Names 

EO- E2 Chip Enable Inputs 

SDA Serial Data Address lnput!Output 

SCL Serial Clock 

we Write Control 

Vee Supply Voltage 

Vss Ground 

December 1993 

PRODUCT CONCEPT 

8~ 

PSDIPB (B) SOB (M) 
0.25mm Frame 208mil Width 

Figure 1. Logic Diagram 

EO-E2 

SeL 

we 

Vee 

3 

Vss 

SDA 

VA01204 

1/13 
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ST24/25E64D 

Figure 2A. DIP Pin Connections 

ST24E64D 
ST25E64D 

EODs Vee 
E1 2 7 we 
E2 3 6 SeL 

Vss 4 5 SDA 
VA1205 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

TLEAO Lead Temperature, Soldering (SOB) 
(PSDIPB) 

v,o Input or Output Voltages 

Vee Supply Voltage 

Figure 28. SO Pin Connections 

ST24E64D 
ST25E64D Eo[]s Vee 

E1 2 7 we 
E2 3 6 SeL 

Vss 4 5 SDA 
VA01206 

Value 

grade 3 -40to 125 
grade 6 -40to85 

..S5 to 150 

40 sec 215 
10 sec 260 

-Q.3to6.5 

-Q.3to6.5 

Unit 

oc 

oc 

oc 

v 

v 

VEso 
Electrostatic Discharge Voltage (Human Body model) 121 4000 v 

Electrostatic Discharge Voltage (Machine model) 131 500 v 

Notes: 1. Except for the rat1ng "Operating Temperature Range', stresses above those listed In the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those Indicated In the Operating sections of this specification is not Implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant quality documents. 

2. 100pF through 1500Q; MIL·STD-8830, 3015.7 
3. 200pF through QQ; EIAJ 10·121 (condition C) 

DESCRIPTION (cont'd) 

low as 2.0V. Both Plastic Dual-in-Line and Plastic 
Small Outline packages are available. 

Each memory is compatible with the 12C extended 
addressing standard, two wire serial interface 
which uses a bi-directional data bus and serial 
clock. The ST24/25E64D carry a built-in 4 bit, 
unique device identification code (1 01 0) corre-

spending to the 12C bus definition. The 
ST24/25E64D behave as slave devices in the 12C 
protocol with all memory operations synchronized 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 4 bits (identification code 101 0), 3 bit 
Chip Enable input to form a 7 bit Device Select, plus 
one read/write bit and terminated by an acknow-

=2/-"13::...._ ___________ ~ ~~;;m~~~cm-------------
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Table 3. Device Select Code 

Device Code 

Bit b7 b6 b5 

Device Select 1 0 1 

Note: The MSB b7 IS sent first. 

Table 4. Operating Modes 

Mode RWbit Bytes 

Current Address Read '1' 1 

Random Address Read 
'0' 

'1' 1 

Sequential Read '1' 1 to8192 

Byte Write '0' 1 

Page Write '0' 64 

Note: X = v," or v". 

ledge bit. When writing data to the memory it 
responds to the 8 bits received by asserting an 
acknowledge bit during the 9th bit time. When data 
is read by the bus master, it acknowledges the 
receipt of the data bytes in the same way. 

Data transfers are terminated with a STOP condi
tion. In this way, up to 8 ST24/25E64D may be 
connected to the same 12e bus and selected indi
vidually, allowing a total addressing field of 512 
Kbit. 

Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Untill the Vee 
voltage has reached the POR threshold value, the 
internal reset is active: all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 

SIGNALS DESCRIPTION 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 

ST24/25E64D 

-
Chip Enable RW 

b4 b3 b2 b1 bO 

-
0 E2 E1 EO RW 

Initial Sequence 

START, Device Select, RW = '1' 

START, Device Select, RW = '0', Address 

reSTART, Device Select, RW = '1' 

As CURRENT or RANDOM Mode 

START, Device Select, RW = '0' 

START, Device Select, RW = '0' 

resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 3) 

Serial Data (SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 3). 

Chip Enable (EO - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynami
cally or tied to Vee or Vss to establish the device 
select code. Note that the V1L and V1H levels for the 
inputs are CMOS, not TTL compatible. 

Write Control (WC). The Write Control feature 
we is useful to protect the contents of the memory 
from any erroneous erase/write cycle. The Write 
Control s.l.9.!:!.al is used to enable (WC at VJH) or 
disable (WC at VJL) the internal write protection. 
The devices with this Write Control feature no 
longer sup~s the multi byte mode Qf.. operation. 
When pin we is unconnected, the we input is 
internally read as VJL. 

When WC=1, Device Select and Address bytes are 
acknowledged; Data bytes are not acknowledged. 

Refer to the AN404 Application Note for more de
tailed information about Write Control feature. 

~ SGS·1HOMSON 3/13 -------------- lll.'"fl WJD©OO©rn~~©'VOO©I!ll©ill -------------"'C.:.::: 
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ST24/25E64D 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times $ SOns 

Input Pulse Voltages 0.2Vcc to O.BVcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

Figure 4. AC Testing Input Output Waveforms 

o svcc 

o 2Vcc 

~07Vcc 

~o3vcc 

DEVICE OPERATION 

12C Bus Background 

VA00825 

The ST24/25E64D support the extended address
ing 12C protocol. This protocol defines any device 

that sends data onto the bus as a transmitter and 
any device that reads the data as a receiver. The 
device that controls the data transfer is known as 
the master and the other as the slave. The master 
will always initiate a data transfer and will provide 
the serial clock for synchronisation. The 
ST24/25E64D are always slave devices in all com
munications. 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the ST24/25E64D 
continuously monitor the SDA and SCL signals for 
a START condition and will not respond unless one 
is given. 
Stop Condition. STOP is identified by a low to high 
transition of the SDA line while the clock SCL is 
stable in the high state. A STOP condition termi
nates communication between the ST24/25E64D 
and the bus master. A STOP condition at the end 
of a Read command forces the standby state. A 
STOP condition at the end of a Write command 
triggers the internal EEPROM write cycle. 

Figure 3. Maximum RL Value versus Bus Capacitance (Csus) for an 12C Bus, fc =400kHz 
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ST24/25E64D 

Table 5. Capacitance <1> (TA = 25 oc, f =400kHz) 

Symbol Parameter Min Max Unit 

C1N Input Capacitance (SDA) 8 pF 

C1N Input Capacitance (other pins) 6 pF 

ZwcL WC Input Impedance V1N ~ 0.3 Vee 5 20 kQ 

ZwcH WC Input Impedance VIN~0.7Vcc 500 kQ 

Note: 1. Sampled only, not 100% tested. 

Table 6. DC Characteristics 
(TA = -40 to 85 oc or -40 to 125 oc; Vee= 3V to 5.5V or 2V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

R1N 
- OV ~ V1N ~ 0.3Vcc 8 25 kQ 
WC Input Resistor 

0.7 Vee~ V1N ~Vee 1 kQ 

lu Input Leakage Current OV ~ V1N ~Vee ±2 J.lA (SCL, SDA, EO-E2) 

ILO Output Leakage Current OV ~ Vour ~Vee ±2 J.!A SDAin Hi-Z 

Supply Current Vee= 5V, fc =400kHz 2 rnA 
Icc (Rise/Fall time < 1 Ons) 

Supply Current (ST25 series) Vee= 2V, fc =400kHz 1 rnA 

V1N = Vss or Vee, 20 J.lA 
lcc1 Supply Current (Standby} 

Vee= 5V 

V1N = Vss or Vee, 300 J.lA Vee= 5V, lc =400kHz 

V1N = Vss or Vee, 5 J.lA 
lee2 

Supply Current (Standby) Vee =2V 
(ST25 series) 

V1N = Vss or Vee, 
Vee= 2V, fc =400kHz 50 J.lA 

VIL Input Low Voltage (SCL, SDA) -0.3 0.3 Vee v 
V1H Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 v 
VIL Input Low Voltage (EO-E2, WC) -0.3 0.5 v 
V1H Input High Voltage (EO-E2, WC) Vee- 0.5 Vee+ 1 v 

VoL 
Output Low Voltage loL = 3mA, Vee= 5V 0.4 v 
Output Low Voltage (ST25 series) loL = 2.1mA, Vee= 2V 0.4 v 

Vee Read Vee Range for Read Operations 2 v (ST25 series) 

Vee Write Vee Range for Write Operations 2 v 

______________ ~ ~~~~mgm:~~©~ ____________ 5""'=13 
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Table 7. AC Characteristics 
(TA = -40 to 85 oc or -40 to 125 oc; Vee= 3V to 5.5V or 2V to 5.5V) 

Symbol AI! Parameter Min Max Unit 

lcH1CH2 IR Clock Rise Time 300 ns 

tcucl2 IF Clock Fall Time 300 ns 

loH1DH2 IR Input Rise Time 300 ns 

IDL1DL1 IF Input Fall Time 300 ns 

ICHDX (I) lsu STA Clock High to Input Transition 600 ns 

!cHCL IHIGH Clock Pulse Width High 600 ns 

loLCL IHo STA Input Low to Clock Low (START) 600 ns 

ICLDX IHD OAT Clock Low to Input Transition 0 J.lS 

lcLCH I LOW Clock Pulse Width Low 1.3 J.lS 

toxcx lsuoAT Input Transition to Clock Transition 100 ns 

ICHDH tsusm Clock High to Input High (STOP) 600 ns 

loHDL lsuF Input High to Input Low (Bus Free) 1.3 J.lS 

lcLOV IAA Clock Low to Data Out Valid 200 BOO ns 

ICLQX loH Clock Low to Data Out Transition 200 ns 

fc fscL Clock Frequency 400 kHz 

INs ,, Noise Suppression Time Constant 
100 ns (SCL & SDA Inputs) 

lw lwR 
Write Time (ST25E64D at Vee= 2V) 5 ms 

Write Time (ST24E64D at V cc = 5V) 10 ms 

Note: 1. For a reSTART condition, or following a write cycle. 

DEVICE OPERATION (cont'd) 

Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successfull data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse the receiver pulls the SDA bus low 
to acknowledge the receipt of the 8 bits of data. 

Data Input. During data input the ST24/25E64D 
sample the SDA bus signal on the rising edge of 
the clock SCL. For correct device operation the 
SDA signal must be stable during the clock low to 
high transition and the data must change ONLY 
when the SCL line is low. 

Device Selection. To start communication be
tween the bus master and the slave ST24/25E64D, 
the master must initiate a START condition. The 8 
bits sent after a START condition are made up of a 
device select of 4 bits that identifies the device t~e, 
3 Chip.Enable bits and one bit for a READ (RW = 
1) or WRITE (RW = 0) operation. There are two 

modes both for read and write. These are summa
rised in Table 4 and described hereafter. A commu
nication between the master and the slave is ended 
with a STOP condition. 

Memory Addressing. A data byte in the memory 
is addressed through 2 bytes of address informa
tion. The Most Significant Byte is sent first and the 
Least significant Byte is sent after. The Least Sig
nificant Byte addresses a block of 256 bytes, bits 
b12,b11 ,b1 O,b9,b8 of the Most Significant Byte 
select one block among 32 blocks (one block is 256 
bytes). 

Most Significant Byte 

0 0 0 b12 b11 b10 b9 bB 

Least Significant Byte 

I b7 I b6 b5 b4 b3 b2 b1 bO 

~6/~13~---------- ~ SGS·lHOMSON .._""!I ll:'JO©II2©rn~§©WJ©!i!iO©lii ---------------
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Figure 5. AC Waveforms 
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Figure 6. 12C Bus Protocol 

SCL 
' ' ' 

---~ 

' ' ' ' 
SDA \\. I i Xi \-.;.-.1--':--......... ...J : ~~~=" i I 

' ' ' ' ' ' 

I I I I 
I I I I 
I I I I ' ' ... I I I I 

:. ... :.. ..:.. ..: : ... 
SDA SDA START 

CONDITION INPUT CHANGE 
STOP 

CONDITION 

SCL --~--
SDA i '-',.....L--J'-----J'----11-- ~ ~--

:--.: 
START 

CONDITION 

SCL --~--

SDA ~ ~...J'--·"---'----iJ i 

Write Operations 

Following a START condition_..!.he master sends a 
device select code with the RW bit reset to '0'. The 
ST24/25E64D acknowledge this and waits for 2 
bytes of address. These 2 address bytes (8 bits 
each) provide access to any of the 32 blocks of 256 
bytes each. WritingJ!!jhe ST24/25E64D may be 
inhibited if input pin we is taken high. 

For the ST24/25E64D versions, any write com
mand with we= 1 (during a period of time from the 
START condition untill the end of the 2 Bytes 
Address) will not modify data and will NOT be 
acknowledged on data bytes, as in Figure 9. 

' ' 1+--.: 
STOP 

CONDITION 
VA00792 

Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
ST24/25E64D. The master then terminates the 
transfer by generating a STOP condition. 
Page Write. The Page Write mode allows up to 32. 
bytes to be written in a single write cycle, provided 
that they are all located in the same row of 32 bytes 
in the memory, that is the same Address bits (b12 
to b5). The master sends one up to 64 bytes of da,ta, 
which are each acknowledged by the 
ST24/25E64D. After each byte is transfered, the 
internal byte address counter (5 Least Significant 
Bits only) is incremented. The transfer is terminated 
by the master generating a STOP condition. Care 
must be taken to avoid address counter 'roll-over' 
which could result in data being overwritten. 

=8/..:.;13::..... ___________ ~ ~~©R&2ml~~li -------------
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Note that for any write mode, the generation by the 
master of the STOP condition starts the internal 
memory program cycle. This STOP condition will 
trigger an internal memory program cycle only if the 
STOP condition is internally decoded right after the 
ACK bit; any STOP condition decoded out of this 
"1Oth bit" time slot will not trigger the internal pro
gramming cycle. All inputs are disabled until the 
completion of this cycle and the ST24/25E64D will 
not respond to any request. 

Minimizing System Delay by Polling On ACK. 
During the internal Write cycle, the ST24/25E64D 
disable itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the Write time (tw) is given in the 

Figure 7. Write Cycle Polling using ACK 

ST24/25E64D 

AC Characteristics table, this timing value may be 
reduced by an ACK polling sequence issued by the 
master. The sequence is: 

- Initial condition: a Write is in progress (see Figure 
7). 

- Step 1: the Master issues a START condition 
followed by a Device Select byte. (1st byte of 
the new instruction) 

- Step 2: if the ST24/25E64D are internally writing, 
no ACK will be returned. The Master goes back 
to Step1. If the ST24/25E64D have terminated 
the internal writing, it will issue an ACK. The 
ST24/25E64D are ready to receive the second 
part of the instruction (the first byte of this in
struction was already sent during Step1). 

WRITE Cycle 

in Progress 

NO YES 

VA01099 

_____________ ~ ~i©m~~~~~-----------~9,~13 
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ST24/25E64D 

Read Operations 

On delivery, the memory content is set at all "1's" 
(or FFh). 

Current Address Read. The ST24/25E64D have 
an internal 13 bits address counter. Each time a 
byte is read, this counter is incremented. For the 
Current Address Read mode, following a START 
condition, the master sends a Device Select with 
the RW bit set to '1'. The ST24/25E64D acknow
ledge this and outputs the byte addressed by the 
internal address counter. This counter is then incre
mented. The master does NOT acknowledge the 
byte output, but terminates the transfer with a 
STOP condition. 

Random Address Read. A dummy write is per
formed to load the address into the address 
counter, see Figure 10. This is followed by another 
START condition from the master and the byte 
address repeated with the RW bit set to '1'. The 
ST24/25E64D acknowledge this and outputs the 
byte addressed. The master does NOT acknow
ledge the byte output, but terminates the transfer 
with a STOP condition. 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
ST24/25E64D continue to output the next byte in 

Figure 8. Write Modes Sequence with Write Control = 0 

BYTE 
WRITE 

PAGE WRITE 

~ 

(con!' d) 

PAGE WRITE 
(cent' d) 

ACK ACK ACK ACK 

n I :o:EY ~~< 11.11 :srTF>PQR: Ill :sn<ApQR: Ill: P~T~)~: 11. n 
START RW STOP 

ACK ACK 

~:JII pN:~~ :N: 11. 0 
STOP VA01106 

~10~,1~3-----------lifi ~i~©mgm~~~~ -------------
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ST24/25E64D 

Figure 9. Write Modes Sequence with Write Control = 1 

ACK ACK ACK NO ACK 

BYTE 
WRITE o ...,.I : ....... ~Ev ...... ; ~ ....... ~L ...... : 11 I 11 :sr~E >r9R: 111 :sr~E >r9R: 111 : ?~Tf :~~ : 11 I 0 

START RW STOP 

PAGE WRITE 
r-r"T""T-r-r...,....,-, r..-r""T""T-.-,......-, r-r"T""T-r-r--.-,.-, r.,..D..,.A..,.T A,...,.l N ~ 2 •

LL~~~~4L~~~~~~~~~~~~~~~~~~~-•-

we 
(cent' d) 

START RW 

NO ACK NO ACK 

r:o~~·d1RITE ::J 11 rH:~~ :N: 11• 0 
STOP 

sequence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat
ically incremented after each byte output. After a 
count of the last memory address, the address 

VA01120 

counter will 'roll-over' and the memory will continue 
to output data. 

Acknowledge In Read Mode. In all read modes 
the ST24/25E64D wait for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24/25E64D termi
nate the data transfer and switch to a standby state. 

____________ lifi ~~~©m~m~~~~ _____________ 1""1'~13 
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ST24/25E64D 

Figure 1 0. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

ACK NO ACK 

n I :~EY~~< 11!11 :DftA;quj; IILO 
START RW STOP 

START RW 

ACK ACK 

0 ,..,I ;...,..qE ..... Y ii""Ts~L"'T'"; ....,11111 ?N ;o~~ Jll C~:~~ 
START RW 

NO ACK 

START RW STOP 

ACK NO ACK 

:~:~J 119A:T~ pYT: ~ 11 LO 
STOP 

ACK 
I""T""T""T""'T""T"'T""1., r,....,.. ........ ..,...,,..,.., I ~-·-· SEQUENTIAL 

RANDOM 
READ 

L..L..L..L~L....L..'-L.IfL...L...I-'-L..L..L.L...L...I....L..JL...L..L..L...l...L~L....L..'-L..l...L~-'-'-' L...L..L..L..L..L..J....L...I ........ -1_. 
START START 

ACK NO ACK 

:~:~J 11 ~~T+ p~T; ~ 11 LO 
STOP VA01255 

Note: • The 7 Most Signif1cant bitS of DEV SEL bytes of a Random Read (1st byte and 4th byte) must be 1denbcal . 

..0.:121::;..1'-.;:3 ___________ l:ii ~!i©W.~~~~ -------------
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ORDERING INFORMATION SCHEME 

Example: 

Operating Voltage 

24 3Vto5.5V 

25 2Vto5.5V 

E D 

ST24E64D M 

Revision 

CMOSF4 
Tech. 

Note: 3 • Temperature range on request only. 

TR 

Package 

B PSDIPB 
0.25mm 
Frame 

M SOB 
20Bmil 
Width 

Parts are shipped with the memory content set at all "1 's" (FFh). 

ST24/25E64D 

Option 

TR Tape & Reel 
Packing 

3* 

6 -40to85 oc 

For a list of available options (Operating Voltage, Range, Package, etc ... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

- ----------- ,.-='1 SGS·lHOMSON __________ 1'"'"'3/-'-'-13 Ill.""!, li>IO©OO©ru©'i1ll@lill0©$ 
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ST93C06 
ST93C06C 

SERIAL ACCESS CMOS 256 bit (16 x 16 or 32 x 8) EEPROM 

• MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 

• DUAL ORGANIZATION: 16 x 16 or 32 x 8 
• BYTE/WORD and ENTIRE MEMORY PRO

GRAMMING INSTRUCTIONS 
• SELF-TIMED PROGRAMMING CYCLE with 

AUTO-ERASE 
• READY/BUSY SIGNAL DURING PROGRAM

MING 
• SINGLE SUPPLY VOLTAGE 

- 5V ±1 0% for ST93C06 version 
- 3V to 5.5V for ST93C06C version 

• SEQUENTIAL READ OPERATION 
• 5ms TYPICAL PROGRAMMING TIME 
• ENHANCED ESD/LATCH UP PERFOR

MANCES for "C" VERSION 

DESCRIPTION 

The ST93C06 and ST93C06C are 256 bit Electri
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON's High Endurance 
Single Polysilicon CMOS technology. In the text the 
two products are referred to as ST93C06. 

The memory is divided into either 32 x 8 bit bytes 
or 16 x 16 bit words. The organization may be 
selected by a signal applied on the ORG input. 

The memory is accessed through a serial input (D) 
and by a set of instructions which includes Read a 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

Q Serial Data Output 

c Serial Clock 

ORG Organisation Select 

Vee Supply Voltage 

Vss Ground 

October 1993 

PSDIPB (B) 
0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

D 

e ST93e06 

8~ 

SOB (M) 

Q 

s ST93C06C 

ORG 

Vss 
VA00816B 

1/10 
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ST93C06,ST93C06C 

Figure 2A. DIP Pin Connections 

ST93e06 
ST93e06e 

sfi]s Vee e 2 7 DU 
D 3 6 ORG 

o 4 5 Vss 
VA00817B 

Warning: DU = Don't Use 

Table 2. Absolute Maximum Ratings <1l 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

Figure 28. SO Pin Connections 

ST93e06 
ST93e06e 

s[]s Vee e 2 7 DU 
D 3 6 ORG 

o 4 5 Vss 
VA00818B 

Warning: DU = Don't Use 

Value Unit 

grade 1 0 to 70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

-65 to 150 oc 

TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oc 
(PSDIP8 package) 10 sec 260 

V1o Input or Output Voltages (Q = VoH or Hi-Z) -0.3 to Vee +0.5 v 
Vee Supply Voltage -Q.3to6.5 v 

Electrostatic Discharge Voltage (Human Body model) (2) ST93C06 2000 v 
VESD 

ST93C06C 4000 

Electrostatic Discharge Voltage (Machine model) (3l ST93C06 500 v 
ST93C06C 500 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those Indicated 1n the Operating sect1ons of this spec1flcat1on is not implied. Exposure to Absolute Maximum 
Rating cond1t1ons for extended penods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant qual tty documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 

DESCRIPTION (cont'd) 

byte/word, Write a by1e/word, Erase a by1e/word, 
Erase All and Write All. A Read instruction loads the 
address of the first byte/word to be read into an 
internal address pointer. The data contained at this 
address is then clocked out serially. The address 
pointer is automatically incremented after the data 
is output and, if the Chip Select input (S) is held 
High, the ST93C06 can output a sequential stream 
of data by1es/words. In this way, the memory can 

be read as a data stream from 8 to 256 bits long, 
or continuously as the address counter automati
cally rolls over to 00 when the highest address is 
reached. 

Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc
tion. The Write instruction writes 8 or 16 bits at one 
time into one of the 32 bytes or 16 words. After the 
start of the programming cycle a Busy/Ready signal 

_21_10 ____________ ~ ~~©IH~~~~ _____________ _ 
512 



ST93C06,ST93C06C 

AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 

Input Rise and Fall limes ~ 20ns 

Input Pulse Voltages 

Input liming Reference Voltages 

Output liming Reference Voltages 

0.4V to 2.4V 

1V to 2.0V 

0.8Vto 2.0V 

2.4V 

0.4V 

~2V 

~0.8V 
Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Table 3. Endurance and Data Retention Guarantees 

Device Endurance 
EfW Cycles 

ST93C06,ST93C06C 1,000,000 

Table 4. Capacitance <1l (TA = 25 ac, f = 1 MHz ) 

Symbol Parameter Test Condition 

CIN Input Capacitance VIN =OV 

GouT Output Capacitance VoUT=OV 

Note: 1. Sampled only. not 100% tested. 

INPUT OUTPUT 

Data Retention 
Years 

10 

Min Max 

5 

5 

Table 5. DC Characteristics (T A = 0 to 70 ac, -40 to 85 ac or -40 to 125 ac; 
Vee= 5V ± 10% for ST93C06 and Vee= 3V to 5.5V for ST93C06C) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV ~VIN~Vcc 2.5 

ILO Output Leakage Current OV ~ VouT ~Vee, 2.5 
Q in Hi-Z 

Icc 
Supply Current (TTL Inputs) S = V1H, f = 1 MHz 3 

Supply Current (CMOS Inputs) S = V1H, f = 1 MHz 2 

lcct Supply Current (Standby) S = Vss, C = Vss, 50 ORG = Vss or Vee 

V1L Input Low Voltage -0.1 0.8 

VIH Input High Voltage 2 Vee+ 1 

VoL Output Low Voltage 
loL = 2.1mA 0.4 

loL=10(lA 0.2 

VoH Output High Voltage 
loH = -400(lA 2.4 

loH = -10(lA Vee-0.2 

VAOOB15 

Unit 

pF 

pF 

Unit 

llA 

llA 

mA 

mA 

JlA 

v 
v 
v 
v 
v 
v 

______________ ~ ~~©m~:~~©~ ____________ .:::3,..:..::10 
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ST93C06,ST93C06C 

Table 6. AC Characteristics (T A = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; 
Vee= 5V ± 10% for ST93C06 and Vee= 3V to 5.5V for ST93C06C) 

Symbol All Parameter Test Condition 

lsHCH less Chip Select High to Clock High 

loVCH lms Input Valid to Clock High 

Temp. Range: grade 1 
lcHDX lorH Clock High to Input Transition 

Temp. Range: 
grades 3, 6 

ICHQL lpoo Clock High to Output Low 

ICHQV IPD1 Clock High to Output Valid 

ICLSL tcsH Clock Low to Chip Select Transition 

lsLSH tcs Chip Select Low to Chip Select High Note 1 

tsHOV tsv Chip Select High to Oufput Valid 

ISLQZ I oF Chip Select Low to Output Hi-Z 

ICHCL ISKH Clock High to Clock Low Note2 

lcLCH ISKL Clock Low to Clock High Note 2 

tw twp Erase/Write Cycle time 

fc fsK Clock Frequency 

Min 

50 

100 

100 

200 

0 

250 

250 

250 

0 

Notes: 1. Chip Select must be brought low for a mmimum of 250 ns (tsLsH) between consecutive instruction cycles. 

Max 

500 

500 

500 

100 

10 

1 

2. The Clock frequency specification calls for a minimum clock period of 1 ~s. therefore the sum of the timings tcHcL + tcLcH 
must be greater or equal to 1 IJS. For example. if tcHCL is 250 ns, then !cLcH must be at least 750 ns. 

Figure 4. Synchronous Timing, Start and Op-Code Input 

c 

s 

D 

' 
' 
:.-sTART---->------ OP CODE INPUT 
' 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 

VA00819 

~~~1~0-------------~~~~gm~~~~--------------
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Figure 5. Synchronous Timing, Read or Write 

c 

s 

,---
1 __ , 

-+I--t+- tDVCH 

ST93C06,ST93C06C 

,- --, 
I I ,_-

D ~ ~ ~~ ~ ~ ~ ~.JL----t-~-=j:=:=~::_t_c_H_o_v ______ --4----

Q 

c 

s 

, 
' , Hi-Z 

--- ADDRESS INPUT ~ 

.---
1 - _, 

' 
----DATA OUTPUT----

,.---\ I 
---' L_j 

VA00820C 

-tot---/.-- tDVCH tCHDX -t-------+-1 

AO/DO \--lo+-1- tSLSH D ~~] An x------
------

Q 
Hi-Z 

tW 
' ' 
:-- ADDRESS / DATA INPUT --J f.- WRITE CYCLE ----------i 

DESCRIPTION (cont'd) 

is available on the Data output (Q) when Chip 
Select (S) is driven High. The design of the 
ST93C06 and the High Endurance CMOS technol
ogy used for its fabrication give a minimum 
Erase/Write cycle Endurance of 1 ,000,000 cycles 
and a data retention of over 1 0 years. 

VA00821B 

The DU (Don't Use) pin does notaffectthe function 
of the memory and it is reserved for use by SGS
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to Vee or 
Vss. Direct connection of DU to Vss is recom
mended for the lowest standby power consump
tion. 

--------------~ ~i©lt&~~:~~~ ____ ___.:. _______ .::.:5/..:.=.10 
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MEMORY ORGANIZATION 

The ST93C06 is organized as 32 bytes x 8 bits or 
16 words x 16 bits. If the ORG input is left uncon
nected (or connected to Vee) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. When the 
ST93C06 is in standby mode, the ORG input 
should be unconnected or set to either V1L or V1H in 
order to achieve the minimum power consumption. 
Any voltage between V1L and V1H applied to ORG 
may increase the standby current value. 

POWER-ON DATA PROTECTION 

In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vee reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vee must be applied before 
any logic signal. 

INSTRUCTIONS 

The ST93C06 has seven instructions, as shown in 
Table 7. The op-codes of the instructions are made 
up of 4 bits: some instructions use only the first two 
bits, others use all four bits to define the op-code. 
The op-code is followed by an address for the 
byte/word which is four bits long for the x16 orga
nization or five bits long for the x8 organization. 

Table 7. Instruction Set 

Instruction Description Op-Code 

READ Read Data from Memory 10XX 

WRITE Write Data to Memory 01XX 

EWEN Erase/Write Enable 0011 

EWDS Erase/Write Disable 0000 

ERASE Erase Byte or Word 11XX 

ERAL Erase All Memory 0010 

WRAL Write All Memory 0001 
with same Data 

Note: X = don't care bH . 

Each instruction starts with the rising edge of the 
signal applied on the S input, followed by a first 
clock pulse which is ignored by the ST93C06 op
tional clock pulse for the ST93C06C. The data input 
D is then sampled upon the following rising edges 
of the clock C until! a '1' is sampled and decoded 
by the ST93C06 as a Start bit. Even though the first 
clock pulse is ignored, it recommended to pull low 
the data input D during this first clock pulse in order 
to keep the timing upwardly compatible with other 
ST93Cxx devices. 
The ST93C06 is fabricated in CMOS technology 
and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 6). 

Read 
The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de
coded and the data from the memory is transferred 
into an output shift register. A dummy '0' bit is output 
first followed by the 8 bit byte or the 16 bit word with 
the MSB first. Output data changes are triggered 
by the Low to High transition of the Clock (C). The 
ST93C06 will automatically increment the address 
and will clock out the next byte/word as long as the 
Chip Select input (S) is held High. In this case the 
dummy '0' bit is NOT output between bytes/words 
and a continuous stream of data can be read. 

Erase/Write Enable and Disable 

The Erase/Write Enable instruction (EWEN) autho
rizes the following Erase/Write instructions to be 

xBOrg x16 Org 
Address Data Address Data 

(ORG=O) (ORG = 1) 

A4-AO 07-00 A3-AO 015-00 

A4-AO D7-DO A3-AO 015-DO 

xxxxx xxxx 
xxxxx xxxx 
xxxxx xxxx 
xxxxx xxxx 
xxxxx 07-DO xxxx 015-DO 

.::;.6/..:..;10:..__ ___________ ~ ~~;n!~Wj -------------
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Figure 6. READ, WRITE, EWEN, EWDS Sequences 

READ S J L_ 

D -~-ni~GE:~AO 
~--------------------------

Q 
ro;-:-:-,-,-,-,-,-,-,-,-,-~ 

L-J.. _ _.__ ............. _._._._._._._._._._~ 

OP 
CODE ; ADDR DATA OUT 

WRITE S J u L 
D 

CHECK 
STATUS 

~-,-~-,-,-,-,-,-,-,-,-,-...-r;:;,::, 

1 o 1 x x A~~-~-'-'-'-'-'-'-'-'-'-'-'..L.J, ~D._uo...__,1 _____ i---

Q ---~0-P--~--~--------------------~~ 
CODE ADDR ; DATA IN ~BUSY~ READY: 

J L ERASE S 
WRITE 
ENABLE 

D ~~:~x:L_ 
OP , 

: CODE ; 

Notes: 1. An: n ; 5 for x16 org. and 6 for x8 org. 
2. Xn: n ; 3 for x16 org. and 4 for x8 org. 

executed, the Erase/Write Disable instruction 
(EWDS) ~is~bles t~e execution of the following 
E~ase!Wnte 1nstruct1ons. When power is first ap
plied, the ST93C06 enters the Disable mode. 
yYhen the Eras~~rite En_able instruction (EWEN) 
1s executed, Wnte Instructions remain enabled until 
an Erase/Write Disable instruction (EWDS) is exe
cuted or if the Power-on reset circuit becomes 
active due loa reduced Vee. To protect the memory 
co~tents from accidental corruption, it is advisable 
to 1ssue the EWDS instruction after every write 
cycle. 

The READ instruction is not affected by the EWEN 
or EWDS instructions. 

ERASE 
WRITE 
DISABLE 

Erase 

s J 

: OP 
:CODE 

L 

VAOOB22C 

The Erase instruction (ERASE) programs the ad
dressed memory byte or word bits to '1 '. Once the 
address is correctly decoded, the falling edge of the 
Chip Select input (S) triggers a self-timed erase 
cycle. 

If the ST9?C06 is still performing the erase cycle, 
the Busy s1gnal (Q = 0) will be returned if S is driven 
high, and the ST93C06 will ignore any data on the 
b.us. When the erase cycle is completed, the Ready 
s1gnal (Q = 1) will indicate (if S is driven high) that 
the ST93C06 is ready to receive a new instruction. 

______________ !W ~~©m~:~Y~ ------------~7/._.1~0 
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Figure 7. ERASE, ERAL Sequences 

ERASE S J u L 

ERASE 
ALL 

CHECK 
STATUS 

D _j1 1 
,' 1 ~~:~r;DJ ... o..._ ______ _ 

Q --+----+--~U L 
:, OP 

:,BUSY:, READY:, ; CODE ADDR 

s J u L 
CHECK 

~~:!!)] 
STATUS 

D 
' ' ' ' ' c - ' 

' ' 
' ' u L ' ' 

Q ' ' I I 

' ' 
: OP :DUMMY: 

:BUSY: READY: ; CODE ADDR: 
' ' ' 

VA00823 

Notes: 1. An: n = 5 for x16 org. and 6 for x8 org. 
2. Xn: n = 3 for x16 org. and 4 for xa org. 

Figure 8. WRAL Sequence 

WRITE 
ALL 

s J u 
CHECK 
STATUS 

L 
D r:l," "I:T:'n_'_x~-,-,-,-,-,-, -,-,-,-:=:-o:oJ 

_a_] I~ I Ll-·-~-l-l-l-l-l-l-l-l-l-1...-........ -+, -:------:---

-~~: ~:-----~LJ 
: OP :DUMMY: 
; CODE : ADDR : DATA IN !BUSY! READY! 

[_ Q 

VA00824 

Note: 1 Xn: n = 3 for x16 org. and 4 for x8 org. 

=a'-"10=--------------ffi ~a~©m~~~~~©~ _____________ _ 



INSTRUCTION (cont'd) 

Write 

The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 
input is sampled on the Low to High transition of 
the clock. After the last data bit has been sampled, 
Chip Select (S) must be brought Low before the 
next rising edge of the clock (C) in order to start the 
self-timed programming cycle. If the ST93C06 is 
still performing the write cycle, the Busy signal (Q 
= 0) will be returned if S is driven high, and the 
ST93C06 will ignore any data on the bus. When the 
write cycle is completed, the Ready signal (Q = 1) 
will indicate (if S is driven high) that the ST93C06 
is ready to receive a new instruction. Programming 
is internally self-timed (the external clock signal on 
C input may be disconnected or left running after 
the start of a programming cycle) and does not 
require an Erase instruction prior to the Write in
struction (The Write instruction includes an auto
matic erase cycle before programing data). 

Erase All 

The Erase All instruction (ERAL) erases the whole 
memory (all memory bits are set to '1'). A dummy 
address is input during the instruction transfer and 
the erase is made in the same way as the ERASE 
instruction. If the ST93C06 is still performing the 
erase cycle, the Busy signal (Q = 0) will be returned 
if Sis driven high, and the ST93C06 will ignore any 
data on the bus. When the erase cycle is com
pleted, the Ready signal (Q = 1) will indicate (if S 
is driven high) that the ST93C06 is ready to receive 
a new instruction. 

ST93C06,ST93C06C 

Write All 

For correct operation, an ERAL instruction should 
be executed before the WRAL instruction: the 
WRAL instruction DOES NOT perform an auto
matic erase before writing. The Write All instruction 
(WRAL) writes the Data Input byte or word to all the 
addresses of the memory. If the ST93C06 is still 
performing the write cycle, the Busy signal (Q = 0) 
will be returned if Sis driven high, and the ST93C06 
will ignore any data on the bus. When the write 
cycle is completed, the Ready signal (Q = 1) will 
indicate (if S is driven high) that the ST93C06 is 
ready to receive a new instruction. 

READY/BUSY Status 

During every programming cycle (after a WRITE, 
ERASE, WRAL or ERAL instruction) the Data Out
put (Q) indicates the Ready/Busy status of the 
memory when the Chip Select (S) is driven High. 
Once the ST93C06 is Ready, the Ready/Busy sta
tus is available on the Data Output (Q) until a new 
start bit is decoded or the Chip Select (S) is brought 
Low. 

COMMON UO OPERATION 

The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AO) and the first data bit output by Q. The reader 
may also refer to the SGS-THOMSON application 
note "Microwire 



ST93C06,ST93C06C 

ORDERING INFORMATION SCHEME 

Example: 

Revision 

blank CMOS F3 
Tech. 

C CMOS F4 
Tech. 

ST93C06C M 

B PSDIPB 
0.4mm Frame (l) 

M SOB 

Note: 1. ST93COBCB1 is available with 0.25mm lead Frame only. 

013TR 

3 

6 -40 to 85 oc 

Option 

013TR Tape & Reel 
Packing 

Parts are shipped with the memory content set at all "1 's" (FFFFh for x16, FFh for x8). 

For a list of available options (Package, Temperature Range, etc ... ) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you . 

..:.1o:::./.:..:1o:...._ ___________ Efi ~~©IH21'~i!9~ --------------
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ST93C46A,ST93C46C 
ST93C46T 

SERIAL ACCESS CMOS 1 K bit (64 x 16 or 128 x 8) EEPROM 

• MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 

a DUAL ORGANIZATION: 64 x 16 or 128 x 8 
• BYTE/WORD and ENTIRE MEMORY PRO

GRAMMING INSTRUCTIONS 
• SELF-TIMED PROGRAMMING CYCLE with 

AUTO-ERASE 
• READY/BUSY SIGNAL DURING PROGRAM

MING 
• SINGLE SUPPLY VOLTAGE 

- 5V ±1 0% for ST93C46A and ST93C46T ver
sions 

- 3V to 5.5V for ST93C46C version 
• SEQUENTIAL READ OPERATION 
• 5ms TYPICAL PROGRAMMING TIME 
• ENHANCED ESD/LATCH UP PERFOR

MANCES for "C" VERSION 

DESCRIPTION 

This specification covers a range of 1 K bit 
EEPROM products, the ST93C46A, ST93C46C 
and ST93C46T. In the text, products are referred 
to as ST93C46. 

The ST93C46 is a 1 K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Poly
silicon CMOS technology. The memory is ac
cessed through a serial input (D) and output (Q). 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

Q Serial Data Output 

c Senal Clock 

ORG Organisation Select 

Vee Supply Voltage 

Vss Ground 

October 1993 

·~ 
PSDIP8 (B) 

0.4mm Frame 
SOB (M) 

Figure 1. Logic Diagram 

Vee 

I 
D -

-Q 

c - ST93e46A 
ST93C46C 

s - ST93e46T 
ORG -

I 
Vss 

VA00871B 

1/9 
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ST93C46A,ST93C46C,ST93C46T 

Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 Oto70 
grade 3 -40to 125 oc 
grade 6 -40 to 85 

TsTG Storage Temperature -65 to 150 oc 
TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oc 

(PSDIPB package) 10 sec 260 

V1o Input or Output Voltages (Q = VoH or Hi-Z) -0.3 to Vee +0.5 v 
Vee Supply Voltage -0.3 to 6.5 v 

Electrostatic Discharge Voltage (Human Body model) (2) ST93C46A,T 2000 v 
VEso ST93C46C 4000 

Electrostatic Discharge Voltage (Machine model) (s) ST93C46 500 v 
Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 

may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant qual1ty documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 

Figure 2A. DIP Pin Connections 

ST93e46A 
ST93e46e 

sos Vee e 2 7 DU 
D 3 6 ORG 
o 4 5 Vss 

VA00872B 

Warning: DU =Don't Use 

Figure 2C. SO Pin Connections 

ST93e46A 
ST93e46e s[]s Vee e 2 7 DU 

D 3 6 ORG 
o 4 5 Vss 

VA00874B 

Warning: DU = Don't Use 

Figure 28. SO, goo Turn, Pin Connections 

ST93e46T 

DU[]8 ORG 
Vee 2 7 Vss s 3 6 Q 

e 4 5 D 

VA00982 

Warning: DU = Don't Use 

DESCRIPTION (cont'd) 

The 1 K bit memory is divided into either 128 x 8 bit 
bytes or 64 x 16 bit words. The organization may 
be selected by a signal on the ORG input. 

The memory is accessed by a set of instructions 
which includes Read a byte/word, Write a 
byte/word, Erase a byte/word, Erase All and Write 
All. 

A Read instruction loads the address of the first 
byte/word to be read into an internal address 
pointer. The data is then clocked out serially. 

The address pointer is automatically incremented 
after the data is output and, if the Chip Select input 
(S) is held High, the ST93C46 can output a sequen
tial stream of data bytes/words. In this way, the 

219 t=:' SGS·lHOMSON :::..:: ______________ ._,, li:'JU©JJ©rn~I<©lim@I'!IG©@ ---------------
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ST93C46A,ST93C46C,ST93C46T 

AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 

Input Rise and Fall Times ~ 20ns 

Input Pulse Voltages 

Input Timing Reference Voltages 

Output Timing Reference Voltages 

0.4Vto2.4V 

1Vto2.0V 

0.8Vto2.0V 

2.4V 

0.4V 

~2V 

~0.8V 
Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Table 3. Endurance and Data Retention Guarantees 

Device Endurance 
EJW Cycles 

ST93C46A,ST93C46T 1,000,000 

ST93C46C 1,000,000 

Table 4. Capacitance <1> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition 

CiN Input Capacitance V1N=OV 

Cour Output Capacitance Vour=OV 

Note: 1. Sampled only, not 100% tested. 

INPUT OUTPUT 

Data Retention 
Years 

10 

10 

Min Max 

5 

5 

Table 5. DC Characteristics (TA = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; 
Vee= 5V + 10% for ST93C46A, C46T and Vee= 3V to 5.5V for ST93C46C) -

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV :5VIN :5Vce 2.5 

ILo Output Leakage Current OV :5 VouT :5 Vee, 2.5 QinHi-Z 

Icc 
Supply Current (TTL Inputs) S = V1H, f = 1 MHz 3 

Supply Current (CMOS Inputs) S = V1H, f = 1 MHz 2 

lcc1 Supply Current (Standby) S = Vss, C = Vss, 50 
ORG = Vss or Vee 

V1L Input Low Voltage -Q.1 0.8 

V1H Input High Voltage 2 Vee+ 1 

VoL Output Low Voltage 
loL=2.1mA 0.4 

loL= 10J.1A 0.2 

VoH Output High Voltage 
loH = -400JlA 2.4 

loH = -10JlA Vee-0.2 

VAOOB15 

Unit 

pF 

pF 

Unit 

JlA 

JlA 

mA 

mA 

JlA 

v 
v 
v 
v 
v 
v 

-------------/:.1i ~i~TH21~~9~ -----------....::3='9 
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ST93C46A,ST93C46C,ST93C46T 

Table 6. AC Characteristics {T A = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; 
Vee= 5V ± 10% for ST93C46A, C46T and Vee= 3V to 5.5V for ST93C46C} 

Symbol A It Parameter Test Condition 

lsHCH tess Chip Select High to Clock High 

tovcH lois Input Valid to Clock High 

Temp. Range: grade 1 
tcHOX toiH Clock High to Input Transition 

Temp. Range: 
grades 3, 6 

ICHQL lpoo Clock High to Output Low 

lcHQV IP01 Clock High to Output Valid 

lcLSL tcsH Clock Low to Chip Select Transition 

ISLSH tcs Chip Select Low to Chip Select High Note 1 

ISHQV tsv Chip Select High to Output Valid 

lsLOZ !oF Chip Select Low to Output Hi-Z 

ICHCL lsKH Clock High to Clock Low Note2 

ICLCH ISKL Clock Low to Clock High Note2 

tw twp Erase/Write Cycle time 

fc fsK Clock Frequency 

Min 

50 

100 

100 

200 

0 

250 

250 

250 

0 

Notes: 1. Chip Select must be brought low for a minimum of 250 ns (lsLsH) between consecutive instruction cycles. 

Max 

500 

500 

500 

100 

10 

1 

2. The Clock frequency spec1f1cat10n calls for a minimum clock penod of 1 ~s, therefore the sum of the t1m1ngs fcHcL + feLcH 
must be greater or equal to 1 ~· For example, 1f lcHcL 1s 250 ns, then leecH must be at least 750 ns. 

Figure 4. Synchronous Timing, Start and Op-Code Input 

c 

s 

D 

~-+-~tDVCH tCHDX 

START 

' ' ' 

'--------J''------'1 
' ' ' ' --J START i- OP CODE INPUT --J 

' ' 

__ , 

VA00875 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 

..;;4,..::.9 ____________ 1:.ji ~~m~~~~~ ____________ _ 
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Figure 5. Synchronous Timing, Read or Write 

ADDRESS INPUT _______.; *----DATA OUTPUT-------.: 
' 

VA00820C 

,---
1 - _/ 

r--, r 
-- _/ \__j c 

------~--------------+----~J-~~tCLSL 
s 

---1.!-----J.o~ tDVCH tCHD X -+--14--

D ~ ~ ] An [ ~ ~ ~ ~ ~ 1 '-_A_O...;./_D_O--!\:_-::_+-:r~-.:::__tS_L_S_H ________ ...j.... __ _ 

-+1>+-- tSHQV 

Q 
Hi-Z 

' ~ ADDRESS / DATA INPUT-----..; :--- WRITE CYCLE ~ 

DESCRIPTION (cont'd) 

memory can be read as a data stream from 8 to 
1024 bits long, or continuously as the address 
counter automatically rolls over to 00 when the 
highest address is reached. 

Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc
tion. The Write instruction writes 8 or 16 bits at one 
time into one of the 128 bytes or 64 words. After 
the start of the programming cycle a Busy/Ready 
signal is available on the Data output (Q) when 
Chip Select (S) is High. 

VA008218 

An internal feature of the ST93C46 provides 
Power-on Data Protection by inhibiting any opera
tion when the Supply is too low. 

The design of the ST93C46 and the High Endur
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1 ,000,000 cycles and a data retention of over 10 
years. 

The DU (Don't Use) pin does not affect the function 
of the memory and it is reserved for use by SGS
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to Vee or 
Vss. Direct connection of DU to Vss is recom
mended for the lowest standby power consump
tion. 

----------- ID'I SGS·lHOMSON 5/9 "l• ~U©ffil@~IUJ!~@Ii!U©'< ------------____:= 
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ST93C46A,ST93C46C,ST93C46T 

MEMORY ORGANIZATION 

The ST93C46 is organised as 128 bytes x 8 bits or 
64 words x 16 bits. If the ORG input is left uncon
nected (or connected to Vee) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. When the 
ST93C46 is in standby mode, the ORG input 
should be unconnected or set to either VrL or VrH in 
order to get minimum power consumption. Any 
voltage between VrL and VrH applied to ·oRG may 
increase the standby current value. 

POWER-ON DATA PROTECTION 

During power-up, A Power On Reset sequence is 
run in order to reset all internal programming cir
cuitry and the device is set in the Write Disable 
mode. When Vee reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. 

INSTRUCTIONS 

The ST93C46 has seven instructions, as shown in 
Table 7. Each instruction Starts with the rising edge 
of the signal applied on the S input, followed by a 
'1' read on D input during the rising edge of the 
clock C. The op-codes of the instructions are made 
up of the 2 following bits. Some instructions use 
only these first two bits, others use also the first two 
bits of the address to define the op-code. The 
op-code is followed by an address for the byte/word 
which is made up of six bits for the x16 organization 
or seven bits for the x8 organization. 

Table 7. Instruction Set 

The ST93C46 is fabricated in CMOS technology 
and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 6). 

Read 

The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de
coded and the data from the memory is transferred 
into an output shift register. A dummy '0' bit is output 
first followed by the 8 bit byte or the 16 bit word with 
the MSB first. Output data changes are triggered 
by the Low to High transition of the Clock (C). The 
ST93C46 will automatically increment the address 
and will clock out the next byte/word as long as the 
Chip Select input (S) is held High. In this case the 
dummy '0' bit is NOT output between bytes/words 
and a continuous stream of data can be read. 

Erase/Write Enable and Disable 

The Erase/Write Enable instruction (EWEN) autho
rizes the following Erase/Write instructions to be 
executed, the Erase/Write Disable instruction 
(EWDS) freezes the execution of the following 
Erase/Write instructions. When power is first ap
plied to the ST93C46, Erase/Write is inhibited. 
When the EWEN instruction is executed, Write 
instructions remain enabled until an Erase/Write 
Disable instruction (EWDS) is executed or Vee falls 
below the power-on reset threshold. To protect the 
memory contents from accidental corruption, it is 
advisable to issue the EWDS instruction after every 
write cycle. 

The READ instruction is not affected by the EWEN 
or EWDS instructions. 

xBOrg x16 Org 
Instruction Description - Op-Code Address Data Address Data 

(ORG =0) (ORG = 1) 

READ Read Data from Memory 10 A6-AO 07-QO A5-AO 015-QO 

WRITE Write Data to Memory 01 A6-AO D7-DO A5-AO D15-DO 

EWEN Erase/Write Enable 00 11XXXXX 11XXXX 

EWDS Erase/Write Disable 00 ooxxxxx ooxxxx 
ERASE Erase Byte or Word 11 A6-AO A5-AO 

ERAL Erase All Memory 00 10XXXXX 10XXXX 

WRAL Write All Memory with same Data 00 01XXXXX D7-DO 01XXXX D15-DO 

Note: X = don't care bit. 

.:::s'-=-9 ____________ i.V ~L"H~~~~~~-------------
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Erase 

The Erase instruction (ERASE) programs the ad
dressed memory byte or word bits to '1 '. Once the 
address is correctly decoded, the falling edge of the 
Chip Select input (S) starts a self-timed program
ming cycle. 

If the ST93C46 is still performing the write cycle, 
the Busy signal (Q = 0) will be returned if S is driven 
high, and the ST93C46 will ignore any data on the 
bus. When the write cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93C46 is ready to receive a new instruction. 

Write 

The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 

Figure 6. READ, WRITE, EWEN, EWDS Sequences 

READ S 

Q 

: oP: ADDR 
CODE 

WRITE s J 

ST93C46A,ST93C46C,ST93C46T 

input is sampled on the Low to High transition of 
the clock. After the last data bit has been sampled, 
Chip Select (S) must be brought Low before the 
next rising edge of the clock (C), in order to start 
the self-timed programming cycle. If the ST93C46 
is still performing the write cycle, the Busy signal 
(Q = 0} will be returned if S is driven high, and the 
ST93C46 will ignore any data on the bus. When the 
write cycle is completed, the Ready signal (Q = 1) 
will indicate (if S is driven high) that the ST93C46 
is ready to receive a new instruction. 

The Write instruction includes an automatic Erase 
cycle before writing the data, it is therefore unnec
essary to execute an Erase instruction before a 
Write instruction execution. 

DATA OUT 

u L 
CHECK 
STATUS D r,n~-~-A~-,-,-,-,-,-,-,-,-,-~ 

_._j, ~, ~-~-~-'-'-'-'-'-'-'-'-'-'--'_,__,, L!_._ul+-----!--

Q ---~---~-------------------~LJ L 
: OP: ADDR DATA IN !BUSY: READY: 
CODE 

ERASE S 
WRITE 
ENABLE 

D 

J 

Notes: 1. An: n = 5 for x16 erg. and 6 for xs erg. 
2. Xn: n = 3 for x16 erg. and 4 for xs org. 

L ERASE S J 
WRITE 

L 
DISABLE 

D~~:~L 
: op: 
CODE 

VA008788 
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Erase All 

The Erase All instruction (ERAL) erases the whole 
memory (all memory bits are set to "1 "). A dummy 
address is input during the instruction transfer and 
the erase is made in the same way as the ERASE 
instruction above. If the ST93C46 is still performing 
the write cycle, the Busy signal (Q = 0) will be 
returned if S is driven high, and the ST93C46 will 
ignore any data on the bus. When the write cycle 
is completed, the Ready signal (Q = 1) will indicate 
(if S is driven high) that the ST93C46 is ready to 
receive a new instruction. 

Write All 

For correct operation, an ERAL instruction should 
be executed before the WRAL instruction. 

The Write All instruction (WRAL) writes the Data 
Input byte or word to all the addresses of the 
memory. In the WRAL instruction, NO automatic 
erase is made so all bytes/words must be erased 
before the WRAL instruction. If the ST93C46 is still 
performing the write cycle, the Busy signal (Q = 0) 
will be returned if Sis driven high, and the ST93C46 
will ignore any data on the bus. When the write 

Figure 7. ERASE, ERAL Sequences 

ERASE S J 

cycle is completed, the Ready signal (Q = 1) will 
indicate (if S is driven high) that the ST93C46 is 
ready to receive a new instruction. 

READY/BUSY Status 

During every programming cycle (after a WRITE, 
ERASE, WRAL or ERAL instruction) the Data Out
put (Q) indicates the Ready/Busy status of the 
memory when the Chip Select is driven High. Once 
the ST93C46 is Ready, the Data Output is set to '1' 
until a new start bit is decoded or the Chip Select 
is brought Low. 

COMMON 1/0 OPERATION 

The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AO) and the first data bit output by Q. The reader 
should refer to the SGS-THOMSON application 
note "Microwire EEPROM Common 1/0 Opera
tion". 

u L 
CHECK 
STATUS 

D _j,., I 1 E~:~A}Dl~-o..J....; ____ _;__ 

ERASE 
ALL 

Q 

s J 
:op: ADDR 
CODE 

' ' ' 
:susY: READY: 

u L 
CHECK 
STATUS 

D ~~:~x§L-f.-:-----~--
' ' ' ' ' ' 

Q --~:~ __ ~:L-J L_ 

Notes: 1. An: n = 5 for x16 org. and 6 for x8 org. 

2. Xn: n = 3 for x16 erg. and 4 for x8 erg . 

:op: ADDR 
CODE 

VAOOB79 

.;;...a,.;;...s ____________ I..V ~~m~~~/1-------------
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Figure 8. WRAL Sequence 

WRITE 
ALL 

s J u 
CHECK 
STATUS 

L 
o 1,1,., ",.,mn-·-x~-,-,-,-,-,-,-,-,-.-~ 
~ 1 ~ 1 !.::-•-~-•-•-•-•-•-•-•-•-•- .... _..._, u,~u 1-:--------:--

Q --~--~~--------~LJ L 

: op: ADDR 
CODE 

Note: 1. Xn: n = 3 for x16 org. and 4 for x8 erg. 

ORDERING INFORMATION SCHEME 

Example: ST93C46A 

Revision 

A CMOS F3 Tech. B 

c CMOS F4 Tech. 

T CMOS F3 Tech. 
M SOB 

goo Turn pin out 

Note: 1. ST93C46CB1 IS available in 0.25mm lead Frame only. 

M 

DATA IN 

VA00880 

013TR 

Option 

1 013TRTape & Reel 

3 -40 to 125 oc Packing 
(A, T version) 

6 -40 to 85 oc TR Tape & Reel 
Packing 
(C version) 

Parts are shipped with the memory content set at all "1's" (FFFFh for x16, FFh for x8). 

For a list of available options (Revision, Package etc ... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

--------------~~~@~gm~~~4------------~9~ffi 
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ST93C56 

SERIAL ACCESS CMOS 2K bit (128 x 16 or 256 x 8) EEPROM 

• MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 

• DUAL ORGANIZATION: 128 x 16 or 256 x 8 
• BYTE/WORD and ENTIRE MEMORY PRO

GRAMMING INSTRUCTIONS 
• SELF-TIMED PROGRAMMING CYCLE with 

AUTO-ERASE 
• READY/BUSY SIGNAL DURING PROGRAM-

MING 

• SINGLE 5V ±1 0% SUPPLY VOLTAGE 
• SEQUENTIAL READ OPERATION 
• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93C56 is a 2K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Poly-

. silicon CMOS technology. The memory is ac
cessed through a serial input (D). 

The memory is divided into either 256 x 8 bit bytes 
or 128 x 16 bit words. The organization may be 
selected by a signal applied on the ORG input. 

The memory is accessed by a set of instructions 
which includes Read a byte/word, Write a 
byte/word, Erase a byte/word, Erase All and Write 
All. A Read instruction loads the address of the first 
byte/word to be read into an internal address 
pointer. The data contained at this address is then 
clocked out serially. The address pointer is auto-

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

Q Serial Data Output 

c Serial Clock 

ORG Organisation Select 

Vee Supply Voltage 

Vss Ground 

October 1 gg3 

·~ 
PSDIP8 (B) 

0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

0 

e 
ST93e56 

s 

ORG 

Vss 

8 ~.v--, 
\v-;() 
w~ 
1 

808 (M) 

Q 

VA00881 

1/9 
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ST93C56 

Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST93e56 ST93e56 sos Vee e 2 7 DU 
D 3 6 ORG 

o 4 5 Vss 

s[]s Vee e 2 7 DU 
D 3 6 ORG 

o 4 5 Vss 
-VA00882 VA00883 

Warning: DU = Don't Use Warning: DU = Don't Use 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 1 oto70 
grade 3 -40 to 125 oc 
grade 6 -40 to 85 

TsTG Storage Temperature -65 to 150 oc 
TLEAD Lead Temperature, Soldering (SOB package) 40 sec 215 oc 

(PSDIPB package) 10 sec 260 

v,o Input or Output Voltages (Q = VoH or Hi-Z) -0.3 to Vee +0.5 v 

Vee Supply Voltage -0.3 to 6.5 v 

Electrostatic Discharge Voltage (Human Body model) (2) 6000 v 
VEso 

Electrostatic Discharge Voltage (Machine model) (3) 500 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
cond~ions above those indicated in the Operating sect10ns of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 

DESCRIPTION (cont'd) 

matically incremented after the data is output and, 
if the Chip Select input (S) is held High, the 
ST93C56 can output a sequential stream of data 
bytes/words. In this way, the memory can be read 
as a data stream from 8 to 2048 bits long, or 
continuously as the address counter automatically 
rolls over to 00 when the highest address is 
reached. 

Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc
tion. The Write instruction writes 8 or 16 bits at one 
time into one of the 256 bytes or 128 words. After 

the start of the programming cycle, a Busy/Ready 
signal is available on the Data output (Q) when 
Chip Select (S) is driven High. 

The design of the ST93C56 and the High Endur
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1 ,000,000 cycles and a data retention of over 10 
years. 

The DU (Don't Use) pin does not affect the function 
of the memory and it is reserved for use by SGS
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to Vee or 
Vss. Direct connection of DU to Vss is recom
mended for the lowest standby power consump
tion. 

=2'.::.9 ____________ ~ ~~©m~~~~~ _____________ _ 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 

Input Rise and Fall Times :> 20ns 

Input Pulse Voltages 

Input Timing Reference Voltages 

Output Timing Reference Voltages 

0.4V to 2.4V 

1V to 2.0V 

0.8Vto2.0V 

2.4V 

0.4V 

~2V 

~O.SV 
Note that Output Hi·Z is defined as the point where data 
is no longer driven. 

Table 3. Endurance and Data Retention Guarantees 

Device Endurance 
EIW Cycles 

ST93C56 1,000,000 

Table 4. Capacitance <1> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition 

c,N Input Capacitance V1N =OV 

GoUT Output Capacitance VouT=DV 

Note: 1. Sampled only, not 100% tested. 

INPUT OUTPUT 
VAOOB15 

Data Retention 
Years 

10 

Min Max Unit 

5 pF 

5 pF 

Table 5. DC Characteristics (TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV :>V1N :>Vee 2.5 JlA 

ko Output Leakage Current OV :> VouT :>Vee, 2.5 !lA Qin Hi·Z 

Icc 
Supply Current (TTL Inputs) S = V1H, f = 1 MHz 3 mA 

Supply Current (CMOS Inputs) S = V1H, f = 1 MHz 2 mA 

lcc1 Supply Current (Standby) S = Vss, C = Vss, 50 JlA ORG = Vss or Vee 

v,L Input Low Voltage -0.1 0.8 v 

v,H Input High Voltage 2 Vee+ 1 v 

VoL Output Low Voltage 
loL = 2.1mA 0.4 v 

loL= 10JlA 0.2 v 

VoH Output High Voltage 
loH = -400JlA 2.4 v 

loH = -10JlA Vee-0.2 v 

--------------~ ~~~©n&g[&1~"~~ ____________ _;3::...:./9 
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Table 6. AC Characteristics 
(TA = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; Vee= 5V ± 10%) 

Symbol A It Parameter Test Condition Min Max 

tsHCH tess Chip Select High to Clock High 50 

tovcH to1s Input Valid to Clock High 100 

Temp. Range: grade 1 100 
!cHDX tDIH Clock High to Input Transition 

Temp. Range: 
grades 3, 6 200 

!cHOL !poo Clock High to Output Low 500 

lcHOV tpo1 Clock High to Output Valid 500 

tcLSL tcsH Clock Low to Chip Select Transition 0 

tsLSH tcs Chip Select Law to Chip Select High Note 1 250 

tsHOV tsv Chip Select High to Output Valid 500 

tsLOZ toF Chip Select Low to Output Hi-Z 100 

tcHCL tsKH Clock High to Clock Low Note 2 250 

tcLCH tsKL Clock Low to Clock High Note 2 250 

tw twp Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1. Chtp Select must be brought low for a mmimum of 250 ns (tsLsH) between consecuttve tnstructton cycles. 
2. The Clock frequency spectftcatton calls for a minimum clock period of 1 11s, therefore the sum of the timings tcHcL + tcLcH 

must be greater or equal to 1 J.lS. For example, if tcHcL is 250 ns, then tcLCH must be at least 750 ns 

Figure 4. Synchronous Timing, Start and Op-Code Input 

c 

s 

D 

--.r----i----1'... tD VC H tCHDX 

START 

' ' 
--:START :- OP CODE INPUT --: 

' 
VAOOB75 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 
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Figure 5. Synchronous Timing, Read or Write 

c 

s 
~f---t-- tDVCH tCH DX -Joi--t--

0 ~ ~ ~~ ~ ~ ~ ~...1'----jo-__...._::::~:::::::::~-t-c_H_o_v ______ --!----

0 Hi-Z 015/07 

--- ADDRESS INPUT --i ----DATA OUTPUT----

VA00820C 

.---
c 1 - _, 

s 

-----.1------ct-- tD VCH t CH D X -i-------j!4-

D ~ ~ ] An [ ~ ~ ~ ~ ~ ,__A_O_/_D_0--7\:--:.. .. t1+_-_t_S_L_SH ____ -t---

0 
Hi-Z 

\W 

:.- ADDRESS / DATA INPUT------! :-- WRITE CYCLE-------..; 

MEMORY ORGANIZATION 

The ST93C56 is organized as 255 bytes x 8 bits or 
128 words x 16 bits. If the ORG input is left uncon
nected (or connected to Vee) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. When the 
ST93C56 is in standby mode, the ORG input 
should be unconnected or set to either V1L or V1H in 
order to achieve the minimum power consumption. 
Any voltage between V1L and V1H applied to ORG 
may increase the standby current value. 

POWER-ON DATA PROTECTION 

In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vee reaches its functional value, the 
device is properly reset (in the Write Disable mode) 

VA00821B 

and is ready to decode and execute an incoming 
instruction. A stable Vee must be applied, before 
applying any logic signal. 

INSTRUCTIONS 

The ST93C56 has seven instructions, as shown in 
Table 7. The op-codes of the instructions are made 
up of 2 bits. The op-code is followed by an address 
for the byte/word which is eight bits long for the x16 
organization or nine bits long for the x8 organiza
tion. Each instruction starts with the rising edge of 
the signal applied on the Chip Select (S) input. The 
data input D is then sampled upon the following 
rising edges of the clock C until! a '1' is sampled 
and decoded by the ST93C56 as a Start bit. 

The ST93C56 is fabricated in CMOS technology 
and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 6). 

r=-= SGS·"RfOMSON 5/9 -------------- .._...,1 1\j]U©Iiil©I<~~=©~D©l' -------------= 
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Read 

The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de
coded and the data from the memory is transferred 
into an output shift register. A dummy '0' bit is output 
first, followed by the 8 bit byte or the 16 bit word 
with the MSB first. Output data changes are trig
gered by the Low to High transition of the Clock (C). 
The ST93C56 will automatically increment the ad
dress and will clock out the next byte/word as long 
as the Chip Select input (S) is held High. In this 
case the dummy '0' bit is NOT output between 
bytes/words and a continuous stream of data can 
be read. 

Erase/Write Enable arid Disable 

The Erase/Write Enable instruction (EWEN) autho
rizes the following Erase/Write instructions to be 
executed, the Erase/Write Disable instruction 
(EWDS) disables the execution of the following 
Erase/Write instructions. When power is first ap
plied, the ST93C56 enters the Disable mode. 
When the EWEN instruction is executed, Write 
instructions remain enabled until an Erase/Write 
Disable instruction (EWDS) is executed or Vee falls 
below the power-on reset threshold. To protect the 
memory contents from accidental corruption, it is 
advisable to issue the EWDS instruction after every 
write cycle. 

The READ instruction is not affected by the EWEN 
or EWDS instructions. 

Erase 

The Erase instruction (ERASE) programs the ad
dressed memory byte or word bits to '1 '. Once the 

Table 7. Instruction Set 

lnstruc-

address is correctly decoded, the falling edge of t['le 
Chip Select input (S) triggers a self-timed erase 
cycle. 

If the ST93C56 is still performing the erase cycle, 
the Busy signal (Q = 0) will be returned if S is driven 
high, and the ST93C56 will ignore any data on the 
bus. When the erase cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93C56 is ready to receive a new instruction. 

Write 

The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 
input is sampled on the Low to High transition of 
the clock. After the last data bit has been sampled, 
Chip Select (S) must be brought Low before the 
next rising edge of the clock (C) in order to start 
the self-timed programming cycle. If the ST93C56 
is still performing the write cycle, the Busy signal 
(Q = 0) will be returned if S is driven high, and the 
ST93C56 will ignore any data on the bus. When the 
write cycle is completed, the Ready signal (Q = 1) 
will indicate (if S is driven high) that the ST93C56 
is ready to receive a new instruction. Programming 
is internally self-timed (the external clock signal on 
C input may be disconnected or left running after 
the start of a programming cycle) and does not 
require an Erase instruction prior to the Write in
struction (The Write instruction includes an auto
matic erase cycle before programing data). 

Erase All 

The Erase All instruction (ERAL) erases the whole 
memory (all memory bits are set to '1 '). A dummy 
address is input during the instruction transfer and 
the erase is made in the same way as the ERASE 
instruction. If the ST93C56 is still performing the 

xB Org x16 Org 
Data Data 

tlon 
Description Op-Code Add res~ 

(ORG = 0) 1• 2> 
Addres~ 

(ORG = 1) 1• 3> 

READ Read Data from Memory 10 AB-AO Q7-QO A7-AO Q15-QO 

WRITE Write Data to Memory 01 AB-AO D7-DO A7-AO D15-DO 

EWEN Erase/Write Enable 00 11XXXXXXX 11XX XXXX 

EWDS Erase/Write Disable 00 ooxxx xxxx ooxx xxxx 
ERASE Erase Byte or Word 11 AB-AO A7-AO 

ERAL Erase All Memory 00 10XXX XXXX 10XX XXXX 

WRAL Write All Memory 
00 01XXXXXXX D7-DO 01XX XXXX D15-DO with same Data 

Notes: 1. X = don t care b1t. 
2. Address bit AS Is not decoded by the ST93C56. 
3. Address bit A7 Is not decoded by the ST93C56 . 
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Figure 6. READ, WRITE, EWEN, EWDS Sequences 

READ S 

Q I. on: : :-.-.-.-.-.-.-.-.-.-r-roDI-
1-L . ...l~...J.l-L . ...1.-•-·-·-·-·-·-·-·-·-~ 

WRITE s J 
:op; ADDR 
CODE 

DATA OUT 

u L 
CHECK 
STATUS D 1:1,~-~-A~-,-,-,-,-,-,-,-,-,-:-:so~ 

....&...!' l.j I ~-~-~-1-1-1-1-1-1-1-1-1-J.._..._.'-'--+-----f--

Q ----+-~------------------------------~L_j~, ~L_ 
:op: ADDR DATA IN ,BUSY;READY; 
CODE 

ERASE S 
WRITE 
ENABLE 

D 

J 

:oP: 
CODE 

Notes: 1. An: n = 5 for x16 org. and 6 for xe org. 
2. Xn: n = 3 for x16 org. and 4 for xe org. 

L 

erase cycle, the Busy signal (Q = 0) will be returned 
if Sis driven high, and the ST93C56 will ignore any 
data on the bus. When the erase cycle is com
pleted, the Ready signal (Q = 1) will indicate (if S 
is driven high) that the 5T93C56 is ready to receive 
a new instruction. 

Write All 
For correct operation, an ERAL instruction should 
be executed before the WRAL instruction: the 
WRAL instruction DOES NOT perform an auto
matic erase before writing. The Write All instruction 
(WRAL) writes the Data Input byte or word to all the 
addresses of the memory. If the 5T93C56 is still 
performing the write cycle, the Busy signal (Q = 0) 

ERASE S J 
WRITE 

L 
DISABLE 

D~~:!L 
: oP: 
CODE 

VA0087BB 

will be returned if Sis driven high, and the ST93C56 
will ignore any data on the bus. When the write 
cycle is completed, the Ready signal (Q = 1) will 
indicate (if S is driven high) that the ST93C56 is 
ready to receive a new instruction. 

READY/BUSY Status 

During every programming cycle (after a WRITE, 
ERASE, WRAL or ERAL instruction) the Data Out
put (Q) indicates the Ready/Busy status of the 
memory when the Chip Select (5) is driven High. 
Once the ST93C56 is Ready, the Ready/Busy sta
tus is available on the Data Output (Q) until a new 
start bit is decoded or the Chip Select (5) is brought 
Low. 

---------~-- ~'/ SGS·1HOMSON __________ ...:..71:.:::9 
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Figure 7. ERASE, ERAL Sequences 

ERASE S J u L 

ERASE 
ALL 

CHECK 
STATUS 

D _j1 11 11 E~:~{Ol ...... o...~......;..._ ____ ,;___ 

Q -f---+-----+-U L 

iOPi ADDR 
CODE 

iBUSYi READY i 

s J u L 
CHECK 
STATUS 

D ~~:~x§]L.~-:-----~--
Q -f---+----+-iu L 

iOPi ADDR 
CODE 

iBUSYi READYi 

VA00879 

Notes: 1 An: n = 5 for x16 org. and 6 for xB org. 
2. Xn: n = 3 for x16 org and 4 for xB org. 

Figure 8. WRAL Sequence 

WRITE 
ALL 

s J u 
CHECK 
STATUS 

L 
D 17!,., " "J:l:'n- 1 -X~-,-,-,-,-,-, -,-,-,-:n:ol 

--'--' J ~I Ll-1-~-1-1-1-1-1-1-1-1-1-L---'-'-',--------

Q --------+-iu L 

: op: ADDR DATA IN 
CODE 

VA00880 

Notes: 1 Xn: n = 3 for x16 org. and 4 for xB org . 

.::;8/..::.9 ____________ 1.V ~~~~RMm'~~~~ --------------
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ORDERING INFORMATION SCHEME 

Example: ST93C56 M 013TR 

Package Temperature Range Option 

B PSDIPS 1 Oto70°C 013TR Tape& Reel 
0.4 mm Frame 

3 -40to 125 oc Packaging 

M so a 
6 -4010 85 oc 

Parts are shipped with the memory content set at all "1's" (FFFFh for x16, FFh for xB). 

For a list of available options (Package, Temperature Range etc ... ) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

-------------~ ~itr.ttl~,~~©' --------------'9=/9 
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SERIAL ACCESS CMOS 4K bit (256 x 16 or 512 x 8) EEPROM 

• MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 

• DUAL ORGANIZATION: 256 x 16 or 512 x 8 
• BYTE/WORD and ENTIRE MEMORY PRO

GRAMMING INSTRUCTIONS 
• SELF-TIMED PROGRAMMING CYCLE with 

AUTO-ERASE 
• READY/BUSY SIGNAL DURING PROGRAM-

MING 
• SINGLE 3V to 5.5V SUPPLY VOLTAGE 
• SEQUENTIAL READ OPERATION 
• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93C66 is a 4K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Polysili
con CMOS technology. The memory is accessed 
through a serial input (D). 

The memory is divided into either 512 x 8 bit bytes 
or 256 x 16 bit words. The organization may be 
selected by a signal applied on the ORG input. 

The memory is accessed by a set of instructions 
which includes Read a byte/word, Write a 
byte/word, Erase a byte/word, Erase All and Write 
All. A Read instruction loads the address of the first 
byte/word to be read into an internal address 
pointer. The data contained at this address is then 
clocked out serially. 

Table 1. Signal Names 

s Chip Select Input 

D Senal Data Input 

Q Serial Data Output 

c Serial Clock 

ORG Organisation Select 

Vee Supply Voltage 

Vss Ground 

January 1994 

·~ 
PSDIP8 (B) 

0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
D -

c -

ST93C66 
s -

ORG -

I 
Vss 

soa (M) 

--Q 

VA01252 

1/9 
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Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST93e66 ST93e66 

So· 8 Vee e 2 7 DU 

D 3 6 ORG 

o 4 5 Vss 

s[]s Vee e 2 7 DU 

D 3 6 ORG 
o 4 5 v55 

VA01253 VA01254 

Warning: DU = Don't Use Warning: DU = Don't Use 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature grade 3 -40 to 125 oc 
grade 6 -40 to 85 

Tsm Storage Temperature -65 to 150 oc 

TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oc 
(PSDIPB package) 10 sec 260 

Vro Input or Output Voltages (Q = VoH or Hi·Z) -0.3 to Vee +0.5 v 
Vee Supply Voltage -o.3 to 6.5 v --

VESD 
Electrostatic Discharge Voltage (Human Body model) (2) 4000 v 
Electrostatic Disch~uge Voltage (Machine model) (a) 500 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those Indicated In the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS·THOMSON SURE Program and other 
relevant quality documents. 

2. MIL·STD·883C, 3015.7 (100pF, 1500 n). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 

DESCRIPTION (cont'd) 

The address pointer is automatically incremented 
after the data is output and, if the Chip Select input 
(S) is held High, the ST93C66 can output a sequen
tial stream of data bytes/words. In this way, the 
memory can be read as a data stream from 8 to 
4096 bits long, or continuously as the address 
counter automatically rolls over to 00 when the 
highest address is reached. 

Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc· 
lion. The Write instruction writes 8 or 16 bits at one 
time into one of the 512 bytes or 256 words. 

After the start of the programming cycle, a 
Busy/Ready signal is available on the Data output 
(Q) when Chip Select (S) is driven High. 

The design of the ST93C66 and the High Endur
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1 ,000,000 cycles and a data retention of over 1 0 
years. 

The DU (Don't Use) pin does not affect the function 
of the memory and it is reserved for use by SGS
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to Vee or 
Vss. Direct connection of DU to Vss is recom
mended for the lowest standby power consump
tion. 

2f:::c9:::.__ __________ ~ SGS·THOMSON ._""fl illO©OO©lli~rn©'ii00©1lO~ ---------------
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 

Input Rise and Fall Times s 20ns 

Input Pulse Voltages 

Input Timing Reference Voltages 

Output Timing Reference Voltages 

0.4Vto2.4V 

1Vto2.0V 

0.8Vto2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Table 3. Endurance and Date Retention Guarantees 

Device Endurance 
EJWCycles 

ST93C66 1,000,000 

Table 4. Capacitance <1> (TA = 25 oc, f = 1 MHz) 

2 4V 

0 4V 

Symbol Parameter Test Condition 

c,N Input Capacitance VIN =OV 

GouT Output Capacitance VouT=OV 

Note: 1. Sampled only, not 100% tested 

I 

INPUT OUTPUT 

Data Retention 
Years 

10 

Min Max 

5 

5 

Table 5. DC Characteristics (TA = -40 to 85 oc or -40 to 125 °C; Vee= 3V to 5.5V) 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OVSV1NSVcc 2.5 

ILo Output Leakage Current OV s VouT s Vee, 2.5 QinHi·Z 

Icc 
Supply Current (TTL Inputs) S = V1H, I = 1 MHz 3 

Supply Current (CMOS Inputs) S = Vn1, I = 1 MHz 2 

lcc1 Supply Current (Standby) S = Vss, C = Vss, 50 ORG = Vss or Vee 

V1L Input Low Voltage 
4.5V S Vee$ 5.5V -0.1 0.8 

3V s Vee S 4.5V -0.1 0.2Vcc 

V1H Input High Voltage 
4.5V S Vee S 5.5V 2 Vee+ 1 

3V S Vee S 4.5V 0.7Vcc Vee+ 1 

VoL Output Low Voltage 
loL=2.1mA 0.4 

loL = 10 J.lA 0.2 

VoH Output High Voltage 
loH=-400J.1A 2.4 

loH = -10J.1A Vcc-0.2 

·2V 

· 0 8V 

VA00815 

Unit 

pF 

pF 

Unit 

J.lA 

J.lA 

mA 

mA 

J.lA 

v 
v 
v 
v 
v 
v 
v 
v 
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Table 6. AC Characteristics 
(TA = -40 to 85 oc or -40 to 125 oc; Vee= 3V to 5V) 

Symbol All Parameter Test Condition Min Max 

tsHCH tess Chip Select High to Clock High 50 

tovcH l01s Input Valid to Clock High 100 

lcHDX tDIH Clock High to Input Transition 200 

lcHQL lpoo Clock High to Output Low 500 

ICHQV !pot Clock High to Output Valid 500 

ICLSL tcsH Clock Low to Chip Select Transition 0 

ISLSH tcs Chip Select Low to Chip Select High Note 1 250 

lsHQV tsv Chip Select High to Output Valid 500 

ISLQZ I oF Chip Select Low to Output Hi·Z 100 

ICHCL ISKH Clock High to Clock Low Note2 250 

tcLCH tsKL Clock Low to Clock High Note2 250 

tw twp Erase/Write Cycle time 10 

fc fsK Clock Frequency 0 1 

Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tsLsH) between consecutive Instruction cycles. 
2. The Clock frequency specification calls for a minimum clock period of 1 ~s. therefore the sum of the timings tcHcL + tcLcH 

must be greater or equal to 1 ~s. For example, if tcHcL is 250 ns, then tcLcH must be at least 750 ns. 

Figure 4. Synchronous Timing, Start and Op-Code Input 

c 

s 
-+1----i---+,._ tD VC H tCHDX 

D START 

' --i START f- OP CODE INPUT --i 
' ' ' 

VA00875 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 
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Figure 5. Synchronous Timing, Read or Write 

c 

s 

D 

Q Hi-Z 

--- ADDRESS INPUT -------..: 

.---
c 1 - _, 

s 

D 

Q 
Hi-Z 

ST93C66 

·---, 
I I ,_-

-1--1- tCHQV 

015/07 

----DATA OUTPUT----

' ' ' 
' 

VA00820C 

~ ADDRESS / DATA INPUT--! 

I tW : 

i-- WRITE CYCLE--: 

MEMORY ORGANIZATION 

The ST93C66 is organized as 512 bytes x 8 bits or 
256 words x 16 bits. If the ORG input is left uncon
nected (or connected to Vee) the x16 organization 
is selected, when ORG is connected to Ground 
(Vss) the x8 organization is selected. When the 
ST93C66 is in standby mode, the ORG input 
should be unconnected or set to either V1L or V1H in 
order to achieve the minimum power consumption. 
Any voltage between V1L and V1H applied to ORG 
may increase the standby current value. 

POWER-ON DATA PROTECTION 

In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vee reaches its functional value, the 
device is properly reset (in the Write Disable mode) 

' ' ' 
VA008218 

and is ready to decode and execute an incoming 
instruction. A stable Vee must be applied, before 
applying any logic signal. 

INSTRUCTIONS 

The ST93C66 has seven instructions, as shown in 
Table 7. The op-codes of the instructions are made 
up of 2 bits. The op-code is followed by an address 
for the byte/word which is eight bits long for the x16 
organization or nine bits long for the xB organiza
tion. Each instruction starts with the rising edge of 
the signal applied on the Chip Select (S) input. The 
data input D is then sampled upon the following 
rising edges of the clock C until I a '1' is sampled 
and decoded by the ST93C66 as a Start bit. 

The ST93C66 is fabricated in CMOS technology 
and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 6). 
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Read 

The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de
coded and the data from the memory is transferred 
into an output shift register. A dummy '0' bit is output 
first, followed by the 8 bit byte or the 16 bit word 
with the MSB first. Output data changes are trig
gered by the Low to High transition of the Clock (C). 
The ST93C66 will automatically increment the ad
dress and will clock out the next byte/word as long 
as the Chip Select input (S) is held High. In this 
case the dummy '0' bit is NOT output between 
bytes/words and a continuous stream of data can 
be read. 

Erase/Write Enable and Disable 

The Erase/Write Enable instruction (EWEN) 
authorizes the following Erase/Write instructions to 
be executed, the Erase/Write Disable instruction 
(EWDS) disables the execution of the following 
Erase/Write instructions. When power is first ap
plied, the ST93C66 enters the Disable mode. 
When the EWEN instruction is executed, Write 
instructions remain enabled until an Erase/Write 
Disable instruction (EWDS) is executed or Vee falls 
below the power-on reset threshold. To protect the 
memory contents from accidental corruption, it is 
advisable to issue the EWDS instruction after every 
write cycle. 

The READ instruction is not affected by the EWEN 
or EWDS instructions. 

Erase 

The Erase instruction (ERASE) programs the ad
dressed memory byte or word bits to '1'. Once the 

Table 7. Instruction Set 

Instruction Description Op-Code 

READ Read Data from Memory 10 

WRITE Write Data to Memory 01 

EWEN Erase/Write Enable 00 

EWDS Erase/Write Disable 00 

ERASE Erase Byte or Word 11 

ERAL Erase All Memory 00 

WRAL Write All Memory 00 with same Data 

Note. 1. X- don1 care b1t. 

address is correctly decoded, the falling edge of the 
Chip Select input (S) triggers a self-timed erase 
cycle. 

If the ST93C66 is still performing the erase cycle, 
the Busy signal (Q = 0) will be returned if S is driven 
high, and the ST93C66 will ignore any data on the 
bus. When the erase cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93C66 is ready to receive a new instruction. 

Write 

The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 
input is sampled on the Low to High transition of 
the clock. After the last data bit has been sampled, 
Chip Select (S) must be brought Low before the 
next rising edge of the clock (C) in order to start 
the self-timed programming cycle. If the ST93C66 
is still performing the write cycle, the Busy signal 
(Q = 0) will be returned if S is driven high, and the 
ST93C66 will ignore any data on the bus. When the 
write cycle is completed, the Ready signal (Q = 1) 
will indicate (if S is driven high) that the ST93C66 
is ready to receive a new instruction. Programming 
is internally self-timed (the external clock signal on 
C input may be disconnected or left running after 
the start of a programming cycle) and does not 
require an Erase instruction prior to the Write in
struction (The Write instruction includes an auto
matic erase cycle before programing data). 

Erase All 

The Erase All instruction (ERAL) erases the whole 
memory (all memory bits are set to '1'). A dummy 
address is input during the instruction transfer and 
the erase is made in the same way as the ERASE 
instruction. If the ST93C66 is still performing the 

xB Org x16 Org 
Address Data Address Data 

(ORG =0)<1> (ORG= 1)<1> 

A8-AO 07-QO A7-AO 015-QO 

A8-AO D7-DO A7-AO D15-DO 

11XXXXXXX 11XXXXXX 

ooxxxxxxx ooxxxxxx 
A8-AO A7-AO 

10XXXXXXX 10XXXXXX 

01XXXXXXX D7-DO 01XXXXXX D15-DO 

:::61..::.9 ____________ l..Ji ~~@lt'~:~~lj --------------
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Figure 6. READ, WRITE, EWEN, EWDS Sequences 

READ S 

D 

Q lon: : :-,-,-,-,-,-,-,-,-,-~ 
L..J.. • ...l;-L.. . ..L_,..l __ ,_,_,_,_,_,_,_,_,_~ 

: OP: ADDR DATA OUT 
CODE 

WRITE s J u L 
CHECK 
STATUS D l:l,-J7r::~-·-AQ'f[fn""-,-,-,-,-,-,-,-,-,-r-r-zcil 

__a_( I Lj I ~-~-~-l-l-l-l-l-l-l-l-I-1-~...L..L...L--;-----_,.-

Q --~--~----------~LJ L 

ERASE 
WRITE 
ENABLE 

s 

D 

J 

: op: ADDR 
CODE 

: oP: 
CODE 

L 

erase cycle, the Busy signal (Q = 0) will be returned 
if Sis driven high, and the ST93C66 will ignore any 
data on the bus. When the erase cycle is com
pleted, the Ready signal (Q = 1) will indicate (if S 
is driven high) that the ST93C66 is ready to receive 
a new instruction. 

Write All 

For correct operation, an ERAL instruction should 
be executed before the WRAL instruction: the 
WRAL instruction DOES NOT perform an automat
ic erase before writing. The Write All instruction 
(WRAL) writes the Data Input byte or word to all the 
addresses of the memory. If the ST93C66 is still 
performing the write cycle, the Busy signal (Q = 0) 

DATA IN 

ERASE 
WRITE 
DISABLE 

s J 
:susy: READY: 

L 

: op: 
CODE 

VA008788 

will be returned if Sis driven high, and the ST93C66 
will ignore any data on the bus. When the write 
cycle is completed, the Ready signal (Q = 1) will 
indicate (if S is driven high) that the ST93C66 is 
ready to receive a new instruction. 

READY/BUSY Status 

During every programming cycle (after a WRITE, 
ERASE, WRAL or ERAL instruction) the Data Out
put (Q) indicates the Ready/Busy status of the 
memory when the Chip Select (S) is driven High. 
Once the ST93C66 is Ready, the Ready/Busy 
status is available on the Data Output (Q) until a 
new start bit is decoded or the Chip Select (S) is 
brought Low. 
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Figure 7. ERASE, ERAL Sequences 

ERASE S J u L 

ERASE 
ALL 

CHECK 
STATUS 

D _j1 I 1 I 1 E~:~AI..~..J....:.._ ____ _;__ 
Q -.;..-.+---+-LJ L 

:oP: ADDR :BUSY: READY: 
CODE 

s J u L 
CHECK 
STATUS 

D ~~:~folLo.J.,_;,_ ____ __; __ 
Q 

' ' ' ' ' ' ' ' ' _,;_.: __;.,..: _ ____...;..,_: u L 

OP ADDR 
OD 

:BusY: READY: 

VA00879 

Figure 8. WRAL Sequence 

WRITE 
ALL 

s J u L 
CHECK 
STATUS D 1:1,.., '"',..,r,-r:rn-1-XQTi)7'-.-.-.-.-.-.-.-.-.-:-:n:oJ 

--L-1' ~I ~-~-~-1-1-1-1-l-1-1-1-l-L_.J.....JW.., _____ .;,__ 

Q --~----~--------~LJ L 

: op: ADDR 
CODE 

DATA IN 
' ' 

:BUSY: READY: 

VAOOBBO 

=8':::..9 ____________ ~ ~~@mgm:~~ _____________ _ 
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ORDERING INFORMATION SCHEME 

Example: ST93C66 

Package 

B PSDIP8 
0.4 mm Frame 

M 808 

Note: 3" Temperature range on request only. 

M 3 TR 

Temperature Range 

3• -40 to 125 ac 
6 -40 to 85 oc 

ST93C66 

Option 

TR Tape & Reel 
Packing 

Parts are shipped with the memory content set at all "1 's" (FFFFh for x16, FFh for x8). 

For a list of available options (Package, Temperature Range etc ... ) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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ST93CS47 

SERIAL ACCESS CMOS 1 K bit (64 x 16) EEPROM 

• MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 

• SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 

• READY/BUSY SIGNAL DURING PROGRAM
MING 

• SINGLE SUPPLY VOLTAGE 

- 3V to 5.5V for the ST93CS46 

- 2.5V to 5.5V for the ST93CS47 

• USER DEFINED WRITE PROTECTED AREA 

• PAGE WRITE MODE (4 WORDS) 
• SEQUENTIAL READ OPERATION 

• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93CS46 and ST93CS47 are 1 K bit Electri
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON's High Endurance 
Single Polysilicon CMOS technology. The memory 
is accessed through a serial input D and output Q. 

The 1 K bit memory is organized as 64 x 16 bit 
words.The memory is accessed by a set of instruc
tions which include Read, Write, Page Write, Write 
All and instructions used to set the memory protec
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

Q Serial Data Output 

c Serial Clock 

PRE Protect Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

October 1993 

PSDIP8 (B) 
0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

D 
e 
s 

PRE 
w 

Vss 

8~ 

PS08 (M) 

Q 

VA00884B 

1/13 
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Figure 2A. DIP Pin Connections 

ST93eS46 
ST93eS47 sUJs Vee e 2 7 PRE 

D 3 6 W 

o 4 5 Vss 
VA00885B 

Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter 

TA Ambient Operating Temperature 

TsrG Storage Temperature 

Figure 28. SO Pin Connections 

ST93eS46 
ST93CS47 sus Vee e 2 7 PRE 

D 3 6 W 

o 4 5 Vss 
VA00886B 

Value 

grade 1 Oto70 
grade 3 -40 to 125 
grade 6 -40 to 85 

---£5 to 150 

Unit 

oc 

oc 
TLEAD Lead Temperature, Soldering (S08 package) 40 sec 215 oc 

(PSDIP8 package) 10 sec 260 

v,o Input or Output Voltages (Q = VoH or Hi-Z) -0.3 to Vee +0.5 v 

Vee Supply Voltage -0.3to6.5 v 

VESD 
Electrostatic Discharge Voltage (Human Body model) (2) 3000 v 

Electrostatic Discharge Voltage (Machine model) (3) 500 v 

Notes: 1. Except for the rating "Operat1ng Temperature Range", stresses above those listed in the Table "Absolute Maximum Rat1ngs" 
may cause permanent damage to the dev1ce. These are stress ratings only and operatron of the device at these or any other 
conditions above those mdrcated rn the Operatmg sectrons of thrs specrfrcation is not rmplred. Exposure to Absolute Maximum 
Rating condrtrons for extended periods may affect devrce relrabrhty. Refer also to the SGS-THOMSON SURE Program and other 
relevant qualrty documents. 

2. MIL-STD-883C, 3015 7 (1 OOpF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, OQ). 

DESCRIPTION (cont'd) 

The data is then clocked out serially. The address 
pointer is automatically incremented after the data 
is output and, if the Chip Select input (S) is held 
High, the ST93CS46/47 can output a sequential 
stream of data words. In this way, the memory can 
be read as a data stream of 16 to 1024 bits, or 
continuously as the address counter automatically 
rolls over to 00 when the highest address is 
reached. Within the time required by a program
ming cycle (tw), up to 4 words may be written with 
the help of the Page Write instruction; the whole 

memory may also be erased, or set to a predeter
mined pattern, by using the Write All instruction. 

Within the memory, an user defined area may be 
protected against further Write instructions. The 
size of this area is defined by the content of a 
Protect Register, located outside of the memory 
array. As a final protection step, data may be per
manently protected by programming a One Time 
Programing bit (OTP bit) which locks the Protect 
Register content. 

Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc-

=2/....:.13=-------------~ ~i~©ltl~l~~©~ --------------
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 

s 20ns 

0.2Vcc to 0.8Vcc 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 0.3Vcc to 0.7Vcc 

o.BVcc 

o.2Vcc 

~o.7vcc 

~O.JVcc 
Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Table 3. Endurance and Data Retention Guarantees 

Device Endurance Data Retention 
E/W Cycles 

ST93CS46, ST93CS47 1,000,000 

Table 4. Capacitance (1) (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min 

C1N Input Capacitance V1N =OV 

Cour Output Capacitance Vour=OV 

Note: 1. Sampled only, not 100% tested. 

Table 5. DC Characteristics (T A = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; 
Vee= 3V to 5 5V for ST93CS46 and Vee= 2 5V to 5 5V for ST93CS47) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV S V1N S Vee 

ILO Output Leakage Current OV s Vour s Vee, 
Q in Hi-Z 

Icc Supply Current {TTL Inputs) S = V1H, f = 1 MHz 

Supply Current (CMOS Inputs) S = V1H, f = 1 MHz 

lcet Supply Current (Standby) S = Vss, C = Vss 

Input Low Voltage (ST93CS46,47) 4.5V S Vee s 5.5V -0.1 

V1L Input Low Voltage (ST93CS46) 3V s Vee s 5.5V -0.1 

Input Low Voltage (ST93CS47) 2.5V s Vee s 5.5V -0.1 

Input High Voltage {ST93CS46,47) 4.5V s Vee s 5.5V 2 

VIH Input High Voltage {ST93CS46) 3V S Vee S 5.5V 0.8 Vee 

Input High Voltage (ST93CS47) 2.5V s Vee s 5.5V 0.8 Vee 

VoL Output Low Voltage 
loL = 2.1mA 

loL=10jlA 

VoH Output High Voltage 
loH=-400~ 2.4 

loH=-10~ Vcc-0.2 

Years 

10 

Max 

5 

5 

Max 

2.5 

2.5 

3 

2 

50 

0.8 

0.2 Vee 

0.2 Vee 

Vee+ 1 

Vee+ 1 

Vee+ 1 

0.4 

0.2 

VA00825 

Unit 

pF 

pF 

Unit 

flA 

llA 

rnA 

rnA 

flA 

v 
v 
v 
v 
v 
v 
v 
v 
v 
v 

---------------------------~~i~~~:~~~------------------------3~/~13 
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Table 6. DC Characteristics (T A = 0 to 70 °C, -40 to 85 oc or -40 to 125 °C; 
Vee= 3V to 5.5V for ST93CS46 and Vee= 2.5V to 5.5V for ST93CS47) 

Symbol A It Parameter Test Condition 

tPRVCH tPRES Protect Enable Valid to Clock High 

twvcH tPES Write Enable Valid to Clock High 

tsHCH tess Chip Select High to Clock High 

tovcH to1s Input Valid to Clock High 

lcHDX toiH Clock High to Input Transition 

tcHOL tpoo Clock High to Output Low 

tcHOV tPD1 Clock High to Output Valid 

tcLPRX tPREH Clock Low to Protect Enable Transition 

tsLWX tPEH Chip Select Low to Write Enable Transition 

tcLSL !csH Clock Low to Chip Select Transition 

tsLSH tcs Chip Select Low to Chip Select High Note 1 

tsHOV tsv Chip Select High to Output Valid 

tsLOz toF Chip Select Low to Output Hi-Z 

tcHCL tsKH Clock High to Clock Low Note2 

tcLCH tsKL Clock Low to Clock High Note2 

tw twp Erase/Write Cycle time 

fc fsK Clock Frequency 

Min 

50 

50 

50 

100 

100 

0 

250 

0 

250 

250 

250 

0 

Notes: 1. Chip Select must be brought low for a m1mmum of 250 ns (!scsH) between consecutive instruction cycles. 

Max 

500 

500 

500 

100 

10 

1 

2. The Clock frequency specification calls for a minimum clock penod of 1 ~s. therefore the sum of the t1m1ngs lcHCL + lcLcH 
must be greater or equal to 1 ~s. For example, if lcHcL is 250 ns, then tcLcH must be at least 750 ns. 

Figure 4. Synchronous Timing, Start and Op-Code Input 

PRE 

w 

c 

s 
"'*--+--+._ tD VCH 

D START 

--:START :- OP CODE INPUT--: 
' 

VA00887 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 
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Figure 5. Synchronous Timing, Read or Write 

c 

s 

D 

0 Hi-Z 

.---
1 

--1 

ADDRESS INPUT ------.: 
' 

ST93CS46,ST93CS47 

-t-1+- tCHOV 

015/07 

----DATA OUTPUT----

VAOOB20C 

PRE ------~------

-----------------~------------
------------w 

,---
c 1 

--1 

s 

-t---1+-- tD VCH tCHDX -1------1-1 

D ~~J An x~~~~~~/L_A_O~/_D_O~\~~~t~-t-SL_S_H ________ +----

Q 

' 
' Hi-Z 

tW 
' 

:---- ADDRESS / DATA INPUT -----..: :--- WRITE CYCLE -------..: 

DESCRIPTION (cont'd) 

tion. The Write instruction writes 16 bits at one time 
into one of the 64 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca
tions, assuming in both cases that all addresses 
are outside the Write Protected area. 

VA00888B 

After the start of the programming cycle, a 
Ready/Busy signal is available on the Data output 
(Q) when the Chip Select (S) input pin is driven 
High. 

The design of the ST93CS46/47 and the High 
Endurance CMOS technology used for its fabrica
tion give a minimum Erase/Write cycle Endurance 
of 1,000,000 cycles and a data retention of over 10 
years. 

~ SGS·1HOMSON 5/13 --------------- A.,l l\li!D©00©~~~~1100©1llD~ ____________ _:::..:..;;; 
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POWER-ON DATA PROTECTION 

In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vee reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vee must be applied before 
any logic signal. 

INSTRUCTIONS 

The ST93CS46/47 has eleven instructions, as 
shown in Table 7. Each instruction starts with the 
rising edge of the signal applied on the Chip Select 
input (8), followed by a '1' read on D input during 
the rising edge of the clock C. The op-codes of the 

Table 7. Instruction Set 

Instruction Description 
w PRE 

Pin<'> Pin 

READ Read Data from Memory X '0' 

WRITE Write Data to Memory '1' '0' 

PAW RITE Page Write to Memory '1' '0' 

WRALL Write All Memory '1' '0' 

WEN Write Enable '1' '0' 

WDS Write Disable '1' '0' 

PRREAD Protect Register Read X '1' 

PRWRITE Protect Register Write '1' '1' 

PRCLEAR Protect Register Clear '1' '1, 

PREN Protect Register Enable '1' '1' 

PRDS Protect Register Disable '1' '1' 

Note: 1. X= don't care b1t. 

instructions are made up of the 2 following bits. 
Some instructions use only these first two bits, 
others use also the first two bits of the address field 
to define the op-code. The address field is six bits 
long (A5-AO). 

The ST93CS46/47 is fabricated in CMOS technol
ogy and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 6). 

Read 
The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de
coded and the data from the memory is transferred 
into an output shift register. A dummy '0' bit is output 
first followed by the 16 bit word with the MSB first. 
Output data changes are triggered by the Low to 

Op Address<'> Data 
Additional 

Code Information 

10 A5·AO 015-00 

Write is executed if 

01 A5-AO D15-DO the address is not 
inside the Protected 
area 

Write is executed if 

11 A5-AO D15-DO 
all the addresses 
are not inside the 
Protected area 

Write all data if the 
00 01XXXX D15-DO Protect Register is 

cleared 

00 11XXXX 

00 ooxxxx 
Data Output= Pro-

10 xxxxxx 08·00 
teet Register con-
tent + Protect Flag 
bit 

Data above speci-
01 A5-AO lied address A5-AO 

are protected 

Protect Flag is also 
11 111111 cleared (cleared 

Flag=1) 

00 11XXXX 

00 000000 OTP bit is set 
permanently 

6/13 ~ SGS·THOMSON --------------- .._..,I RiDI<:OOm~~©liTI'I©l'ljDQ:~ ---------------
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INSTRUCTIONS (cont'd) 

High transition of the Clock (C). The ST93CS46/47 
will automatically increment the address and will 
clock out the next word as long as the Chip Select 
input (S) is held High. In this case the dummy '0' bit 
is NOT output between words and a continuous 
stream of data can be read. 

Write Enable and Write Disable 

The Write Enable instruction (WEN) authorizes the 
following Write instructions to be executed, the 
Write Disable instruction (WDS) disables the exe
cution of the following Erase/Write instructions. 
When power is first applied, the ST93CS46/47 
enters the Disable mode. When the Write Enable 
instruction (WEN) is executed, Write instructions 
remain enabled until a Write Disable instruction 
(WDS) is executed or if the Power-on reset circuit 
becomes active due to a reduced Vee. To protect 
the memory contents from accidental corruption, it 
is advisable to issue the WDS instruction after 
every write cycle. 

The READ instruction is not affected by the WEN 
or WDS instructions. 

Write 

The Write instruction (WRITE) is followed by the 
address and the word to be written. The Write 
Enable signal (W) must be held high during the 
WRITE instruction. Data input Dis sampled on the 
Low to High transition of the clock. After the last 
data bit has been sampled, Chip Select (S) must 
be brought Low before the next rising edge of the 
clock (C), in order to start the self-timed program
ming cycle, providing that the address is NOT in the 
protected area. If the ST93CS46/47 is still per
forming the programming cycle, the Busy signal (Q 
= 0) will be returned if the Chip Select input (S) is 
driven high, and the ST93CS46/47 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate (if S is driven 
high) that the ST93CS46/47 is ready to receive a 
new instruction. 

Page Write 

A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be held 
High during the Write instruction. Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word, bits 
A 1-AO of the internal address register are incre
mented, the high order bits A5-A2 remaining un
changed. Users must take care by software to 
ensure that the last word address has the same 

ST93CS46,ST93CS47 

four upper order address bits as the initial address 
transmitted to avoid address roll-over. 

After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
Page Write operation will not be performed if any 
of the 4 words is addressing the protected area. If 
the ST93CS46/47 is still performing the program
ming cycle, the Busy signal (Q = 0) will be returned 
if the Chip Select input (S) is driven high, and the 
ST93CS46/47 will ignore any data on the bus. 
When the write cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93CS46/4 7 is ready to receive a new instruc
tion. 

Write All 

The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes the 
whole memory with the same data word included 
in the instruction. The Write Enable signal (W) must 
be held High before and during the Write instruc
tion. Input address and data are read on the Low 
to High transition of the clock. If the ST93CS46/47 
is still performing the programming cycle, the Busy 
signal (Q = 0) will be returned if the Chip Select 
input (S) is driven high, and the ST93CS46/47 will 
ignore any data on the bus. When the write cycle 
is completed, the Ready signal (Q = 1) will indicate 
(if Sis driven high) that the ST93CS46/47 is ready 
to receive a new instruction. 

MEMORY WRITE PROTECTION AND PROTECT 
REGISTER 

The ST93CS46/47 offers a Protect Register con
taining the bottom address of the memory area 
which has to be protected against write instruc
tions. In addition to this Protect Register, two flag 
bits are used to indicate the Protect Register status: 
the Protect Flag enabling/disabling the protection 
of the Protect Register and the OTP bit which, when 
set, disables access to the Protect Register and 
thus prevents any further modifications of this Pro
tect Register value. The content of the Protect 
Register is defined when using the PRWRJTE in
struction, it may be read when using the PRREAD 
instruction. A specific instruction PREN (Protect 
Register Enable) allows the user to execute the 
protect instructions PRCLEAR, PRWRITE and 
PROS; this PREN instruction being used together 
with the signals applied on the input pins PRE 

--------------------------- ~~~@~~~~9~------------------------7~/~13 
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Figure 6. READ, WRITE, WEN, WDS Sequences 
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Figure 7. PRWRITE, WRALL Sequences 
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MEMORY WRITE PROTECTION (cont'd) 

(Protect Register Enable pin) and W (Write En
able). 

Accessing the Protect Register is done by execut
ing the following sequence: 
- WEN: execute the Write Enable instruction, 

- PREN: execute the PREN instruction, 
- PRWRITE, PRCLEAR or PROS: the protection 

then may be defined, in terms of size of the 
protected area (PRWRITE, PRCLEAR) and 
may be set permanently (PROS instruction). 

Protect Register Read 

The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the content of the 
Protect Register, followed by the Protect Flag bit. 
The Protect Register Enable pin (PRE) must be 
driven High before and during the instruction. As in 
the Read instruction a dummy '0' bit is output first. 

Since it is not possible to distinguish if the Protect 
Register is cleared (all 1 's) or if it is written with all 
1's, user must check the Protect Flag status (and 
not the Protect Register content) to ascertain the 
setting of the memory protection. 

Protect Register Enable 

The Protect Register Enable instruction (PREN) is 
used to authorize the use of further PRCLEAR, 
PRWRITE and PROS instructions. The PREN in
sruction does not modify the Protect Flag bit value. 

Note: A Write Enable (WEN) instruction must be 
executed before the Protect Enable instruction. 
Both the Protect Enable (PRE) and Write Enable 
(W) input pins must be held High during the instruc
tion execution. 

Protect Register Clear 

The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the Protect Register to 
all 1 's, and thus enables the execution of WRITE 
and WRALL instructions. The Protect Register 
Clear execution clears the Protect Flag to '1 '. Both 
the Protect Enable (PRE) and Write Enable (W) 
input pins must be driven High during the instruc
tion execution. 

Note: A PREN instruction must immediately pre
cede the PRCLEAR instruction. 

Protect Register Write 

The Protect Register Write instruction (PRWRITE) 
is used to write into the Protect Register the ad
dress of the first word to be protected. After the 
PRWRITE instruction execution, all memory loca-

lions equal to and above the specified address, are 
protected from writing. The Protect Flag bit is set to 
'0', it can be read with Protect Register Read 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) input pins must be driven High 
during the instruction execution. 

Note: A PREN instruction must immediately pre
cede the PRWRITE instruction, but it is not neces
sary to execute first a PRCLEAR. 

Protect Register Disable 

The Protect Register Disable instruction sets the 
One Time Programmable bit (OTP bit). The Protect 
Register Disable instruction (PROS) is a ONE TIME 
ONLY instruction which latches the Protect Regis
ter content, this content is therefore unalterable in 
the future. Both the Protect Enable (PRE) and Write 
Enable (W) input pins must be driven High during 
the instruction execution. The OTP bit cannot be 
directly read, it can be checked by reading the 
content of the Protect Register (PRREAD instruc
tion), then by writing this same value into the Pro
tect Register (PRWRITE instruction): when the 
OTP bit is set, the Ready/Busy status cannot ap
pear on the Data output (Q); when the OTP bit is 
not set, the Busy status appear on the Data output 
(Q). 

A PREN instruction must immediately precede the 
PROS instruction. 

READY/BUSY Status 

When the ST93CS46/47 is performing the write 
cycle, the Busy signal (Q = O) is returned if S is 
driven high, and the ST93CS46/47 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate, if S is driven 
high, that the ST93CS46/47 is ready to receive a 
new instruction. Once the ST93CS46/47 is Ready, 
the Data Output Q is set to '1' until a new Start bit 
is decoded or the Chip Select is brought Low. 

COMMON 1/0 OPERATION 

The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AO) and the first data bit output by Q. The reader 
should refer to the SGS-THOMSON application 
note "Microwire EEPROM Common 1/0 Opera
tion". 

.:..10.:;./..:..;13=------------- i.V ~~©m~~~~~ _____________ _ 
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Figure 8. PRREAD, PRWRITE, PREN Sequences 
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Figure 9. PRCLEAR, PROS Sequences 
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ORDERING INFORMATION SCHEME 

Example: 

Operating Voltage 

46 3Vto5.5V 

47 2.5V to 5.5V 

ST93CS46 M 

B 
0.4 mm Frame 

M SOB 

013TR 

-40 to 125 oc 
6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1's" (FFFFh). 

ST93CS46,ST93CS47 

Option 

013TR Tape & Reel 
Packing 

For a list of available options (Operating Voltage, Package, etc ... ) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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SERIAL ACCESS CMOS 2K bit (128 x 16) EEPROM 

• MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 

• SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 

• READY/BUSY SIGNAL DURING PROGRAM
MING 

• SINGLE SUPPLY VOLTAGE 

- 3V to 5.5V for the ST93CS56 

- 2.5V to 5.5V for the ST93CS57 

• USER DEFINED WRITE PROTECTED AREA 

• PAGE WRITE MODE (4 WORDS) 
• SEQUENTIAL READ OPERATION 

• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93CS56 and ST93CS57 are 2K bit Electri
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON's High Endurance 
Single Polysilicon CMOS technology. The memory 
is accessed through a serial input D and output Q. 

The 2K bit memory is organized as 128 x 16 bit 
words. The memory is accessed by a set of instruc
tions which include Read, Write, Page Write, Write 
All and instructions used to set the memory protec
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. The data is then clocked out serially. 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

a Serial Data Output 

c Serial Clock 

PRE Protect Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

October 1993 

PSDIP8 (B) 
0.4mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
D-
e-
s- ST93eS56 

ST93eS57 
PRE -
w-

I 
Vss 

8~ 

SOB (M) 

I-- Q 

VA008968 
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Figure 2A. DIP Pin Connections 

ST93eS56 
ST93eS57 

s[]s Vee e 2 7 PRE 
D 3 6 W 

o 4 s Vss 
VA00897B 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter 

TA Ambient Operating Temperature 

TsTG Storage Temperature 

Figure 28. SO Pin Connections 

ST93eS56 
ST93eS57 

s[]s Vee e 2 7 PRE 
D 3 6 W 
o 4 s v55 

VA00898B 

Value 

grade 1 Oto70 
grade 3 -40 to 125 
grade 6 -40to85 

--65 to 150 

Unit 

oc 

oc 
TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oc 

(PSDIPB package) 10 sec 260 

V;o Input or Output Voltages (Q = VoH or Hi·Z) -o.3 to Vee +0.5 v 
Vee Supply Voltage -o.3to6.5 v 

Veso 
Electrostatic Discharge Voltage (Human Body model) <21 3000 v 
Electrostatic Discharge Voltage (Machine model) (a) 500 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed in the Table 'Absolute Maximum Ratings' 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
condnions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device rehab1hty. Refer also to the SGS·THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015.7 (1 OOpF, 1500 Q). 
3. EIAJ IC-121 (Condn1on C) (200pF, 00). 

DESCRIPTION (cont'd) 

The address pointer is automatically incremented 
after the data is output and, if the Chip Select input 
(S) is held High, the ST93CS56/57 can output a 
sequential stream of data words. In this way, the 
memory can be read as a data stream of 16 to 2048 
bits, or continuously as the address counter auto
matically rolls over to 00 when the highest address 
is reached_ 

Within the time required by a programming cycle 
(tw), up to 4 words may be written with the help of 
the Page Write instruction; the whole memory may 
also be erased, or set to a predetermined pattern, 
by using the Write All instruction. 

Within the memory, an user defined area may be 
protected against further Write instructions. The 

size of this area is defined by the content of a 
Protect Register, located outside of the memory 
array_ As a final protection step, data may be per
manently protected by programming a One Time 
Programing bit (OTP bit) which locks the Protect 
Register content. 

Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc
tion. 

The Write instruction writes 16 bits at one time into 
one of the 128 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca
tions, assuming in both cases that all addresses 
are outside the Write Protected area. 

2/13 ~ SGS·lHOMSON 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 

:;; 20ns Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

0.2Vcc to 0.8Vcc 

0.3Vcc to 0.7Vcc 

o.BVcc ---v-======v- 0.7Vcc 

~0.3Vcc o.2Vcc 
Note that Output Hi·Z is defined as the point where data 
is no longer driven. 

Table 3. Endurance and Data Retention Guarantees 

Device Endurance Data Retention 
E/WCycles 

ST93CS56,ST93CS57 1,000,000 

Table 4. Capacitance <1> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min 

CIN Input Capacitance V1N=OV 

Cour Output Capacitance Vour=OV 

Note: 1. Sampled only, not 100% tested. 

Table 5. DC Characteristics (T A = 0 to 70 oc, -40 to 85 °C or -40 to 125 °C; 
Vee= 3V to 5.5V for ST93CS56 and Vee= 2.5V to 5.5V for ST93CS57) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OVSV1NSVcc 

ILO Output Leakage Current OV:;; Vour:;; Vee. 
Qin Hi-Z 

Icc Supply Current (TTL Inputs) S = V1H, f = 1 MHZ 

Supply Current (CMOS Inputs) . s = ViH, f = 1 MHZ 

lee1 Supply Current (Standby) S = Vss, C = Vss 

Input Low Voltage (ST93CS56,57) 4.5V:;; Vee:;; 5.5V -{).1 

V1L Input Low Voltage (ST93CS56) 3V:;; Vee:;; 5.5V -{).1 

Input Low Voltage (ST93CS57) 2.5V:;; Vee:;; 5.5V -{).1 

Input High Voltage (ST93CS56,57) 4.5V:;; Vee:;; 5.5V 2 

VIH Input High Voltage (ST93CS56) 3V:;; Vee:;; 5.5V 0.8Vec 

Input High Voltage (ST93CS57) 2.5V:;; Vee:;; 5.5V 0.8 Vee 

VoL Output Low Voltage 
loL=2.1mA 

loL = 10 J1A 

VoH Output High Voltage 
loH = -400J!A 2.4 

loH =-10J!A Vee-0.2 

Years 

10 

Max 

5 

5 

Max 

2.5 

2.5 

3 

2 

50 

0.8 

0.2Vee 

0.2Vee 

Vee+ 1 

Vee+ 1 

Vee+ 1 

0.4 

0.2 

VAOOB25 

Unit 

pF 

pF 

Unit 

J!A 

JlA 

rnA 

rnA 

JlA 

v 

v 
v 
v 
v 
v 
v 
v 
v 
v 
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Table 6. AC Characteristics (T A = 0 to 70 oc, -40 to 85 oc or -40 to 125 oc; 
Vee= 3V to 5.5V for ST93CS56 and Vee= 2.5V to 5.5V for ST93CS57) 

Symbol All Parameter Test Condition 

tPRVCH tPRES Protect Enable Valid to Clock High 

twvcH tpES Write Enable Valid to Clock High 

tsHCH tess Chip Select High to Clock High 

tovcH lo1s Input Valid to Clock High 

ICHDX to1H Clock High to Input Transition 

tcHOL tpoo Clock High to Output Low 

tcHOV tPD1 Clock High to Output Valid 

tcLPRX tPREH Clock Low to Protect Enable Transition 

ISLWX tPEH Chip Select Low to Write Enable Transition 

ICLSL tcsH Clock Low to Chip Select Transition 

tsLSH tcs Chip Select Low to Chip Select High Note 1 

tsHOV lsv Chip Select High to Output Valid 

tsLOZ toF Chip Select Low to Output Hi-Z 

tcHCL ISKH Clock High to Clock Low Note2 

ICLCH ISKL Clock Low to Clock High Note2 

tw lwp Erase/Write Cycle time 

fc fsK Clock Frequency 

Min 

50 

50 

50 

100 

100 

0 

250 

0 

250 

250 

250 

0 

Notes: 1. Ch1p Select must be brought low tor a minimum of 250 ns (lsLsH) between consecut1ve Instruction cycles. 

Max 

500 

500 

500 

100 

10 

1 

2. The Clock frequency spec1f1cat10n calls for a minimum clock period of 1 flS, therefore the sum of the timings tcHcL + tcLcH 
must be greater or equal to 1 flS. For example, if tcHCL is 250 ns, then tcLCH must be at least 750 ns. 

Figure 4. Synchronous Timing, Start and Op-Code Input 
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w 

c 

s 
-J>i---+--r,._ tD VCH 

D START 
: ['------''-----Ji'--
' ' ' ' ' ' ' -i START!- OP CODE INPUT -i 
' ' 

VA00887 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHZ 
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Figure 5. Synchronous Timing, Read or Write 
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:---- ADDRESS 
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DESCRIPTION (cont'd) The design of the ST93CS56/57 and the High 
Endurance CMOS technology used for its fabrica
tion give a minimum Erase/Write cycle Endurance 
of 1 ,000,000 cycles and a data retention of over 10 
years. 

After the start of the programming cycle, a 
Ready/Busy signal is available on the Data output 
(Q) when the Chip Select (S) input pin is driven 
High. 

_____________ ~ ~~@m~Ol~~ ___________ ....;5:::.'=13 
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POWER-ON DATA PROTECTION 

In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vee reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vee must be applied before 
any logic signal. 

INSTRUCTIONS 

The ST93CS56/57 has eleven instructions, as 
shown in Table 7. Each instruction is composed of 
a 2 bit op-code and an 8 bit address. Each instruc
tion starts with the rising edge of the signal applied 

Table 7. Instruction Set 

Instruction Description w PRE 
pin 11 > pin 

READ Read Data from Mem-
ory 

X '0' 

WRITE Write Data to Memory '1' '0' 

PAWRITE Page Write to Memory '1' '0' 

WRALL Write All Memory '1' '0' 

WEN Write Enable '1' '0' 

WDS Write Disable '1' '0' 

PRREAD Protect Register Read X '1' 

PRWRITE Protect Register Write '1' '1' 

PRCLEAR Protect Register Clear '1' '1' 

PREN Protect Register Enable '1' '1' 

PRDS Protect Register Disable '1' '1' 

Note: 1. X = don't care bit. 

2. Address bit A7 is not decoded by the ST93CS56/57 . 

on the S input. The data input D is then sampled 
upon the following rising edges of the clock C until 
a' 1' is sampled and decoded by the ST93CS56/57 
as a Start bit. 

The ST93CS56/57 is fabricated in CMOS technol
ogy and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 6). 

Read 

The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de
coded and the data from the memory is transferred 
into an output shift register. A dummy '0' bit is output 
first followed by the 16 bit word with the MSB first. 
Output data changes are triggered by the Low to 

Op Address 11• 2) Data Additional 
Code Information 

10 A7-AO 015-00 

Write is executed if 

01 A7-AO D15-DO the address is not 
inside the Protected 
area 

Write is executed if 

11 A7-AO D15-DO all the addresses 
are not inside the 
Protected area 

Write all data if the 
00 01XX XXXX D15·DO Protect Register is 

cleared 

00 11XX XXXX 

00 ooxx xxxx 
Data Output= Pro-

10 xxxxxxxx 08-00 teet Register con-
tent + Protect Flag 
bit 

Data above speci-
01 A7-AO lied address A 7 -AO 

are protected 12> 

Protect Flag is also 
11 1111 1111 cleared (cleared 

Flag= 1) 

00 11XXXXXX 

00 0000 0000 OTP bit is set 
permanently 

.::::61..:.13::...._ ___________ ~ ~~©1H~~~9~ --------------
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INSTRUCTIONS (cont'd) 

High transition of the Clock (C). The ST93CS56/57 
will automatically increment the address and will 
clock out the next word as long as the Chip Select 
input (S) is held High. In this case the dummy '0' bit 
is NOT output between words and a continuous 
stream of data can be read. 

Write Enable and Write Disable 

The Write Enable instruction (WEN) authorizes the 
following Write instructions to be executed, the 
Write Disable instruction (WDS) disables the exe
cution of the following Erase/Write instructions. 
When power is first applied, the ST93CS56/57 
enters the Disable mode. When the Write Enable 
instruction (WEN) is executed, Write instructions 
remain enabled until a Write Disable instruction 
(WDS) is executed or if the Power-on reset circuit 
becomes active due to a reduced Vee. To protect 
the memory contents from accidental corruption, it 
is advisable to issue the WDS instruction after 
every write cycle. 

The READ instruction is not affected by the WEN 
or WDS instructions. 

Write 

The Write instruction (WRITE) is followed by the 
address and the word to be written. The Write 
Enable signal (W) must be held high during the 
WRITE instruction. Data input D is sampled on the 
Low to High transition of the clock. After the last 
data bit has been sampled, Chip Select (S) must 
be brought Low before the next rising edge of the 
clock (C), in order to start the self-timed program
ming cycle, providing that the address is NOT in the 
protected area: If the ST93CS56/57 is still per
forming the programming cycle, the Busy signal (Q 
= 0) will be returned if the Chip Select input (S) is 
driven high, and the ST93CS56/57 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate (if S is driven 
high) that the ST93CS56/57 is ready to receive a 
new instruction. 

Page Write 

A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be held 
High during the Write instruction. Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word, bits 
A 1-AO of the internal address register are incre
mented, the high order bits A7-A2 remaining un
changed. Users must take care by software to 
ensure that the last word address has the same five 

ST93CS56,ST93CS57 

upper order address bits as the initial address 
transmitted to avoid address roll-over. 

After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
Page Write operation will not be performed if any 
of the 4 words is addressing the protected area. If 
the ST93CS56/57 is still performing the program
ming cycle, the Busy signal (Q = 0) will be returned 
if the Chip Select input (S) is driven high, and the 
ST93CS56/57 will ignore any data on the bus. 
When the write cycle is completed, the Ready 
signal (0 = 1) will indicate (if S is driven high) that 
the ST93CS56/57 is ready to receive a new instruc
tion. 

Write All 

The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes the 
whole memory with the same data word included 
in the instruction. The Write Enable signal (W) must 
be held High before and during the Write instruc
tion. Input address and data are read on the Low 
to High transition of the clock. If the ST93CS56/57 
is still performing the programming cycle, the Busy 
signal (Q = 0) will be returned if the Chip Select 
input (S) is driven high, and the ST93CS56/57 will 
ignore any data on the bus. When the write cycle 
is completed, the Ready signal (Q = 1) will indicate 
(if S is driven high) that the ST93CS56/57 is ready 
to receive a new instruction. 

MEMORY WRITE PROTECTION AND PROTECT 
REGISTER 

The ST93CS56/57 offers a Protect Register con
taining the bottom address of the memory area 
which has to be protected against write instruc
tions. In addition to this Protect Register, two flag 
bits are used to indicate the Protect Register status: 
the Protect Flag enabling/disabling the protection 
of the Protect Register and the OTP bit which, when 
set, disables access to the Protect Register and 
thus prevents any further modifications of this Pro
tect Register value. The content of the Protect 
Register is defined when using the PRWRITE in
struction, it may be read when using the PRREAD 
instruction. A specific instruction PREN (Protect 
Register Enable) allows the user to execute the 
protect instructions PRCLEAR, PRWRITE and 
PROS; this PREN instruction being used together 
with the signals applied on the input pins PRE 

-------------- Kfi ~~-~·mgr~~gg~ ____________ 7'"''=13 
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Figure 6. READ, WRITE, WEN, WDS Sequences 

READ 

WRITE 

WRITE 
ENABLE 

WRITE 
DISABLE 

PRE J 
s J 
D ~::::¥~ . . . . . . 
Q ~-·-·-·-·-·-·-·-·-·~ 

: : I I -·-·-·-·-·-·-·-·-· 

!op! ADDR DATA OUT 
CODE 

PRE 

w 

s J u L 
CHECK 

D r.ln~-'-1ol ~14 :-,-,-,-,-,-,-,-,-,--::go) i STATUS 

~~~~~-·- I -·-·-·-·-·-·-·-•-•---;! ! 
:, :, :, :, ' 

:.' r--1 ~·-Q : : : :1__1 ; 

!op! ADDR DATA IN !suSY!READY! 
CODE 

PRE ...Jl ____ ..Lc_ 

w] L 
sj L 

PRE] 

w] 

s J 

!oPi 
CODE 

r 
L 

L 
D~:::a_ 

!op! 
CODE VA008898 
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Figure 7. PAWRITE, WRALL Sequences 

PAGE 
WRITE PRE 

WRITE 

w 

s J u 
CHECK 
STATUS 

L 
I z--~-~-~-~-~-~-~-~-~-~-:-:op] 

D ~1 1 1 E __ ~_,_,_,_,_,_,_,_,_,_..__ ........ D._o-+,...;..-----+-

Q LJ1-
' ' ' : oP: ADDR DATA IN :susY: READY: 

CODE 

ALL PRE 

w 

s J u L 
CHECK 
STATUS D l:ln n nr::T:'-,-~-,-,-,-,-,-,-,-,-,-=:o:ol 

.....L..J' ~ 'W-1-~-·-·-·-·-•-•-•-•-•-L-..1..-''-+, ...;...-----:--

Q ~~-~----~LJ1-
' ' ' 
:BUSY: READY: : op: 

CODE 
ADDR DATA IN 

VA00890B 
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MEMORY WRITE PROTECTION (cont'd) 

(Protect Register Enable pin) and W (Write En
able). 

Accessing the Protect Register is done by execut
ing the following sequence: 
- WEN: execute the Write Enable instruction, 

- PREN: execute the PREN instruction, 

- PRWRITE, PRCLEAR or PROS: the protection 
then may be defined, in terms of size of the 
protected area (PRWRITE, PRCLEAR) and 
may be set permanently (PROS instruction). 

Protect Register Read 

The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the content of the 
Protect Register, followed by the Protect Flag bit. 
The Protect Register Enable pin (PRE) must be 
driven High before and during the instruction. As in 
the Read instruction a dummy '0' bit is output first. 

Since it is not possible to distinguish if the Protect 
Register is cleared (all1's) or if it is written with all 
1 's, user must check the Protect Flag status (and 
not the Protect Register content) to ascertain the 
setting of the memory protection. 

Protect Register Enable 

The Protect Register Enable instruction (PREN) is 
used to authorize the use of further PRCLEAR, 
PRWRITE and PROS instructions. The PREN in
sruction does not modify the Protect Flag bit value. 

Note: A Write Enable (WEN) instruction must be 
executed before the Protect Enable instruction. 
Both the Protect Enable (PRE) and Write Enable 
(W) input pins must be held High during the instruc
tion execution. 

Protect Register Clear 

The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the Protect Register to 
all 1 's, and thus enables the execution of WRITE 
and WRALL instructions. The Protect Register 
Clear execution clears the Protect Flag to '1 '. Both 
the Protect Enable (PRE) and Write Enable (W) 
input pins must be driven High during the instruc
tion execution. 

Note: A PREN instruction must immediately pre
cede the PRCLEAR instruction. 

Protect Register Write 

The Protect Register Write instruction (PRWRITE) 
is used to write into the Protect Register the ad
dress of the first word to be protected. After the 
PRWRITE instruction execution, all memory loca
tions equal to and above the specified address, are 

protected from writing. The Protect Flag bit is set to 
'0', it can be read with Protect Register Read 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) input pins must be driven High 
during the instruction execution. 

Note: A PREN instruction must immediately pre
cede the PRWRITE instruction, but it is not neces
sary to execute first a PRCLEAR. 

Protect Register Disable 

The Protect Register Disable instruction sets the 
One Time Programmable bit (OTP bit). The Protect 
Register Disable instruction (PADS) is a ONE TIME 
ONLY instruction which latches the Protect Regis
ter content, this content is therefore unalterable in 
the future. Both the Protect Enable (PRE) and Write 
Enable (W) input pins must be driven High during 
the instruction execution. The OTP bit cannot be 
directly read, it can be checked by reading the 
content of the Protect Register (PRREAD instruc
tion), then by writing this same value into the Pro
tect Register (PRWRITE instruction): when the 
OTP bit is set, the Ready/Busy status cannot ap
pear on the Data output (Q); when the OTP bit is 
not set, the Busy status appear on the Data output 
(Q). 

A PREN instruction must immediately precede the 
PROS instruction. 

READY/BUSY Status 

When the ST93CS56/57 is performing the write 
cycle, the Busy signal (Q = 0) is returned if S is 
driven high, and the ST93CS56/57 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate, if S is driven 
high, that the ST93CS56/57 is ready to receive a 
new instruction. Once the ST93CS56/57 is Ready, 
the Data Output Q is set to '1' until a new Start bit 
is decoded or the Chip Select is brought Low. 

COMMON 1/0 OPERATION 

The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AO) and the first data bit output by Q. The reader 
should refer to the SGS-THOMSON application 
note "Microwire EEPROM Common 1/0 Opera
tion". 

.0.10:::../-'...:13:...._ __________ ~ ~~©lH~~ -------------
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Figure 8. PRREAD, PRWRITE, PREN Sequences 

Protect 
Register 
READ 

Protect 
Register 
WRITE 

Protect 
Register 
ENABLE 

PRE J 
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L 
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; OP: ADDR ; ; DATA OUT ; F=Protect Flog 
CODE 

PRE J 
wj 

s J u L 
CHECK 
STA1US 

D ~~!~~0~!~------~--
Q 

w] 

s J 

. ' ' ' ' ' 
' 

:oP: ADDR 
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BUSY: READY: 

L 
L 
L 

D~~~L 
:oP: 
CODE VA008918 
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Figure 9. PRCLEAR, PROS Sequences 

Protect 
Register 
CLEAR 

Protect 
Register 
DISABLE 

PRE 
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s J u L 
CHECK 
STATUS 

D _F---~ 
' ' !-. -:---------:--

' ' ' 
' ' ' 

Q --+----+---HL_j L 
: OP: ADDR :susy: READY: 
CODE 

PRE 

w 

s J u L 
CHECK 
STATUS 

D ~ ___ o_o_o-;-:--------7"-

Q 

:op: ADDR 
CODE 

, 

u 
:susy: READY: 

VAOOB92B 
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ORDERING INFORMATION SCHEME 

Example: 

Operating Voltage 

56 3Vto5.5V 

57 2.5V to 5.5V 

ST93CS56 M 

M SOB 

013TR 

3 

6 -40 to 85 oc 

Parts are shipped with the memory content set at all "1's" (FFFFh). 

ST93CS56,ST93CS57 

Option 

013TR Tape & Reel 
Packing 

For a list of available options (Operating Voltage, Package, etc ... ) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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SERIAL ACCESS CMOS 4K bit (256 x 16) EEPROM 

• MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 

• SELF-TIMED PROGRAMMING CYCLE with 
AUTO-ERASE 

• READY/BUSY SIGNAL DURING PROGRAM
MING 

• SINGLE SUPPLY VOLTAGE 

- 3V to 5.5V for the ST93CS66 

- 2.5V to 5.5V for the ST93CS67 

• USER DEFINED WRITE PROTECTED AREA 

• PAGE WRITE MODE (4 WORDS) 

• SEQUENTIAL READ OPERATION 

• 5ms TYPICAL PROGRAMMING TIME 

DESCRIPTION 

The ST93CS66 and ST93CS67 are 4K bit Electri
cally Erasable Programmable Memory (EEPROM) 
fabricated with SGS-THOMSON's High Endurance 
Single Polysilicon CMOS technology. The memory 
is accessed through a serial input D and output Q. 

The 4K bit memory is organized as 256 x 16 bit 
words. The memory is accessed by a set of instruc
tions which include Read, Write, Page Write, Write 
All and instructions used to set the memory protec
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. 

Table 1. Signal Names 

s Chip Select Input 

D Serial Data Input 

Q Serial Data Output 

c Serial Clock 

PRE Protect Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

October 1993 

PSDIP8 (B) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

D 
e 
s 

PRE 
w 

Vss 

14~ 
1 

S014 (ML) 

0 

VA00906B 
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Figure 2A. DIP Pin Connections 

ST93eS66 
ST93eS67 

sUJs Vee e 2 7 PRE 
D 3 6 W 
o 4 s v55 

VA009078 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter 

TA Ambient Operating Temperature 

Tsm Storage Temperature 

Figure 28. SO Pin Connections 

ST93eS66 
ST93eS67 

Ne 14 Ne 
s Vee 
e PRE 

Ne Ne 
D w 
Q Vss 

Ne Ne 
VA009088 

Warning: NC = No Connection 

Value Unit 

grade 1 Oto70 
grade 3 -40 to 125 oc 
grade 6 -40to85 

-65to 150 oc 

TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oc 
(PSDIPB package) 10 sec 260 

v,o Input or Output Voltages (Q = VoH or Hi-Z) --o.3to6.5 v 

Vee Supply Voltage --o.3 to Vee +0.5 v 

Veso 
Electrostatic Discharge Voltage (Human Body model) <2> 2000 v 

Electrostatic Discharge Voltage (Machine model) <3> 500 v 

Notes: 1. Except for the rat1ng '"Operating Temperature Range", stresses above those listed in the Table "Absolute Max1mum Ratings" 
may cause permanent damage to the device. These are stress rat1ngs only and operat1on of the device at these or any other 
conditions above those indicated in the Operating sect1ons of this spec1f1cation is not implied. Exposure to Absolute Maximum 
Rating cond1!1ons for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500 f!). 
3 EIAJ IC-121 (Condition C) (200pF, 0 f!). 

DESCRIPTION (cont'd) 

The data is then clocked out serially. The address 
pointer is automatically incremented after the data 
is output and, if the Chip Select input (S) is held 
High, the ST93CS66/67 can output a sequential 
stream of data words. 

In this way, the memory can be read as a data 
stream of 16 to 4096 bits, or continuously as the 
address counter automatically rolls overto 00 when 
the highest address is reached. 

Within the time required by a programming cycle 
(tw), up to 4 words may be written with the help of 
the Page Write instruction; the whole memory may 
also be erased, or set to a predetermined pattern, 
by using the Write All instruction. 

Within the memory, an user defined area may be 
protected against further Write instructions. The 
size of this area is defined by the content of a 
Protect Register, located outside of the memory 
array. As a final protection step, data may be per
manently protected by programming a One Time 
Programing bit (OTP bit) which locks the Protect 
Register content. 

Programming is internally self-timed (the external 
clock signal on C input may be disconnected or left 
running after the start of a Write cycle) and does 
not require an erase cycle prior to the Write instruc
tion. 

The Write instruction writes 16 bits at one time into 
one of the 256 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca-

=21_:.:13::.._ ___________ ~ ~~©lH~~~ -------------
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 

,:; 20ns 

0.2Vce to 0.8Vee o.7Vcc 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output liming 
Reference Voltages 

0.3Vee to 0.7Vee 

O.BVcc~ 

o.3Vcc 
o.2Vcc 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Table 3. Endurance and Data Retention Guarantees 

Device Endurance Data Retention 
EJW Cycles 

ST93CS66, ST93CS67 1,000,000 

Table 4. Capacitance <1> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min 

CrN Input Capacitance VrN = OV 

GouT Output Capacitance VouT = OV 

Note: 1. Sampled only, not 100% tested. 

Table 5. DC Characteristics (T A = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; 
Vee= 3V to 5.5V for ST93CS66 and Vee= 2.5V to 5.5V for ST93CS67) 

Symbol Parameter Test Condition Min 

lu Input Leakage Current OV,:; VrN :":Vee 

ILO Output Leakage Current OV :": VouT :":Vee, 
Q in Hi-Z 

Icc Supply Current (TTL Inputs) S=VIH,f=1 MHz 

Supply Current (CMOS Inputs) S = V1H, I= 1 MHz 

lee1 Supply Current (Standby) S = Vss, C = Vss 

Input Low Voltage (ST93CS66,67) 4.5V::; Vee:": 5.5V -{).1 

VIL Input Low Voltage (ST93CS66) 3V :":Vee:": 5.5V -{).1 

Input Low Voltage (ST93CS67) 2.5V,:; Vee,:; 5.5V -{).1 

Input High Voltage {ST93CS66,67) 4.5V :":Vee:": 5.5V 2 

V1H Input High Voltage (ST93CS66) 3V :":Vee:": 5.5V 0.8 Vee 

Input High Voltage (STg3CS67) 2.5V :":Vee :": 5.5V 0.8 Vee 

VoL Output Low Voltage 
loL = 2.1mA 

loL = 10 J.lA 

VoH Output High Voltage 
loH = -400J.lA 2.4 

loH = -1 OJ.lA Vee-0.2 

Years 

10 

Max 

5 

5 

Max 

2.5 

2.5 

3 

2 

50 

0.8 

0.2 Vee 

0.2 Vee 

Vee+ 1 

Vee+ 1 

Vee+ 1 

0.4 

0.2 

VA00825 

Unit 

pF 

pF 

Unit 

J.lA 

llA 

rnA 

rnA 

J.lA 

v 
v 
v 
v 
v 
v 
v 
v 
v 
v 
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Table 6. AC Characteristics (T A = 0 to 70 °C, -40 to 85 oc or -40 to 125 oc; 
Vee= 3V to 5.5V for ST93CS66 and Vee= 2.5V to 5.5V for ST93CS67) 

Symbol A It Parameter Test Condition 

IPRVCH I PRES Protect Enable Valid to Clock High 

lwvcH I PES Write Enable Valid to Clock High 

lsHCH less Chip Select High to Clock High 

lovcH l01s Input Valid to Clock High 

ICHDX lotH Clock High to Input Transition 

lcHOL lpoo Clock High to Output Low 

lcHQV IPD1 Clock High to Output Valid 

lcLPRX IPREH Clock Low to Protect Enable Transition 

lsLWX IPEH Chip Select Low to Write Enable Transition 

ICLSL tcsH Clock Low to Chip Select Transition 

lsLSH lcs Chip Select Low to Chip Select High Note 1 

lsHOV lsv Chip Select High to Output Valid 

lsLOZ loF Chip Select Low to Output Hi-Z 

lcHCL lsKH Clock High to Clock Low Note2 

lcLCH lsKL Clock Low to Clock High Note 2 

lw lwp Erase/Write Cycle time 

fc fsK Clock Frequency 

Min 

50 

50 

50 

100 

100 

0 

250 

0 

250 

250 

250 

0 

Notes: 1. Chip Select must be brought low for a minimum of 250 ns (tsLsH) between consecutive instruction cycles. 

Max 

500 

500 

500 

100 

10 

1 

2. The Clock frequency specification calls for a minimum clock period of 1 ~s, therefore the sum of the timings lcHce + leecH 
must be greater or equal to 1 ~s. For example, if tcHce is 250 ns, then leecH must be at least 750 ns. 

Figure 4. Synchronous Timing, Start and Op-Code Input 

PRE 

tPRVCH 

w 

c 

s 
-+~--+--+,._ tD VCH tCHDX 

D START 

' -i START f- OP CODE INPUT -i 
' ' ' 

VA00887 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

MHz 
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Figure 5. Synchronous Timing, Read or Write 
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"--i----i--"-----' \. - - - - - -

ADDRESS INPUT ~ ~---DATA OUTPUT----

VA00820C 

PRE ------~------

------------____A__ ------ ----
------ ------ ----+---'--, ----------w 

c --, r\ ,.---
\....__}, \._ - - I 

s 

D 

---~>+-' -----1<>--- tD VCH 

~~j An 

-tSHQV -1----~ tSLQZ 
Hi-Z 

BUSY ~ 
_ ;W- =-=-=-=~rt.AUY! 

Q 

:---- ADDRESS / DATA INPUT--------: ~ WRITE CYCLE -.: 

DESCRIPTION (cont'd) 

tions, assuming in both cases that all addresses 
are outside the Write Protected area. After the start 
of the programming cycle, a Ready/Busy signal is 
available on the Data output (Q) when the Chip 
Select (S) input pin is driven High. 

VA008888 

The design of the ST93CS66/67 and the High 
Endurance CMOS technology used for its fabrica
tion give a minimum Erase/Write cycle Endurance 
of 1,000,000 cycles and a data retention of over 10 
years. 

--------------~ ~~~©lH~,g]~p~ ---------------=5/c.:.1.::3 
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POWER-ON DATA PROTECTION 

In order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit resets all internal programming 
circuitry and sets the device in the Write Disable 
mode. When Vee reaches its functional value, the 
device is properly reset (in the Write Disable mode) 
and is ready to decode and execute an incoming 
instruction. A stable Vee must be applied before 
any logic signal. 

INSTRUCTIONS 

The ST93CS66/67 has eleven instructions, as 
shown in Table 7. Each instruction is composed of 
a 2 bit op-code and an 8 bit address. Each instruc
tion starts with the rising edge of the signal applied 
on the S input. 

Table 7. Instruction Set 

Instruction Description w PRE 
pin!1l pin 

READ Read Data from Memory X '0' 

WRITE Write Data to Memory '1' '0' 

PAWRITE Page Write to Memory '1' '0' 

WRALL Write All Memory '1' '0' 

WEN Write Enable '1' '0' 

WDS Write Disable '1' '0' 

PRREAD Protect Register Read X '1' 

PRWRITE Protect Register Write '1' '1' 

PRCLEAR Protect Register Clear '1' '1' 

PREN Protect Register Enable '1' '1' 

PROS Protect Register Disable '1' '1' 

Note: 1. X = don't care bit. 

The data input Dis then sampled upon the following 
rising edges of the clock C until a' 1' is sampled and 
decoded by the ST93CS66/67 as a Start bit. The 
ST93CS66/67 is fabricated in CMOS technology 
and is therefore able to run from zero Hz (static 
input signals) up to the maximum ratings (specified 
in Table 6). 

Read 

The Read instruction (READ) outputs serial data 
on the Data Output (Q). When a READ instruction 
is received, the instruction and address are de
coded and the data from the memory is transferred 
into an output shift register. A dummy '0' bit is output 
first followed by the 16 bit word with the MSB first. 
Output data changes are triggered by the Low to 
High transition of the Clock (C). 

The ST93CS66/67 will automatically increment the 
address and will clock out the next word as long as 

Op Address !1) Data Additional 
Code Information 

10 A7-AO 015-00 

Write is executed if 

01 A7-AO D15-DO the address is not 
inside the Pro-
tected area 

Write is executed if 

11 A7-AO D15-DO all the addresses 
are not inside the 
Protected area 

Write all data if the 
00 01XXXXXX D15-DO Protect Register is 

cleared 

00 11XXXXXX 

00 ooxx xxxx 
Data Output = Pro-

10 xxxxxxxx 08-QO teet Register con-
tent + Protect Flag 
bit 

Data above speci-
01 A7-AO lied address A7-AO 

are protected 

Protect Flag is also 
11 11111111 cleared (cleared 

Flag= 1) 

00 11XXXXXX 

00 0000 0000 OTP bit is set 
permanently 



INSTRUCTIONS (cont'd) 

the Chip Select input (S) is held High. In this case 
the dummy '0' bit is NOT output between words and 
a continuous stream of data can be read. 

Write Enable and Write Disable 

The Write Enable instruction (WEN) authorizes the 
following Write instructions to be executed, the 
Write Disable instruction (WDS) disables the exe
cution of the following Erase/Write instructions. 
When power is first applied, the ST93CS66/67 
enters the Disable mode. When the Write Enable 
instruction (WEN) is executed, Write instructions 
remain enabled until a Write Disable instruction 
(WDS) is executed or if the Power-on reset circuit 
becomes active due to a reduced Vee. To protect 
the memory contents from accidental corruption, it 
is advisable to issue the WDS instruction after 
every write cycle. 

The READ instruction is not affected by the WEN 
or WDS instructions. 

Write 

The Write instruction (WRITE) is followed by the 
address and the word to be written. The Write 
Enable signal (W) must be held high during the 
WRITE instruction. Data input Dis sampled on the 
Low to High transition of the clock. After the last 
data bit has been sampled, Chip Select (S) must 
be brought Low before the next rising edge of the 
clock (C), in order to start the self-timed program
ming cycle, providing that the address is NOT in the 
protected area. If the ST93CS66/67 is still per
forming the programming cycle, the Busy signal (Q 
= 0) will be returned if the Chip Select input (S) is 
driven high, and the ST93CS66/67 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate (if Sis driven 
high) that the ST93CS66/67 is ready to receive a 
new instruction. 

Page Write 

A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be held 
High during the Write instruction. Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word, bits 
A1-AO of the internal address register are incre
mented, the high order bits A7-A2 remaining un
changed. Users must take care by software to 
ensure that the last word address has the same six 
upper order address bits as the initial address 
transmitted to avoid address roll-over. 

ST93CS66,ST93CS67 

After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
Page Write operation will not be performed if any 
of the 4 words is addressing the protected area. If 
the ST93CS66/67 is still performing the program
ming cycle, the Busy signal (Q = 0) will be returned 
if the Chip Select input (S) is driven high, and the 
ST93CS66/67 will ignore any data on the bus. 
When the write cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93CS66/67 is ready to receive a new instruc
tion. 

Write All 

The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes the 
whole memory with the same data word included 
in the instruction. The Write Enable signal (W) 
must be held High before and during the Write 
instruction. Input address and data are read on the 
Low to High transition of the clock. If the 
ST93CS66/67 is still performing the programming 
cycle, the Busy signal (Q = 0) will be returned if the 
Chip Select input (S) is driven high, and the 
ST93CS66/67 will ignore any data on the bus. 
When the write cycle is completed, the Ready 
signal (Q = 1) will indicate (if S is driven high) that 
the ST93CS66/67 is ready to receive a new instruc
tion. 

MEMORY WRITE PROTECTION AND PROTECT 
REGISTER 

The ST93CS66/67 offers a Protect Register con
taining the bottom address of the memory area 
which has to be protected against write instruc
tions. In addition to this Protect Register, two flag 
bits are used to indicate the Protect Register status: 
the Protect Flag enabling/disabling the protection 
ofthe Protect Register and the OTP bit which, when 
set, disables access to the Protect Register and 
thus prevents any further modifications of this Pro
tect Register value. The content of the Protect 
Register is defined when using the PRWRITE in
struction, it may be read when using the PRREAD 
instruction. A specific instruction PREN (Protect 
Register Enable) allows the user to execute the 
protect instructions PRCLEAR, PRWRITE and 
PROS; this PREN instruction being used together 
with the signals applied on the input pins PRE 
(Protect Register Enable pin) and W (Write En
able). 

_____________ ~ ~~c;;mgme~~©~ ____________ 7.:..:.'=13 



ST93CS66,ST93CS67 

Figure 6. READ, WRITE, WEN, WDS Sequences 

READ 

WRITE 

WRITE 
ENABLE 

WRITE 
DISABLE 

PRE J 
s J 
D ..J111£E::::¥J . . . . . . 
Q ~-,-,-,-,-,-,-,-,-,~ 

: : . ' -·-·-·-·-·-·-·-·-· 
ioPi ADDR DATA OUT 
CODE 

PRE 

w 

s J u L 
CHECK 

D [;l,r.f7.:"T""-'"4ol ~14 :-,-,-,-,-,-,-,-,-,-:-:goJ ! STATUS 
__._)I p I~-~- : .I.I.J.J.J.I.J.I.I------: ! ~ 

Q 

PRE J 
w J 
s J 

PRE] 

w] 
s J 

! ! ! !~ 
iopi ADDR DATA IN !BUSY!READY! 
CODE 

ioPi 
CODE 

L 
L 

r 
L 

L 
D~:::a_ 

iopi 
CODE YA00889B 
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Figure 7. PAWRITE, WRALL Sequences 

PAGE 
WRITE PRE 

w 

s J 

Q 

: op; ADDR 
CODE 

WRITE 
ALL PRE 

w 

s J 

DATA IN 

u 
CHECK 
STATUS 

L 

w-l-. . . 

u L 
CHECK 
STATUS D 1,1 n n nr,r::;'_'_')(l'D';'5_ 1_ 1 _ 1_ 1 _ 1_ 1 _ 1_ 1_ 1_r-r;;'(il 

~~~~L:.&-'-~-•-•-•-'-•-•-•-•-'-'l...-.L...J ,u,'-!-ul~-----:--

Q ~~~------~~ 
. . 

ADDR DATA IN 

VA008908 

--------------I..V ~~~;m~l~~~ -------------=9'~13 
587 



ST93CS66,ST93CS67 

MEMORY WRITE PROTECTION (cont'd) 

Accessing the Protect Register is done by execut
ing the following sequence: 
- WEN: execute the Write Enable instruction, 

- PREN: execute the PREN instruction, 
- PRWRITE, PRCLEAR or PROS: the protection 

then may be defined, in terms of size of the 
protected area (PRWRITE, PRCLEAR) and 
may be set permanently (PROS instruction). 

Protect Register Read 

The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the content of the 
Protect Register, followed by the Protect Flag bit. 
The Protect Register Enable pin (PRE) must be 
driven High before and during the instruction. As in 
the Read instruction a dummy '0' bit is output first. 

Since it is not possible to distinguish if the Protect 
Register is cleared (a111's) or if it is written with all 
1's, user must check the Protect Flag status (and 
not the Protect Register content) to ascertain the 
setting of the memory protection. 

Protect Register Enable 

The Protect Register Enable instruction (PREN) is 
used to authorize the use of further PRCLEAR, 
PRWRITE and PROS instructions. The PREN in
sruction does not modify the Protect Flag bit value. 

Note: A Write Enable (WEN) instruction must be 
executed before the Protect Enable instruction. 
Both the Protect Enable (PRE) and Write Enable 
(W) input pins must be held High during the instruc
tion execution. 

Protect Register Clear 

The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the Protect Register to 
all 1 's, and thus enables the execution of WRITE 
and WRALL instructions. The Protect Register 
Clear execution clears the Protect Flag to '1 '. Both 
the Protect Enable (PRE) and Write Enable (W) 
input pins must be driven High during the instruc
tion execution. 

Note: A PREN instruction must immediately pre
cede the PRCLEAR instruction. 

Protect Register Write 

The Protect Register Write instruction (PRWRITE) 
is used to write into the Protect Register the ad
dress of the first word to be protected. After the 
PRWRITE instruction execution, all memory loca
tions equal to and above the specified address, are 
protected from writing. The Protect Flag bit is set to 

'0', it can be read with Protect Register Read 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) input pins must be driven High 
during the instruction execution. 

Note: A PREN instruction must immediately pre
cede the PRWRITE instruction, but it is not neces
sary to execute first a PRCLEAR. 

Protect Register Disable 

The Protect Register Disable instruction sets the 
One Time Programmable bit (OTP bit). The Protect 
Register Disable instruction (PROS) is a ONE Tl ME 
ONLY instruction which latches the Protect Regis
ter content, this content is therefore unalterable in 
the future. Both the Protect Enable (PRE) and Write 
Enable (W) input pins must be driven High during 
the instruction execution. The OTP bit cannot be 
directly read, it can be checked by reading the 
content of the Protect Register (PRREAD instruc
tion), then by writing this same value into the Pro
tect Register (PRWRITE instruction): when the 
OTP bit is set, the Ready/Busy status cannot ap
pear on the Data output (Q); when the OTP bit is 
not set, the Busy status appear on the Data output 
(Q). 

A PREN instruction must immediately precede the 
PROS instruction. 

READY/BUSY Status 

When the ST93CS66/67 is performing the write 
cycle, the Busy signal (Q = 0) is returned if S is 
driven high, and the ST93CS66/67 will ignore any 
data on the bus. When the write cycle is completed, 
the Ready signal (Q = 1) will indicate, if Sis driven 
high, that the ST93CS66/67 is ready to receive a 
new instruction. Once the ST93CS66/67 is Ready, 
the Data Output Q is set to '1' until a new Start bit 
is decoded or the Chip Select is brought Low. 

COMMON UO OPERATION 

The Data Output (Q) and Data Input (D) signals can 
be connected together, through a current limiting 
resistor, to form a common, one wire data bus. 
Some precautions must be taken when operating 
the memory with this connection, mostly to prevent 
a short circuit between the last entered address bit 
(AO) and the first data bit output by Q. The reader 
should refer to the SGS-THOMSON application 
note "Microwire EEPROM Common 1/0 Opera
tion" . 

..:.10"'"/.:..:13::..._ ___________ 1..W ~~~©m2m~e!9©~ _____________ _ 
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Figure 8. PRREAD, PRWRITE, PREN Sequences 

Protect 
Register 
READ 

Protect 
Register 
WRITE 

Protect 
Register 
ENABLE 

PRE J 
s J L_ 

D ~~~f]Lf-: ------
Q -++---WE=~~A~ 

i OPi ADDR i i DATA OUT i F=Protect Flag 
CODE 

PRE J 
w J 
s J u L 

CHECK 

~~~A~ 
STATUS 

D 

. ' ' 
' ' ' ' ' ' ' ' ' ' ' ' Q ' ' ' 

' ' ' 
iopi ADDR isusyi READY i 
CODE 

PRE J L 
w J L 
s J L 
D~~~L 

ioPi 
CODE VAOOB91B 

~ SGS·ntOMSON 11/13 
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Figure 9. PRCLEAR, PROS Sequences 

Protect 
Register PRE 

CLEAR 

w 

s J u L 
CHECK 

~---~ 
STATUS 

D 

Q LJ L 
' ' : op: ADDR :Busy: READY: 

CODE 

Protect 
Register· PRE 

DISABLE 

w 

s J u L 
CHECK 

~--000 
STATUS 

D 

0 LJ L 
' ' ' : op: ADDR :Busy: READY: 

CODE VA00892B 
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ORDERING INFORMATION SCHEME 

Example: 

Operating Voltage 

66 3V to5.5V 

67 2.5V to 5.5V 

ST93CS66 M 

B 

M 8014 

013TR 

6 -40 to 85 ac 

Parts are shipped with the memory content set at all "1 's" (FFFFh). 

ST93CS66,ST93CS67 

Option 

013TR Tape & Reel 
Packing 

For a list of available options (Operating Voltage, Package, etc ... ) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

~ SCS·lHOMSON 13/13 -------------- A.'YI l'llC©ll©rn~rn©VOO©I'!JO©@ ____________ ....:..::;...= 
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ST95P04C 

SERIAL ACCESS SPI BUS CMOS 4K (512 x 8) EEPROM 

• MINIMUM 1 MILLION ERASE/WRITE CYCLES, 
with OVER 10 YEARS DATA RETENTION 

• SINGLE 3V to 5.5V SUPPLY VOLTAGE 

• SPI SERIAL INTERFACE COMPATIBLE 

• 1 MHz CLOCK RATE MAX 
• BLOCK WRITE PROTECTION 

• STATUS REGISTER 

• 16 BYTE PAGE MODE 

• WRITE PROTECT 

• SELF-TIMED 5ms (max) PROGRAMMING CY
CLE 

• E.S.D.PROTECTION GREATER than 4000V 

DESCRIPTION 

The ST95P04C is a 4K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON's High Endurance Single Polysili
con CMOS technology. The 4K bit memory is or
ganised as 32 pages of 16 bytes. The memory is 
accessed by a simple SPI bus compatible serial 
interface. The bus signals are a serial clock input 
(C), a serial data input (D) and a serial data output 
(Q). The device connected to the bus is selected 
when the chip select input (S) goes low. Commu
nications with the chip can be interrupted with a 
hold input (HOLD). The write operation is disabled 
by a write protect input (W). 

Table 1. Signal Names 

c Serial Clock 

D Serial Data Input 

a Serial Data Output 

s Chip Select 

-w Write Protect 

HOLD Hold 

Vee Supply Voltage 

Vss Ground 

December 1993 

PSDIP8 (PS) 
0.25mm Frame 

Figure 1. Logic Diagram 

Vee 

I 
D-
c-

PRODUCT CONCEPT 

soa (M) 

c--- Q 

s ---c ST95P04C 
w ---c 

HOLD ---c 

I 
Vss 

VA01063 

1/11 

This is advance InformatiOn on a new produd now undergoing evaluation. Oeta•ls are SUbJets to change Without notice 
595 



ST95P04C 

Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

ST95P04e ST95P04e s[]s Vee 
Q 2 7 HOLD 

w 3 6 e 
v55 4 s D 

sus Vee 
~ 2 7 HOLD 
w 3 6 e 

v55 4 s D 
VAD1064- VAD1065 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 3 -40 to 125 oc 
grade 6 -40to85 

TsrG Storage Temperature -65 to 150 oc 
TLEAD Lead Temperature, Soldering (SOB package) 40sec 215 oc 

(PSDIPB package) 10 sec 260 

Vo Output Voltage -o.3 to Vee +0.6 v 
V1 Input Voltage -o.3to6.5 v 

Vee Supply Voltage -o.3to6.5 v 

Veso 
Electrostatic Discharge Voltage (Human Body model) <2> 4000 v 
Electrostatic Discharge Voltage (Machine model) (a) 500 v 

Notes: 1. Except for the rating "Operating Temperature Range", stresses above those listed 1n the Table "Absolute Max1mum Rat~ngs" 
may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
condnions above those indicated in the Operating sections of this spec~ication is not implied. Exposure to Absolute Maximum 
Rating conditions for extended periods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and 
other relevant qualny documents 

2. MIL-STD-883C, 3015.7 (100pF, 1500il) 
3. EIAJ IC-121 (Condition C) (200pF, Oil) 

SIGNALS DESCRIPTION 

Serial Output (Q). The output pin is used to trans
fer data serially out of the ST95P04C. Data is 
shifted out on the falling edge of the serial clock.· 

Serial Input (D). The input pin is used to transfer 
data serially into the device. It receives instructions, 
addresses, and data to be written. Input is latched 
on the rising edge of the serial clock. 

Serial Clock (C). The serial clock provides the 
timing of the serial interface. Instructions, ad
dresses, or data present at the input pin are latched 
on the rising edge of the clock input, while data on 

the Q pin changes after the falling edge of the clock 
input. 

Chip Select (S). This input is used to select the 
ST95C04P. The chip is selected by a high to low 
transition on the Spin when C is at '0' state. At any 
time, the chjp is deselected by a low to high transi
tion on the S pin when C is at '0' state. As soon as 
the chip is deselected, the Q pin is at high imped
ance state. This pin allows multiple ST95P04C to 
share the same SPI bus. After po~er up, the chip 
is at the deselect state. Non valid S transitions are 
ignored. 

2111 ~ SGS·lHOMSON ;;;;..;..;._ _____________ ~""!I li!'JO©IIJ@rn~rn~illU©$ ---------------
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 

Input Rtse and Fall Times 

Input Pulse Voltages 

Input and Output Timing 
Reference Voltages 

5 50ns 

0.2Vcc to 0.8Vcc 

0.3Vcc to 0.7Vcc 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 3. AC Testing Input Output Waveforms 

O.BVcc 

o.2Vcc 

~D7Vcc 

~D.3Vcc 
VAOD825 

OUTPUT 

Table 3. Capacitance (1) (TA = 25 oc, f = 1 MHz) 

Symbol Parameter 

CtN Input Capacitance (D) 

CtN Input Capacitance (other pins) 

Note: 1. Sampled only, not 100% tested. 

Table 4. DC Characteristics 
(TA =-40 to 85°C or-40 to 125°C; Vee= 3V to 5.5V) 

Symbol Parameter Test Condition 

lu Input Leakage Current 

ILO Output Leakage Current 

Icc Vee Supply Current (Active) C = 0.1 Vccf0.9 Vee, 
@ 1 MHz, Q =Open 

S =Vee, VtN = Vss 

lcc1 Vee Supply Current (Standby) 
or Vee, Vee= 5.5V 

S =Vee, VtN = Vss 
or Vee, Vee= 3V 

VtL Input Low Voltage 

VtH Input High Voltage 

VoL Output Low Voltage loL=2mA 

VoH Output High Voltage loH =2mA 

~I----11 TTL LOAD I 
l lDDpF 1 

VA00527 

Min Max Unit 

8 pF 

6 pF 

Min Max Unit 

2 llA 

2 llA 

2 rnA 

50 llA 

10 llA 

-0.3 0.3 Vee v 
0.7Vcc Vee+ 1 v 

0.2 Vee v 

0.8 Vee v 

______________ ~ ~i@mgm:~?~ ___________ __:3:::./.:....:.11 
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Table 5. AC Characteristics 
(TA = -40 to 85°C or -40 to 125°C; Vee= 3V to 5.5V) 

Symbol All Parameter 

fc fc Clock Frequency 

lsLCH tsu S Setup 1ime 

lcLSH IsH S Hold 1ime 

tcH lwH Clock High 1ime 

teL lwL Clock Low Time 

ICLCH IRC Clock Rise 1ime 

ICHCL IFC Clock Fall1ime 

tovcH losu Data In Setup Time 

lcHDX loH Data In Hold Time 

IDLDH IRI Data In Rise Time 

IDHDL IFI Data In Fall Time 

IHXCH IHSU HOLD Setup Time 

lcUHX IHH HOLD Hold Time 

lsHSL tcs S Deselect 1ime 

ISHQZ I DIS Output Disable 1ime 

tavcL tv Output Valid from Clock Low 

ICLQX IHo Output Hold Time 

IQLOH IRQ Output Rise Time 

IQHQL !FQ Output Fall Time 

IHHOX· ILz HOLD High to Output Low-Z 

IHLQZ 1Hz HOLD Low to Output High·Z 

tw tw Write Cycle Time 

lLPF - Pulse 1ime Filtered by Input 
Low-pass Filter 

Figure 5. Output Timing 

c 

Q ------~(~MS~B~~~---O_U_T~~~~ 
tQLQH 
tQHQL 

Test Condition Min Max Unit 

D.C. 1 MHz 

100 ns 

100 ns 

400 ns 

400 ns 

1 !lS 

1 !lS 

100 ns 

100 ns 

1 !lS 

1 !lS 

100 ns 

100 ns 

400 ns 

300 ns 

350 ns 

0 ns 

150 ns 

150 ns 

300 ns 

300 ns 

5 ms 

30 ns 

tSHQZ 

VA01 070 

..;;4/-'-1-'-1 -----------------------~ ~i~©n&g,~,~~ ---------------------------
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Figure 6. Serial Input Timing 

c 

D 

HIGH IMPEDANCE 
Q 

Figure 7. Hold Timing 

c 

Q 

D 

\ CLH X ___..,-l+--+-\'--H X CH I !---+- \ H XCH 

1tC~H-~ + lHHOX 

~------te==X 

__ _r-
VA01 072 

ST95P04C 

VA01071 

------------- lifi ~~tm91~~~©~ -----------_..:5~'.:..!.11 
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SIGNALS DESCRIPTION (cont'd) 

Write Protect @). This pin is for hardware write 
protect. When W is low, non-volatile writes to the 
ST95P04C are disabled Q!,!t any other operation 
functions normally. When W is high, all operatic~ 
including non-volatile writes function normally. W 
going low at any time will reset the write enable 
latch and prevent programming. However, no ac
tion on W or on the write enable latch can interrupt 
a write cycle which has commenced. 

Hold (HOLD). The HOLD pin is used to pause 
serial communications with a ST95P04C without 
resetting the serial sequence. To take the Hold 
condition into account, the product must be se
lected. Then the Hold state is validated by a high 
to low transition on HOLD when Cis low. To resume 
the communications, HOLD is brought high when 
C is low. During Hold condition D, Q, and Care at 
a high impedance state. 

When the ST95P04C is under Hold condition, it is 
possible to deselect it. However, the serial commu
nications will remain paused after a reselect, and 
the chip will be reset. Non valid HOLD transitions 
are ignored. 

OPERATIONS 

All instructions, addresses and data are shifted in 
and out of the chip MSB first. Data input (D) is 
sampled on the first rising edge of clock (C) after 
the chip select (S) goes low. Prior to any operation, 
a one-byte instruction code must be entered in the 
chip. This code is entered via the data input (D), 
and latched on the rising edge of the clock input 
(C). To enter an instruction code,_!he product must 
have been previously selected (S = low). Table 7 
shows the instruction set and format for device 
operation. When an invalid instruction is sent (one 
not contained in Table 7), the chip is automatically 
deselected. For operations that read or write data 

Table 7. Instruction Set 

in the memory array, bit 3 of the instruction is the 
MSB of the address, otherwise, it is a don't care. 

Write Enable (WREN) and Write Disable (WRDI) 

The ST95P04C contains a write enable latch. This 
latch must be set prior to every WRITE or WRSR 
operation. The WREN instruction will set the latch 
and the WRDI instruction will reset the latch. The 
latch is reset under all the following conditions: 

- Wpin is low 

- Power on 

- WRDI instruction executed 

- WRSR instruction executed 

- WRITE instruction executed 

As soon as the WREN or WRDI instruction is 
received by the ST95P04C, the circuit executes the 
instruction and enters a wait mode until it is dese
lected. 

Read Status Register (RDSR) 

The RDSR instruction provides access to the status 
register. The status register may be read at any 
time, even during a non-volatile write. As soon as 
the 8th bit of the status register is read out, the 

Table 6. Array Addresses Protect 

Status Register Bits Array Addresses 
Protected 

BP1 BPO 

0 0 none 

0 1 180h- 1FFh 

1 0 100h- 1FFh 

1 1 OOOh- 1FFh 

Instruction Description Instruction Format 

WREN 

WADI 

ROSA 

WRSR 

READ 

WRITE 

Notes: A= 1, Upper page selected 
A= 0, Lower page selected 
X = Don't care 

Set Write Enable Latch 0000 X110 

Reset Write Enable Latch 0000 X100 

Read Status Register 0000 X101 

Write Status Register 0000 X001 

Read Data from Memory Array 0000 A011 

Write Data to Memory Array 0000 A010 

::::61...:.1.:...1 ____________ ~ ~~©lt&~lm~Ji --------------
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product enters a wait mode (data on D are not 
decoded, Q is in Hi-Z) until it is deselected. 

The status register format is as follows: 

b7 bO 

I BP1 I BPO I WEL I WIP I 

During a non-volatile write to the memory array, all 
bits BP1, BPO, WEL, WIP are valid. During a non
volatile write to the status register, bits WEL and 
WIP are valid. The values of BP1 and BPO read at 
that time correspond to the previous contents of the 
status register. 

The Write- In- Process (WIP) bit indicates whether 
the ST95P04C is busy with a write operation. When 
set to a '1' a write is in progress, when set to a '0' 
no write is in progress. 

The Write Enable Latch (WEL) bit indicates the 
status of the write enable latch. When set to a '1' 
the latch is set, when set to a '0' the latch is reset. 

The Block Protect (BPO and BP1) bits indicate the 
extent of the protection employed. These bits are 
set by the user issuing the WRSR instruction. 
These bits are non-volatile. 

Figure 8. Read Operation Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

ST95P04C 

Write Status Register (WRSR) 

The WRSR instruction allows the user to select the 
size of protected memory. The ST95P04C is di
vided into four 1024 bit blocks. The user may read 
the blocks but will be unable to write within the 
selected blocks. 

The blocks and respective WRSR control bits are 
shown in Table 6. 

To start the write cycle, the chip must be deselected 
during the clock pulse just after the eigth bit of 
status register has been latched in, otherwise, the 
WRSR process is cancelled (see Figure 12). 

Read Operation 

The chip is first selected by putting Slow. The serial 
one byte read instruction is followed by a one byte 
address (A? -AO). Bit 3 of the read instruction con
tains address AS (most significant address bit). This 
bit is used to select the first or second page of the 
device. Then, the data stored in the memory at the 
selected address is shifted out on the Q output pin. 
The data stored in the memory at the next address 
can be read in sequence by continuing to provide 
clock pulses. The byte address is automatically 
incremented to the next higher address after each 
byte of data is shifted out. When the highest ad
dress is reached (1 FFh), the address counter rolls 
over to Oh allowing the read cycle to be continued 

DATA OUT 

MSB 

VA01 066 

______________ ~ ~~~m~~~~~ ____________ .:.:7,-'...:..11 
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Figure 9. Write Enable Latch Sequence 

0 2 3 4 5 6 7 

c 

D~ II \_______A __ _ 

HIGH IMPEDANCE 
Q 

VA01067 

Figure 10. Write Operation Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

VA01068 

8/11 ~ SGS•lHOMSON 
~~------------------------- A~l ~um®~~~©~~ -----------------------------
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Figure 11. Page Write Operation Sequence 

c 

D 

s --------------------------~--------------------------------J 

24 25 26 27 28 29 30 31 

c 

z z z z z z 
z z ro ro co ro ro ro 
co co + + + + + + ~ ~ ro m o ~ N n 
~ ~ ~ ~ N ~ ~ ~ n n n n ~ ~ ~ 

Figure 12. RDSR: Read Status Register Sequence 

c 

D 

STATUS REG. OUT 
HIGH IMPEDANCE 

Q 

MSB 

VA01116 

VA01069 

~ SCS·niOMSON 9/11 ---------------------------- .. ..., I ll:llU©Iiil@~llJ<©'iiliil@i!IU~ _________________________ ..:::_;c.:_ 
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Figure 13. WRSR: Write Status Register Sequence 

c 

D 

HIGH IMPEDANCE 
Q 

OPERATIONS ( cont'd) 

indefinitely. The read operation is terminated by 
deselecting the chip. The chip can be deselected 
at any time during data output. Any read attempt 
during a non-volatile write cycle will be rejected and 
will deselect the chip. 

Byte Write Operation 

Prior to any write attempt, the write enable latch 
must have been set by issuing the WREN instruc
tion. First, the device is selected (S = low) and a 
serial WREN instruction byte is i~ued. Then, the 
product is deselected by taking S high. After the 
WREN instruction byte is sent, the ST95C04P will 
set the write enable latch and then remain in 
standby until it is deselected. Then, the write state 
is entered by selecting the chip, issuing a one byte 
address (A7 -AO), and one byte of data. Bit3 of the 
write instruction cqr~tains address AS (most signifi
cant address bit). S must remain low for the entire 
duration of the operation. The product must be 
deselected just after the eigth bit of data has been 
latched in. If not, the write process is cancelled. As 
soon as the product is deselected, the self-timed 
write cycle is initiated. While the write is in progress, 
the status register may be read to check BP1, BPO, 
WEL and WIP. WIP is high during the self-timed 
write cycle. When the cycle is close to completion, 
the write enable latch is reset. 

VA01117 

Page Write Operation 

A maximum of 16 bytes of data may be written 
during one non-volatile write cycle. All 16 bytes 
must reside on the same page. The page write 
mode is the same as the byte write mode except 
that instead of deselecting after the first byte of 
data, up to 15 additional bytes can be shifted in 
prior to deselecting the chip. A page address begins 
with address xxxx 0000 and ends with xxxx 1111. 
If the address counter reaches xxxx 1111 and the 
clock continues, the counter will roll over to the first 
address of the page (xxxx 0000) and overwrite any 
previous writteQ_data. The programming cycle will 
only start if the S transition does occur at the clock 
low pulse just after the eigth bit of data of a word is 
received. 

POWER ON STATE 

After a Power up the ST95P04C is in the following 
state: 

- The device is in the low power standby state. 

- The chip is deselected. 

- The chip is not in hold condition. 

- The write enable latch is reset. 

- BP1 and BPO are unchanged (non-volatile 
bits) . 

.:..10=-'.:...;11'------------- jifi ~!;©n&e~O!~~-------------
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DATA PROTECTION AND PROTOCOL SAFETY 
- All inputs are protected against noise, see Ta

bleS. 
- Non valid 8 and HOLD transitions are not 

taken into account. 
- 8 must come high at the proper clock count in 

order to start a non-volatile write cycle (in the 
memory array or.ln the cycle status register). 
The Chip SelectS must rise during the clock 
pulse following the introduction of a multiple of 
8 bits. 

- Access to the memory array during non-vola
tile programming cycle is cancelled and the 
chip is automatically deselected; however, the 
programming cycle continues. 

ORDERING INFORMATION SCHEME 

Example: 

Data Strobe 

p• D__j QL_ 

N" DL_ OS 

ST95P04C 

M SOB 

M 

ST95P04C 

- After either of the following operations 
(WREN, WRDI, RDSR) is completed, the chip 
enters a wait state and waits for a deselect. 

- The write enable latch is reset upon power-up. 

- The write enable latch is reset when W is 
brought low. 

INITIAL DELIVERY STATE 

The device is delivered with the memory array in a 
fully erased state (all data set at all "1 's" or FFh). 
The block protect bits are initialized to 00. 

TR 

TR 

6 -40 to 85 oc 

Option 

Tape & Reel 
Packing 

Notes: p• Data In strobed on rising edge of the clock (C) and Data Out synchronized from the falling edge of the clock. 

W On Request Only. Data In strobed on the falling edge of the clock and Data Out synchronized on the rising edge of the clock. 

3* Temperature range on request only. 

For a list of available options (Package, Temperature Range, etc ... ) refer to the Selector Guide in this Data 
Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

r=-= SGS·lHOMSON 11/11 
------------------------------~~~ ~u~~~~@~~--------------------------~~ 
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M28C64C 

PARALLEL ACCESS CMOS 64K (8K x 8) EEPROM 

• FAST ACCESS TIME: 150, 200, 250ns 

• SINGLE SUPPLY VOLTAGE: 5V ± 10% 
• LOW POWER CONSUMPTION: 

- Active Current 30mA 
- Standby Current 1 OOf!A 

• FAST WRITE CYCLE: 
- 32 Bytes Page Write Operation 

- Byte or Page Write Cycle: 5ms 
• ENHANCED END OF WRITE DETECTION: 

- Ready/Busy Open Drain Output 
-Data Polling 
-Toggle Bit 

• PAGE LOAD TIMER STATUS BIT 
• HIGH RELIABLITY SINGLE POLYSILICON, 

CMOS TECHNOLOGY: 
- Endurance > 100,000 Erase/Write Cycles 
- Data Retention > 10 Years 

• JEDEC APPROVED BYTEWIDE PIN OUT 
a ADDRESS and DATA LATCHED ON-CHIP 

DESCRIPTION 

The M28C64C is an SK x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time (150ns) with low power dissipation 
and requires a 5V power supply. 

Table 1. Signal Names 

AO- A12 Address Input 

DQO-DQ7 Data Input I Output 

E Chip Enable 

G Output Enable 
-w Write Enable 

RB Ready/ Busy 

Vee Supply Voltage 

Vss Ground 

October 1993 

28~,,··'' 
'' 

1: I' 

1 

PDIP28 

8028 (M) 
330 mils 

Figure 1. Logic Diagram 

Vee 

13 

AO-A12 

E M28C64C 

G 

w 

Vss 

0 
PLCC32 

TSOP28 (N) 
8x13.4mm 

8 

DQO-DQ7 

RB 

VA007468 

1/10 
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M28C64C 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature: grade 1 Oto70 oc 
grade 6 -40to85 

Tsm Storage Temperature Range -65to150 oc 
Vee Supply Voltage -0.3to6.5 v 
Vto Input/Output Voltage - 0.3 to V cc +0.6 v 
v, Input Voltage -0.3to6.5 v 

VESD Electrostatic Discharge Voltage (Human Body model) 2000 v 
Note: Except for the rat1ng "Operating Temperature Range", stresses above those listed 1n the Table '"Absolute Max1mum Rat1ngs" may cause 
permanent damage to the dev1ce. These are stress rat1ngs only and operation of the device at these or any other conditions above those 
indicated in the Operat1ng sect1ons of this specif1cat1on is not implied. Exposure to Absolute Maximum Rating condrtions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 

Figure 2A. DIP Pin Connections 

RB" 
A12 

A7 
A6 
A5 
A4 
A3 
A2 

A1 
AD 

DOD 
001 
002 

Vss 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 

11 
12 
13 
14 

'--" 2S 
27 
26 
25 
24 
23 

M2SC64e 22 
21 
20 
19 
18 
17 
16 
15 

VA00747 

Warning: NC = No Connection 

Vee 
w 
Ne 
AS 
A9 
A11 
G 
A1D 
E 
007 
006 
005 
004 
003 

Figure 2C. SO Pin Connections 

RB 
A12 

A7 
A6 
A5 
A4 
A3 
A2 
A1 
AD 

DOD 
OQ1 
002 

Vss~~------~~ 
VAOOB76 

Warning: NC = No Connection 

Vee 
w 
NC 
AS 
A9 
A11 
G 
A10 
E 
007 
DQ6 
DQ5 
OQ4 
DQ3 

Figure 28. LCC Pin Connections 

N u .... :;;: !CD '-' u u 
<( a: z > "" z 

AS AB 
A5 A9 

A4 A11 

A3 NC 

A2 G 
A1 A10 

AO r 
Ne DQ7 

DQO DQ6 

0 N Vl u "' ... "' 0 Vl z 0 0 0 0 0 > 0 0 0 
VA00748 

Warning: NC = No Connection 

Figure 20. TSOP Pin Connections 

~~~~~~m 
u 

:3;';:;:~~~~1'-' 

7 1 28 22 

M28C64C 

VA01016 

Warning: NC = No Connection 

;;;:2/...;_10;:.._ ___________ ~ ~~©m~,~~14 ____________ _ 
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Figure 3. Block Diagram 

A5-A12 

AD-M 

Table 3. Operating Modes 

Mode E 

Read V1L 

Write VIL 

Standby I Write Inhibit VIH 

Write Inhibit X 

Write Inhibit X 

Output Disable X 

Note: X = V!H or v,L 

DESCRIPTION (cont'd) 

The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking with Ready/Busy, Data 
Polling and Toggle Bit. The M28C64C supports 32 
byte page write operation. 

M28C64C 

000-007 
VA00877B 

G w DQO-DQ7 

V1L V1H Data Out 

VIH V1L Data In 

X X Hi-Z 

X V1H Data Out or Hi-Z 

VIL X Data Out or Hi-Z 

VIH X Hi-Z 

PIN DESCRITPION 

Addresses (AO-A 12). The address inputs select 
an 8-bit memory location during a read or write 
operation. 

Chip Enable (E). The chip enable input must be 
low to enable all read/write operations. When Chip 
Enable is high, power consumption is reduced. 

--------------------------- ~~~@~~~~~~------------------------3~/~10 
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M28C64C 

PIN DESCRIPTION (cont'd) 

Output Enable (G). The Output Enable input con
trols the data output buffers and is used to initiate 
read operations.· · 

Data In/ Out (DOO- D07). Data is written to or read 
from the M28C64C through the 1/0 pins. 

Write Enable (W). The Write Enable input controls 
the writing of data to the M28C64C. 

Ready/Busy (RB). Ready/Busy is an open drain 
output that can be used to detect the end of the 
internal write cycle. 

OPERATION 

In order to prevent data corruption and inadvertent 
write operations during power-up, a Power On 
Reset (POR) circuit resets all internal programming 
cicuitry. Access to the memory in write mode is 
allowed after a power-up as specified in Table 6. 

Read 

The M28C64C is accessed like a static RAM. 
When E and G are low with Vii high, the data 
addressed is presented on the 1/0 Qins._The 1/0 
pins are high impedance when either GorE is high. 

Write · 

Write opera!!9ns are initiated when both W and E 
!'!_re Jow_gnd G is high.The M28C64C supports both 
E and W controlled write cycles. The Address is 
latched by the falling edge of E or W which ~er 
occurs last and the Data on the rising edge of E or 
W which ever occurs first. Once initiated the write 
operation is internally timed until completion within 
5ms. 

Page Write 

Page write allows up to 32 bytes to be consecu
tively latched into the memory prior to initiating a 
programming cycle. All bytes must be located in a 
single page address, that is A5 - A 12 must be the 
same for all bytes. The page write can be initiated 
during any byte write operation. 

Following the first byte write instruction the host 
may send another address and data !:!.P to_E maxi
mum of 1 OO)ls after the rising edge of E or_W w.!:!.ich 
ever occurs first (IsLe). If a transition of E or W is 
not detected within 1 OO)lS, the internal program
ming cycle will start . 

Microcontroller Control Interface 

The M28C64C provides two write operation status 
bits and one status pin that can be used to minimize 
the system write cycle. These signals are available 
on the 1/0 port bits D07 or D06 of the memory 
during programming cycle only, or as the RB signal 
on a separate pin. 

Figure 4. Status Bit Assignment 

DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQ1 DQO 

I DP I TB I PLTS I Hi-Z I Hi-Z I Hi-Z I Hi-Z I Hi-Z I 
DP ; Data Poll1ng 
TB ; Toggle Bit 
PLTS ; Page Load Timer Status 

Data Polling bit (D07). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DO? the complementary value of the 
previously latched bit. Once the write cycle is fin
ished the true logic value appears on DO? in the 
read cycle. 

Toggle bit (D06). The M28C64C also offers an
other way for determining when the internal write 
cycle is completed. During the internal Erase/Write 
cycle, D06 will toggle from "0" to "1" and "1" to "0" 
(the first read value is "0") on subsequent attempts 
to read the memory. When the internal cycle is 
completed the toggling will stop and the device will 
be accessible for a new Read or Write operation. 

Page Load Timer Status bit (DOS)Jn t~ Page 
Write mode data may be latched by E or W up to 
1 OO)ls after the previous byte. Up to 32 bytes may 
be input. The Data output (D05) indicates the 
status of the internal Page Load Timer. D05 may 
be read by asserting Output Enable Low (tPLTs). 
D05 Low indicates the timer is running, High 
indicates time-out after which the write cycle will 
start and no new data may be input. 

Ready/Busy pin. The RB pin provides a signal at 
its open drain output which is low during the 
erase/write cycle, but which is released at the 
completion of the programming cycle. 

...::4/...:.10=-------------~ ~~©ltl~~~~~ --------------
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M28C64C 

AC MEASUREMENT CONDITIONS Figure 6. AC Testing Equivalent Load Circuit 

Input Rise and Fall Times 

Input Pulse Voltages 

~ 20ns 

0.4Vto2.4V 

Input and Output Timing Ref. Voltages O.BV to 2.0V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 5. AC Testing Input Output Waveforms 

2.4V 

0.4V 

~2.0V 

~0.8V 
VAOOB26 

DEVICE 
UNDER 
TEST 

1.3V 

CL includes JIG capac1tance 

Table 4. Capacitance <1> (TA = 25 oc, f = 1 MHz} 

Symbol Parameter Test Condition Min Max 

C1N Input Capacitance VrN=OV 6 

CouT Output Capacitance VouT=OV 12 

Note: 1. Sampled only, not 100% tested. 

Table 5. Read Mode DC Characteristics (T A= 0 to 70°C or -40 to 85°C, Vee = 5V ± 1 0%} 

Symbol Parameter Test Condition Min Max 

lu Input Leakage Current OV:5VrN :5Vcc 10 

ILO Output Leakage Current ov :;;v,N :5Vcc 10 

Icc Supply Current (TTL and CMOS inputs) E = V,L, G = V1L , I= 5 MHz 30 

lcc1 Supply Current (Standby) TTL E=VIH 2 

lcc2 Supply Current (Standby) CMOS E >Vee -0.3V 100 

VrL Input Low Voltage -0.3 0.8 

OUT 

VA01129 

Unit 

pF 

pF 

Unit 

fJA 

fJA 
rnA 

rnA 

fJA 
v 

VrH Input High Voltage 2 Vcc+0.5 v 

VoL Output Low Voltage loL=2.1 rnA 0.4 v 

VoH Output High Voltage loH = -400 fJA 2.4 v 

Table 6. Power Up Timing 111 (T A = 0 to 70°C or -40 to 85°C, Vee = 5V ± 1 0%} 

Symbol Parameter Min Max Unit 

tPUR Time Delay to Read Operation 1 j.J.S 

tPUW Time Delay to Write Operation 10 ms 

Note: 1. Sampled only, not 100% tested. 

-------------~iii ~itm~~~~~ ____________ 5:::.'=10 
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M28C64C 

Table 7. Read Mode AC Characteristics 
(T A = 0 to 70°C or -40 to 85°C, Vee = 5V ± 1 0%) 

M28C64C 

Symbol A It Parameter Test Condition -150 -200 -250 Unit 

min max min max min max 

Address Valid to Out- - -
IAVQV lAce put Valid E=ViL,G=ViL 150 200 250 ns 

IELOV IcE 
Chip Enable Low to 

G=ViL 150 200 250 ns Output Valid 

Output Enable Low to -
IGLQV loE Output Valid E=VIL 75 100 110 ns 

IEHQZ (l) Chip Enable High to -
loF Output Hi-Z G =VIL 0 50 0 60 0 65 ns 

IGHQZ(l) Output Enable High to -
I oF Output Hi-Z E=VIL 0 50 0 60 0 65 ns 

Address Transition to - -
IAXQX loH Output Transition E = v,L, G = v,L 0 0 0 ns 

Note: 1. Output Hi-Z is defined as the point where data is no longer dnven. 

Figure 7. Read Mode AC Waveforms 

AO-A12 

G 

Hi-Z 
DQO-DQ7 DATA OUT 

VA00749 

Note: W = High 

""'6,_;_1o"-·-----------/5ii ~Ltt'~~~?~ ____________ _ 
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Table 8. Write Mode AC Characteristics 
(TA = 0 to 70°C or -40 to 85°C, Vee= 5V ±1 0%) 

Symbol A It Parameter Test Condition Min Max Unit 
- -

IAVWL lAs Address Valid to Write Enable Low E = VrL, G = VrH 0 ns 
- -

lA VEL lAs Address Valid to Chip Enable Low G = VrH, W = VrL 0 ns 

-
IELWL IcES Chip Enable Low to Write Enable Low G=VrH 0 ns 

Output Enable High to Write Enable -
IGHWL loES Low E =VrL 0 ns 

-
IGHEL IOES Output Enable High to Chip Enable Low W=VrL 0 ns 

-
lwLEL lwEs Write Enable Low to Chip Enable Low G =VrH 0 ns 

IWLAX IAH Write Enable Low to Address Transition 150 ns 

IELAX IAH Chip Enable Low to Address Transition 150 ns 
- -

lwLDV tov Write Enable Low to Input Valid E = VrL, G = VrH 1 J.lS 
- -

IELDV lov Chip Enable Low to Input Valid G = VrH, W = VrL 1 J.lS 

IWLWH twp Write Enable Low to Write Enable High 150 ns 

IELEH twp Chip Enable Low to Chip Enable High 150 ns 

IWHEH ICEH Write Enable High to Chip Enable High 0 ns 

IWHGL IOEH 
Write Enable High to Output Enable 10 ns Low 

IEHGL loEH Chip Enable High to Output Enable Low 10 ns 

IEHWH lwEH Chip Enable High to Write Enable High 0 ns 

IWHOX loH Write Enable High to Input Transition 30 ns 

IEHOX loH Chip Enable High to Input Transition 30 ns 

IWHWL IWPH Write Enable High to Write Enable Low 200 ns 

IWHWH IsLe _Byte Load Repeat Cycle Time 100 J.lS 

IWHRH twc Write Cycle Time 5 ms 

IWHRL los Write Enable High to Ready/Busy Low Note 1 150 ns 

IEHRL los Chip Enable Hrgh to Ready/Busy Low Note 1 150 ns 

lovwH los Data Valid before Write Enable High 50 ns 

loVEH los Data Valid before Chip Enable High 50 ns 

Note· 1. W1th a 3.3 kQ pull-up res1stor. 

______________ i.V ~~©m~:RD~~ ------------~7'---'--"'10 
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Figure 8. Write Mode AC Waveforms -Write Enable Controlled 

AO-A12 

----1>1-~-tWHEH 

G 

--------~--,.-tWHGL 

w 

000-007 IN 

--~ tWHDX 

t WH R L --t--+1 

RB 

VA00750 

Figure 9. Write Mode AC Waveforms - Chip Enable Controlled 

AO-A12 VALID 

tAVEL ._ tELAX 

- tGHEL tELEH 

w 

___j } --1 tWLEL - tEHGL 

l 
D00-007 

- tELDV f tEHWH 

DATA IN I t= tDVEH tEHDX ~ 

RB 

tEHRL 

1 
VA00751 

.:::8,...:.;10=--------------I..V ~~mWt:O!~©~ ____________ _ 
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Figure 10. Page Write Mode AC Waveforms - Write Enable Controlled 

AO-A12 

G 

w 

DQO-DQ7 

DQS 

--r-~ \WHRL 

RB 
'L-----------------------------~ 

VA00752C 

Figure 11. Data Polling Waveforms Sequence 

AO-A12 

E ---T\-1 
G 

----n_r--
w 

DQ7 ----to--
DQ7 007 ' DQ7 

LAST WRITE INTERNAL WRITE SEQUENCE READY 

VA00753B 

--------------~ ~ii©lt&~~vt~©~ ____________ ::.:9/..:..::.10 
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Figure 12. Toggle Bit Waveforms Sequence 

AO-A12 t 
' ' ' ' 

E ____rv-v--\___/fU\Jl_ 
' ' ' ' ' 

G ----r-v-v --\___/fU\Jl_ 

w 

DQ6 

LAST WRITE , TOGGLE , READY 
: INTERNAL WRITE SEQUENCE: 
' ' VA00754C 

Note: 1. First Toggle bit is forced to '0' 

ORDERING INFORMATION SCHEME 

Example: M28C64C -150 K 1 

Speed Package Temperature Range 

·150 150 ns K PLCC32 1 o to 70 oc 
·200 200 ns p PDIP28 6 -40 to 85 oc 
-250 250 ns M S028 

330 mils 

N TSOP28 
8 x 13.4mm 

For a list of available options (Speed, Package, Temperature Range, etc ... ) refer to the Selector Guide in 
this Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS·THOMSON Sales Office nearest 
· to you . 

..:..:10:::_11,:.:0:..._ ___________ ~ ~~©mg~~~~~ _____________ _ 
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M624064 

VERY FAST CMOS 64K x 4 SRAM 

• 64K x 4 CMOS FAST SRAM 

• EQUAL CYCLE and ACCESS TIMES: 
12, 15,20ns 

• LOW Vee DATA RETENTION: 2V 

• TRI-STATE COMMON 1/0 

• JEDEC PLASTIC SOJ and DIP, 300 mil PACK
AGES 

DESCRIPTION 

The M624064 is a 256K (262, 144 bit) Fast CMOS 
SRAM, organized as 65,536 words by 4 bits. It is 
fabricated using SGS-THOMSON's Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad
dress access and cycle times. It requires a single 
5V ± 10% supply, and all inputs and outputs are 
TIL compatible. 

Table 1. Signal Names 

AO-A15 Address Inputs 

DQO-DQ3 Data Inputs I Outputs 

E Chip Enable 

-
w Write Enable 

Vee Supply Voltage 

Vss Ground 

August 1993 

~~ 24~ww~ 

PSDIP24 (PS) 

Figure 1. Logic Diagram 

Vee 

16 

AO-A15 

M624064 

w 

r 

Vss 

ADVANCE DATA 

SOJ24 (E) 
300 mils 

4 

DQO-DQ.3 

VA009128 

1/9 

Th1s IS advance information on a new product now 1n development or undergoing evaluation Details are subJet to change Without not1ce 
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Figure 2A. SDIP Pin Connections Figure 28. SOJ Pin Connections 

AO Vee AO 1 24 Vee 
A1 A15 A1 2 23 A15 

A2 A14 A2 3 22 A14 

A3 A13 A3 4 21 A13 

A4 A12 A4 5 20 A12 

AS A11 AS 6 M624064 19 A11 
A6 A10 A6 7 1S A10 
A7 DQO A7 s 17 DOD 
AS 001 AS 9 16 001 
A9 002 A9 10 15 002 
E 003 E 11 14 003 

Vss w Vss 12 13 w 
VA00913 VA00914 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto 70 ac 

Tsm Storage Temperature -65 to 150 oc 

V1o 121 Input or Output Voltages -0.5 to Vee+ 0.5 v 

Vee Supply Voltage -0.5to 7 v 

lo 131 Output Current 20 mA 

Po Power Dissipation 1 w 
Note: 1. Except for the rat1ng "Operating Temperature Range" stresses above those hsted in the Table "Absolute Max1mum Ratings" 

may cause permanent damage to the dev1ce. These are stress ratings only and operation of the device at these or any other 
condit1ons above those ind1cated in the Operating sections of this specification is not implied Exposure to Absolute Maximum 
Ratings cond1tions for extended periods may affect device reliability Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. Up to a max1mum operat1ng Vee of 5.5V only. 
3. One output at a t1me, not to exceed 1 second duration. 

Table 3. Operating Modes 

Mode E w DQO-DQ3 Power 

Read v,L v,H Data Output Active 

Write v1L v1L Data Input Active 

Deselect v1H X Hi-Z Standby 

Note: X""' V1H or V1L 

=-2/=-9 ___________ ~ SGS·lHOMSON -----------
b.. ""f J' ll:iO!;:rn'©lli~rnll:'ifl~l@f!DI£:"' 
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Figure 3. Block Diagram 

READ MODE 

CHIP 
ENABLE 

A~--
(8) : 

I 

A~-
C.E. 

The M624064 is in the Read mode whenever Write 
Enable (W) is high, with Chip Enable (E) asserted 
low. This provides access to data from four of the 
262,144 locations in the static memory array, spec
ified by the 16 address inputs. Valid data will be 
available at the four output pins "Yi_thin lAvav after 
the last stable address, providing E is Low. If Chip 
Enable access time is not met, data access will be 
measured from the limiting parameter (IELOV) 
rather than the address. Data out may be indeter
minate at tELox, but datalines will always be valid 
at tAVQV. 

WRITE MODE 

The M624064 is in the Write mode whenever the 
Vj_ and E pins are Low. Either th§_Chip Enable input 
(E) or the Write Enable input (W) must be de-as
serted during Address transitions for subsequent 
write cycles. Write begins with !b_e concurrence of 
Chip Enable being active with W Low. Therefore, 
address setup time is referenced to Write Enable 
and Chip Enable as tAvwL and tAvEL respectively, 
and is determined by the latter occurring edge. The 
Write cy_gje c~ be terminated by the earlier rising 
edge of E or W. 

C.E. 

MEMORY 
ARRAY 

(8) 

A A 

M624064 

VA01091 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

~ 1.5ns 

0 to 3V 

1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

5V 

CL includes JIG capacitance 

VA00829 

3/9 --------------~ ~~~:m~&~~~ --------------'= 
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Table 4. Capacitance <1> (T A = 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition 

CIN Input Capacitance on all pins (except DQ) V1N =OV 

Cour 12) Output Capacitance 

Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 

Vour=OV 

Table 5. DC Characteristics (TA = 0 to 70 oc, Vee= 5V ± 10%) 

Symbol Parameter Test Condition 

lu Input Leakage Current OV:>V1N=>Vcc 

ILO Output Leakage Current OV :> Vour :>Vee 

Vee= 5.5V, (-12) 
lec1 (l) Supply Current Vee= 5.5V, (-15) 

Vee= 5.5V, (-20) 

lee2 121 Supply Current (Standby) Vee= 5.5V, E ~ V1H, f = 0 TTL 

lee3 131 Supply Current (Standby) Vee = 5.5V, E ~Vee- 0.2V, 
CMOS f = 0 

V1L Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL = 8mA 

VoH Output High Voltage loH =-4mA 

Notes: 1. Average AC current, Outputs open, cycling at lAvA~ minimum 
2. All other Inputs at v,L 5 o.av or v,";, 2.2V 
3. All other Inputs at VIL 5 0.2V or v,H "Vee- 0.2V 

Min 

-0.3 

2.2 

2.4 

WRITE MODE (cont'd) OPERATIONAL MODE 

Min Max Unit 

8 pF 

8 pF 

Max Unit 

±1 J.lA 
±5 J.lA 

160 rnA 

160 rnA 

160 rnA 

25 rnA 

1 rnA 

0.8 v 

Vee+0.3 v 

0.4 v 

v 

If the O!,!!put is enabled (E = Low), then Write 
Enable (W) will return the outputs to high imped
ance within twLOz of its falling edge. Care must be 
taken to avoid bus contention in this type of oper
ation. Data input must be valid for tovwH before the 
rising edge of ~rite Enable, or for tovEH before t~e 
rising edge of E whichever occurs first, and rema1n 
valid for twHDX or tEHDX . 

The M624064 has a Chip Enable power down 
feature which invokes an automatic stan_s!by mode 
whenever Chip Enable is de-asserted (E = High). 
Operationg!_modg_s are determined by device con
trol inputs Wand E as summarized in the Operating 
Modes table. 

.::4,~9 ____________ !V ~~©m~~~q~ _____________ _ 
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M624064 

Table 6. Read and Standby Modes AC Characteristics (T A== 0 to 70°C, Vee== 5V ± 1 0%) 

M624064 

Symbol Parameter -12 -15 -20 Unit 

Min Max Min Max Min Max 

tAVAV Read Cycle Time 12 15 20 ns 

tAVQV (1) Address Valid to Output Valid 12 15 20 ns 

tELQV (1) Chip Enable Low to Output Valid 12 15 20 ns 

tELQX (2) Chip Enable Low to Output Transition 3 3 3 ns 

tEHQZ (2) Chip Enable High to Output Hi-Z 0 7 0 8 0 10 ns 

tAXQX (1) Address Transition to Output Transition 3 3 3 ns 

tpu (3) Chip Enable to Power Up 0 0 0 ns 

tpo '3' Chip Enable to Power Down 12 15 20 ns 

Notes: 1. e, = 30pF (see Figure 4) 
2. e, = SpF (see Figure 4) 
3. Guaranteed but not tested (see F1gure 7) 

Figure 5. Address Controlled, Read Mode AC Waveforms 

AO-A 15 =1~~::::::::::::::_-_-_tA_V_A_V _____ l----
~ lAVQV ~ DATA VAL~ lAXQXb: 

D00-003 

VA01092 

Note: E = Low, W = High 

------------ ~ SGS·lHOMSON --------------'5=/9 .. ""!I l'lliO©OO@~~~~@~JO©" 
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M624064 

Figure 6. Chip Enable Controlled, Read Mode AC Waveforms 

tAVAV ------~~. 

VALID 0----
tAVQV •' \AXQX -

- tELQV 
____,. 

r-tEHQZ4> 

- tELQX _,. 

DQO-DQ3 VALID 

YA00915 

Note: W = High 

Figure 7. Standby Mode AC Waveforms 

VA00799B 

6/9 
=------------~ ~~@m2m~~~~ --------------
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M624064 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= SV ± 10%) 

M624064 

Symbol Parameter -12 -15 -20 Unit 

Min Max Min Max Min Max 

tAVAV Write Cycle Time 12 15 20 ns 

tAVWL Address Valid to Write Enable Low 0 0 0 ns 

tAVWH Address Valid to Write Enable High 9 10 12 ns 

tAVEH Address Valid to Chip Enable High 9 10 12 ns 

twLWH Write Enable Pulse Width 9 10 12 ns 

twHAX Write Enable High to Address Transition 0 0 0 ns 

twHDX Write Enable High to Input Transition 0 0 0 ns 

tEHDX Chip Enable High to Input Transition 0 0 0 ns 

twHOX (l) Write Enable High to Output Transition 0 0 0 ns 

twLOz(1) Write Enable Low to Output Hi-Z 0 8 0 8 0 10 ns 

tAVEL Address Valid to Chip Enable Low 0 0 0 ns 

tELEH Chip Enable Low to Chip Enable High 9 10 15 ns 

tEHAX Chip Enable High to Address Transition 0 0 0 ns 

tovwH Input Valid to Write Enable High 7 8 10 ns 

tovEH Input Valid to Chip Enable High 7 8 10 ns 

Note: 1. el = 5pF (see Figure 4) 

Figure 8. Write Enable Controlled, Write AC Waveforms 

A0-A15 ~~-------------t:-:-:-1~---------------)l~--------
tAVWH t 

tWHAX r-------

w 

DQO-DQ3 

VA00916 

7/9 
---------------------------~~~~;~~~~~~~------------------------~ 
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M624064 

Figure 9. Chip Enable Controlled, Write AC Waveforms 

tAVAV -AO-A15 
__/ 

VALID 

tAVEH 

- tAVEL - - tEHAX -
tA VWL_::j tELEH 

w 

~ tEHDX 

v DATA INPUT 
/I 

DQO-DQ3 

tDVEH _____, 

VA00917 

Table 8. Low Vee Data Retention Characteristics (TA = 0 to 70°C, Vee= 2V to 4.5V) 

Symbol Parameter Test Condition Min Max Unit 

leeoR (1) Supply Current (Data Retention) Vee= 3V, E?. Vee- 0.2V, f = 0 200 !!A 

VoR (1) Supply Voltage (Data Retention) E?.Vee-0.2V, f=O 2 4.5 v 
teoR (1, 2l Chip Disable to Power Down E?. Vee- 0.2V, f = 0 0 ns 

tR (2) Operation Recovery Time lAVAV ns 

Notes: 1. All other Inputs VtH?. Vee- 0.2V or VtL,; 0 2V 
2. See Figure 10 for measurement points. Guaranteed but not tested 

Figure 10. Low Vee Data Retention AC Waveforms 

DATA RETENTION MODE-

5V -------~ 
1/ 

Vee 4.5V --------------

VoR ;::: 2V ------- \ I 

JICDR - ~tRI 
E 2: VoR - 0.2V I L E 2.2V-~ \ 

VA00802B 

=.81.::...9 ___________ t==' SliS·lHOMSON -----------
A.""! I o~U©W©rn~m©'illlil@l'l:c©:s 
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M624064 

ORDERING INFORMATION SCHEME 

Example: M624064 -12 E 

-12 12 ns PS PSDIP24 

-15 15 ns E SOJ24 

-20 20 ns 300 mils 

For a list of available options (Speed, Package etc ... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

------------ ~ SGS·lHOMSON --------------'9=/9 
~"'!I [lj]Q©Ilil@a;~a;=©I'!ID~ 
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M624065 

VERY FAST CMOS 64K x 4 SRAM WITH OUTPUT ENABLE 

• 64K x 4 CMOS FAST SRAM with OUTPUT EN
ABLE 

• EQUAL CYCLE and ACCESS TIMES: 
12, 15,20ns 

• LOW Vee DATA RETENTION: 2V 

"TRI-STATE COMMON 1/0 

• JEDEC PLASTIC SOJ and DIP, 300 mil PACK
AGES 

DESCRIPTION 

The M624065 is a 256K (262,144 bit) Fast CMOS 
SRAM, organized as 65,536 words by 4 bits. It is 
fabricated using SGS-THOMSON's Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad
dress access and cycle times. It requires a single 
5V ± 10% supply, and all inputs and outputs are 
TTL compatible. 

Table 1. Signal Names 

AO-A15 Address Inputs 

DQO-DQ3 Data Inputs I Outputs 

E Chip Enable 
-
G Output Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

August 1993 

1 

PSDIP28 (PS) 

Figure 1. Logic Diagram 

Vee 

16 

AO-A15 

w M624065 

E 

G 

Vss 

ADVANCE DATA 

SOJ28 (E) 
300 mils 

4 

DQ0-003 

VA00918B 

1/9 

Thts ts advance mformat1on on a new product now 1n development or undergo1ng evaluation. Deta1ls are subjet to change Without nottce. 
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M624065 

Figure 2A. SDIP Pin Connections Figure 28. SOJ Pin Connections 

NC Vee NC 28 Vee 
AO A1S AO 2 27 A1S 
A1 A14 A1 3 26 A14 

A2 A13 A2 4 2S A13 
A3 A12 A3 s 24 A12 
A4 A11 A4 6 23 A11 
AS A10 AS 7 M62406S 22 A10 
A6 Ne A6 8 21 Ne 

A7 Ne A7 9 20 NC 

AS DQO A8 10 19 DQO 
A9 DQ1 A9 11 18 DQ1 
E DQ2 E 12 17 DQ2 
G DQ3 G 13 16 DQ3 

Vss w Vss 14 15 w 
VA00919 VA00920 

Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto70 oc 

Tsm Storage Temperature -65to 150 oc 
v,o<1l Input or Output Voltages -0.5 to Vee+ 0.5 v 
Vee Supply Voltage -0.5to 7 v 
lo <2l Output Current 20 mA 

Po Power Dissipation 1 w 
Note: 1. Except for the rating "Operating Temperature Range' stresses above those listed in the Table "Absolute Maximum Ral!ngs" 

may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated 1n the Operating sect1ons of th1s specification is not implied Exposure to Absolute Max1mum 
Ratings cond1t1ons for extended periods may affect device reliability. Refer also to the SGS·THOMSON SURE Program and other 
relevant quality documents. 

2. Up to a maximum operat1ng Vee of 5.5V only. 
3. One output at a t1me, not to exceed 1 second durat1on. 

Table 3. Operating Modes 
- - -

Mode E w G DQO-DQ3 Power 

Read v,L v,H v,H Hi·Z Active 

Read v,L v,H v,L Data Output Active 

Write v,L v,L X Data Input Active 

Deselect v,H X X Hi·Z Standby 

Note: X = v,H or v,L 

2/9 :::::..;:. ____________ £.V ~~©m~~~~~ --------------
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M624065 

Figure 3. Block Diagram 

A > - -vee 
(8) I ROW MEMORY 

I 
DECODER ARRAY I 

-vss 
..J 

A > -
C.E. 

DQ 1/0 CIRCUITS 
-

~ 
-

INPUT 
( 4) 

I 
DATA COLUMN 

I CTRL DECODER 
DQ 

5 
C. E. -----1" --- V\ 

CHIP (8) 
ENABLE 

A A 

w ~ 
~ 

Ln 

READ MODE 

The M624065 is in the Read mode whenever Write 
Enable (W) is Higt:h with Output Enable (G) Low, 
with Chip Enable (E) asserted Low. This provides 
access to data from four of the 262,144 locations 
in the static memory array, specified by the 16 
address inputs. Valid data will be available at the 
four output pins within tAvov after the last stable 
address, providing G is Low, and E is Low. If Chip 
Enable or Output Enable access times are not met, 
data access will be measured from the limiting 
parameter (tELOV or tGLov) rather than the address. 
Data out may be indeterminate at tELOX and tGLOX, 
but data lines will always be valid at tAvov. 

WRITE MODE 

The M624065 is in the Write mode whenever the 
W and E pins are Low. Chip Enable E or W must 
be deasserted during Address transitions for sub
sequent write cycles. The Write begins with the 
concurrence of Chip Enable and W being asserted 
low. Therefore, address setup time is referenced to 
Write Enable and Chip Enable as tAvwL and tAvEL 
respectively and is determined to the latter concur
rence edge. The Write cycle can be terminated by 
the earlier_rising eQ.ge of E or W.Jf. the Output is 
Enabled (E = Low, G = Low), then W will return the 

I 

I 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

VA0109.3 

:;; 1.5ns 

Oto3V 

1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

5V 

4700 

L-----1 240 [] CL =30pF or 5pF 

CL includes JIG capac1tance 

VA00829 

------------- r=-= SGS·THOMSON -------------"3"-"-/9 .. ..., I l'JJQ©Jj@[ii~§©li1ll@RDO~ 
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M624065 

Table 4. Capacitance <1> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition 

c,N Input Capacitance an all pins (except DO) V1N -OV 

GouT (2) Output Capacitance 

0 Notes. 1. Sampled only, not 1 00 ~o tested 
2. Outputs deselected 

VouT-OV 

Table 5. DC Characteristics (T A= 0 to 70 oc, Vee= 5V ± 1 0%) 

Symbol Parameter Test Condition 

lu Input Leakage Current ovs;v,N <Vee 

ILO Output Leakage Current OV < VouT <Vee 

Vee= 5.5V, (-12) 
lcc1 (l) Supply Current Vee= 5.5V, (-15) 

Vee- 5.5V, (-20) 

lee2 (21 Supply Current (Standby) -

TTL Vee = 5.5V, E = V1H, I= 0 

lee3 (31 Supply Current (Standby) Vee = 5.5V, E ~Vee- 0.2V, 
CMOS I= 0 

v,L Input Low Voltage 

v,H Input High Voltage 

VoL Output Low Voltage loL -8mA 

VoH Output High Voltage loH =-4mA 

Notes. 1. Average Ae current, Outputs open, cycling at tAvAv m1mmum 
2. All other Inputs at VIL" o.av or v,H "2.2V 
3. All other Inputs at V1L 5 0.2V or V1H <:Vee- 0.2V 

Min 

-0.3 

2.2 

2.4 

WRITE MODE (cont'd) OPERATIONAL MODE 

Min Max Unit 

8 pF 

8 pF 

Max Unit 

+1 ~ 

+5 ~ 

160 mA 

160 mA 

160 mA 

25 mA 

1 mA 

0.8 v 

Vee+ 0.3 v 

0.4 v 

v 

outputs to high impedance within twLoz of its falling 
edge. Care must be taken to avoid bus contention 
in this type of operation. Data input must be valid 
for tovwH before the rising edge of Wri_!? Enable, or 
for tovEH before the rising edge of E whichever 
occurs first, and remain valid for twHox or IEHDX-

The M624065 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever Chip Ena.Q)e is deasserted (E = High). 
A.n Output Enable (G) pin provides a high speed 
tnstate control, allowing fast read/write cycles to be 
~chieved with the common-I/O data bus. Opera
!IOnal f!l.Odes ~re determined by device control 
1nputs W and E as summarized in the Operating 
Modes table. 

4/9 ..::..::, ____________ ~ ~!i~m2m~9~ --------------
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M624065 

Table 6. Read and Standby Modes AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

M624065 

Symbol Parameter 
·12 -15 -20 Unit 

Min Max Min Max Min Max 

IAVAV Read Cycle Time 12 15 20 ns 

lAVOY (1) Address Valid to Output Valid 12 15 20 ns 

IELOV (1) Chip Enable Low to Output Valid 12 15 20 ns 

tGLOV (1) Output Enable Low to Output Valid 7 8 10 ns 

tELOX (2) Chip Enable Low to Output Transition 3 3 3 ns 

IGLOX (2) Output Enable Low to Output Transition 0 0 0 ns 

IEHOZ (2) Chip Enable High to Output Hi-Z 0 7 0 8 0 10 ns 

IGHOZ (2) Output Enable High to Output Hi·Z 0 7 0 8 0 10 ns 

IAXQX (1) Address Transition to Output Transition 3 3 3 ns 

tpu 13> Chip Enable to Power Up 0 0 0 ns 

!po {3) Chip Enable to Power Down 12 15 20 ns 

Notes: 1. eL = 30pF (see Rgure 4) 
2. eL = 5pF (see Figure 4) 
3. Guranteed but not tested (see Frgure 7) 

Figure 5. Address Controlled, Read Mode AC Waveforms 

AO-A15 ==i. 
tAVAV 

tAVQV--

DQO-DQ3 
J 

DATA VALID 
I 

VA01094 

Note: E =Low, G =Low, W = High 

5/9 -------------~iii ~~©m~cm ___________ ......;;;...;;. 
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M624065 

Figure 6. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 

AO-A15 =t:= tAVAV 

J VALID 

tAVQV •' tAX OX ~ 

~ tELQV -- r-tEHoz--

f4- tELQX --j 
P=-tGHQZ ___. 1--- tGLQV ___. 

1-- tGLox--

DQO-DQ3 DATA OUT 

VA00921 

Note: W = H1gh 

Figure 7. Standby Mode AC Waveforms 

~tPUf, 
-------------------

50% 

VA00799B 

_61_9 __________ ~'I SliS·1HOMSON -----------
.,....,~ l)jJU©OO©rn~~ll@@ 
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M624065 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

M624065 
Symbol Parameter ·12 ·15 ·20 Unit 

Min Max Min Max Min Max 

tAVAV Write Cycle Time 12 15 20 ns 

IAVWL Address Valid to Write Enable Low 0 0 0 ns 

tAVWH Address Valid to Write Enable High 9 10 12 ns 

tAVEH Address Valid to Chip Enable High 9 10 12 ns 

lwLWH Write Enable Pulse Width 9 10 12 ns 

twHAX Write Enable High to Address Transition 0 0 0 ns 

lwHDX Write Enable High to Input Transition 0 0 0 ns 

tEHDX Chip Enable High to Input Transition 0 0 0 ns 

twHOX(l) Write Enable High to Output Transition 0 0 0 ns 

tWLQZ(l) Write Enable Low to Output Hi·Z 0 8 0 8 0 10 ns 

lA VEL Address Valid to Chip Enable Low 0 0 0 ns 

IELEH Chip Enable Low to Chip Enable High 9 10 15 ns 

tEHAX Chip Enable High to Address Transition 0 0 0 ns 

tovwH Input Valid to Write Enable High 7 8 10 ns 

tovEH Input Valid to Chip Enable High 7 8 10 ns 

Note: 1. eL = SpF (see Figure 4) 

Figure 8. Write Enable Controlled, Write AC Waveforms 

tAVAV 
-

AO-A15 VALID ___, 
tAVWH - tAVEL - -tWHAX ~ 

E I 
tWLWH -tAVWL -

w - tWLQZ ~ f-- tWHQX --. 

tD\11\H ~~ tv.HDXj__ 
DATA INPUT I 

1\. \..._ 
DQO-DQ3 

VA00916 

Note: G=Low 

7/9 -------------I:.V ~Lttl~~~~~ --------------'= 
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M624065 

Figure 9. Chip Enable Controlled, Write AC Waveforms 

~-------------t_A_VA_v _______________ ~~--------
VALID )K AO-A15 

\AVEH 1'-
\EHAX ~ 

\ELEH 

w 

D00-003 

VA00917 

Note: G ~ High 

Table 8. Low Vee Data Retention Characteristics (TA = 0 to 70°C, Vee= 2V to 4.5V) 

Symbol Parameter Test Condition 

leeoR (1) Supply Current (Data Retention) Vee= 3V, E?: Vee- 0.2V, f = 0 

VoR(1) 
-

Supply Voltage (Data Retention) E?: Vee- 0.2V, f = 0 

teoR (1. 21 
-

Chip Disable to Power Down E?: Vee- 0.2V, f = 0 

IR (2) Operation Recovery Time 

Notes: 1. All other Inputs VrH;;, Vee- 0.2V or VrL,; 0.2V 
2. See Figure 10 for measurement points. Guaranteed but not tested. 

Figure 10. Low Vee Data Retention AC Waveforms 

sv -------~ 

Vee 4.sv --------------

- DATA RETENTION MODE -~> 

v0R ~ 2V ------- \l-______________________ ...J/ 

Min Max 

200 

2 4.5 

0 

tAVAV 

I 

, " =:r:\.,_-______ r __ 2_V_o_R_-__ o_.2_v ________ ____.J-~" L 
VA008028 

Unit 

[!A 

v 
ns 

ns 

8/9 .;:_:;_ _________________________ ~:.V ~i~©m~~~~~ ---------------------------
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M624065 

ORDERING INFORMATION SCHEME 

Example: M624065 -12 E 

Package Temperature Range 

-12 12 ns PS PSDIP28 1 0 to 70 ac 
-15 15 ns E SOJ28 

-20 20 ns 
300 mils 

For a list of available options (Speed, Package etc ... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

------------ r=-= SGS·lHOMSON --------------'9=/9 ... .., I llllU©Jl@~~lli©'iiTiil@I\'JUQ%' 
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M628032 

VERY FAST CMOS 32K x 8 SRAM WITH OUTPUT ENABLE 

• 32K x 8 CMOS FAST SRAM with OUTPUT EN
ABLE 

• EQUAL CYCLE and ACCESS TIMES: 
12, 15,20ns 

• LOW Vee DATA RETENTION: 2V 

• TRI-STATE COMMON 1/0 

• JEDEC PLASTIC SOJ and DIP, 300 mil PACK
AGES 

DESCRIPTION 

The M628032 is a 256K (262, 144 bit) Fast CMOS 
SRAM, organized as 32,768 words by 8 bits. It is 
fabricated using SGS-THOMSON's Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad
dress access and cycle times. It requires a single 
5V ± 10% supply, and all inputs and outputs are 
TTL compatible. 

Table 1. Signal Names 

AO -A14 Address Inputs 

DQ0-007 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 

-w Write Enable· 

Vee Supply Voltage 

Vss Ground 

August 1993 

28 

1 

PSDIP28 (PS) 

Figure 1. Logic Diagram 

Vee 

15 

A0-A14 

w M628032 

E 

G 

Vss 

28~ 
1 

SOJ28 (E) 
300 mils 

8 
DQ0-007 

VA009228 

1/9 
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M628032 

Figure 2A. SDIP Pin Connections Figure 28. SOJ Pin Connections 

A14 Vee A14 1 28 Vee 
A12 w A12 2 27 w 

A7 A13 A7 3 26 A13 
A6 A8 A6 4 25 A8 

A5 A9 A5 5 24 A9 

A4 A11 A4 6 23 A11 

A3 G A3 7 M628032 22 G 
A2 A10 A2 8 21 A10 

A1 E A1 9 20 E 
AO 007 AO 10 19 DQ7 

DQO DQ6 DQO 11 18 DQ6 

DQ1 DOS 001 12 17 005 

002 004 002 13 16 004 

Vss DQ3 Vss 14 15 003 
VA00923 VA00924 

Table 2. Absolute Maximum Ratings <1l 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto70 oc 

Tsm Storage Temperature -65 to 150 oc 
v,o (2) Input or Output Voltages -0.5 to Vee + 0.5 v 

Vee Supply Voltage -o.5to 7 v 

lo (s) Output Current 20 rnA 

PD Power Dissipation 1 w 
Notes: 1. Except for the rat1ng "Operat1ng Temperature Range" stresses above those listed in the Table "Absolute Maximum Ratings" 

may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
cond1t1ons above those indicated 1n the Operating sect1ons of this spec1flcat1on is not implied. Exposure to Absolute Maximum 
Ratings cond1t1ons for extended periods may affect device reliability. Refer also to the SGS·THOMSON SURE Program and other 
relevant quality documents. 

2. Up to a maximum operating Vee of S.SV only. 
3. One output at a time, not to exceed 1 second duration. 

Table 3. Operating Modes 
- -

G DQO-DQ7 Power Mode E w 
Read V1L ViH V1H Hi-Z Active 

Read V1L V1H V1L Data Output Active 

Write ViL ViL X Data Input Active 

Deselect ViH X X Hi-Z Standby 

Note: X = VrH or VrL 



M628032 

Figure 3. Block Diagram 

A > - -vee 

(7) I ROW MEMORY 
I DECODER ARRAY I 

-vss 

A > -

C.E. 
DQ 

,...... 
1/0 CIRCUITS -

S, INPUT -
(8) 

I 
DATA COLUMN 

I CTRL DECODER 
DQ w 

C.E. ~ V\ --- h 
CHIP (B) 

ENABLE A A 

w r ~ 

-{>-~ 

READ MODE 
The M628032 is in the Read mode whenever Write 
Enable (W) is ljjgh, with Output Enable GLow, and 
Chip Enable (E) asserted Low. This provides ac
cess to data from nine of the 2621144 locations in 
the static memory array, specified by the 15 ad
dress inputs. Valid data will be available at the eight 
output pins within tAvov after the last stable ad
dress, providing G is Low, and Chip Enable E is 
Low. If Chip Enable or Output Enable access times 
are not met, data access will be measured from the 
limiting parameter (tELOV or tGLov) rather than the 
address. Data out may be indeterminate at tELOX 
and tGLOX, but datalines will always be valid at 
tAVQV. 

WRITE MODE 
The M628032 is in the Write mode whenever the 
W and E pins are LQYV. Chip Enable input E or the 
Write Enable input (W) must be de-asserted during 
Address transitions for subsequent write cycles. 
Write begins with_lhe concurrence of Chip Enable 
being active with W Low. Therefore, address setup 
time is referenced to Write Enable and Chip Enable 
as tAVWL and tAVEL respectively, and is determined 
by the latter occurring edge. The Write cycle can 
be terminated by the earlier rising edge of E or W. 

I 
I 

VA01089 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

:!> 1.5ns 

Oto3V 

1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

5V 

4700 

..._ __ __. 2400 CL =30pF or 5pF 

CL includes JIG capacitance 

VA00829 

3/9 ------------- iifi ~&tm~~~ ---------------'= 
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M628032 

Table 4 Capacitance <1> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min Max Unit 

c,N Input Capacitance on all pins (except DO) V1N =OV 8 pF 

Cour 12> Output Capacitance 

Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 

Vour=OV 8 pF 

Table 5. DC Characteristics (TA = 0 to 70 oc, Vee= 5V ± 10%} 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV ~VIN ~Vee ±1 llA 
ILO Output Leakage Current OV < Vour ~Vee ±5 llA 

Vee= 5.5V, (-12) 160 mA 

leet It> Supply Current Vee= 5.5V, (-15) 160 mA 

Vee= 5.5V, (-20) 160 mA 

lee2 12> Supply Current (Standby) Vee= 5.5V, E = v,H, f = 0 25 mA 
TTL 

leea 13> Supply Current (Standby) Vee= 5.5V, E;::: Vee- 0.2V, 1 mA 
CMOS f = 0 

V1L Input Low Voltage -0.3 0.8 v 

V!H Input High Voltage 2.2 Vec+0.3 v 

VoL Output Low Voltage loL=8mA 0.4 v 

VoH Output High Voltage loH =-4mA 2.4 v 
.. 

Notes: 1. Average Ae current, Outputs open, cycling at tAvAv m1mmum 
2. All other Inputs at VIL S O.BV or V1H 2: 2.2V 
3. All other Inputs at V,L S 0.2V or V1H 2: Vee- 0.2V 

WRITE MODE (cont'd} 

If the Output is enabled (E = Low and G = Low), 
then W will return the outputs to high impedance 
within twLaz of its falling edge. Care must be taken 
to avoid bus contention in this type of operation. 
Data input must be valid for tovwH before the rising 
edge of Write Enable, or for tovEH before the rising 
edge of E, whichever occurs first, and remain valid 
for twHDX or tEHDX. 

OPERATIONAL MODE 

The M628032 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever Chip Enable is de-asserted (E = High). 
An Output Enable (G) pin provides a high speed 
tri-state control, allowing fast read/write cycles to 
be achieved with the common-I/O data bus. Oper
ational modes are determined by device control 
inputs W and E as summarized in the Operating 
Modes table. 

~4,~9-----------~..V ~~me&cm-------------
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M628032 

Table 6. Read and Standby Modes AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

M628032 

Symbol Parameter -12 -15 -20 
Unit 

Min Max Min Max Min Max 

tAVAV Read Cycle Time 12 15 20 ns 

tAVQV (1) Address Valid to Output Valid 12 15 20 ns 

tELQV (1) Chip Enable Low to Output Valid 12 15 20 ns 

tGLQV (1) Output Enable Low to Output Valid 7 8 10 ns 

tELQX (2) Chip Enable Low to Output Transition 3 3 3 ns 

tGLQX (2) Output Enable Low to Output Transition 0 0 0 ns 

tEHQZ (2) Chip Enable High to Output Hi-Z 0 7 0 8 0 10 ns 

tGHQZ (2) Output Enable High to Output Hi-Z 0 7 0 8 0 10 ns 

tAXQX (1) Address Transition to Output Transition 3 3 3 ns 

tpu (3) Chip Enable to Power Up 0 0 0 ns 

tpo (3) Chip Enable to Power Down 12 15 20 ns 

Notes: 1. eL = 3DpF (see F1gure 4) 
2. eL = SpF (see F1gure 4) 
3. Guaranteed but not tested (see F1gure 7) 

Figure 5. Address Controlled, Read Mode AC Waveforms 

AO-A14 =t= tAVAV 

JtAXQX-tAVQV ____. 

~ 
DQO-DQ7 DATA VALID 

\...__ 

VA0\090 

Note: E = Low, G = Low, W = H1gh 

5/9 -------------l::fi ~~m~:~~~~ ___________ ___;= 
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M628032 

Figure 6. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 

AO-A14 ~ J 
tAVAV 

VALID 

tAVQV •' tAX OX 1-
f4- tELQV --- r-tEHQZ-. 

1- tELQX --j 
~tGHQZ ---to - tGLQV ---to 

I 
~ tGLQX-. 

DQO-DQ7 DATA OUT 

VA00925 

Note: W = High 

Figure 7. Standby Mode AC Waveforms 

JtPUf, 
-------------------

50% 

VA00799B 

6/9 =------------~ ~itm~~~~ -------------
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M628032 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

M628032 
Symbol Parameter -12 -15 -20 Unit 

Min Max Min Max Min Max 

tAVAV Write Cycle Time 12 15 20 ns 

tAVWL Address Valid to Write Enable Low 0 0 0 ns 

tAVWH Address Valid to Write Enable High 9 10 12 ns 

tAVEH Address Valid to Chip Enable High 9 10 12 ns 

twLWH Write Enable Pulse Width 9 10 12 ns 

twHAX Write Enable High to Address Transition 0 0 0 ns 

twHDX Write Enable High to Input Transition 0 0 0 ns 

tEHDX Chip Enable High to Input Transition 0 0 0 ns 

twHQX (l) Write Enable High to Output Transition 0 0 0 ns 

twLOZ(l) Write Enable Low to Output Hi-Z 0 8 0 8 0 10 ns 

tAVEL Address Valid to Chip Enable Low 0 0 0 ns 

tELEH Chip Enable Low to Chip Enable High 9 10 15 ns 

tEHAX Chip Enable High to Address Transition 0 0 0 ns 

tovwH Input Valid to Write Enable High 7 8 10 ns 

tovEH Input Valid to Chip Enable High 7 8 10 ns 

Note: 1. CL = 5pF (see Figure 4) 

Figure 8. Write Enable Controlled, Write AC Waveforms 

_r. tAVAV ,. 
AO-A14 __)K~------------V-A-L-ID------------~1t= 

tAVWH -tAVEL 1- -tWHAX 

E I 
tWLWH -tAVWL 1-

w -tWLQZ - ~ tWHQX __., 

IDVWH ~~ IWHD:j__ 

DATA INPUT I 
1\ '-

DQO-DQ7 

VA00926 

Note: G =Low 

7/9 
--------------------------- ~~~~~~:~~~------------------------~ 
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M628032 

Figure 9. Chip Enable Controlled, Write AC Waveforms 

tAVAV 
---.. 

AO-A14 VALID -
tAVEH 

___,. tAVEL - _., tEHAX -
AVWL ~ - tELEH 

f-- tEHDX...::I 

'I DATA INPUT , DQ0-007 

!==- tDVEH -----J 
VA00927 

Note: G = High 

Table 8. Low Vee Data Retention Characteristics (T A= 0 to 70°C, Vee = 2V to 4.5V) 

Symbol Parameter Test Condition 

lccoR (1) 
-

Supply Current (Data Retention) Vee = 3V, E ~Vee- 0.2V, f = 0 

VoR (1) Supply Voltage (Data Retention) E ~Vee- 0.2V, f = 0 

tcoR (1. 2) Chip Disable to Power Down E ~Vee- 0.2V, f = 0 

tR (2) Operation Recovery Time 

Notes: 1. All other Inputs v,"?. Vee -0.2V orV",; 0.2V 
2. See Figure 10 for measurement points. Guaranteed but not tested 

Figure 10. Low Vee Data Retention AC Waveforms 

SV -------~ 

Vee 4.sv 

- DATA RETENTION MODE: -

Vop ~ 2V --------P''--------------'' 

Min Max 

200 

2 4.5 

0 

tAVAV 

!/ 

, ,v =:r: ___ -___ r ___ >_V_o_R_-_o_.z_v _____ --~1" 1_ 
VA0080ZB 

Unit 

I! A 

v 
ns 

ns 

=8'..:...9 ___________ ~ SGS·lHOMSON -----------
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ORDERING INFORMATION SCHEME 

Example: M628032 -12 E 1 

-12 

-15 

-20 

12 ns 

15 ns 

20 ns 

Package 

PS PSDIP28 

E SOJ28 
300 mils 

M628032 

For a list of available options (Speed, Package etc ... ) refer to the Selector Gude in this Data Book or to 
the current Memory Shortform catalogue. -

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

9/9 ---------------------------- ~~~~@~~~:rn~~ ------------------------~~ 
649 





M624256 
VERY FAST CMOS 1 Megabit (256K x 4) SRAM 

WITH OUTPUT ENABLE 

• 256K x 4 CMOS FAST SRAM with OUTPUT 
ENABLE 

• EQUAL CYCLE and ACCESS TIMES: 
15, 17,20, 25ns 

• LOW Vee DATA RETENTION: 2V 

• TRI-STATE COMMON 1/0 

• JEDEC PLASTIC SOJ, 400 mil PACKAGE 

DESCRIPTION 

The M624256 is a 1 Megabit (1 ,048,567 bit) Fast 
CMOS SRAM, organized as 262,144 words by 4 
bits. It is fabricated using SGS-THOMSON's Ad
vanced, low power, high performance, CMOS tech
nology. The device features fully static operation 
requiring no external clocks or timing strobes, with 
equal address access and cycle times. It requires 
a single 5V± 10% supply, and all inputs and outputs 
are TTL compatible. 

Table 1. Signal Names 

AO -A17 Address Inputs 

000-003 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

August 1993 

SOJ28 (E) 
400 mils 

Figure 1. Logic Diagram 

Vee 

18 

AO-A17 

w M624256 

E 

G 

Vss 

ADVANCE DATA 

4 

000-DQJ 

VAOOB10B 

1/9 

Thts IS advance mfonnat1on on a new product now 1n development or undergomg evaluation. Detatls are sub;et to change Without not1ce. 
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M624256 

Table 2. Absolute Maximum Ratings (1l 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto?O oc 

TsTG Storage Temperature -65 to 150 oc 
Vro (2) Input or Output Voltages --Q.5 to Vee+ 0.5 v 

Vee Supply Voltage --Q.5to7 v 
lo (3) Output Current 20 mA 

Po Power Dissipation 1 w 
Notes: 1. Except for the rating "Operating Temperature Range" stresses above those listed in the Table "Absolute Maxrmum Ratings" 

may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sectrons of this specifrcatron is not implred. Exposure to Absolute Maximum 
Ratings condrtrons for extended perrods may affect devrce relrabrlrty. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. Up to a maximum operatrng Vee of 5.5V only. 
3. One output at a time, not to exceed 1 second duration. 

Table 3. Operating Modes 

Mode E 

Read VrL 

Read VrL 

Write VrL 

Deselect VrH 

Note: X= VrH or VrL. 

Figure 2. SOJ Pin Connections 

AO 1 28 
A1 2 27 

A2 3 26 
A3 4 25 
A4 5 24 
AS 6 23 
A6 7 M624256 22 
A7 8 21 
A8 9 20 
A9 10 19 

A10 11 18 
E 12 17 
G 13 16 

Vss 14 15 
VA00811 

Warning: NC = No Connection. 

Vee 
A17 
A16 
A15 
A14 
A13 
A12 
A11 
NC 

DQO 
DQ1 
002 
DQ3 
w 

w 
VrH 

VrH 

VrL 

X 

G DQ0-003 Power 

VrH Hi-Z Active 

VrL Data Output Active 

X Data Input Active 

X Hi·Z Standby 

READ MODE 

The M624256 is in the Read mode whenever Write 
Enable (Vii) is Higl!_ with Output Enable (G) Low, 
and Chip Enable (E) asserted. This provides ac
cess to data from four of the 1 ,048,576 locations in 
the static memory array, specified by the 18 ad
dress inputs. Valid data will be available at the four 
output pins within tAvov after the last stable ad
dress, providing G is Low and E is Low. If Chip 
Enable or Output Enable access times are not met, 
data access will be measured from the limiting 
parameter (tELOV or tGLov) rather than the address. 
Data out may be indeterminate at tELOX and tGLox, 
but data lines will always be valid at tAvov. 

WRITE MODE 

The M624256 is in the Write mode whenever the 
Wand E pins are Low. Either the Chip Enable input 
(E) or the Write Enable input (Vii) must be de-as
serted during Address transitions for subsequent 
write cycles. Write begins with !!:!_e concurrence of 
Chip Enable being active with W Low. Therefore, 
address setup time is referenced to Write Enable 
and Chip Enable as tAvwL and tAvEL respectively, 

2/9 =-=----------- ID'J SGS·lHOMSON -----------
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Figure 3. Block Diagram 

CHIP 
ENABLE 

A 

A 

DQ 

DQ 

(10) 

C.E. 

(4) 

w --t:;::4~--+_j 
E 

WRITE MODE (cont'd) 

and is determined by the latter occurring edge. The 
Write cy2Je can be terminated by the earlier rising 
edge of E or W. 

If the_Qutput is enabled (E =Low and G =Low), 
then W will return the outputs to high impedance 
within twLaz of its falling edge. Care must be taken 
to avoid bus contention in this type of operation. 
Data input must be valid for tDvwH before the rising 
edge of ~rite Enable, or for tovEH before the rising 
edge of E whichever occurs first, and remain valid 
for tWHDX or tEHDX. 

OPERATIONAL MODE 
The M624256 has a Chip Enable power down 
feature which invokes an automatic stan_Qby mode 
whenever Chip En~ble is de-asserted (E = High). 
An Output Enable (G) signal provides a high speed 
tri-state control, allowing fast read/write cycles to 
be achieved with the common 1/0 data bus. Oper
ational modes are determined by device control 
inputs W and E as summarized in the Operating 
Modes table. 

ROW 
DECODER 

INPUT 
DATA 
CTRL 

C.E. 

M624256 

-vee 
MEMORY ..-Vss 
ARRAY 

A A 

VA01075 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall limes :> 1.5ns 

Input Pulse Voltages 0 to 3V 

Input and Output liming Ref. Voltages 1.5V 

Note that Output Hi-Z is def1ned as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

5V 

4700 

L-------1 2400 CL =30pF or 5pF 

el includes JIG capacitance 

VA00829 

3/9 ------------- i..V ~it9l~~~ ___________ ___!::!..::: 
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M624256 

Table 4. Capacitance <1> (T A = 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition Min Max Unit 

CrN (2) Input Capacitance on all pins (except DQ) VrN =OV 8 pF 

CoUT (3) Output Capacitance VoUT=OV 8 pF 

Notes: 1. Sampled only, not 100% tested 
2. Except DQO-DQ3 
3. Outputs deselected 

Table 5. DC Characteristics (TA = 0 to 70 oc, Vee= 5V ± 1 0%) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV ~VrN ~Vee ±1 !!A 

ILo Output Leakage Current OV :S VoUT :S Vee ±5 !!A 

Vee= 5.5V, (-15 & -17) 175 rnA 
lcc1 (ll Supply Current 

Vee= 5.5V, (-20) 140 rnA 

Vee= 5.5V, (-25) 130 rnA 

lcc2 <21 Supply Current (Standby) Vee= 5.5V, E = VrH, f = 0 25 rnA 
TTL 

lcc3 l"l Supply Current (Standby) Vee= 5.5V, E ~Vee- 0.2V, 4 rnA 
CMOS f= 0 

V1L Input Low Voltage -o.3 0.8 v 
VrH Input High Voltage 2.2 Vee+0.3 v 
VoL Output Low Voltage loL=8rnA 0.4 v 
VoH Output High Voltage loH =-4rnA 2.4 v 

Notes: 1. Average Ae current, Oulputs open, cycling al IAvAv minimum 
2. All other In puis at v,L, O.BV or v,H ;, 2.2V 
3. All other lnpuls at VIL, 0.2V or v,H;, Vee- 02V 

..::.41.::,_9 ____________ ~~~@It\~~-------------
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Table 6. Read and Standby Modes AC Characteristics {TA = 0 to 70°C, Vee= SV ± 1 0%) 

Symbol Parameter 

lAVAV Read Cycle Time 

lAVQV (1) Address Valid to Output Valid 

lELQV (') Chip Enable Low to Output Valid 

IGLQV (1) Output Enable Low to Output Valid 

lELQX (2) Chip Enable Low to Output Transition 

lGLOX (2) 
Output Enable Low to Output Transi-
lion 

lEHOZ (2) Chip Enable High to Output Hi-Z 

lGHQZ (2) Output Enable High to Output Hi-Z 

IAxax (1) Address Transition to Output Transition 

lpu (3) Chip Enable Low to Power Up 

tpo (3) Chip Enable High to Power Down 

Notes: 1. eL = 30pF (see Fogure 4} 
2. eL = 5pF (see Rgure 4} 
3.Guaranteed but not tested (see Figure 7} 

M624256 

-15 -17 

Min Max Min Max Min 

15 17 20 

15 17 

15 17 

7 7 

2 2 2 

0 0 0 

0 8 0 10 0 

0 7 0 8 0 

3 3 3 

0 0 0 

15 17 

Figure 5. Address Controlled, Read Mode AC Waveforms 

AO-A17 

---t== tAVAV 

--1:= tAVQV--. 

DQO-DQ3 DATA VALID 

Note: E = Low, G = Low, W = Hogh 

-20 -25 

Max Min 

25 

20 

20 

8 

2 

0 

10 0 

9 0 

3 

0 

20 

-
VA01076 

M624256 

Unit 

Max 

ns 

25 ns 

25 ns 

10 ns 

ns 

ns 

10 ns 

10 ns 

ns 

ns 

25 ns 

------------ ~ SCS·lHOMSON -------------'5=/9 .. ., I IOIU©Ill@!<~lt)][Ki:@ 
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M624256 

Figure 6. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 

tAVAV 

J VALID 

tAVQV •' tAX OX -
- tELQV- l:.tEHQZ-. 

l 
- tELQX ____, 

r.::. tGHQZ -- tGLQV-

I 
+ tGLQX-. 

DQO-DQ3 VALID 

VA00812 

Note: W = High 

Figure 7. Standby Mode AC Waveforms 

JIPUf, 
--- -- --- --- --- -- ---

50% 

VA00799B 

:::.:_61.::._9 __________ ~ SGS·ntOMSON ------------
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M624256 

Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 
I 

M624256 
Symbol - Parameter -15 -17 -20 -25 Unit 

Min Max Min Max Min Max Min Max 

IAVAV Write Cycle Time 15 17 20 25 ns 

IAVWL Address Valid to Write Enable Low 0 0 0 0 ns 

tAVWH Address Valid to Write Enable High 10 12 12 15 ns 

IAVEH Address Valid to Chip Enable High 11 12 12 15 ns 

lwLWH Write Enable Pulse Width 10 12 12 15 ns 

lwHAX Write Enable High to Address Tran- 0 0 0 0 ns sition 

IWHDX 
Write Enable High to Input Transi- 0 0 0 0 ns lion 

IEHDX 
Chip Enable High to Input Transi- 0 0 0 0 ns lion 

IWHQX(1) 
Write Enable High to Output Transi- 0 0 0 0 ns tion 

lwLOz(1) Write Enable Low to Output Hi-Z 0 8 0 8 0 10 0 12 ns 

lA VEL Address Valid to Chip Enable Low 0 0 0 0 ns 

IELEH Chip Enable Low to Chip Enable 11 12 12 15 ns High 

IEHAX 
Chip Enable High to Address Tran- 0 0 0 0 ns sition 

\ovwH Input Valid to Write Enable High 8 10 12 12 ns 

IDVEH Input Valid to Chip Enable High 8 10 12 12 ns 

Note: 1. eL = SpF (see Figure 4) 

Figure 8. Write Enable Controlled, Write AC Waveforms 

tAVAV .I 

* 
---, 

VALID -
-tWHAX~ \AVWH 

....... 
tAVELt 

I 

AO-A17 

tWLWH 

_, tAVWL -
w - \WLOZ 1- f--- tWHQX --

f- tWHDX-=:1 

r-------K DATA INPUT _}--' 

F tDVWH __, '--

DQO-DQ3 

VA0081J 

Note: G =Low 

7/9 ------------- i.V ~~~m21~~~~~ ---------------'= 
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M624256 

Figure 9. Chip Enable Controlled, Write AC Waveforms 

tAVAV 
,I ----,. 

VALID 

tEHAX ~ 
~ 

tAVEH 

- tAVEL 1- -
AD-A17 

tA VWL_ 
~ tELEH 

w \ 
If 

-tEHD~ 
'J 

" 
DQO-D03 

tD VEH -------o 

VA00814 

Note: G = High 

Table 8. Low Vee Data Retention Characteristics (TA = 0 to 70°C, Vee = 2V to 4.5V) 

Symbol Parameter Test Condition Min Max Unit 

lccoR (1l Supply Current (Data Retention) Vee= 3V, E 2 Vee- 0.2V, f = 0 500 J.!A 

VoR (1) Supply Voltage (Data Retention) E2Vcc-0.2V,f=0 2 4.5 v 
!coR (I, 2l Chip Disable to Power Down E2Vcc-0.2V,f=0 0 ns 

IR (2) Operation Recovery Time IAVAV ns 

Notes: 1. All other Inputs v,H "2 Vee -0.2V or VIL,; 0.2V 
2. See Figure 8 for measurement points. Guaranteed but not tested 

Figure 8. Low Vee Data Retention AC Waveforms 

DATA RETENTION MODE --

5V -------~ 
1/ 

Vee 4.5V --------------

VDR ;::: 2V ------- 1\ I 

dlCDR 1- -~Rl 
r ;:c VDR - 0.2V I L E 2.2V -~ \ 

VA008028 

8/9 
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M624256 

ORDERING INFORMATION SCHEME 

Example: M624256 -15 E 1 

Package Temperature Range 

-15 15 ns E SOJ28 0 to 70 oc 
-17 17 ns 

400 mils 

-20 20 ns 

-25 25 ns 

For a list of available options (Speed, Package etc ... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

-----------------------------~ ~~~@~g~:~~J» ------------------------~9~/9 
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M628128 
VERY FAST CMOS 1 Megabit (128K x 8) SRAM 

WITH OUTPUT ENABLE 

• 128K x 8 CMOS FAST SRAM with OUTPUT 
ENABLE 

• EQUAL CYCLE and ACCESS TIMES: 
15, 17,20,25ns 

• LOW Vee DATA RETENTION: 2V 

II TRI-STATE COMMON 1/0 

• JEDEC PLASTIC SOJ, 400 mil PACKAGE 

DESCRIPTION 

The M628128 is a 1 Megabit (1 ,048,576 bit} Fast 
CMOS SRAM, organized as 131,072 words by 8 
bits. It is fabricated using SGS-THOMSON's Ad
vanced, low power, high performance, CMOS tech
nology. The device features fully static operation 
requiring no external clocks or timing strobes, with 
equal address access and cycle times. It requires 
a single 5V ± 10% supply, and all inputs and outputs 
are TTL compatible. 

Table 1. Signal Names 

AO-A16 Address Inputs 

DQ0-007 Data Inputs I Outputs 

E1 Chip Enable 1 

E2 Chip Enable 2 

G Output Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

August 1993 

SOJ32 (E) 
400 mils 

Figure 1. Logic Diagram 

Vee 

17 

AO-A16 

w M628128 

IT 

E2 

G 

Vss 

8 

DQ0-007 

VAOOB038 

1/10 
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Table 2. Absolute Maximum Ratings <1l 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto 70 oc 
Tsm Storage Temperature -65 to 150 oc 
v,o (2) Input or Output Voltages -Q.5 to Vee + 0.5 v 
Vee Supply Voltage -Q.5 to 7 v 
lo (J) Output Current 20 mA 

Po Power Dissipation 1 w 
Notes: 1. Except for the rating "Operating Temperature Range" stresses above those l1sted in the Table "Absolute Maximum Ratings" 

may cause permanent damage to the device. These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operat1ng sect1ons of this specification is not implied. Exposure to Absolute Max1mum 
Ratings cond1t1ons for extended penods may affect dev1ce reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. Up to a max1mum operat1ng Vee of 5.5V only 
3. One output at a time, not to exceed 1 second duration. 

Table 3. Operating Modes 
-

Mode E1 

Read V1L 

Read V1L 

Write V1L 

Deselect V1H 

Deselect X 

Note· X= V1H or V1L 

Figure 2. SOJ Pin Connections 

NC 1 32 
A16 2 31 
A14 3 30 

A12 4 29 
A7 5 28 

A6 6 27 
A5 7 26 

A4 8 25 

A3 9 M628128 
24 

A2 10 23 
A1 11 22 
AO 12 21 

DQO 13 
DQ1 14 19 
DQ2 15 18 

Vss 16 17 

VA00804 

Warning: NC = No Connection. 

E2 

V1H 

V1H 

V1H 

X 

V1L 

Vee 
A15 
E2 

w 
A13 

A8 
A9 

A11 

G 
A10 

ET 
007 

006 
005 

004 
003 

-
w 
V1H 

V1H 

V1L 

X 

X 

G DQO-DQ7 Power 

V1H Hi-Z Active 

V1L Data Output Active 

X Data Input Active 

X Hi-Z Standby 

X Hi-Z Standby 

READ MODE 

The M628128 is in the Read mode whenever Write 
Enable (Vii) is High with_Qutput Enable (G) Low, 
and both Chip Enables (E1 and E2) are asserted. 
This provides access to data from eight of the 
1 ,048,576 locations in the static memory array, 
specified by the 17 address inputs. Valid data will 
be available at the eight output pins within tAvov 
after the last stable address, providing G is Low, E1 
is Low and E2 is High. If Chip Enable or Output 
Enable access times are not met, data access will 
be measured from the limiting parameter (tE1LOV, 
tE2HOV, or tGLOv) rather than the address. Data out 
may be indeterminate at tE1LOX, tE2HOX and tGLOX, 
but data lines will always be valid at tAvov. 

WRITE MODE 

The M628128 is in the Write mode whenever the 
W and E1 pins are Low, with E2 High. Either the 
Chip E~ble inputs (E1 and E2) or the Write Enable 
input (W) must be de-asserted during Address 
transitions for subsequent write cycles. Write be
gins with the co~urrence of both Chip Enables 
being active with W low. Therefore, address setup 
time is referenced to Write Enable and both Chip 
Enables as tAvwL. tAvE1L and tAVE2H respectively, 
and is determined by the latter occurring edge. 

2/10 ::::,.:..:::..___ _________ ID'J SGS·lHOMSON -----------
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Figure 3. Block Diagram 

CHIP 
ENABLE 

w ----H~ 
IT 
E2 

A 

(9) 

A 

DQ 

(8) 

DQ 

ROW 
DECODER 

INPUT 
DATA 
CTRL 

C E. 

MEMORY 
ARRAY 

(8) 

A A 

M628128 

G-------=::::cjLJ----------<~---' 

WRITE MODE (cont'd) 

The Write cycjg__cill) be terminated by the earlier 
rising edge of E1, W, or the falling edge of E2. 

!!_the Output is e!}?bled (E1 =Low, E2 =High and 
G = Low), then W will return the outputs to high 
impedance within twLOz of its falling edge. Care 
must be taken to avoid bus contention in this type 
of operation. Data input must be valid for tovwH 
before the rising edge of Write Enable, orfortovEtH 
before the rising edge of E1 or for tovE2L before the 
falling edge of E2, whichever occurs first, and 
remain valid for twHox, tEtHDX or tE2LDx. 

OPERATIONAL MODE 

The M628128 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever either Chip Enable is de-asser!.§ld (E1 = 
High or E2 = Low). An Output Enable (G) signal 
provides a high speed tri-state control, allowing fast 
read/write cycles to be achieved with the common 
1/0 data bus. Operational modes are determined 
by device control inputs W, E-1, and E2 as summa
rized in the Operating Modes table. 

VA01077 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall limes ,; 1.5ns 

Input Pulse Voltages 0 to 3V 

Input and Output liming Rei. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

DEVICE 

UNDER 
TEST 

5V 

4700 

'------~ 2400 CL =30pF or 5pF 

CL inclUdes JIG capacitance 

VA00829 

3/10 --------------~ ~~mg~~~~ -------------=0....:.::. 
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Table 4. Capacitance (1) (T A= 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition 

CrN Input Capacitance on all pins (except DQ) VrN = OV 

Cour (2) Output Capacitance 

Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 

Vour= OV 

Table 5. DC Characteristics (TA = 0 to 70 oc, Vee= 5V ± 1 0%) 

Symbol Parameter Test Condition 

lu Input Leakage Current OV $ VrN $Vee 

ILO Output Leakage Current OV $ Vour $Vee 

Vee= 5.5V, (·15 & ·17} 
lee1 (') Supply Current Vee= 5.5V, (·20) 

Vee= 5.5V, (·25} 

lce2 (2) Supply Current (Standby} TTL 
Vee = 5.5V, E1 = VrH or 

E2 = VrL, f = 0 

lcc3 (3) 
Supply Current (Standby) Vee= 5.5V, E1 ~Vee- 0.2V 
CMOS or E2 $ 0.2V, f = 0 

VrL Input Low Voltage 

VrH Input High Voltage 

VoL Output Low Voltage loL = BmA 

VoH Output High Voltage loH =-4mA 

Notes: 1. Average Ae current, Outputs open, cycling at tAvAv minimum 
2. All other Inputs at v,L,; 0.8V or v,H ;;, 2.2V 
3. All other Inputs at V1L $ 0.2V or V1H <o Vee- 0.2V 

Min Max Unit 

8 pF 

8 pF 

Min Max Unit 

±1 llA 

±5 llA 

175 mA 

140 mA 

130 mA 

25 mA 

4 mA 

-0.3 0.8 v 
2.2 Vcc+0.3 v 

0.4 v 
2.4 v 

4/10 
-"-'-=-------------- l.:1i ~itmW&':J?~ --------------
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Table 6. Read and Standby Modes AC Characteristics (T A= 0 to 70°C, Vee= 5V ± 1 0%) 

M628128 
Symbol Parameter ·15 -17 ·20 ·25 Unit 

Min Max Min Max Min Max Min Max 

IAVAV Read Cycle lime 15 17 20 25 ns 

IAVQV (1) Address Valid to Output Valid 15 17 20 25 ns 

IE1LQV(1) Chip Enable 1 Low to Output Valid 15 17 20 25- ns 

IE2HOV (1) Chip Enable 2 High to Output Valid 15 17 20 25-- ns 

tGLQV (1) Output Enable Low to Output Valid 7 7 8 10 ns 

IE1LOX (2) Chip Enable 1 Low to Output Transi- 2 2 2 2 ns tion 

IE2HQX 
Chip Enable 2 High to Output Transi- 2 2 2 2 ns lion -

IGLQX (2) Output Enable Low to Output Transi- 0 0 0 0 ns tion 

IE1HOZ (2) Chip Enable 1 High to Output Hi-Z 0 8 0 10 0 10 0 10 ns 

IE2LQZ (2) Chip Enable 2 Low to Output Hi-Z 0 8 0 10 0 10 0 10 ns 

IGHQZ (2) Output Enable High to Output Hi-Z 0 7 0 8 0 9 0 10 ns 

IAXQX (1) Address Transition to Output Transi- 3 3 3 3 ns tion 

lpu (3) Chip Enable 1 Low or Chip Enable 2 0 0 0 0 ns High to Power Up 

tpo (3) Chip Enable 1 High or Chip Enable 2 15 17 20 25 ns Low to Power Down 

Notes: 1. eL; 30pF (see Figure 4) 
2. eL; 5pF (see Figure 4) 
3. Guaranteed but not tested (see Figure 7) 

Figure 5. Address Controlled, Read Mode AC Waveforms 

~ r.~----- tAVAV -----~--.! 

AO-A16 -----1=---------:=d 
IA'0' ]I '"0'L 

f!\ DATA VALID A.____ DQO-DQ7 

VA01078 

Note: E1; Low, E2 ; High, G; Low, W ; High 

5/10 -------------- fY ~~~;m~~~~ ____________ __:::c.:__::_ 
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Figure 6. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 

AO-A16 

E1 

E2 

DQO-DQ7 

Note: W = High 

14-------- tAVAV --------.; 

VALID 
1'---
f.---- tAVQV ----.1~1 

VALID 

Figure 7. Standby Mode AC Waveforms 

E1 

~tuf, E2 

lcc1 -------------------

1cc2 
50% 

VA00805 

VA00806B 

6/10 
-'--'-0-------------~:.V ~itn&W;1:~~~~ --------------
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Table 7. Write Mode AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 10%) 

M628128 

Symbol Parameter -15 -17 -20 -25 Unit 

Min Max Min Max Min Max Min Max 

tAVAV Write Cycle Time 15 17 20 25 ns 

IAVWL Address Valid to Write Enable Low 0 0 0 0 ns 

tAVWH Address Valid to Write Enable High 10 12 12 15 ns 

tAVE1H Address Valid to Chip Enable 1 High 11 12 12 15 ns 

IAVE2L Address Valid to Chip Enable 2 Low 11 12 12 15 ns 

twLWH Write Enable Pulse Width 10 12 12 15 ns 

twHAX Write Enable High to Address Transition 0 0 0 0 ns 

twHOX Write Enable High to Input Transition 0 0 0 0 ns 

twHOX(1) Write Enable High to Output Transition 0 0 0 0 ns 

tWLQZ(1) Write Enable Low to Output Hi-Z 0 8 0 8 0 10 0 12 ns 

tAVE1L Address Valid to Chip Enable 1 Low 0 0 0 0 ns 

tAVE2H Address Valid to Chip Enable 2 High 0 0 0 0 ns 

te1LE1H Chip Enable 1 Low to Chip Enable 1 High 11 12 12 15 ns 

tE2HE2L Chip Enable 2 High to Chip Enable 2 Low 11 12 12 15 ns 

te1HAX Chip Enable 1 High to Address Transition 0 0 0 0 ns 

te2LAX Chip Enable 2 Low to Address Transition 0 0 0 0 ns 

tovwH Input Valid to Write Enable High 8 10 12 12 ns 

tove1H Input Valid to Chip Enable 1 High 8 10 12 12 ns 

tDVE2L Input Valid to Chip Enable 2 Low 8 10 12 12 ns 

Note: 1. CL = SpF (see F•gure 4) 

7/10 -------------~ ~L'Tal~~~~ -----------~ 
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Figure 8. Write Enable Controlled, Write AC Waveforms 

tAVAV 

AO-A16 
--;, 

VALID 
~ 

tAVWH -tAVE1 L -tWHAX 1-
E1 \ I 

-tAVE2HI--

E2 1 \ 
tWLWH -tAVWL 1-

- tWLOZ 1- ~ tWHQX _. 

DQO-DQ7 v 
f-tWHDX~ r-

DATA INPUT }-'--

tDVWH ____, 

VA00807 

Note: G =Low 

Figure 9. Chip Enable Controlled, Write AC Waveforms 

tAVAV 
~ 

AO-A16 VALID 
~ 

tAVE1H -tAVE1L - - tE1 HAX -
E1 

tE1LE1H 
I 
I 
I 

tAVE2L - tAVE2H - - tE2LAX -
E2 

tE2HE2L 
tA VWL_ 
~ 

\ 

DQ0-007 

-:E1HDX~ 
tE2LDX ,...,, 

I+--- tDVE1 H -------11 
tDVE2L 

VA00808 

Note: G = H1gh 

8/10 
.:c._;_.::._ ___________ ~ ~~©m~~Of?~~ --------------
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Table 8. Low Vee Data Retention Characteristics (TA = 0 to 70°C, Vee= 2V to 4.5V) 

Symbol Parameter Test Condition 

lccoR <1> Supply Current (Data Retention) Vee= 3V, E1 2: Vee- 0.2V, 
E2 s 0.2V, f = 0 

VoR(1) Supply Voltage (Data Retention) E1 2: Vee- 0.2V, E2 S 0.2V, I= 0 

!coR <1" 2> Chip Disable to Power Down E1 2: Vee- 0.2V, E2 S 0.2V, I= 0 

IR (2) Operation Recovery 1ime 

Notes: 1. All other Inputs V1H?. Vee -0.2V orV1cS 0.2V 
2. See Figure 10 for measurement pomts. Guaranteed but not tested 

Figure 10. Low Vee Data Retention AC Waveforms 

5V 

Vee 4.sv 

VoR ~ 2V 

E2 0.8V ------

DATA RETENTION MODE 

E1 ~ YoR- 0.2V 

E2 ~ 0.2V 

Min Max Unit 

500 (.lA 

2 4.5 v 
0 ns 

IAVAV ns 

VA00809B 

------------ t=:' SGS·THOMSON --------------'-'-9/..;..;;.10 """Y/ l'>IU©ll©ll:l!l<~ll©@ 
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ORDERING INFORMATION SCHEME 

Example: M628128 -15 E 1 

Speed Package I Temperature Range I 
-15 15 ns E SOJ32 1 Oto70°C 

-17 17 ns 
400 mils 

-20 20 ns 

-25 25 ns 

For a list of available options (Speed, Package, etc ... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

10/10 ..:..:::..:..::.... ___________ ~ ~~~;m~:~~~~~ --------------
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MK41S80 

VERY FAST CMOS 4K x 4 CACHE TAGRAM 

• 4K x 4 FAST HCMOS CACHE TAGRAM 

• ADDRESS TO COMPARE ACCESS TIMES: 
10, 12, 15,20,25ns 

• FLASH CLEAR FUNCTION 

• 22-PIN 300 MIL PLASTIC Dl~ 
24-PIN 300 MIL SOJ 

• APPLICATIONS: HIGH SPEED 32-BIT 
CACHE SUB-SYSTEMS 

DESCRIPTION 

The MK41 S80 is a 16,384-bit CMOS Static 
TAGRAM™, organized as 4K ·x 4 using SGS
THOMSON Microelectronics' advanced fast 
HCMOS process-technology. This device is~func
tionally compatible with the industry standard 
MK41 H80 4K x 4 TAG RAM. All inputs and outputs 
are TTL compatible using a single 5V supply. 

The MK41 S80 provides full static operation,. re
quiring no external clocks or refresh operations, 
and features a MATCH output for indicating either 
a cache hit or miss condition. The on-board 4-bit 
comparator compares RAM contents with current 
input (tag) data. The result is an active high level 
on the MATCH pin for a hit, or an active low on the 
MATCH pin indicating a miss. The MK41 S80 offers 
a totem-pole MATCH output design. 

The MK41 S80 incorporates a Flash Clear Cycle 
which begins as CLR is brought active low. A Flash 
Clear sets all 16,384 bits in the RAM 1o logic iero. 

' 
Pin Names 

AO-A11 Address Inputs 

DQO-DQ3 Data Inputs I Outputs 

MATCH Comparator Output 

OE Output Enable 

WE Write Enable 

CLR RAM Flash Clear 

Vee. GND +5 Volts, Ground 

NC Not Connected 

February 1992 

PSDIP22 (N) 

Figure 1. Pin Connections 

A4[ 1 
'-../ 

r·· AS. I .2. 

A6 3 

A7 4 
A8 5 

.A9 .6 .. tvlK41S80 
A10 7 

A11 8 

DE 9 

WE 10 

GND 11 

24~ 

22 

PSOJ24 (X) 
300 mils 

Vee 
-'~W A'3. 
I 

[20 /)2 
I 19 A1 

18 1AO 
17 CLR 
16 003 
15 002 
14 001 
13 DOD 
12 MATCH 

VA00616 

r-· 

A4 ~ 
24 Vee 

A5 2 23 A3 
A6 3 22 A2 
A7 .4 21 A1 
A8 5 20 AO 
A9 19 NC 
NC 

MK41S80 
CLR 7 18 

A10 8 17 DQ3 
A11 16 D02 
OE 10 15 DQ1 
WE 11 14 DQO 

GND 12 13 MATCH 

VA00617 

1/9 
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MK41S80 

Figure 2. MK41S80 Block Diagram 

TAGRAM FUNCTION 
The MK41 SaO is an SRAM based Cache Tag direc
tory (hence the 'name TAG RAM}. Figure 7 shows a 
general block diagram using a cache tag directory 
(TAGRAM) in a cache subsystem application. The 
system must detect whether the requested data 
resides in the cache data RAM, or if extended read 
cycles to main memory are necessary. 
The MK41Sao features four modes of oper?tion: 
Write, Read, Compare, and Clear. The MK41 SaO 
incorporates an on-board 4 bit comparator that 
compares internal RAM contents with current (tag} 
input data. If the device is in the compare mode, 
and the comparator detects a "match", then the 
MATCH pin will go high for a hit condition. If a 
match is not detected by the comparator, then the 
MATCH pin drives low to denote a "miss" condition. 
Standard write/read operations are performed with 
Write (WE) and Output (OE} Enable inputs. Addi
tionally, the device provides a Flash Clear oper
ation via the CLR pin (Figure 6}. When a low level 
(ViL} is applied to the CLR input pin for the speci
fied tcLP time, all RAM bits are set to a logic zero. 
Compare data (internal RAM} can be read from the 
data pins by bringing Output Enable (OE) low. This 
will allow data stored in the memory array to be 
displayed at the Outputs (DQO - DQ3}. 

2/9 
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MK41S80 TRUTH TABLE 

WE OE CLR Match Mode 

H H H Valid Compare 

L X H Invalid Write 

H L H Invalid Read 

X X L Invalid RAM Clear 



MK41S80 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VI Voltage on any Pin Relative to Ground -0.5 to 6 v 

TA Ambient Operating Temperature Oto 70 oc 

Tsm Storage Temperature -65to 150 oc 

Po Power Dissipation 1 w 
lo121 Output Current 50 mA 

Notes: 

1. This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect 
rehare·hability. 

2. Output current absolute maximum rating is specified for one output at a time, not to exceed a duration of 1 second. 

AC TEST CONDITIONS 

Parameter Value Unit 

Input Le:--els(t) Oto3 v 

Transition Time 1.5 ns 

Input and Output Signal Timing Reference Level 1.5 v 
Ambient Temperature Oto 70 oc 

Supply Voltage 5±5% v 

Note: 1. AC input levels for the CLR pin are GND to 3.5 V. 

Figure 3. Equivalent Output Load Circuits 

+5.0 v +50 v 

D.U.T D.U.T 

240 ohms 

IA.I IB.l 

'k INCLUDES SCOPE AND TEST JIG * INCLUDES SCOPE AND TEST JIG 

vrm:o52 

3/9 
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COMPARE, WRITE, AND READ TIMING 

The MK41 sao TAG RAM begins a Compare Cycle 
with the application of a valid address~e Figure 
4). A valid compare is enabled when OE and WE 
go high in conjunction with their respective set-up 
and hold times. MATCH will occur tAcA after a valid 
address, and toeA after valid Data In (Tag). If the 
address and tag data are presented simulta
neously, the compare-to-match access is tAcA. 
MATCH will go invalid tAcH after an address 
change, or tocH after the tag data changes. 

A Write Cycle starts with stable addresses (Figures 
4 and 5), with the W~ut active low. OE may be 
in either logic state. WE may fall with stable ad
dresses, and must remain low until tAw with a 
duration of twEw. Data in must be valid tos before 
and toH after WE goes high. DQ will go high-Z at 
twEZ from WE going active low. MATCH will be 
invalid during this cycle. 

The device b~s a Read Cycle with stable ad
dresses and WE high (Figure 5). DQ becomes 
valid tAA after a valid address, and toEA after the 
fall of OE. The DQ outputs become invalid toH after 
addresses become invalid, and become high-Z at 
toEZ when OE goes high. Ripple thro.!mll data 
access may be accomplished by holding OE active 
low while strobing address AO-A 11, and holding 

Figure 4. Compare and Write Cycle 

CLR and WE high. The MATCH output will be 
invalid during this cycle. 

FLASH CLEAR CYCLE 
The MK41 SaO incorporates a Flash Clear Cycle 
which begins as CLR is brought active low. A Flash 
Clear sets all16,3a4 bits in the RAM to logic zero. 
Control inputs will not be recognized from tcx after 
CLRJlQ.es IO'i'!'z...!!ntil teA after CLR is brought high. 
The OE and WE inputs are Don't Care, and DQ is 
High-Z. MATCH will be invalid during a Flash Clear 
Cycle. 

APPLICATION 
The MK41 SaO operates from a single 5.0 volt 
supply. It is compatible with all standard TIL 
families on all inputs and outputs. The device 
should share a solid ground plane with any other 
devices interfaced with it, particularly TTL devices. 
Also, because the outputs can drive rail-to-rail into 
high impedance loads, the device can interface to 
5 volt CMOS on its inputs and outputs. 

The MK41 sao compares contents of addressed 
RAM locations to the current tag data inputs. A 
logic one "1" output on the MATCH pin indicates 
that the input data and the RAM contents match. 
Conversely, a logic zero "0" on the MATCH pin 

COMPARE CYCLE WRITE CYCLE 

4/9 
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Ao -
A, 

OE 

WE 

DQo -
DQ • • 

MATCH 

~-------tc __________ ~ ________ tc ________ ~ 

ADDRESS VALID ADDRESS VALID 

~+----1--- tDH 

TAG DATAVALID DATA IN VALID 

I ~DCA 1-:- tACH~ 1----- IACA lOCH 
-------------- ~-----------------

___________________ _J VALID IN COMPARE~-----------------

• A VOID METASTABLE INPUTS 
VRD01054 



Figure 5. Write and Read Cycle 

Ao -
A, 

OE 

WE 

DQ 0 -

DQ 3 • 

LiJ 

\ 

WRITE CYCLE 

tC 

ADDRESS VALID 

tRCS 
r------

tWEW-

.ttos-
_}(DATA IN VALlo)!( 

IDH T 
I 

MK41S80 

READ CYCLE 

IC 

ADDRESS VALID 
lr-
I~ 

tRCH H 

;--- tOEA ----1 

~~ 
ffi 

tWEL - tW 

lAA ,1. 
HOH-

J(( VALID OUT 
''---

EZ 

MATCH 
INVALID 

• AVOID METASTABLE INPUTS 

Figure 6. Read-Flash Clear-Write Cycle 

Ao -
A, 

OE 

CLR 

WE 

DQ 0 -

DO 3 

MATCH 

READ CYCLE 

tc 

ADDRESS VALID 

~ 1-- tOEZ-

IOE~l. 
)!(DATA OUT 

• AVOID METASTABLE INPUTS 

VR001055 

CLEAR CYCLE WRITE CYCLE 

!FCC IC J 

VALID :xxxx: ADDRESS VALID 

riC X I 

~ 
I-- tCLP--}== 

lCR 

!---tAW-
tCX 

ki__LL_b 
ttEW-

t IDS 
I IDH 

DATA IN 

INVALID 

VR001056 
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MK41S80 

indicates at least one bit of difference between the 
RAM contents and input data. 

Metastable inputs can result in excessive MATCH 
output activity. Therefore, the use of pull-up or 
pull-down resistors is recommended on the data 
bus. Additionally, a pull-up resistor is suggested for 
the CLR input to enhance system operation. This 
will ensure that any low going system noise 
coupled onto the input does not drive CLR below 
V1H minimum specifications. 

Because high frequency current transients will be 
associated with the operation of the MK41 SBO, 
power line inductance must be minimized on the 
circuit board power distribution network. Power and 
ground trace gridding, or separate power planes 
can be employed to reduce line inductance. Addi
tionally, any low impedance transmission lines are 
subject to signal reflections manifested as noise, 
undershoots and excessive ringing. Series termina
tion is suggested in close proximity to the drivers 
to improve driver/signal path impedance matching. 

Figure 7. General Cache Subsystem Block Diagram 

AK- A 

L TAGRAM l CACHE v--
~AiD L._,/ A D ['¥--
----1 VALID 

MATCH DATA MAIN 
PROCESSOR 1 RAM MEMORY 

y 
WAIT 

CONTROL ~ l 
CONTROL '-./~ CONTROL 

D D 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION 
(0°C ~ T A~ +70°C; Vee= 5V ± 5%) 

Symbol Parameter 
-10 -12 -15 -20 

Min. Max. Min. Max. Min. Max. Min. Max. 

tc Cycle lime 15 15 20 20 

tees Compare Command Set-Up Time 4 5 6 7 

tecH Compare Command Hold Time 0 0 0 0 

IRes Read Command (WE) Set-Up Time 0 0 0 0 

IRCH Read Command (WE) Hold Time 0 0 0 0 

lAs Address Set-Up Time 0 0 0 0 

lAw Address to End of Write (WE) 10 10 12 16 

IAH Address Hold after End of Write 1 1 1 1 

IWEW Write Command (WE) Pulse Width 10 11 12 16 

los Data Set-Up lime 10 12 12 12 

loH Data Hold lime 0 0 0 0 

toeA Data (Tag) Compare Access lime 7 8 10 12 

lAC A 
Address Compare (Match) Access 10 12 15 20 Time 

IACH Address Compare Hold Time 2 2 2 2 

locH Data Compare Hold Time 0 0 0 0 

IDEA Output Enable (OE) Access lime 8 8 10 10 

toH Output (Q) Hold lime 2 2 2 2 

IM 
Address to Valid Data Out Access 12 15 20 20 Time 

IOEZ Output Enable (OE) High to Q High-Z 7 7 7 7 

IOEL Output Enable (OE) Low to Q Active 0 0 0 0 

twEZ Write Enable (WE) High to Q High-Z 7 7 7 7 

twEL Write Enable (WE) High to Q Active 1 1 1 1 

tpcc Flash Clear Cycle Time 50 50 50 50 

lex Clear (CLR) to Inputs Don't Care 0 0 0 0 

leA End of Clear to Inputs Recognized 0 0 0 0 

ICLP Flash Clear Pulse Width 35 35 35 35 

MK41580 

-25 
Unit Note 

Min. Max. 

25 ns 

8 ns 

0 ns 

0 ns 

0 ns 

0 ns 

20 ns 

1 ns 

20 ns 

13 ns 

0 ns 

15 ns 3 

25 ns 3 

2 ns 3 

0 ns 3 

12 ns 3 

2 ns 3 

25 ns 3 

7 ns 4 

0 ns 4 

7 ns 4 

1 ns 4 

50 ns 

0 ns 

0 ns 

35 ns 
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RECOMMENDED DC OPERATING CONDITIONS 
(0°C :5 T A :5 + 70°C) 

Symbol Parameter 

Vee Supply Voltage 

GND Ground 

V1H Logic 1 All Inputs 

V1L Logic 0 All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C :5 TA :5 +70°C; Vee= 5V ± 5%) 

Symbol Parameter 

Min. 

4.75 

0 

2.2 

0.3 

Typ. Max. Unit Note 

5 5.25 v 1 

0 0 v 1 

3 Vcc+0.3 v 1 

0.2 0.8 v 1 

Min. Max. Unit Note 

feet Average Vee Power Supply Current (Both Ports) 120 mA 5 

lu Input Leakage Current (Any Input) 

fLO Output Leakage Current 

VoH Output Logic 1 Voltage (loH ~ -4.0mA) 

VoL Output Logic 0 Voltage (loL ~ 8mA) 

CAPACITANCE 
(TA = 25°C, f = 1.0 MHZ) 

Symbol Parameter 

C1 Input Capacitance on all pins (except DQ) 

Co Output Capacitance 

Notes: 

1. All voltages referenced to GND. 

2. Measured with GND :s V :s Vee. Outputs are deselected with the 
exception to MATCH which is always enabled. 

3. Measured with load as shown in Figure 3A. 

8/9 
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-1 1 f.lA 2 

-10 10 f.lA 2 

2.4 v 1 

0.4 v 1 

Typ. Max. Unit Notes 

4 6 pF 7 

8 10 pF 6, 7 

4. Measured with load as shown in Figure 38. 

5. lce1 measured with outputs open, Vee,..,, I= min cycle. 

6. Output buffer is deselected. 

7. Capacitances are sampled and not 100% tested. 



MK41S80 

ORDERING INFORMATION 

Example: MK41S80 X 10 /20 

Package Speed Option 

N PSDIP22 10 10ns /20 Tape & Reel 

X PSOJ24 12 12ns 
300 mils 

15 15ns 

20 20ns 

25 25ns 

For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

9/9 
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MK48S74 

VERY FAST CMOS 8K x 8 CACHE TAGRAM 

• 8K x 8 CMOS SRAM WITH ONBOARD 
COMPARATOR 

• ADDRESS TO COMPARE ACCESS TIME: 
20,25,35ns 

• FAST CHIP SELECT COMPARE ACCESS 1 Ons 
• MATCH OUTPUT WITH FAST TAG DATA TO 

COMPARE ACCESS OF 12ns Max 
• STATIC OPERATION- NO CLOCKS OR TIMING 

STROBES REQUIRED 
• ALL INPUTS AND OUTPUTS ARE FULLY TIL 

COMPATIBLE 
• FULL CMOS FOR LOW POWER OPERATION 
• OPEN DRAIN MATCH OUTPUT 
• 28 PIN 300 MIL DIP & 28 PIN 300 MIL SOJ 

TRUTH TABLE 

w s G RS Mode DQ Match 

X X X L Reset Clear High-Z Invalid 

X H X H Deselect High-Z Invalid 

H L H H Miss DIN Low 

H L H H Match DiN High-Z 

H L L H Read OouT Invalid 

L L X H Write DIN Invalid 

Note: MATCH Is High-Z during an Invalid state 

PIN NAMES 

AO-A12 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

MATCH Comparator Output 
---s Chip Select 

G Output Enable 

w Write Enable 

RS Rest Flash Clear 

Vcc,GND 5 Volts, Ground 

February 1992 

PSDIP28 (N) 

Figure 1. Pin Connection 

RS [ 1 '-" 

A12 [ 2 

A7 I 3 

A6 [ 4 

AS [ 5 

A4 I 6 

7 

PSOJ28 (X) 
300 mils 

28 Vee 
27 w 
26 MATCH 
25 A8 
24 A9 
23 A11 
22 A3 I G 

A2 [ 8 
MK48S74 21 A10 

A1 I 9 20 J s 
AO [ 10 19 J 007 

DQO l 11 18 J DQ6 
001 [ 12 17 J DQ5 

DQ2 I 13 16 J DQ4 
GND [ 14 15 J 003 

VA00625 
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MK48S74 

DESCRIPTION 
The MK48S74 is a 65, 536 fast static cache 
TAG RAM™ organized as BK x 8 bits. It is fabricated 
using SGS-THOMSON's low power, high perform
ance HCMOS4 technology. The MK48S74 features 
fully static operation requiring no external clocks or 
timing strobes, and equal access and cycle times. 
The device requires a single 5V ± 5 % supply and 
is fully TTL compatible. The MK48S74 has a fast 
Chip Select control for high speed oper-ation to 1t"e 
Match Compare valk:t, and device se-lect/deselect oper
ations. Additionally, the MK48S74 provides a Reset 
Clear, and MATCH compare pin. The Reset Clear 
input provides an asynchronous RAM clear control 
whicb clears all internal RAM bits to zero in only two 
cycles. The MATCH output features an open drain 
for wired-OR operations. During a MATCH compare 
cycle, an on-board 8-bit comparator compares the 
Data Inputs (8-bit TAG ) at the specified address 
index (AO-A 12) to the internal RAM data. If a miss 
condition exists, where at least one bit of TAG data 
does not match the internal RAM, then the MATCH 
output issues a LOW miss signal. 

OPERATIONS 

READ MODE 
The MK48S7 4 is in the read mode whenever Write 
Enable (W) is HIGH with Output Enable (G) LOW 
and Chip Select (8) is active. This provides access 
to data from eight of 65, 536 locations in the static 
memory array. The unique address specified by the 
13 address inputs defines which one of the 8192-
8-bit bytes is to be accessed. Valid data will be 
available at the eight Output pins within lAvov after 
the last stable address, providing Gis LOW and S 
is LOW. If Chip Enable or Output Enable access 
times are not met, data access will be measured 
from the limiting parameter (tsLov or tGLov rather 
than the addresses. The state of the DQ pins is 
controlled by the S, G and W control signals. Data 
out may be inderterminate at tsLox and tGLOX but 
data lines will always be valid at tAvov. 

READ CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
(0°C:;:; TA:;:; +70°C; Vee= 5V ± 5%) 

Symbol 
Parameter 

-20 -25 -35 
Unit Notes 

STD ALT Min. Max. Min. Max. Min. Max. 

iAVAV IRe Read Cycle Time 20 25 35 ns 

IAVOV iAA Address Access Time 20 25 35 ns 1 

tsLOV tcsA Chip Select Access Time 15 15 20 ns 

tGLOV toEA Output Enable Access Time 15 15 20 ns 1 

Is LOX tcsL Chip Select to Output Low-Z 0 0 0 ns 

IGLQX loEL Output Enable to Low-Z 0 0 0 ns 

tsHOZ tcsz Chip Select to High-Z 9 9 9 ns 

tGHOZ toEZ Output Enable to High-Z 8 8 8 ns 2 

tAXOX toH Output Hold From Address Change 3 3 3 ns 1 
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Figure 2. Read Timing No. 1 (Address Access) 

tAVAV 

ADDRESS 

~ tAVQV 

tAXQX 

DQ PREVIOUS DATA ~ DATA VALID 

VROD1023 

Note: Chip Select and Output Enable one presumed valid, W ~ v," 

Figure 3. Read Timing No. 2 (W = V1H) 

ADDRESS----~.L tAVAV ~-----
-----~-t_A_V_Q_V __________ __ 

s 

DO DATA VALID 

VR001024 
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WRITE MODE 
The MK48S74 is the Write mode whenever theW 
and S pins are LOW. Chip Select or W must be 
inactive during address transitions. The Write 
begins with the concurrence of Chip Select being 
active with W LOW. Therefore address setup times 
are referenced to Write Enable and Chip Select as 
tAVWL and tAvsL and is determined to the latter 
occurring edge. The Write cycle can be terminated 

by the earlier rising edge of S or W. If the outputs 
are enabled (S =LOW, G =LOW), then W will return 
the outputs to high impedance within twLoz of its 
falling edge. Care must be taken to avoid bus 
contention in this type of operation. Data-in must 
be valid for tovwH to the rising edge of Write Enable, 
or to the· rising edge of S, whichever occurs first, 
and remain valid twHox after the rising edge of S or 
w. 

WRITE CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
(0°C :S::TA ~ +70oC; Vee= 5V ± 5%) 

Symbol -20 -25 -35 
Parameter Unit Notes 

STD ALT Min. Max. Min. Max. Min. Max. 

IAVAV !we Write Cycle Time 20 25 35 ns 

IAVWL lAs Address Set-up to Write Enable Low 0 0 0 ns 

IAVSL lAs Address Set-up to Chip Select 0 0 0 ns 

IAVWH lAw Address Valid to End of Write 15 20 25 ns 

IWLWH lwEW Write Pulse Width 15 20 25 ns 

IWHAX IAH 
Address Hold Time After End of 0 0 0 ns Write 

lsLSH lcsw Chip Select to End of Write 15 20 25 ns 

ISH AX lwR Write Recovery Time To Chip Select 0 0 0 ns 

tovwH tow Data Valid to End of Write 10 13 15 ns 

IWHDX loH Data Hold Time 0 0 0 ns 

lwHax twa Write High to Output Low-Z (Active) 0 0 0 ns 2 

IWLOZ lwEZ Write Enable to Output High-Z 5 5 5 ns 2 
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Figure 4. Writing Timing No.1 (Write Control) 

1----- IAVAV 

ADDRESS 
----...11 

1---- IAVWH -----j 

s 

-
G 

DO 

Figure 5. Writing Timing No. 2 (Chip Select Control) 

tAVAV 

ADDRESS 

1---- tAVWH tSHAX-

t tSLSH 

u-IAVSL 

I 
IWLWH 

IDVWH_ 1-- IWHDX 

DO --------~f DATA IN VALID ==k== 

Note:G =VtH 

MK48S74 

VROOID25 

VR001026 
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COMPARE MODE 
THe MK48S7 4 is in the Compare mode whevenver 
W and G are HIGH provided Chip Select (S) is 
active LOW. The 13 index address inputs (AO-A 12) 
define a unique location in the static RAM array. 
The data presented on the Data Inputs (DOo-D07) 
as Tag Data is compared to the internal RAM data 
as specified by the index. If all bits are equal, then 
a hit condition occurs (MATCH = High-Z). When at 
least one bit is not equal, the MATCH will go LOW 
signifying a miss condition. The MATCH output will 
be valid tAvMv from stable address, or lTvMv from 
valid Tag Data when Sis LOW. Should the address 
be stable with valid Tag Data, and the device is 
deselected (S = HIGH), then MATCH will be valid 
tsLMV from the falling edge of Chip Select (S). When 
executing a write-to-compare cycle (W = LOW, 

G = LOW or HIGH), MATCH will be valid twHMV or 
tGHMV from the latter rising edge of W or G respec
tively. 

RESET MODE 
The MK48S7 4 allows an asynchronous reset clear 
whevever RS is LOW regardless of the logic state 
on the other input pins. Reset clears all internal 
RAM bits (65, 536 bits) to a logic zero as long as 
tRsL-RSH is satisfied. The MATCH output will go 
HIGH-Z t RSL-MH from the falling edge of RS and all 
inputs will not be recongnized until tRsH-AV from the 
rising edge of reset (RS). 

COMPARE CYCLE TIMING- Electrical Characteristics and Recommended AC Operating Conditions 
(0°C s; TA s; +70°C; Vee= 5V ± 5%) 

Symbol -20 -25 -35 
Parameter Unit Notes 

STD ALT Min. Max. Min. Max. Min. Max. 

tAVMV lAMA Address to MATCH Valid 20 25 35 ns 3 

lsLMV tcsM Chip Select to MATCH Valid 10 15 15 ns 3 

1SHMH tcsMH Chip Deselect to MATCH High-Z 8 12 12 ns 3 

1TVMV 1DMA Tag Data to MATCH Valid 12 15 15 ns 3 

tGHMV to EM G High to MATCH Valid 10 15 15 ns 3 

tGLMH toEMH G Low to MATCH High-Z 10 12 12 ns 3 

twHMV tWEM W High to MATCH Valid 10 20 20 ns 3 

twLMH. twEMH W Low to MATCH High-Z 10 15 15 ns 3 

tMXAX tMHA MATCH Hold From Address 2 2 2 ns 3 

tMXTX tMHD MATCH Hold From Tag Data 0 0 0 ns 3 
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RESET CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
(0°C:::; TA:::; +70°C; Vee= 5V ± 5%) 

Symbol -20 ·25 ·35 
Parameter Unit Notes 

STD ALT Min. Max. Min. Max. Min. Max. 

IRSC IRe Flash Clear Cycle Time 80 80 100 ns 

tRSL-AX tRSX Reset Clear (RS) to Inputs Don't Care 0 0 0 ns 

tRSH-AV tRSV RS to Inputs Valid 5 5 5 ns 

tRsL-RSH tRSP Reset (RS) Pulse Width 75 75 95 ns 

tRsL-MH IRSM Reset (RS) to MATCH High-Z 15 15 15 ns 

Figure 6. Match Compare Timing 

ADDRESS 

J--- tAVMV ------1 ~IMXAX 

s 

DO 

MATCH 

VR001027 
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APPLICATION 
The MK48S74 operates from a 5V supply. It is 
compatible with all standard TTL families on all 
inputs and outputs. The device should share a solid 
ground plane with any other devices interfaces with 
it, particularly TTL devices. A pull-up resistor is also 
recommended for the RS input. This will ensure 
that any low going system noise, coupled onto the 
input does not drive RS below V1H minimum speci
fications. This will enhance proper device oper
ation, and avoid possible partial flash clear cycles. 
Additionally because the outputs can drive rail-to
rail into high impedance loads, the MK48S74 can 
also interface to 5V CMOS on all inputs and out
puts. The MK48S74 provides the system designer 
with 64K fast static memory, a MATCH output, and 
a BYTEWIDE on-board comparator- all in one 
chip. The MK48S74 compares contents of ad
dressed RAM locations to the current data inputs. 
A High-Z output on the MATCH Pin indicates that 
the input data and the RAM data match. Conver
sely, a logic zero "0" on the MATCH pin indicates 
at least one bit of difference between the RAM 
contents and the input TAG, generating in a miss. 
The MATCH output is constructed with an open 
drain arrangement. The open drain provides easy 
wired-OR implementation when generating a com
posite MATCH signal. In a cache subsystem, the 

Figure 7. Reset Timing 

COMPARE 

ADDRESS 

RS 

w 

s 

MATCH 

Note: G = High 
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MATCH signal provides the processor or CPU with 
the necessary information concerning wait state 
conditions. The purpose of a cache subsystem is 
to maintain a duplicate copy of portions of the main 
memory. When a valid match occurs, the system 
processor uses data from the fast cache memory, 
and avoids longer cycles to the main memory. 
Therefore, implementing cache subsystems with 
the MK48S74, and providing good hit or match ratio 
designs will enhance overall system performance. 
Because high frequency current transients will be 
associated with the operation of the MK48S74, 
power line inductance must be minimized on the 
circuit board power distribution network. Power and 
ground trace gridding or seprarate power planes 
can be employed to reduce line inductance. 
Though often times not thought of as such, the 
traces of a memory board are basically untermi
nated, low impedance trasmission lines. As such 
they are subject to signal reflections manifested as 
noise, undershoots and excessive ringing. Series 
termination in close proximity to the TTL drivers can 
improve driver/signal path impedance matching. 
While experimentaiton most often proves to be the 
only practical approach to selection of series resis
tors, values in the range of 10 to 33 ohms often 
prove most suitable. 

RESET CLEAR 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

V1 Voltage on any Pin Relative to Ground -0.3to6 v 

TA Operating Temperature Oto 70 oc 

TsTG Storage Temperature -65 to +150 oc 

Po Power Dissipation 1 w 

lour Output Current 50 rnA 

Note: This Is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation 
sections of this specification Is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS (0°C :5 TA :5 +70°C) 

Symbol Parameter Min. Max. Unit Notes 

Vee Supply Voltage 4.75 5.25 v 4 

GND Ground 0 0 v 4 

ViH Logic 1 All Inputs 2.2 Vcc+0.3 v 4 

V1L Logic 0 All Inputs -0.3 0.8 v 4 

DC ELECTRICAL CHARACTERISTICS (0°C :5 TA :5 +70°C, Vee= 5V ± 5%) 

Symbol Parameter 

feet Average Vee Power Supply Current 

ilL Input Leakage Current 

loL Output Leakage Current 

VoH Logic 1 Output Voltage (lour= -4 rnA) 

VoL Logic 0 Output Voltage (lour= 8 rnA) 

VoL 
Match Output LOgic 0 Voltage 
(louT = 18 rnA) 

Notes: 
1. Measured with load shown in Figure SA. 
2. Measured with load In Figure 88. 
3. Measured with load In Figure se. 
4. All Voltages referenced to GND. 
5. lcc1 is measured as the average Ae current with Vee =Vee 

(max) and with the outputs open circuits. IAvAv = IAvAv (min) duty 
cycle 100%. 

Min. Max. Unit Notes 

160 rnA 5 

-1 1 J.LA 6 

-5 5 J.LA 7 

2.4 v 4 

0.4 v 4 

0.4 v 4 

6. Input leakage current specifications are valid for all v,N such 
that OV < V1N <Vee. Measured at Vee= Vee (max). 

7. Output leakage current specifications are valid for all Voor such 
that ov < VOIIr < Vee, s = v,H and Vee In valid operating range. 

8. Sampled, not 100% tested, outputs deselected. 
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CAPACITANCE (TA = 25°C, f = 1.0 MHz) 

Symbol Parameter Max. Unit Notes 

CiN Capacitance on all Input pins 4 pF 8 

CouT Capacitance on Q Output pins 10 pF 8 

AC TEST CONDITIONS 

Parameter Value Unit 

Input Levels Oto3 v 
Transition Time 1.5 ns 

Input and Output Signal Timing Reference Level 1.5 v 
Ambient Temperature 0 to 70 oc 

Supply Voltage 5±5% v 
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ORDERING INFORMATION 

Example: 

N 

X 

Package 

PSDIP28 

PSOJ28 
300mils 

MK48S74 X 20 /20 

20 

25 

Speed 

20ns 

25ns 

35 35ns 

MK48S74 

Option 

/20 Tape & Reel 

For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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VERY FAST CMOS 8K x 8 CACHE TAGRAM 

• 8K x 8 CMOS SRAM WITH ON BOARD 
COMPARATOR 

• ADDRESS TO COMPARE ACCESS TIME: 
15, 17,20,25ns 

• FAST CHIP SELECT COMPARE ACCESS : 8ns 
• MATCH OUTPUT WITH FAST TAG DATA TO 

COMPARE ACCESS OF: 12, 15ns Max 
• STATIC OPERATION-NO CLOCKS OR TIMING 

STROBES REQUIRED 
• FULL CMOS FOR LOW POWER OPERATION. 
• TOTEM-POLE MATCH OUTPUT 
• THREE-STATE OUTPUTS 
• 28 PIN 300 MIL DIP & 28 PIN 300 MIL SOJ 
• HIGH SPEED ASYNCHRONOUS RAM CLEAR 

TRUTH TABLE 

w s G RS Mode DQ Match 

X X X L Reset Clear High-Z High 

X H X H Deselect High-Z High 

H L H H Miss DiN Low 

H L H H Match DiN High 

H L L H Read Oour High 

L L X H Write DiN High 

PIN NAMES 

AO-A12 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

MATCH Comparator Output 

s Chip Select 

G Output Enable 

w Write Enable 

RS Reset Flash Clear 

Vcc,GND 5 Volts, Ground 

February 1992 

PSDIP28 (N) 

Figure 1. Pin Connection 

RS I 1 '-" 

A12 l 2 

A7 I 3 

A6 I 4 

A5 I 5 

A4[ 6 

7 

28 
27 

26 

25 

24 

23 

22 

PSOJ28 (X) 
300 mils 

J Vee 
] w 
l MATCH 
ll AS 
tl A9 
] A11 

A3 I ~ G 
A2 I 8 

MK48S80 21 ~ A10 
A1 9 20 ~ s 

AO 10 19 ~ DQ7 
DQO 11 18 ~ DQ6 
DQ1 12 17 ~ DQ5 

DQ2 13 16 ~ DQ4 
GND 14 15 p DQ3 

VA00626 
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DESCRIPTION 
The MK48S80 is a 65,536 fast static cache 
TAG RAM™ organized as 8K x 8 bits. It is fabricated 
using SGS-THOMSON's low power, high perform
ance HCMOS4 technology. The MK48S80 fea
tures fully static operation requiring no external 
clocks or timing strobes. The device requires a single 
5V supply and is fully TLLcompatible. The MK48S80 
has a fast Chip Select control for high speed oper
ation to the Match Compare valid, and device 
select/deselect operations. Additionally, the 
MK48S80 provides a Reset Clear, and MATCH 
compare pin. The Reset Clear input provides an 
asynchronous RAM clear control which clears all 
internal RAM bits to zero. The MATCH output is in 
a totem-pole configuration to minimize swtiching 
delays associated with open-drain devices. During 
a MATCH compare cycle, an on-board 8-bit com
parator compares the Data Inputs (8-bit TAG) at the 
specified address index (AO-A 12) to the internal 
RAM data. If a miss condition exists, where at least 
one bit of TAG data does not match the internal 
RAM, then the MATCH output issues a LOW miss 
signal. 

OPERATIONS 

READ MODE 

The MK48S80 is in the read mode whenever Write 
Enable (W) is HI~H with Output Enable (G) LOW, 
and Chip Select (S) is active. This provides access 
to data from eight of 65,536 locations in the static 
memory array. The unique address specified by the 
13 Address Inputs defines which one of the 8192 
8-bit bytes is to be accessed. Valid data will be 
available at the eight Output pins within tAvav after 
the last stable address, providing G is LOW, and S 
is LOW. If Chip Enable or Output Enable access 
times are not met, data access will be measured 
from the limiting parameter (!sLav or IGLav) rather 
than the addresses. The state of the DQ pins is 
controlled by the S, G, and W control signals. Data 
out may be indeterminate at tsLax and tGLax, but 
data line will always be valid at tAvav. 

READ CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
(0°C:'>TA:'>+70 oc;Vcc=5V±5%) 

Symbol 
Parameter 

-15 -17 -20 -25 
Unit Note 

STD ALT Min. Max. Min. Max. Min. Max. Min. Max. 

IAVAV IRe Read Cycle Time 20 20 20 25 ns 

IAVQV IAA Address Access Time 20 20 20 25 ns 1 

!sLav tcsA Chip Select Access Time 15 15 15 15 ns 

IGLOV toeA Output Enable Access Time 10 10 10 15 ns 1 

tsLOX tcsL Chip Select to Output Low-Z 0 0 0 0 ns 

tGLQX toEL Output Enable to Low-Z 0 0 0 0 ns 

tsHOZ tcsz Chip Select to High-Z 9 9 9 9 ns 

tGHOZ toez Output Enable to High-Z 8 8 8 8 ns 2 

tAX OX toH Output Hold From Address 3 3 3 3 Change ns 1 
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Figure 2. Read Timing No. 1 (Address Access) 

tAVAV . 

ADDRESS 

1--- tAVQV 

tAXQX 

DQ PREVIOUS DATA ~xxxxx~ DATA VALID 

VR001023 

Note: Chip Select and Output Enable are presumed Valid, W = V1H 

Figure 3. Read Timing No. 2 (W = VIH) 

ADDRESS _____ ,L tAVAV 1-----
L-t-A_V_Q_V _____ ___J 

-s 

DO DATA VALID 

VR001024 
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WRITE MODE 
The MK48S80 is in the Write mode whenever the 
W and s pins are LOW. Chip Select or W must be 
inactive during Address transitions. The Write be
gins with the concurrence of Chip Select being 
active with W LOW. Therefore address setup times 
are referenced to Write Enable and Chip Select as 
tAvwL and tAvsL, and is determined to the latter 
occurring edge. The Write cycle can be terminated 

by the earlier rising edge of s or W. If the output is 
enabled (S = LOW, G = LOW), then W will return 
the outputs to high impedance within twLOz of its 
falling edge. Care must be taken to avoid bus 
contention in this type of operation. Data-in must 
be valid fortoVWH to the rising edge of Write Enable, 
or to the rising edge of S, whichever occurs first, 
and remain valid twHox after the rising edge of S or 
w. 

WRITE CYCLE TIMING - Electrical Characteristics and Recommended AC Opemtlng Conditions 
(0 oc:::; TA:5 +70 oc; Vee= 5V ± 5%) 

Symbol -15 -17 -20 -25 
Parameter Unit Note 

STD ALT Min. Max. Min. Max. Min. Max. Min. Max. 

IAVAV !we Write Cycle Time 20 20 20 25 ns 

IAVWL lAS 
Address Set-up to Write 0 0 0 0 ns 
Enable Low 

IAVSL lAS Address Set-up to Chip Select 0 0 0 0 ns 

IAVWH lAW Address Valid to End of Write 15 15 15 20 ns 

IWLWH IWEW Write Pulse Width 15 15 15 20 ns 

lwHAX IAH Address Hold Time After End 0 0 0 0 ns 
of Write 

!sLSH tcsw Chip Select to End of Write 15 15 15 20 ns 

!sHAX lwR 
Write Recovery lime to Chip 0 0 0 0 ns Select 

!ovwH tow Data Valid to End of Write 10 10 10 13 ns 

lwHDX toH Data Hold Time 0 0 0 0 ns 

IWHOX lwEL 
Write High to Output Low-Z 0 0 0 0 ns 2 (Active) 

twLOZ lwEZ Write Enable to Output High-Z 5 5 5 5 ns 2 
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Figure 4. Writing Timing No. 1 (Write Control) 

1------tAVAV 

ADDRESS _____ JI~------------JI~----

s 

-
G 

DO 

1------ IAVWH -----1 

ISHAX 

---+ IWHAX 

Figure 5. Writing Timing No. 2 (Chip Select Control) 

tAVWH tSHAX~ 

~1------ IAVAV -----1~ 

ADDRESS----.*r-----------~*----

,. tSLSH 

't 
_f--):tAVSL 

tWLWH 
w 

IDVWH _ _ tWHDX 

DO ----------~f DATA IN VALID =i·---

Note: G=VIH 

MK48S80 

VROOI025 

VR001026 
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COMPARE MODE 
The MK48S80 is in the Compare mode whenever 
W and G are HIGH provided Chip Select (S) is 
active LOW. The 13 index address inputs (AO-A 12) 
define a unique location in the static RAM array. 
The data presented on the Data Inputs (DQo-D07) 
as Tag Data is compared to the internal RAM data 
as specified by the index. If all bits are equal, then 
a hit condition occurs (MATCH = HIGH). When at 
least one bit is not equal, then MATCH will go LOW 
signifying a miss condition. The MATCH output will 
be valid t.AVMV from stable address, or trvMv from 
valid Tag Data when Sis LOW. Should the address 
be stable with valid Tag Data, and the device is 
deselected (S = HIGH), then MATCH will be valid 
tsLMV from the falling edge of Chip Select (S). When 
executing a write-to-compare cycle (W = LOW, G 
= LOW or HIGH), MATCH will be valid twHMV or 
tGHMV from the latter rising edge of W or G respec
tively. 

RESET MODE 
The MK48S80 allows an asynchronous reset clear 
whenever RS is LOW regardless of the logic state 
on the other input pins. Reset clears all internal 
RAM bits (65,536 bits) to a logic zero as long as 

tRsL-RSH is satisfied. The state of the outputs is 
determined by the control logic input pins S, W, and 
G during reset (see Truth Table). The MATCH 
output will go HIGH tRSL-MH from the falling edge of 
RS, and all inputs will not be recognized unit tRsH-AV 
from the rising edge of reset (RS). 

APPLICATION 
The MK48S80 operates from a 5V supply. It is 
compatible with all standard TTL families on all 
inputs and outputs. The device should share a solid 
ground plane with any other devices interfaced with 
it, particularly TTL devices. A pull-up resistor is also 
recommended for the RS input. This will ensure 
that any low going system noise, coupled onto the 
input does not drive RS below V1H minimum spec
ifications. This will enhance proper device opera
tion, and avoid possible partial flash clear cycles. 
Additionally, because the outputs can drive rail-to
rail into high impedance loads, the MK48S80 can 
also interface to 5V CMOS on all inputs and out
puts. The MK48S80 provides the system de
signer with 64K fast static memory, a MATCH 
out-put, and a BYTEWIDE on-board comparator, 
all in one chip. The MK48S80 compares the con
tents of addressed RAM locations to the current 

COMPARE CYCLE TIMING- Electrical Characteristics and Recommended AC Operating Conditions 
(0 oc $; TA $; +70 oc; Vee= 5V ± 5%) 

Symbol -15 -17 -20 -25 
Parameter Unit Note 

STD ALT Min. Max. Min. Max. Min. Max. Min. Max. 

IAVMV lAMA Address to MATCH Valid 15 17 20 25 ns 1 

ISLMV tcsM Chip Select to MATCH Valid 8 8 10 15 ns 1 

ISHMH tcsMH 
Chip Deselect to MATCH 5 5 8 12 ns 1 High 

llvMV loMA Tag Data to MATCH Valid 12 12 12 15 ns 1 

IGHMV to EM G High to MATCH Valid 10 10 10 15 ns 1 

IGLMH IOEMH G Low to MATCH High 10 10 10 12 ns 1 

IWHMV tWEM W High to MATCH Valid 10 10 10 20 ns 1 

lwLMH tWEMH W Low to MATCH High 10 10 10 15 ns 1 

IMXAX tMHA MATCH Hold From Address 1 1 1 1 ns 1 

IMXTX IMHD MATCH Hold From Tag Data 0 0 0 0 ns 1 
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RESET CYCLE TIMING -Electrical Characteristics and Recommended AC Operating Conditions 
(0 ac .,::;TA.,::; +70 ac; Vee= SV ± 5%) 

Symbol -15 -17 -20 -25 
Parameter Unit 

STD ALT Min. Max. Min. Max. Min. Max. Min. Max. 

IRSC IRe Flash Clear Cycle Time 80 80 80 80 ns 

IRSL-AX IRS X 
Reset Clear (RS) to Inputs Don't 0 0 0 0 ns 
Care 

IRSH-AV IRSV RS to Inputs Valid 5 5 5 5 ns 

IRSL-RSH IRSP Reset (RS) Pulse Width 75 75 75 75 ns 

IRSL-MH tRSM Reset (RS) to MATCH High 15 15 15 15 ns 

Figure 6. Match Compare Timing 

ADDRESS 

f----- IAVMV ___ __, 

w 

s 

DQ 

MATCH 

VROB1027 
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data inputs. A logic one "1" output on the MATCH 
pin indicates that the input data and the RAM data 
match. Conversely, a logic zero "0" on the MATCH 
pin indicates at least one bit of difference between 
the RAM contents and the input TAG, generating a 
miss. 

The MATCH output is constructed with a totem
pole arrangement. The totem-pole configuration 
allows the designer to minimize switching delays 
and noise problems associated with open-drain 
devices. In a cache subsystem, the MATCH signal 
provides the processor or CPU with the necessary 
information concerning wait state conditions. The 
purpose of a cache subsystem is to maintain a 
duplicate copy of portions of the main memory. 
When a valid match occurs, the system processor 
uses data from the fast cache memory, and avoids 
longer cycles to the main memory. Therefore, im
plementing cache subsystems with the MK48S80, 

Figure 7. Reset Timing 

ADDRESS 

RS 

w 

s 

and providing good hit or match ratio designs will 
enhance overall system performance. Because 
high frequency current transients will be associated 
with the operation of the MK48S80, power line 
inductance must be minimized on the circuit board 
power distribution network. Power and ground 
trace gridding or separate power planes can be 
employed to reduce line inductance. Though often 
times not thought of as such, the traces of a mem
ory board are basically unterminated, low imped
ance transmission lines. As such they are subject 
to signal reflections manifested as noise, under
shoots and excessive ringing. Series termination in 
close proximity to the TIL drivers can improve 
driver/signal path impedance matching. While ex
perimentation most often proves to be the only 
practical approach to selection of series resistors, 
values in the range of 10 to 33 ohms often prove 
most suitable. 

--1-----1-- tRSL-MH 

MATCH MATCH VALID 

VA001028 

Note: G = High 
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MK48No 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, Vonage on any Pin Relative to Ground --Q.3 to 6 v 
TA Operating Temperature Oto 70 oc 

TsrG Storage Temperature -B5 to 150 oc 

Po Power Dissipation 1 w 
lour Output Current 50 mA 

Note: This is a stress rating only and functional operation of the device at these or any other condrtions above those indicated in the opem!lon 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended penods of time may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS (0 oc :5 TA :5 +70 °C) 

Symbol Parameter Min. Max. Unit Notes 

Vee Supply Voltage 4.75 5.25 v 3 

GND Ground 0 0 v 3 

V;H Logic 1 All inputs 2.2 Vee+ 0.3 v 3 

v,L Logic 0 All Inputs --Q.3 0.8 v 3 

DC ELECTRICAL CHARACTERISTICS (0 oc :5 TA :5 +70 oc; Vee = 5V ± 5%) 

Symbol Parameter Min. Max. Unit Notes 

lcct Average Vee Power Supply Current 160 mA 4 

hL Input Leakage Current -1 1 ~A 5 

loL Output leakage Current -5 5 ~A 6 

VoH Logic 1 Output Voltage (lour= -4 mA) 2.4 ~A 3 

VoL Logic 0 Output Voltage (lour= 8 mA) 0.4 v 3 

CAPACITANCE (T A= 25 °C, f = 1 MHz) 

Symbol Parameter Max. Unit Notes 

c,N Capacitance on all Input pins 4 pF 7 

Cour Capacitance on Q Output pins 10 pF 7 

9/11 
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MK48S80 

AC TEST CONDITIONS 

Parameter Value Unit 

Input Levels Oto3 v 
Transition Time 1.5 ns 

Input and Output Signal Timing Reference Level 1.5 v 
Ambient Temperature 0 to 70 cc 

Supply Voltage 5±5% v 

Figure 8. Equivalent Output Load Circuits 

+5.0 v +5.0 v 

lA.) (B.) 

VR001029 Vi1001030 

Notes: 
1. Measured with load shown In Figure SA. 
2. Measured with load shown In Figure 8B. 
3. All voltages referenced to GND. 
4. lee1 Is measured as the average AC current with Vee= Vee (max) and with the outputs open circuit. tAvAv = tAvAv (min) duty cycle 100%. 
5. Input leakage current specifications are valid for all V<N such that 0 V < V<N <Vee. Measured at Vee= Vee (max). 
6. Output leakage current specifications are valid for all Vour such that 0 V < Voor <Vee, S = V<H and Vee in valid operating range. 
7. Sampled, not I 00% tested. 

10/11 
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ORDERING INFORMATION 

Example: MK48S80 X 17 /20 

Package 

N PSDIP28 

X PSOJ28 
300 mils 

Speed 

15 15ns 

17 17ns 

20 20ns 

25 25ns 

MK48S80 

/20 Tape & Reel 

For a list of available options of Package and Speed, refer to the Selec;:tor Guide in this Data Book or to 
the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest you. 

11/11 
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MK4202 

VERY FAST CMOS 2K x 20 CACHE TAGRAM 

• 2048 x 20 CMOS SRAM WITH ONBOARD 
COMPARATOR 

• MATCH ACCESS TIME: 17, 20, 25ns 
r~- .-- ~----

• READ ACCESS TIME: 20ns Max \ 1 : 1 
\ \ I r ) 

2soin~:~a~\' ___ _ · 
• RESET CYCLE: 25ns Max 
• Icc (OUTPUTS DESELECTED): I • STANDBY: SOmA Max 
• FLASH CLEAR VALID BIT FUNCTION 
• TARGET APPLICATION: 68040-30, AND 

80486-50 CACHE 

PIN NAMES 
.~-·--~ ----~--

Vee, GND Is .Volts, Gr?'Und - __'_'--, \ I .. ) 
AO-A10 ! Index Address Inputs} I 1 \ . ' 

CDOO 
f < I /. ,i I_ I l Clearable Tag Data 110 i 

D01-DQ19 Tag Data 1/0 

EO-E3 Chip Enable (Programmable Active 
Low or High) 

PO-P3 Chip Enable Program Inputs 

RS Reset Input (Active Low) 

s Chip Select Input (Active Low) 

w Write Epable (Active ~ow)-- /-· 

G Data o~tput En~ble *~~~~__l:ovy) ( '--------. 
, I . ' ,, 

co C?mP~[e 0 ~utput (313tate) -----
Hit= Hl~h,.MISS =LOY( ·----------- \ '--- > 

---
Compare 0 Output (3-State) 

C1 
Hit = High, Miss = Low 

HO Force Hit 0 Input (Active Low) 

H1 Force Hit 1 input (Active Low) 

MO Force Miss 0 Input (Active Low) 

M1 Force Miss 1 Input (Active Low) 

CGO Compare 0 Output Enable (Active Low) 

CG1 Compare 1 Output Enable-(Active Low) 

February 1992 

l _, 

PLCC68 (Q) 

r
Figure--1, LogiC-Diagr-am r· r--: .. 

• I I \ I • 

<, I . I --------- \ --I \ \ I 
· \ \ - I --- . I I i \\ . l '--- \ 1

1 \ •' 

R5 s w G 

~"'-~4201' -

I\. f. 
i \ 
L..: ... : 

Vee GND 

VA00621 
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MK4202 

Figure 2. Block Diagram 

R5 

AO-A6 

w 

PO-P-4 

EO-E4 

AO-A10 

DEVICE DESCRIPTION AND FEATURES 

The MK4202 is designed to be connected DI
RECTLY to a high performance 32 bit microproces
sor, allowing the elimination of the logic delays 
associated with collecting HIT or Miss outputs into 
a subsequent gate or the RC delays associated 
with wired-OR open collector match outputs. 

The MK4202 TAGRAMTM has four major features 
that allow direct connection: 

1. Wide enough for almost any TAG RAM applica
tion without requiring multiple chip width expan
sion and the delays that would result. 

2. Four (4) programmable CHIP ENABLE inputs, 
allowing DEPTH EXPANSION without any of 

2/19 
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co 

w 

C1 

the attendant chip enable decode delays that 
would otherwise be required. 
PO-P3 should be tied directly to Vee or Ground, 
or through pull-up or pull-down resistors. The 
MK4202 is selected when EO-E3 equals PO-P3 
in a binary match. 
(Example: EO-E1 = 0110, PO-P3 = 0110.) 

3. 3-STATE COMPARE OUTPUTS, allowing all 
Compare outputs to be bused together so the 
Address-to-Compare access time for a depth 
expanded application is identical to_ that of a 
single device. The Programmable Chip Enables 
prevent bus contention by assuring that only 
one TAGRAM at a time drives each Compare 
bus when in Compare mode. 



MK4202 

Figure 3. Pin Connection 

g a 7 6 s 4 3 2 1 ~~ ~~ u~ u ~ 
RS 1o 

Vee 11 

COQO 12 

001 13 

GNO 14 

002 15 

OQ3 16 

Vee 11 

004 18 MK4202 
005 19 

GND 20 

006 21 

DQ7 22 

Vee 23 

008 24 

009 25 

GNO 26 

4. DUAL COMPARE OUTPUTS (CO and C1) and 
FORCED HIT lli.Q and H1) and FORCED 
MISS (MO and M1) inputs for each. The ar
rangement allows direct connection of theTA
G RAM to a processor input (such as the 
READY input on Intel based processors), and 
to the Output Enable (OE) on a Data CACHE 
bank. The connection of the signals which 
would have been connected to the processor 
inputs and/or data CACHE inputs, are 
PASSED THRU the MK4202 TAGRAM, thus 
eliminating the need for subsequent gates to 

60 A10 
59 Vee 
58 0019 
57 0018 
56 GNO 

55 0017 
54 0016 
53 Vee 
52 0015 
51 0014 
50 GNOo 

49 0013 
48 0012 
47 vee 
46 DQ11 

45 0010 
44 GNO 

VA00620 

collectthe COMPARE OUTPUTS to develop an 
input to the processor and/or data CAHE. The 
net effect is that the Address-to-Compare access 
time dem-onstrated by the MK4202 is all of the 
delay the user must consider. The alternative 
approach, using narrow TAGRAMs with open 
collector output or narrow TAG RAMs with 2-state 
outputs and 7.5ns programmable logic, requires 
that the narrow TAGRAMs demonstrate a 9ns 
Address-to-Compare access time to yield the 
same performance in a user's system that the 
MK4202 provides. 

3/19 
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MK4202 

POWER DISTRIBUTION 
The MK4202, being a 20 output device, obviously 
requires the use of good power bussing tech
niques. MK4202 has been designed in such a way 
as to allow the user to minimize the effects of 
switching transients on overall circuit operation. Of 
particular interest is the separate bussing of the 
Vee and GND lines to the output drivers. The 
advantage provided by these separate power pins 
is that voltage sags and ground bumps seen on 
these pins are not reflected into the other portions 
of the chip, particu-larly the input structures. As a 

Figure 4. Application Block Schematic 

ADDRESS 

CONTROL 
PAL 

LOGIC 

i80486 EO A D 
- MK4202 

- H1 2Kx20 --- M1 TAG RAM .....____. HO - MO PO=O 

C1 

co 

P0=1 c~ I I 
READY 

DATA 
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result, switching noise in the supply has much less 
effect on input levels, providing the user with more 
noise margin than would otherwise be available. 
Of course all Vee and GND pins must always be at 
the same DC potential. Differences between them 
due to AC effects are expected, but must be mi
nimized through the adequate use of bussing and 
bypassing. All specifications and testing are done 
with GND ± 1 OmV RMS, Vee = ± 1 OmV RMS with 
instantaneous peak differences not exceeding 
50mV. 

ADDRESS 
I BUFFER I 

SYSTEM 
BUS 

OE 

DATA 
CACHE 

D 

DATA 
XCVR 



TRUTH TABLE 
- - -
RS s E w G MO,M1 HO,H1 CGO, CG1 

Hi - X - - Lo X X 

Hi - X - - Hi Lo X 

Hi - X - - HI Hi Hi 

Hi X F X X Hi Hi X 

Hi X T Hi Hi Hi Hi Hi 

Hi X T Hi Hi Hi Hi Lo 

Hi Hi T Lo X Hi Hi Lo 

Hi Hi T X Lo Hi Hi Lo 

Hi Lo T Lo X Hi Hi Lo 

Hi Lo T Hi Lo Hi Hi Lo 

Lo Hi X X X - - -
Lo X F X X - - -

Lo X X Hi Hi - - -

Lo X X Hi Lo - - -

Lo Lo T Lo X - - -
Lo X T Hi Hi Hi Hi Lo 

Notes: 
1. Force hiVmiss operations independent of other RAM operations. 
2. May disrupt Reset, will not damage device. 
3. Reset will force CO and C1 low during a valid compare when CDQO is D1N= HIGH. 

Key: X 
F 
T 

=Don't Care 
= (False) EO-E3 pattern DOES NOT match PO-P3 pattern. 
=(True) EO-E3 pattern DOES match PO-P3 pattern. 
= Not related to identified mode of operation. 

MK4202 

MODE CO,C1 DQ NOTES 

Force Miss Low - 1 

Force Hit High - 1 

Comp Disable Hi-Z - 1 

Standby Hi-Z Hi-Z 

Compare Hi-Z Din 

Compare Hi!Lo Din 

Hit Hi Hi-Z 

Hit Hi Hi-Z 

Write Hi Din 

Read Hi D 
Out 

Reset - Hi-Z 

Reset - Hi-Z 

Reset - Hi-Z 

Reset - Lo-
z 

Not Allowed - Hi-Z 2 

Reset Lo Din 3 

5/19 
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MK4202 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

V1 Voltage on any Pin Relative to GND -{).3 to 7.0 v 
TA Ambient Operating Temperature (T A) Oto70 oc 

Tsm Ambient Storage Temperature (plastic) -55 to 125 oc 

Po Total Device Power Dissipation 2.5 w 
lour RMS Output Current per Pin 25 mA 

Note: Stresses above those hsted under "Absolute Max1mum Rat~ngs" may cause permanent damage to the dev1ce. This IS a stress rat1ng 
only and functional operation of the device at these or any other condition above those Indicated in the operation sections of this specification 
Is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

DC ELECTRICAL CHARACTERISTICS (TA = 0 to 70°C, Vee= 5V ±5%) 

Value 
Symbol Parameter Unit Note 

Min. Typ. Max. 

Icc Average Power Supply Current 250 mA 1 

lccA Active Power Supply Current (f = 0) 200 mA 1 

ISB1 TTL Standby Current 50 mA 1 

hL Input Leakage Current ±1 JlA 2 

loL Output Leakage Current ±10 JlA 3 

V1L Input Low Voltage -o.3 0.8 v 4 

V1H Input High Voltage 2.2 Vcc+0.3 v 4,5 

VoH Logic 1 Output Voltage (lour = -4mA) 2.4 v 4 

VoL Logic 0 Output Voltage (lour = 8mA) 0.4 v 4 

Notes: 4. All voltages referenced to GND. 
1. Measured with outputs open. Vee max. 5. Inputs (PO-P3) require V1H min. = 4.5 volts and VL max.= 0.5 volts. 
2. Measured with VIN = OV to Vee. 6. Sampled, not 100% tested. Measured at 1 MHz. 
3. Measured at COOO, 001-0019, CO and C1. 7. Measured at all data VO's, CO and C1. 

CAPACITANCE (T A= 25°C, f = 1.0 MHz) 

Symbol Parameter 
Value 

Unit Notes 
Min. Typ. Max. 

c1 Input Capacitance 4 4 pF 6 

Co Output Capacitance 8 10 pF 6.7 
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AC TEST CONDITIONS 

Parameter 

Input Levels 

Transition Time 

Input and Output Timing Reference Level 

Ambient Temperature 

Supply Voltage 

Figure 5. Equivalent Output Load Circuits 

D.U.T 

READ MODE 

+5.0 v 

Vss 

(A.) 

30 pF * 

VR001036 

The MK4202 is in the Read mode whenever W is 
HIGH, and G is LOW provided Chip Select (S) is 
LOW and a true Chip Enable pattern (EO-E3) is 
applied. The 11 address inputs (AO-A 1 0) define a 
unique index address giving access to 20 of 40,960 
bits of data in the static memory array. Valid data 
will be present at the 20 output pins within tAvov of 
the last stable address provided Chip Enable, Chip 

D.U.T 

Value 

Oto3 

5 

1.5 

Oto 70 

5±5% 

+5.0 v 

Vss 

(B.) 

MK4202 

Unit 

v 
ns 

v 
oc 
v 

5 pF * 

VR001037 

Select (S). and Output Enable ('G) access times 
have been met. If Chip Enable, S, or G access 
times are not met, data access will be measured 
from the latter falling edge or limiting parameter 
(tEVQV, tSLQV, or tGLOV). The state of the tag data 
110 pins is controlled by the (EO-E3), S, G, and W 
input pins. The data lines may be indeterminate at 
tEvox, or tsLox, or tGLQX, but will always have valid 
data at IAVQV. 
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MK4202 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Read Cycle Timing) (0°C::; TA::; 70°C; Vee= 5V ± 5%) 

Symbol ·17 
Parameter 

STD ALT Min. Max. 

IAVAV tc Cycle Time 20 

IAVQV IM Address Access Time 20 

lAx ax IAOH Address Output Hold Time 5 

IAEQV lEA Chip Enable Access Time 20 

texax leaH Chip Enable Output Hold Time 4 

levax IELZ Chip Enable TRUE to Low-Z 4 

tEXQZ IE HZ Chip Enable FALSE to high-Z 8 

ISLQV tsA Chip Select Access Time 12 

ISHQX tsaH Chip Select Output Hold Time 2 

tsLOX lsLZ Chip Select to Low-Z 3 

lsHQZ tsHZ Chip Select to High·Z 4 

IGLQV IGA Output Enable Access Time 10 

IGHQX IGoH Output Enable Output Hold Time 2 

IGLQX IGLZ Output Enable to Low-Z 2 

IGHQZ tGHZ Output Enable to High-Z 5 

Figure 6. Read Cycle 

ADDRESS 

w 

E IAVAV 

----~ YALID ADDRESS 

IAVQV -----j 

IGLQV ..,.--j 
tGLax__j 1 

tWHOX 

·20 ·25 

Min. Max. Min. Max. 

25 30 

25 30 

5 5 

25 30 

4 4 

4 4 

8 10 

15 18 

2 2 

3 3 

4 6 

13 15 

2 2 

2 2 

5 8 

~,....----
l=;::IAXQX 

IEXQZ 
IEXQX 
I 

ISH~Z ~ 
tSHQX 

IGHQX 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

DQ 

yl 
<l DATA OUT 

VROOID38 
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MK4202 

Figure 7. Address Read Cycle 

ADDRESS E IAVAV 

---- VALID ADDRESS 

lA VOV -------j 

DO ) ) ) ) ) ) l l l l l l l >CX DATA OUT )()((((((((( 
VR001039 

Figure 8. Chip Enable Read Cycle 

TRUE CHW ENABLE PATTERN 

I-- IEVOV- IEXOZ 
1--- IEVOJ:< _ _:.-IEXOX 

I 
DO 

< DATA OUT ) 
VR001040 

Figure 9. Chip Select Read Cycle 

1-- tSLOV __:___ ISH~Z j 

DO 

1---tSLOX 1 ISHOX 

-) "\j <- DATA OUT 
~ 

VR001041 

Figure 10. Output Enable Read Cycle 

r-IGLOV_ t- IGHOZ --j 
1----IGLOX_ IGHOX 

.I 
DO :( DATA OUT )__/' 

VR001042 
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MK4202 

WRITE MODE 
The MK4202 is in the Write mode whenever W is 
LOW provided Chip Select (S) is LOW and a true 
Chip Enable pattern (EO-E3) is applied (G may be 
in either logic state). Addresses must be held valid 
throughout a write cycle, with either W or S inactive 
HIGH during address transitions. W may fall with 
stable addresses, but must remain valid for twt.wH. 

Sine~ the write begins with the concurrence of W 
and S, should W become active first, then tsLSH 
must be satisfied. Either W or Scan terminate the 
write cycle, therefore tovwH or tovsH must be satis
fied before the earlier rising edge, and twHox or 
tsHpx aft~r tl:!? earlig_r rising edge. If the outputs are 
act1ve w1th G and S asserted LOW and with true 
Chip Enable, then W will return the outputs to high 
impedance within twt.oz of its falling edge. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Write Cycle Timing) (0°C ~ TA ~ 70°C; Vee= SV ± 5%) 

Symbol ·17 ·20 ·25 
Parameter Unit Note 

STD ALT Min. Max. Min. Max. Min. Max. 

IAVAV tc Cycle Time 20 25 30 ns 

IAVWL lAs Address Set-up Time to W LOW 0 0 0 ns 

IWHAX IAH Address Hold Time from W HIGH 0 0 0 ns 

IAVSL lAs Address Set-up Time from S LOW 0 0 0 ns 

ISHAX IAH Address Hold Time from S HIGH 0 0 0 ns 

tevWL tes Chip Enable Set-up Time toW LOW 3 3 3 ns 

IWHEX IEH 
Chip Enable Hold Time from W 0 0 0 ns HIGH 

IEVSL tes Chip Enable Set-up :rlme to S LOW 3 3 3 ns 

ISH EX teH Chip Enable Hold time to s HIGH 0 0 0 ns 

IWLWH tww Write Pulse Width 12 15 18 ns 

lsLSH tsw Chip Select Pulse Width 16 16 20 ns 

tovwH los Data Set-up Time toW HIGH 12 12 15 ns 

IWHDX toH Data Hold Time from W HIGH 0 0 0 ns ,_ 

tovsH los Data Set-up Time to S HIGH 12 12 15 ns 

IsH OX loH Data Set-up Time to S HIGH 0 0 0 ns 

IWLQZ twz Outputs Hi-Z from W LOW 8 8 10 ns 

IWHQX lwL Outputs Low-Z from W HIGH 5 5 5 ns 
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Figure 11. W Write Cycle 

ADDRESS 

w 

DQ 

f 
tAVAV 

------J--~ VALID ADDRESS 

~tAVWL 1]-tWHAX 

* TRUE CHIP ENABLE PATTE~ 
-..~=1-- IEVWL IWHEX 

tWLWH 

U/11 

l tWLQZ t IDVWH -

tWHDX 

DATA IN 

MK4202 

VR001043 

Figure 12. S Write Cycle 

ADDRESS 

w 

DQ 

------k VALID ADDRESS 

~tAVSL *---PISHAX 

* TRUE CHIP ENABLE PATTERN ~ -4 tEVSL ~ISHEX 
ISLSH 

~ 

ll Ill 
tSHDX 

tDVSH _ 

'\ DATA IN 

VR001044 
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MK4202 

COMPARE MODE 
The MK4202 is in the Compare mode whenever W 
and G are HIGH provided a true Chip_Enable 
(EO-E3) pattern is applied. Chip Select (S) is re
guarded as a don't care since the user is not 
concerned with the data outputs, but q]JJy with the 
Compare (CO, C1J....Q!!.tputs. Mx and Hx must be 
HIGH, and CGO, CG1 active LOW to enable the 
Compare outputs for a valid compare hit or miss. 
The 11 index address inputs (AO-A 1 0) define a 
unique location in the static RAM array. The data 
presented on the Data Inputs (DQ1-DQ19 and 
CDQO) as Tag Data is compared to the internal 
RAM data as specified by the index. If all bits are 

equal (match) then a hit condition occurs (CO and 
C1 = HIGH). If at least one bit is not equal, then a 
miss occurs (CO and C1 = LOW). 

The Compare output will be valid tAvcv from stable 
address, or tovcv from valid tag data provided Chip 
Enable is true, and CGx is active LOW. Should the 
address be stable with valid tag data, and Chip 
Enable false, then compare access will be within 
tEvcv from true Chip El}g,ble. When ex_g_cuting a 
write-to-compare cycle (W = LOW, and G = LOW 
or HIGH), CO and C1 will be Y?lid lli'Hcv or tGHCV 
from the latter rising edge of W or G respectively. 
Finally, whe..!l..9.§.ting the Cx output in the compare 
mode with CGx, the compare output will be valid 
tcGL-cv from the falling edge of CGx. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Compare Cycle Timing) (0°C:,; TA:,; 70°C; Vee= 5V ± 5%) 

Symbol -17 -20 -25 
Parameter Unit Note 

STD ALT Min. Max. Min. Max. Min. Max. 

IAVCV lAC A Address Compare Access Time 17 20 25 ns 

IAXCX IACOH 
Address Compare Output Hold 5 5 5 ns 
Time 

tovcv toeA Tag Data Compare Access Time 14 16 20 ns 

toxcx locH Tag Data Compare Hold Time 2 2 2 ns 

lwLCH twcH W LOW to Compare HIGH 10 10 12 ns 

IWHCX twcoH W Compare Output hold Time 1 1 1 ns 

IWLCX IWLCZ W to Compare HOLD 3 3 3 ns 

IWHCV twcv W to Compare Valid 10 10 12 ns 

IGLCH IGCH G Low to Compare HIGH 10 10 12 ns 

IGHCX lcGOH G Compare Output Hold Time 1 1 1 ns 

IGLCX IGLCZ G to Compare to HOLD 3 3 3 ns 

tGHCV tGCV G to Compare Valid 10 10 12 ns 

tEVCV tECA E True to Compare Access Time 17 20 25 ns 

tEXCX tECOH E False Compare Hold Time 4 4 4 ns 

tEVCX tECLZ E True to Compare Low-Z 4 4 4 ns 

tEXCZ tECHZ E False to Compare High-Z 8 8 10 ns 

ICGL·CV leG A CGx to Compare Access Time 6 8 10 ns 

tcGH-CX tcGOH CGx Compare Hold Time 2 2 2 ns 

tcGL-CX tcGLZ CGx LOW to Compare Low-Z 2 2 2 ns 

ICGH-CZ tcGHZ CGx HIGH to Compare High-Z 8 8 10 ns 
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MK4202 

Figure 12. Summary Compare Cycle 

tAVAV 

ADDRESS VALID ADDRESS 

- tAVCV -------1 ---j-tAXCX 

TRUE CHIP ENABLE PATTERN FALSE CHIP ENABLE 

_tEVCV ~ --1-tEXCZ 

- tEVCX --j -tt~XCX 

DQ DATA IN 

~ tDVCIJ --tt~XCX 

~tCGH·CZ f-ICGL·Crl 

JtCGH-CX tCGL-CX 

Cx ( <t HIT /MISS VALID B) 
VR001045 

Notes: 
1. Wand G are both assumed to be HIGH. 
2. HX and Mx are both assumed to be HIGH. 

Figure 13. Compare Cycle 

ADDRESS I 
VALID ADDRESS VALID ADDRESS 

'---- IAVCO ~ 
1-- IAXCX l 

DQ DATA IN DATA IN 

I IDVCV 

1---- J- IDXCX 

Cx HIT/MISS VALID J HIT/MISS VALID 

VR001046 

Notes: 
1. Wand G are both HIGH, CGx is LOW and a true Chip Enable pattern is present. 
2. HX and Mx are both assumed to be HIGH. 
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MK4202 

RESET MODE 

The MK4202 allows an asynchronous reset when
ever RS is LOW regardless of the logic state on the 
other input pins. Reset clears all internal RAM bits 
in CDQO (2048 bits) to a logic zero. This output can 
be used as a valid tag bit to insure a valid compare 
miss or hit . It should be noted that a valid write 
cycle is not allowed during a reset cycle (W = LOW, 

S =LOW, RS =LOW, and Chip Enable is true). The 
state of the data outputs is determined by the input 
control logic pins : Chip Enable, S, G, and W (see 
truth table). Should a reset occur during a valid 
compare cycle, and the CDOo valid tag bit is set to 
a logic "1 ", then Cx will go LOW at tRsL-CL from the 
falling edge of RS. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Reset Cycle Timing) (0°C:::; TA:::; 70°C; Vee= 5V ± 5%) 

Symbol 
Parameter 

STD ALT 

tRLSL-AV tRSC Reset Cycle Time 

tRSL-RSH tRSW Reset pulse Width 

tRSL-CL tRSCL 
RS LOW to Compare Output 
LOW 

tRSH-AV IRSR Address Recovery Time 

tRSH-EV IRSR Chip Enable Recovery Time 

FORCE HIT AND FORCE MISS 
The MK4202 can force either a miss or hit condition 
on t~CO and C1 outputs by asserting MO, M1 or 
HO, H1 LOW. A Force Miss overrides a Force Hit 
condition and is not dependent upon Compare 

-17 -20 -25 
Unit Note 

Min. Max. Min. Max. Min. Max. 

20 25 30 ns 

20 25 30 ns 

0 

0 

20 25 30 ns 

0 0 ns 

0 0 ns 

Output Enables (CGx) (see truth table). The CO and 
C1 outputs w[!Lgo HIGH within tHLCH from the falling 
edge of HO, H1 or CO and C1 willll.Q. LOW within 
lMLCL frolll1.he falling edge of MO, M1. All MO, M1 
and HO, H1 inputs must be HIGH during a valid 
compare cycle. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Force Hit or Miss Cycle Timing) (0°C:::; TA:::; 70°C; Vee = 5V + 1 0%) -

Symbol -17 -20 -25 
Parameter Unit Note 

STD ALT Min. Max. Min. Max. Min. Max. 

IHLCH IHA Hx to Force Hit Access Time 8 8 10 ns 

IHHCZ tHHZ Hx to Compare High-Z 5 5 8 ns 

tHL-CGX IHS Force Hit to CGx Don't Care 2 2 2 ns 

tHH-CGH tHR Force Hit to CGx Recognized 2 2 2 ns 

tMLCL tMA Mx to Force Miss Access Time 8 8 10 ns 

IMHCZ tMHZ Mx to Compare to High-Z 5 5 8 ns 

tML-CGX tMs Force Miss to CGx Don't Care 2 2 2 ns 

tMH-CGH tMR Force Miss to CGx 2 2 2 Recognized ns 

IMLHX IMHS Force Miss to Hx Don't Care 2 2 2 ns 

tMHHH IMHR Force Miss to Hx Recognized 2 2 2 ns 

14/19 
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Figure 14. Reset Cycle 

WRITE 

tAVAV 

ADDRESS VALID ADDRESS 

~tAVSL 
tAVWL 

F:SHAX-
tWHAX _ 

TRUE CHIP ENABLE PATTERN 

f-- 1-tEVSL 1- tSHEX _ 

f-- 1-tEVWL 1- tWHEX -

tSLSH_ 

'tl//1 

i---lWLWH_ 

'tl//1 
~ tRSL-AV ______ 

1- tRSL-RSH _ 

!RSH-AV f- tSHDX 

tRSH-EV.!- tWHDX 
1-- tDVSH _ 

1-- tDVWH _ 

Cx DATA IN 

VR001047 

Note: Reset during an active write cycle IS not allowed. A write cycle may disrupt Reset, but w111 not damage devc1e. 

Figure 15. Valid Compare· Reset 

RS 

r .. ,_,, l 
~SL-CL~ 

VALID COMPARE 1L ________________ _ 
VA001048 

Note : CDQO is presumed to be HIGH. 
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Figure 16. Force Hit Force Miss 

W//////~ [(/////////////~ 

tHL-CGX ·-r-tML-CGX 

tHH-CGH ~tMH-CGH 

W//////J0! 

tMLHX 
±MHHI-l. 

-
Mx 

!MLCL 

tHLCH _ tMHCZ -

I 1- tHHCZ I 
VALID HIT VoH VALID MISS 

VOL 

VR001049 

Figure 17. Late Write - Hit Cycle 

TRUE CHIP ENABLE PATTERN 

1--- tEVCV- - tEXCZ I 

w 

1- tEVCX _ tEXCX 

I 

tWHL tWLCH 

CG x 

1- tCGL-CV _ tCGH-CZ_ 

tCGL1-cx tCG~ -ex 
ex v.Ji1 HIT ® 

VR001068 

Note: G is HIGH and a Valid Address is present, Hx and Mxare both assumed to be HIGH, wnh CGx LOW. 

16/19 
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Figure 18. Compare- Write Hit- Compare Cycle 

w 

tWHCV I 

C X VALID COMPARE HIT COMPARE 

VROOI069 

Note: G is HIGH and a Valid Address is presenl, Hx and Mx are both assumed to be HIGH, with CGx LOW. 

Figure 19. Late Read - Hit Cycle 

G 

t moe~"""~ "m' 
tEVCV _ - tEXCZ I 

tEVCX _ tEXCX 

I 

tGHdx tGACH 

CG X 

1- tCGL-CV- tCGH-CZ-

tCGL-CX tCGH-CX 
_l 

~ ELil1 
VR001070 

Note : G is HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, wijh CGx LOW. 
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Figure 20. Compare - Read Hit - Compare Cycle 

w 

tGLCX 

C X VALID COMPARE HIT COMPARE 

VA001071 

Note : W Is HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, with CGx LOW. 

Figure 21. Early Write - Hit Cycle 

w Lowcc•l 1 IWHCX 

CG 
X 

t C.m.oz1 t ICGL-CV 

ex 
YaH 

HIT 

VA001072 

Note : G is HIGH and a Valid Address is present, (EO- E3) =True. Hx and Mx are both assumed to be HIGH. 

Figure 22. Early Read - Hit Cycle 

G L .. , .. l 1 IGHCX 

CG 
X 

t C .. ~~ t tCGL-CV 

ex 
YaH 

HIT 

VA001073 

Note: W is HIGH and a Valid Address is present, (EO- E3) =True. Hx and Mx are both assumed to be HIGH. 

18119 
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ORDERING INFORMATION 

Example: MK4202 Q 17 

L 
I 

Speed 

Q PLCC68 17 17ns 

20 20ns 

25 25ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 

19/19 
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MK62486 

VERY FAST CMOS 32K x 9 CACHE BRAM 

• 32K x 9 CMOS SYNCHRONOUS BURST SRAM 

• FAST CYCLE TIMES: 25, 30ns 

• FAST ACCESS TIMES: 19, 24ns Max 

• ON-BOARD BURST COUNTER 

• INPUT REGISTERS (ADDR.,DATA,CTRL) 

• SELF-TIMED WRITE CYCLE 

• THREE STATE COMMON 1/0 

• HIGH OUTPUT DRIVE CAPABILITY 

• ASYNCHRONOUS OUTPUT ENABLE (G) 

• BURST CONTROL INPUTS: ADSP, ADSC, ADV 

• DUAL CHIP SELECTS for EASY DEPTH 
EXPANSION 

DESCRIPTION 
The MK62486 BRAMTM is a 288K (294,912 bit) 
CMOS Burst SRAM, organized as 32,768 words x 
9 bits. It is fabricated using SGS-THOMSON's low 
power, high performance, CMOS technology. 

Table 1. Signal Names 

AO- A14 Address Inputs 

DQO-DQB Data Inputs I Outputs 

K Clock 

w Write Enable 

G Output Enable 

so Chip Select 0, Active High 

S1 Chip Select 1, Active Low 

ADSP Address Status Processor 

ADSC Address Status Cache Controller 

ADV Burst Address Advance 

RES Reserve, Tied Low 

Vee Supply Voltage 

GND Ground 

December 1 ggs 

PLCC44 (Q) 

Figure 1. Logic Diagram 

Vee 

15 9 

AO-A14 DQO-DQS 

K 

w 
G 

so 
51 

ADSP 

ADSe 

ADV 

RES 

GND VA01240 
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Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature 0 to 70 oc 
Tsm Storage Temperature -65 to 150 oc 
Vro 12) Input or Output Voltages -0.5 to 7 v 

Vee Supply Voltage -0.5 to 7 v 
lo 13) Output Current 20 rnA 

Po Power Dissipation 1.2 w 
Notes: 1. Except for the rating ''Operating Temperature Range·· stresses above those listed in the Table ''Absolute Maximum Ratrngs·· 

may cause permanent damage to the device. These are stress ratrngs only and operation of the devrce at these or any other 
condrtions above those indrcated in the Operatrng sectrons of this specification is not implied. Exposure to Absolute Maximum 
Ratings conditions for extended periods may affect device relrabrlity. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. Up to a maximum operating Vee of 5 5V only. 
3. One output at a time, not to exceed 1 second duration. 

Figure 2. LCC Pin Connections 

I§ I~ I~ 0< 

u 0 
:;: 0 Ur-- oO 0> :;: <( > <( <( <( 

A2 All 

A3 A12 

A4 A13 

A5 A14 

AS GND 

GNO 007 

DOO DOS 

001 GNO 

GNO Vee 
Vee DOS 
002 004 

"' 0 
I~ 13 

uo k:> 0 lui oO 0 a z ~G 
(j) a z 

0 "' 0 "' 

VA00523B 

DESCRIPTION (cont'd) 

The device integrates a 2-bit burst counter, input 
regis-ters, high output drive capability, and high 
speed synchronous SRAM onto a single chip. The syn
chronous design provides precise control using an 
external clock (K) input. 

The MK62486 is specifically adapted to provide a 
burstable, high performance secondary cache for 
the i486® microprocessor. 

The MK62486 is available in a 44 lead Plastic 
Leaded Chip Carrier package (PLCC). The device 
provides multiple power and ground pins to reduce 
effects induced by output noise for high perform
ance applications. The main Burst SRAM power 
requires a single 5V ± 5% supply, and all inputs 
and outputs are TTL compatible. 

DEVICE OPERATIONS 

Addresses (AO-A14), data inputs (DQ0-008), and 
c_Q_ntrol signals, with exception of Output Enable 
(G), are clock controlled inputs through non-invert
ing, pos-itive edge triggered registers. A cache 
burst address sequence can be initiat~ither 
ADSP (Address Status Processor) or ADSC (Ad
dress Status Cache Controller) inputs, with sub
sequent burst addresses being internally 
generated by the Burst SRAM. The ADV input 
(burst address advance) provides control of the 
burst sequence, which imitates the i486 cache 
burst address sequence. Once a cache burst cycle 
begins, the subsequent burst address is generated 
internally each time the ADV input is asserted at 
the rising edge of the clock (K) input. The burst 
counter operates in the same manner for either 
cache burst write or read cycles. 

The ADSP and the ADSC inputs control the start 
and the duration of the burst sequence respec
tively. Each time either address status input is 
asserted low, a new external base address is reg
istered on the positive going edge of the clock (K). 

:::.21.:.::12:.__ __________ ~ SGS·lHOMSON -----------
""'""!I li:llD©Ill\trniWil'::'iiTii!©~o©li 
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Table 3. Asynchronous Truth Table 

Mode G DQ Status 

Read L Data Out 

Read H High-Z 

Write'21 X Data In (High-Z) 

Deselect X High-Z 

Notes: 1. X = Don't Care. _ 
2. For a cache wnte cycle follow~ng a read operation, G 

must be high before the Input data required set-up time, 
and be held high through the input data hold time. 

Table 5. Synchronous Truth Table 

so 51 ADSP ADSC ADV w 
L X L X X X 

X H H L X X 

H L L X X X 

H L H L X L 

H L H L X H 

K 

t 
i 

i 

i 

i 

Table 4. Burst Count Sequence 

External Address A14-A2 A1 AO 

-
1st Burst Address A14-A2 A1 AO 

-
2nd Burst Address A14-A2 A1 AO 

- -
3rd Burst Address A14-A2 A1 AO 

Note: The burst count sequence wraps around to the imt1al 
address after a full count IS completed. 

Address Operation 

N/A Deselected 

N/A Deselected 

External Base Address Read Cycle - Begin 
Burst 

External Base Address 
Write Cycle - Extend 
Burst 

External Base Address 
Read Cycle - Extend 
Burst 

X X H H L L i Advance Burst Address Write Cycle - Continue 
Burst Sequence 

X X H H L H i Advance Burst Address Read Cycle - Continue 
Burst Sequence 

X X H H H L i Hold Current Burst Write Cycle - Suspend 
Address Burst Sequence 

X X H H H H t Hold Current Burst • Read Cycle - Suspend 
Address Burst Sequence 

Notes: 1. X = Don't Care. 
2. All inputs except G requ1re set-up and hold times to the nsmg edge (low to high transition) of the external clock (K). 
3. All read and wnte t1m1ngs are referenced from G or K. 
4. A read cycle is defined by W high or ADSP low for the required set-up and hold times A wnte cycle 1s defined by W being 

asserted low for the set-up and hold times. 
- -

5 G is a don't care when W is registered low from the previous nsmg clock edge 
6. Chip Selects must be true (SO= high, 81 =low) at each rising of the clock wh1le ADSP or ADSC IS asserted for the device to 

remain enabled; Chip Selects are registered whenever ADSP or ADSC is asserted low at the nsing edge of the clock. 

3/12 ffi ~itm~~~?~ ____________ _...::::~ 
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Figure 3. Block Diagram 

A, • 
• • • 
Ao 

A' 
Ao 

K 

ADV 

ADS c 

ADS • 

s, 
So 

w 

D0 0 - D0 8 

DEVICE OPERATIONS (cont'd) 

9 

When ADSP is asserted low, any ongoing burst 
cycle is interrupted, and a read operation (inde
pendent of W and ADSC) is performed at the new 
registered external base address. Anew burst cycle 
is initiated each time ADSP is asserted. By assert
ing ADSC low, the present burst cycle (initiated by 
ADSP) is interrupted and an extended burst read 
or write (depending upon the logic state of W at the 
rising edge of K) is performed at the new registered 
base address. Chip selects (SO and S1) are only 
sampled when a new base address is loaded. 
Therefore, the chip selects are registered when 
either address status input is asserted low at the 
rising edge of the clock (K), and remain latched 
internally until the next assertion of either ADSP or 
ADSC. The MK62486 Truth Tables and timing dia
grams reference specific device operations. 

It should be noted that the MK62486 allows a 
non-burst mode of operation where ADSP is the 
ADS# of the i486 processor in a 2-2 cycle mode of 
operation, and ADSC is held high during T2 (see 
Figure 5). However, the non-burst mode obviously 
negates the advantage of the internal burst counter 
for fast cache fill operations. In either mode (burst 
or non-burst), the write cycles are internally self
timed, and are initiated by the rising edge of the 
clock input. Self-timed write cycles eliminate com-

32K x 9 MEMORY ARRAY 

A1 
1294,912 BITSI 

AO 

9 

INPUT 

REGISTER 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 
Input Pulse Voltages 
Input and Output Timing Ref. Voltages 

9 

VA001075 

:> 1.5ns 
Oto3V 
1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

5V 

4800 

....__ __ ___. 255 0 CL =85pF or 5pF 

CL includes JIG capacitance 

VA01238 

..::.41..:.:12=------------ ~ SGS•lHOMSON -----------,.,""!I !iiJ~©Ilil©rn~rn©'ii!iil©Uil~ 
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Table 6. Capacitance <1> (T A = 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition 

C1N Input Capacitance on all pins (except DQ) V1N = OV 

CouT(2) Output Capacitance 

Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 

VouT=OV 

Table 7. DC Characteristics (TA = 0 to 70 oc, Vee= 5V ± 5%) 

Symbol Parameter Test Condition 

lu Input Leakage Current OV ~ V1N ~Vee 

lw Output Leakage Current OV ~ VouT ~Vee 

lee1 (ll 
G = V1H, SO= V1H, S1 = V1L, 

Supply Current All inputs = V1L = OV 
and V1H ~ 3V 

lee2 (2) Supply Current (Standby) TTL SO= V1L, S1 = V1H 

lee3(3l Supply Current (Standby) -

CMOS SO~ 0.2V, S1 ~Vee -0.2V 

VIL Input Low Voltage 

V1H Input High Voltage 

VoL Output Low Voltage loL=8rnA 

VoH Output High Voltage loH =-4rnA 

Notes: 1. Average AC current, Outputs open, cycling at tKHKH minimum 
2. All other Inputs at V1L,; O.BV or V1H ;, 2.2V 
3. All other Inputs at v,L,; 0.2V or v,H 2: Vee- 0.2V 

MK62486 

Min Max Unit 

5 pF 

10 pF 

Min Max Unit 

±1 JlA 

±1 JlA 

160 rnA 

40 rnA 

30 rnA 

-0.3 0.8 v 
2.2 Vee+ 0.3 v 

0.4 v 
2.4 v 



MK62486 

Figure 5. Generai12BK Byte Cache Block Diagram 

r-----

D0-31 _. 
GLOBAL 

DP0-3 :=: A2-31 MEMORY 

151 
32 

15 BRAM 
___. ADDR. D 

BUS 
ADDR. 

,----------. ADSP DQO-? INTF. 
BK X 8 
TAGRAM -;=: K 

ADSC i486 ,. ADV 
MATCH 

CONTROL 

ADS# 
CLK 

RDY# --

BRDY# -- CACHE CONTROLLER 
BLAST# -- LOGIC 

~ CLK 

DEVICE OPERATIONS (cont'd) 

plex off-chip write pulse generation providing more 
flexibility for incoming signals. 

The ADV input controls subsequent burst data 
accesses after the first data of the burst cycle is 
processed. Each time ADV is asserted low for 
subsequent bursts at the rising edge of the clock 
input, the burst counter is advanced to the next 
burst address sequence. The address is advanced 
before the operation. Wait states can be inserted 
during burst cycles by holding the ADV pin high 
during positive clock transitions. Upon completion 
of the full internal burst count, the address will 
wrap-around to its initial base address. 

DOS 
4 

WRITE 
READ 

CONTROL 

l -'---

VA01239 

GENERAL APPLICATION 

The MK62486 is organized using the ninth bit as 
the parity bit to support byte parity. Since the i486 
processor provides on-board parity generation and 
checking, the ninth bit of the cache Burst SRAM 
can be passed to one of the DPO-DP3 pins of the 
microprocessor. Thus the MK62486 provides an 
architecture for building a 32K x 32bit burstable 
data cache SRAM array, with byte parity, by using 
four devices in a 128K byte cache application. 

6/12 .:::._:.:::.__ ___________ ~ ~~i©R&~:~~li --------------
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Table 8. Read and Write Modes AC Characteristics (T A= 0 to 70°C, Vee= SV ± 5%) 

MK62486 

Symbol Parameter 19 24 Unit 

Min. Max. Min. Max. 

tKHKH Cycle Time 25 30 ns 

tKHQV Clock Access Time 19 24 ns 

tKHKL Clock High Pulse Width 9.5 11 ns 

tKLKH Clock Low Pulse Width 9.5 11 ns 

tGLQV Output Enable Access Time 8 9 ns 

tKHQX2 Clock High to Output Hold Time 4 4 ns 

tGLQX Output Enable to Output Active 0 0 ns 

tKHOX1 Clock High to Q Active (Low-Z) 4 4 ns 

tKHQZ Clock High to Q High-Z 12 15 ns 

tGHQZ Output Disable to Q High-Z 8 9 ns 

tAVKH Address Set·up Time 3 3 ns 

tADSVKH Address Status Set-up Time 3 3 ns 

tovKH Data In Set-up Time 3 3 ns 

twvKH Write/Read Set-up Time 3 3 ns 

tADVVKH Address Advance Set-up Time 3 3 ns 

tsoVKH Chip Select 0 (SO) Set-up Time 3 3 ns 
-

ts1VKH Chip Select 1 (S1) Set-up Time 3 3 ns 

tKHAX Address Hold Time 2 2 ns 

tKHADSX Address Status Hold Time 2 2 ns 

tKHDX Data In Hold Time 2 2 ns 

tKHWX Write/Read Hold Time 2 2 ns 

tKHADVX Address Advance Hold Time 2 2 ns 

tKHSOX Chip Select 0 (SO) Hold Time 2 2 ns 
-

tKHS1X Chip Select 1 (S 1) Hold Time 2 2 ns 

Notes: 1. ec = 85pF (see F1gure 4). 
2. Transition is measured± 500 mV from steady-stage voltage with ec = 5pF (see F1gure 4). This parameter is sampled and 

not 100 %tested. 

Note 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3. This is a synchronous device requiring that all inputs must meet the specified set-up and hold times with stable logic levels for 
all rising edges of the clock mput (K). 

---------------------------~~~@~~~~~©~------------------------~~~12 
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Figure 6. Non-Burst Read/Write 2-2 Cycles 

PROCESSOR Tt T2 Tl T2 
CLK STATE READ WRITE 

IKHKH 
IKHKL 

CLK . I- \ I-- \ I \ ! ···--· \ ;··--· 
-- - -

- -~ -- ---

IADSVKH •· --·- IKHADSX IKLKH 

ADSp 

-
ADSc 

ADDR. 

w I 
st 

(SO= VI H) 

ADV 

G 

DQ 

\\\ ... ____ // \\_\ __ // 
\- ;---- \- ~/ 

\ 

IAVKH -- --. IKHAX 

x ~-A2 :.=x~-
IWVKH IKHWX IWVKH -· 

----\\ F 
~----- ------ ---~ -__ --- _/ 

IKHSIX .\ ~---

-----

I ADVVKH - --- · -· I KHADVX 

IKHQV 

-\\ 
\ ---

IGLQV ·--

7--- -,-
1 \_ 

·-·-· _il ___ _ 
/( ~o~t Qt(A~) -). 
~,- "·- ----- - -/ 

IGHQZ 

IKHDX -

IDVKH 

(~;~ ~2(~~>. 
Note : Non-Burst 2-2 Bus Cycle K486R01 
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Figure 7. Burst Read Cycle 

T1 T2 T2 T2 T2 T2 T2 T2 

Begin Burst 
tKHKH 

Extend Burst Suspend Burst 
tKHKL-- -------- IKLKH 

K I \ I , I / \ ,F \ I I \_I \ \__ 
\ 

tADSVKH -- tKHADSX 
r-- --I /' --- \ 

' I ADSp I \_) \ \ ____) \ I 

ADSc I -r I I I 
/ \ _ _/ I I I I 

tAVKH tKHAX 

ADDR. v A1 A2 'I 
I\_ ,, /\_ 

tWVKH tKHWX 
--

w \-/ / \ \ I 
\_I \ I \ \ __ I \ I 

tStVKH tKHStX 

S1 I 
(SO=VIH) 

I 

tADVVKH tKHADVX 

ADV I I ;·-, l I 
-----------' 

/ I -I 

tGLQV · 
tKHQV 

G 

tKHQX2 tGHQZ · 
tKHQXt ·- l> v v rv a3 

i-- \' \; DO 01 02 04 01 I 02 
(Data OUT) /\ 1\ I\ I\ •\ 1\ ' 

(At) (A1) (A1) (At) (A2) (A2) 

MK62486 

T1 

/ 

A3 

IKHQZ-·-

· IGLQX 

i 03 

(A2) 

BRAMBR2 
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Figure 8. Burst Write Cycle 

K 

T1 
Beg1n Burst 

AOSp 

AOSc 

AOOR. 

w 

so 
(S1=VIL) 

AOV 

G 

OQ 

A1 

T2 

tKHKH 

tOVKH 

(Data IN) 
01 

(A1) 

T2 T2 
Extend Burst 

tKHKL · 

tAOSVKH · 

tAVKH 
I 

·I 
I 

A2 

twvKH 

tSOVKH 

tKHOX · 

02 01 

(A1) (A2) 

\ 

T2 T2 T2 

I 

Suspend Burst 

tKLKH 

tKHAOSX 

tKHAX 

tKHWX 

tKHSOX 

tAOWKH 

02 02 \ 

(A2) (A2) 

03 /I' 

(A2) 

T2 T2 
Extend Burst 

A3 

tKHAOVX 

04 01 

(A2) (A3) 

K486BW02 
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Figure 9. Combined Burst Read/Write Cycle 

Note: SO= High, 81 =Low. 

------------ t== SGS·lHOMSON ------------'-1-'-'-1/=12 
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ORDERING INFORMATION SCHEME 

Example: MK62486 Q 19 TR 

Speed 

19 19ns at 40MHz 

24 24ns at 33MHz 

TR Tape & Reel 
Packing 

For a list of available options (Package, Speed, etc ... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

12/12 
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VERY FAST CMOS 32K x 9 CACHE BRAM 

• 32K x 9 CMOS SYNCHRONOUS BURST SRAM 

• FASTCYCLETIMES: 15,20ns 

• FAST ACCESS TIMES: 11, 12, 14ns Max 

• ON-BOARD BURST COUNTER 

• INPUT REGISTERS (ADDR.,DATA,CTRL) 

• SELF-TIMED WRITE CYCLE 

• THREE STATE COMMON 1/0 

• HIGH OUTPUT DRIVE CAPABILITY 

• ASYNCHRONOUS OUTPUT ENABLE (G) 

• BURST CONTROL INPUTS: ADSP, ADSC, ADV 

a DUAL CHIP SELECTS for EASY DEPTH 
EXPANSION 

DESCRIPTION 

The M62486A BRAMTM is a 288K (294,912 bit) 
CMOS Burst SRAM, organized as 32,768 words x 
9 bits. It is fabricated using SGS-THOMSON's low 
power, high performance, CMOS technology. 

Table 1. Signal Names 

AO-A14 Address Inputs 

DQO-DQB Data Inputs I Outputs 

K Clock 

w Wnte Enable 

G Output Enable 

so Chip Select 0, Active High 

S1 Chip Select 1, Active Low 

ADSP Address Status Processor 

ADSC Address Status Cache Controller 

ADV Burst Address Advance 

Vee Supply Voltage 

GND Ground 

Vcca Supply Voltage (DQ) 

GNDa Ground (DQ) 

December 1g93 

PLCC44 (Q) 

Figure 1. Logic Diagram 

Vee Veeo 

15 

AO-A14 

K 

w 
G 

so M62486A 

Sf 

ADSP 

ADSe 

ADV 

GND GNDQ 

Thrs rs advance rnformatron on a new product now 1n development or undergotng evaluatron Detarls are subJect to change wrthout notrce 

ADVANCE DATA 

9 

DQO-DQB 

VA01242 
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Table 2. Absolute Maximum Ratings (1) 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto 70 oc 

Tsm Storage Temperature --65 to 150 oc 
Vro(2) Input or Output Voltages -0.5 to 7 v 

Vee Supply Voltage -0.5 to 7 v 
lo (31 Output Current 20 rnA 

Po Power Dissipation 1.2 w 
Notes: 1. Except for the ratrng "Operatrng Temperature Range" stresses above those lrsted rn the Tobie "Absolute Maxrmum Ratrngs" 

may cause permanent damage to the device. These are stress ratrngs only and operatron of the devrce at these or any other 
condrtrons above those indrcated rn the Operatrng sectrons of thrs specrfrcation is not rmplied. Exposure to Absolute Maximum 
Ratrngs condrtions for extended perrods may affect devrce relrabilrty. Refer also to the SGS-THOMSON SURE Program and other 
relevant qual1ty documents. 

2. Up to a maximum operating Vee of 5 5V only. 
3 One output at a time, not to exceed 1 second duration 

Figure 2. LCC Pin Connections 

0 1618 I~~ u 0 
:;: ur-- 0) '" :;: <[ <[ <[ > <[ <[ <[ 

~~~~~~~~~~~ 

A2 [ CD 44 A11 

A3 [ A12 
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A6 GNO 

GNO 12 M62486A 34 007 

DOD 006 
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GNDO Vcco 
Vcco 005 

002 
23 

004 

~~~~~~~~~~~ 

n 0 §? 13: 8 §? I<.J 8 IU1 0) 0 
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DESCRIPTION (cont'd) 

The device integrates a 2-bit burst counter, input 
regis-ters, high output drive capability, and high 
speed synchronous SRAM onto a single chip. The syn
chronous design provides precise control using an 
external clock (K) input. The M62486A is specifi
cally adapted to provide a burstable, high perform
ance secondary cache for the i486® 
microprocessor. The M62486A is available in a 44 
lead Plastic Leaded Chip Carrier package (PLCC). 

The device provides multiple power and ground 
pins to reduce effects induced by output noise for 
high performance applications. Separate power 
and ground pins (Vcco and GNOo) have been 
employed for 000-008 to allow output levels ref
erenced to 5V or 3.3V. For proper operation all 
GNO and GNOo pin must be connected to ground. 
Vee <'= Vcco at all times including power-up. The 
main Burst SRAM power requires a single 5V ± 5% 
supply, and all inputs and outputs are TTL compat
ible. 

DEVICE OPERATIONS 

Addresses (AO-A14), data inputs (000-008), and 
control signals, with exception of Output Enable 
(G). are clock controlled inputs through non-invert
ing, pos-itive edge triggered registers. A cache 
burst address sequence can be initiate~ither 
AOSP (Address Status Processor) or AOSC (Ad
dress Status Cache Controller) inputs, with sub
sequent burst addresses being internally 
generated by the Burst SRAM. The AOV input 
(burst address advance) provides control of the 
burst sequence, which imitates the i486 cache 
burst address sequence. Once a cache burst cycle 
begins, the subsequent burst address is generated 
internally each time the AOV input is asserted at 
the rising edge of the clock (K) input. The burst 
counter operates in the same manner for either 
cache burst write or read cycles. 

The AOSP and the AOSC inputs control the start 
and the duration of the burst sequence respec
tively. Each time either address status input is 
asserted low, a new external base address is reg
istered on the positive going edge of the clock (K). 

2/12 ='------------- ru SGS·ntOMSON ----------
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Table 3. Asynchronous Truth Table 

Mode G DQ Status 

Read L Data Out 

Read H High-Z 

Write(21 X Data In (High-Z) 

Deselect X High-Z 

Notes: 1. X = Don't Care. _ 
2. For a cache wnte cycle following a read operatiOn, G 

must be high before the input data required set-up t1me, 
and be held h1gh through the 1nput data hold t1me. 

Table 5. Synchronous Truth Table 

so 51 ADSP ADSC ADV w 
L X L X X X 

X H H L X X 

H L L X X X 

H L H L X L 

H L H L X H 

X X H H L L 

X X H H L H 

X X H H H L 

X X H H H H 

Notes: 1. X = Don't Care. 

K 

1' 
1' 

1' 

1' 

1' 

1' 

1' 

1' 

1' 

Table 4. Burst Count Sequence 

External Address A14-A2 A1 AO 

-
1st Burst Address A14-A2 A1 AO 

-
2nd Burst Address A14-A2 A1 AO 

- -
3rd Burst Address A14-A2 A1 AO 

Note: The burst count sequence wraps around to the Initial 
address after a full count is completed. 

Address Operation 

N/A Deselected 

N/A Deselected 

External Base Address Read Cycle - Begin 
Burst 

External Base Address Write Cycle - Begin 
Burst 

External Base Address Read Cycle - Begin 
Burst 

Advance Burst Address Write Cycle - Continue 
Burst Sequence 

Advance Burst Address Read Cycle - Continue 
Burst Sequence 

Hold Current Burst Write Cycle - Suspend 
Address Burst Sequence 

Hold Current Burst • Read Cycle - Suspend 
Address Burst Sequence 

2. All inputs except G require set-up and hold limes to the rising edge (low to high transition) of the external clock (K). 

3 All read and write trmings are referenced from G or K. 

4. A read cycle IS def~ned by W high or ADSP low for the reqwred set-up and hold times. A write cycle IS def~ned by W being 
asserted low for the set-up and hold times. 

5. G IS a don't care when W is registered low from the prev1ous ns1ng clock edge 

6. Ch1p Selects must be true (SO= high, Sf= low) at each nsing of the clock while ADSP or ADSC IS asserted for the device to 
remain enabled, Chip Selects are registered whenever ADSP or ADSC IS asserted low at the rising edge of the clock. 

3/12 
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Figure 3. Block Diagram 

A, • . 
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DEVICE OPERATIONS (cont'd) 

9 

When ADSP is asserted low, any ongoing burst 
cycle is interrupted, and a read operation (inde
pendent of Wand ADSC) is performed at the new 
registered external base address. A new burst cycle 
is initiated each time ADSP is asserted. By assert
ing ADSC low, the present burst cycle (initiated by 
ADSP) is interrupted and an extended burst read· 
or write (depending upon the logic state of W at the 
rising edge of K) is performed at the new registered 
base address. Chip selects (SO and S1) are only 
sampled when a new base address is loaded. 
Therefore, the chip selects are registered when 
either address status input is asserted low at the 
rising edge of the clock (K), and remain latched 
internally until the next assertion of either ADSP or 
ADSC. The M62486A Truth Tables and timing dia
grams reference specific device operations. 

It should be noted that the MK62486 allows a 
non-burst mode of operation where ADSP is the 
ADS# of the i486 processor in a 2-2 cycle mode of 
operation, and ADSC is held high during T2 (see 
Figure 5). However, the non-burst mode obviously 
negates the advantage of the internal burst counter 
for fast cache fill operations. In either mode (burst 
or non-burst), the write cycles are internally self
timed, and are initiated by the rising edge of the 
clock input. Self-timed write cycles eliminate com-

32K x 9 MEMORY ARRAY 

Al 
(294,912 BITS) 

AO 

9 

INPUT 

REGISTER 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 
Input Pulse Voltages 
Input and Output Timing Ref. Voltages 

9 

VRDD1075 

:> 1.5ns 
Oto3V 
1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

L----' 2550 

SV 

4800 

CL 1ncludes JIG capac1tance 

VA01238 
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Table 6. Capacitance <1> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition 

GiN input Capacitance on ail pins (except DQ) V1N = OV 

CouT'2) Output Capacitance 

Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 

VouT = OV 

Table 7. DC Characteristics (T A= 0 to 70 oc, Vee= 5V ± 5%) 

Symbol Parameter Test Condition 

iu Input Leakage Current OV ~ V1N ~Vee 

iLO Output Leakage Current OV ~ VouT ~Vee 

lee1 (l) 
G = ViH, so= ViH, S1 = ViL, 

Supply Current Ail inputs = V1L = OV 
and v,H~3V 

lce2 (2) Supply Current (Standby) TTL so= v,L, s1 = v,H 

lce3 (3) Supply Current (Standby) 
SO~ 0.2V, S1 ~Vee -0.2V CMOS 

V1L Input Low Voltage 

v,H Input High Voltage 

VoL Output Low Voltage loL= 8mA 

VoH Output High Voltage loH =-4mA 

Notes: 1. Average Ae current, Outputs open, cycling at tKHKH mtnrmum 
2. All other Inputs at V",; o.av or VtH;, 2.2V 
3. All other Inputs at VtL :> 0.2V or VtH c Vee- 0.2V 

M62486A 

Min Max Unit 

5 pF 

10 pF 

Min Max Unit 

±1 J.IA 

±1 J.IA 

180 mA 

40 mA 

30 mA 

-0.3 0.8 v 

2.2 Vee+ 0.3 v 

0.4 v 

2.4 v 
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Figure 5. General 128K Byte Cache Block Diagram 

-
D0-31 1: : GLOBAL 
DP0-3 
A2-31 ~ 

MEMORY 
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4 ADDR D ADDR. 
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ADSC i486 ___.. ADV 
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CONTROL 

ADS# 
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BRDY# ~ r-- CACHE CONTROLLER 

BLAST# ~ r-- LOGIC 

f-- CLK 

DEVICE OPERATIONS (cont'd) 

plex off-chip write pulse generation providing more 
flexibility for incoming signals. 

The ADV input controls subsequent burst data 
accesses after the first data of the burst cycle is 
processed. Each time ADV is asserted low for 
subsequent bursts at the rising edge of the clock 
input, the burst counter is advanced to the next 
burst address sequence. The address is advanced 
before the operation. Wait states can be inserted 
during burst cycles by holding the ADV pin high 
during positive clock transitions. Upon completion 
of the full internal burst count, the address will 
wrap-around to its initial base address. 

i 

008 
4 

WRITE 
READ 

CONTROL ---

VA01239 

GENERAL APPLICATION 

The M62486A is organized using the ninth bit as 
the parity bit to support byte parity. Since the i486 
processor provides on-board parity generation and 
checking, the ninth bit of the cache Burst SRAM 
can be passed to one of the DPO-DP3 pins of the 
microprocessor. Thus the M62486A provides an 
architecture for building a 32K x 32bit burstable 
data cache SRAM array, with byte parity, by using 
four devices in a 128K byte cache application. 

=6'-'-'12=------------ ~ SCS·lHOMSON ------------
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Table 8. Read and Write Modes AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 5%) 

M62486A 

Symbol Parameter 11 12 14 Unit 

Min. Max. Min. Max. Min. Max. 

tKHKH Cycle Time 15 15 20 ns 

tKHQV Clock Access Time 11 12 14 ns 

tKHKL Clock High Pulse Width 5.5 5.5 8 ns 

tKLKH Clock Low Pulse Width 5.5 5.5 8 ns 

tGLQV Output Enable Access Time 5 5 6 ns 

tKHQX2 Clock High to Output Hold Time 3 3 4 ns 

tGLQX Output Enable to Output Active 0 0 0 ns 

tKHOX1 Clock High to Q Active (Low-Z) 4 4 4 ns 

tKHQZ Clock High to Q H1gh-Z 6 6 6 ns 

tGHQZ Output Disable to Q High-Z 6 6 6 ns 

IAVKH Address Set-up Time 2 2 3 ns 

tAoSVKH Address Status Set-up Time 2 2 3 ns 

tovKH Data In Set-up Time 2 2 3 ns 

twVKH Write/Read Set-up Time 2 2 3 ns 

tADVVKH Address Advance Set-up Time 2 2 3 ns 

tsoVKH Chip Select 0 (SO) Set-up Time 2 2 3 ns 

tswKH Chip Select 1 (S1) Set-up T1me 2 2 3 ns 

tKHAX Address Hold Time 2 2 2 ns 

tKHADSX Address Status Hold T1me 2 2 2 ns 

tKHDX Data In Hold Time 2 2 2 ns 

tKHWX Write/Read Hold Time 2 2 2 ns 

tKHADVX Address Advance Hold Time 2 2 2 ns 

tKHSOX Chip Select 0 (SO) Hold Time 2 2 2 ns 

tKHStX Chip Select 1 (S1) Hold Time 2 2 2 ns 

Notes; 1. e, = 85pF (see Figure 4). 
2. Transrtion is measured± 500 mV from steady·stage voltage wrth CL = 5pF (see Frgure 4). Thrs parameter rs sampled and 

not 1 oo% tested 

Note 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3. This is a synchronous device reqUinng that all inputs must meet the specrried set-up and hold limes wrth stable logic levels for 
all rising edges of the clock 1npLrt (K). 
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Figure 6. Non-Burst Read/Write 2-2 Cycles 

PROCESSOR T1 T2 T1 T2 

CLK STATE READ WRITE 

CLK 

ADSp 

ADSc 

ADDR. A2 

tWVKH 

w 

tstVKH tKHS1X 

S1 
(SO=VIH) 

ADV 

tGHQZ 

G 

DQ 

Note : Non-Burst 2-2 Bus Cycle K486R01 
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Figure 7. Burst Read Cycle 
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Figure 8. Burst Write Cycle 
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Figure 9. Combined Burst Read/Write Cycle 
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ORDERING INFORMATION SCHEME 

Example: 

a 

M62486A Q 12 TR 

PLCC44 

Speed 

11 11ns at 66MHz 

12 12ns at 66MHz 

14 14ns at 50MHz 

For a list of available options (Package, Speed, etc ... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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r== SGS·lHOMSON 
II.. '1 l ~D©OO©rn[brn©'ITOO©~D©® M62486R 

VERY FAST CMOS 32K x 9 CACHE BRAM 

• 32K x 9 CMOS SYNCHRONOUS BURST SRAM 

• FAST CYCLE TIME 15ns 

• FAST ACCESS TIMES: 8, 9ns Max 

• ON-BOARD BURST COUNTER 

• INPUT REGISTERS (ADDR.,DATA,CTRL) 

• SELF-TIMED WRITE CYCLE 

" THREE STATE COMMON 1/0 

• HIGH OUTPUT DRIVE CAPABILITY 

• ASYNCHRONOUS OUTPUT ENABLE (G) 

• BURST CONTROL INPUTS: ADSP, ADSC, ADV 

• DUAL CHIP SELECTS for EASY DEPTH 
EXPANSION 

• OUTPUT REGISTERS for PIPE-LINE READ 
BURSTS 

DESCRIPTION 

The M62486R BRAMTM is a 288K (294,912 bit) 
CMOS Burst SRAM, organized as 32,768 words x 

Table 1. Signal Names 

AO- A14 Address Inputs 

DOO-DQS Data Inputs I Outputs 

K Clock 

w Wnte Enable 

G Output Enable 

so Chip Select 0, Active High 

S1 Chip Select 1, Active Low 

ADSP Address Status Processor 

ADSC Address Status Cache Controller 

ADV Burst Address Advance 

Vee Supply Voltage 

GND Ground 

Veeo Supply Voltage (DO) 

GNDo Ground (DQ) 

December 1993 

PLCC44 (Q) 

Figure 1. Logic Diagram 

Vee Veeo 
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Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operatirtg Temperature 0 to 70 ac 

TsTG Storage Temperature -65 to 150 ac 
V1o(21 Input or Output Voltages -0.5 to 7 v 
Vee Supply Voltage -0.5 to 7 v 
lo (3) Output Current 20 rnA 

Po Power Dissipation 1.2 w 
Notes: 1. Except for the ratmg "Operating Temperature Range" stresses above those listed 1n the Table "Absolute Max1mum Ratings" 

may cause permanent damage to the dev1ce. These are stress ratings only and operat1on of the device at these or any other 
cond1t1ons above those ind1cated in the Operat1ng sect1ons of this specification is not implied. Exposure to Absolute Maximum 
Rat1ngs conditions for extended penods may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. Up to a maximum operating Vee of 5 SV only. 
3. One output at a t1me, not to exceed 1 second duration. 

Figure 2. LCC Pin Connections 

I~ I~ I~ ~ u S' :;: 0 Ul'- OJ 0> 
<( > <( <( <( <( 

~ 
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A3 [ A12 
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GND [ 12 M62486R 34 007 

DOO [ 006 

001 [ GNDO 

GNOQ [ Vcco 
Vcco [ 005 

002 [ 
23 

004 

~~~~~~~~~~~ 

"' a 0 13 uo 1<..:> 5l li/i OJ a a 0 z :Vts a o 
0 z <..? 0 z 

<..? <..? 
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DESCRIPTION (cont'd) 

9 bits. It is fabricated using SGS-THOMSON's low 
power, high performance, CMOS technology. The 
device integrates a 2-bit burst counter, input regis
ters, high output drive capability, and high speed 
synchronous SRAM onto a single chip. 

The synchronous design provides precise control 
using an external clock (K) input. The M62486R is 
specifically adapted to provide a burstable, high 
performance secondaty cache for the i486® micro
processor. The M62486R is available in a 44 lead 
Plastic Leaded Chip Carrier package (PLCC). The 
device provides multiple power and ground pins to 
reduce effects induced by output noise for high 
performance applications. Separate power and 
ground pins (Vcco and GNDo) have been em
ployed for DQO-DQ8 to allow output levels refer
enced to 5V or 3.3V. For proper operation all GND 
and GNDo pin must be connected to ground. Vee 
2': Vcco at all times including power-up. 

The main Burst SRAM power requires a single 5V 
± 5% supply, and all inputs and outputs are TTL 
compatible. 

DEVICE OPERATIONS 

Addresses (AO-A14), data inputs (DQO-DQ8), and 
C.Qiltrol signals, with exception of Output Enable 
(G), are clock controlled inputs through non-invert
ing, pos-itive edge triggered registers. A cache 
burst address sequence can be initiat~ither 
ADSP (Address Status Processor) or ADSC (Ad
dress Status Cache Controller) inputs, with sub
sequent burst addresses being internally 
generated by the Burst SRAM. The ADV input 
(burst address advance) provides control of the 
burst sequence, which imitates the i486 cache 
burst address sequence. Once a cache burst cycle 
begins, the subsequent burst address is generated 
internally each time the ADV input is asserted at 
the rising edge of the clock (K) input. 

2/12 
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Table 3. Asynchronous Truth Table 

Mode G DQ Status 

Read L Data Out 

Read H High-Z 

Write(2) X Data In (High-Z) 

Deselect X High-Z 

Notes: 1. X = Don't Care. _ 
2. For a cache wnte cycle following a read operat1on, G 

must be h1gh before the input data reqUired set-up t1me, 
and be held high through the input data hold time. 

Table 5. Synchronous Truth Table 

so S1 ADSP ADSC ADV w 
L X L X X X 

X H H L X X 

H L L X X X 

H L H L X L 

H L H L X H 

X X H H L L 

X X H H L H 

X X H H H L 

X X H H H H 

Notes: 1. X = Don't Care. 

K 

t 
i 

t 

i 

i 

t 

i 

i 

t 

M62486R 

Table 4. Burst Count Sequence 

External Address A14-A2 A1 AO 

-
1st Burst Address A14-A2 A1 AO 

-
2nd Burst Address A14-A2 A1 AO 

- -
3rd Burst Address A14-A2 A1 AO 

Note: The burst count sequence wraps around to the initial 
address after a full count is completed 

Address Operation 

N/A DeseleC:ed 

N/A Deselected 

External Base Address Read Cycle - Begin 
Burst 

External Base Address 
Write Cycle - Begin 
Burst 

External Base Address 
Read Cycle - Begin 
Burst 

Advance Burst Address 
Write Cycle - Continue 
Burst Sequence 

Advance Burst Address Read Cycle - Continue 
Burst Sequence 

Hold Current Burst Write Cycle - Suspend 
Address Burst Sequence 

Hold Current Burst • Read Cycle - Suspend 
Address Burst Sequence 

2. All inputs except G require set-up and hold t1mes to the rising edge (low to high trans1tion) of the external clock (K). 

3. All read and write timings are referenced from G or K. 

4. A read cycle is defined by W h1gh or ADSP low for the required set-up and hold times. A wnte cycle is defined by W bemg 
asserted low for the set-up and hold t1mes. 

5. G is a don't care when W is reg1stered low from the previous rismg clock edge 

6. Chip Selects must be true (SO= high, S1 =low) at eactutsrng of ~ck wh1le ADSP or ADSC is asserted for the dev1ce to 
rema1n enabled; Chip Selects are registered whenever ADSP or ADSC IS asserted low at the ris1ng edge of the clock. 
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Figure 3. Block Diagram 
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DEVICE OPERATIONS (cont'd) 

The burst counter operates in the same manner for 
either cache burst write or read cycles. The ADSP 
and the ADSC inputs control the start and the 
duration of the burst sequence respectively. Each 
time either address status input is asserted low, a 
new external base address is registered on the 
positive going edge of the clock (K). 

When ADSP is asserted low, any ongoing burst 
cycle is int~upted, and a read operation (inde
pendent of Wand ADSC) is performed at the new 
registered external base address. A new burst cycle 
is initiated each time ADSP is asserted. By assert
ing ADSC low, the present burst cycle (initiated by 
ADSP) is interrupted and an extended burst read 
or write (depending upon the logic state of W at the 
rising edge of K) is performed at the new registered 
base address. Chip selects (SO and 81) are only 
sampled when a new base address is loaded. 
Therefore, the chip selects are registered when 
either address status input is asserted low at the 
rising edge of the clock (K), and remain latched 
internally until the,next assertion of either ADSP or 
ADSC. The M62486R Truth Tables and timing dia
grams reference specific device operations. 

It should be noted that the M62486R allows a 
non-burst mode of operation where ADSP is the 
ADS# of the i486 processor in a 2-2 cycle mode of 

> 

32K x 9 MEMORY ARRAY 

(294,912 BITS) 

INPUT 
REGISTER, 

1, 
OUTPUT I 

__Fl_E8~~ 

BLKDIAGR 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ~ 1.5ns 

Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

DEVICE 

UNDER 
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1------1~-+-----o OUT 

'--------' 2550 CL ~85pF or 5pF 

CL includes JIG capacitance 

VA012.38 
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Table 6. Capacitance <1> (T A= 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition 

C;N Input Capacitance on all pins (except DQ) V;N=OV 

CouT<2l Output Capacitance 

Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 

VouT=OV 

Table 7. DC Characteristics (TA = 0 to 70 oc, Vee= 5V ± 5%) 

Symbol Parameter Test Condition 

lu Input Leakage Current OV:>V;N=>Vcc 

ILO Output Leakage Current OV :> VouT =>Vee 

lee1 (l) 
G = V;H, so= V;H, S1 = V;L, 

Supply Current All inputs= V;L = OV 
andV;H;,:3V 

lee2 <2) Supply Current (Standby) TTL so= V;L, S1 = V;H 

lee3<3l Supply Current (Standby) 
SO:> 0.2V, S1 ;,: Vee -o.2V CMOS 

V;L Input Low Voltage 

V;H Input High Voltage 

VoL Output Low Voltage loL=8mA 

VoH Output High Voltage loH =-4mA 

Notes: 1. Average AC current, Outputs open, cycling at tKHKH mimmum 
2. All other Inputs at V1L,;; O.BV or V1H;, 2.2V 
3. All other Inputs at v,L,;; 0 2V or v," 2: Vee- 0.2V 

Min 

• -o.3 

2.2 

2.4 

M62486R 

Min Max Unit 

5 pF 

10 pF 

Max Unit 

±1 IIA 
±1 IIA 

180 rnA 

40 mA 

30 rnA 

0.8 v 
Vee+0.3 v 

0.4 v 
v 
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Figure 5. Generai128K Byte Cache Block Diagram 
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DEVICE OPERATIONS (cont'd} 

operation, and ADSC is held high during T2 (see 
Figure 5). However, the non-burst mode obviously 
negates the advantage of the internal burst counter 
for fast cache fill operations. In either mode (burst 
or non-burst), the write cycles are internally self
timed, and are initiated by the rising edge of the 
clock input. Self-timed write cycles eliminate com
plex off-chip write pulse generation providing more 
flexibility for incoming signals. 

The ADV input controls subsequent burst data 
accesses after the first data of the burst cycle is 
processed. Each time ADV is asserted low for 
subsequent bursts at the rising edge of the clock 
input, the burst counter is advanced to the next 

i 

008 
4 

WRITE 
READ 

CONTROL 
f-----1> 

-

VA01239 

burst address sequence. The address is advanced 
before the operation. Wait states can be inserted 
during burst cycles by holding the ADV pin high 
during positive clock transitions. Upon completion 
of the full internal burst count, the address will 
wrap-around to its initial base address. 

GENERAL APPLICATION 

The M62486R is organized using the ninth bit as 
the parity bit to support byte parity. Since the i486 
processor provides on-board parity generation and 
checking, the ninth bit of the cache Burst SRAM 
can be passed to one of the DPO-DP3 pins of the 
microprocessor. Thus the M62486R provides an 
architecture for building a 32K x 32bit burstable 
data cache SRAM array, with byte parity, by using 
four devices in a 128K byte cache application. 

6/12 
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Table 8. Read and Write Modes AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 5%) 

M624B6R 

Symbol Parameter 8 9 Unit 

Min. Max. Min. Max. 

tKHKH Cycle Time 15 15 ns 

tKHOV Clock Access Time 8 9 ns 

tKHKL Clock High Pulse Wrdth 5.5 5.5 ns 

tKLKH Clock Low Pulse Width 5.5 5.5 ns 

tGLOV Output Enable Access Time 5 6 ns 

tKHOX2 Clock High to Output Hold Time 2 2 ns 

tGLOX Output Enable to Output Active 0 0 ns 

tKHOX1 Clock High to Q Active (Low-Z) 3 3 ns 

tKHOZ Clock High to Q High-Z 6 6 ns 

tGHOZ Output Disable to Q High-Z 6 6 ns 

tAVKH Address Set-up Time 2 2 ns 

tADSVKH Address Status Set-up Time 2 2 ns 

tovKH Data In Set-up Time 2 2 ns 

twVKH Write/Read Set-up Time 2 2 ns 

tADWKH Address Advance Set-up Time 2 2 ns 

tsoVKH Chip Select 0 (SO) Set-up Time 2 2 ns 

ts1VKH Chip Select 1 (S1) Set-up Time 2 2 ns 

tKHAX Address Hold Time 2 2 ns 

tKHADSX Address Status Hold Time 2 2 ns 

tKHDX Data In Hold Time 2 2 ns 

tKHWX Write/Read Hold Time 2 2 ns 

tKHADVX Address Advance Hold Time 2 2 ns 

tKHSOX Chip Select 0 (SO) Hold Time 2 2 ns 

tKHS1X Chip Select 1 (S1) Hold Time 2 2 ns 

Notes: 1. Cc = 85pF (see Figure 4). 
2. Transition is measured± 500 mV from steady-stage voltage with e, = SpF (see Frgure 4). This parameter is sampled and 

not 1 00 % tested. 

Note 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3. This is a synchronous devrce requrring that all rnputs must meet the specrfred set-up and hold times wrth stable logic levels for 
all nsrng edges of the clock rnput (K). 

7/12 --------------~ ~!i©R1~:~9~ -------------
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Figure 6. Non-Burst Read/Write Cycles 
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M62486R 

Figure 7. Burst Read Cycle 
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Figure 8. Burst Write Cycle 
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Figure 9. Combined Burst Read/Write Cycle 
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ORDERING INFORMATION SCHEME 

Example: M62486R Q 8 TR 

Speed 

Q 8 Bns at 66MHz 

9 9ns at 66MHz 

TR Tape & Reel 
Packing 

For a list of available options (Package, Speed, etc ... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you . 

.:..:121=-1:.=2 __________ ~ SGS·THOMSON -----------._...,I ll:UD©OO@ffii!E=Iiil>lD©!l 
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MK62940 

VERY FAST CMOS 32K x 9 CACHE BRAM 

• 32K x 9 CMOS SYNCHRONOUS BURST SRAM 

• FAST CYCLE TIMES: 25, 30ns 

• FAST ACCESS TIMES: 19, 24ns Max 

• ON-BOARD BURST COUNTER 

• INPUT REGISTERS (ADDR.,DATA,CTRL} 

• SELF-TIMED WRITE CYCLE 

• THREE STATE COMMON 1/0 

• ASYNCHRONOUS OUTPUT ENABLE (G) 

• BURST CONTROL INPUTS: TSP, TSC, BAA 

• DUAL CHIP SELECTS for EASY DEPTH 
EXPANSION 

DESCRIPTION 

The MK62940 BRAMrM is a 288K (294,912 bit) 
CMOS Burst SRAM, organized as 32,768 words x 
9 bits. It is fabricated using SGS-THOMSON's low 
power, high performance, CMOS technology. The 
device integrates a 2-bit burst counter, input regis
ters, high output drive capability, and high speed 

Table 1. Signal Names 

AO-A14 Address Inputs 

DQO-DQB Data Inputs I Outputs 

K Clock 

w Write Enable 

G Output Enable 

so Chip Select 0, Active High 

51 Chip Select 1, Active Low 

TSP Address Start Processor 

TSC Address Start Cache Controller 

BAA Burst Address Advance 

RES Reserve, lied High 

Vee Supply Voltage 

GND Ground 

December 1993 

PLCC44 (Q) 

Figure 1. Logic Diagram 

Vee 

15 9 

AO-A14 DQ0-008 

K 

w 
G 

so 

Sf 

TSP 

TSe 

BAA 

RES 

GND VA01241 

1/12 
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Table 2. Absolute Maximum Ratings <1> 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto70 oc 

TsTG Storage Temperature -65to 150 oc 
V1o(21 Input or Output Voltages -D.5to7 v 

Vee Supply Voltage -o.5to7 v 
lo (a) Output Current 20 mA 

Po Power Dissipation 1.2 w 
Notes: 1. Except for the rating 'Operattng Temperature Range' stresses above those ltsted tn the Table "Absolute Maxtmum Rattngs" 

may cause permanent damage to the devtce. These are stress ratings only and operatton of the devtce at these or any other 
condtttons above those Jndrcated tn the Operattng secttons of this speciftcatton is not tmplted. Exposure to Absolute Maximum 
Ratings condttions for extended penods may affect device reltabiltty. Refer also to the SGS·THOMSON SURE Program and other 
relevant quality documents. 

2. Up to a maxtmum operattng Vee of 5.5V only. 
3. One output at a time, not to exceed 1 second duratton. 

Figure 2. LCC Pin Connections 

~ ~~ ~~ ~ 
0 0 

< 0 or-- "" 0> < <( > <( <( <( 

A2 A11 

A3 A12 

A4 A13 

AS A14 
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GND 007 
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001 GI><D 

GND Vee 
Vee DOS 
D02 004 

"' 0 til P-= 00 \<.:> 0 kn "" 0 0 z w 5'5 til 0 z 
0 (.!) 0:: 0 (.!) 

VA00624B 

DESCRIPTION (cont'd) 

synchronous SRAM onto a single chip. The synchro
nous design provides precise control using an exter
nal clock (K) input. The MK62940 is specifically 
adapted to provide a burstable, high performance 
secondary cache for the MC68040 microprocessor. 
The device is pin compatible and functional equiva
lent to the Motorola MCM62940, but employs a single 
power supply design. 

The MK62940 is available in a 44 lead Plastic 
Leaded Chip Carrier package (PLCC). The device 
provides multiple power and ground pins to reduce 
effects induced by output noise for high perform
ance applications. 

The main Burst SRAM power (Vee) requires a 
single SV ± 5% supply, and all inputs and outputs 
are TTL compatible. 

DEVICE OPERATION 

Addresses (AO-A14), data inputs (DQO-DQ8), a!!_d 
control signals, with exception of Output Enable (G) 
are clock controlled inputs through non-inverting, 
positive edge triggered registers. A cache burst 
address sequence can be initiated by either TSP 
(Transfer Start Processor) or TSC (Transfer Start 
Cache Controller) inputs, with subsequent burst 
addresses being internally generated by the Burst 
SRAM. The BAA input (Burst Address Advance) 
provides control of the burst sequence, which imi
tates the required MC68040 cache burst address 
sequence. A cache burst cycle begins by loading 
the internal counter with the present values of A1 
and AO. Thereafter, subsequent burst addresses 
are generated internally. The burst counter oper
ates in the same manner for either cache burst 
write or read cycles. 

The TSP and the TSC inputs control the start of the 
burst sequence. When either TSx is asserted low 
at the rising edge of the clock, any ongoing burst 
cycle is interrupted and a new external base ad
dress is registered. Chip selects (SO and 81) are 
only sampled when a new base address is loaded. 

Therefore, the chip selects are registered when 
either transfer start input is asserted low at the 

=.21.:..:12'------------ t== SGS·THOMSON ------------11!.."'!1 Li'lJU©Iiil©I<I!J<©'ii'IIJ@!ilU©I\l 
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Table 3. Asynchronous Truth Table Figure 3. Burst Count Sequence 

Mode G DQ Status 

Read L Data Out 

Read H High-Z 

0,0 

l 
0,1 

r 
1 '1 A1,AO= 

Write<2> X High-Z 

Write<2> X Data In 
_J L 1,0 

Deselect X High-Z 

Note: 1. X= Don't Care. _ Note: The external values for A 1, AO are the starting point for the 
burst sequence graph. The burst counter wrll Internally 
advance A1 and AO as shown. Alter the counter reaches 

2. For a cache wnte cycle following a read operation, G 
must be hrgh before the input data reqwred set-up time, 
and be held high through the input data hold time. a full count from the rmtral value, the address wrll wrap 

around. 

Table 4. Synchronous Truth Table 

so S1 TSP TSC BAA w K Address Operation 

L X L X X X i N/A Deselected 

X H H L X X i N/A Deselected 

H L L X X X i External Base Address Read Cycle - Begin 
Burst 

H L H L X L i External Base Address Write Cycle - Extend 
Burst 

H L H L X H i External Base Address Read Cycle - Extend 
Burst 

X X H H L L i Advance Burst Address Write Cycle - Continue 
Burst Sequence 

X X H H L H i Advance Burst Address Reade Cycle - Continue 
Burst Sequence 

X X H H H L i Hold Current Burst Write Cycle - Suspend 
Address Burst Sequence 

X X H H H H i Hold Current Burst Read Cycle - Suspend 
Address Burst Sequence 

Notes: 1. X= Don't Care. 
2. All1nputs except G require set-up and hold times to the ris1ng edge (low to high transition) of the external clock (K). 
3. All read and write timings are referenced from G or K. 

4. A read cycle is defined by W h1gh or TSP tow for the requrred set-up and hold t1mes. A wnte cycle 1s defined by W be1ng asserted 
low for the set-up and hold times. 

5. G rs a don't care when W is registered low from the prev1ous ris1ng clock edge. 
6. Chip Selects must be true (SO= hrgh, 51 = lowll!!..eaG!J.@ing of the clock while TSP or TSC rs asserted for the devrce to remarn 

enable; Ch1p Selects are registered whenever TSP or TSC rs asserted low at the nsing edge of the clock. 
7. Chip Selects must be true (SO= hrgh, S1 =low) at eactu:i§Lng of the clock while TSP or TSC 1s asserted for the the devrce to 

remarn enabled; Chrp Selects are registered whenever TSP or TSC rs asserted low at the ns1ng edge of the clock. 

3/12 -------------/iii ~i®m•~~~ -------------
765 



MK62940 

Figure 4. Block Diagram 
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DEVICE OPERATIONS (cont'd) 

rising edge of the clock (K), and remain latched 
internally until the next assertion of either TSP or 
TSC. The MK62940 Truth Tables and timing dia
grams reference specific device operations. 

It should be noted that the MK62940 allows a 
non-burst mode of operation where TSP is the TS 
pin of the MC68040 processor i!J.i!.!Ypical 2 clock 
cycle mode of operation, and TSC is held high 
during C2 (see Figure 7). However, the non-burst 
mode obviously negates the advantage of the 
internal burst counter for fast cache fill operations. 
In either mode (burst or non-burst), the write cycles 
are internally self-timed, and are initiated by the 
rising edge of the clock input when W is low. 
The BAA input controls subsequent burst data 
accesses after the first data of the burst cycle is 
processed. Each time BAA is asserted low for 
subsequent bursts at the rising edge of the clock 
input, the burst counter is advanced to the next 
burst address sequence. The address is advanced 
from the rising edge of K. Wait states can be 
inserted during burst cycles by holding the BAA pin 
high during positive clock transitions. Upon com
pletion of the full internal burst count, the address 
will wrap-around to its initial base address. 

VA01251 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall limes 
Input Pulse Voltages 
Input and Output liming Ref. Voltages 

!> 1.5ns 
Oto3V 
1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 5. AC Testing Load Circuit 
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Table 5. Capacitance <1> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition 

C1N Input Capacitance on all pins (except DQ) V1N = OV 

Cour(21 Output Capacitance 

Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 

Vour=OV 

Table 6. DC Characteristics (T A= 0 to 70 °C, Vee= 5V ± 5%) 

Symbol Parameter Test Condition 

lu Input Leakage Current ov ~ v,N ~Vee 

ILO Output Leakage Current OV ~ Vour ~Vee 

lee1 (l) 
G = v,H, so = v,H, s1 = v,L, 

Supply Current All inputs = v,L = ov 
andV1H 2:3V 

lee2 (21 Supply Current (Standby) TTL so= v,L, s1 = v,H 

lee3 (3) Supply Current (Standby) -

CMOS SO~ 0.2V, S1 2: Vee -0.2V 

v,L Input Low Voltage 

v,H Input High Voltage 

VoL Output Low Voltage loL= BmA 

VoH Output High Voltage loH =-4mA 

Notes: 1. Average Ae current, Outputs open, cycling at tKHKH m1mmum 
2. All other Inputs at VIL $ O.BV or v,H "2.2V 
3. All other Inputs at VIL $ 0.2V or v,H "Vee- 0.2V 

MK62940 

Min Max Unit 

5 pF 

10 pF 

Min Max Unit 

±1 J.lA 

±1 J.lA 

160 rnA 

40 rnA 

30 rnA 

-0.3 0.8 v 

2.2 Vee+0.3 v 

0.4 v 

2.4 v 

5/12 --------------~ ~~©mgm:~~~------------"'-'--' 
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Figure 6. General 12BK Byte Cache Block Diagram 
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GENERAL APPLICATION 

The MK62940 is organized as 32K x 9 bit words to 
support byte parity. By incorporating TAGRAMTM 
with a 15 bit tag field and a 15 bit index address, a 
cache address scheme of 30 bits is monitiored. The 

PERR-

K940APPL 

TAGRAM in addtion to the MK62940 provides an 
architecture for building a 32K x 32 bit burstable 
data cache SRAM array, with byte parity, by using 
four devices in a 128K byte cache application. 

6/12 
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Table 7. Read and Write Modes AC Characteristics (T A= 0 to 70°C, Vee= 5V ± 5%) 

MK62940 
Symbol Parameter 19 24 Unit 

Min. Max. Min. Max. 

tKHKH Cycle Time 25 30 ns 

tKHQV Clock Access Time 19 24 ns 

tKHKL Clock High Pulse Width 9.5 11 ns 

tKLKH Clock Low Pulse Width 9.5 11 ns 

tGLQV Output Enable Access Time 8 9 ns 

tKHQX2 Clock High to Output Hold Time 4 4 ns 

tKHQX1 Clock High to Output Active 4 4 ns 

tGLQX Output Enable to Output Active 0 0 ns 

tKHQZ Clock High to Q High-Z 12 15 ns 

tGHQZ Output Disable to Q High-Z 8 9 ns 

tAVKH Address Set-up Time 3 3 ns 

ITSVKH Transfer Start Set-up Time 3 3 ns 

tovKH Data In Set-up Time 3 3 ns 

tswvKH Write/Read Set-up Time 3 3 ns 

tsAVKH Burst Address Advance Set-up Time 3 3 ns 

tsoVKH Chip Select 0 (SO) Set-up Time 3 3 ns 

ts1VKH Chip Select 1 (S1) Set-up Time 3 3 ns 

tKHAX Address Hold Time 2 2 ns 

tKHTSX Transfer Start Hold Time 2 2 ns 

tKHDX Data In Hold Time 2 2 ns 

tKHWX Wnte/Read Hold Time 2 2 ns 

tKHBAX Burst Address Advance Hold Time 2 2 ns 

tKHWX Asynchronous Write (AW) Hold Time 2 2 ns 

tKHSOX Chip Select 0 (SO) Hold Time 2 2 ns 

tKHS1X Ch1p Select 1 (S1) Hold Time 2 2 ns 

Notes: 1. e, = 85pF (see F1gure 5). 
2. Trans1t1on is measured± 500 mV from steady-stage voltage Withe,= 5pF (see F1gure 5). Th1s parameter IS sampled and 

not 100 % tested. 

Note 

1 

1 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3. This IS synchronous dev1ce requmng that all inputs must meet the specified set-up and hold times w1th stable logic levels for all 
ns1ng edges of the clock input (K) 
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"'...,I lll:a©~llllli~lli©WII!lllla©iii 



MK62940 

Figure 7. Typical Non-Burst Read/Write Cycles 
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Figure 8. Burst Read Cycle 

K 

C1 

Begin Burst 

_L 
I 

C2 

IKHKH 

ITSVKH ~~---- IKHTSX 

TS p 

ts c 

w 

IS1VKH---- --- IKHS1X 

S1 
(SO= VI H) 

C3 C4 cs C6 

Extend Burst 
I KHKL ---- - --- I KLKH 

I 
IAVKH -- --- IKHAX 

~~- A2 
- \ 

IWVKH IKHWX 

IBAVKH 

BAA 
---- ----- - \ __ ,'_-

G 

DO 

IGLOV-

IKHOX1 -

(Data OUT) 

IKHOV 

(A1) 

IKHOX2:-

03 

(A1) (A1) 

\/-\/ -\ 

04 /'~ ;, 01 

(A1) (A2) 

C7 Cw 

Suspend Burst 

I 

__/ 

; 

--' 
\ 

IKHBAX 

IGHOZ-

02 

(A2) 

MK62940 

C1 

A3 

IKHOZ 

IGLOX 

03 

(A2) 

BRAMBR29 

9/12 ----------------------- ~~~~~~:~~~ ------------------------=~ 
771 



MK62940 

Figure 9. Burst Write Cycle 

C1 C2 
Begin Burst 

tKHKH 

K I 
,--' 

\ j \ 
__; \ - \ 

TSp 

TSc 

Ao· 

I A1 
A14 / 

w 

so --

I (S1=VIL) 

BAA 

G 

tDVKH 

DQ 
(Data IN) 

/_ 
I 

Dt 

(At) 

C3 C4 cs 
Extend Burst 

tKHKL · 

\ ;-- \ l 
\ \_ \_/ 

C6 C7 
Suspend Burst 

tKLKH 

\ 

I - ' 
\__/ \ 

\ . 
.___} 

ca 

/ 

C9 
Extend Burst 

tTSVKH 

r 
I 

\ 
IAVKH--- • IKHAX 

,;--· - '[-
!· A2 ;; 

tWVKH - tKHWX 

\ r \ 
\ _L _\ I \ 

ISOVKH tKHSOX 

I 
-- \ 

~ 

' --

-- \--- / - \ I 
\_ I \ I 

\ I I -
\_ - j - _\ - f_ 

' \ 

I 
/_ 

IBAVKH -- ---- tKHBAX 

\ 
\__ 

I-

/_ / \ - £ -~, -- £-__-_ -~~-

tKHDX 

o2 ' ot Y v oi )(v'o2 · 
I ' I\ ~ _ 

(A 1) (A2) (A2) (A2) 

-oi'v~ '/ -o4 v 
I\ _;' _ I\ 

(A2) (A2) 

01 

(A3) 

K940BW02 

10/12 
..:.:::..~----------15ii ~~mWfl~~~ -------------
772 



MK62940 

Figure 10. Combined Burst Read/Write Cycle 

C1 C2 C3 C4 C5 C6 C7 CB 

Begin Burst 
tKHKH 

Suspend Burst Continue Burst 

t KHKL ·- - tKLKH 

K / I I I I I I I I I 

TSp ___; ~ 

TSc 

Ao· 
A1 

A14 
twvKH tKHWX 

w 

lBAVKH tKHBAX 

BAA 
I 
I 

tDVKH tKHDX 

G 

tGHQZ lGLQX lGHOZ address wrap around 

DO 01 D2 02 03 D1 01 

(A1) (A1) (A1) (A1) (A1) (A1) 

BWRK940 

Note: SO= High, S1 =Low. 
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MK62940 

ORDERING INFORMATION SCHEME 

Example: MK62940 Q 19 TR 

Speed 

19 19ns at 40MHz 

24 24ns at 33M Hz 

TR Tape & Reel 
Packing 

For a list of available options (Package, Speed, etc ... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

~12~/~12~----------------------- ~~~@~~:~~~-----------------------------
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M62940A 

VERY FAST CMOS 32K x 9 CACHE BRAM 

• 32K x 9 CMOS SYNCHRONOUS BURST SRAM 

'" FAST CYCLE TIMES: 15, 20ns 

• FAST ACCESS TIMES: 11, 12, 14ns Max 

• ON-BOARD BURST COUNTER 

• INPUT REGISTERS (ADDR.,DATA,CTRL) 

• SELF-TIMED WRITE CYCLE 

• THREE STATE COMMON 1/0 

• HIGH OUTPUT DRIVE CAPABILITY 

• ASYNCHRONOUS OUTPUT ENABLE (G) 

• BURST CONTROL INPUTS: TSP, TSC, BAA 

• DUAL CHIP SELECTS for EASY DEPTH 
EXPANSION 

DESCRIPTION 

The M62940A BRAMTM is a 288K (294,912 bit) 
CMOS Burst SRAM, organized as 32,768 words x 
9 bits. It is fabricated using SGS-THOMSON's low 
power, high performance, CMOS technology. 

Table 1. Signal Names 

AO-A14 Address Inputs 

DQO-DQB Data Inputs I Outputs 

K Clock 

w Write Enable 

G Output Enable 

so Chip Select 0, Active High 

S1 Chip Select 1, Active Low 

TSP Address Start Processor 

TSC Address Start Cache Controller 

BAA Burst Address Advance 

Vee Supply Voltage 

GND Ground 

Vcca Supply Voltage (DQ} 

GNDa Ground (DQ) 

December 1993 

PLCC44 (Q) 

Figure 1. Logic Diagram 

Vee Veeo 

15 

AO-A14 

K 

w 
G 

so M62940A 

ST 

TSP 

TSe 

BAA 

GND GNDQ 

Thts ts advance informatiOn on a new product now tn development or undergomg evaluatton Deta11s are subject to change wtthout nottce 

ADVANCE DATA 

9 

DQ0-008 

VA01246 

1/12 
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M62940A 

Table 2. Absolute Maximum Ratings <1l 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature 0 to 70 oc 
TsTG Storage Temperature -65 to 150 oc 
V1o 121 Input or Output Voltages -0.5 to 7 v 
Vee Supply Voltage -0.5 to 7 v 
lo 131 Output Current 20 mA 

Po Power Dissipation 1.2 w 
Notes: 1. Except for the rating "Operating Temperature Range" stresses above those l1sted in the Table "Absolute Max1mum Ratings" 

may cause permanent damage to the device These are stress ratings only and operation of the device at these or any other 
cond1t1ons above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Ratings conditions for extended periods may affect device reliability Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents 

2. Up to a max1mum operating Vee of 5.5V only. 
3. One output at a t1me, not to exceed 1 second duration. 

Figure 2. LCC Pin Connections 

I~~~ I~~ 
0 0 

::;: 0 or-- 0) "' ::;: « > « ""' « 

A2 CD 44 All 

A3 A12 

A4 A13 

A5 A14 

A6 P GND 
GND 12 M62940A 34 p 007 

000 p 006 

001 P GNDO 

GNDO p Vcco 
Vcco P DOS 
002 

23 p 004 

L..JL..JL..JL..JL..JL..JL..JL..JL..JL..JL..J 

n 0 01$: 00 
1" :il IVi ro o a 0 y ~B a o 

0 z 0 z 
C) "' 

VA01247 

DESCRIPTION (cont'd) 

The device integrates a 2-bit burst counter, input 
registers, high output drive capability, and high 
speed synchronous SRAM onto a single chip. The 
synchronous design provides precise control using 
an external clock (K) input. The M62940A is specifi
cally adapted to provide a burstable, high perform
ance secondary cache for the MC68040 
microprocessor. 

The device is pin compatible and functional equiva
lent to the Motorola MCM62940. The M62940A is 
available in a 44 lead Plastic Leaded Chip Carrier 
package (PLCC). 

The device provides multiple power and ground 
pins to reduce effects induced by output noise for 
high performance applications. Separate power 
and ground pins (Veeo and GNDo) have been 
employed for DQO-DQB to allow output levels ref
erenced to SV or 3.3V. For proper operation all 
GND and GNDo pin must be connected to ground. 
Vee ~ Veeo at all times including power-up. The 
main Burst SRAM power requires a single SV ± 5% 
supply, and all inputs and outputs are TTL compat
ible. 

DEVICE OPERATION 

Addresses (AO-A14), data inputs (DQO-DQB), a!J9 
control signals, with exception of Output Enable (G) 
are clock controlled inputs through non-inverting, 
positive edge triggered registers. A cache burst 
address sequence can be initiated by either TSP 
(Transfer Start Processor) or TSC (Transfer Start 
Cache Controller) inputs, with subsequent burst 
addresses being internally generated by the Burst 
SRAM. 

The BAA input (Burst Address Advance) provides 
control of the burst sequence, which imitates the 
required MC68040 cache burst address se
quence. A cache burst cycle begins by loading the 
internal counter with the present values of A 1 and 
AO. Thereafter, subsequent burst addresses are 
generated internally. The burst counter operates 
in the same manner for either cache burst write or 
read cycles. 

2/12 
=-.:.=.._ ___________ ~ ~~@DifJm~~~~ --------------
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M62940A 

Table 3. Asynchronous Truth Table Figure 3. Burst Count Sequence 
-

DQ Status Mode G 

Read L Data Out ! r 0,0 

Read H High-Z 

Writel21 X Data In 

0,1 

_j 
A1, AO = 1 '1 

L 1,0 

Deselect X High-Z 

Note: 1. X = Don't Care. _ Note: The external values for A 1, AO are the starting pomt for the 
burst sequence graph. The burst counter Will internally 
advance A 1 and AO as shown After the counter reaches 

2. For a cache wnte cycle followmg a read operation, G 
must be high before the input data required set-up time, 
and be held high through the 1nput data hold t1me. a full count from the mit1al value, the address will wrap 

around. 

Table 4. Synchronous Truth Table 

so S1 TSP TSC BAA w K Address Operation 

L X L X X X t N/A Deselected 

X H H L X X t N/A Deselected 

H L L X X X i External Base Address 
Read Cycle - Begin 
Burst 

H L H L X L t External Base Address 
Write Cycle - Begin 
Burst 

H L H L X H i External Base Address Read Cycle - Begin 
Burst 

X X H H L L i Advance Burst Address 
Write Cycle - Continue 
Burst Sequence 

X X H H L H i Advance Burst Address 
Reade Cycle - Continue 
Burst Sequence 

X X H H H L t Hold Current Burst Write Cycle - Suspend 
Address Burst Sequence 

X X H H H H i Hold Current Burst Read Cycle - Suspend 
Address Burst Sequence 

Notes: 1. X = Don't Care. 
2. All inputs except G require set-up and hold tim~ to the rising edge (low to h1gh tranSition) of the external clock (K). 

3. All read and wnte timings are referenced from G or K. 
4. A read cycle is defined by W high or TSP low for the requ1red set-up and hold t1mes. A wnte cycle IS defmed by W being asserted 

low for the set-up and hold t1mes. 
5. G is a don't care when W IS registered tow from the prev1ous nsing clock edge. 
6. Chip Selects must be true (SO= high, S1 = low_)_&each rising of the clock while TSP or TSC is asserted for the dev1ce to remain 

enable; Chip Selects are registered whenever TSP or TSC IS asserted low at the nsmg edge of the clock. 
7. Chip Selects must be true (SO= high, 81 =low) at each rising of the clock while TSP or TSC 1s asserted for the the device to 

remam enabled; Chip Selects are registered whenever TSP or TSC 1s asserted low at the nsing edge of the clock. 

3/12 --------------~ ~~.;m~~~i!~/j _ ___;_ __________ _ 
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M62940A 

Figure 4. Block Diagram 

A14 - ADDRESS 
REGISTER ' ' ' A2 =: A2-A14 

A1 
AO -I BINARY 01 

K 
BAA r-

1=L> J 

-

COUNTER 

QO 
CLR 

t 

ENABLE Sf 
so }- REGISTER 

-f> 

--D-r- WRITE 
REGISTER w 

'----- > 

DQO-DQ8 
9 

DEVICE OPERATIONS (cont'd) 

The TSP and the TSC inputs control the start of the 
burst sequence. When either TSx is asserted low 
at the rising edge of the clock, any ongoing burst 
cycle is interrupted and a new external base ad
dress is registered. Chip selects (SO and 81) are 
only sampled when a new base address is loaded. 

Therefore, the chip selects are registered when 
either transfer start input is asserted low at the 
rising edge of the clock (K), and remain latched 
internally until the next assertion of either TSP or 
TSC. The M62940A Truth Tables and timing dia
grams reference specific device operations. 

It should be noted that the M62940A allows a 
non-burst mode of operation where TSP is the TS 
pin of the MC68040 processor i~pical 2 clock 
cycle mode of operation, and TSC is held high 
during C2 (see Figure 7). However, the non-burst 
mode obviously negates the advantage of the 
internal burst counter for fast cache fill operations. 
In either mode (burst or non-burst), the write cycles 
are internally self-timed, and are initiated by the 
rising edge of the clock input when W is low. 

The BAA input controls subsequent burst data 
accesses after the first data of the burst cycle is 
processed. Each time BAA is asserted low for 
subsequent bursts at the rising edge of the clock 

s~ 32Kx9 MEMORY ARRAY 

(294,912 BITS) 

j~ 

9 9 

r-

INPUT 
REGISTER 

f=L_)-> 

~ 

VA01251 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

:> 1.5ns 

0 to 3V 

1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 5. AC Testing Load Circuit 

DEVICE 

UNDER 

TEST 

L-----1 255 0 

sv 

CL 1ncludes JIG capacitance 

=85pF or SpF 

VA012J8 

""4/..:.:12=------------- ~ SGS·iHOMSON ------------
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Table 5. Capacitance <1> (T A = 25 oc, f = 1 MHz ) 

Symbol Parameter Test Condition 

GIN Input Capacitance on all pins (except DQ) V1N = OV 

CouT(21 Output Capacitance 

Notes: 1. Sampled only, not 100% tested 
2. Outputs deselected 

VouT = OV 

Table 6. DC Characteristics (TA = 0 to 70 oc, Vee= 5V ± 5%) 

Symbol Parameter Test Condition 

lu Input Leakage Current OV ~ VJN ~Vee 

ILO Output Leakage Current OV ~ VouT ~Vee 

lee1 (11 
G = VJH, SO = VJH, S1 = VJL, 

Supply Current All inputs= V1L = OV 
and VJH ~ 3V 

lcc2 (21 Supply Current (Standby) TTL so= VJL, 81 = VJH 

lce3 (31 Supply Current (Standby) -

CMOS SO~ 0.2V, S1 ~Vee -Q.2V 

V1L Input Low Voltage 

v,H Input High Voltage 

VoL Output Low Voltage loL=BmA 

VoH Output High Voltage loH =-4mA 

Notes: 1. Average AC current, Outputs open, cycling at 1KHKH minimum 
2. All olher lnpu1s at V" _, 0.8V or V1H ;, 2.2V 
3. All other Inputs at V1L ~ 0.2V or V1H ::::Vee- 0 2V 

M62940A 

Min Max Unit 

5 pF 

10 pF 

Min Max Unit 

±1 ~A 

±1 ~A 

180 rnA 

40 rnA 

30 rnA 

-D.3 0.8 v 

2.2 Vee+ 0.3 v 

0.4 v 

2.4 v 

5/12 
----------------------------- ~~~@~~~~~~------------------------~--
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M62940A 

Figure 6. Generai128K Byte Cache Block Diagram 

D0-31 ~ 
I 

I 

A2-31 ~ 

! GLOBAL 17 BUS I 

·. D I-~ 
ADDR : 

• I i 

BRAM -1,111 
· ADDR 

. TSC Ill 

MEMORY 

INTF . 
BKxB ! I 

TAGRAMTM l.}_l - -BAA DQ0-7 !<lllj'""'l--+1 
TSP DQB I fi / 

tl u 4 

MC68040 

MATCH ·K ____ W" 

TA 
CACHE CONTOLLER1- WRITE PARITY I 

- LOGIC ~', __ _:R~E~AD~~L-.::GE:N:./:C:H:K~, I CONTROL 
CLK 

TS 

• CLK 

CONTROL~:--------------------~ 

DEVICE OPERATIONS (cont'd) 

input, the burst counter is advanced _to the next 
burst address sequence. The address IS advanced 
from the rising edge of K. Wait states can be 
inserted during burst cycles by holding the BAA pin 
high during positive clock transitions. Upon com
pletion of the full internal burst count, the address 
will wrap-around to its initial base address. 

I 
PERR· · 

______j 

K940APPL 

GENERAL APPLICATION 

The M62940A is organized as 32K x 9 bit words to 
support byte parity. By incorporating TAGRAMTM 
with a 15 bit tag field and a 15 bit index address, a 
cache address scheme of 30 bits is monitiored. The 
TAG RAM in addtion to the M62940A provides an 
architecture for building a 32K x 32 bit burstable 
data cache SRAM array, with byte parity, by using 
four devices in a 128K byte cache application. 

::::61~12=------------- £.V ~~@m~~'!~lj ____________ _ 
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M62940A 

Table 7. Read and Write Modes AC Characteristics (TA = 0 to 70°C, Vee= 5V ± 5%) 

M62940A 

Symbol Parameter 11 12 14 Unit 

Min. Max. Min. Max. Min. Max. 

tKHKH Cycle Time 15 15 20 ns 

tKHOV Clock Access Time 11 12 14 ns 

tKHKL Clock High Pulse Width 5.5 5.5 8 ns 

tKLKH Clock Low Pulse Width 5.5 5.5 8 ns 

tGLOV Output Enable Access Time 5 5 6 ns 

tKHQX2 Clock High to Output Hold Time 3 3 4 ns 

tKHOX1 Clock High to Output Active 4 4 4 ns 

tGLOX Output Enable to Output Active 0 0 0 ns 

tKHQZ Clock High to Q High·Z 6 6 6 ns 

tGHOZ Output Disable to Q High·Z 6 6 6 ns 

tAVKH Address Set-up Time 2 2 3 ns 

hsvKH Transfer Start Set-up Time 2 2 3 ns 

tovKH Data In Set-up Time 2 2 3 ns 

tswvKH Wnte/Read Set-up Time 2 2 3 ns 

IBAVKH Burst Address Advance Set-up Time 2 2 3 ns 

tsovKH Chip Select 0 (SO) Set-up Time 2 2 3 ns 

ts1VKH Chip Select 1 (S1) Set-up Time 2 2 3 ns 

tKHAX Address Hold Time 2 2 2 ns 

tr<HTSX Transfer Start Hold Time 2 2 2 ns 

tKHDX Data In Hold Time 2 2 2 ns 

IKHWX Write/Read Hold Time 2 2 2 ns 

IKHBAX Burst Address Advance Hold Time 2 2 2 ns 

IKHWX Asynchronous Write (AW) Hold Time 2 2 2 ns 

tKHSOX Chip Select 0 (SO) Hold Time 2 2 2 ns 

tKHS1X Chip Select 1 (S1) Hold Time 2 2 2 ns 

Noles: 1. e, = BSpF (see Frgure 5). 
2. Transition is measured± 500 mV from steady-stage voltage withe,= 5pF (see Figure 5) This parameter rs sampled and 

not 100 % tested. 

Note 

1 

1 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3. This is synchronous devrce requrrrng that all inputs must meet the specrfred set-up and hold times wrth stable logic levels for all 
rrsing edges of the clock rnput (K). 

7/12 --------------l:ii ~~;m~~~~lt ____________ ......:..:-= 
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M62940A 

Figure 7. Typical Non-Burst Read/Write Cycles 

PROCESSOR C1 C2 C1 C2 
CLK STATE READ WRITE 

IKHKH 
IKHKL 

CLK \ \ I \ I I \ \ ~- I 
I \ I -- I 

ITSVKH -· ---- ---- IKHTSX IKLKH 

TS p \-\ ~ \_\ . \\ \_ \ \ II 
TS C 

;- --- \ 
IAVKH IKHAX 

Ao· ---\I----

X X A14 )\ A1 A2 

IWVKH --- IKHWX IWVKH 

w \ j \ I \ I \ 

IS1VKH -- ~ I KHS1X 

S1 f \ 
(SO=VIH) I \ 

IBAVKH IKHBAX 
\ 

BAA \. 

IKHQV -. 
~- IGHQZ 

G IKHDX 

IGLQV · IDVKH 

DO 
/-/ 

1 / Dout Q1(A1) / Dm ~;(A2) 

K940R02 

.::c81.:..::12"----------- ~ SGS·lHOMSON -----------._""!I 10JO@IB©~~rnli:Wl©:I!O©ll 
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M62940A 

Figure 8. Burst Read Cycle 

C1 C2 C3 C4 cs C6 C7 Cw C1 

Begin Burst 
tKHKH 

Next Burst 
t KHKL-· -~ tKLKH 

K 
I 

I I 
tTSVKH tKHTSX 

TSp ~ I 

TSc 

tAVKH tKHAX 

ADDR A1 A2 A3 

tWVKH tKHWX 

w 
tS1VKH ·- IKHS1X 

81 
(SO=VIH) 

tBAVKH tKHBAX 

BAA /' 
tGLOV · tKHOZ 

tKHOV Suspend Burst 
G 

tKHOX2 
tKHOX1 

IKHOX2 

" DO -- ------ --- 01 y 02 y 03 04 01 02 . \ 02 03 
(Data OUT) -I \- !/ ' ---

(A1) (A1) (A1) (A1) (A2) (A2) (A2) (A2) 

BRAMBR29 
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M62940A 

Figure 9. Burst Write Cycle 

Ct C2 C3 C4 cs C6 C7 CB C9 
Begin Burst 

tKHKH 
Extend Burst Suspend Burst Extend Burst 

tKHKL · tKLKH 

K 

TSp 
-

tTSVKH ·- tKHTSX 

TSc ____ / 

tAVKH -- tKHAX 
Ao· 

AI A2 A3 
A14 

tWVKH tKHWX 

w 
tSOVKH tKHSOX 

so 
(SI=VIL) I 

tBAVKH tKHBAX 

BAA __ \- I __ \ -

G 

IDVKH IKHDX 

DQ 01 02 \' 01 I 02 v 02 03 v y 04 v 01 
(Data IN) 

\ __ _I\ I\ _I\ / \- _I\ I\ 

(AI) (At) (A2) (A2) (A2) (A2) (A2) (A3) 

K940BW02 
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M62940A 

Figure 10. Combined Burst Read/Write Cycle 

C1 C2 C3 C4 C5 C6 C7 CB 
Begin Burst 

tKHKH 
Suspend Burst Contmue Burst 

tKHKL · tKLKH 

K 
( 

---' 

TSp 

TSc 

Ao· 

A14 
A1 

tWVKH tKHWX 

w 

tBAVKH tKHBAX 

BAA 

tDVKH tKHDX 

G 

tGHOZ tGLOX tGHOZ address wrap around 

DO 01 D2 02 03 D1 01 

(A1) (A1) (A1) (A1) (A1) (A1) 

BWRK940 

Note: SO= H1gh, 81 = Low. 
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M62940A 

ORDERING INFORMATION SCHEME 

Example: 

Q 

M62940A Q 12 TR 

11 11ns at 66MHz 

12 12ns at 66MHz 

14 14ns at SOMHz 

Option 

TR Tape & Reel 
Packing 

For a list of available options (Package, Speed, etc ... ) refer to the Selector Guide in this Data Book or to 
the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you . 

.:..:121=-1:..=2 __________ ~ SGS·lHOMSON -----------
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STCM128 
STCM256 

128K/256K BYTE L2 CACHE RAM MODULE WITH TAG 

• 128K BYTE and 256K BYTE LEVEL-2 i486 
CACHE MODULES 

• SUPPORTS BURST CACHE LINE FILLS; 
FAST ACCESS TIME 15ns, TAG ACCESS 
12ns 

• CONFIGURED as 128K DIRECT MAPPED 
WITH 8K x 8 SRAM (TAG) or 256K TWO WAY 
SET ASSOCIATIVE with 16K x 8 SRAM (TAG) 

• INCLUDES SOCKET for X1 SRAM (DIRTY 
BIT) 

• SINGLE SUPPLY VOLTAGE: 5V ±10% 

• ALL 1/0 TTL COMPATIBLE 
• MULTIPLE Vee and Vss PINS for MAXIMUM 

NOISE IMMUNITY 

" HIGH QUALITY FR4 MULTI LAYER PCB 

DESCRIPTION 

PRODUCT CONCEPT 

Card 

The STCM128 and STCM256 are L2 Cache modules designed to work with the i486® processor. Both are 
constructed from high grade FR4 Laminate material and feature multiple power and ground pins as well 
as separate power and ground planes. All inputs and outputs are TTL compatible, and operate from a single 
5V ±1 0% supply. 

The modules are designed to offer 15ns data access times and 12ns Tag access to support burst cache 
line fills to the i486 microprocessor for fast clock rates up to SOMHz. 

To minimize processor address hold time, all addresses are latched as controlled by an independent latch 
control signal. The design incorporates enough tag field for a valid bit and provision for a dirty bit to support 
copy back cache updates. 

December 1993 1/4 

Thrs rs advance mformat10n on a new product now undergorng evaluatron Details are subject to change wrlhout notrce 
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STMC128, STMC256 

Table 1. Pin Description Overview 

Pin Name Type Active Description 

Control Signals 

ALE I High Address Latch Enable 

CWEO# I Low Cache Write Enable 0 

CWE1# I Low Cache Write Enable 1 

CWE2# I Low Cache Wnte Enable 2 

CWE3# I Low Cache Write Enable 3 

COE# I Low Cache Output Enable 

LCS# I Low Lower Bank Cache Select 

UCS# I Low Upper Bank Cache Select (256K only) 

TWE# I Low Tag Write Enable 

TOE# I Low Tag Output Enable 

TCEN I High Tag Chip Enable High 

TCEN# I Low Tag Chip Enable Low 

OWE# I Low Dirty Bit Write Enable 

DCE# I Low Dirty B1t Chip Enable 

Address Signals 

A4-A17 I Address Lines: A4 - A 17 

BA2- BA3 I Burst Address Inputs, Bank A 

BB2- BB3 I Burst Address Inputs, Bank B (256K only) 

Data Signals 

DO- D31 1/0 Cache Sram Data Lines: DO - D31 

Dl I Dirty Bit Input 

DO 0 Dirty Bit Output 

TDO-TD7 1/0 Tag Data Inputs I Outputs 

Power Pins 

Vee Supply 5V±10% 5V System Supply Voltage 

Vss Ground OV System Ground Plane 

214 ~ SGS·THOMSON --'-------------- A."'fl e~O@l:l@~~~ibUTIB@ii!O©ll ----------------
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Figure 1. STCM128 Block Diagram 
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STMC128, STMC256 

Figure 2. STCM256 Block Diagram 
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MK4505M 
MK4505S 

VERY FAST CMOS 1 K x 5 CLOCKED FIFO 

" FIRST-IN-FIRST-OUT MEMORY BASED 
ARCHITECTURE 

II 1024 X 5 ORGANIZATION 
., RISING EDGE TRIGGERED CLOCK INPUTS. 
" SUPPORTS FREE-RUNNING 40% TO 60% 

DUTY CYCLE CLOCK INPUTS . 
" SEPARATE READ AND WRITE ENABLE IN

PUTS 
• BiPORT RAM ARCHITECTURE ALLOWS 

FULLY ASYNCHRONOUS AND SIMULTA
NEOUS READ/WRITE OPERATION 

" CASCADABLE TO ANY DEPTH WITH NO AD
DITIONAL LOGIC 

" WIDTH EXPANDABLE TO MORE THAN 40 
BITS WITH NO ADDITIONAL LOGIC 

., HALF FULL STATUS FLAG 
" FULL AND EMPTY FLAGS, ALMOST FULL, AL

MOST EMPTY,· )NP.UT · READY, OUTPUT 
VALID STATUS FLAGS (4505M) 

DESCRIPTION 

The MK4505 is a Very High Speed 1 K x 5 Clocked 
FIFO memory. It achieves ns high perfonnance 
through the use of a pipelined architecture, a 1.2~-t full 
CMOS, single poly, double level metal process, and 
a memory array constructed using SGS
THOMSON's 8 transistor BiPORfTM memory cell. 

The device is designed for use in applications where 
data is moving through a system on a square wave 
clock ; applications such as digitized video and 
audio, image processing, A~to-D and D-to-A conver
sions, high speed data links, Radar return sampling 
or data tracing. ·· · · 

PIN NAMES 

DO- D4 Data Inputs 

00-04 Data Outputs 

CKW, CKR Write and Read Clock 

WE1 Write Enable Input 1 

RE1 Read Enable Input 1 

RS Reset (active low) 

HF Half Full Flag 

Vee, GND 5 Volts, Ground 

February 1992 

20~ 24~ 
1 

PSDIP20 (N) PSDIP24 (N) 

Figure 1. Pin Connections. 

D4 Vee 
D3 eKW 
D2 WE1 
D1 FF 

DO DR 
AE HF 
RS AF 
OV 04 
EF 03 

RE1 02 
CKR 01 
GND 00 

VA006l2 

Vee 
D3 2. eKW 
D2 3 WE1 
D1 4 WE2 

DO 5 HF 
RS 6 04 

RE2 7 03 
RE1 8 02 

eK2 9 01 
GND 10 00 

VA00613 
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Figure 2 . Block Diagram. 
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DESCRIPTION (Continued) 4505Monly 

45058 only 

Write Enable Input 2 

c 

E 

Q v 

A E 

The device is available in two versions; a Master, the 
MK4505M, and a Slave, the MK4505S. The Master 
provides all of the control signals necessary for re
liable, full speed, fully asynchronous width expan
sion and/or depth expansion. The Master also 
provides a full compliment of status flags, including 
Output Valid, Empty, Almost Empty, Half Full, Al
most Full, Full, and Input Ready. The Master cannot 
be written while Full or read while Empty. The Slave, 
in contrast, can be forced to write and/or read con
tinuously regardless of device status ; a feature use
ful in triggered data acquisitions, or for retransmit 
(repeat reading) applications. 

Read Enable Input 2 (rising edge 
triggered 3 state control) 
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ASBOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, Voltage on any Pin Relative to Ground - 1.0 to 70 v 

TA Ambient Operating Temperature 0 to 70 oc 
TsrG Ambient Storage Temperature (plastic) -55to125 oc 

Po Total Device Power Dissipation 1 w 
lour Output Current per Pin 25 mA 

Note :Stresses greater than those listed under ''Absolute Maximum Ratings" may cause permanent damage to the dev1ce. This 
is a stress rating only and functional operation of the device at these or other conditions beyond those indicated in the 
operational section of this specif1cat10n 1s not Implied. Exposure to absolute maximum rating conditions for extended 
periods of time may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS (0°C ~TA~+70°C) 

Symbol Parameter Value Unit Note 

Min. Typ. Max. 

Vee Supply voltage 4.5 5 5.5 v 1 

GND Ground 0 0 0 v 1 

v,H Logic 1 input 2.2 Vee+ 1.0 v 1 

v,L Logic 0 input -0.3 0.8 v 1 

Note : 1. All voltages referenced to GND. 

DC ELECTRICAL CHARACTERISTICS (0°C~ T A~ + 70°C; Vee =5V ±1 0%} 

Symbol Parameter 4505-25 4505-33 4505-50 Unit Note 

Min. Typ. Max Min. Typ. Max Min. Typ. Max 

Icc Average Power Supply 115 140 95 140 75 140 mA 1 
Current 

Symbol Parameter Min. Max. Unit Note 

ilL Input Leakage Current ± 1 llA 2 

lcL Output Leakage Current +10 J.!A 2,3 

VoH Logic 1 Output Voltage (lour= -4 mA) 2.4 v 4 

VoL Logic 0 Output Voltage (lour = 8 mA) 0.4 v 4 

Notes : 1. Measured with both ports operating at tcK Min, 50% duty cycle, outputs open, Vee max. Typical values reflecttcK Min, outputs 
open, with Vee = 5V, 25°e, with 50% duty cycle. 

2. Measured w1th V = OV to Vee. 
3. Measured at 00-04, with OV =Low (4505M); after clocking with RE2 =Low (45058). 
4. All voltages referenced to GND. 

CAPACITANCE (TA =25°C, f =1.0MHz) 

Symbol Parameter Value Unit Note 

Min. Typ. Max. 

c, Input Capacitance 4 5 pF 1 

Co1 Output Capacitance 8 10 pF 1,2 

Co2 Output Capacitance 12 15 pF 1,3 

Notes: 1. Sampled, not 100% tested. Measured at 1MH~ _ 
2. Measured at ;ill_ data and flag outputs except EF and FF. 
3. Measured at EF and FF. 
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AC TEST CONDITIONS 

Parameter 

Input Levels 

Transition Times 

Input and Output Timing Reference Levels 

Ambient Temperature 

Vee 

Figure 3. Output Load Circuits. 

DEVICE 

UNDER 
TEST 

+ 5V 

Note : * Includes scope and test fixture. 

READ AND HOLD OPERATIONS 
The device will perform a Read on the next rising 
edge of the Read Clock (CKR) whenever (see Fig
ure 4): 

_ (45058) RE1 and RE2 are high at the rising 
edge of the clock. 

_ (4505M) RE1 and EF are high at the rising 
edge of the clock. 

Because the device only re-evaluates and updates 
the Empty Flag (EF) on the rising edge of CKR, the 
appearance of an active Empty Flag at valid flag ac
cess time, tF1A, assures the user that the next rising 
edge of CKR will generate an inhibit condition. All Q 
outputs will be High Z at toz from the rising edge of 
CKR. EF is latched between subsequent read 
clocks. 

The device will perform a Hold Cycle (hold over pre
vious data) if RE1 is low at the rising edge of the 
clock (CKR). If EF (4505M) or RE2 (45058) is low 
at the rising edge of the clock, then the outputs will 
go to High-Z. 
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Value 

0 to 3 

5 

1.5 

o to 70 

5± 10% 

DEVICE 

UNDER 
TEST 

WRITE OPERATIONS 

Unit 

v 
ns 

v 
oc 
v 

+ sv 

VRD00401 

The device will perform a Write on the next rising 
edge of the Write Clock (CKW) whenever (see Fig
ure 5) : 

_ (45058) WE1 and WE2 are high at the rising 
edge of the clock. 

_ (4505M) WEI and FF are high at the rising 
edge of the clock. 

Because the device only re-evaluates and updates 
the Full Flag (FF) on the rising edge of CKW, the ap
pearance of an active Full Flag at valid flag access 
time, tF1A, assures the user that the next rising edge 
of CKW will generate a No-Op condition. FF is 
latched between subsequent write clocks. 
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MK4505M (Master) WRITE TRUTH TABLE 

CKW Present State Operation Next State 

RS WE1 FF FF Data in 

X 0 X X Reset 1 Don't Care 

1' 1 0 0 No-Op ? Don't Care 

1' 1 0 1 No-Op 1 Don't Care 

1' 1 1 0 No-Op ? Don't Care 

1' 1 1 1 Write ? Data in 

? = Device Status is referenced to the "next state" logic conditions. 
The "next state" flag logic level is unknown due to the possible occurence of a read operation. 

MK4505M (Master) READ TRUTH TABLE 

CKR Present State Operation Next State 

RS RE1 EF EF Oour 

X 0 X X Reset 0 HiZ 

1' 1 0 0 Inhibit ? HiZ 

1' 1 0 1 Hold 1 Previous Q 

1' 1 1 0 Inhibit ? HiZ 

1' 1 1 1 Read ? Data Out 

? = Device Status is referenced to the "next state" flag logic and Oour conditrons. 
The "next state" flag logrc level is unknown due to the possrble occurrence of a wnte operatron. 

MK4505S (Slave) WRITE TRUTH TABLE 

CKW Present State Operation Next State 

RS WE1 WE2 Data 

X 0 X X Reset Don't Care 

1' 1 0 0 No-Op Don't Care 

1' 1 0 1 No-Op Don't Care 

1' 1 1 0 No-Op Don't Care 

1' 1 1 1 Write Data in 

MK4505S (Slave) READ TRUTH TABLE 

CKR Present State Operation Next State 

RS RE1 RE2 Oour 

X 0 X X Reset HiZ 

1' 1 0 0 Inhibit HiZ 

1' 1 0 1 Hold Previous Q 

1' 1 1 0 Inhibit HiZ 

1' 1 1 1 Read Data Out 
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RESET 

RS is an asynchronous master reset input. A Reset 
is required after power-up, before first write. Reset 
commences on the falling edge of RS irrespective 
of the state of any other input or output. The user is 
required to observe Reset Set Up Time (tRss) only 
if the device is enabled (see Figure 7). The IRSS spe
cification is a don't care if the device remains dis-

abled (WE1 = RE1 = LOW). All status f§g_ outputs 
will be valid tRsA from the falling edge of RS, and all 
0 data outputs will be high impedance tRsoz from 
the same falling edge. 

After Reset, if no valid Read operations have been 
performed since Reset, the "previous data" that will 
be output when executing the first Hold cycle will be 
all zeros (see Figure 8). 

AC ELECTRICAL CHARACTERISTICS (TA =0°C to 70°C, Vee= 5V ±1 0%) 

Symbol Parameter 4505-25 4505-33 4505-50 Unit Note 
Min. Max Min. Max Min. Max. 

lcK Clock Cycle Time 25 33 50 ns 1 
lcKH Clock High Time 10 13 20 ns 1 
ICKL Clock Low Time 10 13 20 ns 1 
Is Set Up Time 10 13 16 ns 1 
IH Hold Time 0 0 0 ns 
lA Output (Q} Access Time 15 20 25 ns 1, 2 

IF1A Flag 1 Access Time (?I 15 20 25 ns 1, 2 

IF2A Flag 2 Access Time (BI 20 25 30 ns 1, 2 

loH Output Hold Time 5 5 5 ns 1' 2 
toz Clock to Outputs High-Z 15 20 25 ns 1' 3 
taL Clock to Outputs Low-Z 5 5 5 ns 1' 3 

IRSS Reset Set Up Time 12 16 25 ns 1, 4 

IRS Reset Pulse Width 25 33 50 ns 
IRS A Reset Flag Access Time 50 66 100 ns 1, 3 

IRSOZ Reset to Outputs High-Z 25 33 50 ns 1' 3 
IFRL First Read Latency 50 66 100 ns 1, 5 
IFFL First Flag Cycle Latency 25 33 50 ns 1, 6 

Notes: 1. All AC Electrical Charactenstics measured under conditions specified in "AC Test Conditions". 
2. Measured w/40pf Output Load (F1gure 3A) 
3. Measured w/5pf Output Load (Figure 3B). 
4. Need not be met unless device is Read and/or Write Enabled. 
5. Minimum first Write to first Read delay required to assure valid first Read. 
6. MinimumJI.i:st Write to first Read Clock delay required to assure clearing the Empty Flag. 
7. Flag 1 ~ EF. FF. OV. DR. 
8. Flag 2 ~ AE. AF. HF. 
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Figure 4. Read Cycle Timing. 

12 

CK, 

EF 

OV 

I4505SJ ----+-.....,.~'"'"""<""'<""'""""""""""'"""""""",..,...,""" 
RE2 

Q 

PREVIOUS 0 

VRD00402 

Note : For this particular diagram the EF changes logic states presuming that a valid WRITE operat1on has occured prior to the 
rising edge of CKR at 12. 

Figure 5. Write Cycle Timing. 

Cl<vt 

FF 

DR 

14505MJ 
WE, 

1450581 

WE, 

D 

12 ta 
1cK ------->1 

''""""" 

Note :For this particular d1agram the FF changes log1c states presuming that a valid READ operation has occured pnor to the 
nsing edge of CKW at 1:3. 
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Figure 6. Hold Cycle Timing. 

a 

av 

Note : EF = HIGH (master) 
RE2 = HIGH (slave) 

READ 

Figure 7. Reset Cycle Timing. 

HOLD READ READ 

D VALID DATA IN )>-----------------------1( 

FF , DR 

CK w ____ _/ 

RS 

CK 

RE2, EF 

av 

a 

Note : tAss must be met if the device is read AND/OR write enabled (WE1, RE1 = High). 
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Figure 8. First Hold After Reset. 

t, t 

-------
1Rc __ · __________ ~ _____ '•c-~----~-----'•c ____ '_' ____ '•_c~------trRESET I INHIBIT I, '~'"' I ~: ~ ·f ·~· I 

RS 

'"'~ ~ T 
~-0----------:~ ~--------J_1_F1_A1 _______ 

1
_," ; " L~~vA_L_Io_oA_T_A _our 

-~'-"--"--"-"'-"-------'~l_'s_r ___ _ 
EF I4505MI )! 
OR vrOJJ4C6 

RE2 (4505S) 

Note : A valid write operation is presumed between t, and t,. 

Figure 9. Almost Empty Flag Timing (4505M only). 

READ 

a 
HOLD 

LAST READ BEFORE 
AE 

RE1 I 1H~~s-

HOLD 

=-111 -~'""'""""'...,....,---I-S -_j---_--,F-2A-=-}.-+,....,.\'DY\ 

AE IF2A1-----------------

WE, 

I 's 
--------------<( ~~~~~~ ~:ITE >--< WRITE )----<'-_W_R_IT_E ____ _ 

VR~004D7 

Note : 1. This example does not show the hysterisis in the ALMOST FLAGS. 
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Figure 10. Almost Full, Half Full Flag Timing. 

LAST WRITE BEFORE HF OR AF 

D ( D::~~N ) ~~::~ ~ 

:/_WE~-~ __ '• 
. ~-

AF,HF 131 ll' \. -------------- 'm c--------
CKR --------------------~ 

RE1 !MASTER! 

RE 2 1SLAVEI 

o•n------------------------------------------------~ FIRST READ SINCE 
HF OR AF 

HOLD PREVIOUS Q FIRST READ SINCE 
HF OR AF 

VA0004DS 

Notes : 1. 0 outputs in Master/Slave Width Expansion (RE2 = EF), or when using MK4505S Slave separately. 
2. 0 outputs m Master-to-Master Depth Expansion (REI with EF =HIGH), or when using the MK4505M separately. 
3. This example does not show the hysterisis in the ALMOST FLAGS. 

Gating Gating Flag Flag Read Locations Write Locations 
Clock Operation Affected Transition Remaining to Empty Available to Full 

CKR CKW 

t - READ AE "' a· 1016 
- t WRITE AE "' 10 1014 
t - READ AE ... 9 1015 
- t WRITE AE ... 11 1013 
t - READ AF "' 1014 10 
- t WRITE AF "' 1016 a· 
t - READ AF ... 1013 11 
- t WRITE AF ... 1015 9 
t - READ HF "' 510 514 
- t WRITE HF "' 512 512* 
i - READ HF ... 509 515 
- i WRITE HF ... 511 513 

Notes : * Flag definition to the respective operation and clock. 
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1. All examples are given in reference to the flag transition point, in the direction shown, for the given clock edge and operation. 
The flag remains stable as long as the condition that set or cleared the flag exists in the device. 

2. The table describes the number of the cycles that can be performed, including the next rising edge. 
3. Remaining Read or Available Write locations at the flag transition point reflects the hysterisis inherent to the internal scheme 

that detects the flag status. 
4. Asynchronous or simultaneous dual port operations at the flag transition point may result in a false flag status. When this 

occurs, the flag is evaluated and updated on the subsequent clock. 



Figure 11. Simultaneous Write/Read Timing (4505M only). 
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Figure 12 .. Simultaneous Write/Read Timing (4505S only). 
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SIMULTANEOUS WRITE/READ TIMING 

The Empty Flag (EF) is guaranteed to clear (go 
HIGH) in response to the first rising edge of the read 
clock (CKR) to occur IFFL (First Flag Latency) after 
a valid First Write (from the rising edge of CKW). 
Read clocks occur'l!:!g less than IFFL after a First 
Write may clear the EF, but are not guaranteed (see 
Figure 1 0). As always, reads attempted in conjunc

-tion with an active Empty Flag are inhibited. There
fore, the next rising edge of CKR following IFFL will 
produce the first valid read. This is the IFRL (First 
Read Latency) pa-rameter, and must be observed 
for proper system operation with the latched EF. 
Coming from an empty condition, the First Read op
eration should be accomplished by enabling RE1 no 
less than ts before the rising edge of CKR at tFRL· 
The Q outputs will present valid data lA from the ris
ing edge of CKR. 

When using the MK4505S (Slave) separately, the 
user must observe the IFRL (First Read Latency) 
parameter to ensure first-write-to-first-read valid 
data. Referring to Figure 12, the first rising edge of 
CKR to occur IFRL after a First Write clock will guar
antee valid data lA from the rising edge of CKR. 
Read operations attempted before IFRL is satisfied 
may result in reading RAM locations not yet written. 
Careful observance of IFRL by the user is a must 
when using free running asynchronous read/write 
clocks on the MK4505S; there is no automatic read 
and write protection circuitry in the Slave. 

It should also be noted that the MK4505M/S has an 
expected "fall-through delay time" described as First 
Write data presented to the FIFO and clocked out to 
the outside world. This can be calculated as : 

Before Read Clock 

RE1 EF QV Reads Remaining 

X 0 X 0 
0 I I ~ 1 
1 1 0 1 
1 1 X >2 

Is+ IFRL + lA (from Figure 11 or 12). Further occur
ring valid read clocks will present data to the Q out
puts lA from the rising edge of CKR. 

WIDTH AND DEPTH EXPANSION 

A single Master (MK4505M) is required for each 1 K 
of depth configured. The number of Slaves that can 
be driven by a single Master is limited only by the ef
fects of adding extra load capacitance (Write and 
Read Enable Input Capacitance) onto the Input 
Ready (DR), Output Valid (QV), Full Flag (FF) and 
Empty Flag (EF) outputs. However, even 40 bits of 
width (8 devices) results in only 40pf of loading, 
which corresponds to the amount of load called out 
in the AC Test Conditions. Additional loading will 
slow the flags down, but as long as Enable Set Up 
time (ts) is met, slowing the flags has no negative 
consequences. 

DEPTH EXPANSION HANDSHAKE PROTO
COL 

The depth expansion handshake device connec
tions are shown in Figure 13. The expansion inter
face signals can be considered transparent to the 
user, as long as the expansion clock continues to 
run. The Output Ready (QV) flag, and the Data 
Ready (DR) flag logic descriptions are detailed in the 
following charts. Since the expansion clock is the 
read clock for the sending FIFO, as well as the write 
clock for the receiving FIFO, these two signals pre
vent data loss during depth expansion applications 
where the receiving bank (bank B, Figure 13) goes 
full simultaneously as the sending bank goes empty 
(bank A, Figure 13). 

Operation at CKR After Read Clock Note 

QV Status 

Inhibit 0 Empty 1 
Hold 0 Active 2 
Read 1 Empty 3 
Read 1 Active 4 

Notes: 1. Whenever EF is act1ve low, further attempted read cycles are inhibited. 
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2. QV 1s gated by RE1 such that the QV flag Will be latched low tF1A from the nsing edge of CKR when RE1 is low. The RE1 
input must meet the set-up time (ts) prior to the read clock edge. QV does not logically allow or prevent a read operation. 

3. Whenever RE1 1s active h1gh, QV Will always follows the EF s1gnal by one read clock cycle. 
4. This condition displays a typ1cal read operation when remaining memory locations (pnor to the read operatiOn) are from 2 

to 1024. EF and QV continue to acknowledge that the FIFO has more data available. 
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Before Write Clock Operation at CKW After Write Clock Note 

WE1 FF DR Write Available DR Status 

X 0 0 0 No-Op 0 Full 1 
0 1 0 1 No-Op 1 Full-1 2 
0 1 1 1 No-Op 0 Full-1 2 
1 1 X 1 Write 0 Full 1 
0 1 X 2 No-Op 1 Active 3 
1 1 1 2 Write 0 Full-1 4 
0 1 1 2:3 No-Op 1 Active 
1 1 1 >3 Write 1 Active 5 

Notes : 1. DR can be low only when the MK4505M is full or (full-1 ). Whenever the device goes full (FF = low), then DR will be latched 
low tF1A from the same write clock edge (CKW) regardless of the logic state of the DR flag at the clock transition. Further 
attempted write operations are blocked since FF is low. 

2. If DR changes logic states after the write clock, then this example reflects the condition when the MK4505M has one (1) 
memory location available (full-1 ). DR will presume the opposite logic state of the previous cycle for subsequent write clocks 
if WE1 is disabled (low) and one memory location is available. Whenever the MK4505M goes full (FF = low), DR will be 
latched low in the same clock cycle. (This is part of the Depth Expansion Protocol, and acts to not1fy the sendmg unit that 
space IS available.) The DR flag does not logically allow or prevent a write operation. 

3. If DR IS a logic 1 before and after the write clock, then this example s1gmf1es that the available memory locations m the 
MK4505M are greater than or equal to 2, after the completed write operation. 

4. During a valid write cycle, the DR flag will go inactive low tF1A from the rising edge of CKw 1f the wnte counter is (full-2) at 
the clock trans1t1on. This results IS a (full-1) cond1t1on. (Refer to notes 1 and 2.) 

5. This cond1t1on displays a typ1cal write cycle, where available memory locations (prior to the write operation) are from 3 to 
1024. DR and FF contmue to acknowledge that the FIFO is ready to accept more data. 

In summary, the QV flag follows the EF signal by one 
read clock cycle (in all instances) when RE1 is active 
high atthe rising edge of CKR. Whenever RE1 is dis
abled (low), the QVflagwill go lowiF1A from the ris
ing edge of CKR. Of course, the RE1 input must 
satisfy the set-up time (ts) prior to CKR. The QV flag 
does not enable or inhibit read operations. Read 
protection is provided by the EF signal. 

The DR flag will go low one cycle prior to a full con
dition (full-1 ), or DR will go high at (full-2) from the 
rising edge of CKW. However, if WE1 is disabled 
(low), and the device has one location available, 
then DR will toggle each subsequent write cycle until 
full. This way the device notifies the sending unitthat 
at least one more byte of data can be accepted. 
When the device goes full, the DR flag will be latched 
low tF1A from the clock edge (during the same write 
cycle), regardless of its previous logic state. As with 
all valid write cycles, the WE1 input must satisfy the 
set-up time (Is) prior to CKW. The DR flag does not 
enable or inhibit write operations. Write protection is 
provided by the FF signal. 

WIDTH AND DEPTH EXPANSION 
EXAMPLES 

The width and depth expansion interface timing di
agrams (Figures 14 and 15) are in reference to the 
width and depth expansion schematic in Figure 13 

(For simplicity all clocks have the same frequency 
and transition rate). 

Example 1 - First Write Since Empty- Reading the 
timing diagram from the top left to bottom right, one 
can determine that figure 13 illustrates the effects of 
the first WRITE/READ ~cles from an EMPTY array 
of FIFOs. Both of the EF pins are initially low (EFx, 
EF and RE2). As data is written into Bank A, the ex
pansion clock reads data from Bank A and writes it 
to Bank B, the interface EF (EF and RE2) and the 
external EF (EFx) go inactive (logic 1) while data is 
shifted through the FIFO array from Bank A through 
Bank B to the external output (QO- 04 ). The EF logic 
goes valid (logic 0) once data is shifted out of its re
spective bank. 

Example 2- First Read Since Full - Reading the tim
ing diagram from the bottom left to top right, one can 
determine that figure 15 illustrates the effects of the 
first READs from a FULL array of FIFOs. As data is 
read out of the system (00- 04), it allows Bank B 
to receive data (OEXP) shifted from Bank A. As Bank B 
shifts data out via 00 - 04, allowing Bank A to 
shift data into Bank B, both banks will show a 
cleared FF status (logic 1) on the e~ansion FF (FF 
and WE2) as well as the internal FF (FFx). When 
Bank A is no longer considered FULL, Data In from 
the system (DO- D4) is now written into Bank A. The 
FIFO array is again completely Full. 
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APPLICATION 
TJ:le MK4505 operates from a 5V supply. It is compatible 
with all s~andard TTL families on all inputs and outputs. 
The deVI~ s~ould share ~solid ground plane with any 
oth~r.deVIces Interfaced with it, particularly TTL devices. 
Additionally, because the outputs can drive rail-to-rail 
into high impedance loads, the MK4505 can also inter
face to 5V CMOS on all inputs and outputs. 

Since very high frequency current transients will be 
~sso_ciated with the operation of the MK4505, power 
hne mductance must be minimized on the circuit 
board power distribution network. Power and 
ground trace gridding or separate power planes can 
be employed to reduce line inductance. A high fre
quency decoupling capacitor should be placed next 
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to each FIFO. The capacitor should be 0.1!J.F or 
larger. Also, a pull-up resistor in the range of 1 KQ is 
recommended for the RESET input pin to improve 
proper operation. 

Though often times not thought of as such, the 
trac~s on a me_mory board are basically un
termlnated, low Impedance transmission lines. As 
such they are subject to signal reflections mani
fest_ed as n~ise? un_dershoots and excessive ringing. 
Senes term1nat1on 1n close proximity to the TTL driv
ers can improve driver/signal path impedance 
matching. While experimentation most often proves 
to be the only practical approach to selection of se
ries resistors, values in the range of 1 OQ to 33Q 
often prove most suitable. 
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MK4505M - MK4505S 

Figure 14. Example 1- Width and Depth Expansion Interface Timing. 
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Note: • Example begins with both banks emply, as slalus flags indicate. 
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MK4505M - MK4505S 

Figure 15. Example 2- Width and Depth Expansion Interface Timing. 
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MK4505M - MK4505S 

ORDERING INFORMATION 

Example: MK4505M N 25 

.-------T -L 
~--_L_-~ 

Package I I Speed 

N PSDIP20 
and/or 

PSDIP24 

25 

33 

25ns 

33ns 

50 SOns 

In a System using both M4505M and M4505S, parts should be ordered individually. 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or 
the current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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• FIRST-IN, FIRST-OUT MEMORY BASED 
ARCHITECTURE 

• FLEXIBLE 512 x 9 ORGANIZATION 

• LOW POWER HCMOS TECHNOLOGY 

• ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 

• BIDIRECTIONAL APPLICATIONS 

" FULLY EXPANDABLE BY WORD WIDTH OR 
DEPTH 

• EMPTY AND FULL WARNING FLAGS 

• RETRANSMIT CAPABILITY 
a HIGH PERFORMANCE 

DESCRIPTION 
The MK4501 is a BiPORT™ FIFO memory, which 
utilizes special two-port cell tech- niques. Specifi
cally, this device implements a First-In, First-Out 
algorithm, featuring asynchronous read/write oper
ations, full and empty flags, and unlimited expan
sion capability in both word size and depth. The 
main application of the MK4501 is as a rate buffer, 
sourcing and absorbing data at different rates, 
(e.g., interfacing fast processors and slow periph
erals). The full and empty flags are provided to 

PIN NAMES 

w Write 

R Read 

RS Reset 

DO-DB Data Inputs 

Q0-08 Data Outputs 

GND Ground 

XI Expansion Input 

xo Expansion Output 

FF Full Flag 

EF Empty Flag 

FURT First Load I Retransmit 

Vcc!GND 5 Volts/Ground 

NC Not Connected 

February 1992 

MK4501 

CMOS 512 x 9 BiPORT FIFO 

PDIP28 (N) PLCC32 (K) 

Figure 1. Pin Connections 
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03 05 
08 04 

GND R 

VA00609 

8 ~ 13: ~ >8 ~ ~ 

D2 D6 
D1 D7 

DO NC 
Xi F'L;Rf 

FF RS 
QO 10 IT 
01 11 XQ 

NC 12 07 
02 13 06 

14 15 15 17 18 19 20 

1"0 a:) 0 u 10:: v L{) 

oozz 00 
0 
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MK4501 

Figure 2. Block Diagram 
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INTRODUCTION (Continued) 

prevent data overflow and underflow. The data is 
loaded and emptied on a First-In, First-Out (FIFO) 
basis, and the latency for the retrieval of data is 
approximately one l~ad cycle (write) .. Since the 
writes and reads are Internally sequent1al, thereby 
requiring no address informati~n. the pi~out d~fini
tion will serve this and future h1gh-dens1ty dev1ces. 
The ninth bit is provided to support control or parity 
functions. 

FUNCTIONAL DESCRIPTION 

Unlike conventional shift register based FIFOs, the 
MK4501 employs a memory-based architecture 
wherein a byte written into the device does not 
"ripple-through". Instead, a byte written into the 
MK4501 is stored at a specific location, where it 
remains until over-written. The byte can be read 
and re-read as often as desired. 

Twin address pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
bytes (writing while full). On~e a byte stored_ at a 
given address has been read, 1t can be over-wntten. 

2/15 
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Address pointers automatically loop back to ad
dress zero after reaching address 511 . The 
empty/full status of the FIFO is t~erefore a functio~ 
of the distance between the po1nters, not of the1r 
absolute location. As long as the pointers do not 
catch one another, the FIFO can be written and 
read continuously without ever becoming full or 
empty. 
Resetting the FIFO simply resets the address poin
ters to address zero. Pulsing retransmit resets the 
read address pointer without affecting the write 
address pointer. 
With conventional FIFOs, implementation of a 
larger FIFO is accomplished by cascading the indi-vid
ual FIFOs. The penalty of cascading is often unac
ceptable ripple-through delays. The ~501 e3:11o_ws 
implementation of very large Fl FOs w1th no t1mrng 
penalties. The memory-based architecture of the 
MK4501 allows connecting the read, write, data in, 
and data out lines of the MK4501 s in parallel. The 
write and read control circuits of the individual 
FIFOs are then automatically enabled and disabled 
through the expansion-in and ~xpan.si~n-out P!ns 
as appropriate (see the Expans1on T1m1ng sect1on 
for a more complete discussion). 



RECOMMENDED DC OPERATING CONDITIONS (0°C :5 TA :5 +70°C) 

Symbol Parameter Min. Typ. Max. Unit 

Vee Supply Voltage 4.5 5 5.5 v 

GND Ground 0 0 0 v 

V1H Logic "1" All Inputs 2.0 Vee+ 1 v 

ViL Logic "0" All Inputs -o.3 0.8 v 

DC ELECTRICAL CHARACTERISTICS (0°C :5 TA :5 +70°C; Vee= 5V ± 10%) 

Symbol Parameter Min. Typ. Max. Unit 

hL Input Leakage Current (Any Input) ±1 J.lA 

loL Output Leakage Current ±10 J.lA 

VoH Output Logic 1 Voltage (louT = -1 mA) 2.4 v 

VoL Output Logic 0 Voltage (louT = 4mA) 0.4 v 

lcct Average Vee Power Supply Current 80 rnA 

lcc2 ~e~e Stand~ Current 8 rnA (R = W = RS = FURT = V1H) 

lcc3 
Power Down Current 

500 J.lA (all Inputs~ Vee- 0.2V) 

CAPACITANCE (TA = 25°C, f = 1.0MHz) 

Symbol Parameter 
Value 

Unit 
Min. Typ. Max. 

c1 Capacitance on Input Pins 7 pF 

Co Capacitance on Output Pins 12 pF 

Notes: 
1. Pulse widths of less than minimum values are not valid. 5. Measured with 0.4V ,; VoN ,; Vee. 
2. Measured using output load shown in figure Output Load Circuit. 6. R <!: VIH, 0.4V <!: Vour,; Vee. 
3. All voltages are referenced to ground. 

4. 1.5 volt negativeundershoots are allowed for 1 Ons. once 
per cycle. 

7. Icc measurements are made with outputs open. 

8. With output buffer deselected. 

~ SGS·ntOMSON 
A. "f /. II>ID©Iil@llll.~©'iillil@iiiD©\\1 

MK4501 

Notes 

3 

3 

3,4 

Note 

5 

6 

3 

3 

7 

7 

7 

Note 

8 
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MK4501 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vt Voltage on any Pin Relative to Ground -o.5to+7 v 

TA Operating Temperature T A (ambient) Oto 70 ·c 
TsTG Storage Temperature -55 to +125 ·c 
Po Total Device Power Dissipation 1 w 

lour Output Current per Pin 20 rnA 

Note : Stress~s above those listed un?er "Absolute Maximum Ratin~JS" may cause permanent damage to the device. This is a stress rating 
?nly, a_nd f~nct1onal operabon of the dev1c~ at these, or any other condit1o~s above those indicated in the operational sections of this specification, 
1s not 1m plied. Exposure to absolute max1mum ratmgs for extended penods may affect device reliability. 

AC TEST CONDITIONS 

Input Levels 

Transition Times 

Input Signal Timing 
Reference Level 

Output Signal Timing 
Reference Level 

Ambient Temperature 

Vee 

READ MODE 

GNDto3V 

5ns 

1.5V 

O.BV and 2.2V 

ooc to 70°C 

5V±10% 

The MK4501 initiates a Read Cycle (see Figure 4a) 
on th_e falling edge of Read Enable control input (R), 
provtded that the Empty Flag (EF) is not set. In the 
Read mode of operation, the MK4501 provides a 
fast access to data from 9 of 4608 locations in the 
static storage array. The data is accessed on a 
FIFO basis independent of any ongoing WRITE 
operations. After R goes high, data outputs will 
return to a high impedance condition until the next 
Read operation. 
In the event that all data has been read from the 
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Figure 3. Equivalent Output Load Circuit 

+5.0 v 

11 K ohms 

30 pF 

VR000998 

FIFO, the EF will go low, and further Read oper
ations will be inhibited .(!!!e data outputs will remain 
in high impedance). EF will go highJwEF after 
completion of a valid Write operation. EF will again 
go low tREF from the beginning a subsequent READ 
operation, provided that a second WRITE has not 
been comJJieted (see figure 48). Reads beginning 
tEFR after EF goes high are valid. Reads beQ..!!!l 
after EF goes low and more than tRPI before EF 
goes high are invalid_.(!gnored). Reads beginning 
less than tRPI before EF goes high and less than 
tEFR later may or may not occur (be valid) depend
ing on internal flag status. 



AC ELECTRICAL CHARACTERISTICS (0°C :5: TA :5: +70°C; Vee= +5V ± 1 0%) 

-65 -80 
Symbol Parameter 

Min. Max. Min. Max. 

IRe Read Cycle lime 80 100 

lA Access lime 65 80 

IRA Read Recovery lime 15 20 

IRPW Read Pulse Width 65 80 

IRL R Low to LowZ 0 0 

tov Data Valid from High R 5 5 

IRHZ R High to High Z 25 25 

I REF R Low to EF Low 60 75 

IEFR EF High to Valid Read 10 10 

IWEF W High to EF High 60 75 

I API 
Read Protect 35 35 lndeterminant 

Figure 4A. Read and Empty Flag Waveforms 

w 

a -a 
0 8 

EMPTY 

!RP 
INDETERMINANT 

READ 

_j 

IEFR 

FIRST 
VALID 
READ 

-10 -12 -15 

Min. Max. Min. Max. Min. Max. 

120 140 175 

100 120 150 

20 20 25 

100 120 150 

0 0 0 

5 5 5 

25 35 50 

95 115 145 

10 10 10 

95 110 140 

35 35 35 

NOT EMPTY 

!REF 

MK4501 

-20 
Unit Note 

Min. Max. 

235 ns 

200 ns 2 

35 ns 

200 ns 1 

0 ns 2 

5 ns 2 

60 ns 2 

195 ns 2 

10 ns 2 

190 ns 2 

35 ns 2 

EMPTY 

VR000989 
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MK4501 

WRITE MODE 
The MK4501 initiates a Write Cycle (see Figure 48) 
o_Q_ the falling edge of the Write Enable control input 
(W), provided that the Full Flag (FF) is not set. Data 
set-up and hold-time requirements m!!§t be satis
fied with respect to the rising edge of W. The data 
is stored sequentially anQJ.ndependent of any on
going Read operations. FF is asserted during the 
last valid write as the MK4501 becomes full. Write 
operations begun with FF low are inhibited. FF will 
go high tRFF after completion of a valid READ 

operation. FF will again go low lwFF from the begin
ning of a subsequent WRITE operation, provided 
that a second READ has not been completed (see 
Figure 4A). Writes beginning tFFW after FF goes 
high are valid. Writes beginning after FF goes low 
and more than twPI before FF goes high are invalid 
.(jg_nored). Writes beginning less than twPI before 
FF goes high and less than tFFW later may or may 
not occur (be valid), depending on internal flag 
status. 

AC ELECTRICAL CHARACTERISTICS (0°C :s; TA :s; +70°C; Vee= +5V ± 1 0%) 

-65 -80 -10 -12 -15 -20 
Symbol Parameter Unit 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

twc Write Cycle Time 80 100 120 140 175 235 ns 

twpw Write Pulse Width 65 80 100 120 150 200 ns 

twR Write Recovery Time 15 20 20 20 25 35 ns 

los Data Set Up Time 20 25 35 40 50 65 ns 

toH Data Hold Time 10 10 10 10 10 10 ns 

IWFF W Low to FF Low 60 75 95 115 145 195 ns 

IFFW FF High to Valid Write 10 10 10 10 10 10 ns 

IRFF R High to FF High 60 75 95 110 140 190 ns 

Figure 48. Write and Full Flag Waveforms 
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MK4501 

Figure 58. Write/Read to Empty Flag Waveforms 
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Figure 58. Read/Write to Full Flag Waveforms 
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MK4501 

RESET 
The MK45Q..:!Js reset (see Figure 6) whenever the 
Reset pin (RS) is in the low state. During a Reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a Write operation can begin. 

Although neithei._W orJl need be high when RS 
~s low, both W and R must be high tAss before 
RS goes high, and must remain high tRsR after
wards. Refer to the followiQQ discussion for the 
required state of FLIRT and XI during Reset. 

AC ELECTRICAL CHARACTERISTICS (0°C :5 TA < +70°C; Vee= +5V + 1 0%) - -
-65 -80 -10 -12 -15 -20 

Symbol Parameter Unit Note 
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

IRSC Reset Cycle Time 80 100 120 140 175 235 ns 

IRs Reset Pulse Width 65 80 100 120 150 200 ns 1 

IRSR Reset Recovery Time 15 20 20 20 25 35 ns 

IRSS Reset Set Up Time 45 60 80 100 130 180 ns 

Figure 6. Reset Waveforms 

IRSC 

IRS -------1 

RS 

-+---+ IRSR 
IRSS ____ -j 

w 

IRSS -----1 

FF ,xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx* 
VR000992 

Note : EF and FF may change status dunng Reset, but flags will be valid aiiRsc. 
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RETRANSMIT 
The MK4501 can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low. (see Figure 7). 

A Retransmit operation sets the internal read 
pointer to the first physical location in the array, but 

Figure 7. Retransmit Waveforms 

MK4501 

will not affect the position of the write pointer. R 
must be inactive tArs before RT goes high, and 
must remain high for tRTR afterwards. 

The Retransmit function is particularly useful when 
blocks of less than 512 Writes are performed be
tween Resets. The Retransmit feature is not com
patible with Depth Expansion. 

tRTC 

~----------- tRT 

RT 

-1----+-t RT R 
tRTS ----------1 

R 

EF,FF FLAG VALID 

VR000993 

Note : EF and FF may change status during Retransmit, but flags will be valrd at terc. 

AC ELECTRICAL CHARACTERISTICS (0°C ::;TA::; +70°C; Vee= +5V ± 10%) 

-65 -80 -10 -12 -15 -20 
Symbol Parameter Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

lRTC Retransmit Cycle Time 80 100 120 140 175 235 ns 

IAT 
Retransmit Pulse 65 80 100 120 150 200 ns 1 
Width 

lATA 
Retransmit 15 20 20 20 25 35 ns Recovery Time 
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MK4501 

SINGLE DEVICE CONFIGURATION 
A single MK4501 may be used when application 
requirements are for 512 words or less. The 
MK4501 is placed in Single Device Configuration 
mode when the chip is Reset with the Expansion 
In pin (Xi) grounded (see Figure 8). 

Figure 8. A Single 512 x 9 FIFO Configuration 

EXPANSION OUT (XOI 

1 

WRITE IWI 

9 

DATA IN 
I 1\ 

4501 

FULL FL~ IFF! V 

RESET IRS I 

WIDTH EXPANSION 

Word width may be increased simply by connecting 
the corresponding input control signals of multiple 
devices. Status Flags (EF and FF) can be detected 
from any one device. Figure 9 demonstrates an 
18-bit word width by using two MK4501 s. Any word 
width can be attained by adding additional 
MK4501s. 

IRI READ 

9 

I 
DATA OUT 

7 
IEFI EMPTY FL AG 

-
IRTI RETRANS MIT 

VR000994 

- j_ EXPANSION IN lXII 

Figure 9. A 512 x 18 FIFO Configuration (Width Expansion) 

1X01 EXPANSION OUT 

WRITE --~1F~F1--J.
FULL FLAG --~--j 

uls1 
RESET ------1--

EXPANSION IN lXII 

4501 

IRI READ 

IEFI EMPTY FLAG 

1fiT1 RETRANSMIT 

DATA 

OUT 

VR000995 

Note: Flag detection is accomplished by monitoring the FF and EF signals on either (any) dev1ce used in the width expansion configuration. 
Do not connect flag output signals together. 
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DEPTH EXPANSION (Daisy Chain) 

The MK4501 can easily be adapted to applications 
when the requirements are for greater than 512 
words. Figure 1 0 demonstrates Depth Expansion 
using three MK4501s. Any depth can be attained 
by adding additional MK4501s. 

External logic is needed to generate a composite 
Full F_§g and Empty Flag. This requires the ORing 
of all EFs and the ORing of all FFs (i.e.,_gJI must be 
set to generate the correct composite FF or EF). 

MK4501 

The MK4501 operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions. 

1. The first device must be designated by ground
ing the First Load pin (FL). The Retransmit 
function is not valid in the Depth Expansion 
Mode. 

2. All other devices must have FL in the high state. 

3. The Expansion Out (XO) pin of ..§_ach device 
must be tied to the Expansion In (XI) pin of the 
next device. 

Figure 10. A 1536 x 9 FIFO Configuration (depth expansion) 
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MK4501 

EXPANSION TIMING 

Figures 11 and 12 illustrate the timing of the Expan
sion Out and Expansion In signals. Discussion of 
Expansion Out/Expansion In timing is provided to 
clarify how Depth Expansion works. In as much as 
Expansion Out pins are generally connected only 
to Expansion In pins, the user need not be con
cerned with actual timing in a normal Depth Ex
panded application unless extreme propagation 

Figure 11. Expansion Out Timing Waveforms 

WRITE TO 
w ------ LAST PHYSICAL 

LOCATION 

R 

delays exist between the xo/xi pin pairs. 

Expansion Out pulses are the image of the WRITE 
and READ signals that cause them ; delayed in 
time by txoL and txoH. The Expansion Out signal is 
propagated when the last physical location in the 
memory array is written and again when it is read 
(Last Read). This is in contrast to when the Full and 
Empty Flags are activated, which is in response to 
writing and reading a last available location. 

READ FROM 

h 
LAST PHYSICAL 

LOCATION 

1---f.- IXOL -I- IXOH 1-1- IXOL -<-----1- IXOH 

XO " 

VR00959 

AC ELECTRICAL CHARACTERISTICS (0°C :s;TA:s; +70°C; Vee= +5V ± 10%) 

-65 ·80 ·10 ·12 ·15 -20 
Symbol Parameter Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

txoL Expansion Out Low 55 70 75 90 115 150 ns 

txoH Expansion Out High 60 80 90 100 125 155 ns 
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When in Depth Expansion mode, a given MK4501 
will begin writing and reading as soon a~valid 
WRITE and READ signals begin, provided FL was 
grounded at RESET time. A MK4501 in Depth 
Expansion mode with FL high at RESET will not 
begin writing until after an Expansion In pulse 
occurs. It will not begin reading until a second 

Figure 12. Expansion In Timing Waveforms 

MK4501 

Expansion In pulse occurs and the Empty Flag has 
gone high. Expansion In pulses must occur tx1s 
before the WRITE and READ signals they are 
intended to enable. Minimum Expansion In pulse 
width, tx1, and recovery time, txJR, must be ob
served. 

--i 
lXI 

t ""~ -
XI 

I 

!XIS WRITE TO -
w FIRST PHYSICAL 

LOCATION . I XIS READ FROM 

il ~ 
FIRST PHYSICAL 

LOCATION 

VRJ00950 

AC ELECTRICAL CHARACTERISTICS (0°C ~ TA ~ +70°C; Vee= +5V ± 1 0%) 

-65 -80 -10 -12 ·15 -20 
Symbol Parameter Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

tx1 
Expansion in Pulse 60 75 95 115 145 195 ns 1 
Width 

tx1R 
Expansion In 15 20 20 20 25 35 ns 
Recovery Time 

lx1s 
Expansion In Setup 25 30 45 50 60 85 ns 
Time 
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MK4501 

COMPOUND EXPANSION 
The two expansion techniques described above 
can be applied together in a straight forward man
ner to achieve large FIFO arrays (see Figure 13). 

BIDIRECTIONAL APPLICATIONS 
Applications, which require data buffering between 
two systems (each system capable of READ and 
WRITE operations), can be achieved by pairing 
MK4501 s, as shown in Figure 14. Care must be 
taken to ensure that the apQ1:9priate flag is moni
tored by each ~stem. (i.e.,__Ef is monitored on the 
device where W is used ; EF is monitored on the 
device where R is used). Both Depth Expansion 
and Width Expansion may be used in this mode. 

Figure 13. Compound FIFO Expansion Configuration 

ii,w,Ffs 

DO_DN 
D9_DN DIN-Bl_DN 

VR000977 

Notes: 

1. For depth expansion block see DEPTH EXPANSION Section and Figure 10. 

2. For Flag operat1on see WIDTH EXPANSION Section and Figure 9. 

Figure 14. Bidirectional FIFO Application 
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MK4501 

ORDERING INFORMATION 

Example: MK4501 N 65 

I 
~ 

Speed 

N PDIP28 65 65ns 

K PLCC32 80 SOns 

10 100ns 

12 120ns 

15 150ns 

20 200ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or to the 
current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest you. 
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MK4503 

CMOS 2K x 9 BiPORT FIFO 

• FIRST-IN, FIRST-OUT MEMORY BASED 
ARCHITECTURE 

" FLEXIBLE 2048 x 9 ORGANIZATION 

• LOW POWER HCMOS TECHNOLOGY ! 

• ASYNCHRONOUS AND SIM;ULTANEOOS 
READ/WRITE ' 

• BI-DIRECTIONAL APPLICATIO~S 
• FULLY EXPANDABLE BY WORD WIDTH OR 

DEPTH 

• EMPTY AND FULL WARNING FLAGS 

• RETRANSMIT CAPABILITY 
PDIP28 (N) 

• HIGH PERFORMANCE 

• HALF FULL FLAG IN SINGLE DEVICE MODE 

DESCRIPTION 

The MK4503:is aB1PORFM'FJFO m~mory, which 
utilizes special two-port· cell techniques. Specific- : Figure,; 1. Pin Connection./ 
ally, this device imple'ments a First-In; First-Out . 
algorithm, featuring asyn-chronous Read/Write op-
erations, full, half full arid empty flags, and unlim-
ited expansion capability in both word size and 
depth. The main application of the MK4503 is as a 
rate buffer, sourcing and absorbing data at different 

· rates, (e.g., interfacing fast processors and slow 
peripherals). 

PIN NAMES 

w Write 

R Re§ld -· ·- ,·· 

RS Reset 

FURT First Load I fletransmit 

E)Q-08 Daia Inputs 

Q0-08 Data Outputs 

XI Expansion Input 

XOIHF Expansion Output I Half Full Flag 

FF Full Flag 

EF Empty Flag 

Vee 5Volts 

GND Ground 

NC Not Connected 

February 1992 

w '---' 28 Vee 
DB 27 D4 
D3 3 26 D5 
02 4 25 D6 
01 5 24 07 

DO 6 ,. 23 FL/Rf 
Xi. 

: ' Ml<450.3 
22 RS 

FF. 21 IT 
00 9 ' ' 20 p XO/HF 
.01 10 19 ~ 07 
02 11 18 ~ 06 
03 12 17 D o5 
08 13 16 ~ 04 

GND 14 15 p R 

VA00611 

1116 
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MK4503 

Figure 2. Block Diagram 

8 9/ 9 / 0 
7 -l l / 

INPUT I OUTPUT 
BUFFER BUFFER 

-~ WRITE } H WRITE}- H READ ~ H READ w 9 
ADDRESS BiPORT"' ADDRESS 

CONTROL POINTER MEMORY ARRAY POINTER CONTROL 

r FLAG l 

I LOGIC I -
FF E F 

I I 
I EXPANSION LOGIC I x 0/HF 

XI l I 

RS------------------------1 
RESET /RETRANSMIT 

LOGIC 
1-----------------------RT 

VROOlOOD 

DESCRIPTION (Continued) 

The full, half full and empty flags are provided to 
prevent data overflow and underflow. The data is 
loaded and emptied on a First-In, First-Out (FIFO) 
basis, and the latency for the retrieval of data is 
approximately one load cycle (write). Since the 
writes and reads are internally sequential, thereby 
requiring no address information, the pinout defini
tion will serve this and future high-density devices. 
The ninth bit is provided to support control or parity 
functions. 

FUNCTIONAL DESCRIPTION 

Unlike conventional shift register based FIFOs, the 
MK4503 employs a memory-based architecture 
wherein a byte written into the device does not 
"Ripple-Through". Instead, a byte written into the 
MK4503 is stored at a specific location, where it 
remains until over-written. The byte can be read 
and re-read as often as desired in the single device 
configuration. 

Twin internal pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
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bytes (writing while full). Once a byte stored at a 
given address has been read, it can be over-writ
ten. 

The address pointers automatically loop back to 
address zero after reaching address 2047. The 
empty/half full and full status of the FIFO is there
fore a function of the distance between the 
pointers, not of their absolute location. As long as 
the pointers do not catch one another, the FIFO can 
be written and read continuously without ever be
coming full or empty. 

Resetting the FIFO simply resets the write and read 
pointers to location zero. Pulsing retransmit resets 
the read address pointer without affecting the write 
address pointer. 

With conventional FIFOs, implementation of a larger 
FIFO is accomplished by cascading the individual 
FIFOs. The penalty of cascading is often unaccept
able ripple-through delays. The 4503 allows im
plementation of very large FIFOs with no timing 
penalties. The memory-based architecture of the 
MK4503 allows connecting the read, write, data in, 
and data out lines of the MK4503s in parallel. The 
write and read control circuits of the individual 
FIFOs are then automatically enabled and disabled 
through the expansion-in and expansion-out pins. 



MK4503 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

V; Voltage on any Pin Relative to GND -0.5to+7 v 

TA Ambiant Operating Temperature Oto +70 oc 

TsTG Storage Temperature -55to+125 oc 

Po Total Device Power Dissipation 1 w 

lour Output Current per Pin 20 rnA 

Note : Stresses above those listed under "Absolute Maximum Ratings" may be cause permanent damage to the device. This is a stress rating 
only, and functional operation olthe dev1ce at these, or any other conditions above those 1nd1cated 1n the operahonal sect1onsofthis specification, 
is not implied. Exposure to absolute maximum ratmgs for extended penods may affect device. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°C :5 TA :5 +70°C) 

Symbol Parameter 

Vee Supply Voltage 

GND Ground 

V;H Logic "1" Voltage all Inputs 

V;L Logic "0" Voltage all Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C :5 TA :5 +70°C; Vee= SV ± 1 0%) 

Symbol Parameter 

I;L Input Leakage Current (any input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage lour= -1 rnA 

VoL Output Logic "0" Voltage lour= 4mA 

lcc1 Average Vee Power Supply Current 

lcc2 
~er~e Standby Current 
(R = W = RS = FURT = V;H) 

lcc3 Power Down Current (all inputs :2: V cc -0.2V) 

Min. 

4.5 

0 

2.2 

-0.3 

Min. 

2.4 

Value 
Unit Notes 

Typ. Max. 

5 5.5 v 3 

0 0 v 

Vcc+0.3 v 3,9 

0.8 v 3,4,9 

Value 
Unit Note 

Typ. Max. 

±1 llA 5 

±10 llA 6 

v 3 

0.4 v 3 

120 rnA 7 

12 rnA 7 

4 J.lA 7 
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CAPACITANCE 
(TA = 25°C, f = 1 MHZ) 

Symbol Parameter 

Ct Capacitance on Input Pins 

Co Capacitance on Output Pins 

Notes: 

1. Pulse widths less than minimum values are not allowed. 

2. Measured using output load shown in Output Load Circuit. 

3. All voltages are referenced to ground. 

4. • 1.5 volt undershoots are allowed for 10ns once per cycle. 

AC TEST CONDITIONS 

Input Levels GNDto3V 

Transition Times 5ns 

Input Signal Timing 
Reference Level 5V 

Output Signal Timing 
Reference Level 0.8V and 2.2V 

Ambient Temperature oocto 70°C 

Vee 5V± 10% 

4/16 

830 

Value 
Unit Note 

Min. Typ. Max. 

7 pF 

12 pF 

5. Measured with 0.0,;; v,N,;; Vee. 

6. R ~ VIH, 0.0 ~ Vour,;; Vee. 

7. Icc measurements are made with outputs open. 

6. Wrth output buffer deselected. 

9. Input levels tested at 500ns cycle time. 

Figure 3. Equivalent Output Load Circuit 

+5.0 v 

11 K ohms 

30 pF 

VR000998 

8 



READ MODE 
The MK4503 initiates a Read Cycle (see Figure 4) 
on the falling edge of Read Enable control input (R), 
provided that the Empty Flag (EF) is not asserted. 
In the Read mode of operation, the MK4503 pro
vides a fast access to data from 9 of 18432 loca
tions in the static storage array. The data is 
accessed on a FIFO basis independent of any 
on-going WRITE operations. After R goes high, 
data outputs will return to a high impedance condi
tion until the next Read operation. 
In the event that all data has been read from the 

Figure 4. Read And Empty Flag Waveforms 

w 

a- a 
0 8 

AC ELECTRICAL CHARACTERISTICS 
(0°C:;:; TA:;:; +70°C; Vee= +5V ± 10%) 

-65 
Symbol Parameter 

Min. Max. 

IRe Read Cycle Time 80 

fA Access Time 65 

IRR Read Recovery Time 15 

1APW Read Pulse Width 65 

IRL R Low to LowZ 0 

lov Data Valid from R High 5 

fRHZ R High to High Z 25 

fREF R Low to EF Low 60 

IEFR EF High to Valid Read 10 

tWEF W High to EF High 60 

lAP I Read Protect lndeterminant 35 

-80 

Min. Max: 

100 

80 

20 

80 

0 

5 

25 

75 

10 

75 

35 

MK4503 

FIFO, the EF will go low, and further Read oper
ations will be inhibited .ill!.e data outputs will remain 
in high impedance). EF will go high twEF after 
completion of a valid Write operation. EF will again 
go low !REF from the beginning a subsequent READ 
operation, provided that a second WRITE has not 
been comJ:1Ieted (see Figure 68). Reads beginning 
tEFR after EF goes high are valid. Reads begun 
after EF goes low and more than lRPI before EF 
goes high are invalidJ!gnored). Reads beginning 
less than lRPI before EF goes high and less than 
lEFR later may or may not occur (be valid) depend
ing on internal flag status. 

VRJ00939 

-10 -12 -15 -20 
Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. 

120 140 175 235 ns 
100 120 150 200 ns 2 

20 20 25 35 ns 

100 120 150 200 ns 1 

0 0 0 0 ns 2 

5 5 5 5 ns 2 

25 35 50 60 ns 2 

95 115 145 195 ns 2 

10 10 10 10 ns 2 

95 110 140 190 ns 2 

35 35 35 35 ns 2 
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MK4503 

WRITE MODE 

The MK4503 initiates a Write Cycle (see Figure 5) 
on the falling edge of the Write Enable control input 
(W), provided that the Full Flag (FF) is not asserted. 
Data set-up and hold-time requirements ll".!!:!St be 
satisfied with respect to the rising edge of W. The 
data is stored sequentially and independent of any 
ongoing Read operations. FF is asserted during the 
last valid write as the MK4503 becomes full. Write 
operations begun with FF low are inhibited. FF will 
go high tRFF after completion of a valid READ 

Figure 5. Write And Full Flag Waveforms 

w 

FF 

LAST VALID 
WRITE 

IDH 

INVALID 
WRITE 

FULL 

operation. FF will again go low twFF from the begin
ning of a subsequent WRITE operation, provided 
that a second READ has not been completed (see 
Figure 6A). Writes beginning tFFW after FF goes 
high are valid. Writes beginning after FF goes low 
and more than twPI before FF goes high are invalid 
.(jgJlored). Writes beginning less than twPI before 
FF goes high and less than tFFW later may or may 
not occur (be valid), depending on internal flag 
status. 

INDETERMINANT 
WRITE 

t_./ 
IWPI 

NOT FULL 

J-----------(\_V:::A::::LID!!i••D=A~TA HVALI~NDATA) 

AC ELECTRICAL CHARACTERISTICS 
(0°C :5 TA :5 +70°C; Vee= +5V ± 10%) 

-65 
Symbol Parameter 

Min. Max. 

I we Wrrte Cycle Time 80 

IWPW Write Pulse Wrdlh 65 

lwR Write Recovery Time 15 

los Data Set-Up Time 30 

loH Data Hold Time 10 

twFF W Low to FF Low 60 

IFFW FF Hrgh to Valid Write 10 

tRFF R High to FF High 60 

lwPI Write Protect lndeterminant 35 

6/16 
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-80 -10 

Min. Max. Min. Max. 

100 120 

80 100 

20 20 

40 40 

10 10 

70 95 

10 10 

70 95 

35 35 

VR001001 

-12 -15 -20 
Unit Note 

Min. Max. Min. Max. Min. Max. 

140 175 235 ns 

120 150 200 ns 1 

20 25 35 ns 

40 50 65 ns 

10 10 10 ns 

115 145 195 ns 2 

10 10 10 ns 2 

110 140 190 ns 2 

35 35 35 ns 2 



MK4503 

Figure 6A. Read/Write To Full Flag Waveforms 

tRFF 
FIRST READ 

R 
SINCE FULL 

IFFW 

t IWFF 

FF 

w 
VRO 00990 

Figure 68. Write/Read To Empty Flag Waveforms 

IWEF 

FIRST WRITE 
SINCE EMPTY 

w 

--1- tEFR 

t I REF 

EF 

R 

VR000991 
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MK4503 

RESET 

The MK4503 is reset (see Figure 7) whenever the 
Reset pin (RS) is in the low state. During a Reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a Write operation can begin. 

Figure 7_ Reset Waveforms 

Although neither W or R need be high when RS 
!IQ!!S low, both W and R must be high tRss before 
RS goes high, and must remain high tRsR after
wards. Refer to the followi~ discussion for the 
required state of FURT and XI during Reset. 

~-----------tRSC----------------~ 

~-----------IRS----------~ 

RS 

-1-----1- IRSR 
~---------IRSS--------~ 

w 

1------------IRSS-------~ 

EF 

HF,FF 

Note: HF, EF and FF may change status during Reset, but flags will be valid at lAse. 

AC ELECTRICAL CHARACTERISTICS 
(0°C < TA < +70°C· Vee= +5V + 10%) 

' -
-65 

Symbol Parameter 
Min. Max. 

lAse Reset Cycle Time 80 

IRs Reset Pulse Width 65 

IRsR Reset Recovery lime 15 

tASS Reset Set-Up lime 45 

8/16 
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-80 -10 -12 

Min. Max. Min. Max. Min. Max. 

100 120 140 

80 100 120 ' 

20 20 20 

60 80 100 

VR001002 

-15 -20 
U!!ll 

Min. Max. Min. Max. 

175 235 ns 

150 200 ns 

25 35 ns 

130 180 ns 

Note 

1 



RETRANSMIT 

The MK4503 can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low. (See Figure 8). 

A Retransmit operation sets the internal read 
pointer to the first physical location in the array, b~ 
will not affect the position of the write pointer. R 

Figure 8. Retransmit Waveforms 

MK4503 

must be inactive tRrs before RT goes high, and 
must remain high for tRTR afterwards. 

The Retransmit function is particularly useful when 
blocks of less than 2048 Writes are performed 
between Resets. The Retransmit feature is not 
compatible with Depth Expansion. 

1---------IRTC ----------1 

r------IRT -------i 

RT 

+---+-IRTR 
~-----IRTS----~ 

FLAG VALID 

Note: HF. EF and FF may change status during Retransmit, but flags will be valid at tAre. 

AC ELECTRICAL CHARACTERISTICS 
(0°C:;:; TA:;:; +70°C; Vee= +5V ± 10%) 

·65 
Symbol Parameter 

Min. Max. 

tRTC Retransmit Cycle Time 80 

Irs Retransmit Pulse Width 65 

tATR Retransmit Recovery Time 15 

tATs Retransmit Set-Up lime 45 

-80 -10 ·12 

Min. Max. Min. Max. Min. Max. 

100 120 140 

80 100 120 

20 20 20 

60 80 100 

Vl1001003 

-15 -20 
Unit 

Min. Max. Min. Max. 

175 235 ns 

150 200 ns 

25 35 ns 

130 180 ns 

Note 

1 
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MK4503 

SINGLE DEVICE CONFIGURATION 

A single MK4503 may be used when application 
requirements are for 2048 words or less. The 
MK4503 is placed in Single Device Configuration 
mode \:!1)en the chip is Reset with the Expansion 
In pin (XI) grounded (see Figure 9). 

Figure 9. A Single 2047 x 9 FIFO Configuration 

WIDTH EXPANSION 
Word width may be increased simply by connecting 
the corresponding input contr~ignals of multiple 
devices. Status Flags (EF and FF) can be detected 
from any one device. Figure 1 0 demonstrates an 
1 8-bit word width by using two M K4503s. Any word 
width can be attained ~adding additional 
MK4503s. The half full flag (HF) operates the same 
as in the single device configuration. 

IHF) HALF FULL FLAG 

1 
- -

WRITE IWl IRl READ 

9 9 

DATA IN 
I ..l\ MK4503 

I 

FULL FLA~ u'l=l-v - I 
IEF) EMPTY FL AG 

DATA OUT 

--
RESET IRS) IRTl RETRANS MIT 

- _j_ EXPANSION IN (XI) 

VRDD1004 

Figure 10. A 2048 x 18 FIFO Configuration (width expansion) 

UWl HALF FULL FLAG 

IWI 
WRITE ---=--I-- IRl READ 

FULL FLAG IFF) 
IRS I 4501 IEFI EMPTY FLAG 

RESET ------1--

IRTI RETRANSMIT 
9 9 

DATA 
EXPANSION IN lXI) 

OUT 

VA001005 

Note: Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expansion conliguration 
Do not connect flag oulput signals together. 
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HALF FULL FLAG LOGIC 
When in single device configuration, the (HF) out
put acts as an indication of a half full memory. After 
half of the memory is filled, and at the fallin_9_!ldge 
of the next write operation, the half full flag (HF) will 
be set low and remain low until the difference 

Figure 11. Half Full Flag Waveforms 

HALF-FULL HALF-FULL+ 1 

I 

1----IWHF-

HF 

I 

AC CHARACTERISTICS 
(0°C:::; TA:::; +70°C; Vee= +5V ± 10%) 

-65 
Symbol Parameter 

-ao 

MK4503 

between the write pointer and read pointer is less 
than or e.9.!!_al to one half the total memory. The half 
full flag (HF) is then reset by the rising edge of the 
read operation (see Figure 11 ). 

HALF-FULL 

IRHF 

VR00i005 

-10 -12 -15 -20 
Unit 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

IWHF 
Write Low to Half 

80 100 
Full Flag Low 

120 140 175 235 ns 

IRHF 
Read High to Half 

80 100 120 140 175 235 
Full Flag High 

ns 

11/16 

837 



MK4503 

DEPTH EXPANSION (Daisy Chain) 

The MK4503 can easily be adapted to applications 
when the requirements are for greater than 2048 
words. Figure 12 demonstrates Depth Expansion 
using the MK4503s. Any depth can be attained by 
adding additional MK4503s. 

External logic is needed to generate a composite 
Full F.§g and Empty Flag. This requires the ORing 
of all EFs and the ORing of all FFs (i.e.,_g!l must be 
set to generate the correct composite FF or EF). 

The MK4503 operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions. 

1. The first device must be designated by ground
ing the First Load pin (FL). The Retransmit 
function is not allowed in the Depth Expansion 
Mode. 

2. All other devices must have FL in the high state. 

3. The Expansion Out (XO) pin of each device 
must be tied to the Expansion IIJ...01) pin of the 
next device. The Half Full Flag (HF) is disabled 
in this mode. 

Figure 12. A 4K x 9 FIFO Configuration (Depth Expansion) 

-
w xo 

R 

- -
FF EF 

MK4503 

9 9 9 

DATA IN 
I IJ\ I 

DA 

r-+-V 7 1-- I 
-

TA OUT 

Vee 

--
FLIRT 

-
FULL XI EMPTY 

( ) 

-
xo 

L__ \-- 1----

-
- -
FF MK4503 EF 

'-- -
9 L__y 1--

R5 l! -
FL 

-
XI - --

VR001007 
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EXPANSION TIMING 

Figures 13 and 14 illustrate the timing of the Ex
pansion Out and Expansion In signals. Discussion 
of Expansion Out!Expansion In timing is provided 
to clarify how Depth Expansion works. In as much 
as Expansion Out pins are generally connected 
only to Expansion In pins, the user need not be 
concerned with actual timing in a normal Depth 
Expanded application unless ~treme propagation 
delays exist between the XO/XI pin pairs. 

Expansion Out pulses are the image of the WRITE 
and READ signals that cause them ; delayed in 
time by txoL and txoH. The Expansion Out signal is 
propagated when the last physical location in the 
memory array is written and again when it is read 
(Last Read). This is in contrast to when the Full and 

Figure 13. Expansion Out Waveforms 

- WRITE TO 

w -------1 LAST PHYSICAL 
LOCATION 

-

MK4503 

Empty Flags are activated, which is in response to 
writing and reading a last available location. 

When in Depth Expansion mode, a given MK4503 
will begin writing and reading as soon as valid 
WRITE and READ signals begin, provided FL was 
grounded at RESET time. A MK4503 in Depth 
Expansion mode with FL high at RESET will not 
begin writing until after an Expansion In pulse 
occurs. 

It will not begin reading until a second Expansion 
In pulse occurs and the Empty Flag has gone high. 
Expansion In pulses must occur tx1s before the 
WRITE and READ signals they are intended to 
enable. Minimum Expansion In pulse width, tx1, and 
recovery time, tx1R, must be observed. 

READ FROM 

h 
LAST PHYSICAL 

R LOCATION 

-I- j- tXOL -I-J- tXOH j.- tXOL --
-
xo 

AC ELECTRICAL CHARACTERISTICS 
(0°C !> TA !> +70°C; Vee= +5V ± 10%) 

-65 
Symbol Parameter 

Min. Max. 

txoL Expansion Out Low 55 

txoH Expansion Out High 60 

--,, 

-80 -10 -12 

Min. Max. Min. Max. Min. Max. 

70 75 90 

80 90 100 

------+- tXOH 

VR00959 

-15 -20 
Unit 

Min. Max. Min. Max. 

115 150 ns 

125 155 ns 
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MK4503 

Figure 14. Expansion In Waveforms 

lXI ---4---IXIR 

XI 

w 

R 

--f-----1- tXIS WRITE TO 

FIRST PHYSICAL 
LOCATION 

AC ELECTRICAL CHARACTERISTICS 
(0°C :o; T A :o; +70°C; Vee= +5V ± 1 0%) 

-65 -80 
Symbol Parameter 

Min. Max. Min. Max. 

tx1 Expansion in Pulse Width 60 75 

tx1R 
Expansion in Recovery 

15 20 
Time 

tx1s Expansion in Set-up Time 25 30 

COMPOUND EXPANSION 

The two expansion techniques described above 
can be applied together in a straight forward man
ner to achieve large FIFO arrays (see Figure 15). 
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I XIS READ FROM 
FIRST PHYSICAL 

LOCATION 

VR000960 

-10 -12 -15 -20 
Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. 

95 

20 

45 

115 145 195 ns 1 

20 25 35 ns 

50 60 85 ns 

BIDIRECTIONAL APPLICATIONS 
Applications, which require data buffering between 
two systems (each system capable of READ and 
WRITE operations), can be achieved by pairing 
MK4503s, as shown in Figure 16. Care must be 
taken to assure that the ap.Q!:9priate flag is moni
tored by each ~stem. (i.e . ....Ef is monitored on the 
device where W is used ; EF is monitored on the 
device where R is used). Both Depth Expansion 
and Width Expansion may be used in this mode. 



Figure 15. Compound FIFO Expansion Configuration 

R,W,RS 

DO_ ON 

QO_QB 

ao_as 

MK4503 
DEPTH EXPANSION 

BLOCK 

DB 

MK4503 

D9_DN D1B_DN 

Notes: 
1. For depth expansion block see DEPTH EXPANSION Section and Figure 12. 

2. For Flag operation see WIDTH EXPANSION Section and Figure 10. 

Figure 16. Bidirectional FIFO Application 

-
w. 
-
FFA 

MK4503 
t\ 

roo=sv 0 0-8 
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SYSTEM A - - - - -

a.o.s .~ 
\f 

-
R 

MK4503 
A -

EFA 

- -

MK4503 

QO_QN 

MK4503 
DEPTH EXPANSION 
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D(N-S)_DN 

VROOID08 

-
Rs 

EF8 

- - - SYSTEM B 

-
w. 
-
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MK4503 

ORDERING INFORMATION 

Example: MK4503 N 65 

Jl 
Package Speed 

N PDIP28 65 65ns 

80 BOns 

10 100ns 

12 120ns 

15 150ns 

20 200ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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MK45H01 ,02,03 
MK45H11,12,13 

VERY FAST CMOS 512 I 1 K I 2K x 9 BiPORT FIFO 

• FIRST-IN-FIRST-OUT MEMORY BASED 
ARCHITECTURE 

• FLEXIBLE x 9 ORGANIZATIONS: 
- MK45H01, 11 (512 x 9) 
- MK45H02, 12 (1 K x 9) 
- MK45H03, 13 (2K x 9) 

• LOW POWER, HIGH SPEED HCMOS TECH
NOLOGY 

• ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 

• FULLY EXPANDABLE IN WORD WIDTH AND 
DEPTH 

• EMPTY AND FULL WARNING FLAGS 
• RETRANSMIT CAPABILITY 
• HALF-FULL FLAG IN SINGLE DEVICE MODE 

DESCRIPTION 
The MK45H01, 11 ,02, 12,03,13 are BiPORT™ FIFO 
memories from SGS-THOMSON Microelectronics, 
which utilize special two-port memory cell tech
niques. Specifically, these devices implement a 
First-In-First-Out (FIFO) algorithm, featuring asyn
chronous read/write operations, full, empty, and 
half full status flags, and unlimited expansion ca
pability in both word size and depth. The full and 
empty flags are provided to prevent data overflow and 
underflow. 

PIN NAMES 

w Write 

R Read 

RS Reset 

DO-DB Data Inputs 

QO-QB Data Outputs 

FURT First Load I Retransmit 

XI Expansion Input 

XOIHF Expansion Output I Half-full Flag 

FF Full Flag 

EF Empty Flag 

Vcc,GND 5 Volts, Ground 

NC Not Connected 

February 1992 

PDIP28 (N) PSDIP28 (N) 

PLCC32 (K) 

Figure 1. Pin Connections 

w 1 '-/ 28 Vee 
DB 2 27 D4 
03 3 26 D5 
02 4 25 D6 
D1 5 24 07 

DO 6 23 i'I/Ri' 
Xi 

: MK45HXX ~~ Rs 
FJ" IT 
00 9 20 xo/Rf 
01 10 19 07 
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Figure 2. Block Diagram 
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DESCRIPTION (Continued) 

The data is loaded and emptied on a first-in-first-out 
basis, and the latency for retrieval of data is ap
proximately one load (write) cycle. These devices 
feature a read/write cycle time of only 35ns 
(28.5MHz). 

The reads and writes are internally sequential 
through the use of separate read and write pointers 
in a ring counter fashion. Therefore, no address 
information is required to load or unload <;@.ta. Data 
is loaded and unloaded with the use of W (write), 
and R (read) input pins. Separate data in (DO-DB) 
and data out (QO-QB) pins allow simultaneous and 
asynchronous read/write operations, provided the 
status flags are not protecting against data under
flow or overflow. 

The main application of these devices is a buffer 
for sourcing and absorbing data at different rates 
(e.g., interfacing fast processors and slow periphe
rals). TheMK45HX1, MK45HX2,and MK45HX3 incor
porate 9-bit wide data arrays that provide for 
support control or parity bit functions. This feature 
is helpful in data communications where the extra 
parity bit is used for transmission and reception 
error checking. These devices also offer retransmit 
(RT) and half-full features in single device or width 
expansion modes. The retransmit function allows 
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data to be re-read by resetting the read pointer 
while not disturbing the write pointer. This is for 
applications where the FIFO is not full, or is written 
with less than 512, 1024, or 2048 words. 

FUNCTIONAL DESCRIPTION 

Unlike conventional shift register based Fl FOs, the 
MK45HX1, MK45HX2, and MK45HX3 employ a 
memory-based architecture wherein a byte written 
into the device does not "ripple through". Instead, 
a byte written into the device is stored in a specific 
location, where it remains until over-written. The 
byte can be read and re-read as often as desired 
in the single device configuration. 

Two internal pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
bytes (writing while full). Once a byte stored at a 
given address has been read, it can be over-writ
ten. The address pointers automatically loop back 
to address zero after reaching the final address in 
the FIFO (512, 1024, or 2048). The empty, half full, 
and full status of the FIFO is therefore a function of 
the distance between the pointers, not of their 
absolute location. 



FUNCTIONAL DESCRIPTION (Continued) 

As long as the pointers do not catch one another 
the FIFO can be written and read continuously 
without ever becoming full or empty. 

Resetting the FIFO simply resets the write and read 
pointers to location zero. Pulsing retransmit resets 
the read address pointer without effecting the write 
address pointer. 

With conventional FIFOs, implementation of a 
larger FIFO is accomplished by cascading individ
ual FIFOs. The penalty of cascading is often unac
ceptable ripple through delays. The MK45HX1, 
MK45HX2, and MK45HX3 allow implementation of 
very large FIFOs with no timing penalties. The 
memory-based architecture of the device allows 
the connection of the read, write, data in, and data 
out lines of the device in parallel. The write and read 
control circuits of the individual FIFOs are then 
autom<l:tica!IY enabled and disabled through the 
expans1on-1n and expansion-out pins. 

Figure 3. Write and Full Flag Waveforms 

LAST VALID INVALID 
WRITE WRITE 

w 
\___ _ _/ 

tWFF 
FF 

NOT FULL FULL 

MK45H01, 11 ,02, 12,03,13 

WRITE MODE 
The MK45HXX initiates a Write Cycle (see Figure 
3) on !b.e falling edge of the Write Enable control 
input (W), provided that the Full Flag (FF) is not set. 
Data set-up and hold-time requirements must be 
satis~ied with respect ~o the rising edge of W. The 
data !S stored sequen_tmlly and independent of any 
ongo1ng Read operations. FF is set during the last 
valid write as the MK45H03 becomes full. Write 
operations begun with FF low are inhibited. FF will 
go high lRFF after completion of a valid READ 
operation. FF will again go low twFF from the begin
ning of a subsequent WRITE operation, provided 
t~at a secon~ READ _ha~ not been CO!!![>Ieted (see 
F1gure ?>· Wr!tes beQJ_nnJng lFFW after FF goes high 
are valid. Wntes beg1nn!!!g after FF goes low and 
~ore than !"'!PI before FF goes high are invalid 
.(jg_nored). Wntes beginning less than twPI before 
FF goes high and less than lFFW later may or may 
not occur (be valid), depending on the internal flag 
status. 

INDETERMINANT FIRST VALID 
WRITE WRITE 

tWR t_j 
tWPI 

NOT FULL 

FIRST 
VALID 
READ 

tDH 

D-D ----1 
0 8 ~~-~ 

VR000953 
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Write and Full Flag AC Operating Conditions 
(0°C::; TA::; +70°C, Vee= +5V ± 10%) 

-25 
Symbol Parameter 

-35 -50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

twc Write Cycle Time 35 45 

twrw Write Pulse Width 25 35 

twA Write Recovery Time 10 10 

los Data Set Up Time 15 18 

toH Data Hold Time 0 0 

lWFF W Low to FF Low 25 

tFFW FF High to Valid Write 10 

lRFF R High to FF High 25 

lWPI Write Protect 10 10 lndeterminant 

.. 
Notes. 1. Pulse w1dths less than m1mmum values are not allowed 

2. Measured using equivalent output load circuit 

READ MODE 

The MK45HXX initiates a Read Cycle (see Fig
ure 4) on !!Je falling edge of Read Enable con
~rol input (R), provided that the Empty Flag (EF) 
IS not set. In the read mode of operation, the 
MK45HOX provides fast access to data from 9 
of th~ locations in the static storage array. The 
data IS accessed on a FIFO basis independent 
of any on-going WRITE operations. After R 
9oes high, data outputs will return to a high 
Impedance condition until the next read oper
ation. In the event that all data has been read 
from the FIFO, the EF will go low, and further 

Figure 4. Read and Empty Flag Waveforms 
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0-0 
0 8 

65 80 140 ns 

50 65 120 ns 1 

15 15 20 ns 

30 30 40 ns 

0 0 0 ns 

35 45 60 60 ns 2 

10 10 10 10 ns 2 

35 45 60 60 ns 2 

10 10 10 ns 2 

R_EAD o~e~ati~:ms_willbe inhibited (thedatainputs 
Will rema1n 1n _h1gh 1mpe~ance). EF will go hiQh.iwEF 
after completion of a valrd WRITE operation. EF will 
again go low tREF from the beginning a subsequent 
read operation, provided that a second WRITE has 
n?t been com~ted (see Figure 6). Reads begin
ning tEFR after EF goes high are valid. Reads begun 
after EF goes low and more that tRPI before EF goes 
high are invalid i!f!.nored). Reads beginning less 
than tRPI before EF goes high and less then tEFR 
!ater may or may not occur (be valid) depending on 
Internal flag status. 

VRD00989 



Read and Empty Flag AC Operating Conditions 
(0°C:::; TA:::; +70°C, Vee= +5V ± 1 0%) 

-25 
Symbol Parameter 

-35 

Min. Max. Min. Max. 

IRe Read Cycle Time 35 45 

lA Access Time 25 

IRA Read Recovery Time 10 10 

IRPW Read Pulse Width 25 35 

IRL R Low to Low Z 0 0 

tov Data Valid from R High 5 5 

IRHZ R High to High Z 18 

I REF R Low to EF Low 25 

tEFR EF High to Valid Read 10 

twEF W High to EF High 25 

lAP I 
Read Protect 10 10 lndeterminant 

Notes: 1. Pulse widths less than minimum values are not allowed 
2. Measured using equivalent output load c"cUJt 

Figure 5. Read/Write to Full Flag Waveforms 

1-I- IRFF 

FIRST READ 
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Figure 6. Write/Read to Empty Flag Waveforms 
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-50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. 

65 80 140 ns 

50 65 120 ns 2 

15 15 20 ns 

50 65 120 ns 1 

0 0 0 ns 2 

5 5 5 ns 2 

25 25 35 ns 2 

40 60 60 ns 2 

"10 10 10 ns 2 

45 60 60 ns 2 

10 10 10 ns 2 

IWFF 

I VR0010 12 

!REF 

I VR001013 
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MK45H01, 11 ,02, 12,03,13 

RESET 

The MK45HXX is reset (see Figure 7) whenever 
the Reset pin (RS) is in the low state. During a reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a WRITE operation can begin. 

Figure 7. Reset Waveforms 

IRSC 

IRS 

RS 

IRSS 

w 
IRSS 

II 

EF 

HF,FF 

Although neith~ W or_R need be high when RS 
flQ?S low, both R and W must be high tRss before 
RS goes high, and must remain high tRsR after
ward_s. Refer to the_jQIIowiiJ.Q. discussion for the 
requtred state of FURT and XI during Reset. 

IRSR 

VR001014 

Note : HF, EF and FF may change status during Reset, but flags will be valid at tRsc. 

Reset AC Operating Conditions (0°C s; TA s; +70°C, Vee= +5V + 1 0%) -
-25 -35 -50 -65 -12 

Symbol Parameter Unit Note 
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

lAse Reset Cycle Time 35 45 65 80 140 ns 

IRs Reset Pulse Width 25 35 50 65 120 ns 1 

IRS A Reset Recovery Time 10 10 15 15 20 ns 

lASS Reset Set Up Time 25 30 30 45 100 ns 

Note. 1. Pulse Widths less than mm1mum values are not allowed 
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RETRANSMIT 
The MK45HXX can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low (see Figure 8). A Retransmit operation 
sets the internal read pointer to the first location in 
the array, but will not affect the position of the write 

Figure 8. Retransmit Waveforms 

~---------- tRTC 

MK45H01, 11 ,02, 12,03,13 

pointer. R must be inactive tRTS before RT goes 
high, and must remain high for tRTR afterwards. 
The Retransmit function is particularly useful when 
blocks of less than the total FIFO depth are per
formed between Resets. The Retransmit feature is 
not compatible with Depth Expansion. 

~----------tRT----------~ 

RT 

--1----1- tRTR 
tRTS ----------1 

VR001015 

Note: HF. EF and FF may change status during Retransmit. but flags will be valid at tRTc. 

Retransmit AC Operating Conditions 
(0°C ~ TA ~ +70°C, Vee= +5V ± 1 0%) 

-25 
Symbol Parameter 

Min. Max. 

tRTC Retransmit Cycle lime 35 

tAT Retransmit Pulse Width 25 

tRTR Retransmit 10 Recovery lime 

tATS Retransmit Set Up lime 25 

Note: 1. Pulse widths less that minimum values are not allowed 

-35 

Min. Max. 

45 

35 

10 

30 

-50 -65 -12 
Unit 

Min. Max. Min. Max. Min. Max. 

65 80 140 ns 

50 65 120 ns 

15 15 20 ns 

30 45 100 ns 

Note 

1 
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MK45H01, 11 ,02, 12,03,13 

SINGLE DEVICE CONFIGURATION 

A single MK45HXX may be used when application 
requirements are for a depth of the device depth or 
less. The MK45HXX is placed in the Single Device 
Configu_ration mode when the chip is Reset with the 
Expansion In pin (XI) grounded (see Figure 9). 

Figure 9. A Single MK45HXX FIFO Configuration 

EXPANSION OUT (XOI 

l 
WRITE IWI 

9 

WIDTH EXPANSION 
Word width may be increased simply by connecting 
the corresponding input control signals of multiple 
devices. Status Flags (EF and FF) can be detected 
from any one device. Figure 10 demonstrates an 
18-bit word width by using two MK45HXXs. Any 
word width can be attained by adding additional 
MK45HXXs. The half full flag (HF) operates the 
same as in single device configuration. 

-
(RJ READ 

9 

DATA OUT 
I J\ I ~ MK45HOX DATA IN 

FULL FLA~ IFF Ill 
I 

EMPTY ~L (EFI AG 

-
RESET (RSI (RTJ RETRANS MIT 

- _L EXPANSION IN (XII 

Figure 10. A Two Device Width Expansion FIFO Configuration 

WRITE ---=~I

FULL FLAG ---'-IF_;_F.;_I -1 
(RSI MK45HOX 

RESET ---~1-

EXPANSION IN (XII 

(i(oJ EXPANSION OUT 

IRJ READ 

(EFI EMPTY FLAG 

RETRANSMIT 

DATA 
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VR001017 

VR001016 

Note : Flag detect1on IS accompllsh.ed by monitortng the FF and EF s1gnals on either (any) deVIce used 1n the width expansion configuration. 
Do not connect flag output s1gnafs together. 
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HALF FULL FLAG LOGIC 
When in single device configuration, the (HF) out
put acts as an indication of a half full memory. After 
half of the memory is filled, and at the fallin~dge 
of the next write operation, the half full flag (HF) will 
be set low and remain low until the difference 
between the write pointer and read pointer is less 
than or e_g!!_al to one half the total memory. The half 
full flag (H F) is then reset by the rising edge of the 
read operation (see Figure 11 ). 

Figure 11. Half Full Flag Waveforms 

HALF-FULL HALF-FULL+1 

I 
w 

f-- tWHF-

HF 

I 

Half Full Flag AC Operating Conditions 
(0°C < TA < +70°C Vee= +5V + 10%) - - ' -

-25 
Symbol Parameter 

-35 

MK45H01, 11 ,02, 12,03,13 

DEPTH EXPANSION (Daisy Chain) 

The MK45HXX can be easily adapted to applica
tions when the requirements are greater than the 
individual device word depth. Figure 12 demon
strates Depth Expansion using two MK45HXXs. 
Any depth can be attained by adding additional 
MK45HXXs. 

External logic is needed to generate a composite 
Full and Empty Flag. This requires the ORing of all 
the EFs and the ORing of all the FFs (i.~all must 
be set to generate the composite FF or EF). 

HALF-FULL 

'-----f- !RHF 

I I VROJ100 

-50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

fwHF 
Write Low to Hall Full 30 35 45 60 60 ns 
Flag Low 

IRHF 
Read High to Hall Full 30 35 45 60 60 ns 
Flag High 
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MK45H01, 11 ,02, 12,03,13 

The MK45HXX operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions : 

1. The first device must be designated by ground
ing the First Load pin (FL). The Retransmit 
function is not available in the Depth Expansion 
Mode. 

2. All other devices must have FL in the high state. 

3. The Expansion Out (XO) pin of .Q_ach device 
must be tied to the Expansion 1~1) pin of the 
next device. The Half Full Flag (HF) is disabled 
in this mode. 

EXPANSION TIMING 

Figures 13 and 14 illustrate the timing of the Ex-

pansion Out and Expansion In signals. Discussion 
of Expansion Out/Expansion In timing is provided 
to clarify how Depth Expansion works. Due to the 
fact that Expansion Out pins are generally con
nected only to Expansion In pins, the user does not 
need to be con~erned with the actual timing in a 
normal Depth Expanded application unless ex
treme propagation delays exist between the xo/xi 
pin pairs. 

Expansion Out pulses are the identical to the 
WRITE and READ signals but ; delayed in time by 
txoL and txoH. The Expansion Out signal is propa
gated when the last physical location in the memory 
array is written and again when it is read (Last 
Read). This is in contrast to when the Full and 
Empty Flags are activated, which is in response to 
writing and reading a last available location. 

Figure 12. A Two Device Depth Expansion Configuration 
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When in Depth Expansion mode, a given 
MK45HXX will begin writing and reading as soon 
as valid WRITE and READ signals begin, provided 
FL was grounded at RESET time. A MK45HXX in 
Depth Expansion mode with FL high at RESET will 
not begin writing until after an Expansion In pulse 
occurs. 

Figure 13. Expansion Out Waveforms 

WRITE TO 

------- LAST PHYSICAL 
w LOCATION 

MK45H01, 11 ,02, 12,03,13 

It will not begin reading until a second Expansion 
In pulse and the Empty Flag has gone high. Expan
sion In pulses must occur tx1s before the WRITE 
and READ signals are intended to enable. Mini
mum Expansion In pulse width, tx1, and recovery 
time, tx1R, must be observed. 

READ FROM 

h 
LAST PHYSICAL 

LOCATION 

1---i-- tXOL tXOH - r- tXOL tXOH 

XO 

Expansion Out AC Operating Conditions 
(0°C::; TA::; +70°C, Vee= +5V ± 1 0%) 

-25 
Symbol Parameter 

Min. Max. 

txoL Expansion Out Low 25 

txoH Expansion Out High 25 

-35 

Min. Max. 

35 

35 

VR00959 

-50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. 

40 55 90 ns 

40 55 90 ns 
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MK45H01, 11 ,02, 12,03,13 

Figure 14. Expansion In Waveforms 

XI 

w 

1----- !XI ---+--tXIR 

-1----t-IXIS 
WRITE TO 
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Expansion In AC Operating Conditions 
(ooc::; TA::; +70°C, Vee= +5V ± 10%) 

!XIS READ FROM 
FIRST PHYSICAL 

LOCATION 

VRODD960 

-25 -35 -50 -65 -12 
Symbol Parameter 

Min. Max. Min. 

tx1 
Expansion in Pulse 25 35 Width 

tx1R 
Expansion In 10 10 
Recovery Time 

tx1s Expansion In Setup Time 15 15 

Note: 1. Pulse widths less than minimum values are not allowed 

COMPOUND EXPANSION 

The two expansion techniques described above 
can be applied together in a straight forward man
ner to achieve large FIFO arrays (see Figure 15). 

BIDIRECTIONAL APPLICATIONS 

Applications, which require data buffering between 

12/16 
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Unit Note 
Max. Min. Max. Min. Max. Min. Max. 

45 60 115 ns 1 

10 10 10 ns 

15 15 15 ns 

two systems (each system capable of READ and 
WRITE operations), can be achieved by pairing 
MK45HXXs, as shown in Figure 16. Care must be 
taken to ensure that the appropriate flag is monitored 
by each system. (i.e., FF is monitored on the device 
where W is used ; EF is monitored on the device 
where R is used). Both Depth Expansion and Width 
Expansion may be used in this mode. 



Figure 15. Compound FIFO Expansion Configuration 
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Figure 16. Bidirectional FIFO Application 
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MK45H01, 11 ,02,12,03, 13 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VI Voltage on any Pin Relative to Ground -0.3 to +7 v 
TA Operating Temperature 0 to 70 oc 

TsTG Storage Temperature -55 to+ 125 oc 
Po Power Dissipation 1 w 
louT Output Current 20 rnA 

Note : This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation 
sections of this spefication in not implied. Exposure to absolute maximum ratings for extended periods of time may affect device 
reliability. 

RECOMMENDED DC OPERATING CONDITIONS (0°C ~ T A~ + 70°C) 

Symbol Parameter Min. Max. 

Vee Supply Voltage 4.5 5.5 

GND Ground 0 0 

VIH Logic 1 All Inputs 2 Vee+ 0.3 

VIL Logic 0 All Inputs -0.3 0.8 

Notes: 1. All Voltages are referenced to ground 
2. V1H = 2.5V on the RS pin for MK45H01,11, 02,12 

DC ELECTRICAL CHARACTERISTICS (0°C ~ TA~+70°C, Vee= +5V± 10%) 

Symbol Parameter 

lcc1 Average Vee Power Supply Current 

lcc2 
Average Standby Current 
(R = W = RS = FLIRT = V1H ) 

lcc3 
Power Down Current 
(Inputs :2 Vee -0.2V) 

hL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Log1c 1 Voltage (louT= -4.0mA) 

VoL Output Logic 0 Voltage (louT= B.OmA) 

Notes : 1. Icc measurements are made w1th outputs open. 
2. Measured With 0.4Vo> VIN,; Vee. 
3. R" VIH, 0.4" VOIJT,; Vee. 
4. All voltages are referenced to ground. · 

CAPACITANCE (TA= 25°C, f= 1 MHz) 

Symbol Parameter 

c, Capacitance on Input Pins 

Co Capacitance on Output Pins 

Notes : 1. Th1s parameter 1s only sampled and not 1 00% tested 
2. Output buffer deselected 
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Min. Max. 

120 

12 

2 

-1 1 

-10 10 

2.4 

0.4 

Typ. Max. 

8 

12 

Units Note 

v 1 

v 
v 1,2 

v 1 

Units Note 

rnA 1 

rnA 1 

rnA 1 

J.tA 2 

J.tA 3 

v 4 

v 4 

Unit Note 

pF 1 

pF 1,2 



AC TEST CONDITIONS 

Parameter 

Input Levels 

Transition Time 

Input S1gnal Timing Reference Level 

Output Signal Timing Reference Levels 

Ambient Temperature 

Supply Voltage 

Figure 17. Equivalent Output Load Circuit 

DEVICE 

UNDER 

TEST 

5V 

CL includes JIG capacitance 

Value Unit 

Oto3 v 
5 ns 

1.5 v 
1.5 and 1.9 v 

Oto 70 oc 
5±10% v 

VA00614 
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ORDERING INFORMATION 

Example: MK45H02 N 25 

,-----I 1,_ 
Package Speed 

N PDIP28 25 25ns 
and/or 

PSDIP28 35 35ns 

K PLCC32 50 50ns 

65 65ns 

12 120ns 

For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 

For further information on any aspect of this device, please contact our Sales Office nearest you. 
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MK45H04,14 
MK45H08 

VERY FAST CMOS 4K I BK x 9 BiPORT FIFO 

• FIRST-IN-FIRST-OUT MEMORY BASED 
ARCHITECTURE 

11 FLEXIBLE x 9 ORGANIZATIONS: 
- MK45H04,14 (4K X 9) 
- MK45H08 (BK x 9) 

• LOW POWER, HIGH SPEED HCMOS TECH
NOLOGY 

• ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 

• FULLY EXPANDABLE IN WORD WIDTH AND 
DEPTH 

" EMPTY AND FULL WARNING FLAGS 

• RETRANSMIT CAPABILITY 

• HALF-FULL FLAG IN SINGLE DEVICE MODE 

DESCRIPTION 

The MK45HX4 and MK45H08 are BiPORTTM FIFO 
memories from 93&11-0v'S:N Microelectronics, 
which utilize special two-port mem-ory cell tech
niques. Specifically, these devices implement a 
First-In-First-Out (FIFO) algorithm, featuring asyn
chronous read/write operations, full, empty, and 
half full status flags, and unlimited expansion ca
pability in both word size and depth. The full and 
empty flags are provided to prevent data overflow and 
underflow. 

PIN NAMES 

w Write 

R Read 

RS Reset 

DO-DB Data Input 

Q0-08 Data Output 

FURT First Load I Retransmit 

XI Expansion Input 

XOIHF Expansion Output I Half-full Flag 

FF Full Flag 

EF Empty Flag 

Vee, GND 5 Volts, Ground 

NC Not Connected 

February 1992 

PDIP28 PSDIP28 (N) 

0 . . 

PLCC32 (K) 

Figure 1. Pin Connections 

Iii 1 \.J 28 Vee 
DB 2 27 b 04 
03 3 26 05 
02 4 25 06 
01 5 24 07 

DO 6 23 FC/Rf 
XI 

: MK45HXX ~~ R5 
iT IT 
00 9 20 xo;RF 
01 10 19 07 

02 11 18 06 
03 12 17 05 
08 13 16 04 

GND 14 15 R 

VA00557 

~ ~I;;~ J~ 6 ~ ...,...,...,...,,...,..., 
' 3 2 1 .12 31 .30 

02 ' 29 p 06 

D1 6 " p 07 

DO 7 27 fl NC 
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Figure 2. Block Diagram 
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DESCRIPTION (Continued) 

The data is loaded and emptied-on a first-in-first-out 
basis, and the latency for retrieval of data is ap
proximately one load (write) cycle. These devices 
feature a read/write cycle time of only 35ns 
(28.5MHz). 

The reads and writes are internally sequential 
through the use of separate read and write pointers 
in a ring counter fashion. Therefore, no address 
information is required to load or unload ~ta. Data 
is loaded and unloaded with the use of W (write}, 
and R (read) input pins. Separate data in (DO-DB) 
and data out (00-QB) pins allow simultaneous and 
asynchronous read/write operations, provided the 
status flags are not protecting against data under
flow or overflow. 

The main application of these devices is a buffer 
for sourcing and absorbing data at different rates 
(e.g., interfacing fast processors and slow periph
erals). The MK45HX4 and MK45HOB incorporate 
9-bit wide data arrays that provide for support 
control or parity bit functions. This feature is helpful 
in data communications where the extra parity bit 
is used for transmission and reception error check
ing. These devices also offer retransmit (RT) and 
half-full features in single device or width expansion 
modes. The retransmit function allows data to be 
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re-read by resetting the read pointer while not 
disturbing the write pointer. This is for applications 
where the FIFO is not full, or is written with less than 
4096 or 8192 words. 

FUNCTIONAL DESCRIPTION 

Unlike conventional shift register based Fl FOs, the 
MK45HX4 and MK45HOB employ a memory-based 
architecture wherein a byte written into the device 
does not "ripple through". Instead, a byte written 
into the device is stored in a specific location, where 
it remains until over-written. The byte can be read 
and re-read as often as desired in the single device 
configuration. 

Two internal pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
bytes (writing while full). Once a byte stored at a 
given address has been read, it can be over-written. 
The address pointers automatically loop back 
to address zero after reaching the final address in 
the FIFO (4096 or 8192). The empty, half full, and 
full status of the FIFO is therefore a function of the 
distance between the pointers, not of their absolute 
location. 



FUNCTIONAL DESCRIPTION (Continued) 

As long as the pointers do not catch one another 
the FIFO can be written and read continuously 
without ever becoming full or empty. 

Resetting the FIFO simply resets the write and read 
pointers to location zero. Pulsing retransmit resets 
the read address pointer without effecting the write 
address pointer. 

With conventional FIFOs, implementation of a 
larger FIFO is accomplished by cascading individ
ual FIFOs. The penalty of cascading is often unac
ceptable ripple through delays. The MK45HX4 and 
MK45H08 allow implementation of very l~rge 
FIFC?s with no timing p~nalties. The memory-based 
architecture of the dev1ce allows the connection of 
the read, write, data in, and data out lines of the 
device in parallel. The write and read control cir
cuits of the indi~idual FIFOs are then automatically 
enabled and disabled through the expansion-in 
and expansion-out pins. 

Figure 3. Write and Full Flag Waveforms 

LAST VALID INVALID 
WRITE WRITE 

w 
\.._- _/ 

tWFF 
FF 

NOT FULL FULL 

tDH 

MK45H04 14 08 

WRITE MODE 
The MK45HXX initiates a Write Cycle (see Figure 
3) on !he falling edge of the Write Enable control 
input (W), provided that the Full Flag (FF) is not set. 
Data set-up and hold-time requirements must be 
satisfied with respect to the rising edge of W. The 
data !s stored sequen.tially and independent of any 
ongomg Read operations. FF is set during the last 
valid write as the MK45HXX becomes full. Write 
oper"!-tions begun with FF low are inhibited. FF will 
go h1gh tRFF after completion of a valid READ 
operation. FF will again go low twFF from the begin
nmg of a subsequent WRITE operation, provided 
t~at a secon~ READ .has not been CO!!]?Ieted (see 
F1gure ~). Wr!tes beg1.nning tFFW after FF goes high 
are valid. Wntes begmn[.Qg after FF goes low and 
!"!lore than twPI before FF goes high are invalid 
.(!g_nored). Writes beginning less than twPI before 
FF goes high an~ less than ~FFW later may or may 
not occur (be valid), depending on the internal flag 
status. 

INDETERMINANT FIRST VALID 
WRITE WRITE 

tWR 

t-J 
tWPI 

NOT FULL 

f-----------<(YJVAITL~I~N~DiiATfAIA }-------( YALI~NOATA) 

VA000953 
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Write and Full Flag AC Operating Conditions 
(0°C :s; TA :5 +70°C, Vee= +5V ± 10%) 

-25 
Symbol Parameter 

-35 -50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

twc Write Cycle Time 35 45 

twpw Write Pulse Width 25 35 

twA Write Recovery Time 10 10 

los Data Set Up Time 15 18 

toH Data Hold Time 0 0 

twFF W Low to FF Low 25 

tFFW FF High to Valid Write 10 

tRFF R High to FF High 25 

lwPI 
Write Protect 10 10 
lndeterminant 

Noles: 1. Pulse widths less than minimum values are not allowed 
2. Measured using equivalent output load circuit 

READ MODE 
The MK45HXX initiates a Read Cycle (see Fig
ure 4).Qn the falling edge of Read Enable control 
input (R), provided that the Empty Flag (EF) is not 
set. In the read mode of operation, the MK45HXX 
provides fast access to data from 9 of the locations 
in the static storage array. The data is accessed on 
a FIFO basis inde~ndent of any on-going WRITE 
operations. After R goes high, data outputs will 
return to a high impedance condition until the next 
read operation.ln the event that all data has been 
read from the FIFO, the EF will go low, and further 

Figure 4. Read and Empty Flag Waveforms 

4116 

862 

FF 

a- a 
0 8 

65 80 140 ns 

50 65 120 ns 1 

15 15 20 ns 

30 30 40 ns 

0 0 0 ns 

35 45 60 60 ns 2 

10 10 10 10 ns 2 

35 45 60 60 ns 2 

10 10 10 ns 2 

READ operations will be inhibited ffi!e data out
puts will remain in high impedance). EF will go high 
twEF after completion of a valid WRITE operation. 
EF will again go low tREF from the beginning a 
subsequent read operation, provided that a second 
WRITE has not been com.Qklted (see Figure 6). 
Reads beginning tEFR after EF goes high are valid. 
Reads Q§gun after EF goes low and more that tRPI 
bef<?re .EF goes high are invalidjjgnored). Reads 
begmnmg less than tRPI before EF goes high and 
less then tEFR later may or may not occur (be valid) 
depending on internal flag status. 

VAIIXJ989 



Read and Empty Flag AC Operating Conditions 
(0°C ~ TA ~ +70°C, Vee= +5V ± 10%) 

-25 
Symbol Parameter 

-35 

Min. Max. Min. Max. 

IRe Read Cycle Time 35 45 

fA Access Time 25 

IRA Read Recovery Time 10 10 

tRPW Read Pulse Width 25 35 

tAL R Low to LowZ 0 0 

tov Data Valid from R High 5 5 

IRHZ R High to High Z 18 

!REF R Low to EF Low 25 

IEFR EF High to Valid Read 10 

twEF W High to EF High 25 

I API 
Read Protect 10 10 lndeterminant 

Notes: 1. Pulse widths less than minimum values are not allowed 
2. Measured using equivalent output load circuit 

Figure 5. Read/Write to Full Flag Waveforms 

r--I- IRFF 
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SINCE FULL 
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Figure 6. Write/Read to Empty Flag Waveforms 
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-50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. 

65 80 140 ns 

50 65 120 ns 2 

15 15 20 ns 

50 65 120 ns 1 

0 0 0 ns 2 

5 5 5 ns 2 

25 25 35 ns 2 

40 60 60 ns 2 

10 10 10 ns 2 

45 60 60 ns 2 

10 10 10 ns 2 

IWFF 

I VROOIO 12 

I REF 

I VR001013 
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RESET 
The MK45HXX is reset (see Figure 7) whenever 
the Reset pin (RS) is in the low state. During a reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a WRITE operation can begin. 

Figure 7. Reset Waveforms 

IRSC 

IRS 

RS 

IRSS 

w 
IRSS 

R 

EF 

HF,FF 

Although neith~ W o!:_R need be high when RS 
f!Q.?S low, both R and W must be high tRss before 
RS goes high, and must remain high tRSR after
ward.s. Refer to the_!QIIowiiJQ discussion for the 
requ1red state of FL!RTand XI during Reset. 

IRSR 

VROOI014 

Note : HF, EF and FF may change status during Reset, but flags will be valid at tRsc. 

Reset AC Operating Conditions (0°C :'> TA < +70°C, Vee= +5V + 10%) - -
-25 -35 -50 -65 -12 

Symbol Parameter Unit Note 
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

lAse Reset Cycle Time 35 45 65 80 140 ns 

IRs Reset Pulse Width 25 35 50 65 120 ns 1 

IRSR Reset Recovery Time 10 10 15 15 20 ns 

IRss Reset Set Up Time 25 30 30 45 100 ns 

.. 
Note. 1. Pulse Widths less than mm1mum values are not allowed 
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RETRANSMIT 
The MK45HXX can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low (see Figure 8). A Retransmit operation 
sets the internal read pointer to the first location in 
the array, but will not affect the position of the write 

Figure 8. Retransmit Waveforms 

MK45H04, 14,08 

pointer. R must be inactive tRTS before RT goes 
high, and must remain high for tRTR afterwards. 

The Retransmit function is particularly useful when 
blocks of less than the total FIFO depth are per
formed between Resets. The Retransmit feature is 
not compatible with Depth Expansion. 

-----~F~ ·~:: ______ ~r---f---------
RT 

tRTS -----1 

Note : HF, EF and FF may change status during Retransmit, but flags will be valid at tRTc. 

Retransmit AC Operating Conditions 
(0°C:::; TA:::; +70°C, Vee= +5V ± 1 0%) 

Symbol Parameter 
-25 

Min. Max. 

tRTC Retransmit Cycle Time 35 

tRT Retransmit Pulse Width 25 

tRTR 
Retransmit 10 
Recovery Time 

tRTS Retransmit Set Up Time 25 

Note: 1. Pulse widths less that minimum values are not allowed 

-35 -50 

Min. Max. Min. Max. 

45 65 

35 50 

10 15 

30 30 

tRTR 

VR001015 

-65 -12 
Unit Note 

Min. Max. Min. Max. 

80 140 ns 

65 120 ns 1 

15 20 ns 

45 100 ns 
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SINGLE DEVICE CONFIGURATION 

A single MK45HXX may be used when application 
requirements are for a depth of the device depth or 
less. The MK45HXX is placed in the Single Device 
Configuration mod~ when the chip is Reset with the 
Expansion In pin (XI) grounded (see Figure 9). 

Figure 9. A Single MK45HXX FIFO Configuration 

EXPANSION OUT IXOI 

J 
-

WRITE IWI 

9 

WIDTH EXPANSION 
Word width may be increased simply by connecting 
the corresponding input control signals of multiple 
devices. Status Flags (EF and FF) can be detected 
from any one device. Figure 10 demonstrates an 
18-bit word width by using two MK45HXXs. Any 
word width can be attained by adding additional 
MK45HXXs. The half full flag (HF) operates the 
same as in single device configuration. 

-
IRI READ 

9 

I 
DATA IN 

J\ I 
MK45HOX DATA OUT 

I 
IFFIV 

7 
FULL FLAG IEFI EMPTY FL AG 

--
RESET IRS I IRTI RETRANS MIT 

- _L EXPANSION IN (XII 

VR001016 

Figure 10. A Two Device Width Expansion FIFO Configuration 
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RETRANSMIT 
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EXPANSION IN lXII 
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VR001017 

Note : Flag detection 1s accomplish_ed by monitoring the FF and EF signals on either (any) dev1ce used in the width expansion configuration 
Do not connect flag output Signals together. · 
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HALF FULL FLAG LOGIC 
When in single device configuration, the (HF) out
put acts as an indication of a half full memory. Alter 
half of the memory is filled, and at the fallin.fl_5ldge 
of the next write operation, the half full flag (HF) will 
be set low and remain low until the difference 
between the write pointer and read pointer is less 
than or e.9!!..al to one half the total memory. The half 
full flag (HF) is then reset by the rising edge of the 
read operation (see Figure 11 ). 

Figure 11. Half Full Flag Waveforms 

HALF-FULL HALF-FULL+ 1 

I 
w 

-tWHF-

HF 

I 

Half Full Flag AC Operating Conditions 
(0°C < T A< +70°C Vee- +5V + 1 0%) - - - -

-25 
Symbol Parameter 

-35 

MK45H04, 14,08 

DEPTH EXPANSION (Daisy Chain) 

The MK45HXX can be easily adapted to applica
tions when the requirements are greater than the 
individual device word depth. Figure 12 demon
strates Depth Expansion using two MK45HXXs. 
Any depth can be attained by adding additional 
MK45HXXs. · 

External logic is needed to generate a composite 
Full and Empty Flag. This requires the ORing of all 
the EFs and the ORing of all the FFs (i.e., all must 
be set to generate the composite FF or EF). 

HALF-FULL 

tRHF 

-

VROD100 

-50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

IWHF 
Write Low to Half Full 30 35 45 60 60 ns Flag Low 

IRHF 
Read High to Half Full 30 35 45 60 60 ns 
Flag High 
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The MK45HXX operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions : 

1 . The first device must be designated by ground
ing the First Load pin (FL). The Retransmit 
function is not available in the.Oepth Expansion 
Mode. 

2. All other devices must have FL in the high state. 

3. The Expansion Out (XO) pin of _g_ach device 
must be tied to the Expansion IQ_Q{I) pin of the 
next device. The Half Full Flag (HF) is disabled 
in this mode. 

EXPANSION TIMING 

Figures 13 and 14 illustrate the timing of the Ex
pansion Out and Expansion In signals. Discussion 

of Expansion Out/Expansion In timing is provided 
to clarify how Depth Expansion works. Due to the 
fact that Expansion Out pins are generally con
nected only to Expansion In pins, the user does not 
need to be concerned with the actual timing in a 
normal Depth Expanded application unles~e~ 
treme propagation delays exist between the XO/XI 
pin pairs. 

Expansion Out pulses are the identical to the 
WRITE and READ signals but ; delayed in time by 
txoL and txoH. The Expansion Out signal is propa
gated when the last physical location in the memory 
array is written and again when it is read (Last 
Read). This is in contrast to when the Full and 
Empty Flags are activated, which is in response to 
writing and reading a last available location. 

Figure 12. A Two Device Depth Expansion Configuration 
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When in Depth Expansion mode, a given 
MK45HXX will begin writing and reading as soon 
as valid WRITE and READ signals begin, provided 
FL was grounded at RESET time. A MK45HXX in 
Depth Expansion mode with FL high at RESET will 
not begin writing until after an Expansion In pulse 
occurs. 

Figure 13. Expansion Out Waveforms 

WRITE TO 

-----, LAST PHYSICAL 
LOCATION 

( 

MK45H04, 14,08 

It will not begin reading until a second Expansion 
In pulse and the Empty Flag has gone high. Expan
sion In pulses must occur txrs before the WRITE 
and READ signals are intended to enable. Mini
mum Expansion In pulse width, txr, and recovery 
time, txrR, must be observed. 

J 

READ FROM 

h 
LAST PHYSICAL 

LOCATION 

-- IXOL --f-- IXOH -f-- tXOL 

Expansion Out AC Operating Conditions 
(0°C:::; TA:::; +70°C, Vee= +5V ± 10%) 

-25 
Symbol Parameter 

Min. Max. 

txoL Expansion Out Low 25 

txoH Expansion Out High 25 

JJ 

-35 -50 

Min. Max. Min. Max. 

35 40 

35 40 

--(-- !XOH 

VR00959 

-65 -12 
Unit Note 

Min. Max. Min. Max. 

55 90 ns 

55 90 ns 
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Figure 14. Expansion In Waveforms 

lXI IXIR_ 
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XI 

!XIS 
WRITE TO 

FIRST PHYSICAL -w t.OCATION 

Fi 

Expansion In AC Operating Conditions 
(0°C ~TA ~ +70°C, Vee= +5V ± 10%) 

-25 
Symbol Parameter 

tXIS READ FROM 

~ 
FIRST PHYSICAL 

LOCATION 

VR0009BO 

-35 -50 -65 -12 
Unit Note 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

ba 
Expansion in Pulse 25 35 
Width 

tx1R 
Expansion In 10 10 Recovery Time 

tx1s Expansion In Setup Time 15 15 

Note: 1. Pulse widlhs less than minimum values are not allowed 

COMPOUND EXPANSION 

The two expansion techniques described above 
can be applied together in a straight forward man
ner to achieve large FIFO arrays (see Figure 15). 

BIDIRECTIONAL APPLICATIONS 

Applications, which require data buffering between 

12/16 
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45 60 115 ns 1 

10 10 10 ns 

15 15 15 ns 

two systems (each system capable of READ and 
WRITE operations), can be achieved by pairing 
MK45HXXs, as shown in Figure 16. Care must be 
taken to ensure that the ap£!Ppriate flag is moni
tored by each §YStem. (i.e . ...Ef is monitored on the 
device where W is used ; EF is monitored on the 
device where R is used). Both Depth Expansion 
and Width Expansion may be used in this mode. 



Figure 15. Compound FIFO Expansion Configuration 
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Figure 16. Bidirectional FIFO Application 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

V1 Voltage on any Pin Relative to Ground -0.3 to +7 v 
TA Operating Temperature Oto 70 oc 

Tsm Storage Temperature -55 to +125 oc 
Po Power Dissipation 1 w 

lour Output Current 20 rnA 

Note : This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation 
sections of this spefication in not implied. Exposure to absolute maximum ratings for extended periods of time may affect device 
reliability. 

RECOMMENDED DC OPERATING CONDITIONS (0°C::; TA::; +70°C) 

Symbol Parameter Min. Max. 

Vee Supply Voltage 4.5 5.5 

GND Ground 0 0 

V1H Logic 1 All Inputs 2 Vee+ 0.3 

VIL Logic 0 All Inputs -0.3 0.8 

Note : 1. All Voltages are referenced to ground 

DC ELECTRICAL.CHARACTERISTICS (OoC::;TA::; +70°C, Vee= +5V ±10%) 

Symbol Parameter 

lee1 Average Vee Power Supply Current 

lcc2 
~era_g§! Standby_9urrent 
{R = W = RS =FLIRT= V1H) 

lcc3 
Power Down Current 
(Inputs~ Vee ·0.2V) 

I1L Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic 1 Voltage (lour= ·4.0mA) 

VoL Output Logic 0 Voltage (lour= 8.0mA) 

Notes : 1. Icc measurements are made with outputs open. 
2. Measured with 0.4V,; VrN,; Vee. 
3. R;?: V1H, 0.4 ~ VotJr ~ Vee. 
4 All voltages are referenced to ground. 

CAPACITANCE (T A= 25°C, f= 1 MHz) 

Symbol Parameter 

c, Capacitance on Input Pins 

Co Capacitance on Output Pins 

Notes : 1. This parameter is only sampled and not 1 00% tested 
2. Output buffer deselected 

Min. 

-1 

-10 

2.4 

Typ. 

14/16 J:.:fi SGS·THOMSON ':'!I. ll:llO~Iiil@~~~©1i'liil@lli0©~ 
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Max. 

120 

12 

2 

1 

10 

0.4 

Max. 

8 

12 

Units Note 

v 1 

v 
v 1 

v 1 

Units Note 

rnA 1 

rnA 1 

rnA 1 

(.lA 2 

(.lA 3 

v 4 

v 4 

Unit Note 

pF 1 

pF 1,2 



AC TEST CONDITIONS 

Parameter 

Input Levels 

Transition Time 

Input Signal Timing Reference Level 

Output Signal Timing Reference Levels 

Ambient Temperature 

Supply Voltage 

Figure 17. Equivalent Output Load Circuit 

DEVICE 
UNDER 
TEST 

Value 

Oto 3 

5 

1.5 

1.5 and 1.9 

0 to 70 

5±10% 

5V 

CL includes JIG capacitance 

MK45H04 14,08 

Unit 

v 
ns 

v 
v 
oc 
v 

VA00614 
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ORDERING INFORMATION 

Example: MK45H04 N 25 

r----TT_ 
Package Speed 

N PDIP28 25 25ns 
and/or 

PSDIP28 35 35ns 

K PLCC32 50 50ns 

65 65ns 

12 120ns 

For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 
For further information on any aspect of this device, please contact our Sales Office nearest you. 
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MK48C02A 
MK48C12A 

CMOS2Kx8ZEROPOWERSRAM 

• LOW CURRENT (1!lA @ 70'C) BATTERY 
INPUT FOR DATA RETENTION IN THE AB
SENCE OF POWER 

a DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE 

• + 5 VOLT ONLY READ/WRITE 

• CONVENTIONAL SRAM WRITE CYCLES 
• LOW POWER 440mW ACTIVE ; 5.5mW 

STANDBY 

" READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME 

• LOW-BATTERY WARNING 

• TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE: 
- MK48C02A 4.75V ~ VPFD ~ 4.50V 
- MK48C12A 4.50V ~ VPFD ~ 4.20V 

• POWER FAIL INTERRUPT OUTPUT 

DESCRIPTION 

The MK48C02A/12A ZEROPOWER™ are CMOS 
RAM memories with internal power fail support 
circuitry for battery backup applications. The fully 
static RAM uses an HCMOS six transistor cell and 
is organized 2K x 8. Included in the device is a 
feature to conserve battery energy and a method 
of providing data security during Vee transients. A 
precision voltage detector write-protects the RAM 
to prevent inadvertent loss of data when Vee falls 

PIN NAMES 

AO·A10 Address Inputs 

DQO-DQ7 Data Inputs/Outputs 

GND Ground 

Vee 5 Volts 

E Chip Enable 

w Write Enable 

G Output Enable 

Ve Battery Input 

INT Power Fail Interrupt (Open Drain Type) 

NC No Connected 

February 1992 

0 
PDIP28 (N) PLCC32 (K) 

Figure 1. Pin Connections 

Vs . 
Vee 1 28 

Ne 2 27 NC 
A7 3 26 INT 
A6 4 25 A8 
A5 5 24 A9 
A4 6 23 w 
A3 7 MK48e02A 22 G 
A2 a MK48e12A 21 A10 
A1 9 20 E 

AD 10 19 D07 
DOD 11 18 D06 
D01 12 17 DOS 

DQ2 13 16 DQ4 

GND 14 15 DQ3 

VA00595 

~ ~~ ~J3~ I~ 
~~~~~~~ 

4 3 2 1 32 .31 JO 

A6 [ 5 29 pAS 
AS [ 6 28 p A9 
A4[ 7 27 p NC 
A3 [ 8 26 p w 
A2 [ 9 MK48CD2A 25 p G MK4Be12A 
A1 [ 10 24 p A10 

AD [ 11 23 p E 
Ne [ 12 22 p DQ7 

DQO [ 13 21 p 006 
14 15 16 17 18 19 20 

wwwwwww 

g~~~8;;8 
OCl 000 

VA00597 
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Figure 2. Block Diagram 
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I -) 
I VOLTAGE SENSE - CMOS I 

: 
AND POK I 

SWITCHING 
CELL I 

E 

DQ0-007 

I -CIRCUITRY BOK I 

I G 
I I 

L---------------------jt------~ 

DESCRIPTION (Continued) 

out of tolerance. In this way, all input and output 
pins (including E and W) become "don't care". The 
device permits full functional ability of the RAM for 
Vee above 4. 75V (MK48C02A) and 4.5V 
(MK48C12A). Data protection is provided for Vee 
below 4.5V (MK48C02A) and 4.2V (MK48C12A), 

TRUTH TABLE 

Vee E G 

<Vcc(max} VIH X 
V1L X 

>Vcc(min} V1L V1L 
V1L V1H 

<VPFo(min}>Vso X X 

5.Vso X X 
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and maintains data in the absence of Vee with no 
additional support circuitry other than a primary 
cell. The current supplied by the battery during data 
retention is for junction leakage only (typically less 
than 5nA) because all power-consuming circuitry is 
turned off. The low battery drain allows use of a 
long life Lithium primary cell. 

w Mode DQ 

X Deselect High-Z 
VIL Write DIN 
V1H Read DouT 
V1H Read High-Z 

X Power-Fail High-Z 
Deselect 

X 
Battery High-Z Back-up 



MK48C02A, MK48C12A 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, Voltage On Any Pin Relative to Ground --Q.3 to +7.0 v 

TA Ambient Operating Temperature 0 to +70 oc 
TsTG Ambient Storage (Vee Off) Temperature -55 to +125 oc 
Po Total Device Power Dissipation 1 w 

louT Output Current Per Pin 20 mA 

Notes: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress rat1ng only and functional operation of the dev1ce at these or any other conditions above those indicated 1n the operatiOnal secllon of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 

CAUTION: Under no conditions can the ''Absolute Max1mum Ratings" for the voltage on any pin be exceeded since it will cause permanent 
damage. SpecifJcaffy, do not perform the ''standard" continwty test on any input or output pin, i.e. do not force these pins below - 0.3V DC. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°C :::; T A :::; 70°C) 

Symbol Parameter 

Vee Supply Voltage (MK48C02A) 

Vee Supply Voltage (MK48C12A) 

GND Ground 

v,H Logic "1" Voltage All Inputs 

V1L Logic "0" Voltage All Inputs 

Vs Battery Voltage 

DC ELECTRICAL CHARACTERISTICS 
(Ooc:::; TA:::; 7oacveemax~ Vee~ Vee min) 

Symbol Parameter 

lcct Average Vee Power Supply Current 

lcc2 TTL Standby Current {E= V,H) 

lcc3 CMOS Standby Current (E ~Vee --Q.2V) 

ilL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage (louT= -1.0mA) 

VoL Output Logic "0" Voltage (louT= 2.1 mA) 

VPFL !NT Logic "0" Voltage (louT= 0.5 mA) 

I BATT Battery Backup Current Vs = 4.0V 

icHG Battery Charging Current Vee = 5.5V 

VLB Battery OK Flag 

Min. Max. Unit Notes 

4.75 5.5 v 1 

4.5 5.5 v 1 

0 0 v 1 

2.2 Vee+ 0.3V v 1 

--o.3 0.8 v 1, 2 

1.8 4.0 v 1 

Min. Max. Unit Note 

80 mA 3 

3 mA 

1 mA 

-1 1 JlA 4 

-5 5 JlA 4 

2.4 v 

0.4 v 

0.4 v 
1 JlA 

-5 5 nA 

1.8 2.6 v 
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MK48C02A MK48C12A 

AC TEST CONDITIONS 

Input Levels 

Transition Times 

Input and Output Timing 
Reference Levels 

CAPACITANCE 
(TA = 25°C} 

Symbol 

0.6 Vto 2.4 V 

5 ns 

0.8 Vor 2.2 V 

Parameter 

cl Capacitance on all pins (except D/Q) 

CDta Capacitance on D/Q pins and INT 

Notes: 

1. All voltages referenced to GND 
2. Negative spikes of -1.0 volts allowed for up to 10ns once per cycle. 
3. lcc1 measured with outputs open. 
4. Measured with GND,; V,,; Vee and outputs deselected. 

OUTPUT LOAD DIAGRAM 

+SV 

DEVICE 

UNDER 

TEST 
1.0 KSL 

-~ 

Max. 

7pF 

10 pF 

1.8 KSL 

100 pF 
(INCLUDING SCOPE 
AND JIG) 

VR000790 

Notes 

5 

4,5 

5. Effective capacitance calculated from the equation C = II!. If!!. V with !!. V = 3 volts and power supply at nominal level. 
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OPERATION 
Read Mode 

The MK48C02A/12A is in the Read Mode when
ever W (Write Enable) is high and E (Chip Enable) 
is low, providing a ripple-through access of data 
from eight of 16,384 locations in the static storage 
array. Thus, the unique address specified by the 11 
Address Inputs (An) defines which one of 2,048 
bytes of data is to be accessed. 

Figure 3. Read-Read-Write Timing 

READ 

I 

IRC 

AO-A10 lX 

MK48C02A, MK48C12A 

Valid data will be available to the eight data Output 
Drivers within tAA after the last address input signal 
is stable, provid!!:)g thAt the E a~d G access times 
are satisfied. If E or G access t1mes are not met, 
data access will be measured from the limiting 
parameter (lcEA or toEA), rather than the address. 
The state of the eight Data 1/0 signals is controlled 
by theE and G control signals. The data lines may 
be in an indeterminate state between toH and !AA, 
but the data lines will always have valid data at tAA. 

READ WRITE 
IRC IWC 

1X K= 
lAS 

~ICEA~ ,.---tAA - !--lAW 
~r-tWR 

I 
I 

I lr'wo-lt(' 
1--tOH-w 

1--tOEA-
~IOEZ 

VALID OUT ~ )< VALID OUT VALID IN 000-DO? 

AC ELECTRICAL CHARACTERISTICS (Read Cycle Timing) 
(0°C::.; TA ::.; 70°C; Vee max<'= Vee<'= Vee min) 

48CX2A-15 
Symbol Parameter 

Min. Max. 

IRe Read Cycle Time 150 

IAA Address Access Time 150 

lcEA Chip Enable Access Time 150 

loEA Output Enable Access Time 75 

ICEZ Chip Enable Hi to High-Z 35 

toEZ Output Enable Hi to High-Z 35 

toH Valid Data Out Hold Time 15 

Note : Measured using the Output Load Diagram shown page 4. 

48CX2A-20 48CX2A-25 

Min. Max. Min. Max. 

200 250 

200 250 

200 250 

80 90 

40 50 

40 50 

15 15 

VR000788 

Unit Notes 

ns 

ns 1 

ns 1 

ns 1 

ns 

ns 

ns 1 
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WRITE MODE 
The MK48C02A/12A is in Write Mode whenever the 
W and E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either W or E.~ Wille is terminated by the earlier 
rising edge of WorE. The ~dr~ses must be held 
valid throughout the cycle. WorE must return high, 
for a minimum of lwR prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for tos 
prior to the End of Write and remain valid for toH 
afterwards. 

Figure 4. Write-Write-Read Timing 

WRITE WRITE 

Some processors thrash producing spurious Write 
Cycles during power-up, despite ap~atio...!J of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vee 
reaches Vee (min) but before the processor stabi
lizes. 

The MK48C02A/12A G input is a DON'T CARE in 
the write mode. G can be tied low and two-wire 
RAM control can be implemellli!d. A low on W will 
disable the outputs twEz after W falls. Take care to 
avoid bus contention when operating with two-wire 
control. 

READ 

VR000795 

AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing) 
(0°C :5 T A :5 70°C~ Vee max ;e: Vee ;e: Vee min) 

48CX2A-15 48CX2A-20 48CX2A-25 
Symbol Parameter Unit 

Min. Max. Min. Max. Min. Max. 

twc Write Cycle lime 150 200 250 ns 

lAS Address Setup lime 0 0 0 ns 

lAw Address Valid to End of Write 120 140 180 ns 

ICEW Chip Enable to End of Write 90 120 160 ns 

twEW Write Enable to End of Write 90 120 160 ns 

lwR Write Recovery lime 10 10 10 ns 

los Data Setup T1me 40 60 100 ns 

loH Data Hold Time 5 5 5 ns 

lwEZ Write Enable Low to High-Z 50 60 80 ns 
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DATA RETENTION MODE 

With Vee applied, the MK48C02A/12Aoperates as 
a conventional BYTEWIDE static RAM. However, 
Vee is being constantly monitored. Should the sup
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vee 
falls within the VPFD (max), VPFD (min) window. The 
MK48C02A has a VPFD (max)- VPFD (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MK48C12A has a VPFD (max) -
VPFD (min) window of 4.5 volts to 4.2 volts, allowing 
users constrained to a 10% power supply specifi
cation to use the device. 

Note : A mid-write cycle power failure may corrupt 
data at the current address location, but does not 
jeopardize the rest of the RAM's content. At volt
ages below VPFD (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vee fall time does not exceed IF. The 
MK48C02A/12A may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vee. Therefore decoupling of power supply lines is 
recommended. 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso. As Vee rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after the first write, and 
normal RAM operation resumes. Figure 5 illus
trates how a BOK check routine could be struc
tured. 

Normal RAM operation can resume tREe after Vee 
exceeds VPFD (Max). Caution should be taken to 
keep E or W high as Vee rises past VPFD (Min) as 
some systems may perform inadvertent write 
cycles after Vee rises but before normal system 
operation begins. 

INTERRUPT FUNCTION 

The MK48C02A/12A provides a power-fail interrupt 
output labeled INT. The INT pin eliminates the need 
for external power sensing components in applica
tions where an orderly shut down of the system is 
necessary. The INT pin is open drain for "wire or" 
applications and provides the user with 1 OJ.LS to 
40J.LS advanced warning of an impending power-fail 
write protect. 

MK48C02A, MK48C12A 

Figure 5. Checking the BOK Flag Status 

READ DATA 
AT ANY 

ADDRESS 

WRITE 
COMPLIMENT 
DATA BACK 

TO SAME 
ADDRESS 

READ DATA 
AT SAME 
ADDRESS 

AGAIN 

WRITE ORIGINAL 

DATA BACK TO 

SAME ADDRESS 

NOTIFY SYSTEM 
OF LOW 

BATTERY IDATA MAY 
BE CORRUPTED) 

VR000789 
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MK48C02A, MK48C12A 

AC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Timing) 
(0°C :s; TA :s; +70°C) 

Symbol Parameter Min. Typ. 

IF Vpm (max) to VPFD (min) Vee Fall Time 300 

IFB Vpm (min) to Vso Vee Fall Time 10 

IRB Vso to VPFD (min) Vee Rise Time 1 

IR VPFD (min) to Vpm (max) Vee Rise lime 0 

IREC E or W at V1H after Vpm (max) 120 

IPFX INT Low to Auto Deselect 10 

IPFH VPFD (max) to INT High 

Max. 

40 

120 

DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages) 
(0°C:s;TA :s; +70°C) 

Symbol Parameter Min. Typ. Max. 

VPFD Power-Fail Deselect Voltage (MK48C02A} 4.50 4.6 4.75 

Vpm Power-Fail Deselect Voltage (MK4BC12A) 4.20 4.3 4.50 

Vso Battery Back-Up Switchover Voltage 3 

Notes: 
1. All voltages referenced to GND. 

Unit 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

Unit 

v 
v 
v 

2. VPm (Max) to VPm (Min) fall times of less IF may result in deselection/write protection not occurring until40~s after Vee passes 
VPFD (Mm). 

3. VPFD (Min) to Vso fall t1mes of less than IFB may cause corruption of RAM data. 
4. INT may go high anytime after Vee exceeds Vpm (min) and is guaranteed to go high tPFH after Vee exceeds Vpm (max). 

CAUTION: Neganve Undershoots Below -0.3V are not allowed on any pin while in Baffery Back-up mode . 
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Figure 6. Power-Down/Power-Up Timing 

tREC 

ALL INPUTS RECOGNIZED DON'T CARE 

VR000822 

Notes: 

1. Inputs may or may not be recognized at this time. 

2. Caution should be taken to keep E orW in the h1gh state Vee rises past VeFo (min). Some systems may perform inadvertentwntecycles after 
Vee rises but before normal system operation begins. Even though a power on reset is be1ng applied to the processor a reset condition may 
not occur until after the system clock 1s running. 

ORDERING INFORMATION 

Example: MK48C02 K 

T 
c£ 

N 

K 

PDIP28 

PLCC32 

15 

15 

20 

150ns 

200ns 

25 250ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK48Z02 
MK48Z12 

CMOS2Kx8ZEROPOWERSRAM 

• PREDICTED WORST CASE BATTERY LIFE OF 
11 YEARS @ 70°C 

• DATA RETENTION IN THE ABSENCE OF 
POWER 

• DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE 

• + 5 VOLT ONLY READ/WRITE 

• CONVENTIONAL SRAM WRITE CYCLES 

• FULL CMOS-440mW ACTIVE ; 5.5mW 
STANDBY 

• 24-PIN DUAL IN LINE PACKAGE, JEDEC 
PINOUTS 

• READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME 

• LOW-BATTERY WARNING 

• TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE: 
- MK48Z02 4.75V;::: VPFD ;::: 4.50V 
- MK48Z12 4.50V;::: VPFD ;::: 4.20V 

DESCRIPTION 

The MK48Z02/12 is a 16,384-bit, Non-Vola
tile Static RAM, organized 2K x 8 using 
CMOS and an integral Lithium energy source. The 
ZEROPOWER™ RAM has the characteristics of 
a CMOS static RAM, with the important added 
benefit of data being retained in the absence of 
power. Data retention current is so small that a 
miniature Lithium cell contained within the package 
provides an en-ergy source to preserve data. Low 
current drain has been attained by the use of a full 
CMOS memory cell, novel analog support circuitry, 
and carefully controlled junction leakage by an all 
implanted CMOS process. Safeguards against in
advertent data loss have been incorporated to main
tain data integrity in the uncertain operating 
environment associated with power-up and power
down transients. The ZEROPOWER RAM can re
place existing 2K x 8 static RAM, directly conforming 
to the popular Byte Wide 24-pin DIP package 
(JEDEC). MK48Z02/12 also matches the pinning of 
2716 EPROM and 2K x 8 EEPROM. Like other static 
RAMs, there is no limit to the number of write cycles 
that can be performed. Since the access time, read 
cycle, and write cycle are less than 250ns and 
require only+ 5 volts, no additional support circuitry 
is needed for interface to a microprocessor. 

February 1992 

PHDIP24 WITH BATIERY TOP HAT (B) 

Figure 1. Pin Connection 

A7 

A6 

A5 

A4 
A3 

A2 

A1 
AO 

DQO 

DQ1 
DQ2 

GND 

PIN NAMES 

AO·A10 

E 

GND 

Vee 

w 
G 

DQO·DQ7 

I 1 • 24 

I 2 23 

I 3 22 

I 4 21 

: 5 20 

6 MK48Z02 19 

I 7 MK48Z12 18 

I 8 17 

I 9 16 

: 10 15 

11 14 

I 12 13 

VA00603 

Address Inputs 

Chip Enable 

Ground 

5Volts 

Write Enable 

Output Enable 

Data Inputs/Outputs 

Vee 
AS 
A9 

w 
G 
A10 

E 
DQ7 

DQ6 

DQ5 

DQ4 

DQ3 
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MK48Z02, MK48Z12 

Figure 2. Block Diagram 

Vee 

,--- --------------------------. 
I 
I 

J- I 
I 
I 
I 
I 

LITHIUM 

T+ CELL 
X 8 I 2 K 

I 
POWER RAM I 

VOLTAGE SENSE -- CMOS I 
AND POK I 

CELL I SWITCHING 
--CIRCUITRY BOK I 

I 
-------------------jt------~ 

AO-A10 

) D00-007 

E 
w 
G 

VR000792 

TRUTH TABLE 

Vee E G w Mode DQ, 

V1H X X Deselect High-Z 
<Vcc(max) V1L X V1L Write DIN 
>Vcc(min) V1L VIL VIH Read DouT 

VIL VIH VIH Read High-Z 

<VPFD(mln) X X X Power-Fail 
High-Z 

>Vso Deselect 

5Vso X X X Battery High-Z 
Back-up 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vi Voltage On Any Pin Relative to Ground --o.3 to +7.0 v 
TA Ambient Operating Temperature Oto+70 oc 

Tsm Ambient Storage (Vee Off) Temperature --40 to +85 oc 
Po Total Device Power Dissipation 1 w 
lour Output Current Per Pin 20 rnA 

NOTE: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
ratinQ only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 
CAUTION : Under no conditions can the "Absolute Maximum Ratmg" for the voltage on any pin be exceeded since it will cause permanent 
damage. Specifically. do not perform the "standard" continuity test on any input or output pin, 1.e. do not force these pins below - 0.3V DC. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°C :5 TA :5 70°C) 

Symbol Parameter 

Vee Supply Voltage (MK48Z02) 

Vee Supply Voltage (MK48Z12) 

GND Ground 

V1H Logic "1" Voltage All Inputs 

v1L Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C :5 TA :5 70°C; Vee max~ Vee~ Veemin) 

Symbol Parameter 

lcc1 Average Vee Power Supply Current 

lcc2 TTL Standby Current (E = V1H) 

lcca CMOS Standby Current (E ~Vee --Q.2V) 

hL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage (lour= -1.0mA) 

VoL Output Logic "0" Voltage (lour = 2.1 rnA) 

Min. 

4.75 

4.5 

0 

2.2 

--Q.3 

Min. 

-1 

-5 

2.4 

Max. Unit Notes 

5.5 v 1 

5.5 v 1 

0 v 1 

Vcc+0.3V v 1 

0.8 v 1, 2 

Max. Unit Note 

80 rnA 3 

3 rnA 

1 rnA 

1 !lA 4 

5 !lA 4 

v 

0.4 v 
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AC TEST CONDITIONS 

Input Levels 

Transition Times 

Input and O•Jtput Timing 
Reference Levels 

CAPACITANCE 
(TA = 25°C) 

Symbol 

0.6V to 2.4V 

5ns 

0.8Vor2.2V 

Parameter 

C1 Capacitance on all pins (except D/Q) 

CDta Capacitance on D/Q pins 

Notes: 

1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volt allowed for up to 1 Ons once per cycle. 

3. lcc1 measured with outputs open. 

4. Measuredwith Vcc2 V12 GNDandoutputsdeselected. 

EQUIVALENT OUTPUT LOAD DIAGRAM 

DEVICE 

UNDER 

TEST 
1.0 Kil 

Max. 

7pF 

10pF 

+5V 

--

1.8 Kil 

100 pF 
!INCLUDING SCOPE 
AND JIG) 

VR000790 

Notes 

4 

4,5 

5. EffecbVe capacitance calculated from the equation C = I!J.V!!..V with !J.V = 3 volts and power supply at 5.0V. 
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OPERATION 

READ MODE 

The MK48Z02/12 is in the Read Mode whenever 
W (Write Enable) is high andE (Chip Enable) is low, 
providing a ripple-through access of data from eight 
of 16,3841ocations in the static storage array. Thus, 
the unique address specified by the 11 Address 
Inputs (An) defines which one of 2,048 bytes of data 
is to be accessed. 
Valid data will be available to the eight data Output 

Figure 3. Read-Read-Write Timing 

READ 
tRC 

AO-A10 =>< X 

MK48Z02, MK48Z12 

Drivers within tAA after the lag addr.§!.SS input signal 
is stable, providj!Jg th_g_t the E and G access times 
are satisfied. If E or G access times are not met, 
data access will be measured from the limiting 
parameter (tcEA or toEA), rather than the address. 
The st~e of tb_? eight Data 1/0 signals is controlled 
by the E and G control signals. The data lines may 
be in an indeterminate state between toH and tAA, 
but the data lines will always have valid data at tAA. 

READ WRITE 
tRC twc-

)< ~ 
- "-lAS - -IWR 

~tCEA- -IAA- - '--tAW 

I 

w -IOH-

r-<mw>C 
1-IOEA- IOEZ 

DOO-D07 VALID OUTX X VALID OUT VALID IN 

AC ELECTRICAL CHARACTERISTICS (Read Cycle Timing) 
(0°C~TA ~ 70°C;Vccmax~Vee~ Vee min) 

48Z02-12 48Zx2-15 
Symbol Parameter 

Min. Max. Min. Max. 

IRe Read Cycle Time 120 150 

IAA Address Access Time 120 150 

ICEA Chip Enable Access Time 120 150 

IOEA Output Enable Access Time 75 75 

lcEZ Chip Enable Hi to High-Z 30 35 

toEZ Output Enable Hi to High·Z 30 35 

toH Valid Data Out Hold Time 15 15 

Note : Measured using the Oulput Load Diagram shown Page 4. 

VRJ00942 

48Zx2-20 48Zx2-25 
Unit Note 

Min. Max. Min. Max. 

200 250 ns 

200 250 ns 1 

200 250 ns 1 

80 90 ns 1 

40 50 ns 

40 50 ns 

15 15 ns 1 
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WRITE MODE 

J:tle MI:S_48Z02/12 is in Write Mode whenever the 
W and E inputs are held low. The start of a Write is 
refereQg_ed !Q the latter occurring falling edge of 
either W or E. A Write is terminated by the earlier 
rising edge of WorE. The addresses must be held 
valid t~r~ughout the cycle. WorE must return high 
for a m1mmum oftwR prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for tos 
prior to the End of Write and remain valid for toH 
afterward. 

Figure 4. Write-Write-Read Timing 

WRITE WRITE 

Some processors thrash producing spurious Write 
Cycles during power-up, despite apP-IicatiO.!} of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vee 
reaches Vee (min) but before the processor stabi
lizes. 
Th_e MK48ZO_g/12 G input is a DON'T CARE in the 
wnte mode, G can be tied low and two-wire RAM 
control can be implemented. A low on W will disable 
the outputs twEz after W falls. Take care to avoid 
bus contention when operating with two-wire control. 

READ 

VR000795 

AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing) 
(0°C :<;; T A :<;; 70°C; Vee max~ Vee ~ Vee min) 

Symbol Parameter 
48Z02-12 48Zx2-15 48Zx2-20 48Zx2-25 

Unit Note 
Min. Max. Min. Max. Min. Max. Min. Max. 

twc Write Cycle Time 120 150 200 250 ns 

lAs Address Setup Time 0 0 0 0 ns 

lAW Address Valid to End of Write 90 120 140 180 ns 

lCEW Chip Enable to End of Write 75 90 120 160 ns 

IWEW Write Enable to End of Write 75 90 120 160 ns 

twA Write Recovery Time 10 10 10 10 ns 

los Data Setup Time 35 40 60 100 ns 

toH Data Hold Time 5 5 5 5 ns 

twEZ Write Enable Low to High·Z 40 50 60 80 ns 
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DATA RETENTION MODE 
With Vee applied, the MK48Z02/12 operates as a 
conventional BYTEWIDE static RAM. However, 
Vee is being constantly monitored. Should the sup
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vee 
falls within the VPFD (max), VPFD (min) window. The 
MK48Z02 has a VPFD (max) - VPFD (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MK48Z12 has a VPFD (max)- VPFD 
(min) window of 4.5 volts to 4.2 volts, allowing users 
constrained to a 1 0% power supply specification to 
use the device. 
Note : A mid-write cycle power failure may corrupt 
data at the current address location, but does not 
jeopardize the rest of the RAM's content. At volt
ages below VPFD (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vee fall time does not exceed IF. The 
M K48Z02/12 may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vee. Therefore decoupling of power supply lines is 
recommended. 
The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso. As Vee rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after the first write, and 
normal RAM operation resumes. Figure 5 illus
trates how a BOK check routine could be struc
tured. 
Normal RAM operation can resume tREe after Vee 
excee,!js VEfD (max). Caution should be taken to 
keep E or W high as Vee rises past VPFD (min) as 
some systems may perform inadvertent write 
cycles after Vee rises but before normal system 
operation begins. 

MK48Z02, MK48Z12 

Figure 5. Checking the BOK Flag Status 
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Figure 6. Power-Down/Power-Up Timing 

Vee 
VPFD(maxl 

VPFDimin) 

vso 

E or W 

EC 

VRClXl7B4 

DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages) 
(0°C ~ TA ~ +70°C) 

Symbol Parameter Min. Typ. 

VPFD Power-Fail Deselect Voltage (MK48Z02) 4.50 4.6 

VPFD Power-Fail Deselect Voltage (MK48Z12) 4.20 4.3 

Vso Battery Back-Up Switchover Voltage 3 

AC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Timing) 
(0°C :5 TA :5 +70°C} 

Symbol Parameter Min. Typ. 

tpo E or W at VJH before Power Down 0 

IF VPFD (max) to VPFD (min) Vee Fall Time 300 

tFB VPFD (min) to Vso Vee Fall Time 10 

IRe Vso to VPFD (min) Vee Rise Time 1 

tR VPFD (min) to VPFD (max) Vee Rise Time 0 

IREC E or W at V1H after Power Up 2 

Notes: 
1. All voltages referenced to GND. 

Max. 

4.75 

4.50 

Max. 

Unit 

v 
v 
v 

Unit 

ns 

~s 

~s 

~s 

~s 

ms 

2. VPFD (max) to VPFD (min) fall t1mes of less IF may result in deselectionlwnte protection not occurring until 50(.15 after Vee passes 
VPFD (min). 

3. VPFD (m1n) to Vso fall times of less than !Fe may cause corruption of RAM data. 
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DATA RETENTION TIME 

About Figure 7 

Figure 7 illustrates how expected MK48Z02/12 bat
tery life is influenced by temperature. The life of the 
battery is controlled by temperature and is virtually 
independent of the percentage of time the 
MK48Z02/12 spends in battery back-up mode. 

Battery life predictions presented in Figure 7 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, tempera
ture accelerated testing cannot identify non-tem-per
ature dependent failure mechanisms. However, in 
view of the fact that no random cell failures have 
been recorded in any of SGS-THOMSON's on
going battery testing since it began in 1982, we 
believe the likelihood of such failure mechanisms 
surfacing is extremely poor. For the purpose of this 
testing, a cell failure is defined as the inability of a 
cell stabilized at 25"C to produce a 2.4 volt closed
circuit voltage across a 250K ohm load resistance. 

A Special Note: The summary presented in Figure 
7 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of 
battery life data of this kind in the world, the results 
presented should not be considered absolute or 
final ; they can be expected to change as yet more 
data becomes available. We believe that future 
read-points of life tests presently under way and 
improvements in the battery technology itself will 
result in a continuing improvement of these figures. 

Two end of life curves are presented in Figure 7. 
They are labeled "Average (tso%)" and "(t1%)". 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 

MK48Z02 MK48Z12 

life at 70°C is at issue, Figure 7 indicates that a 
particular MK48Z02/12 has a 1% chance of having 
a battery failure 11 years into its life and a 50% 
chance of failure at the 20 year mark. Conversely, 
given a sample of devices, 1% of them can be 
expected to experience battery failure within 11 
years ; 50% of them can be expected to fail within 
20 years. 

The t1% figure represents the practical onset of 
wear-out, and is therefore suitable for use in what 
would normally be though of as a worst-case 
ana-lysis. The tso% figure represents "normal" or 
"average" life. It is, therefore, accurate to say 
that the average device will last "tsoo;,". 

Battery life is defined as beginning on the date 
of manufacture. Each MK48Z02/12 is marked 
with a nine digit manufacturing date code in the 
form H99XXYYZZ, example: H995B9231 isH
fabricated in Carrollton, TX; 9- assembled in 
Muar, Malaysia; 9-tested in Muar, Malaysia; 
58-lot designator; 9231-assembled in the year 
1992, work week 31. 

CALCULATING PREDICTED BATTERY LIFE 

As Figure 7 indicates, the predicted life of the 
battery in the MK48Z02/12 is a function of tem
perature. The back-up current required by the 
memory matrix in the MK48Z02/12 is so low that 
it has negligible influence on battery life. 

Because predicted battery life is dependent 
upon application controlled variables, only the 
user can estimate predicted battery life in a 
given design. As long as ambient temperature 
is held reasonably constant, expected life can 
be read directly from Figure 7. If the 
MK48Z02/12 spends an appreciable amount of 
time at a variety of temperatures, the following 
equations should be used to estimate battery life. 

Predicted Battery Life= ----------------------------

[(TA1/TT)/BL1)] + [(TAz!TT)/BL2] + ... + [(TAn/TT)/BLn)] 

Where: TA1, TA2, TAn= Time at Ambient Temperature 1, 2, etc. 

TT =Total Time = TA1 + TA2 + ... +TAn 
BL 1, BL2, BLn = Predicted Battery Lifetime at Temp 1, Temp 2, etc (see Figure 7). 
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EXAMPLE PREDICTED BATTERY LIFE CAL· 
CULATION 

A cash register/terminal operates in an environ
ment where the MK48Z02/12 is exposed to tem 

peratures of 30°C or less for 3066 hrs/yr ; tem
peratures greater than 25°C, but less than 40°C 
for 5256 hrs/yr ; and temperatures greater than 
40°C, but less than 70"C for the remaining 438 
hrs/yr. 

Reading predicted typical life values from Figure 7 ; BL1 = 456 yrs., BL2 = 175 yrs., BL.s = 11.4 yrs. 

Total Time (TT) = 8760 hrs./yr. TA1 = 3066 hrs./yr. TA2 = 5256 hrs./yr. TAa = 438 hrs./yr. 

1 
Predicted Typical Battery Life ;::: I.D:I.I.I.I.I.I.I.I.I.:n:r.n:I.I.I.I.I.I.-

[(3066/8760)/456] + [(5256/8760)/175] + [(438/8760)/11.4] 

;::: 116.5 yrs. 

Figure 7. Predicted Battery Storage Life Versus Temperature 
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ORDERING INFORMATION 

Example: MK48Z02 8 12 

8 PHDIP24 12 120ns 

15 150ns 

20 200ns 

25 250ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MKI48Z02 
MKI48Z12 

CMOS2Kx8ZEROPOWERSRAM 

• INDUSTRIAL TEMPERATURE RANGE - 40°C 
to+ 85°C. 

• PREDICTED WORST CASE BATTERY LIFE OF 
6 YEARS @ 85°C. 

• DATA RETENTION IN THE ABSENCE OF 
POWER. 

• DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE. 

• + 5 VOLT ONLY READ/WRITE. 

• CONVENTIONAL SRAM WRITE CYCLES. 

• LOW POWER-440mW ACTIVE ; 5.5mW 
STANDBY. 

• 24-PIN DUAL IN LINE PACKAGE, JEDEC 24 
PIN MEMORY PINOUT. 

• READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 

• ON BOARD LOW-BATTERY WARNING CIR
CUITRY. 

• TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE : 
- MKI48Z02 4.75V <:: VPFD <:: 4.50V 
- MKI48Z12 4.50V 2:: VPFD 2:: 4.20V 

DESCRIPTION 

The MKI48Z02/12 is a 16,384-bit, Non-Vola
tile Static RAM, organized 2K x 8 using CMOS 
and an integral Lithium energy source. The 
ZEROPOWER™ RAM has the characteristics of a 
CMOS static RAM, with the important added ben
efit of data being retained in the absence of power. 
Data retention current is so small that a miniature 
Lithium cell contained within the package provides 
an en-ergy source to preserve data. Low current 
drain has been attained by the use of a full CMOS 
memory cell, novel analog support circuitry, and 
carefully controlled junction leakage by an all im
planted CMOS process. Safeguards against inad
vertent data loss have been incorporated to maintain 
data integrity in the uncertain operating environ
ment associated with power-up and power-down 
transients. The ZEROPOWER RAM can replace 
exist-ing 2K x 8 static RAM, directly conforming to the 
popular Byte Wide 24-pin DIP package (JEDEC). 

February 1992 

PHDIP24 WITH BATTERY TOP HAT (B) 

Figure 1. Pin Connections 

A7 • 24 Vee 
A6 2 23 AS 
AS 3 22 A9 
A4 4 21 Vi 
A3 5 20 G 
A2 6 MKI48Z02 19 A10 
A1 7 MKI48Z12 18 E 

AO 8 17 DQ7 
DOO 16 006 
DQ1 10 15 DQS 
DQ2 11 14 DQ4 
GND 12 13 DQ3 

VA00604 

PIN NAMES 

AO-A10 Address Inputs 

E Chip Enable 

GND Ground 

Vee 5 Volts 

w Write Enable 

G Output Enable 

DQO-DQ7 Data Inputs/Outputs 
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Figure 2. Block Diagram 
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DESCRIPTION (Continued) 
MKI48Z02/12 also matches the pinning of 2716 
EPROM and 2K x 8 EEPROM. Like other static 
RAMs, there is no limit to the number of write cycles 

TRUTH TABLE 

Vee E G 

V1H X 
<VcC(max) V1L X 
>Vcc(m•n) V1L V1L 

VIL V1H 

<VPFD(m>n) X X 
>Vso 

5,Vso X X 

2/11 
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that can be performed. Since the access time, read 
cycle, and write cycle are less than 250ns and 
require only+ 5 volts, no additional support circuitry 
is needed for interface to a microprocessor. 

w Mode DO 

X Deselect High·Z 
V1L Write DIN 
V1H Read DouT 
VIH Read High-Z 

X Power-Fail High·Z Deselect 

X Battery High·Z Back-up 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

VI Voltage On Any Pin Relative to Ground -Q.3 to +7.0 v 
TA Ambient Operating Temperature -40 to +85 oc 

TsrG Ambient Storage (Vee Off) Temperature -40to +85 oc 
Po Total Device Power Dissipation 1 w 
lour Output Current Per Pin 20 rnA 

Note: Stresses greater than those listed under "Absolute Max1mum Rat1ngs" may cause permanent damage to the device. This IS a stress 
ratmg only and functional operabon of the device at these or any other conditions above those indicated in the operational sect1on of th1s 
spec1ficat1on is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 

CAUTION : Under no cond1tions can the "Absolute Maximum Rating" lor the voltage on any pm be exceeded since it will cause permanent 
damage. Speci!Jcally, do not perform the "standard" continuity test on any input or output pin, 1.e. do not Ioree these pins below - 0.3V DC. 

RECOMMENDED DC OPERATING CONDITIONS 
(-40°C ::; T A ::; +85°C) 

Symbol Parameter 

Vee Supply Voltage (MKI48Z02) 

Vee Supply Voltage (MKI48Z12) 

GND Ground 

V1H Logic "1" Voltage All Inputs 

V1L Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(-40°C::; TA ::; +85°C; Vee max;:: Vee;:: Vee min) 

Symbol Parameter 

lcc1 Average Vee Power Supply Current 

lcc2 TTL Standby Current (E = V1H) 

lccJ CMOS Standby Current (E 2: Vee -Q.2V) 

I1L Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage (lour= -1.0mA) 

VoL Output Logic "0" Voltage (lour= 2.1 rnA) 

Min. 

4.75 

4.5 

0 

2.2 

-Q.3 

Min. 

-1 

-5 

2.4 

Max. Unit Notes 

5.5 v 1 

5.5 v 1 

0 v 1 

Vee+ 0.3V v 1 

0.8 v 1, 2 

Max. Unit Note 

80 rnA 3 

3 rnA 

1 rnA 

1 f1A 4 

5 f1A 4 

v 
0.4 v 
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AC TEST CONDITIONS 

Input Levels 

Transition limes 

Input and Output liming 
Reference Levels 

Ambient Temperature 

VCC (MKI48Z02) 

VCC (MKI48Z12) 

CAPACITANCE 
(TA= 25°C) 

Symbol 

0.6Vto 2.4V 

5ns 

0.8Vor 2.2V 

-40 to 85°C 

4.75to 5.5V 

4.5 to 5.5V 

Parameter 

C1 Capacitance on all pins (except D/Q) 

Co1a Capacitance on D/0 pins 

Notes: 

1. All vollages referenced to GNO. 

2. Negative spikes of -1.0 volt allowed for up to 1 Ons once per cycle. 

3. lcc1 measured with outputs open. 

4. Measuredwith Vee;, V1;, GNOandoutputsdeselected. 

EQUIVALENT OUTPUT LOAD DIAGRAM 

+5V 

1.a Kn 

DEVICE 

UNDER 

TEST 
tD Kn , 

f :~~~tJDING SCOPE 
AND JIG) 

--=-
VR000790 

Max. Notes 

7pF 4 

10 pF 4,5 

5. Effective capacilance calculated from the equation C = I AVtN with t.V = 3 volts and power supply at S.OV. 
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OPERATION 
READ MODE 

The MK148Z02/12 is in the Read Mode whenever 
W (Write Enable) is high andE (Chip Enable) is low, 
providing a ripple-through access of data from eight 
of 16,3841ocations in the static storage array. Thus, 
the unique address specified by the 11 Address 
Inputs (An) defines which one of 2,048 bytes of data 
is to be accessed. 

Figure 3. Read-Read-Write Timing 

READ 
IRC 

AO·A10 =x X 

MKI48Z02 MKI48Z12 

Valid data will be available to the eight data Output 
Drivers within tAA after the lag addr~ss input signal 
is stable, providl!:!g th~t the E and G access times 
are satisfied. If E or G access times are not met, 
data access will be measured from the limiting 
parameter (tcEA or toEA), rather than the address. 
The st~e oft~ eight Data 1/0 signals is controlled 
by the E and G control signals. The data lines may 
be in an indeterminate state between toH and tM, 
but the data lines will always have valid data at tM. 

READ WRITE 
IRC IWC-

X K= 
- j--IAS - f--IWR 

-r-ICE A- -tAA- j---IAW--

I 

1-IOH-

-tOEA-

DQ0-007 VALID OUT [>( x VALID OUT 

AC ELECTRICAL CHARACTERISTICS (Read Cycle Timing) 
(-40°C::;TA:::; +85°C; Vee max~ Vee~ Vee min) 

MKI48ZX2·15 MKI48ZX2·20 
Symbol Parameter 

Min. Max. Min. Max. 

IRe Read Cycle Time 150 200 

fAA Address Access Time 150 200 

lcEA Chip Enable Access Time 150 200 

toEA Output Enable Access Time 75 80 

lCEZ Chip Enable Hi to High-Z 35 40 

toEZ Output Enable Hi to High-Z 35 40 

toH Valid Data Out Hold Time 15 15 

Note: Measured using the Output Load Diagram shown Page 4. 

lr'~·-Jc 
IOEZ 

VALID IN 

VR000942 

MKI48ZX2·25 
Unit Note 

Min. Max. 

250 ns 

250 ns 1 

250 ns 1 

90 ns 1 

50 ns 

50 ns 

15 ns 1 
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WRITE MODE 
The MKI48Z02/12 is in Write Mode whenever the 
Vii and E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either Vii or E.~ W!:i_te is terminated by the earlier 
rising edge of W or E. The ~dreE_ses must be held 
valid throughout the cycle. WorE must return high 
for a minimum oftwR prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for tos 
prior to the End of Write and remain valid for toH 
afterwards. 

Figure 4. Write-Write-Read Timing 

Some processors thrash producing spurious Write 
Cycles during power-up, despite app_fu:atio~ of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vee 
reaches Vcc(min) but before the processor stabi
lizes. 

The MIS!.48Z02/12 G input is a don't care in the write 
mode. G can be tied low and two-wire RAM control 
can be implement~. A low on Vii will disable the 
outputs twEZ after W falls. Take care to avoid bus 
contention when operating with two-wire control. 

WRITE WRITE READ 

AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing) 
(-40°C ~TA ~ +85°C; Vee max?. Vee?. Vee min) 

MKI48ZX2-15 MKI48ZX2-20 
Symbol Parameter 

Min. Max. Min. Max. 

twc · Write Cycle Time 150 200 

lAs Address Setup Time 0 0 

lAw Address Valid to End of Write 120 140 

ICEW Chip Enable to End of Write 90 120 

twEW Write Enable to End of Write 90 120 

twR Write Recovery lime 10 10 

los Data Setup Time 40 60 

loH Data Hold Time 0 0 

lwEz Write Enable Low to High-Z 50 60 
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MKI48ZX2-25 
Unit Note 

Min. Max. 

250 ns 

0 ns 

180 ns 

160 ns 

160 ns 

10 ns 

100 ns 

0 ns 

80 ns 



DATA RETENTION MODE 
With Vee applied, the MKI48Z02/12 operates as a 
conventional BYTEWIDE static RAM. However, 
Vee is being constantly monitored. Should the sup
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vee 
falls within the VPFD (max), VPFD (min) window. The 
MK148Z02 has a VPFD (max) to VPFD (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MKI48Z12 has a VPFD (max) to 
VPFD (min) window of 4.5 volts to 4.2 volts, allowing 
users constrained to a 1 0% power supply specifi
cation to use the device. 

Note : A mid-write cycle power failure may corrupt 
data at the current address location, but does not 
jeopardize the rest of the RAM's content. At volt
ages below VPFD (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vee fall time does not exceed IF. The 
MKI48Z02/12 may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vee. Therefore decoupling of power supply lines is 
recommended. 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso. As Vee rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after the first write, 
and normal RAM operation resumes. Figure 5 illus
trates how a BOK check routine could be struc
tured. 

Normal RAM operation can resume tREe after Vee 
excee_Qs V.ffo (Max). Caution should be taken to 
keep E or W high as Vee rises past VPFD (Min) as 
some systems may perform inadvertent write 
cycles after Vee rises but before normal system 
operation begins. 

MKI48Z02, MKI48Z12 

Figure 5. Checking the BOK Flag Status 
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Figure 6. Power-Down/Power-Up Timing 

Vee 
VPFD(maxl 

VPFDiminl 
vso 

E or W 

EC 

VROOJ794 

DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages) 
(-40°C ~ T A ~ +85°C) 

Symbol Parameter Min. Typ. 

VPFD Power-Fail Deselect Voltage (MKI48Z02) 4.50 4.6 

VPFD Power-Fail Deselect Voltage (MKI48Z12) 4.20 4.3 

Vso Battery Back-Up Switchover Voltage 3 

AC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Timing) 
(-40°C ~ T A ::; +85°C) 

Symbol Parameter Min. Typ. 

lpo E or W at VrH before Power Down 0 

IF VPFD (max) to VPFD (min) Vee Fall Time 300 

IFB VPFD (min) to Vso Vee Fall Time 10 

IRs Vso to VPFD (min) Vee Rise Time 1 

IR VPFD (min) to VPFD (max) Vee Rise Time 0 

IREC E or W at VrH after Power Up 2 

Notes: 

1. All voltages referenced to GND. 

Max. 

4.75 

4.50 

Max. 

Unit 

v 
v 
v 

Unit 

ns 

flS 

flS 

flS 

flS 

ms 

2. VPFD (max) to VPFD (min) fall times of less tF may result rn des electron/write protection not occurnng untrl SO;.ts after Vee passes 
VPFD (min). 

3. VPFo (min) to Vso fall trmes of less than lFs may cause corruptron of RAM data. 
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DATA RETENTION TIME 

About Figure 7 

Figure 7 illustrates how expected MKI48Z02/12 
battery life is influenced by temperature. The life of 
the battery is controlled by temperature and is 
virtually independent of the percentage of time the 
MKI48Z02112 spends in battery back-up mode. 

Battery life predictions presented in Figure 7 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, tempera
ture accelerated testing cannot identify non-tem
perature dependent failure mechanisms. However, 
in view of the fact that no random cell failures have 
been recorded in any of SGS-THOMSON's ongo
ing battery testing since it began in 1982, we be
lieve the likelihood of such failure mechanisms 
surfacing is extremely poor. For the purpose of this 
testing, a cell failure is defined as the inability of a 
cell stabilized at 25"C to produce a 2.0 volt closed
circuit voltage across a 250K ohm load resistance. 

A Special Note :The summary presented in Figure 
7 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of 
battery life data of this kind in the world, the results 
presented should not be considered absolute or 
final ; they can be expected to change as yet more 
data becomes available. We believe that future 
read-points of life tests presently under way and 
improvements in the battery technology itself will 
result in a continuing improvement of these figures. 

Two end of life curves are presented in Figure 7. 
They are labeled "Average (t5o%)" and "(t1%)". 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 

1 
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life at 80°C is at issue, Figure 7 indicates that a 
particular MKI48Z02/12 has a 1% chance of having 
a battery failure 10 years into its life and a 50% 
chance of failure at the 17 year mark. Conversely, 
given a sample of devices, 1% of them can be 
expected to experience battery failure within 10 
years ; 50% of them can be expected to fail within 
17 years. 

The 11% figure represents the practical onset of 
wear-out, and is therefore suitable for use in what 
would normally be though of as a worst-case anal
ysis. The t5o% figure represents "normal" or "aver
age" life. It is, therefore, accurate to say that the 
average device will last "t5o%". 

Battery life is defined as beginning on the date of 
manufacture. Each MKI48Z02/12 is marked with a 
nine digit manufacturing date code in the form 
H99XXVYZZ, example: H995B9231 is H -fabri
cated in Carrollton, TX; 9 -assembled in Muar, 
Malaysia; 9 -tested in Muar, Malaysia; 58 -lot des
ignator; 9231 -assembled in the year 1992, work 
week 31. 

CALCULATING PREDICTED BATTERY LIFE 

As Figure 7 indicates, the predicted life of the 
battery in the MKI48Z02/12 is a function of temper
ature. The back-up current required by the memory 
matrix in the MKI48Z02112 is so low that it has 
negligible influence on battery life. 

Because predicted battery life is dependent upon 
application controlled variables, only the user can 
estimate predicted battery life in a given design. As 
long as ambient temperature is held reasonably 
constant, expected life can be read directly from 
Figure 7. If the MKI48Z02112 spends an apprecia
ble amount of time at a variety of temperatures, the 
following equations should be used to estimate 
battery life. 

Predicted Battery Life = -------------------------------------------------------------------------
[(TA1/TT)/BL1)] + [(TA21TT)/BL2] + ... + [(TAn!TD/BLn)] 

Where: TA1, TA2, TAn= Time at Ambient Temperature 1, 2, etc. 

TT = Total lime = TA1 + TA2 + ... + TAn 
BL 1, BL2, Bln = Predicted Battery Lifetime at Temp 1, Temp 2, etc (see Figure 7). 
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MKI48Z02, MKI48Z12 

EXAMPLE PREDICTED BATTERY LIFE CALCU
LATION 
A process control computer operates in an environ
ment where the MKI48Z02/12 is exposed to tern-

peratures of 50°C or less for 3066 hrs/yr ; 
temperatures greater than 25°C, but less 
than 60°C for 5256 hrs/yr ; and tempera
tures greater than 40°C, but less than 85'C for 
the remaining 438 hrs/yr. 

Reading predicted typical life values from Figure 7; BL1 = 275 yrs., BL2 = 95 yrs., BL3 = 6 yrs. 

Total Time (TT) = 8760 hrs./yr. TA1 = 3066 hrs./yr. TA2 = 5256 hrs./yr. TA3 = 438 hrs./yr. 

1 
Predicted Typical Battery Life ;:: 

[(3066/8760)/275] + [(5256/8760)/95] + [(438/8760)/6] 
;:: 62.8 yrs. 

Figure 7. Predicted Battery Storage Life Versus Temperature 
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MKI48Z02, MKI48Z12 

ORDERING INFORMATION 

Example: MKI48Z02 B 15 

I 
~ 

B PHDIP24 15 150ns 

20 200ns 

25 250ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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M48Z02 
M48Z12 

CMOS2Kx8ZEROPOWERSRAM 

• PIN and FUNCTION COMPATIBLE with the 
MK48Z02,12 

• SELF CONTAINED BATTERY in the CAPHAT 
DIP PACKAGE 

• 11 YEARS of DATA RETENTION in the 
ABSENCE of POWER 

• CHOICE of TWO WRITE PROTECT 
VOLTAGES: 
- M48Z02: 4.5V::; VPFD::; 4.75V 

- M48Z12: 4.2V::; VPFD::; 4.5V 

DESCRIPTION 

The M48Z02, 12 ZERO POWER® RAM is a 2K x 8 
non-volatile static RAM which is pin and function 
compatible with the MK48Z02, 12. 

A special 24 pin 600mil DIP CAPHAl'M package 
houses the M48Z02, 12 silicon with a long life lith
ium button cell to form a highly integrated battery 
backed-up memory solution. 

Table 1. Signal Names 

AO-A10 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

November 1993 

PCDIP24 (PC) 
Battery CAPHAT 

Figure 1. Logic Diagram 

AO-A10 

w 
E 

G 

11 

Vee 

M48Z02 
M48Z12 

Vss 

8 

~DQ0-007 

VA01186 
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M48Z02,12 

Figure 2. DIP Pin Connections 

A7 [ 1 '-../ 24 
A6 [ 2 23 
A5 I 3 22 
A4 4 21 
A3 5 20 
A2 6 M48Z02 19 
AH 7 M48Z12 18 

AO 8 17 
OQO 9 16 
001 10 15 
002 11 14 

Vss [ 12 13 
VA01187 

J Vee 
~AS 
J A9 
JW 
~G 

~ A10 

~E 
0 007 
~ D06 
p 005 
p 004 
p 003 

DESCRIPTION (cont'd) 

The M48Z02, 12 button cell has sufficient capacity 
and storage life to maintain data for an accumu
lated time period of at least 11 years in the absence 
of power over the operating temperature range. 

For a complete description of electrical charac
teristics and bus timing, refer to the MK48Z02, 12 
data sheet. 

ORDERING INFORMATION SCHEME 

Example: 

Supply Voltage and 
Write Protect Voltage 

02 Vee= 4.75V to 5.5V 
VPFD = 4.5V to 4.75V 

12 Vee= 4.5V to 5.5V 
VPFD = 4.2V to 4.5V 

-120 

-150 

M48Z02 -120 PC 1 

120ns 

150ns 

PC PCDIP24 

Temp. Range 

Oto70°C 

6 -40to85 oc 

For a list of available options (Supply Voltage, Speed, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

:::.21.c:.2------------liii ~itmW~~~~~-------------
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MK48Z08,18 
MK48Z09,19 

CMOS 8K x 8 ZEROPOWER SRAM 

• INTEGRATED ULTRA LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT AND BAT
TERY. 

• UNLIMITED WRITE-CYCLES. 
• READ-CYCLE TIME EQUALS WRITE-CYCLE 

TIME. 
• PREDICTED WORST CASE BATIERY LIFE OF 

11 YEARS@ 70"C. 
• PIN AND FUNCTION COMPATIBLE WITH 

JEDEC STANDARD 8K X 8 SRAMS. 
• AUTOMATIC POWER-FAIL CHIP DESE

LECTA/VRITE PROTECTION. 
• CHOICE OF TWO WRITE PROTECT VOLT

AGES: 
- MK48Z08/09- 4.50V ~ VPFD ~ 4. 75V 
- MK48Z18/19- 4.20V ~ VPFD ~ 4.50V 

DESCRIPTION 
The MK48Z08/18/09/19 ZEROPOWER™ RAM 
combines an 8K x 8 full CMOS SRAM and a long 
life lithium carbon mono-fluoride battery in a single 
plastic DIP package. The MK48Z08/18/09/19 is a 
Non Volatile, pin and function equivalent to any 
JEDEC standard 8K x 8 SRAM. It also easily fits 
into many EPROM and EEPROM sockets, provid
ing the non-volatility of the PROMs without any 
requirement for special write timing, or limitations 
on the number of writes that can be performed. 

In addition, the MK48Z08/18/09/19 has its own 
Power-fail Detect circuit. The circuit deselects the 
device wheneverVcc is below tolerance, providing 
a high degree of data security in the midst of 
unpredictable system operations brought on by 
lowVcc. 

PIN NAMES 

AO-A12 Address Inputs 

E1, E2 Chip Enables 

w Write Enable 

G Output Enable 

DQ0-007 Data Inputs/Outputs 

INT Power Fail Interrupt 

Vcc/GND 5 Volts I Ground 

NC Not Connected 

February 1991 

PHDIP28 WITH BATTERY TOP HAT (B) 

Figure 1. Pin Connections 

NC I 1° 28 Vee 

A1~: ~ 27 w 
26 Ne 

A9 ~~: : 25 AB 
24 

23 A11 A4 [[ 6 

A3 7 MK48Z08 22 

AZ 1
1 

a MK48Z18 21 
A1 9 20 

G 
A1D 
E 
DQ7 AD I 10 19 

1a DQ5 
17 DQ5 

DQO I 11 

DQ1 [[ 12 

DQZ 13 16 DQ4 
GND I 14 15 DQ3 .._ ___ __, 

VA00563 

INT I 1 • 2B Vee 
A12 I 2 27 W 
A7 I 3 26 Ez 
AS I 4 25 AB 
A5 [ 5 24 A9 
A4 [ 6 23 A11 
A3 I 7 MK48ZD9 22 G 
A2 I a MK48Z19 21 A1D 
A1 I 9 20 E1 

AD [ 10 19 DQ7 
DQD I 11 1a DQ5 
DQ1 [ 12 17 DQ5 

DQZ [ 13 16 DQ4 
GND I 14 15 DQ3 

VA00564 
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MK48Z08, 18,09,19 

Figure 2. Block Diagram 

Vee 

r- - --------------------------, 
I 
I 

L I 
I 
I 

BK x 8 

T CELL RAM I 

CMOS 
I 

POWER I 

CELL 
VOLT AGE SENSE 

AND POK I 
SWITCHING I 

CIRCUITRY 

I 

--------------------jt------~ 

TRUTH TABLE (MK48Z08/18) 

Vee E G w Mode 

VIH X X Deselect 
<Vee (max) V1L X V1L Write 

> Vcc(min) V1L VIL V1H Read 

V1L ViH ViH Read 

< VPFD (min) X X X Deselect 
> Vso 

-s.Vso X X X Deselect 

TRUTH TABLE (MK48Z09/19) 

Vee E, E2 G w Mode 

<Vee (max) 
V1H X X X Deselect 

X ViL X X Deselect 

VIL VIH X VIL Write 

> Vcc(min) VIL VIH ViL V1H Read 

V1L V1H V1H V1H Read 

< VPFD (min) X X X X Deselect 
> Vso 

-s.Vso X X X X Deselect 
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T (MK48Z09/19 ONLY) IN 

AO-A12 

,) 

E' 
DQO-DQ7 

_1 
w 
G" 
E 2 (MK48Z09/19 ONLY) 

VR000836 

DQ Power 

HighZ Standby 

DIN Active 

DouT Active 

HighZ Active 

HighZ CMOS 
Standby 

HighZ Battery 
Back-up 

DQ Power 

HighZ Standby 

HighZ Standby 

DIN Active 

DouT Active 

HighZ Active 

HighZ CMOS 
Standby 

HighZ Battery 
Back-up 



MK48Z08,18,09 19 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Po Total Power Dissipation 1.0 w 

lour Output Current per Pin 20 rnA 

Voo Voltage on any Pin Relative to GND --o.3 to +7.0 v 
TsTG Ambient Storage (Vee Off) Temperature --40 to 85 ·c 
TA Ambient Operating Temperature Oto 70 ·c 

Stresses greater than those listed under"Absolute Maximum Ratin~s" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational sect1on of this specif1cat10n is 
not implied. Exposure to the absolute max1mum rabng conditions for extended penods of time may affect reliability. 
CAUTION :Negative undershoots below -0.3 volts are not allowed on any pin while in the Battery Back-up mode. 

RECOMMENDED DC OPERATING CONDITIONS (0°C s; TA s; 70°C) 

Symbol Parameter 

Vee S,upply Voltage (MK4BZOB/09) 

Vee Supply Voltage (MK4BZ1 B/19) 

GND Supply Voltage 

V1H Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C s; TA s; +70°C; Vee min s; Vee s; Vee max) 

Symbol Parameter 

lce1 Average Vee Power Supply Current 

lee2 TTL Standby Current (E1 = V1H or E2 = VIL) 

lee3 CMOS Standby Current (E, = Vee --D.2V) 

ilL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage (lour= -1.0mA) 

VoL Output Logic "0" Voltage (lour = +2.1 rnA) 

V1Nr INT Logic "0" Voltage (lour= +0.5mA) 

Min. Max. 

4.75 5.5 

4.5 5.5 

0 0 

2.2 Vcc+0.3V 

--o.3 0.8 

Min. Max. 

80, 125 

3 

3 

-1 1 

-5 5 

2.4 

0.4 

0.4 

Unit 

v 
v 
v 

v 
v 

Unit 

rnA 

rnA 

rnA 

!lA 

!lA 

v 
v 
v 

Notes 

1 

1 

1 

1 

1,2 

Notes 

3,6 

4 

5 

5 
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MK48Z08, 18,09,19 

AC TEST CONDITIONS 

Input Levels 

Transition Times 

Input and Output Timing 
Reference Levels 

OUTPUT LOAD DIAGRAM 

MK48Z08·70 

D.U.T 

1K 
ohms 

CAPACITANCE 

(TA = 25°C) 

Symbol 

+5V 

' 

0.0Vto3.0V 

5ns 

1.5V 

1.8K 
ohms 

== 30pF 

VR000837 

Parameter 

Cl Capacitance On All Pins (except DQ) 

Ca Capacitance On DQ Pins 

Notes: 

1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volt allowed for up to 1 Ons once per Cycle. 

3. lcc1 measured wilh oulputs open. 

4. 1 mA typical. 
5 Measured with Vee;, v, ;, GND and outpus deselected. 

6. SOmA@ 1 OOns, & 125mA@ 70ns. 

MK48Z08,18,09,19 

D.U.T 

Max. 

10.0 

10.0 

1K 
ohms 

+5V 
-

1.8K 
ohms 

_T 100pF 

~----b""'= 

VR000823 

Unit Notes 

pF 7 

pF 7,8 

7. Effective capacitance calculated from the equation C = lllt/t.V w1th t.V = 3 volts and power supply at S.OV. 

8. Measured with outputs deselected. 
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MK48Z08 18 09 19 

Figure 3. Power Down/Up Timing 

Vee 
VPFD(max) 

VPFD(mln) 

vso 

INT 

======\-=============================-z ========== ------ ~~--------------------------~- ----------
tF--1- J 

!--:=--- tOR tRB 
\PO • f--+- lFB • - i- tR 

ol- ~ -1---~,ll 1- tPFX '.ri ------
\ A' 

(I.IK48Z09/19 ONLY) 

\PFH --U 
-. I ,.--------,. r-------. 

INPUTS Jl~ '--------{ r-D-ON_'T_e_AR_E ______ ___,. 1..._N_O_T.:._-J ...__"'_co_'"_"_rn_ 

OUTPUTS ~(P;ER~cv~o~u~~~oL~IN;Pu~T)~-------{ 1-- HIGH Z -----------K;(PER~co~~A~r~10~oL~IN;Pu;;:1) 

VA00560 

Note: Inputs may not be recognized at this time. Caution should be taken to keep E1 high or E2low as Vee rises past VPFo(min). Some systems 
may perform inadvertent wnte cycles after Vee rises above VPFo(min)but before normal system operat1ons begins. Even though a power on 
reset IS being applied to the processor a reset condition may not occur unt1l after the system clock 1s running. 

AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) 
(oac::; TA::; +70°C) 

Symbol Parameter Min. 

tpo E1 or W at V1H or E2 at V1L before Power Down 0 

IF VPFO (max) to VPFD (min) Vee Fall lime 300 

IFB VPFO (min) to Vso Vee Fall lime 10 

lA VPFO (min) to VPFO (max) Vee Rise Time 0 

IRe Vso to VPFO (min) Vee Rise Time ' 1 

IREC E1 or W at v,H or E2 at V1L after Power Up 1 

IPFX INT Low to Auto Deselect 10 

IPFH VPFO (max) to INT High 

DC ELECTRICAL CHARACTERISTICS (Power Up/Down Trip Points) 
(0°C < TA < +70°C) - -

Values 
Symbol Parameter 

Min. Typ. 

VPFD Power-fail Deselect Voltage (MK48Z08/09) 4.5 4.6 

VpFD Power-fail Deselect Voltage (MK48Z18/19) 4.2 4.3 

Vso Battery Back-up Switchover Voltage 3.0 

loR Expected Data Retention Time 11 

Notes : 1. All voltages referenced to GND. 

Max. Units Note 

JlS 

JlS 2 

JlS 3 

JlS 

JlS 

ms 

40 JlS 

120 JlS 4 

Unit Note 
Max. 

4.75 v 1 

4.5 v 1 

v 1 

YEARS 

2. VPFD (max) to VPFD (min) fall t1me of less than IF may result in deselec!lon/write protection not occurring until 200 liS alter Vee pas· 
sesVprn (min). 

3.Yffo (min) to Vso fall time of less than !Fe may cause corruption of RAM data. 
4.1NT may go high anytime after Vee exceeds VPFD (min) and is guaranteed to go high iPFH after Vee exceeds VPFD (max). 
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MK48Z08,18,09, 19 

READ MODE 

The MK48Z08/18/09/19 is in the Read Mode when
ever Vii (Write Enable) is high, E1(Chip Enable 1) is 
low, and E2(Chip Enable 2) is high (MK48Z09/19). 
The device architecture allows ripple-through ac
cess of data from eight of 65,536 locations in the 
static storage array. Thus, the unique address spe
cified by the 13 Address Inputs defines which one 
of the 8,192 bytes of data is to be acces~ed. ~al!d 
data will be available at the Data 1/0 p1ns w1thm 
tAvov after the last address input signal is stable, 
providing that the Chip Enable and Output Enable 
access times are satisfied. 

AC ELECTRICAL CHARACTERISTICS (Read Cycle) 

(0°C:::; TA:::; +70°C; Vee min:::; Vee:::; Vee max) 

If Chip Enable or Output Enable access times are 
not yet met, valid data will be available at the latter 
of Chip Enable Access Time (tELOV) or at Ou!put 
Enable Access Time (tGLov). The state of the e1ght 
three-state Data 1/0 signals is controlled by Chip 
Enable and Output Enable. If the Outputs are 
activated before tAvov, the data lines will be driven 
to an indeterminate state until tAvov. If the Address 
Inputs are changed while Chip E~able a~d O~tput 
Enable remain low, output data Will remam valid for 
Output Hold from Address (tAxox) but will go in
determinate until the next Address Access. 

MK48Z08-70 MK48Zxx-10 
Symbol Parameter Unit Note 

Min. Max. Min. Max. 

tE1LQX Chip Enable 1 to Q Low-Z 10 10 ns 

tE2HQX Chip Enable 2 to Q Low-Z 10 10 ns 

tAXQX Output Hold from Address 5 5 ns 

tGLQX Output Enable to Q Low-Z 5 5 ns 

tAVAV Read Cycle Time 70 100 ns 

tAVQV Address Access Time 70 100 ns 

tE1LQV Chip Enable 1 Access Time 70 100 ns 

tE2HQV Chip Enable 2 Access Time 70 100 ns 

tGLQV Output Enable Access Time 20 50 ns 

tE1HQZ Chip Enable 1 to Q High-Z 20 50 ns 

tE2LQZ Chip Enable 2 to Q High-Z 20 50 ns 

tGHQZ Output Disable to Q High-Z 15 40 ns 
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MK48Z08, 18,09,19 

Figure 4. Read Timing n' 1 (Address Access) 

t tAVAV ~ 

- >k-

:-.,,a,==1'vav~---------------------------
DO DATA VALID ~ DATA VALID 

ADDRESS 

VR000818 

Figure 5. Read Timing n' 2 

* 
!AVAV 

* ADDRESS 

!AVQV 
!E1LQV 

!E1LOX 

E1 

IE2HOV 

E2 

~!E2HOX 

IGLQV 

G 

!GLOX 

DO DATA VALID 

VROOOB19 
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MK48Z08 18 09 19 

WRITE MODE 

The MK48Z08/18/09/19 is in the Write Mode when
ever Write Enable and Chip Enable are active. The 
sta~ of a write is ~ferenged to the latter occurring 
fal11ng edge of W or E1 or rising edge of E2 
(~_K48Z09/19).~ wri~ is terminated by the earlier 
nsmg edge of W or E1, or the falling edge of E2 
(MK48Z09/19). The addresses must be held valid 
throughout the cycle. E1 or W must return high or 
E2 low for minimum of tE1 HAX or tE2LAX prior to the 

initiation of another read or write cycle. Data-in 
must be valid tovwH prior to the end of write and 
remain valid for twHox afterwards. 

Because G is a Don't Care in the Write Mode and 
a low on W will return the outputs to High-Z, G can 
be tied low and two-wire RAM control can be 
implemente<!_A low on W will disable the outputs 
twLOz after W goes low. Take care to avoid bus 
contention when operating with two-wire control. 

AC ELECTRICAL CHARACTERISTICS (Write Cycle) 

(0°C:;; TA:;; +70°C; Vee min:;; Vee:;; Vee max) 

MK48Z08-70 MK48Zxx-10 
Symbol Parameter Unit Notes 

Min. Max. Min. Max. 

tAVWL Address Set-Up Time toW Low 0 0 ns 

lAVE1L Address Set-Up Time 0 0 ns 

tAVE2H 
to Chip Enable Active 

0 0 ns 

tE1HAX Write Recovery from Chip 10 10 ns 2 

tE2LAX 
Enable (Address Hold Time) 

10 10 ns 2 

twHDX Data Hold Time 5 5 ns 1, 2 

tAVAV Write Cycle Time 70 100 ns 

IAVWH Address Valid to W High 50 80 ns 

tWLWH Write Pulse Width 50 80 ns 

tWHAX Address Hold after End of Write 10 10 ns 1 

tE1LE1H Chip Enable Active to 50 80 ns 2 

tE2HE2L 
End of Write 

50 80 ns 2 

toVWH Data Valid to End of Write 40 50 ns 1,2 

. lwHOX End of Write to a Low-Z 10 10 ns 

twLOZ W Low to a High-Z 40 50 ns 

Notes. 
1. In a W Controlled Cycle. 
2. In a E,. E:. Controlled Cycle. 
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MK48Z08 18 09 19 

Figure 6. Write Control Write Cycle Timing 

tAVAV 

ADDRESS ---------__/ 

tAVWH 

tAVElL 1 tE1HAX 
tE1LE1H 

1--tAVE2H- tE2LAX 

E2 

tE2HE2L 
tWHAX 

___/ 

~tWLWH 

. ______::f=:.-tWLOZ 
1------tAVWL tGLOX-

'w 

~tGHOZ-
tDYWH- -tWHDX-=J__ 

I~ 
DATA IN VALID (\) 

VROO 0820 

DO 

Figure 7. Chip Enable Control Write Cycle Timing 

ADDRESS 

__ rf-------tAVAV----------il 

~---~~~ 

tAVWH 
tE1HAX 

tE1LE1H 

tAVE1L tE2LAX 

tAVE2H 

E2 

tE2HE2L 

w 

" 
tWLWH 

tDVWH I tWHDX 

DO 
-----------~----D-A_T_A-IN--V-AL-ID------~ 

VR000821 
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MK48Z08,18,09, 19 

DATA RETENTION MODE 

With Vee applied, the MK48Z08/18/09/19 operates 
as a conventional BYTEWIDE™ Static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 
itself when Vee falls within the VPFo(max), 
VPFo(min) window. 

Note : A mid-write cycle power failure may corrupt 
data at the currently addressed location, but does 
not jeopardize the rest of the RAM's content. At 
voltages below VPFo(Min), the user can be assured 
the memory will be in a write protected state, 
provided the Vee fall time is not less than IF. The 
MK48Z08/18/09/19 may respond to transient 
noise spikes that reach into the deselect window if 
this should occur during the time the device is 
sampling Vee. Therefore decoupling of the power 
supply lines is recommended. 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso. Normal RAM operation can re
sume IREC after Vee exceeds VPFo(max). Caution 
should be taken to keep E1 high (MK48Z08/18) or 
E2low (MK48Z09/19) as Vee rises past VPFo(min) 
as some systems may perform inadvertent write 
cycles after Vee rises but before normal system 
operation begins. 

POWER FAIL INTERRUPT 
The MK48Z09/19 continuously monitors Vee. When 
Vee falls to the power fail detect trip point of the 
MK48Z09/19 an interrupt is immediately generated. 
An internal clock provides a delay no less than 1 OJ.!S 
but no greater than 40 JlS befQ.@.... automatically 
deselecting the MK48Z09/19.The INT pin is an open 
drain output and requires an external pull up resistor. 

PREDICTING BACK-UP SYSTEM LIFE 
The useful life of the battery in the MK48Z08/18/ 
09/19 is expected to ultimately come to an end for 
one of two reasons : either because it has been 
discharged while providing current to an external 
load ; or because the effects of aging render the cell 
useless before it can actually be discharged. Fortu
nately, these two effects are virtually unrelated, al
lowing discharge, or Capacity Consumption, and the 
effects of aging, or Storage Life, to be treated as two 
independent but simultaneous mechanisms, the ear
lier of which defines Back-up System life. 

With Vee on, the battery is disconnected from the RAM 
and aging effects become the determining factor in 
battery life. With Vee off, leakage currents in the RAM 
provide the only load on the Battery during battery 
back-up. For the MK48Z08/18/09/19, the leakage cur
rents are so low that the Back-up System Life of the 
device is simply the Storage Life of the cell. The 
Storage Life of the cell is a function of tempera
ture. 
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PREDICTING STORAGE LIFE 

Figure 8 illustrates how temperature affects Storage 
Life of the MK48Z08/18/09/19 battery. The life of the 
battery is controlled by temperature and is virtually 
unaffected by leakage currents drawn by the 
MK48Z08/18/09/19. 

Storage Life predictions presented in Figure 8 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, temperature 
accelerated testing cannot identify non-temperature 
dependent failure mechanisms. However, in view of 
the fact that no random cell failures have been 
recorded in any of SGS-THOMSON's on going bat
tery testing since it began in 1982, we believe the 
chance of such failure mechanisms surfacing is ex
tremely small. For the purpose of the testing, a cell 
failure is defined as the inability of a cell stabilized at 
25"C to produce a 2.4 volt closed-circuit voltage 
across a 250K load resistance. 
A Special Note: The summary presented in Figure 
8 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of 
battery life data of this kind in the world, the results 
presented should not be considered absolute or 
final ; they can be expected to change as yet more 
data becomes available. We believe that future 
read points of life test presently under way and 
improvements in the battery technology itself will 
result in a continuing improvement of these figures. 

Two end of life curves are presented in Figure 8. 
They are labeled "Average" (tso%) and (t1%). 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 
life at 70"C is at issue, Figure 8 indicates that a 
particular MK48Z08/18/09/19 has a 1% chance of 
having a battery failure 11 years into its life and a 
50% chance of failure at the 20 year mark. Con
versely, given a sample of devices, 1% of them can 
be expected to experience a battery failure within 
11 years ; 50% of them can be expected to experi
ence a failure within 20 years. 

The !1% figure represents the practical onset of wear 
out, and is therefore suitable for use in what would 
normally be thought of as a worst-case analysis. The 
!so% figure represents "normal" or "average" life. It is, 
therefore, accurate to say that the average device will 
last "!so%". 

Battery life is defined as beginning at the date of man
ufacture. Each MK48Z08/18/09/19 is marked with a 
nine digit manufacturing date code in the form 
H99XXYYZZ, example: H995B9231 isH -fabricated in 
Carrollton, TX; 9- assembled in Muar, Malaysia; 9-
tested in Muar, Malaysia; 58 -lot designator; 9231 
-assembled in the year 1992, work week 31. 



Calculating Predicted Storage Life of the Battery 

As Figure 8 indicates, the predicted Storage Life 
of the battery in the MK48Z08/18/09/19 is a func
tion of temperature. 

Because the ambient temperature profile is de
pendent upon application controlled variables, 
only the user can estimate predicted 

Example Predicted Storage Life Calculation 

MK48Z08, 18,09,19 

Storage Life in a given design. As long as 
ambient temperature is held reasonably 
constant, expected Storage Life can be read 
directly from Figure 8. If the MK48Z08/18/09/19 
spends an appreciable amount of time at a 
variety of temperatures, the following equa
tion should be used to estimate Storage Life. 

Predicted Storage Life= 1 I { [(TA1 I TI) I SL1] + [(TA2/ TT) I SL2] + ... +[(TAN I TI) I SLN]} 

Where TA1, TA2, TAN, =Time at Ambient Temperature 1, 2, etc. 

TI =Total Time·= TA1 + TA2 + ... +TAN 

SL 1, SL2, SLN = Predicted Storage Life at Temp. 1, Temp. 2, etc. (See Figure 8) 

Example Predicted Storage Life Calculation 
A cash register/terminal operates in an environ
ment where the MK48Z08/18/09/19 is exposed to 

temperatures of 55°C or less for 8322 hrs./yr.; and 
temperatures greater than 60°C, but less than 
?DOC, for the remaining 438 hrs./yr. 

Reading Predicted t1% values from Figure 8; SL 1 = 41 yrs., SL2 = 11.4 yrs., 

Total Time (TT) = 8760 hrs./yr. TA1 = 8322 hrs./yr. TAz = 438 hrs./yr .. 

Predicted Typical Storage Life:::: 1 I { [ (8322 I 8760) I 41] + [(438 I 8760) I 11.4] 

Predicted Typical Storage Life ;::: 36 years 

Figure 8. Predicted Battery Storage Life Versus Temperature 
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MK48Z08, 18 09 19 

ORDERING INFORMATION 

Example: MK48Z08 8 70 

B PHDIP28 70 70ns 

10 100ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 

12/12 

924 



MKI48Z18 

CMOS 8K x 8 ZEROPOWER SRAM 

• INDUSTRIAL TEMPERATURE RANGE -40'C 
T0+85'C 

• INTEGRATED LOW POWER SRAM, POWER
FAIL CONTROL CIRCUIT AND ENERGY 
SOURCE 

• UNLIMITED WRITE-CYCLES. 

• READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 

• PREDICTED WORST CASE BATTERY LIFE OF 
6 YEARS@ 85'C 

• PIN AND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 8K X 8 SRAMS. 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
/WRITE PROTECTION. 

DESCRIPTION 

The MKI48Z18 8K x 8 ZEROPOWER™ RAM is a 
nonvolatile 65,536 bit SRAM organized as 8192 
words by 8 bits. The device combines an internal 
long life lithium battery and a full CMOS SRAM in 
a plastic 28 pin DIP. The ZEROPOWER RAM 
directly replaces industry standard SRAMs. It also 
fits into many EPROM and EEPROM sockets, pro
viding the nonvolatility of PROMs without any re
quirement for special write timing or limitations on 
the number of writes that can be performed. 

The MKI48Z18 has its own Power-fail Detect Cir
cuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system oper
ations brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
battery which sustains data until valid power re
turns. 

The MKI48Z18 is offered with an access time of 
1 oons. The device is operational over a tempera
ture range of -40'C to +85'C. For a complete 
description of electrical characteristics and bus 
timing, refer to the MK48Z18B10 specifications 
contained within the MK48Z08, 18 data sheet. 

February 1992 

ADVANCE DATA 

PHDIP28 WITH BATIERYTOP HAT (B) 

Figure 1. Pin Connection 

Ne • 28 p Vee 
A12 27 p w 
A7 3 26 p Ne 
A6 4 25 p A8 
A5 5 24 p A9 
A4 6 23 p A11 
A3 7 

MKI48Z18 ~~ G 
A2 A1D 
A1 20 E 

AD 10 19 007 
DOD 11 18 DQ6 
001 12 17 DOS 

DQ2 13 16 004 
GND 14 15 DQ3 

VA00608 

PIN NAMES 

AO·A12 Address Inputs 

E Chip Enable 

GND Ground 

Vee 5 Volts 

w Write Enable 

G Output Enable 

DQO-DQ7 Data In/Data Out 

1/4 

Th1s 1s advance mtormat1on on a new product now in develpment or undergoing evaluation. Deta1ls are subject to change Without not1ce. 
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MK148Z18 

ABSOLUTE MAXIMUM RATINGS 

Symbol PARAMETER VALUES UNITS 

Po Total Device Power Dissipation 1.0 w 
lour Output Current Per Pin 20 rnA 

v, Voltage on any Pin Relative to Ground -0.3to + 7.0 v 
TsTG Ambient Storage (Vrx: Off) Temperature -40 to +85 oc 

TA Ambient Operating Temperature -40 to +85 oc 

Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated m the operational section of this 
specificabon IS not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 
CAUTION: Negative undershoots below -0.3 volts are not allowed on ~ny pin while in the Battery Back-up mode. 

RECOMMENDED DC OPERATING CONDITIONS (-40°C:5 T A :5+85°C) 

Symbol Parameter Min. Max. Unit Notes 

Vee Supply Voltage 4.5 5.5 v 1 

GND Ground 0 0 v 1 

ViH Logic "1" Voltage All Inputs 2.2 Vee+ 0.3v v 1 

ViL Logic "0" Voltage All Inputs -0.3 0.8 v 1,2 

DC ELECTRICAL CHARACTERISTICS 

(-4oocs; TA <+85°C; Vee min <Vee s; Vee max) - -
Symbol Parameter Min. Max. Unit Notes 

lcc1 Average Vee Power Supply Current 80 rnA 3 

lcc2 TTL Standby Current ( E= V1H) 3 rnA 
-

lcc3 CMOS Standby Current ( E = Vee -Q.2V) 3 rnA 4 

hL Input Leakage Current (Any Input) -1 1 !lA 5 

loL Output Leakage Current -5 5 JlA 5 

VoH Output Logic "1" Voltage (lour= -1.0 rnA) 2.4 v 
VoL Output Logic "0" Voltage (lour = +2.1 rnA) 0.4 v 

NOTES: 
1. All voltages referenced to GND. 
2. Negative spikes of -1.0 volts allowed for up to 10 ns once per Cycle. 
3. lcc1 measured with outputs open. 
4. 1 rnA typical. 
5. Measured with Vee 2: v,;, GND and outputs deselected. 

_2,_4 ___________ ~a...,~. ~i~@m~~~~c~------------
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PREDICTING BATIERY LIFE 

Figure 2 illustrates how temperatu!e affects Battery 
Storage Life of the MKI48Z18. Smce the leakage 
currents of the MKI48Z18 are so low, Storage Life 
of the battery is the limiting factor in defining !he 
Battery Lifetime of the device. Thus, B~ttery Life
time is controlled by temperature and JS Virtually 
unaffected by the current requirements of the 
MKI48Z18 RAM. 

Storage Life predictions presented in Figure 2 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSOI':J. For the pu.rpo~~ of the 
testing, a cell failure is defined as the mab11ity of a 

MKI48Z18 

cell stabilized at 25'C to produce a 2.0 volt closed
circuit voltage across a 250K load resistance. 

Two end of life curves are presented in Figure 2. 
They are labeled "Average" (t5o%) and (t1%). 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 
life at 85'C is at issue, Figure 2 indicates that a 
particular MKI48Z18 has a 1% chance of having 
a battery failure 6.5 years into its life and a 50% 
chance of failure at the 10 year mark. Conver
sely, given a sample of devices, 1% of them ~a~ 
be expected to experience a battery failure w1thm 
6.5 years; 50% of them can be expected to ex
perience a failure within 10 years. 

Figure 2. Predicted Battery Storage Life Versus Temperature 
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MKI48Z18 

ORDERING INFORMATION 

Example: MKI4BZ18 B 

T 
c£ 

B PHDIP28 

10 

10 100ns 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 

4/4 
------------ J>.-y1. ~i~©IH~~~~JJ------------
928 



M48Z08 
M48Z18 

CMOS8Kx8ZEROPOWERSRAM 

• PIN and FUNCTION COMPATIBLE with the 
MK48Z08,18 

• SELF CONTAINED BATIERY in the CAPHAT 
DIP PACKAGE 

• SMALL OUTLINE PACKAGE PROVIDES DI
RECT CONNECTION for a SNAPHAT HOUS
ING CONTAINING the BATIERY 

• SNAPHAT HOUSING (BATIERY) REPLACE
ABLE 

• 10 YEARS of DATA RETENTION in the AB
SENCE of POWER 

DESCRIPTION 

The M48Z08, 18 ZEROPOWER® RAM is an 8K x 
8 non-volatile static RAM which is pin and func
tional compatible with the MK48Z08, 18. The mono
lithic chip is available in two special packages to 
provide a highly integrated battery backed-up 
memory solution. 

Table 1. Signal Names 

AO-A12 Address Inputs 

DQ0-007 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

November 1993 

Ga~ 
28 ~ 28~ 

1 

PCDIP28 (PC) 
Battery CAPHAT 

Figure 1. Logic Diagram 

AO-A12 

Vi 

E 

G 

13 

Vee 

M48Z08 
M48Z18 

Vss 

SOH28 (MH) 
Battery SNAPHAT 

8 

DQO-DQ7 

VA01022 
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M48Z08,18 

Figure 2A. DIP Pin Connections 

Ne Vee 
A12 w 

A7 Ne 
A6 AS 
AS A9 
A4 A11 
A3 M4SZOS G 
A2 M48Z18 A10 
A1 E 

AO D07 
DOO D06 
D01 DOS 
DQ2 D04 
Vss D03 

VA01183 

Warning: NC = No Connection 

DESCRIPTION (cont'd) 

The 28 pin 600mil DIP CAPHAl'M houses the 
M48Z08,18 silicon with a long life lithium button cell 
in a single package. 

The 28 pin 330mil SO provides sockets with gold 
plated contacts at both ends for direct connection 
to a separate SNAPHAl'M housing containing the 
battery. The unique design allows the SNAPHAT 
battery package to be mounted on top of the SO 
package after the completion of the surface mount 
process. 

Insertion of the SNAPHAT housing after reflow 
prevents potential battery damage due to the high 

Figure 28. SO Pin Connections 

Ne 2S Vee 
A12 2 27 w 

A7 3 26 Ne 
A6 4 2S AS 
AS s 24 A9 
A4 6 23 A11 
A3 7 

M48Z18 22 G 
A2 8 21 A10 
A1 9 20 E 

AO 10 19 D07 
DOO 11 1S D06 
D01 12 17 DOS 

DQ2 13 16 D04 
Vss 14 1S D03 

VA01023 

Warning: NC =No Connection 

temperatures required for device surface-mount
ing. The SNAPHAT housing is keyed to prevent 
reverse insertion. 

The SO and battery package are shipped sepa
rately in plastic anti-static tubes. The SO is also 
available to ship in Tape & Reel form. For the 
M48Z18, the battery package part number is 
"M4Z28-BROOSH 1". 

The ordering information scheme shows the part 
number for the CAPHAT DIP and the SNAPHAT 
SOl C. For a complete description of electrical char
acteristics and bus timing, refer to the MK48Z08,18 
data sheet. 

213 t='!' SGS·THOMSOI\l =------------ ~!.."'!/! PllD©JJ@~~~©'iilll@eU~i!l --------------
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ORDERING INFORMATION SCHEME 

Example: 

Supply Voltage and Write 
Protect Voltage 

08* Vee= 4.75V to 5.5V -100 
VPFD = 4.5V to 4.75V 

18 Vee= 4.5V to 5.5V 
VPFD = 4.2V to 4.5V 

Note: os· CAPHAT package only. 

M48Z18 -100 MH 

Package 

100ns PC PCDIP28 

MH SOH28 

TR 

0 to 70 oc 

M48Z08,18 

Shipping Method 
for SO 

blank Tube 

TR Tape &Reel 

For a list of available options (Supply Voltage, Speed, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

--------------i..V ~~©R!~~~~~ ____________ _:3::..::./3 
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M48Z09 
M48Z19 

CMOS 8K x 8 ZEROPOWER SRAM 

• PIN and FUNCTION COMPATIBLE with the 
MK48Z09,19 

• SELF CONTAINED BATTERY in the CAPHAT 
DIP PACKAGE 

" 11 YEARS of DATA RETENTION in the 
ABSENCE of POWER 

• CHOICE of TWO WRITE PROTECT 
VOLTAGES: 

- M48Z09: 4.5V::; VPFD::; 4.75V 

- M48Z19: 4.2V ::; VPFD ::; 4.5V 

DESCRIPTION 

The M48Z09, 19 ZEROPOWER® RAM is an 
8K x 8 non-volatile static RAM which is pin and 
function compatible with the MK48Z09, 19. 

A special 28 pin 600mil DIP CAPHAT'M package 
houses the M48Z09, 19 silicon with a long life lith
ium button cell to form a highly integrated battery 
backed-up memory solution. 

Table 1. Signal Names 

AO-A12 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

-
INT Power Fail Interrupt 

-
E1 Chip Enable 1 

E2 Chip Enable 2 

-
G Output Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

November 1993 

PCDIP28 (PC) 
Battery CAPHAT 

Figure 1. Logic Diagram 

AO-A12 

w 

E1 

E2 

G 

13 

Vee 

M48Z09 
M48Z19 

Vss 

8 

DQO-DQ7 

VA01184 
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M48Z09,19 

Figure 2. DIP Pin Connections 

TNT 
A12 

A7 
A6 
AS 
A4 
A3 M48Z09 
A2 M48Z19 
A1 

AO 
DQO 
DQ1 
DQ2 
Vss 

VA01185 

Vee 
w 
E2 
AS 
A9 
A 11 
G 
A10 
ET 
DQ7 
DQ6 
DOS 
DQ4 
003 

DESCRIPTION (cont'd) 

The M48Z09, 19 button cell has sufficient capacity 
and storage life to maintain data for an accumu
lated time period of at least 11 years in the absence 
of power over the operating temperature range. 

For a complete description of electrical charac
teristics and bus timing, refer to the MK48Z09, 19 
data sheet. 

ORDERING INFORMATION SCHEME 

Example: 

Supply Voltage and 
Write Protect Voltage 

09 Vee= 4.75V to 5.5V -100 
VPFD = 4.5V to 4.75V 

19 Vee= 4.5V to 5.5V 
VPFD = 4.2V to 4.5V 

M48Z09 -100 PC 1 

Temp. Range 

100ns PC PCDIP28 

For a list of available options (Supply Voltage, Speed, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

=21-=-2------------l:fi ~~m~~~~ ____________ _ 
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M48Z58 

CMOS 8K x 8 ZEROPOWER SRAM 

• INTEGRATED LOW POWER SRAM and 
POWER-FAIL CONTROL CIRCUIT 

• PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 8K x 8 SRAMs 

• SELF CONTAINED BATTERY in the CAPHAT 
DIP PACKAGE 

• SMALL OUTLINE PACKAGE PROVIDES 
DIRECT CONNECTION for a SNAPHAT 
HOUSING CONTAINING the BATTERY 

• SNAPHAT HOUSING (BATTERY) 
REPLACEABLE 

" LONG DATA RETENTION TIME in the 
ABSENCE of POWER 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
and WRITE PROTECTION 

DESCRIPTION 

The M48Z58 ZEROPOWER® RAM is an 8K x 8 
non volatile static RAM that integrates power-fail 
deselect circuitry and battery control logic on a 
single die. The monolithic chip is available in two 
special packages to provide a highly integrated 
battery backed-up memory solution. 

The 28 pin 600mil DIP CAPHAT'M houses the 
M48Z58 silicon with a long life lithium button cell in 
a single package. 

Table 1. Signal Names 

AO-A12 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

E Chip Enable 

-
G Output Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

November 1993 

PCDIP28 (PC) 
Battery CAPHAT 

Figure 1. Logic Diagram 

AO-A12 

w 
E 

G 

13 

Vee 

M48Z58 

ThiS is advance mformat1on on a new product now in development. Detatls are subJect to change Wtlhout not1ce 

PRODUCT CONCEPT 

~ 
~ 

28'~"jj}.l.L'' 

1 

SOH28 (MH) 
Battery SNAPHAT 

8 

DQ0-007 

VA01176 
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M48Z58 

Figure 2A. DIP Pin Connections 

Ne Vee 
A12 w 

A7 NC 
A6 A8 

AS A9 

A4 A11 

A3 G 
A2 A10 

A1 E 
AO D07 

DOO D06 

D01 DOS 

D02 D04 

Vss D03 
VA01177 

Warning: NC = No Connection 

DESCRIPTION (cont'd) 

The 28 pin 330mil SO provides sockets with gold 
plated contacts at both ends for direct connection 
to a separate SNAPHAT'" housing containing the 
battery. The unique design allows the SNAPHAT 
battery package to be mounted on top of the SO 
after the completion of the surface mount process. 

Insertion of the SNAPHAT housing after reflow 
prevents potential battery damage due to the high 
temperatures required for device surface mount
ing. The SNAPHAT housing is keyed to prevent 
reverse insertion. 

The M48Z58 is a pin and function equivalent to any 
JEDEC standard 8K x 8 SRAM. It also easily fits 

Figure 28. SO Pin Connections 

Ne 28 Vee 
A12 2 27 w 

A7 3 26 NC 
A6 4 2S A8 

AS s 24 A9 

A4 6 23 A11 

A3 7 
M48Z58 22 G 

A2 8 21 A10 

A1 9 20 E 
AO 10 19 D07 

DOO 11 18 D06 

D01 12 17 DOS 

D02 13 16 D04 

Vss 14 1S D03 
VA01178 

Warning: NC = No Connection 

into many EPROM and EEPROM sockets, provid
ing the non volatility of PROMs without any require
ment for special write timing or limitations on the 
number of writes that can be performed. 

The M48Z58 also has its own power-fail detect 
circuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op
eration brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
battery which maintains data until valid power re
turns. 

212 r== SGS·THOMSON =------------- llt.""f§ RllO©Ilil@~~~©'Ulll@l'!IO©i0 --------------
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M48Z59 

CMOS 8K x 8 ZEROPOWER SRAM 

• INTEGRATED LOW POWER SRAM and 
POWER-FAIL CONTROL CIRCUIT 

• FUNCTION COMPATIBLE with JEDEC 
STANDARD 8K x 8 SRAMs 

• MICROPROCESSOR POWER-ON RESET 
(VALID all the WAY to Vee= Vss) 

• SELF CONTAINED BATTERY in the CAPHAT 
DIP PACKAGE 

• SMALL OUTLINE PACKAGE PROVIDES 
DIRECT CONNECTION for a SNAPHAT 
HOUSING CONTAINING the BATTERY 

• SNAPHAT HOUSING (BATTERY) 
REPLACEABLE 

• LONG DATA RETENTION TIME in the 
ABSENCE of POWER 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
and WRITE PROTECTION 

DESCRIPTION 

The M48Z59 ZEROPOWER® RAM is an 8K x 8 
non volatile static RAM that integrates power-fail 
deselect circuitry and battery control logic on a 
single die. The monolithic chip is available in two 
special packages to provide a highly integrated 
battery backed-up memory solution. 

Table 1. Signal Names 

AO-Ai2 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 
-
RST Reset 

E1 Chip Enable 1 

E2 Chip Enable 2 

-
G Output Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

November 1993 

PCDIP28 (PC) 
Battery CAPHAT 

Figure 1. Logic Diagram 

AO-A12 

w 
E1 

E2 

G 

13 

Vee 

M48Z59 

Vss 

Th1s is advance mformalton on a new product now in development Deta1ls are subject to change Without not1ce 

PRODUCT CONCEPT 

SOH28 (MH) 
Battery SNAPHAT 

8 

DQO-DQ7 

VA01179 
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M48Z59 

Figure 2A. DIP Pin Connections 

RST Vee 
A12 w 
A7 E2 
A6 AS 
AS A9 
A4 A11 
A3 G 
A2 A10 
A1 IT 

AO 007 
000 006 
001 oos 
002 004 
Vss 003 

VA01180 

DESCRIPTION (cont'd) 

The 28 pin 600mil DIP CAPHAT'M houses the 
M48Z59 silicon with a long life lithium button cell in 
a single package. 

The 28 pin 330mil SO provides sockets with gold 
plated contacts at both ends for direct connection 
to a separate SNAPHAT'M housing containing the 
battery. The unique design allows the SNAPHAT 
battery package to be mounted on top of the SO 
after the completion of the surface mount process. 

Insertion of the SNAPHAT housing after reflow 
prevents potential battery damage due to the high 
temperatures required for device surface mount
ing. The SNAPHAT housing is keyed to prevent 
reverse insertion. 

The M48Z59 is functional equivalent to any JEDEC 
standard 8K x 8 SRAM. It also easily fits into many 

Figure 28. SO Pin Connections 

RST 1 2S Vee 
A12 2 27 w 

A7 3 26 E2 
A6 4 2S AS 
AS s 24 A9 
A4 6 23 A 11 
A3 7 

M4SZS9 22 G 
A2 s 21 A10 
A1 9 20 IT 

AO 10 19 007 
000 11 1S 006 
001 12 17 oos 

002 13 16 004 
Vss 14 1S 003 

VA01181 

EPROM and EEPROM sockets, providing the non 
volatility of PROMs without any requirement for 
special write timing or limitations on the number of 
writes that can be performed. 

A power-on reset ·output provides a reset pulse to 
the microprocessor. The reset pulls low (open 
drain) on power-down and remains low on power
up for 40ms to 200ms after Vee passes VPFD. 

The M48Z59 also has its own power-fail detect 
circuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op
eration brought on by low Vee. 

As Vee falls below approximately 3V, the control 
circuitry connects the battery which maintains data 
until valid power returns. 

::;2/~2------------J:.V ~~m~~O£~ll--------------
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M48Z32 
M48Z32Y 

CMOS 32K x 8 ZEROPOWER SRAM 

a INTEGRATED ULTRA LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT and 
BATTERY 

• UNLIMITED WRITE CYCLES 

• READ CYCLE TIME EQUALS WRITE CYCLE 
TIME 

• 10 YEARS of DATA RETENTION in the 
ABSENCE of POWER at 70 oc 

" PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 32K x 8 SRAMs 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
and WRITE PROTECTION 

• CHOICE of TWO WRITE PROTECT 
VOLTAGES: 
- M48Z32: 4.5V ~ VPFD ~ 4.75V 
- M48Z32Y: 4.2V ~ VPFD ~ 4.5V 

DESCRIPTION 

The M48Z32/32Y, 32K x 8 ZEROPOWER® RAM is 
a non-volatile 262,144 bit Static RAM organized as 
32,768 words by 8 bits. A special 28 pin 600mil 
dual-in-line plastic package houses the 
M48Z32/32Y silicon with a long life button cell 

Table 1. Signal Names 

AO- A14 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

"E Chip Enable 

G: Output Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

December 1993 

PCDIP28 (PC) 
Battery CAP HAT 

Figure 1. Logic Diagram 
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M48Z32, M48Z32Y 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature o to 70 oc 
TsTG Storage Temperature (V cc Off) -40 to 70 oc 
V1o Input or Output Voltages -0.3 to 7 v 

Vee Supply Voltage -0.3 to 7 v 

lo Output Current 50 rnA 

Po Power Dissipation 1 w 
Note: Stresses greater than those listed under "Absolute Maximum Rattngs" may cause permanent damage to the dev1ce. Th1s 1s a stress 
rating only and functional operat1on of the device at these or any other conditions above those ind1cated 1n the operational sectiOn of this 
specification IS not 1mphed. Exposure to the absolute max1mum rattngs cond1t1ons for extended periods of t1me may affect rel1ab111ty. 

CAUTION: Negative undershoots below -0 3 volts are not allowed on any pin wh1le in the Battery Back-up mode. 

Table 3. Operating Modes 

Mode Vee E 
Deselect V1H 

4.75V to 5.5V 
Write or V1L 

Read 
4.5Vto5.5V 

V1L 

Read v,L 

Deselect Vso to VPFD (min) X 

Deselect ~Vso X 

Note: X = V1H or VJL 

Figure 2. DIP Pin Connections 

A14 Vee 
A12 w 

A7 A13 
A6 AS 
A5 A9 
A4 23 A11 
A3 M48Z32 22 G 
A2 M48Z32Y 21 A10 
A1 E 

AO 007 
OQO 006 
001 005 
002 004 
Vss 003 

VA01189 

-
G 

X 

X 

v,L 

v,H 

X 

X 

-w DQ0-007 Power 

X HighZ Standby 

V1L DIN Active 

v,H DouT Active 

v,H HighZ Active 

X HighZ CMOS Standby 

X HighZ Battery Back-up Mode 

DESCRIPTION (cont'd) 

battery to form a highly integrated battery backed
up memory solution. The M48Z32/32Y is a non
volatile pin and function equivalent to any JEDEC 
standard 32K x 8 SRAM. It also easily fits into many 
ROM, EPROM and EEPROM sockets, providing 
the nonvolatility of PROMs without any require
ment for special write timing or limitations on the 
number of writes that can be performed. 

The M48Z32/32Y also has its own Power-fail De
tect circuit. The control circuitry constantly monitors 
the single 5V supply for an out of tolerance condi
tion. When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op
eration brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
battery which maintains data until valid power re
turns. 

READ MODE 

The M48Z32/32Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 

=-21.:...:11'-------------- t== SGS·THOMSON -----------A...., I liYID~OOIQ:~~~©'ffij]@f/10~§ 
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Figure 3. Block Diagram 
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READ MODE (cont'd) 

The device architecture allows ripple-through ac
cess of data from eight of 262,144 locations in the 
static storage array. Thus, the unique address 
specified by the 15 Address Inputs defines which 
one of the 32,768 bytes of data is to be accessed. 
Valid data will be available at the Data 1/0 pins 
within tAvav (Address Access Time) after the last 
addr~ss input signal is stable, providing tha!._!he ~ 
and G access times are also satisfied. If the E or G 
access times are not met, valid data will be avail
able after the latter of the Chip Enable Access 
Times (tELav) or Output Enable Access Time 
(tGLQV). 

The state of thEi_eighUhree-state Data 1/0 signals 
is controlled byE and G. If the outputs are activated 
before tAvav, the data lines will be driven to an 
indeterminate state until tAvav. -If the Address In
puts are changed while E and G remain active, 
output data will remain valid for tAXax (Output Data 
Hold Time) but will go indeterminate until the next 
Address Access. 

M48Z32, M48Z32Y 

AO-A14 

> DQO-DQ7 
32,768 X 8 

SRAM ARRAY 

w 
G 

VA01119 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall limes :S 5ns 

Input Pulse Voltages 0 to 3V 

Input and Output liming Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
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1-----~----o OUT 

1k0 

C L 1ncludes J!G capacitance 

VA010.30 
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M48Z32, M48Z32Y 

Table 4. Capacitance C1l (T A= 25 °C, f = 1 MHz) 

Symbol Parameter Test Condition Min 

CIN Input Capacitance VIN= OV 

C1o(2) Input I Output Capacitance Vour = OV 

Notes: 1. Effective capac1tance calculated from the equation C = 111t!IW w1th 11 V = 3V and power supply at 5V. 
2. Outputs deselected 

Max 

10 

10 

Table 5. DC Characteristics (TA = 0 to 70°C; Vee= 4. 75V to 5.5V or 4.5V to 5.5V) 

Symbol Parameter Test Condition Min Max 

lu('l Input Leakage Current OV:SVIN :SVcc ±1 

IL0(1) Output Leakage Current OV o> Vour o> Vee ±2 

Icc Supply Current Outputs open 75 
-

lcc1 Supply Current (Standby) TTL E=VIH 3 

lcc2 Supply Current (Standby) CMOS E;o,Vcc-0.3V 3 

V1L (2) Input Low Voltage -0.3 0.8 

V1H Input High Voltage 2.2 Vcc+0.3 

VoL Output Low Voltage loL=2.1mA 0.4 

VoH Output High Voltage loH =-1mA 2.4 

Notes: 1. Outputs deselected. 
2. Negative spikes of -1 V allowed for up to 1 Ons once per Cycle 

Table 6. Power Down/Up Trip Points DC Characteristics C1l (T A = 0 to 70°C) 

Symbol Parameter Min Typ Max 

VPFD Power-fail Deselect Voltage (M48Z32) 4.5 4.6 4.75 

VPFD Power-fail Deselect Voltage (M48Z32Y) 4.2 4.3 4.5 

Vso Battery Back-up Switchover Voltage 2.5 

toR Data Retention lime 10 

Note: 1. All voltages referenced to Vss . 

Unit 

pF 

pF 

Unit 

j.iA 

!lA 

rnA 

mA 

rnA 

v 

v 
v 
v 

Unit 

v 

v 

v 

YEARS 

..::41..:...11'------------~ SGS·'RiOMSON -----------,._ 'Y I li:IIO©Uil©rn~m=©li!I0©0 
942 



M48Z32, M48Z32V 

Table 7. Power Down/Up Mode AC Characteristics {TA = 0 to 70°C) 

Symbol Parameter Min Max Unit 

- -
lpo E or W at VrH before Power Down 0 ns 

IF (t) Vpm (max) to VPm (min) Vee Fall Time 300 !lS 

lFB (2) VPFD (min) to Vso Vee Fall Time 10 !lS 

IR Vpfo(min) to VPFD (max) Vee Rise Time 0 !lS 

IRB Vso to VPFD (min) Vee Rise Time 1 !lS 

- -
lREe E or W at VrH after Power Up 5 ms 

Notes: 1. VPFD (max) to VPFD (min) fall time of less than IF may result 1n deselection/wrrte protection not occurring untrl 200 J.lS after 
Vee passes VpFo (mrn). 

2. VPFD (mrn) to Vso fall trme of less than IFB may cause corruption of RAM data. 

Figure 5. Power Down/Up Mode AC Waveforms 

Vee 
VPFD(mo,) 

VPFD(min) 

vso 

INPUTS 

OUTPUTS 

,,,..---, r-------1 f.----------~1~~ ~----
_/r'-"-"_oc_"_"'_o./ '---------{ f-D_O_N._T_C_A_R_E _______ / 1~ '---•-•=_"_'z'_"_ 

-;iV~Al~I0~~~--------1 ' -----------i~~V~AU~D~;;; ~R CONTROL INPUT) r---- HIGH z (PER CON1ROL INPUT) 

VAOOS06 

Note: Inputs may or may not be recognized at this t1me. Caution should be taken to keep E high as Vee nses past VPFD(mrn). Some systems 
may performs inadvertent write cycles after Vee rises above VPFD(min) but before normal system operations begins. Even though a power on 
reset is being applied to the processor a reset condition may not occur until after the system clock rs running. 



M48Z32, M48Z32Y 

Table 8. Read Mode AC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

Symbol Parameter 

tAVAV Read Cycle Time 

tAVOV (1) Address Valid to Output Valid 

tELQV (1) Chip Enable Low to Output Valid 

tGLQV (1) Output Enable Low to Output Valid 

tELQX (2) Chip Enable Low to Output Transition 

tGLQX (2) Output Enable Low to Output Transition 

lEHOZ (2) Chip Enable High to Output Hi-Z 

tGHQZ (2) Output Enable High to Output Hi-Z 

tAXQX (1) Address Transition to Output Transition 

Note: 1. CL = 100pF (see F1gure 4). 
2. CL = 5pF (see F1gure 4). 

Figure 6. Address Controlled, Read Mode AC Waveforms 

M48Z32/32Y 

·85 -100 

Min Max Min 

85 100 

85 

85 

45 

5 5 

5 5 

30 

30 

10 10 

_,r,foo----- tAVAV -----~-+! 

AO-A14 -1= ~--
tAVOV - tAXOX 14--

D00-D07 DATA VALID 
·,-

I '---

VA01090 

Note: E = Low, G = Low, W = Low. 

Max 

100 

100 

50 

35 

35 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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M48Z32, M48Z32Y 

Figure 7. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 

AO-A14 

tAVAV ~~ =1..---_-_-_-_-_-_-VA=LI=D =======_,=J,..-----

tAVQV tAXQX 1-
~ tELQV- l:.tEHQZ---

l 
~ tELQX --j 

r==-tGHQZ +-- tGLQV-

.,.. tGLQX_. 

DQO-DQ7 DATA OUT -
VA01122 

Note: W = Htgh. 

Table 9. Write Mode AC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5Vor4.5V to 5.5V) 

M48Z32/32V 

Symbol Parameter 
-85 -100 Unit 

Min Max Min Max 

IAVAV Write Cycle lime 85 100 ns 

tAvwL Address Valid to Write Enable Low 0 0 ns 

tAVEL Address Valid to Chip Enable Low 0 0 ns 

twLWH Write Enable Pulse Width 65 75 ns 

tELEH Chip Enable Low to Chip Enable High 70 80 ns 

twHAX Write Enable High to Address Transition 0 0 ns 

tEHAX Chip Enable High to Address Transition 0 0 ns 

tovwH Input Valid to Write Enable High 35 40 ns 

tovEH Input Valid to Chip Enable High 35 40 ns 

twHDX Write Enable High to Input Transition 5 5 ns 

tEHDX Chip Enable High to Input Transition 5 5 ns 

IWLOZ (1) Write Enable Low to Output Hi·Z 30 35 ns 

tAVWH Address Valid to Write Enable High 70 80 ns 

tAVEH Address Valid to Chip Enable High 70 80 ns 

twHOX(1) Write Enable High to Output Transition 5 5 ns 

Note: 1. CL = 5pF (see Ftgure 4). 

7/11 -------------- I.V ~~~m~~~'~ ____________ .:.:...:..:. 
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M48Z32, M48Z32Y 

Figure 8. Write Enable Controlled, Write AC Waveforms 

=J( \AVAV 1 AO-A14 VALID 

\WHAXt 
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Note: G = Hrgh. 

Figure 9. Chip Enable Controlled, Write AC Waveforms 
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Note: G = High. 
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WRITE MODE 

The M48Z32/32Y is in the Write Mode whenever W 
and E are active. The start of a write is referenced 
from the latter occurring falling edge of W or E._6 
wr!!_e is terminated by the earlier rising edge of W 
or E. The '!9dre.§§es must be held valid throughout 
the cycle. E or W must return high for minimum of 
IEHAX from Chip Enable or twHAX from Write Enable 
prior to the initiation of another read or write cycle. 
Data-in must be valid tovwH prior to the end of write 
and remain valid for twHox afterward. G should be 
kept high during write cycles to avoid bus conten
tion; although, if the output bus has been activated 
by a low on E and §, a low on W will disable the 
outputs twLoz after W falls. 

DATA RETENTION MODE 

With valid Vee applied, the M48Z32/32Y operates 
as a conventional BYTEWIDETM static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 
itself when Vee falls within the VPFD(max), 
VPFo(min) window. All outputs become high imped
ance, and all inputs are treated as "don't care." 

Note: A power failure during a write cycle may 
corrupt data at the currently addressed location, 

M48Z32, M48Z32Y 

but does not jeopardize the rest of the RAM's 
content. At voltages below VPFo(min), the user can 
be assured the memory will be in a write protected 
state, provided the Vee fall time is not less than IF. 
The M48Z32/32Y may respond to transient noise 
spikes on Vee that reach into the deselect window 
during the time the device is sampling Vee. There
fore, decoupling of the power supply lines is rec
ommended. 

When Vee drops below Vso, the control circuit 
switches power to the internal battery which pre
serves data. The internal button cell will maintain 
data in the M48Z32/32Y for an accumulated period 
of at least 10 years when Vee is less than Vso. As 
system power returns and Vee rises above Vso, the 
battery is disconnected, and the power supply is 
switched to external Vee. Write protection contin
ues until Vee reaches VPFD(min). E should be kept 
high as Vee rises past VPFo(min) to prevent inad
vertent write cycles prior to processor stabilization. 
Normal RAM operation can resume tREe after Vee 
exceeds VPFD(max). 

SYSTEM BATTERY LIFE 

The useful life of the battery in the M48Z32/32Y is 
expected to ultimately come to an end for one of 

Figure 10. Predicted Battery Storage and Capacity Life versus Temperature 
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M48Z32, M48Z32Y 

SYSTEM BATTERY LIFE (cont'd) 

two reasons: either because it has been dis
charged while providing current to the RAM in the 
battery back-up mode, or because the effects of 
aging render the cell useless before it can actually 
be completely discharged. The two effects are 
virtually unrelated allowing discharge, or Capacity 
Consumption, and the effects of aging, or Storage 
Life, to be treated as two independent but simulta
neous mechanisms. The earlier occurring failure 
mechanism defines the battery system life of the 
M48Z32/32Y. 

Cell Storage Life 

Storage life is primarily a function of temperature. 
Figure 10 illustrates the approximate storage life of 
the M48Z32/32Y battery over temperature. The 
results in Figure 10 are derived from temperature 
accelerated life test studies performed at SGS
THOMSON. For the purpose of the testing, a cell 
failure is defined as the inability of a cell stabilized 
at 25°C to produce a 2.4V closed circuit voltage 
across a 250 kQ load resistor. The two lines, t1o/o 
and tso%, represent different failure rate distribu
tions for the cell's storage life. At 70°C, for example, 
the t1o/o line indicates that an M48Z32/32Y has a 1% 
chance of having a ·battery failure 11 years into its 
life while the tso% shows the part has a 50% chance 
of failure at the 20 year mark. The t1% line repre
sents the practical onset of wear out and can be 
considered the worst case Storage Life for the cell. 
The tso% can be considered the normal or average 
life. 

Cell Capacity Life 

Figure 1 0 also shows how Capacity Consumption 
varies with temperature. 

The M48Z32/32Y internal cell has a rated capacity 
of 39mAh. The device places a nominal RAM load 
of less than 445nAat 70°C. At this rate, the capacity 
consumption life is 39E-3/445E-9 = 87640 hours or 
about 10 years. 

Calculating Capacity Life 

As long as ambient temperature remains reason
ably constant, capacity consumption life can be 
estimated directly from Figure 8. As Vee duty cycle 
increases, though, so does cap,acity consumption 
life. At 70°C and 20% power on duty cycle, the 
capacity consumption life is: 1 0/(1-0.20) = 12.5 
years. 

Estimated System Life 

Since either storage life or capacity consumption 
can end the battery's life, the system life is marked 
by which ever occurs first. At 70°C and a 0% power 
on duty cycle (always in the battery back-up mode), 
the system life would be 10 years as limited by 
capacity consumption. 

Reference for System Life 

Each M48Z32/32Y is marked with a nine digit 
manufacturing date code in the form of 
H99XXYYZZ. For example, H995B9231 is: 

- H = fabricated in Carrollton, TX 

- 9 =assembled in Muar, Malaysia, 

- 9 =tested in Muar, Malaysia, 

- 58 = lot designator, 

- 9231 =assembled in the year 1992, work 
week31. 

-'--10"--/1_1 __________ ~ SGS·lHOMSON ------------
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ORDERING INFORMATION SCHEME 

Example: 

Supply Voltage and 
Write Protect Voltage 

32 Vee= 4.75V to 5.5V 
VPFD = 4.5V to 4.75V 

32Y Vee= 4.5V to 5.5V 
VPFD = 4.2V to 4.5V 

-85 

-100 

M48Z32Y -85 PC 

85ns 

100ns 

PC 

M48Z32, M48Z32Y 

Temperature Range 

PCDIP28 0 to 70°C 

For a list of available options (Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 

For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

------------- '==' SGS·THOMSON __________ ___:.1..:.:.1/"-'-11 
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M48Z30 
M48Z30Y 

CMOS 32K x 8 ZEROPOWER SRAM 

• INTEGRATED LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT and 
BATTERY 

• CONVENTIONAL SRAM OPERATION; 
UNLIMITED WRITE CYCLES 

• 10 YEARS of DATA RETENTION in the 
ABSENCE of POWER 

• PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 32K x 8 SRAMs 

•. AUTOMATIC POWER-FAIL CHIP DESELECT 
and WRITE PROTECTION 

• CHOICE of TWO WRITE PROTECT 
VOLTAGES: 

- M48Z30: 4.5V ~ VPFD ~ 4.75V 

- M48Z30Y: 4.2V ~ VPFD::; 4.50V 

• BATTERY INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED 

DESCRIPTION 

The M48Z30/30Y 32K x 8 ZERO POWER® RAM is 
a non-volatile 262,144 bit Static RAM organized as 
32,768 words by 8 bits. The device combines an 
internal lithium battery and a full CMOS SRAM in a 
plastic 28 pin DIP Module. The ZEROPOWER 

Table 1. Signal Names 

AO- A14 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

E Chip Enable 

-
G Output Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

December 1993 

PMDIP28 (PM) 
Module 

Figure 1. Logic Diagram 

Vee 
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15 8 

AO-A14 ~ ~DQ0-007 

W---e 
M48Z30 

M48Z30Y 

E:---c 

G---c 

I 
Vss 

VA01029 

1/10 
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M48Z30, M48Z30Y 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto70 ac 
TsTG Storage Temperature (Vee Off) -40to70 ac 
TBIAS Temperature Under Bias -10to70 ac 
Tsw Lead Soldering Temperature for 10 seconds 260 ac 
V1o Input or Output Voltages -0.3to7 v 

Vee Supply Voltage -0.3 to 7 v 

Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the dev1ce. Th1s is a stress 
rating only and functional operation of the dev1ce at these or any other conditions above those 1nd1cated 1n the operational section of th1s 
specification is not implied. Exposure to the absolute maximum ratings cond1t1ons for extended periods of t1me may affect reliability. 
CAUTION: Negatwe undershoots be/ow-D.3 volts are not allowed on any pm while in the Baltery Back-up mode. 

Table 3. Operating Modes 

Mode Vee E 

Deselect v,H 

Write 
4.75V to 5.5V 

V1L or 

Read 
4.5Vto5.5V 

VIL 

Read V1L 

Deselect Vso to VPFD (min) X 

Deselect ,OVso X 

Note: X = ViH or ViL 

Figure 2. DIP Pin Connections 

A14 Vee 
A12 w 

A7 A13 
A6 A8 
AS A9 
A4 A 11 
A3 G 
A2 A10 
A1 E 

AO 007 
DQO 006 
001 DOS 
002 004 
Vss 003 

VA01118 

G 

X 

X 

VIL 

v,H 

X 

X 

w DQO-DQ7 Power 

X HighZ Standby 

V1L DiN Active 

v,H DouT Active 

v,H HighZ Active 

X HighZ CMOS Standby 

X HighZ Battery Back-up Mode 

DESCRIPTION (cont'd) 

RAM directly replaces industry standard SRAMs. It 
also fits into many EPROM and EEPROM sockets, 
providing the nonvolatility of PROMs without any 
requirement for special write timing or limitations 
on the number of writes that can be performed. 

The M48Z30/30Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op
erations brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
battery which sustains data until valid power re
turns. 

READ MODE 

The M48Z30/30Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac
cess of data from eight of 262,144 locations in the 
static storage array. Thus, the unique address 
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Figure 3. Block Diagram 

Vee 
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VOLTAGE SENSE 
POWER 

AND 
SWITCHING 
CIRCUITRY E 

-1- INTERNAL 
r=- BATTERY 

E 

specified by the 15 Address Inputs defines which 
one of the 32,768 bytes of data is to be accessed. 
Valid data will be available at the Data 1/0 pins 
within tAvov (Address Access Time) after the Ia§! 
addr~ss input signal is stable, providing that the E 
and G (OutQJ.Jt En~ble) access times are also sat
isfied.lfthe E and G access times are not met, valid 
data will be available after the later of Chip Enable 
Access Time (tELov) or Output Enable Access Time 
(tGLQV). 

The state of the eight three-state Data 1/0 signals 
is controlled byE and G. If the outputs are activated 
before tAvov, the data lines will be driven to an 
indeterminate state until tAvov. If the Address In
puts are changed while E and G remain low, output 
data will remain valid for tAxax (Output Data Hold 
Time) but will go indeterminate until the next Ad
dress Access. 

WRITE MODE 

The M48Z30/30Y is in the Write Mode whenever W 
and E are active. The start of a write is referenced 
from the latter occurring falling edge of W or E. 

32,768 X 8 

SRAM ARRAY 

M48Z30, M48Z30Y 

AO-A14 

DQ0-007 

w 
G 

VA01119 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall limes ,; 5ns 

Input Pulse Voltages 0 to 3V 

Input and Output liming Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

5V 
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DEVICE 
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M48Z30, M48Z30Y 

Table 4. Capacitance <1• 2l (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition 

CrN Input Capacitance 

Cro(3) Input I Output Capacitance 

Notes: 1. Effectrve capacitance measured wrth power supply at 5V. 
2. Sampled only, not 100% tested. 
3 Outputs deselected 

VrN = OV 

Vour=OV 

Min Max 

10 

10 

Table 5. DC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

Symbol Parameter Test Condition Min 

lu(1) Input Leakage Current OV5VrN 5Vcc 

ILO (l) Output Leakage Current OV 5 Vour 5 Vee 

Icc Supply Current E = VrL, Outputs open 

lcc1 Supply Current (Standby) TTL E=VrH 

lcc2 Supply Current (Standby) CMOS E;:,Vcc-0.2V 

VrL Input Low Voltage --Q.3 

VrH Input High Voltage 2.2 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage loH =-1mA 2.4 

Note: 1. Outputs deselected. 

Table 6. Power Down/Up Trip Points DC Characteristics <1l (T A = 0 to 70°C) 

Symbol Parameter 

VPFD Power-fail Deselect Voltage (M48Z30) 

VPFD Power-fail Deselect Voltage (M48Z30Y) 

Vso Battery Back-up Switchover Voltage 

toR(2) Data Retention Time 

Notes: 1. All voltages referenced to Vss. 
2. @ 25oe 

Min Typ 

4.5 4.6 

4.2 4.3 

3 

10 

Max 

±1 

±1 

85 

7 

4 

0.8 

Vee+ 0.3 

0.4 

Max 

4.75 

4.5 

Unit 

pF 

pF 

Unit 

~ 

~ 

rnA 

rnA 

rnA 

v 

v 

v 

v 

Unit 

v 

v 

v 

YEARS 

-'-4/-'-10'------------ ~ SGS·THOMSOII! ------------._""!I li:il~©OO@rn~~©'iim©li!i~ 
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M48Z30, M48Z30Y 

Table 7. Power Down/Up Mode AC Characteristics (TA = 0 to 70°C) 

Symbol Parameter Min Max Unit 

tF<1> VPFD (max) to VPFD (min) Vee Fall lime 300 (.IS 

tFB (2) VPFD (min) to Vso Vee Fall lime 10 (.IS 

twp Write Protect lime from Vee= VPFD 40 150 (.IS 

tR Vso to VPFD (max) Vee Rise lime 0 (.IS 

fER E Recovery lime 40 120 ms 

Notes: 1. VPFD (max) to VPFD (m1n) fall t1me of less than IF may result 1n deselectlon/wnte protect1on not occurnng unt1l 200 !IS after 
Vee passes VPFD (min). 

2. VPFD (min) to Vso fall t1me of less than IFB may cause corruption of RAM data. 

Figure 5. Power Down/Up Mode AC Waveforms 

Vee 
VPFD(max) 

VPFD(min) 

vso 

-~- --- /..-
~ __ ,_ 

\F-+ ~ 1'---------:(~--------_Ji - \R 
\DR --------.1-1 

1--1--4- \FB 

_,.t---J<III- \WP _..t--14- \ER 

DON'T CARE RECOGNIZED 

OUTPUTS (PER CO~~gl INPUT))----------,'~ HIGH z -----------{{PER CO~~gl INPUT) 

VA01031 

5/10 
-------------~..W ~~©W.Wil~~li ___________ ....=;...;..;;. 
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M48Z30, M48Z30Y 

Table 8. Read Mode AC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5Vor 4.5V to 5.5V) 

M48Z30/30Y 

Symbol Parameter 

tAVAV Read Cycle Time 

tAVQV(1) Address Valid to Output Valid 

tELQV (1) Chip Enable Low to Output Valid 

tGLQV(1) Output Enable Low to Output Valid 

tELQX (2) Chip Enable Low to Output Transition 

tGLQX (2) Output Enable Low to Output Transition 

tEHQZ (2) Chip Enable High to Output Hi-Z 

tGHOZ (2) Output Enable High to Output Hi-Z 

tAXQX (1) Address Transition to Output Transition 

Notes: 1. eL = 100pF (see F1gure 4). 
2. eL = 5pF (see F1gure 4) 

Figure 6. Address Controlled, Read Mode AC Waveforms 

-85 -100 

Min Max Min 

85 100 

85 

85 

45 

5 5 

5 5 

40 

35 

10 10 

~t~~---------tAVAV ---------j~ 
AO-A14 __!...------------

~ >AVOV J ->AXOX :_ 

DQO-DQ7 DATA VALID 
---1 '----------~'\....__ 

VA01090 

Note: E = Low, G = Low, W = H1gh. 

Max 

100 

100 

50 

40 

35 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

6/10 .:::....:..=------------- ;.:;;; ~i®m~:~~a -------------
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M48Z30, M48Z30Y 

Figure 7. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 

tAVAV 

AO-A14 VALID 

-- tAVQV •' tAXQX 1-

r-- tELQV- rtEHQZ-~ 

1- tELQX ___, 

I tGLQV-

\ 
FtGHQZ 

f.- tGLQX _. 

DQO-D07 

Note: W = High. 

WRITE MODE (cont'd) 

A "'{file is terminated by the earlier rising edge of W 
or E. The '!Qdre_§§es must be held valid throughout 
the cycle. E or W must return high for minimum of 
lEHAX from E or twHAX from W prior to the initiation 
of another read or write cycle. Data-in must be valid 
tovwH prior to the end of write and remain valid for 
twHDX or lEHDX afterward. G should be kept high 
during write cycles to avoid bus contention; al
though,_if the_gutput bus_l}as been activated by a 
low on E anQ_ G, a low on W will disable the outputs 
lwLOZ after W falls. 

DATA RETENTION MODE 

With valid Vee applied, the M48Z30/30Y operates 
as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 

DATA OUT I'-

VA01122 

automatically power-fail deselect, write protecting 
itself twp after Vee falls below VPFD. All outputs 
become high impedance, and all inputs are treated 
as "don't care." 

If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 
write protection takes place. When Vee drops be
low Vso, the control circuit switches power to the 
internal energy source which preserves data. 

The internal coin cell will maintain data in the 
M48Z30/30Y after the initial application of Vee for 
an accumulated period of at least 1 0 years when 
Vee is less than Vso. As system power returns and 
Vee rises above Vso, the battery is disconnected, 
and the power supply is switched to external Vee. 
Write protection continues forlER after Vee reaches 
VPFD to allow for processor stabilization. After lER, 
normal RAM operation can resume. 

7/10 --------------~ ~~~m~:~~©~ ____________ :..:...:..:: 
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M48Z30, M48Z30Y 

Table 9. Write Mode AC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

M48Z30/30Y 

Symbol Parameter 
-85 -100 

Unit 

Min Max Min Max 

tAVAV Write Cycle Time 85 100 ns 

tAVWL Address Valid to Write Enable Low 0 0 ns 

tAVEL Address Valid to Chip Enable Low 0 0 ns 

twLWH Write Enable Pulse Width 65 75 ns 

lELEH Chip Enable Low to Chip Enable High 75 90 ns 

twHAX Write Enable High to Address Transition 5 ' 5 ns 

tEHAX Chip Enable High to Address Transition 15 15 ns 

tovwH Input Valid to Write Enable High 35 40 ns 

tovEH Input Valid to Chip Enable High 35 40 ns 

twHDX Write Enable High to Input Transition 0 0 ns 

tEHDX Chip Enable High to Input Transition 15 15 ns 

twLQZ 11 '2) Write Enable Low to Output Hi-Z 35 35 ns 

tAVWH Address Valid to Write Enable High 75 80 ns 

tAVEH Address Valid to Chip Enable High 75 80 ns 

twHOX 11 '2) Write Enable High to Output Transition 5 5 ns 

Notes: 1. eL= SpF (see F1gure 4) _ _ 
2. If E goes low simultaneously with W going low after W going low, the outputs rema1n in the high-impedance state 

.:::..8/c..:10'------------ r== SGS·lHOMSON -----------
~t.."'fl e'JJO©ffil@lli~lli©'DUB@i>llJ~ 
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M48Z30, M48Z30Y 

Figure 8. Write Enable Controlled, Write AC Waveforms 

AO-A14 

\AVAV 1 VALID 

<W""t 
\WLWH 

w 

DQO-DQ7 

VA01123 

Note: G = High. 

Figure 9. Chip Enable Controlled, Write AC Waveforms 

tAVAV 

AO-A14 ~~------·····V_ALID '1= 
tAVEH - tAVEL 1- - tEHAX 

tA VWL~ tELEH 

DQO-DQ7 

b= tEHDX --1 c= DATA INPU~ ~!-I---r== tDVEH ___, 

VA00927 

Note: G =High. 

------------ r== SGS·lHOMSON -----------"'-9'.:..::10 
1t.. "'f I liillD@OO©m~~mm©%D©0 
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M48Z30, M48Z30Y 

ORDERING INFORMATION SCiiEME 

Example: 

Supply Voltage and 
Write Protect Voltage 

30 Vee= 4.75V to 5.5V 
VpFD = 4.5V to 4.75V 

30Y Vee= 4.5V to 5.5V 
VPFD = 4.2V to 4.5V 

-85 

-100 

M48Z30Y 

85ns 

100ns 

-85 PM 

Temperature Range 

PM PMDIP28 

For a list of available options (Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 

For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

10/10 .:.:::..:..::.... ___________ J:.V ~itm~~~~~ -------------
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M48Z128 
M48Z128Y 

CMOS 128K x 8 ZEROPOWER SRAM 

• INTEGRATED LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT and 
BATTERY 

• CONVENTIONAL SRAM OPERATION; 
UNLIMITED WRITE CYCLES 

• 10 YEARS of DATA RETENTION in the 
ABSENCE of POWER 

• PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 128K x 8 SRAMs 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
and WRITE PROTECTION 

• CHOICE of TWO WRITE PROTECT 
VOLTAGES: 
- M48Z128: 4.5V :5 VPFD :5 4.75V 
- M48Z128Y: 4.2V :5 VPFD :5 4.50V 

• BATTERY INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED 

DESCRIPTION 

The M48Z128/128Y 128K x 8 ZEROPOWER® 
RAM is a non-volatile 1 ,048,576 bit Static RAM 
organized as 131 ,072 words by 8 bits. The device 
combines an internal lithium battery and a full 
CMOS SRAM in a plastic 32 pin DIP Module. 

Table 1. Signal Names 

AO- A16 Address Inputs 

DQO- DQ7 Data Inputs I Outputs 

E Chip Enable 

G" Output Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

December 1993 

PMDIP32 (PM) 
Module 

Figure 1. Logic Diagram 

Vee 

I 
17 8 

AO-A16 -p ¢/!;> DQ0-007 

w-e M48Z128 
M48Z128Y 

E-c 

G-c 

I 
Vss 

VA01194 

1/10 
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M48Z128, M48Z128Y 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto 70 oc 
TsTG Storage Temperature (Vee Off) --40 to 70 oc 
TBIAS Temperature Under Bias -10 to 70 oc 
TsLo Lead Soldering Temperature for 10 seconds 260 oc 
V1o Input or Output Voltages -0.3 to 7 v 
Vee Supply Voltage -0.3 to 7 v 

Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operat1on of the device at these or any other cond1t1ons above those ind1cated 1n the operational section of th1s 
spec1f1ca!lon is not 1m plied. Exposure to the absolute maximum ratings conditions for extended penods of t1me may affect reliability. 
CAUTION: Negattve undershoots below -0 3 volts are not allowed on any pin while in the Battery Back-up mode. 

Table 3. Operating Modes 

Mode Vee 

Deselect 
4.75V to 5.5V 

Write or 

Read 4.5Vto 5.5V 

Read 

Deselect Vso to VPFD (min) 

Deselect ~Vso 

Note: X ~ V1H or V1L 

Figure 2. DIP Pin Connections 

Ne 
A16 

A14 
A12 

A7 
A6 

A5 
A4 M48Z128 
A3 9 M48Z128Y 24 

A2 10 23 
A1 11 

AO 
DQO 
DQ1 
DQ2 

Vss 
VA01195 

E G 

V1H X 

V1L X 

V1L V1L 

V1L V1H 

X X 

X X 

Vee 
A15 

Ne 
w 
A13 
AS 

A9 
A 11 

G 
A10 

E 
DQ7 
DQ6 

DQ5 
DQ4 

DQ3 

w DQ0-007 Power 

X HighZ Standby 

V1L DIN Active 

V1H Dour Active 

V1H HighZ Active 

X HighZ CMOS Standby 

X HighZ Battery Back-up Mode 

DESCRIPTION (cont'd) 

The ZEROPOWER RAM directly replaces industry 
standard SRAMs. It also fits into many EPROM and 
EEPROM sockets, providing the nonvolatility of 
PROMs without any requirement for special write 
timing or limitations on the number of writes that 
can be performed. 

The M48Z128/128Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op
erations brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
battery which sustains data until valid power re
turns. 

READ MODE 

The M48Z128/128Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac
cess of data from eight of 1,048,576 locations in 
the static storage array. Thus, the unique address 
specified by the 17 Address Inputs defines which 

=~~10~------------------------ ~ ~i~~~~:~~ -----------------------------
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Figure 3. Block Diagram 

I 
VOLTAGE SENSE 

POWER 

AND 
SWITCHING 
CIRCUITRY E 

-L INTERNAL 
--=- BATTERY 

E 

one of the 131 ,072 bytes of data is to be accessed. 
Valid data will be available at the Data 1/0 pins 
within tAvov (Address Access Time) after the last 
addrg_ss input signal is stable, providing that the E 
and G (OutQ!.Jt Eng_ble) access times are also sat
isfied. If theE and G access times are not met, valid 
data will be available after the later of Chip Enable 
Access Time (tELov) or Output Enable Access Time 
(tGLOV). 
The state of the eight three-state Data 1/0 signals 
is controlled byE and G. If the outputs are activated 
before tAvov, the data lines will be driven to an 
indeterminate state until tAvov. If the Address In
puts are changed while E and G remain low, output 
data will remain valid for tAxox (Output Data Hold 
Time) but will go indeterminate until the next Ad
dress Access. 

WRITE MODE 
The M48Z128/128Y is in the Write Mode whenever 
W and E are active. The start of a write is refer
Q_nced from the latter occurring falling edge of W or 
E. A write is terminated by the earlier rising edge of 
WorE. 

.. 

M48Z128,M48Z128Y 

AO-A16 

) D00-007 
131,072 X 8 

SRAM ARRAY 

w 
G 

VA01196 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

~ 5ns 

Oto3V 

1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

5V 

CL mcludes JIG capacitance 

VA01030 

3/10 --------------~ ~~©IH~~~~~ ____________ =...:...:. 
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Table 4. Capacitance <1• 2> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min Max 

GiN Input Capacitance V1N= OV 10 

c,o 131 Input I Output Capacitance Vour = OV 10 

Notes: 1. Effective capacitance measured with power supply at SV. 
2. Sampled only, not 1 00% tested. 
3. Outputs deselected 

Table 5. DC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

Symbol Parameter Test Condition Min 

lu 11l Input Leakage Current OV,; V1N,; Vee 

ILO (l) Output Leakage Current OV,;Vour,;Vec 

Icc Supply Current E = V1L, Outputs open 

lcc1 Supply Current (Standby) TIL E=ViH 

lcc2 Supply Current (Standby) CMOS E<:Vcc-0.2V 

v,L Input Low Voltage -{).3 

v,H Input High Voltage 2.2 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage loH=-1mA 2.4 

Note: 1. Outputs deselected. 

Table 6. Power Down/Up Trip Points DC Characteristics <1> (T A = 0 to 70°C) 

Symbol Parameter 

VPFD Power-fail Deselect Voltage (M48Z128) 

VPFD Power-fail Deselect Voltage (M48Z128Y) 

Vso Battery Back-up Switchover Voltage 

toR121 Data Retention Time 

Notes: 1. All voltages referenced to Vss. 
2. @ 25"C 

Min Typ 

4.5 4.6 

4.2 4.3 

3 

10 

Max 

±1 

±1 

105 

7 

4 

0.8 

Vee+ 0.3 

0.4 

Max 

4.75 

4.5 

Unit 

pF 

pF 

Unit 

llA 

llA 

rnA 

rnA 

rnA 

v 

v 

v 

v 

Unit 

v 

v 

v 

YEARS 

4/10 .::..:.::.__ ___________ ~ ~~©lt&~cfif!J~lj -------------
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Table 7. Power Down/Up Mode AC Characteristics (TA = 0 to 70°C) 

Symbol Parameter Min Max Unit 

IF(t) VPFD (max) to VPFD (min) Vee Fall Time 300 ).IS 

IFB (2) VPFD (min) to Vso Vee Fall Time 10 ).IS 

lwp Write Protect Time from Vee= VPFD 40 150 ).IS 

IR Vso to VPFD (max) Vee Rise Time 0 ).IS 

lEA E Recovery Time 40 120 ms 

Notes: 1. VPFD (max) to VPFD (min) fall time of less than IF may result 1n deselect1on/wnte protection not occurnng unt1l 200 J.lS after 
Vee passes VPFD (m1n). 

2. VPFD (min) to Vso fall time of less than IFB may cause corruption of RAM data. 

Figure 5. Power Down/Up Mode AC Waveforms 

vee 
VPFD(max) 

VPFD(m,n) 

vso 

OUTPUTS 

~-- ---t-

"-\~'-------,!,<-----------=__./{ ·-'" 
tDR --------~ 

•l--f4- tFB 

-i--1"1- ti'P _.i--1- tER 

------,. r-------,I)::'------DO-N-.T-C-AR-E---------,i RECOGNIZED 

(:PE:R~C~O~~';\,~'g~l~IN:P~UT~) i-----------,1!'----- HIGH z -----------{ (PER CO~~~gl tNPUl) 

VA010J1 

5/10 ---------------------------- ~~~@~~~~~ -------------------------=~ 
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Table 8. Read Mode AC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

Symbol Parameter 

tAVAV Read Cycle lime 

tAVQV(1) Address Valid to Output Valid 

IELOV (1) Chip Enable Low to Output Valid 

tGLOV (1) Output Enable Low to Output Valid 

tELOX (2) Chip Enable Low to Output Transition 

tGLQX (2) Output Enable Low to Output Transition 

tEHOZ (2) Chip Enable High to Output Hi-Z 

tGHQZ 12) Output Enable High to Output Hi-Z 

tAXOX (1) Address Transition to Output Transition 

Notes: 1. eL = 100pF (see Figure 4). 
2. eL = 5pF (see Figure 4) 

Figure 6. Address Controlled, Read Mode AC Waveforms 

M48Z128/128Y 

-85 -120 

Min Max Min 

85 120 

85 

85 

45 

5 5 

0 0 

35 

25 

10 10 

AO-A16 ____/K------------
~ r,14----- tAVAV -----~-+! 

~-~-A-V-QV_J_______ tAXQX -

DQ0-007 ~DATA------,.VALID ~ 

VA01078 

Note: E = Low, G = Low, W = High. 

Max 

120 

120 

60 

45 

35 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

6/10 '--'-------------- !V ~~m~~~~ --------------
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Figure 7. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 

~r. tAVAV ~. 
_j..------VALID--J AO-A16 

~ tAVQV \AXQX ~ 
r-- tELQV ___. l:tEHQZ-r-----
' 1 
/4- tELQX _, 

f-- tGLQV - t==tGHQZ 

I+ tGLQX-11 

DQO-DQ7 y 

Note: W = H1gh. 

WRITE MODE (cont'd) 

The addresses must be held valid throughout the 
cycle. E or W must returQ.!ligh for minimum of tEHAX 
from E or twHAX from W prior to the initiation of 
another read or write cycle. Data-in must be valid 
tovwH prior to the end of write and remain valid for 
twHox or tEHDX afterward. G should be kept high 
during write cycles to avoid bus contention; al
though, if the_gutput bus.J:!.as been activated by a 
low onE and G, a low on W will disable the outputs 
twLaz after W falls. 

DATA RETENTION MODE 

With valid Vee applied, the M48Z128/128Y oper
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 

DATA OUT r 
VA01197 

itself twp after Vee falls below VPFD. All outputs 
become high impedance, and all inputs are treated 
as "don't care." 

If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 
write protection takes place. When Vee drops be
low Vso. the control circuit switches power to the 
internal energy source which preserves data. 

The internal coin cell will maintain data in the 
M48Z128/128Y after the initial application of Vee 
for an accumulated period of at least 10 years when 
Vee is less than Vso. As system power returns and 
Vee rises above Vso. the battery is disconnected, 
and the power supply is switched to external Vee. 
Write protection continues fortER after Vee reaches 
VPFD to allow for processor stabilization. After tER, 
normal RAM operation can resume. 

7/10 ------------~ ~~~i!~/i __________ ____:_:..:...:. 
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Table 9. Write Mode AC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

M48Z128/128Y 

Symbol Parameter -85 -120 Unit 

Min Max Min Max 

tAVAV Write Cycle Time 85 120 ns 

tAVVIL Address Valid to Write Enable Low 0 0 ns 

tAVEL Address Valid to Chip Enable Low 0 0 ns 

twLWH Write Enable Pulse Width 65 85 ns 

tELEH Chip Enable Low to Chip Enable High 75 100 ns 

twHAX Write Enable High to Address Transition 5 5 ns 

tEHAX Chip Enable High to Address Transition 15 15 ns 

tovwH Input Valid to Write Enable High 35 45 ns 

tovEH Input Valid to Chip Enable High 35 45 ns 

twHDX Write Enable High to Input Transition 0 0 ns 

tEHDX Chip Enable High to Input Transition 10 10 ns 

twLOZ (1'2) Write Enable Low to Output Hi-Z 30 40 ns 

tAvwH Address Valid to Write Enable High 75 100 ns 

tAVEH Address Valid to Chip Enable High 75 100 ns 

twHOX (1'2) Write Enable High to Output Transition 0 0 ns 

Notes:1.eL=5pF(seeF1gure4). _ _ 
2. If E goes low Simultaneously w1th W go1ng low after W gomg low, the outputs rem am 1n the high-Impedance state. 

8/10 
~~------------------------ ~~~~@~~~~~ -----------------------------
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Figure 8. Write Enable Controlled, Write AC Waveforms 

AO-A16 
~~------------~-AA_V:-~~------------~1----------

\AVWH t 
\WHAX 

w 

\DVWH ~ \WHDX 

DOO-D07 DATA INPUT 

VA01198 

Note: G; Hrgh. 

Figure 9. Chip Enable Controlled, Write AC Waveforms 

\AVAV 

AO-A16 VALID 

\AVEH 

\EHAX ~ - \AVEL r- -
\ 

AVWL ~ L cELEH - I 

\ 

DQO-DQ7 

- tEHDX-=:1 
v DATA INPUT ~ 

tDVEH _, 

VA01199 

Note: G; Hrgh. 
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ORDERING INFORMATION SCHEME 

Example: 

Supply Voltage and 
Write Protect Voltage 

128 Vee= 4.75V to 5.5V 
VPFD = 4.5V to 4.75V 

128Y Vee= 4.5V to 5.5V 
VPFD = 4.2V to 4.5V 

-85 

-120 

M48Z128Y -85 PM 

85ns 

120ns 

PM 

Temperature Range 

PMDIP32 o to 70°C 

For a list of available options (Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 

For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

_10c....l1-'-0 ___________ '="= SGS·THOMSON -------------
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M48Z256 
M48Z256Y 

CMOS 256K x 8 ZEROPOWER SRAM 

• INTEGRATED LOW POWER SRAMs, 
POWER-FAIL CONTROL CIRCUIT and 
BATTERIES 

• CONVENTIONAL SRAM OPERATION; 
UNLIMITED WRITE CYCLES 

" 10 YEARS of DATA RETENTION in the 
ABSENCE of POWER 

• PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 256K x 8 SRAMs 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
and WRITE PROTECTION 

• CHOICE of TWO WRITE PROTECT 
VOLTAGES: 
- M48Z256: 4.5V :s; VPFD :s; 4.75V 
- M48Z256Y: 4.2V :s; VPFD :s; 4.50V 

• BATTERIES INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED 

DESCRIPTION 

The M48Z256/256Y 256K x 8 ZEROPOWER® 
RAM is a non-volatile 2,097,152 bit Static RAM 
organized as 262,144 words by 8 bits. The device 
combines two internal lithium batteries and full 
CMOS SRAMs in a plastic 32 pin DIP long Module. 

Table 1. Signal Names 

AO- A17 Address Inputs 

DQO- DQ7 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

December 1993 

PMLDIP32 (PL) 
Module 

Figure 1. Logic Diagram 

Vee 

18 8 

AO-A17 

w M48Z256 
M48Z256Y 

E 

G 

Vss 

DQO-DQ7 

VA01200 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature 0 to 70 ac 
TsTG Storage Temperature (Vee Off) -40 to 70 oc 
Ts1As Temperature Under Bias -10 to 70 oc 
TsLD Lead Soldering Temperature for 10 seconds 260 oc 
v,o Input or Output Voltages -o.s to7 v 
Vee Supply Voltage -o.s to7 v 

Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device This is a stress 
rating only and functional operat10n of the dev1ce at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 

CAUTION: Negative undershoots below -0 3 volts are not allowed on any pin while in the Battery Back-up mode. 

Table 3. Operating Modes 

Mode Vee E 

Deselect V1H 
4.75V to 5.5V 

Write or v,L 

Read 
4.5Vto 5.5V 

V1L 

Read V1L 

Deselect Vso to VPFD (min) X 

Deselect :o:;Vso X 

Note: X = V1H or V1L 

Figure 2. DIP Pin Connections 

NC Vee 
A16 A15 

A14 A17 

A12 w 
A7 A13 

A6 AS 

A5 A9 
A4 A11 

A3 G 
A2 A10 
A1 E 
AO 007 

000 006 
001 005 
002 004 

Vss 003 

VA01211 

G 

X 

X 

V1L 

V1H 

X 

X 

w DQO-DQ7 Power 

X HighZ Standby 

V1L DIN Active 

V1H Dour Active 

V1H HighZ Active 

X HighZ CMOS Standby 

X HighZ Battery Back-up Mode 

DESCRIPTION (cont'd) 

The ZEROPOWER RAM directly replaces industry 
standard SRAMs. It also fits into many EPROM and 
EEPROM sockets, providing the nonvolatility of 
PROMs without any requirement for special write 
timing or limitations on the number of writes that 
can be performed. 

The M48Z256/256Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors the 
single SV supply for an out of tolerance condition. 
When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op
erations brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
batteries which sustain data until valid power re
turns. 

READ MODE 

The M48Z256/256Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac
cess of data from eight of 2,097,152 locations in 
the static storage array. Thus, the unique address 
specified by the 18 Address Inputs defines which 

2/10 
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Figure 3. Block Diagram 

Vee 

I 
VOLTAGE SENSE 

POWER 

AND 
SWITCHING 
CIRCUITRY E 

-l INTERNAL 
---=- BATTERIES 

E 

one of the 262,144 bytes of data is to be accessed. 
Valid data will be available at the Data 1/0 pins 
within tAvav (Address Access Time) after the last 
addr~ss input signal is stable, providing that theE 
and G (Out~t En_g_ble) access times are also sat
isfied. If the E and G access times are not met, valid 
data will be available after the later of Chip Enable 
Access Time (tELav) or Output Enable Access Time 
(tGLQV). 

The state of th!!_eighUhree-state Data 1/0 signals 
is controlled byE and G. If the outputs are activated 
before tAvav, the data lines will be driven to an 
indeterminate state until tAvav. If the Address In
puts are changed while E and G remain low, output 
data will remain valid for tAXax (Output Data Hold 
Time) but will go indeterminate until the next Ad
dress Access. 

WRITE MODE 

The M48Z256/256Y is in the Write Mode whenever 
W and E are active. The start of a write is refer
~nced from the latter occurring falling edge of W or 
E. A write is terminated by the earlier rising edge of 
WorE. 

... 

M48Z256,M48Z256Y 

AO-A17 
' 

2 BLOCKS A 

131,072 X 8 
) DQ0-007 

SRAM ARRAY 

w 
G 

VA01212 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall limes ::;; 5ns 

Input Pulse Voltages 0 to 3V 

Input and Output liming Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

5V 

l"'" DEVICE 1 OUT UNDER 

''" 0 ..l ,, .,,,. " "' TEST 

4 
CL 1ncludes JIG _capacitance 

VA01030 

------------ r=-= SGS·lHOMSON ------------=3/..:..=.10 .. ""!I ~O!roJ@I<~I<©1iW©Oi'JO©® 
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Table 4. Capacitance <1• 2l (T A = 25 °C, f = 1 MHz.) 

Symbol Parameter Test Condition Min Max 

CIN Input Capacitance VIN=OV 20 

C1o<3l Input I Output Capacitance Vour=OV 20 

Notes: 1. Effect1ve capacitance measured w1th power supply at 5V. 
2. Sampled only, not 1 00% tested. 
3. Outputs deselected 

Table 5. DC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

Symbol Parameter Test Condition Min 

lu<'l Input Leakage Current OV:!>V1N:!>Vcc 

ILO (1) Output Leakage Current OV :!> Vour :!>Vee 

Icc Supply Current E = V1L, Outputs open 

lcc1 Supply Current (Standby) TTL E=VIH 

lcc2 Supply Current (Standby) CMOS E~Vcc-0.2V 

VIL Input Low Voltage -D.3 

V1H Input High Voltage 2.2 

VoL Output Low Voltage loL=2.1mA 

VoH Output High Voltage loH =-1mA 2.4 

Note: 1. Outputs deselected. 

Table 6. Power Down/Up Trip Points DC Characteristics <1> (T A = 0 to 70°C) 

Symbol Parameter 

VPFD Power-fail Deselect Voltage (M48Z256) 

VPFD Power-fail Deselect Voltage (M48Z256Y) 

Vso Battery Back-up Switchover Voltage 

loR<2l Data Retention Time 

Notes: 1. All voltages referenced to Vss. 
2.@ 25'e 

Min Typ 

4.5 4.6 

4.2 4.3 

3 

10 

Max 

±2 

±2 

110 

12 

4 

0.8 

Vcc+0.3 

0.4 

Max 

4.75 

4.5 

Unit 

pF 

pF 

Unit 

I!A 

!!A 

mA 

mA 

mA 

v 
v 
v 
v 

Unit 

v 
v 
v 

YEARS 

-"-4/..:..:10'------------- t=<: SGS·lHOMSON -----------._..,I [lj)O©IliJ@~I!J<©'il'ffil@li!JO©® 
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Table 7. Power Down/Up Mode AC Characteristics (TA = 0 to 70°C) 

Symbol Parameter Min Max Unit 

tF(t) VPFD (max) to VPFD (min) Vee Fall lime 300 JlS 

tFB (2) VPFD (min) to Vso Vee Fall lime 10 JlS 

twp Write Protect lime from Vee= VPFD 40 150 JlS 

tR Vso to VPFD (max) Vee Rise lime 0 JlS 

IER E Recovery lime 40 120 ms 

Notes: 1. VPFD (max) to VPFD (min) fall t1me of less than IF may result 1n deseleclion/wnte protect;on not occurnng until 200 ~s after 
Vee passes VPFD (min). 

2. VPFD (min) to Vso fall time of less than lFB may cause corruption of RAM data. 

Figure 5. Power Down/Up Mode AC Waveforms 

Vee 
VPFD(max) 

VPFD(min) 

vso 

OUTPUTS 

-1\ - - - -IL - -
~ --~---

IF -1-+ '---------,(f-------------ft~;_ ~R 
~-------------\DR--------------~ 

1•---tFB 

-t--J<II- t WP -f--t4-tER 

DON"T CARE RECOGNIZED 

VAUD "-----------------:'_" L.____ --------------------lc:-::::v~Al~ID~= (PER CONTROL INPUT) " ~ HIGH z (PER CONTROL INPUT) 

VA01031 
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Table 8. Read Mode AC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

M48Z256/256Y 

Symbol Parameter 

tAVAV Read Cycle lime 

tAVQV(1) Address Valid to Output Valid 

tELQV (1) Chip Enable Low to Output Valid 

tGLQV(1) Output Enable Low to Output Valid 

. tELOX (2) Chip Enable Low to Output Transition 

tGLOX (2) Output Enable Low to Output Transition 

tEHQZ (2) Chip Enable High to Output Hi-Z 

tGHQZ (2) Output Enable High to Output Hi-Z 

tAXOX (1) Address Transition to Output Transition 

Notes: 1. eL = 100pF (see Figure 4). 
2 CL = SpF (see Figure 4) 

Figure 6. Address Controlled, Read Mode AC Waveforms 

-85 -120 

Min Max Min 

85 120 

85 

85 

45 

5 5 

0 0 

35 

25 

10 10 

AO-A17 

=ir14--..---_-_tA_VAV.=-....:::::---_~4 

~ tA~V J j,AXOX :_ 

DATA VALID DOO-DQ7 

VA01213 

Note: E = Low, G = Low, W = High. 

Max 

120 

120 

60 

45 

35 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Figure 7. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 

___,t \AVAV t 
AO-A17 ~~-------------V-A_LI_D ____________ ~)K 

\AVQV ~ \AXQX 1---

1--- \ELQV ______. r\EHQZ-f------

f-- tELQX -1 
,.___ tGLQV _____, P==\GHOZ 

..- \GLOX-+ 

DQ0-007 

Note: W = High. 

WRITE MODE (cont'd) 

The aQ_dre~es must be held valid throughout the 
cycle,j: or W must return high for minimum of tEHAX 
from E or twHAX from W prior to the initiation of 
another read or write cycle. Data-in must be valid 
tovwH prior to the end of write and remain valid for 
twH_ox or ~EHDX afterward. ~ should be kept high 
durmg wnte cycles to avo1d bus contention· al
though,_if the_Qutput bus_l}as been activated by a 
low onE an.Q_G, a low on W will disable the outputs 
twLoz after W falls. 

DATA RETENTION MODE 

With valid Vee applied, the M48Z256/256Y oper
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 

I 

DATA OUT :-

VA01214 

itself twp after Vee falls below VPFD- All outputs 
become high impedance, and all inputs are treated 
as "don't care." 

If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp 
write protection takes place. When Vee drops be: 
low Vso, the control circuit switches power to the 
internal energy source which preserves data. 

The internal coin cells will maintain data in the 
M48Z256/256Y after the initial application of Vee 
for an accumulated period of at least 1 0 years when 
Vee is less than Vso. As system power returns and 
Vee rises above Vso, the batteries are discon
nected, and the power supply is switched to exter
nal Vee. Write protection continues for tER after Vee 
reaches VPFD to allow for processor stabilization. 
After tER, normal RAM operation can resume. 

----------------------- i..V ~~~©mg~~~~u;, ________________ :..!_7,=10 
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Table 9. Write Mode AC Characteristics (T A= 0 to 70°C; Vee = 4.75V to 5.5V or 4.5V to 5.5V) 

M48Z256/256Y 

Symbol Parameter 
-85 -120 

Unit 

Min Max Min Max 

tAVAV Write Cycle lime 85 120 ns 

tAVWL Address Valid to Write Enable Low 0 0 ns 

tAVEL Address Valid to Chip Enable Low 0 0 ns 

tWLWH Write Enable Pulse Width 65 85 ns 

IELEH Chip Enable Low to Chip Enable High 75 100 ns 

twHAX Write Enable High to Address Transition 5 5 ns 

tEHAX Chip Enable High to Address Transition 15 15 ns 

tovWH Input Valid to Write Enable High 35 45 ns 

tovEH Input Valid to Chip Enable High 35 45 ns 

tWHDX Write Enable High to Input Transition 0 0 ns 

tEHDX Chip Enable High to Input Transition 10 10 ns 

tWLQZ (1"2) Write Enable Low to Output Hi-Z 30 40 ns 

tAVWH Address Valid to Write Enable High 75 100 ns 

tAVEH Address Valid to Chip Enable High 75 100 ns 

twHOX(1"2) Write Enable High to Output Transition 0 0 ns 

Notes: 1. eL= 5pF (see Figure 4). _ _ 
2. If E goes low s1mu~aneously w1th W go1ng low after W going low, the outputs rema1n 1n the high-impedance state. 

::::.81.:..::10:.__ __________ r=-= SGS·ntOMSON -----------
lilt.""! I l'OilomJ@][!,[li=(j)>J'©l> 
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Figure 8. Write Enable Controlled; Write AC Waveforms 

tAVAV 

AO-A17 ~~-------------V_A_L_ID ____________ ~)K 
\AVWH t 

tWHAX 

w 

D00-007 

VA01215 

Note: G = H1gh 

Figure 9. Chip Enable Controlled, Write AC Waveforms 

tAVAV 

AO-A17 =x ___ v_ALID __ ___Jt 
\AVEH j ____.. tAVEL ;4- tEHAX -

\A VWL_e! ft--- \ELEH 

DQ0-007 

r-- tEHDX -1 
K DATA INPUT ~)--1 ---r-- tDVEH __, 

VA01216 

Note: G = High 
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ORDERING INFORMATION SCHEME 

Example: 

Supply Voltage and 
Write Protect Voltage 

256 Vee= 4.75V to 5.5V 
VPFD = 4.5V to 4.75V 

256Y Vee= 4.5V to 5.5V 
VPFD = 4.2V to 4.5V 

-85 

-120 

M48Z256Y -85 PL 

85ns 

120ns 

PL 

Temperature Range 

PMLDIP32 

For a list of available options (Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 

For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

10/10 ------------- !V ~i~;m~~~~~ --------------
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M46Z128 
M46Z128Y 

CMOS 128K x 16 ZEROPOWER SRAM 

• INTEGRATED LOW POWER SRAMs, 
POWER-FAIL CONTROL CIRCUIT and 
BATTERIES 

" CONVENTIONAL SRAM OPERATION; 
UNLIMITED WRITE CYCLES 

• 1 0 YEARS of DATA RETENTION in the 
ABSENCE of POWER 

• PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 128K x 16 SRAMs 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
and WRITE PROTECTION 

• CHOICE of TWO WRITE PROTECT 
VOLTAGES: 
- M46Z128: 4.5V::; VPFD::; 4.75V 
- M46Z128Y: 4.2V ::; VPFD ::; 4.50V 

• BATTERIES INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED 

DESCRIPTION 

The M46Z128/128Y 128K x 16 ZEROPOWER® 
RAM is a non-volatile 2,097,152 bit Static RAM 
organized as 131 ,072 words by 16 bits. The device 
combines two internal lithium batteries and full 
CMOS SRAMs in a plastic 40 pin DIP Module. 

Table 1. Signal Names 

AO- A16 Address Inputs 

DQO- DQ15 Data Inputs I Outputs 

E: Chip Enable 

G Output Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

December 1993 

PMDIP40 (PM) 
Module 

Figure 1. Logic Diagram 

Vee 

I 
17 16 

AO-A16 -j!:; ~000-0015 

W-e M46Z128 
M46Z128Y 

r-c 
c-c 

I 
Vss 

VA01224 

1/10 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto70 oc 
Tsm Storage Temperature (Vee Off) -40 to 70 oc 
TsrAs Temperature Under Bias -10 to 70 oc 
TsLo Lead Soldering Temperature for 10 seconds 260 oc 
Vro Input or Output Voltages -0.3 to 7 v 
Vee Supply Voltage -0.3 to 7 v 

Note: Stresses greater than those listed under "Absolute Maxrmum Ratrngs" may cause permanent damage to the device. This is a stress 
ratrng only and functronal operation of the device at these or any other condrtions above those rndrcated rn the operatronal sectron of thrs 
specrfrcatron is not rmplied. Exposure to the absolute maxrmum ratrngs condrtrons for extended perrods of trme may affect relrabrlrty. 
CAUTION: Negative undershoots below -o.3 volts are not allowed on any pin while in the Battery Back·UP mode. 

Table 3. Operating Modes 

Mode Vee 

Deselect 
4.75V to 5.5V 

Write or 

Read 4.5Vto 5.5V 

Read 

Deselect Vso to VPFO (min) 

Deselect <;,Vso 

Note: X = VrH or VrL 

Figure 2. DIP Pin Connections 

NC [ 1 
'-.../ 

40 
r [ 2 39 

0015 [ 3 38 
0014 [ 4 37 
0013 [ 5 36 
0012 [ 6 35 
0011 [ 7 34 
0010 [ 8 33 
009 [ 9 32 
008 10 M46Z128 31 
vss 11 M46Z128Y 30 
007 12 29 
006 13 28 
005 14 27 
004 15 26 
003 16 25 
002 17 24 
001 18 23 
DOD 19 22 

c 20 21 

VA01225 

E G 

VrH X 

VrL X 

VrL VrL 

VrL VrH 

X X 

X X 

~ Vee 
~ w 
~ A16 
P A15 
P A14 
0 A13 
] A12 
J A11 
] A10 
] A9 
J Vss 

AS 
A? 
A6 
A5 
A4 

A3 
A2 
At 
AO 

w DQO-DQ15 Power 

X HighZ Standby 

VrL DrN Active 

VrH DouT Active 

VrH HighZ Active . 
X HighZ CMOS Standby 

X HighZ Battery Back-up Mode 

DESCRIPTION (cont'd) 

The ZEROPOWER RAM directly replaces industry 
standard SRAMs. It also fits into many EPROM and 
EEPROM sockets, providing the nonvolatility of 
PROMs without any requirement for special write 
timing or limitations on the number of writes that 
can be performed. 

The M46Z128/128Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op
erations brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
batteries which sustain data until valid power re
turns. 

READ MODE 

The M46Z128/128Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac
cess of data from sixteen of 2,097,152 locations in 
the static storage array. Thus, the unique address 
specified by the 17 Address Inputs defines which 

2/10 
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Figure 3. Block Diagram 

Vee 

I 
VOLTAGE SENSE 

POWER 

AND 
SWITCHING 
CIRCUITRY E 

-l INTERNAL 
--;:::- BATTERIES 

E 

one of the 131,072 words of data is to be accessed. 
Valid data will be available at the Data 1/0 pins 
within tAvov (Address Access Time) after the last 
addr_§_ss input signal is stable, providing that the E 
and G (OutQ!.]t En~ble) access times are also sat
isfied. If theE and G access times are not met, valid 
data will be available after the later of Chip Enable 
Access Time (tELov) or Output Enable Access Time 
(tGLOV). 

The state of the _§ixtee!!_ three-state Data 1/0 signals 
is controlled byE and G. If the outputs are activated 
before tAvov, the data lines will be driven to an 
indeterminate state until tAvov. If the Address In
puts are changed while E and G remain low, output 
data will remain valid for tAxox (Output Data Hold 
Time) but will go indeterminate until the next Ad
dress Access. 

WRITE MODE 

The M46Z128/128Y is in the Write Mode whenever 
W and E are active. The start of a write is refer
enced from the latter occurring falling edge of W or 
~A V{[ite is terminated by the earlier rising edge of 
WorE. 

M46Z128,M46Z128Y 

AO-A16 

> DQ0-0015 
131,072 X 16 ' 

SRAM ARRAY 

w 
G 

VA01226 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times s 5ns 

Input Pulse Voltages 0 to 3V 

Input and Output Timing Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the pomt where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

5V 

~"'" 
DEVICE 

UNDER 
TEST 

1 j 0 OUT 

1k0 D .1 cL~100pF or 5pF 

4 
CL 1ncludes JIG capacitance 

VA010JO 

------------ '='= SGS·THOMSON -----------"'-3'--'-10 
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Table 4. Capacitance (1, 2) (TA = 25 °C, f = 1 MHz) 

Symbol Parameter Test Condition Min Max 

CrN Input Capacitance VrN= OV 20 

Cro 13) Input I Output Capacitance VouT = OV 10 

Notes: 1. Effective capacitance measured with power supply at 5V. 
2. Sampled only, not 100% tested. 
3. Outputs deselected 

Table 5. DC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

Symbol Parameter Test Condition Min 

lu 1'l Input Leakage Current OV ~ VrN ~Vee 

ILO (t) Output Leakage Current OV ~ VouT ~Vee 

Icc Supply Current E = VrL, Outputs open 

lcct Supply Current (Standby) TTL E=VJH 

lcc2 Supply Current (Standby) CMOS E<:Vcc-0.2V 

VrL lnpu1 Low Voltage -0.3 

VrH Input High Voltage 2.2 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage loH=-1mA 2.4 

Note: 1. Outputs deselected. 

Table 6. Power Down/Up Trip Points DC Characteristics (l) (TA = 0 to 70°C) 

Symbol Parameter 

VPFD Power-fail Deselect Voltage (M46Z128) 

VPFD Power-fail Deselect Voltage (M46Z128Y) 

Vso Battery Back-up Switchover Voltage 

toR12) Data Retention Time 

Notes: 1. All vollages referenced to Vss. 
2.@ 2soe 

Min Typ 

4.5 4.6 

4.2 4.3 

3 

10 

Max 

±2 

±1 

200 

11 

5 

0.8 

Vee+ 0.3 

0.4 

Max 

4.75 

4.5 

Unit 

pF 

pF 

Unit 

!lA 

!lA 
rnA 

rnA 

rnA 

v 
v 
v 
v 

Unit 

v 

v 
v 

YEARS 
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Table 7. Power Down/Up Mode AC Characteristics (TA = 0 to 70°C) 

Symbol Parameter Min Max Unit 

tF(l) VPFD (max) to VPFD (min) Vee Fall Time 300 ).15 

tFB (2) VPFD (min) to Vso Vee Fall Time 10 ).15 

twp Write Protect Time from Vee= VPFD 40 150 ).15 

tR Vso to VPFD (max) Vee Rise Time 0 ).LS 

tER E Recovery Time 40 120 ms 

Notes: 1. VPFD (max) to VPFD (min) fall time of less than IF may result in deselection/wnte protecllon not occurnng unt1l 200 (.IS after 
Vee passes VPFD (min). 

2. VPFD (min) to Vso fall time of less than IFB may cause corruption of RAM data. 

Figure 5. Power Down/Up Mode AC Waveforms 

Vee 
VPFD(mox) 

VPFD(min) 

vso 

OUTPUTS 

-1\- --- ~-'\ __ / __ 
IF-+ 4-l'-----,'/-----------....../~~- tR 

IDR ---------.j 

1•-+-tFB 

-++--Joolf- tWP -.+--Joolf- tER 

-----,l.r------f}::'------D-0-N-:-.T-CA_R_E-------------i RECOGNIZED 

(~PE~R~C~O~~';';.~IghL~IN~P~UT~)~---------f~ HIGH Z ----------t(:PE~R~C~O~~';';.~Ig~L~IN:P~UT) 
VA01031 
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Table 8. Read Mode AC Characteristics (T A= 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

M46Z128/128Y 

Symbol Parameter 

tAVAV Read Cycle Time 

tAVQV(1) Address Valid to Output Valid 

tELQV (1) Chip Enable Low to Output Valid 

tGLQV(1) Output Enable Low to Output Valid 

tELQX (2) Chip Enable Low to Output Transition 

tGLQX (2) Output Enable Low to Output Transition 

tEHQZ (2) Chip Enable High to Output Hi·Z 

tGHOZ (2) Output Enable High to Output Hi-Z 

tAXQX (1) Address Transition to Output Transition 

Notes: 1. CL = 100pF (see F1gure 4). 
2. CL = SpF (see F1gure 4) 

-85 

Min Max 

85 

85 

85 

45 

5 

0 

35 

25 

10 

Figure 6. Address Controlled, Read Mode AC Waveforms 

AO-A 16 ==114-1:;:--_-_-_-_::_-_::_tA_V_AV_-----------=--J~ 
tAVQV- tAX OX 

DOO-D015 
I 

DATA VALID 

Note: E = Low, G = Low, W = High. 

-120 

Min 

120 

5 

0 

10 

~ 

v--
1\_ 

VA01227 

Max 

120 

120 

60 

45 

35 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

6=-/.:..:10=------------- ~ SGS·THOMSON ------------
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M46Z128,M46Z128Y 

Figure 7. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 

AO-A16 

~ \AVQV 

\AVAV 

VALID J \AXQX 1-
!--- \ELQV ----o .t\EHQZ-t--

1- \ELQX ____, 

f--- \GLQV __. ~tGHQZ 

f+- tGLQX _. 

D00-0015 v 

Note: W = H1gh. 

WRITE MODE (cont'd) 

The addresses must be held valid throughout the 
cycle. E or W must return high for minimum of tEHAX 
from E or twHAX from W prior to the initiation of 
another read or write cycle. Data-in must be valid 
tovwH prior to the end of write and remain valid for 
twHox or tEHDX afterward. G should be kept high 
during write cycles to avoid bus con~ention; al
though, if the_9utput bus_!}as been act1vated by a 
low onE and G, a low on W will disable the outputs 
twLaz after W falls. 

DATA RETENTION MODE 

With valid Vee applied, the M46Z128/128V oper
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 

y 
I 

K DATA OUT r 
VA01228 

itself twp after Vee falls below VPFD. All outputs 
become high impedance, and all inputs are treated 
as "don't care." 

If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 
write protection takes place. When Vee drops be
low Vso, the control circuit switches power to the 
internal energy source which preserves data. 

The internal coin cells will maintain data in the 
M46Z128/128Y after the initial application of Vee 
for an accumulated period of at least 10 years when 
Vee is less than Vso. As system power returns and 
Vee rises above Vso, the batteries are discon
nected, and the power supply is switched to exter
nal Vee. Write protection continues fortER after Vee 
reaches VPFD to allow for processor stabilization. 
After IER, normal RAM operation can resume. 

7/10 - ----------- ~ SGS·lHOMSON _________ ......:..:...:..::. 
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M46Z128,M46Z128Y 

Table 9. Write Mode AC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

M46Z128/128Y 

Symbol Parameter 
-85 -120 Unit 

Min Max Min Max 

tAYAY Write Cycle lime 85 120 ns 

IAVWL Address Valid to Write Enable Low 0 0 ns 

IAYEL Address Valid to Chip Enable Low 0 0 ns 

twLWH Write Enable Pulse Width 65 85 ns 

tELEH Chip Enable Low to Chip Enable High 75 100 ns 

twHAX Write Enable High to Address Transition 5 5 ns 

tEHAX Chip Enable High to Address Transition 15 15 ns 

tovwH Input Valid to Write Enable High 35 45 ns 

tovEH Input Valid to Chip Enable High 35 45 ns 

twHOX Write Enable High to Input Transition 0 0 ns 

tEHOX Chip Enable High to Input Transition 10 10 ns 

twLQZ (l,2) Write Enable Low to Output Hi-Z 30 40 ns 

tAVWH Address Valid to Write Enable High 75 100 ns 

tAYEH Address Valid to Chip Enable High 75 100 ns 

twHQX (l,2) Write Enable High to Output Transition 0 0 ns 

Notes: 1. eL= SpF (see Figure 4). _ _ 
2. If E goes low simultaneously with W going low after W going low, the outputs remain in the high-impedance state. 

8/10 ""'-'-''------------- I:..V ~~m~;'!~~------------
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M46Z128,M46Z128Y 

Figure 8. Write Enable Controlled, Write AC Waveforms 

AO-A16 

w 

000-0015 

VA01229 

Note: G = High. 

Figure 9. Chip Enable Controlled, Write AC Waveforms 

~r. tAVAV , . 

_i~-VAL-10 -------t-AO-A16 

tAVEH 

- tAVEL 1- - tEHAX 

AVWL !:.=j tELEH 

f- tEHOX 
II DATA INPUT 

./1 
000-0015 

tDVEH ---j 
VA01230 

Note: G = High. 

----------- W'l SGS•THOMSON -----------'-9/_10 
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M46Z128,M46Z128Y 

ORDERING INFORMATION SCHEME 

Example: 

Supply Voltage and 
Write Protect Voltage 

128 Vee= 4.75V to 5.5V 
Vpm = 4.5V to 4.75V 

128Y Vee= 4.5V to 5.5V 
VPFD = 4.2V to 4.5V 

-85 

-120 

M46Z128Y -85 PM 

85ns 

120ns 

PM 

Temperature Range 

PMDIP40 0 to 70°C 

For a list of available options (Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 

For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

10/10 --'--'------------- J:.V ~~m~~~~~ --------------
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M48Z512 
M48Z512Y 

CMOS 512K x 8 ZEROPOWER SRAM 

• INTEGRATED LOW POWER SRAMs, 
POWER-FAIL CONTROL CIRCUIT and 
BATTERIES 

" CONVENTIONAL SRAM OPERATION; 
UNLIMITED WRITE CYCLES 

• 5 YEARS of DATA RETENTION in the 
ABSENCE of POWER 

• PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 512K x 8 SRAMs 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
and WRITE PROTECTION 

• CHOICE of TWO WRITE PROTECT 
VOLTAGES: 

- M48Z512: 4.5V :s; VPFD :s; 4.75V 
- M48Z512Y: 4.2V :s; VPFD :s; 4.50V 

" BATTERIES INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED 

DESCRIPTION 

The M48Z512/512Y 512K x 8 ZEROPOWER® 
RAM is a non-volatile 4,194,304 bit Static RAM 
organized as 524,288 words-by 8 bits. The device 
combines two internal lithium batteries and full 
CMOS SRAMs in a plastic 32 pin DIP long Module. 

Table 1. Signal Names 

AO- A18 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

E Chip Enable 

-
G Output Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

December 1993 

PMLDIP32 (PL) 
Module 

Figure 1. Logic Diagram 

Vee 

19 8 

AO-A18 

w M48Z512 
M48Z512Y 

E 

G 

Vss 

DQO-DQ7 

VA01217 

1/10 
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M48Z512,M48Z512Y 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto70 oc 
Tsm Storage Temperature (Vee Off) -40to70 oc 
Te1As Temperature Under Bias -10 to 70 oc 
TsLo Lead Soldering Temperature for 1 0 seconds 260 oc 
Vlo Input or Output Voltages -0.3to7 v 
Vee Supply Voltage -0.3to7 v 

Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the dev1ce. Th1s is a stress 
rat1ng only and functional operat1on of the dev1ce at these or any other cond1t1ons above those 1nd1cated m the operational sect1on of this 
spec1f1cat1on 1s not implied. Exposure to the absolute max1mum ratings cond1t1ons for extended periods of t1me may affect reliability. 
CAUTION: Negatwe undershoots below -{).3 volts are not allowed on any pin while m the Battery Back-up mode. 

Table 3. Operating Modes 

Mode Vee 

Deselect 
4.75V to 5.5V 

Write or 

Read 4.5Vto5.5V 

Read 

Deselect Vso to VPFD (min) 

Deselect ~Vso 

Note: X= VtH or VtL 

Figure 2. DIP Pin Connections 

A18 

A16 
A14 
A12 
A7 
A6 
A5 
A4 M48Z512 25 
A3 g M48Z512Y 24 

A2 10 23 
A1 22 
AO 21 

DQO 20 
DQ1 19 
DQ2 18 

Vss 17 

VA01218 

-
E G 

V1H X 

VtL X 

VtL VtL 

V1L v1H 

X X 

X X 

Vee 
A15 
A17 
w 
A13 
A8 
A9 
A11 
G 
A10 
E 
DQ7 
DQ6 

DQ5 
DQ4 
DQ3 

-w DQO-DQ7 Power 

X HighZ Standby 

VtL DtN Active 

VtH DouT Active 

V1H HighZ Active 

X HighZ CMOS Standby 

X HighZ Battery Back-up Mode 

DESCRIPTION (cont'd) 

The ZEROPOWER RAM directly replaces industry 
standard SRAMs. It also fits into many EPROM and 
EEPROM sockets, providing the nonvolatility of 
PROMs without any requirement for special write 
timing or limitations .on the number of writes that 
can be performed. 

The M48Z512/512Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op
erations brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
batteries which sustain data until valid power re
turns. 

READ MODE 

The M48Z512/512Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac
cess of data from eight of 4,194,304 locations in 
the static storage array. Thus, the unique address 
specified by the 19 Address Inputs defines which 

21=-.:...:1°'------------ ~ SGS·lHOMSON -----------A..., I l'!JO©lil@~l!.ffi~@&IJ[@J 
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Figure 3. Block Diagram 

I 
VOLTAGE SENSE 

POWER 

AND 
SWITCHING 
CIRCUITRY E 

-l- INTERNAL 
--=- BATTERIES 

E 

one of the 524,288 bytes of data is to be accessed. 
Valid data will be available at the Data 1/0 pins 
within IAvov (Address Access Time) after the lag 
addrg_ss input signal is stable, providing that the E 
and G (Out!1._ut En~ble) access times are also sat
isfied. If the E and G access times are not met, valid 
data will be available after the later of Chip Enable 
Access Time (IELOV) or Output Enable Access Time 
(IGLOV). 

The state of th~eighUhree-state Data 1/0 signals 
is controlled by E and G. If the outputs are activated 
before IAvov. the data lines will be driven to an 
indeterminate state until IAvav. If the Address In
puts are changed while E and G remain low, output 
data will remain valid for IAxox (Output Data Hold 
Time) but will go indeterminate until the next Ad
dress Access. 

WRITE MODE 

The M48Z512/512Y is in the Write Mode whenever 
W and E are active. The start of a write is refer
~nced from the latter occurring falling edge of W or 
E. A ~ite is terminated by the earlier rising edge of 
WorE. 

M48Z512,M48Z512V 

AO-A18 

4 BLOCKS A_ 

131,072 X 8 
) DQO-DQ7 

' 
SRAM ARRAY 

w 
G 

VA01219 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall limes ::; 5ns 

Input Pulse Voltages o to 3V 
Input and Output liming Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

5V 

l.<O 
DEVICE 
UNDER 
TEST 

1--~---1----o OUT 

1k0 

CL mcludes JIG capocltonce 
VA010JO 
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M48Z512,M48Z512V 

Table 4. Capacitance <1• 2> (TA = 25 oc, f = 1 MHz) 

Symbol Parameter Test Condition Min Max 

c,N Input Capacitance V1N =OV 40 

c,o 131 Input I Output Capacitance VouT=OV 40 

Notes: 1. Effect1ve capacitance measured w1th power supply at 5V. 
2. Sampled only, not 100% tested. 
3. Outputs deselected 

Table 5. DC Characteristics (TA = 0 to_70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

Symbol Parameter Test Condition Min 

lu 111 Input Leakage Current OVSV1NSVcc 

ILO (1) Output Leakage Current OV s VouT s Vee 
-

Icc Supply Current E = V1L, Outputs open 

lcc1 Supply Current (Standby) TTL E=VIH 

lcc2 Supply Current (Standby) CMOS E~Vcc-0.2V 

v,L Input Low Voltage -Q.3 

v,H Input High Voltage 2.2 

VoL Output Low Voltage loL=2.1mA 

VoH Output High Voltage loH=-1mA 2.4 

Note: 1. Outputs deselected. 

Table 6. Power Down/Up Trip Points DC Characteristics <1> (T A = 0 to 70°C) 

Symbol Parameter 

VPFD Power-fail Deselect Voltage (M48Z512) 

VPFD Power-fail Deselect Voltage (M48Z512Y) 

Vso Battery Back-up Switchover Voltage 

toR121 Data Retention Time 

Notes: 1. All voltages referenced to Vss. 
2.@ 25'e 

Min Typ 

4.5 4.6 

4.2 4.3 

3 

5 

Max 

±4 

±4 

115 

17 

5 

0.8 

Vcc+0.3 

0.4 

Max 

4.75 

4.5 

Unit 

pF 

pF 

Unit 

!lA 

!lA 

mA 

mA 

mA 

v 

v 

v 

v 

Unit 

v 

v 

v 

YEARS 

4/10 ..::....:.c=------------- t..V ~~mr~:~~~ -------------
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M48Z512, M48Z512Y 

Table 7. Power Down/Up Mode AC Characteristics (TA = 0 to 70°C) 

Symbol Parameter Min Max Unit 

tF(t) VPFD (max) to VPFD (min) Vee Fall Time 300 !lS 

tFB (2) VPFD (min) to Vso Vee Fall Time 10 !lS 

twp Write Protect Time from Vee= VPFD 40 150 !lS 

tR Vso to VPFD (max) Vee Rise Time 0 !lS 

tEA E Recovery Time 40 120 ms 

Notes: 1. VPFD (max} to VPFD (mtn} fall trme of less than IF may result tn deselectron/wnte protectron not occurrtng unttl 200 f!S after 
Vee passes VPFD (min}. 

2. VPFD (min} to Vso fall time of less than tFB may cause corruption of RAM data. 

Figure 5. Power Down/Up Mode AC Waveforms 

Vee 
YPFO(max} 

VPFD(m,n) 

vso 

OUTPUTS 

-1\- --- ~--
~ __ , __ _ 

tF-+ 4- '-------1/----------_,i~;_ ~R 
~-------------- \DR--------------~.1 

1•--4-- tFB 

-+l--14--tER 

DON'T CARE RECOGNIZED 

-;~V~A~LJD~~~--------------7,'L____ -------------------~r.:~~V~Al~ID~:: ~ER CONTROL INPUT) r--- HIGH z (PER CONTROL INPUT) 

VA01031 
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M48Z512,M48Z512Y 

Table B. Read Mode AC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

Symbol Parameter 

tAVAV Read Cycle lime 

tAVQV(1) Address Valid to Output Valid 

IELQV (1) Chip Enable Low to Output Valid 

tGLQV(1) Output Enable Low to Output Valid 

tELQX (2) Chip Enable Low to Output Transition 

tGLQX (2) Output Enable Low to Output Transition 

tEHQZ (2) Chip Enable High to Output Hi-Z 

tGHQZ (2) Output Enable High to Output Hi-Z 

tAXQX (1) Address Transition to Output Transition 

Notes: 1. eL= 100pF(see F1gure4). 
2. el = 5pF (see F1gure 4) 

M48Z512/512Y 

-85 -120 

Min Max Min 

85 120 

85 

85 

45 

5 5 

0 0 

35 

25 

10 10 

Figure 6. Address Controlled, Read Mode AC Waveforms 

AO- A 18 ==fl4-~::--_-_-_-_ -----_t_A_VA_V_-_-_-_-:_-:_---4~ 

~ tAVOV J =4'tAXOX -

r-----------\~ 
DATA VALID DOO-D07 

VA01220 

Note: E = Low, G = Low, W = High. 

Max 

120 

120 

60 

45 

35 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

6~/~10~-------------------- ~~~~@~~~%~~ ------------------------------
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M48Z512, M48Z512Y 

Figure 7. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 

AO-A18 ~ 
tAVAV 

VALID 

tAVOV ... I tAXOX 1-
f4- tELOV ____. £tEHOZ-~ 

!+- tELOX --j 
j+-- tGLOV ___. P=-tGHOZ 

)+- tGLOX __. 

DOO-D07 

Note: W ~ H1gh. 

WRITE MODE (cont'd) 

The addresses must be held valid throughout the 
cycle. E or W must retur!!.tJigh for minimum of tEHAX 
from E or twHAX from W prior to the initiation of 
another read or write cycle. Data-in must be valid 
tovwH prior to the end of write and remain valid for 
twHox or tEHDX afterward. G should be kept high 
during write cycles to avoid bus contention; al
though, if the output bus J:!.as been activated by a 
low onE and G, a low on W will disable the outputs 
twLOz after W falls. 

DATA RETENTION MODE 

With valid Vee applied, the M48Z512/512Y oper
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 

DATA OUT !-

VA01221 

itself twp after Vee falls below VPFD. All outputs 
become high impedance, and all inputs are treated 
as "don't care." 

If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 
write protection takes place. When Vee drops be
low Vso, the control circuit switches power to the 
internal energy source which preserves data. 

The internal coin cells will maintain data in the 
M48Z512/512Y after the initial application of Vee 
for an accumulated period of at least 5 years when 
Vee is less than Vso. As system power returns and 
Vee rises above Vso, the batteries are discon
nected, and the power supply is switched to exter
nal Vee. Write protection continues for tER after Vee 
reaches VPFD to allow for processor stabilization. 
After tER, normal RAM operation can resume. 

7/10 ------------~ ~it~~~Jl __________ _.:.;.99.:..::.7 



M48Z512, M48Z512Y 

Table 9. Write Mode AC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

M48Z512/512Y 

Symbol Parameter -85 -120 Unit 

Min Max Min Max 

tAVAV Write Cycle Time 85 120 ns 

tAVWL Address Valid to Write Enable Low 0 0 ns 

tAVEL Address Valid to Chip Enable Low 0 0 ns 

twLWH Write Enable Pulse Width 65 85 ns 

tELEH Chip Enable Low to Chip Enable High 75 100 ns 

twHAX Write Enable High to Address Transition 5 5 ns 

tEHAX Chip Enable High to Address Transition 15 15 ns 

tovwH Input Valid to Write Enable High 35 45 ns 

tovEH Input Valid to Chip Enable High 35 45 ns 

twHDX Write Enable High to Input Transition 0 0 ns 

tEHDX Chip Enable High to Input Transition 10 10 ns 

twLOZ (l,2) Write Enable Low to Output Hi-Z 30 40 ns 

tAVWH Address Valid to Write Enable High 75 100 ns 

tAVEH Address Valid to Chip Enable High 75 100 ns 

twHOX(l,2) Write Enable High to Output Transition 0 0 ns 

Notes: 1. eL~ SpF (see Figure 4). _ _ 
2. If E goes low simultaneously with W going low after W going low, the outputs remain in the high-impedance state. 

998 
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M48Z512, M48Z512Y 

Figure 8. Write Enable Controlled, Write AC Waveforms 

~ 
tAVAV 

~ AO-A18 VALID 

IWHAXt 
E 

tWLWH 

w 

DOO-D07 

VA01222 

Note: G = Hrgh. 

Figure 9. Chip Enable Controlled, Write AC Waveforms 

AO-A18 

_r. tAVAV ,_ 

_i~-VAL-ID ~t 
tAVEH 

- tAVEL 1- - tEHAX 

AVWL~ tELEH 

DOO-D07 

f-tEHDX~ 
~ DATA INPUT lr 

F tDVEH ____, 

VA0122.3 

Note: G = High. 

9/10 --------------~ ~ii©IH~~~~a ____________ :::.:...= 

999 



M48Z512,M48Z512Y 

ORDERING INFORMATION SCHEME 

Example: 

Supply Voltage and 
Write Protect Voltage 

512 Vee= 4.75V to 5.5V 
VPFD = 4.5V to 4.75V 

512Y Vee= 4.5V to 5.5V 
VPFD = 4.2V to 4.5V 

-85 

-120 

M48Z512Y -85 PL 

85ns 

120ns 

PL 

Temperature Range 

PMLDIP32 0 to 70°C 

For a list of available options (Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 

For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you . 

..:..:10::..:'1c::.0 __________ '="= SGS·niOMSON -----------
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M46Z256 
M46Z256Y 

CMOS 256K x 16 ZEROPOWER SRAM 

• INTEGRATED LOW POWER SRAMs, 
POWER-FAIL CONTROL CIRCUIT and 
BATTERIES 

• CONVENTIONAL SRAM OPERATION; 
UNLIMITED WRITE CYCLES 

• 5 YEARS of DATA RETENTION in the 
ABSENCE of POWER 

• PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD 256K x 16 SRAMs 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
and WRITE PROTECTION 

• CHOICE of TWO WRITE PROTECT 
VOLTAGES: 
- M46Z256: 4.5V ~ VPFD ~ 4.75V 
- M48Z256Y: 4.2V ~ VPFD ~ 4.50V 

" BATTERIES INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED 

DESCRIPTION 

The M46Z256/256Y 256K x 16 ZEROPOWER® 
RAM is a non-volatile 4,194,304 bit Static RAM 
organized as 262,144 words by 16 bits. The device 
combines two internal lithium batteries and full 
CMOS SRAMs in a plastic 40 pin DIP Module. 

Table 1. Signal Names 

AO- A17 Address Inputs 

DQO- DQ15 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

December 1993 

PMDIP40 (PM) 
Module 

Figure 1. Logic Diagram 

Vee 

I 
"18 16 

AO-A17 ~ ¢f/ DQO-DQ15 

W-e M46Z256 
M46Z256Y 

E-c 

G-c 

I 
Vss 

VA01231 

1/10 
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M46Z256,M46Z256Y 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto70 oc 
TsTG Storage Temperature (Vee Off) -40to70 oc 
Te1As Temperature Under Bias -10 to 70 oc 
TsLD Lead Soldering Temperature for 1 0 seconds 260 oc 
V1o Input or Output Voltages -0.3to7 v 

Vee Supply Voltage -0.3to7 v 

Note: Stresses greater than those lrsted under "Absolute Maximum Ratings" may cause permanent damage to the dev1ce. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings cond1tions for extended periods of time may affect reliability. 

CAUTION: Negative undershoots below -0.3 volts are not allowed on any pin while in the Battety Back-up mode. 

Table 3. Operating Modes 

Mode Vee E 

Deselect V1H 
4.75V to 5.5V 

Write or v,L 

Read 
4.5V to 5.5V 

VIL 

Read V1L 

Deselect Vso to VpFD (min) X 

Deselect :sVso X 

Note: X = ViH or ViL 

Figure 2. DIP Pin Connections 

A17 1 
'-./ 

40 P Vee 
r 2 39 p w 

0015 3 38 p A16 

0014 4 37 P A15 

0013 5 36 P A14 

0012 6 35 P A13 

DOll 7 34 P A12 

DOlO 8 33 P All 

009 9 32 p A10 

008 10 M46Z256 31 p A9 

Vss 11 M46Z256Y3o P Vss 
007 12 29 p AB 

D06 13 28 P A7 

DOS 14 27 p A6 

004 15 26 p A5 

D03 16 25 PM 
D02 17 24 p A3 

DOl 18 23 p A2 

DOO 19 22 P Al 

G' 20 21 0 AO 

VA01232 

G 

X 

X 

V1L 

V1H 

X 

X 

w DQ0-0015 Power 

X HighZ Standby 

V1L DIN Active 

V1H DouT Active 

V1H HighZ Active 

X HighZ CMOS Standby 

X HighZ Battery Back-up Mode 

DESCRIPTION (cont'd) 

The ZEROPOWER RAM directly replaces industry 
standard SRAMs. It also fits into many EPROM and 
EEPROM sockets, providing the nonvolatility of 
PROMs without any requirement for special write 
timing or limitations on the number of writes that 
can be performed. 

The M46Z256/256Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op
erations brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
batteries which sustain data until valid power re
turns. 

READ MODE 

The M46Z256/256Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac
cess of data from sixteen of 4,194,304 locations in 
the static storage array. Thus, the unique address 
specified by the 18 Address Inputs defines which 

_21_10 _____________ ~ ~~©lt&9m~J[9J¥--------------
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Figure 3. Block Diagram 

Vee 

I 
VOLTAGE SENSE 

POWER 

AND 
SWITCHING 

E CIRCUITRY 

-L INTERNAL 
--=- BATTERIES 

E A17 

one of the 262,144 words of data is to be accessed. 
Valid data will be available at the Data 1/0 pins 
within tAvov (Address Access Time) after the last 
addr~ss input signal is stable, providing that the E 
and G (Out~t En~ble) access times are also sat
isfied. If theE and G access times are not met, valid 
data will be available after the later of Chip Enable 
Access Time (tELov) or Output Enable Access Time 
(tGLOV). 

The state of the _§ixtee.!l three-state Data 1/0 signals 
is controlled byE and G. If the outputs are activated 
before tAvav, the data lines will be driven to an 
indeterminate state until tAvov. If the Address In
puts are changed while E and G remain low, output 
data will remain valid for tAXox (Output Data Hold 
Time) but will go indeterminate until the next Ad
dress Access. 

WRITE MODE 

The M46Z256/256Y is in the Write Mode whenever 
W and E are active. The start of a write is refer
.§_nced from the latter occurring falling edge of W or 
E. A ~ite is terminated by the earlier rising edge of 
WorE. The addresses must be held valid through
out the cycle. 

M46Z256,M46Z256Y 

AO-A16 

2 BLOCKS 
131,072 X 16 ) DQO-DQ15 

SRAM ARRAY 

w 
G 

VA01233 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ::; 5ns 

Input Pulse Voltages 0 to 3V 

Input and Output Timing Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

DEVICE 

UNDER 
TEST 

5V 

CL includes JJG capacitance 

VA01030 
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M46Z256,M46Z256Y 

Table 4. Capacitance <1• 2l (TA = 25 ac, f = 1 MHz) 

Symbol Parameter Test Condition Min Max 

CiN Input Capacitance VIN =OV 40 

C1o(3) Input I Output Capacitance VouT=OV 20 

Notes: 1. Effective capacitance measured w1th power supply at 5V. 
2. Sampled only, not 100% tested. 
3. Outputs deselected 

Table 5. DC Characteristics (TA = 0 to 70°C; Vee= 4. 75V to 5.5V or 4.5V to 5.5V) 

Symbol Parameter Test Condition Min 

lu''l Input Leakage Current OV~VIN~Vcc 

ILO (l) Output Leakage Current OV ~ VouT ~Vee 
-

Icc Supply Current E = V1L, Outputs open 
-

lcc1 Supply Current (Standby) TTL E=VIH 
-

lcc2 Supply Current (Standby) CMOS E~Vcc-0.2V 

V1L Input Low Voltage -0.3 

V1H Input High Voltage 2.2 

VoL Output Low Voltage loL = 2.1mA 

VoH Output High Voltage loH=-1mA 2.4 

Note: 1. Outputs deselected. 

Table 6. Power Down/Up Trip Points DC Characteristics <1> (TA = 0 to 70°C) 

Symbol Parameter 

VPFD Power-fail Deselect Voltage (M46Z256) 

Vpm Power-fail Deselect Voltage (M46Z256Y) 

Vso Battery Back-up Switchover Voltage 

toR(2l Data Retention Time 

Notes: 1. All voltages referenced to Vss. 
2. @ 25'e 

Min Typ 

4.5 4.6 

4.2 4.3 

3 

5 

Max 

±4 

±2 

200 

18 

5 

0.8 

Vee+ 0.3 

0.4 

Max 

4.75 

4.5 

Unit 

pF 

pF 

Unit 

~ 

~ 

rnA 

rnA 

rnA 

v 
v 
v 
v 

Unit 

v 
v 
v 

YEARS 
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M46Z256,M46Z256Y 

Table 7. Power Down/Up Mode AC Characteristics (TA = 0 to 70°C) 

Symbol Parameter Min Max Unit 

IF(1) VPFO (max) to VPFO (min) Vee Fall Time 300 !lS 

IFB (2) VPFO (min) to Vso Vee Fall Time 10 !lS 

lwp Write Protect Time from Vee = VPFo 40 150 !lS 

IR Vso to Vpm (max) Vee Rise Time 0 !lS 
-

lEA E Recovery Time 40 120 ms 

Notes: 1. VPFO (max) to VPFO (min) fall t1me of less than IF may result 1n deselection/wnte protect1on not occurring untll200 ~s after 
Vee passes VPFO (m1n). 

2. VPFO (min) to Vso fall time of less than IFB may cause corruption of RAM data. 

Figure 5. Power Down/Up Mode AC Waveforms 

Vee 
VPFD(mox) 

VPFO(min) 

VSO 

.... l---141- tWP 

OON"T CARE 

~---foil- tER 

RECOGNIZED 

OUTPUTS (~PE~Rc_:C~OV~NAT~~g~L~IN::_:P~UT:),),f----------,l'tL--- HIGH z -----------k;(;PE;R~C~O~~;L~~g~L~IN;PU~T) 
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M46Z256,M46Z256Y 

Table 8. Read Mode AC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

M46Z256/256Y 

Symbol Parameter 

tAVAV Read Cycle Time 

tAVQV(1) Address Valid to Output Valid 

tELQV (1) Chip Enable Low to Output Valid 

tGLQV(1) Output Enable Low to Output Valid 

tELQX (2) Chip Enable Law to Output Transition 

tGLQX (2) Output Enable Low to Output Transition 

tEHOZ (2) Chip Enable High to Output Hi-Z 

IGHOZ (2) Output Enable High to Output Hi-Z 

tAXQX (1) Address Transition to Output Transition 

Notes: 1. el = 100pF (see F1gure 4). 
2. el = 5pF (see F1gure 4) 

Figure 6. Address Controlled, Read Mode AC Waveforms 

-85 -120 

Min Max Min 

85 120 

85 

85 

45 

5 5 

0 0 

35 

25 

10 10 

AO-A 17 ==1~[-~~~~~~-\A-V-AV-----------~--l>ix 

l'VQV ],-------~-~-A-X-QX,:_ 
DATA VALID DQ0-0015 

----' '---------...J \....___ 

VA01234 

Note: E = Low, G = Low, W = High . 

Max 

120 

120 

60 

45 

35 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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M46Z256,M46Z256V 

Figure 7. Chip Enable or Output Enable Controlled, Read Mode AC Waveforms 

AO-A17 =l= tAVAV 

VALID J tAVQV .I tAXQX 1-
!--- tELQV ---t £tEHOZ-t--

1- tELOX ---j 
j+- tGLOV- Y=-tGHQZ 

f+ tGLQX-t 

DQO-DQ15 v 

Note: W = High. 

WRITE MODE (cont'd) 

E or W must return high for minimum of tEHAX from 
E or twHAX from W prior to the initiation of another 
read or write cycle. Data-in must be valid tovwH 
prior to the end of write and remain valid for lwHDX 
or tEHDX afterward. G should be kept high during 
write cycles to avoid bus contention; although.Jf the 
output bus has been activated by a low on E and 
G, a low on W will disable the outputs lwLoz after 
Wfalls. 

DATA RETENTION MODE 

With valid Vee applied, the M46Z256/256Y oper
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 

K DATA OUT r-

VA01235 

itself twP after Vee falls below VPFo. All outputs 
become high impedance, and all inputs are treated 
as "don't care." 

If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twP, 
write protection takes place. When Vee drops be
low Vso, the control circuit switches power to the 
internal energy source which preserves data. 

The internal coin cells will maintain data in the 
M46Z256/256Y after the initial application of Vee 
for an accumulated period of at least 5 years when 
Vee is less than Vso. As system power returns and 
Vee rises above Vso, the batteries are discon
nected, and the power supply is switched to exter
nal Vee. Write protection continues for tER after Vee 
reaches VPFD to allow for processor stabilization. 
After tER, normal RAM operation can resume. 

7/10 -------------~ ~~~~?~ --------------'-
1007 



M46Z256,M46Z256Y 

Table 9. Write Mode AC Characteristics (T A= 0 to 70°C; Vee = 4.75V to 5.5V or 4.5V to 5.5V) 

M46Z256/256Y 

Symbol Parameter -85 -120 Unit 

Min Max Min Max 

tAVAV Write Cycle Time 85 120 ns 

tAVWL Address Valid to Write Enable Low 0 0 ns 

tAVEL Address Valid to Chip Enable Low 0 0 ns 

twLWH Write Enable Pulse Width 65 85 ns 

tELEH Chip Enable Low to Chip Enable High 75 100 ns 

twHAX Wnte Enable High to Address Transition 5 5 ns 

tEHAX Chip Enable High to Address Transition 15 15 ns 

toVWH Input Valid to Write Enable High 35 45 ns 

tovEH Input Valid to Chip Enable High 35 45 ns 

tWHDX Write Enable High to Input Transition 0 0 ns 

tEHDX Chip Enable High to Input Transition 10 10 ns 

twLOZ (t,2) Write Enable Low to Output Hi-Z 30 40 ns 

tAvwH Address Valid to Write Enable High 75 100 ns 

tAVEH Address Valid to Chip Enable High 75 100 ns 

twHOX(t,2) Write Enable High to Output Transition 0 0 ns 

Notes: 1. eL= 5pF (see F1gure 4). _ _ 
2. If E goes low simultaneously wrth W go1ng low after W go1ng low, the outputs remain 1n the h1gh-1mpedance stale. 

8/10 ..:._.:...._ ____________ ~ ~~~~m~~~~rrm --------------
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M46Z256,M46Z256V 

Figure 8. Write Enable Controlled, Write AC Waveforms 

AO-A17 

tAVAV 1>1 
~-------------V-A-L-10------------~)Kr----------

tWHAXt 

w 

000-0015 

VA01236 

Note: G = High. 

Figure 9. Chip Enable Controlled, Write AC Waveforms 

L \AVAV I 

=* * 
AO-A17 VALID 

\AVEH 

tEHAX ~ --. \AVEL - -
[ 

\AVWL ~ P=== tELEH 

w 
1:: tEHDX ~ 

D00-0015 ~- DATA INPU.T =j 
\ D VE H ______, 

VA01237 

Note: G = H1gh. 
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M46Z256,M46Z256V 

ORDERING INFORMATION SCHEME 

Example: 

Supply Voltage and 
Write Protect Voltage 

256 Vee= 4.75V to 5.5V 
VPFD = 4.5V to 4.75V 

256Y Vee= 4.5V to 5.5V 
VPFD = 4.2V to 4.5V 

-85 

-120 

M46Z256Y -85 PM 

85ns 

120ns 

PM 

Temperature Range 

PMDIP40 

For a list of available options {Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 

For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

10/10 ..;...;:;...;..::_ ___________ ~ ~!i@m~~~~-------------
1010 



.I TIMEKEEPER MEMORIES 

1011 





MK41T56 

CMOS 64 x 8 SERIAL ACCESS TIMEKEEPER SRAM 

• COUNTERS for SECONDS, MINUTES, 
HOURS, DAY, DATE, MONTH and YEARS 

• SOFTWARE CLOCK CALIBRATION 

• AUTOMATIC POWER FAIL DETECT and 
SWITCH CIRCUITRY 

• 12C BUS COMPATIBLE 

• 56 BYTES of GENERAL PURPOSE RAM 

• ULTRA-LOW BATTERY SUPPLY CURRENT of 
500nA 

• AVAILABLE with an OPERATING TEMPERA
TURE of -40 to 85 oc 

DESCRIPTION 

The MK41T56 TIMEKEEPERTM RAM is a low 
power 512 bit static CMOS RAM organized as 64 
words by 8 bits. A built-in 32.768 kHz oscillator 
(external crystal controlled) and the first 8 bytes of 
the RAM are used for the clock/calendar function 
and are configured in BCD format. Addresses and 
data are transferred serially via a two-line bi-direc
tional bus. The built-in address register is incre
mented automatically after each write or read data 
byte. The MK41T56 clock has a built-in power 
sense circuit which detects power failures and 
automatically switches to the battery supply during 
power failures. The energy needed to sustain the 
RAM and clock operations can be supplied from a 
small lithium button cell. 

Table 1. Signal Names 

08CI Oscillator Input 

OC80 Oscillator Output 

FTIOUT Frequency Test I Output Driver 

SDA Serial Data Address Input I Output 

8CL Serial Clock 

VeAT Battery Supply Voltage 

Vee Supply Voltage 

Vss Ground 

December 1993 

8~ 
1 

P8DIP8 (N) 
0.4mm Frame 

Figure 1. Logic Diagram 

808 (8) 
0.15mm Frame 

Vee VBAT 

I I 

OSCI- 1-- osco 
SCL- MK41T56 r--- SDA 

r--- FT/OUT 

I 
Vss 

VA01061 

1111 
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MK41T56 

Figure 2A. DIP Pin Connections Figure 28. SO Pin Connections 

rv1K41T56 MK41 T56 

osciDVcc OSel Vee 
OSeO 2 7 FT/OUT oseo FT/OUT 

VBAT 3 6 SeL VBAT SeL 

Vss 4 5 SDA Vss SDA 

VA00585B VA01062 

Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto70 oc 
-40to85 

TsrG Storage Temperature (Vee Off, Oscillator Off) -55 to 125 oc 
V1o Input or Output Voltages -o.3to7 v 
Vee Supply Voltage -0.3to7 v 
lo Output Current 20 mA 

Po Power Dissipation 0.25 w 
Note: Stresses greater than those listed under "Absolute Maximum Rat.ngs• may cause permanent damage to the dev1ce. This is a stress 
rating only and functtonal operatton of the device at these or any other condtttons above those indtcated 1n the operational section of this 
spectftcation is not implied. Exposure to the absolute maximum ratings conditions for extended periods of ttme may affect reliabtllty. 

CAUTION: Negatwe undershoots below -{).3 volts are not allowed on any pm whtle m the Battery Back-up mode. 

Table 3. Register Map 

Data Function/Range Address BCD Format 
D7 D6 D5 D4 D3 D2 D1 DO 

0 ST Seconds 00-59 

1 X Minutes 00-59 

2 X X Hour 00-23 

3 X X X· X X Day 01-07 

4 X X Date 01-31 

5 X X Month 01-12 

6 Year 00-99 

7 OUT FT s Control 

Keys: S =SIGN Btt; FT = FREQUENCY TEST Bit; ST = STOP Bit; OUT= Output level; X = Don't care. 

2/11 
=-:..,.;__ ___________ lW ~itm~~~~ -------------
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Figure 3. Block Diagram 

OSCI 

osco 

FT/OUT 

Vee 
Vss 

VBAT 

SCL 

SDA 

- OSCILLATOR 
32 768 KHz 

POWER ON 
RESET 

SERIAL 
BUS 

INTERFACE 

F 

DESCRIPTION (cont'd) 

Typical data retention time is in excess of 1 0 years 
with a 39 mA/h 3V lithium cell. The MK41 T56 clock 
is supplied in 8 Pin Plastic Dual-in-Line and 8 pin 
Plastic Small Outline packages. 

OPERATION 

The MK41T56 clock operates as a slave device on 
the serial bus. Access is obtained by implementing 
a start condition followed by the correct address 
(DO). The 64 bytes contained in the device can then 
be accessed sequentially in the following order: 

1 . Seconds Register 

2. Minutes Register 

3. Hours Register 

4. Day Register 

5. Date Register 

6. Month Register 

7. Years Register 

8. Control Register 

9 to 64. RAM 

MK41T56 

1Hz 
SECONDS 

DIVIDER 
MINUTES 
HOURS 

DAY 
DATE 

MONTH 
YEAR 

CONTROL 

CONTROL 
LOGIC 

RAM 
(56X8) 

ADDRESS 
REGISTER 

H IT 
VA005868 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall limes ~ 5ns 

Input Pulse Voltages 0 to 3V 

Input and Output liming Ref. Voltages 1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

DEVICE 
UNDER 
TEST 

l v OUT 

1k0 D = CL ~100pF 

LJ 
..L. 

CL 1ncludes JIG capacitance 

VA01019 
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MK41T56 

Table 4. Capacitance <1> (T A = 25 °C, f = 1 MHz ) 

Symbol Parameter Min Max 

C1N Input Capacitance (SCL) 

Cour 12l Output Capacitance (SDA, FT/OUT) 

Notes: 1. Effective capacnance calculated from the equation e = l!iV!N with 1!. V = 3V and power supply at SV. 
2. Outputs deselected. 

Table 5. DC Characteristics (TA = 0 to 70°C or -40 to 85°C; Vee= 4.5V to 5.5V) 

Symbol Parameter Test Condition Min Typ 

lu Input Leakage Current OV:>ViN:5Vcc 

ILo Output Leakage Current OV::; Votir::; Vee 

lcct Supply Current SCUSDA = Vcc-0.3V 

lcc2 Supply Current (Standby) 

V1L Input Low Voltage -o.3 

V1H Input High Voltage 3 

VoL Output Low Voltage loL = 5mA, Vee= 4.5V 

VsAT(t) Battery Supply Voltage 2.6 3 

I BAT Battery Supply Current TA = 25°C, Vee= OV, 450 
Oscillator ON, VsAT = 3V 

Note: SGS·THOMSON recommends the RAYOVAe BR1225 or equiValent as the battery supply. 

7 

10 

Max 

±10 

±10 

3 

1 

1.5 

Vcc+0.8 

0.4 

3.5 

500 

Table 6. Power Down/Up Trip Points DC Characteristics<1l (T A= 0 to 70°C or -40 to 85°C) 

Symbol Parameter Min Typ Max 

VPFD Power-fail Deselect Voltage 1.22 VaAT 1.25 VsAT 1.28 VaAT 

Vso Battery Back-up Switchover Voltage VaAT 

Note: 1. All voltages referenced to Vss. 

Table 7. Crystal Electrical Characteristics (Externally Supplied) 

Symbol Parameter Min Typ Max 

fo Resonant Frequency 32.768 

Rs Series Resistance 35 

CL Load Capacitance 12.5 

Unit 

pF 

pF 

Unit 

!!A 

J.lA 

mA 

mA 

v 
v 
v 
v 

nA 

Unit 

v 
v 

Unit 

kHz 

kn 

pF 

Notes: Load capaators are ontemally supplied wnh the MK41T56. eorcuot board layout consideratoons for the 32.768 kHz crystal of 
minimum trace lengths and isolation from RF generating signals should be taken into account. 

SG5-THOMSON recommends the ECS-.327-12.5-8SP-2 quartz crystal for Industrial temperature operations. ESC Inc. can be 
contacted at 800-237-1041 or 913-782-7787 for further informa&on on thiS crystal type. 

-"-411.:....:.1 __________ r,r'l SGS•THOMSON -----------
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Table 8. Power Down/Up Mode AC Characteristics (T A = 0 to 70°C or -40 to 85°C) 

Symbol Parameter 

tpo SCL and SDA at V1H before Power Down 

tFB VPFD (min) to Vso Vee Fall lime 

tRB Vso to VPFD (min) Vee Rise lime 

tREe SCL and SDA at V1H after Power Up 

Figure 5. Power Down/Up Mode AC Waveforms 

SDA 
SCL 

DATA RETENTION TIME 

Min Max 

0 

300 

100 

200 

MK41T56 

Unit 

ns 

J.IS 

J.IS 

J.IS 

VA00595 
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MK41T56 

Table 9. AC Characteristics (T A= 0 to 70°C or -40 to 85°C; Vee= 4.5V to 5.5V) 

Symbol Parameter Min Max Unit 

fscL SCL Clock Frequency 0 100 kHz 

I LOw Clock Low Period 4.7 flS 

IHIGH Clock High Period 4 f!S 

IR SDA and SCL Rise lime 1 flS 

IF SDA and SCL Fall lime 300 ns 

START Condition Hold lime 
IHD STA (after this period the f1rst clock pulse is generated) 

4 f!S 

tsu STA 
START Condition Setup lime 4.7 flS (only relevant for a repeated start condition) 

tsu DAT(j) Data Setup lime 250 ns 

tHo OAT Data Hold lime 0 flS 

tsu sro STOP Condition Setup lime 4.7 flS 

tsuF Time the bus must be free before a new transmission can start 4.7 flS 

t1 Noise suppresion time constant at SCL and SDA input 0.25 1 flS 

Note: 1. Transm1tter must Internally prov1de a hold t1me to brrdge the undefined reg1on (300ns max.) of the fall1ng edge of SeL. 

OPERATION (cont'd) 

The MK41T56 clock continually monitors Vee for 
an out of tolerance condition. Should Vee fall below 
VPFD the device terminates an access in progress 
and resets the device address counter. Inputs to 
the device will not be recognized at this time to 
prevent erroneous data from being written to the 
device from an out of tolerance system. When Vee 
falls below VsAT the device automatically switches 
over to the battery and powers down into an ultra 
low current mode of operation to conserve battery 
life. Upon power up the device switches from bat
tery to Vee at VsAT and recognizes inputs when Vee 
goes above VPFD volts. 

2-WIRE BUS CHARACTERISTICS 

This bus is intended for communication between 
different ICs. It consists of two lines: one bi-direc
tional for data signals (SDA) and one for clock 
signals (SCL). Both the SDA and the SCL lines 
must be connected to a positive supply voltage via 
a pull-up resistor. 

The following protocol has been defined: 
- Data transfer may be initiated only when the bus 

is not busy. 

- During data transfer, the data line must remain 
stable whenever the clock line is High. Changes 
in the data line while the clock line is High will be 
interpreted as control signals. 

Accordingly, the following bus conditions have 
been defined: 

Bus not busy. Both data and clock lines remain 
High. 

Start data transfer. A change in the state of the 
data line, from High to Low, while the clock is High, 
defines the START condition. 

Stop data transfer. A change in the state of the 
data line, from Low to High, while the clock is High, 
defines the STOP condition. 

Data valid. The state of the data line represents 
valid data when after a start condition, the data line 
is stable for the duration of the High period of the 
clock signal. The data on the line may be changed 
during the Low period of the clock signal. There is 
one clock pulse per bit of data. 

Each data transfer is initiated with a start condition 
and terminated with a stop condition. The number 
of data bytes transferred between the start and stop 
conditions is not limited. The information is trans-

=-6/-'-'11'------------- "="= SGS-THOMSON -----------.. ""!I OJJO~!B~~rn©1Ml©JJDU::l0 
1018 



Figure 6. Serial Bus Data Transfer Sequence 

CLOCK 

DATA 

START 
CONDITION 

DATA LINE 
STABLE 

DATA VALID 

CHANGE OF 
DATA ALLOWED 

Figure 7. Acknowledgement Sequence 

SCLK FROM 
MASTER 

START 

\....____,/ I 
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I 
I 
I 
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I I 
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STOP 
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VA00587 

CLOCK PULSE FOR 
ACKNOWLEDGEMENT 

DATA OUTPUT 
BY TRANSMITTER \~_L/ __ D_AT_A_,---'X DATA 2 "/_'j, DATA a / 

DATA OUTPUT 
BY RECEIVER 

Figure 8. Bus Timing Requirements Sequence 
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MK41T56 
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MK41T56 

2-WIRE BUS CHARACTERISTICS (cont'd) 

mitted byte-wide and each receiver acknowledges 
with a nineth bit. 

Within the bus specifications a low speed mode 
(2kHz clock rate) and a high speed mode (1OOkHz 
clock rate) are defined. The MK41T56 clock works 
in both modes. By definition a device that gives out 
a message is called "transmitter", the receiving 
device that gets the message is called "receiver". 
The device that controls the message is called 
"master". The devices that are controlled by the 
master are called "slaves". 

Acknowledge. Each byte of eight bits is followed 
by one acknowledge bit. This acknowledge bit is a 
low level put on the bus by the receiver whereas 
the master generates an extra acknowledge re
lated clock pulse. 

A slave receiver which is addressed is obliged to 
generate an acknowledge after the reception of 
each byte. Also a master receiver must generate 
an acknowledge after the reception of each byte 
that has been clocked out of the slave transmitter. 

The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in 
such a way that the SDA line is a stable Low during 
the High period of the acknowledge related clock 
pulse. Of course, setup and hold times must be 
taken into account. A master receiver must signal 
an end of data to the slave transmitter by not 
generating an acknowledge on the last byte that 
has been clocked out of the slave. In this case the 
transmitter must leave the data line High to enable 
the master to generate the STOP condition. 

Figure 9. Slave Address Location 

START 

I 
I 
I 
I 
I 

R/W 

I 1 11 I 0 11 I 0 I 0 I 0 I 
VA00590 

WRITE MODE 

In this mode the master transmitter transmits to the 
MK41T56 slave receiver. Bus protocol is shown in 
Figure 10. Following the START condition and 
slave address, a logic '0' (RiW = 0) is placed on the 
bus and indicates to the addressed device that 
word address An will follow and is to be written to 
the on-chip address pointer. The data word to be 
written to the memory is strobed in next and the 
internal address pointer is incremented to the next 
memory location within the RAM on the reception 
of an acknowledge clock. The MK41 T56 slave 
receiver will send an acknowledge clock to the 
master transmitter after it has received the slave 
address and again after it has received the word 
address and each data byte, see Figure 9. 

READ MODE 

In this mode the master reads the MK41T56 slave 
after setting the slave address, see Figure 11. Fol
lowing the write mode control bit (RiW = 0) and the 
acknowledge bit, the word address An is written to 
the on-chip address pointer. Next the START con
dition and slave address are r~eated followed by 
the READ mode control bit (R/W = 1 ). At this point 
the master transmitter becomes the master re
ceiver. The data byte which was addressed will be 
transmitted and the master receiver will send an 
acknowledge bit to the slave transmitter. The ad
dress pointer is only incremented on reception of 
an acknowledge bit. The MK41T56 slave transmit
ter will now place the data byte at address An + 1 
on the bus, the master receiver reads and acknow
ledges the new byte and the address pointer is 
incremented to An + 2. 

This cycle of reading consecutive addresses will 
continue until the master receiver sends a STOP 
condition to the slave transmitter. 

An alternate READ mode may also be imple
mented whereby the master reads the MK41T56 
slave without first writing to the (volatile) address 
pointer. The first address that is read is the last one 
stored in the pointer, see Figure 12. 

CLOCK CALIBRATION 

The MK41T56 is driven by a quartz controlled 
oscillator with a nominal frequency of 32,768 Hz. A 
typical MK41T56 is accurate within± 1 minute per 
month at 25°C without calibration. The devices are 
tested not to exceed 35 PPM (parts per million) 
oscillator frequency error at 25°C, which equates 
to about± 1.53 minutes per month. Of course the 
oscillation rate of any crystal changes with tem
perature. 

Most clock chips compensate for crystal frequency 
and temperature shift error with cumbersome trim 

8/11 
=...:.__:__ ____________ lfi ~ii,;mg~~~©~ --------------
1020 



Figure 10. Write Mode Sequence 
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Figure 11. Read Mode Sequence 
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Figure 12. Alternate Read Mode Sequence 
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CLOCK CALIBRATION (cont'd) 

capacitors. The MK41T56 design, however, em
ploys periodic counter correction. The calibration 
circuit adds or subtracts counts from the oscillator 
divider circuit at the divide by 128 stage, as shown 
in Figure 13. The number of times pulses are 
blanked (subtracted, negative calibration) or split 
(added, positive calibration) depends upon the 
value loaded into the five bit Calibration byte found 
in the Control Register. Adding counts speeds the 
clock up, subtracting counts slows the clock down. 

The Calibration byte occupies the five lower order 
bits in the Control register. This byte can be set to 
represent any value between 0 and 31 in binary 
form. The sixth bit is a sign bit; '1' indicates positive 
calibration, '0' indicates negative calibration. Cali
bration occurs within a 64 minutes cycle. The first 
62 minutes in the cycle may, once per minute, have 
one second either shortened by 128 or lengthened 
by 256 oscillator cycles. If a binary '1' is loaded into 
the register, only the first 2 minutes in the 64 
minutes cycle will be modified; if a binary 6 is 
loaded, the first 12 will be affected, and so on. 

Figure 13. Divide by 128 Stage 

NORMAL~ 

POSITIVE 

CALIBRATION 

NEGATIVE 
CALIBRATION 

VA00594 

Therefore, each calibration step has the effect of 
adding 512 or subtracting 256 oscillator cycles for 
every 125,829,120 actual oscillator cycles, that is 
+ 4.068 or -2.034 PPM of adjustment per calibra
tion step in the calibration register. Assuming that 
the oscillator is in fact running at exactly 32768 Hz, 
each of the 31 increments in the Calibration byte 
would represent 10.7 seconds per month. 

Two methods are available for ascertaining how 
much calibration a given MK41T56 may require. 
The first involves simply setting the clock, letting it 
run for a month and comparing it to a known 
accurate reference (like WWV broadcasts). While 
that may seem crude, it allows the designer to give 
the end user the ability to calibrate his clock as his 
environment may require, even after the final prod
uct is packaged in a non-user serviceable enclo
sure. All the designer has to do is provide a simple 
utility that accessed the Calibration byte. The utility 
could even be menu driven and made foolproof. 

The second approach is better suited to a manu
facturing environment, and involves the use of 
some test equipment. When the Frequency Test 
(FT) bit, the seventh-most significant bit in the 
Control Register, is set to a '1 ', and the oscillator is 
running at 32768 Hz, the FT/OUT pin of the device 
will toggle at 512Hz. Any deviation fcom 512 Hz 
indicates the degree and direction of oscillator fre
quency shift at the test temperature. 

For example, a reading of 512.01024 Hz would 
indicate a +20 PPM oscillator frequency error, re
quiring a -1 0(001 01 0) to be loaded into the Cali
bration Byte for correction. Note that setting or 
changing the Calibration Byte does not affect the 
Frequency test output frequency. 

OUTPUT DRIVER PIN 

When theFT bit is not set theFT/OUT pin becomes 
an output driver that reflects the contents of 07 of 
the control register. In other words when 06 of 
location 7 is a zero and 07 of location 7 is a zero 
and then the FT/OUT pin will be driven low. 

Note: TheFT/OUT pin is open drain which requires 
an external pull-up resistor . 

.:...:10:::.../1:...:.1 __________ ~ SGS·THOMSON ------------
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ORDERING INFORMATION SCHEME 

Example: 

Operating Temp. 

blank o to 70°C 

I* 

MKI41T56 

0.4mm Frame 

s 808 
0.15mm Frame 

Note: I* Available 1n the SO package only. 

MK41T56 

N 00 TR 

Shipping Method for SO 

00 No Speed Options blank Tubes 

TR Tape & Reel 

For a list of available options refer to the Selector Guide in this Data Book or to the current Memory Shortform 
catalogue. 

For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 
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MK48T87 
CMOS 64 x 8 ADDRESS/DATA MULTIPLEXED 

TIMEKEEPER SRAM 

• DROP-IN REPLACEMENT FOR PC AT COM
PUTER CLOCK/CALENDAR 

• TOTALLY NONVOLATILE WITH 10 YEARS OF 
OPERATION IN THE ABSENCE OF POWER 

• SELF-CONTAINED SUBSYSTEM INCLUDES 
LITHIUM BATTERY, QUARTZ CRYSTAL AND 
SUPPORT CIRCUITRY 

• COUNTS SECONDS, MINUTES, HOURS, 
DAYS, DAY OF THE WEEK, DATE, MONTH 
AND YEAR WITH LEAP YEAR COMPENSA
TION 

• BINARY OR BCD REPRESENTATION OF 
TIME, CALENDAR AND ALARM 

• 12 OR 24 HOUR CLOCK WITH AM AND PM IN 
12 HOUR MODE 

• SELECTABLE BUS TIMING 

• MULTIPLEX BUS FOR PIN EFFICIENCY 

• INTERFACED WITH SOFTWARE AS 64 RAM 
LOCATIONS: 
- 14 Bytes Of Clock And Control Registers 
- 50 Bytes Of General Purpose RAM 

• PROGRAMMABLE SQUARE WAVE OUTPUT 
SIGNAL 

• BUS COMPATIBLE INTERRUPT SIGNALS 
(IRQ) 

• THREE INTERRUPTS ARE SEPARATELY 
SOFTWARE-MASKABLE AND TESTABLE: 
-Time-of-day Alarm Once/Second To Once/Day 
- Periodic Rates From 122 J1S to 500 ms 
- End Of Clock Update Cycle 

PIN NAMES 

ADO-AD? Address I Data 

Vcc!GND 5 Volts/Ground 

E Chip Select 

AS Address Strobe 

w Read/Write 

saw Square Wave Out 

MOT Bus Type Selection 

February 1992 

PHDIP24 WITH BATTERY TOP HAT (B) 

Figure 1. Pin Connection 

IRQ 

RESET 

DS 

NF 

MOT 
NF 
NF 

ADO 
AD1 

AD2 
AD3 
AD4 
ADS 
AD6 
AD7 
GND 

1 • 24 ~ 
2 23 ~ 
3 22 ~ 
4 21 ~ 
5 20 ~ 
6 

MK48T87 ~: ~ 7 

8 17 ~ 
9 16 ~ 
10 15 ~ 
11 14 ~ 

[ 12 13 ~ 

VA00601 

Interrupt Request 

Reset 

Data Strobe 

No Function 

Vee 
sow 
NF 
NF 
NF 
IRQ 
RESET 
DS 
NF 
w 
AS 
E 

NF pin serves no function and may be connected to other signals, 
wHhin Absolute Maximum Ratings, without affecting device oper
ation. The electrical characteristics are the same as the other inputs pins. 

1/18 
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Figure 2. Block Diagram 

1°1 
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Vee ·- POWER ~e 
SWITCH ·- AND ~K 

~ 
PERIODIC INTERRUPT /SQUARE WAVE RATE I WRITE SELECTION 

PROTECT (1 OF 16 SELECTOR) 

LITHIUM 
l CELL 

Lclr-4 SQUARE ~ t--
WAVE OUT 

I 

sow 

I " REGISTERS A,B,C,D 

,---------!:1 (4 BYTES) 

IRQ 

RESET 

DS 

w 

AS 
A/D 

MOT 

E --
- BUS 

~ 
INTERFACE 

-

DESCRIPTION 

¢:::: CLOCK/ 

~ 
CALENDAR 

UPDATE 

BCD/ 
BINARY ~ 

INCREMENT 

The MK48T87 TIMEKEEPER™ RAM is designed 
to be a compatible replacement for the MC146818 
and the 081287. A lithium energy source, a quartz 
crystal and write-protection circuitry are contained 
within a 24-pin dual in-line package. The MK48T87 
is, therefore, a complete subsystem replacing as 
many as 16 components in a typical application. 
The functions available to the user include a non
volatile time-of-day clock, an alarm, a one-hun
dred-year calendar, programmable interrupt, 
square wave generator, and 50 bytes of nonvolatile 
static RAM. The Real Time Clock/RAM is unique in 
that the time-of-day and memory are maintained 
even in the absence of power. 

2/18 
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CLOCK ALARM 
CALENDAR RAM 

110 BYTES) 

USER RAM 
(50 BYTES) 

VROOOBOB 

Automatic deselection of the device provides insur
ance that data integrity is not compromised should 
Vee fall below specified (VPFD) levels. The automat
ic deselection of the device remains in effect upon 
power up for a period of 100ms after Vee rises 
above VPFD, provided the Real Time Clock is run
ning and the count down chain is not in reset. This 
allows sufficient time for Vee to stabilize and gives 
the system clock a wake up period so that a valid 
system reset can be established. 

The block diagram in Figure 2 shows the pin con
nection with the major internal functions of 
MK48T87 (Real Time Clock/RAM). The following 
paragraphs describe the function of each pin. 



SIGNAL DESCRIPTIONS 
GND, Vee - D.C. power is provided to the device 
on these pins. Vee is the +5 volt input. When Vee 
is applied and is above VPFD, the device is fully 
accessible and the data can be written and read. 
When Vee is below VPFD, reads and writes are 
inhibited. However, the timekeeping function con
tinues unaffected by the lower input voltage. As 
Vee falls below Vso, the RAM and timekeeper are 
switched over to an internal Lithium energy source. 
The timekeeping function maintains an accuracy of 
1 minute per month at 25'C regardless of the 
voltage input on the Vee pin. 

MK48T87 

MOT (Mode Select) - The MOT pin offers the 
flexibility to choose between two bus types. When 
connected to Vee, Motorola bus timing is selected. 
When connected to GND or left disconnected, Intel 
bus timing is selected. The pin has an internal 
pull-down (esistance of approximately 20 KQ . 

SQW (Square Wave Output) - The SOW pin can 
output a signal from one of 13 taps provided by the 
15 internal divider stages of the Real Time Clock. 
The frequency of the SOW pin may be changed by 
programming Register A. As shown in Table 1, the 
SOW signal may be turned on and off using the 
SOWE bit in Register B. The SOW signal is not 
available when Vee is less than VPFD. 

Table 1. Periodic Interrupt Rate and Square Wave Frequency 

Select Bits Register A 

RS3 RS2 RS1 

0 0 0 

0 0 0 

0 0 1 

0 0 1 

0 1 0 

0 1 0 

0 1 1 

0 1 1 

1 0 0 

1 0 0 

1 0 1 

1 0 1 

1 1 0 

1 1 0 

1 1 1 

1 1 1 

ADO·AD7 (Multiplexed Bi-Directional Ad· 
dress/Data Bus) - Multiplexing the bus reduces 
the device pin count because address information 
and data information time share the same signal 
paths. The addresses are presented during the first 
portion of the bus cycle and the same pins and 
signal paths are used for data transfer during the 
second portion of the cycle. Address/data multi
plexing does not slow the access time of the 
MK48T87 since the bus change from address to 

tpf Periodic SQWOutput 

RSO 
Interrupt Rate Frequency 

0 None None 

1 3.90625 ms 256Hz 

0 7.8125 ms 128Hz 

1 122.070 ~ 8.192 KHz 

0 244.141 ~ 4.096 KHz 

1 488.281 J.!S 2.048 KHz 

0 976.5625 JlS 1.024 KHz 

1 1.953125 ms 512Hz 

0 3.90625 ms 256Hz 

1 7.8125 ms 128Hz 

0 15.625 ms 64Hz 

1 31.25 ms 32Hz 

0 62.5 ms 16Hz 

1 125 ms 8Hz 

0 250 ms 4Hz 

1 500 ms 2Hz 

data occurs during the internal RAM access time. 
Addresses must be valid prior to the falling edge of 
AS/ALE, at which time the MK48T87 latches the 
address from ADO to AD5. Valid write data must be 
present and held stable during the latter portion of 
the DS or RD pulses. The read cycle is terminated 
and the bus returns to a high impedance state as 
DS transitions low in the case of Motorola timing or 
as RD transitions high in the case of Intel timing. 
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AS (Address Strobe Input) - A positive going 
address strobe pulse serves to demultiplex the 
bus. The falling edge of AS/ALE causes the ad
dress to be latched within the MK48T87. 

OS (Data Strobe or Read Input) - The DS/RD pin 
has two modes of operation depending on the level 
of the MOT pin. When the MOT pin is connected 
to Vee, Motorola bus timing is selected. In this 
mode DS is a positive pulse during the latter 
portion of the bus cycle and is called Data Strobe. 
During read cycles, DS signifies the time that the 
MK48T87 is to drive the bi-directional bus. In write 
cycles the trailing edge of DS causes the 
MK48T87 to latch the written data. When the 
MOT pin is connected to GND, Intel bus timing is 
selected. In this mode the OS pin is called Read 
(RD). RD identifies the time period when the 
MK48T87 drives the bus with read data. The RD 
sjgnal is the same definition as the Output Enable 
(G) signal on a typical memory. 

W (Read/Write Input) - The W pin also has two 
modes of operation. When the MOLpin is con
nected to Vee for Motorola timing, W is a level 
which indicates whether the current cycle is a read 
or write. A read cycle is indicated with a high level 
on W while DS is high. A write cycle is indicated 
when W is low during DS. When the MOT pin is 
connected to GND for Intel timing, the W signal ~ 
an active low signal called WR. In this mode the W 
pin has_lhe same meaning as the Write Enable 
signal (W) on generic RAMs. 

E (Chip Select Input)- The Chip Select signal (E) 
must be asserted low for a b!!S cycle in which the 
MK48T87 is to be accessed. E must be kept in the 
active state during OS and AS for Motorola timing 
and during RD and W for Intel timing.J3us cycles 
which take place without asserting E will latch 
addresses but no access will occur. When Vee is 
below VPFD, the MK48T87 internally i!!_hibits access 
cycles by internally disabling the E input. This 
action protects both the Real Time Clock data and 
RAM data during power outages. 
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IRQ (Interrupt Request Output) - The IRQ pin is 
an active low output of the MK48T87 that rna~ 
used as an interrupt input to a processor. The IRQ 
output remains low as long as the status bit causing 
the interrupt is present and the cor~onding 
interrupt- enable bit is set. To clear the IRQ pin the 
proce~sor program normally reads the C register. 
The ESET pin also clears pending interru~ 
When no interrupt conditions are present, the IRQ 
level is in the high impedance state. Multiple inter
!!!0! devices may be connected to an IRQ bus. The 
IRQ bus is an open drain output and requires an 
external pull-up resistor. 

RESET (Reset Input) - The RESET pin has no 
effect on the clock, calendar, or RAM. On power-up 
the RESET pin may be held low for a time in order 
to allow the power supply to stabilize. The amount 
of time that RESET is held low is dependent on the 
application. However, if RESET is used on power 
up, the time RESET is low should exceed 200 ms 
to make sure that the internal timer which controls 
the MK48T87 on power-up has timed out. When 
RESET is low and Vee is above VPFD, the following 
occurs: 

A. Periodic Interrupt Enable (PIE) bit is cleared to 
zero. 

B. Alarm Interrupt Enable (AlE) bit is cleared to 
zero. 

C. Update Ended Interrupt Flag (UF) bit is cleared 
to zero. 

D. Interrupt Request Status Flag (IRQF) bit is 
cleared to zero. 

E. Periodic Interrupt Flag (PF) bit is cleared to zero. 

F. The device is not accessible until RESET is 
returned high. 

G. Alarm Interrupt Flag (AF) bit is cleared to zero. 

H. IRQ pin is in the high impedance state. 

I. Square Wave Output Enable (SQWE) bit is 
cleared to zero. 

J. Updated Ended Interrupt Is Cleared To Zero. 

In a typical application RESET may be connected 
to Vee. This connection will allow the MK48T87 to 
go in and out of power fail without affecting any of 
the control registers. 



ADDRESS MAP 
The Address Map of the MK48T87 is shown in 
Figure 3. The address map consists of 50 bytes of 
user RAM, 10 bytes of RAM which contain the RTC 
time, calendar and alarm data, and 4 bytes which 
are used for control and status. All 64 bytes can be 
directly written or read except for the following: 

Figure 3. Address Map 

00 

14 BYTES 

13 

14 

50 BYTES 

63 

TIME, CALENDAR AND ALARM LOCATIONS 
The time and calendar information is obtained by 
reading the appropriate memory bytes. The time, 
calendar and alarm are set or initialized by writing 
the appropriate RAM bytes. The contents of the ten 
time, calendar and alarm bytes may be either Bi
nary or Binary-Coded (BCD) format. Before writing 
the internal time, calendar, and alarm registers, the 
SET bit in Register 8 should be written to a Logic 
one to prevent updates from occuring while access 
i::> being attempted. In addition to writing the ten 
t1me, calendar and alarm registers in a selected 
form. at (Binary or BCD), the data mode bit (DM) of 
Reg1ster B must be set to the appropriate logic 
level. All ten time, calendar and alarm bytes must 
use the same data mode. The set bit in Register B 
should be cleared after the data mode bit has been 
written to allow the RealTime Clock to update the 
time and calendar bytes. Once initialized, the Real 

MK48T87 

1. Registers C and Dare read-only. 
2. Bit 7 of Register A is read-only. 

3. The high order bit of the seconds byte is read
only. 

The contents of four control registers (A,B,C,D) are 
described in the "Register" section. 

00 SECONDS 

01 SECONDS ALARM 

02 MINUTES 

03 MINUTES ALARM 

04 HOURS 

05 HOURS ALARM 

06 DAY OF WEEK 

07 DAY OF MONTH 

08 MONTH 

09 YEAR 

10 REGISTER A 

11 REGISTER B 

12 REGISTERC 

13 REGISTER D 

Time Clock makes all updates in the selected 
mode. The data mode cannot be changed without 
reinitializing the ten data bytes. Table 2 shows the 
Binary and BCD formats of the ten time, calendar 
and alarm locations. The 24/12 bit cannot be 
changed without reinitializing the hour locations. 
yYhen the 12-hourformat is selected, the high order 
b1t of the hours byte represents PM when it is a logic 
one. The time, calendar and alarm bytes are always 
accessible because they are double buffered. 
Once per second the ten bytes are advanced by 
one second and checked for an alarm condition. If 
a read of the time and calendar data occurs during 
an update, a problem exits that seconds, minutes, 
hours, etc., may not correlate. The probability of 
reading incorrect time and calendar data is low. 
Several methods of avoiding any possible incorrect 
time and calendar reads are covered later in this 
text. 
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Table 2. Calendar and Alarm Data Modes 

Address 
Function 

Decimal Range 

Location Range 
Binary Data Mode BCD Data Mode 

0 SECONDS 00-59 00-38 00-59 

1 SECONDS ALARM 00-59 00-38 00-59 

2 MINUTES 00-59 00-38 00-59 

3 MINUTES ALARM 00-59 00-38 00-59 

HOURS- 12hrs MODE 1 - 12 01 - OC AM, 81 - 8C PM 01-12AM,81-92PM 
4 

HOURS- 24hrs MODE 0-23 00-17 00-23 

HOURS ALARM - 12hrs 1 - 12 01 - OC AM, 81 - 8C PM 01 - 12 AM, 81 - 92 PM 
5 

HOURS ALARM - 24hrs 0-23 00-17 00-23 

6 DAY OF THE WEEK (SUNDAY=1) 1 -7 01 -07 01-07 

7 DAY OF THE MONTH 1 - 31 01- 1F 01 -31 

8 MONTH 1 - 12 01-0C 01 - 12 

9 YEAR 0-99 00-63 00-99 

The three alarm bytes may be used in two ways. 
First, when the alarm time is written in the appro
priate hours, minutes and seconds alarm locations, 
the alarm interrupt is initiated at the specified time 
each day if the alarm enable bit is high. The second 
use condition is to insert a "don't care" state in one 
or more of the three alarm bytes. The "don't care" 
code is any hexadecimal value from CO to FF. The 
two most significant bits of each byte set the "don't 
care" condition when at Logic 1. An alarm will be 
generated each hour when the "don't care" bits are 
set in the hours byte. Similarly, an alarm is gener
ated every minute with "don't care" codes in the 
hours and minute alarm bytes. The "don't care" 
codes in all three alarm bytes create an interrupt 
every second. 

NONVOLATILE RAM 
The 50 general purpose non-volatile RAM bytes 
are not dedicated to any special function within the 
MK48T87. They can be used by the processor 
program as non-volatile memory and are fully avail
able during the update cycle. 
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INTERRUPTS 
The RTC plus RAM includes three separate, fully 
automatic sources of interrupt for a processor. The 
alarm interrupt may be programmed to occur at 
rates from once per second to once per day. The 
periodic interrupt may be selected for rates from 
122 JlS to 500 ms. The update-ended interrupt may 
be used to indicate to the program that an update 
cycle is complete. Each of these independent inter
rupt conditions is described in greater detail in other 
sections of this text. 

The processor program can select which interrupts, 
if any, are going to be used. Three bits in Register 
B enable the interrupts. Writing a Logic 1 to an 
interrupt-enable bit permits that interrupt to be in
itiated when the event occurs. A "0" in an interrupt 
enable bit prohibits the IRQ pin from being asserted 
from that interrupt condition. If an interrupt .!§9 is 
already set when an interrupt is enabled, IRQ is 
immediately set at an active level although the 
interrupt initiating the event may have occurred 
much earlier. As a result, there are cases where the 
program should clear such earlier initiated inter
rupts before first enabling new interrupts. 



When an interrupt event occurs, the relating flag bit 
is set to Logic 1 in Register C. These flag bits are 
set independent of the state of the corresponding 
enable bit in Register B. The flag bit can be used 
in a polling mode without enabling the correspond
ing enable bits. The interrupt flag bit is a status bit 
which software can interrogate as necessary. 

When a flag is set, an indication is given to software 
that an interrupt event has occurred since the flag 
bit was last read; however, care should be taken 
when using the flag bits as they are cleared each 
time Register Cis read. Double latching is included 
with Register C so that bits which are set remain 
stable throughout the read cycle. All bits which are 
set (high) are cleared when read and new interrupts 
which are pending during the read cycle are held 
until after the cycle is completed. One, two or three 
bits may be set when reading Register C. Each 
utilized flag bit should be examined when read to 
insure that no interrupts are lost. 

The second flag bit usage method is with fully 
enabled interrupts. When an interrupt flag bit is set 
and the corresponding interrupt enable bit is also 
set, the IRQ pin is asserted low. IRQ is asserted as 
long as at least one of the three interrupt sources 
has its flag and enable bits both set. The IRQF bit 
in Register Cis a one whenever the IRQ pin is being 
driven low. Determination that the RTC initiated an 
interrupt is accomplished by reading Register C. A 
logic one in Bit 7 (IRQF bit) indicates that one or 
more interrupts have been initiated by the 
MK48T87. The act of reading Register C clears all 
active flag bits and the IRQF bit. 

OSCILLATOR CONTROL BITS 

When the MK48T87 is shipped from the factory, the 
internal oscillator is turned off. This feature pre
vents the lithium energy cell from being used until 
it is installed in system. A pattern of 010 in bits 4 
through 6 of Register A will turn the oscillator on 
and enable the countdown chain. A pattern of 11 X 
will turn the oscillator on, but holds the countdown 
chain of the oscillator in reset. All other combina
tions of bits 4 through 6 keep the oscillator off. 

MK48T87 

SQUARE WAVE OUTPUT SELECTION 

Thirteen of the 15 divider taps are made available 
to a 1-of-15 selector, as shown in the block diagram 
of Figure 2. The first purpose of selecting a divider 
tap is to generate a square wave output signal on 
the SOW pin. The RSO-RS3 bits in Register A 
establish the square wave output frequency. These 
frequencies are listed in Table 1. The SOW fre
quency selection shares its 1-of-15 selector with 
the periodic interrupt generator. Once the fre
quency is selected, the output of the saw pin may 
be turned on and off under program control with the 
square wave enable bit (SQWE). 

PERIODIC INTERRUPT SELECTION 

The periodic interrupt will cause the IRQ pin to go 
to an active state from once every 500 ms to once 
every 122 IJ.S. This function is separate from the 
alarm interrupt which may be output from once per 
second to once per day. The periodic interrupt rate 
is selected using the same Register A bits which 
select the square wave frequency (see Table 1 ). 
Changing the Register A bits affects both the 
square wave frequency and the periodic interrupt 
output. However, each function has a separate 
enable bit in Register B. The SQWE bit controls the 
square wave output. Similarly, the periodic interrupt 
is enabled by the PIE bit in Register B. The periodic 
interrupt can be used with software counters to 
measure inputs, create output intervals, or await 
the next needed software function. 

UPDATE CYCLE 

The MK48T87 executes an update cycle once per 
second regardless of the set bit in Register B. When 
the SET bit in Register Bisset to one, the user copy 
of the double buffered time, calendar and alarm 
bytes is frozen and will not update as the time 
increments. However, the time countdown chain 
continues to update the internal copy of the buffer. 
This feature allows time to maintain accuracy inde
pendent of reading or writing the time, calendar, 
and alarm buffers and also guarantees that time 
and calendar information are consistent. The up
date cycle also compares each alarm byte with the 
corresponding time byte and issues and alarm if a 
match or if a "don't care" code is present in all three 
positions. 
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There are three methods which can be employed 
to handle access of the Real Time Clock which 
avoids any possibility of accessing inconsistent 
time and calendar data. The first method uses the 
update-ended interrupt. If enabled, an interrupt 
occurs after every update cycle which indicates that 
over 998 ms are available to read valid time and 
date information. If this interrupt is used, the IRQF 
bit in Register C should be cleared before leaving 
the interrupt routine. 

A second method uses the update-in-progress bit 
(UIP) in Register A to determine if the update cycle 
is in progress. The UIP bit will pulse once per 
second. After the UIP bit goes high, the update 
transfer occurs 244 llS later. If a low is read on the 

UIP bit, the user has at least 244 llS before the 
time/calendar data will be changed. Therefore, the 
user should avoid interrupt service routines that 
would cause the time needed to read valid 
time/calendar data to exceed 244 1.1s. 

The third method uses a periodic interrupt to deter
mine if an update cycle is in progress. The UIP bit 
in Register A is set high between the setting of the 
PF bit in Register C (see Figure 4). Periodic inter
rupts that occur at a rate of greater than tsuc allow 
valid time and date information to be reached at 
each occurrence of the periodic interrupt. The 
reads should be complete within (TPit2+tsuc) to 
insure that data is not read during the update cycle. 

Figure 4. Update Ended and Periodic Interrupt Relationship 

UIP BIT IN 
REGISTER A 

UF BIT IN 
REGISTER C 

PF BIT IN 
REGISTER C 

Note : tPt = Penodtc Interrupt Time interval per table 1. 
laue = Delay Time Before Update Cycle = 244f1S. 
tuc = 2ms. 
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REGISTERS 

REGISTER A 

MSB 

BIT7 BIT6 BITS BIT4 

UIP DV2 DV1 DVO 

UIP 

The Update in Progress (UIP) bit is a status flag 
that can be monitored. When the UIP bit is one, the 
update transfer will soon occur. When the UIP is a 
zero, the update transfer will not occur for at least 
244 J.!S. The time, calendar, and alarm information 
in RAM is fully available for access when the UIP 
bit is zero. The UIP bit is read only and is not 
affected by RESET. Writing the SET bit in Register 
B to a "1" inhibits any update transfer and clears 
the UIP status bit. 

DVO, DV1, DV2 

These three bits are used to turn the oscillator on 
or off and to reset the countdown chain. A pattern 
of 010 is the only combination of bits which will turn 
the oscillator on and allow the RTC to keep time. A 
pattern of 11 X will enable the oscillator but holds 
the countdown chain in reset. The next update will 
occur at 1 second after a pattern of 01 0 is written to 
DVO, DV1 and DV2. 

MK48T87 

LSB 

BIT3 BIT2 BIT 1 BITO 

RS3 RS2 RS1 RSO 

RS3, RS2, RS1, RSO 

These four rate-selection bits select one of the 13 
taps on the 15-stage divider or disable the divider 
output. The tap selected may be used to generate 
an output square wave (SOW pin) and/or a periodic 
interrupt. The user may do one of the following: 

1. Enable the interrupt with the PIE bit; 

2. Enable the SOW output pin with the SQWE bit; 

3. Enable both at the same time and the same rate; 
or 

4. Enable neither. 

Table 1 lists the periodic interrupt rates and the 
square wave frequencies that may be chosen with 
the RS bits. These four read/write bits are not 
affected by RESET. 
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REGISTER B 

MSB 

BIT7 

SET 

SET 

BITS BITS BIT4 

PIE AlE UIE 

When the SET bit is a zero, the update transfer 
functions normally by advancing the counts once 
per second. When the SET bit is written to a one, 
any update transfer is inhibited and the program 
may initialize the time and calendar bytes without 
an update occurring in the midst of initializing. 
Read cycles can be executed in a similar manner. 
SET is a read/write bit which is not modified by 
RESET or internal functions of the MK48T87. 

PIE 

The periodic interrupt enable PIE bit is a read/write 
bit which allows the Periodic Interrupt Flag (PF) bit 
in Register C to cause the IRQ pin to be driven low. 
When the PIE bit is set to on~eriodic interrupts 
are generated by driving the IRQ pin low at a rate 
specified by the RS3 through RSO bits of Register 
A. A zero in the PIE bit blocks the IRQ output from 
being driven by a periodic interrupt, but the Periodic 
Flag (PF) bit is still set at the periodic rate. PIE is 
not modified by any internal MK48T87 functions, 
but is cleared to zero on RESET. 

AlE 

The Alarm Interrupt Enable (AlE) bit is a read/write 
bit which when set to a one permits the Alarm Flag 
(AF) bit in register C to assert IRQ. An alarm 
interrupt occurs for each second that the three time 
bytes equal the three alarm bytes including a "don't 
care" alarm code of binary 11XXXXXX. When the 
AlE bit is set to zero, the AF bit does not initiate 
the IRQ signal. The RESET pin clears AlE to zero. 
The internal functions of the MK48T87 do not 
affect the AI E bit. 

UIE 

The Update Ended Interrupt Enable (UIE) bit is a 
read/write bit which enables the.JJQdate End Flag 
(UF) bit in Register C to assert IRQ. The RESET 
pin going low or the SET bit going high clears the 
UIE bit. 
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LSB 

BIT3 BIT2 BIT1 BITO 

SQWE DM 24/12 DSE 

SQWE 

When the Square Wave Enable (SQWE) bit is set 
to a one, a square wave signal at the frequency 
set by the rate-selection bits RS3 through RSO is 
driven out on the SOW pin. When the SQWE bit is 
set to zero, the SOW pin is held low; the state of 
SQWE is cleared by the RESET pin. SQWE is a 
read/write bit. 

DM 
The Data Mode (OM) bit indicates whether time and 
calendar information are in binary or BCD format. 
The DM bit is set by the program to the appropriate 
format and can be read as required. This bit is not 
modified by internal functions or RESET. A one in 
OM signifies binary data and a zero in OM specifies 
Binary Coded Decimal (BCD) data. 

24/12 

The 24/12 control bit establishes the format of the 
hours byte. A one indicates the 24-hour mode and 
a zero indicates the 12-hour mode. This bit is a 
read/write and is not affected by internal functions 
or RESET. 

DSE 

The Daylight Savings Enable (DSE) bit is a 
read/write bit which enables two special updates 
when DSE is set to one. On the first Sunday in April 
the time increments from 1 :59:59 AM to 3:00:00 
AM. On the last Sunday in October when the time 
first reaches 1 :59:59 AM it changes to 1 :00:00AM. 
These special updates do not occur when the DSE 
bit is a zero. This bit is not affected by internal 
functions or RESET. 



REGISTERC 

MSB 

BIT7 

IRQF 

IRQF 

BITS 

PF 

BITS BIT4 

AF UF 

The Interrupt Request Flag (IRQF) bit is set to a 
one when one or more of the following are true: 

PF=PIE=1 

AF=AIE=1 

UF=UIE=1 

i.e.,IRQF=PF•PIE+AF•AIE+UF•UIE 

Any time the IRQF bit is a one the IRQ pin is driven 
low. All flag bits are cleared after Register C is read 
by the program or when the RESET pin is low. 

PF 

The Periodic Interrupt Flag (PF) is a read-only bit 
which is set to a one when an edge is detected on 
the selected tap of the divider chain. The RS3 
through RSO bits establish the periodic rate. PF is 
set to a one independent of the state of the PIE bit. 
When both PF and PIE are one, the IRQ signal is 
active and will setthe IRQF bit. The PF bit is cleared 
by a RESET or a software read of Register C. 

REGISTERD 

MSB 

BIT7 

VRT 

VRT 

BITS 

0 

BITS BIT4 

0 0 

The Valid RAM and Time (VRT) bit is set to the one 
state by SGS-THOMSON prior to shipment. This 
bit is not writable and should always be a one when 
read. If a zero is ever present, an exhausted inter
nallithium energy source is indicated and both the 
contents of the RTC data and RAM data are ques
tionable. This bit is unaffected by RESET. 

MK48T87 

LSB 

BIT3 BIT2 BIT1 BITO 

0 0 0 0 

AF 
A one in the AF (Alarm Interrupt Flag) bit indicates 
that the current time has matched the alarm time. 
If the AlE bit is also a one, the IRQ pin will go low 
and a one will appear in the IRQF bit. A RESET or 
a read of Register C will clear AF. 

UF 

The Update Ended Interrupt Flag (UF) bit is set 
after each update cycle. When the UIE bit is set to 
one, the one in the UF bit causes the IRQF bit to 
be a one which will assert the IRQ pin. UF is cleared 
by reading Register C or a RESET. 

BIT 0 THROUGH BIT 3 
These are unused bits of the status Register C. 
These bits always read zero and cannot be written. 

LSB 

BIT3 BIT2 BIT1 BITO 

0 0 0 0 

BIT 6 THROUGH BIT 0 

The remaining bits of Register D are not usable. 
They cannot be written and when read, they will 
always read zero. 
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ABSOLUTE MAXIMUM RATINGS* 

Symbol Parameter Value Unit 

V; Vollage On Any Pin Relative to Ground -0.3to+7.0 v 

TA Ambient Operating Temperature 0 to +70 ·c 

Tsm Ambient Storage (Vee off, Oscillator off) Temperature -40to +85 ·c 

Po Total Device Power Dissipation 1 w 
•stresses greater than those hsted under "Absolute Maximum Ratings" may cause permanent damage to the dev1ce. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification 
is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 

RECOMMENDED DC OPERATION lNG CONDITIONS (0°C ::; TA ::; 70°C) 

Symbol Parameter Min. Max. Unit 

Vee Supply Voltage 4.5 5.5 v 

GND Ground 0 0 v 

V;H Logic "1" Voltage All Inputs 2.2 Vcc+0.3 v 

V;L Logic "0" Voltage All Inputs -0.3 0.8 v 

DC ELECTRICAL CHARACTERISTICS (0°C::; TA::; 70°C; Vee max::; Vee::; Vee min) 

Symbol Parameter Min. Max. Unit 

lcc1 Average Vee Power Supply Current 15 mA 

I MOT Input Current -1 500 pA 

IJL Input Leakage Current -1 1 pA 

loL Output Leakage Current -5 5 pA 

VoH Output Logic "1" Voltage (lour= 1.0mA) 2.4 v 

VoL Output Logic "0" Voltage (lour= 4.0mA) 0.4 v 

CAPACITANCE (T A= 25°C) 

Symbol Parameter Max. Unit 

CL Capacitance on all pins (except D/Q) 5 pF 

Coo Capacitance on DQ pins 7 pF 
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AC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vee= 4.5V to 5.5V) 

N" Symbol Parameter Min. Max. Unit 

1 tcvc Cycle Time 953 D.C. ns 

2 PWEL Pulse Width, DS/E Low or RD/WR High 300 ns 

3 PWEH Pulse Width, DS/E High or RD/WR Low 325 ns 

4 IR, IF Input Rise and Fall Time 30 ns 

8 IRWH R/W Hold lime 10 ns 

13 IRWS R/W Set-up lime Before DS/E 80 ns 

14 tcs Chip Select Set-up Time Before OS, WR or RD 25 ns 

15 tcH Chip Select Hold Time 0 ns 

18 IDHR Read Data Hold Time 10 100 ns 

21 towH Write Data Hold Time 0 ns 

24 IASL Muxed Address Valid Time to AS/ALE Fall 50 ns 

25 IAHL Muxed Address Hold Time 20 ns 

26 IASD Delay Time DS/E to AS/ALE Fall 50 ns 

27 PWAsH Pulse Width AS/ALE High 135 ns 

28 lASED Delay lime, AS/ALE to DS/E Rise 60 ns 

30 to oR Output Data Delay lime From DS/E or RD 20 240 ns 

31 losw Data Set-up lime 200 ns 

32 lRWL Reset Pulse Width 5 J.lS 

33 liRDS IRQ Release from OS 2 J.lS 

34 liAR IRQ Release from RESET 2 !lS 
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Figure 5. Bus Timing for Motorola® Interface 
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Figure 6. Bus Timing for Intel® Interface Read Cycle 
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Figure 7. Bus Timing for Intel Interface Write Cycle 
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Figure 8. IRQ Releas..J Timing 

DS 

RESET 

IRQ 

Figure 9. Output Load 

DEVICE 
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Notes: 

1. All voltages are referenced to ground. 

2. All outputs are open. 

3. The MOT pin has an internal pull-down of 20K 

4. Applies to the ADO·AD7 pins, the IRQ pin and the SOW pin 
when each is in the high impedance state. 

5. The IRQ pin is open drain. 

6. Measured with a load as shown in F1gure 9. 
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Figure 10. Power Up/Down Conditions 

~==============================}====== 
- -tF tR- 1-

/ 
tDR 

DATA RETENTION TIME 

VA00600 

AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) (0°C ~ TA ~ 70°C} 

Symbol Parameter Min. Max. Unit Notes 

IF VPFO to Vso Vee Fall Time 310 JlS 

IR Vso to VPFO Vee Rise Time 100 JlS 

DC ELECTRICAL CHARACTERISTICS (Power Up/Down Trip Points) (0°C ~ T A~ 70°C} 

Symbol Parameter Min. Typ. Unit Notes 

VPFO Power-Fail Deselect Voltage 4.25 v 

Vso Battery Back-up Switchover Voltage 3.2 v 

toR 
Expected Data Retention Time 10 YEARS 1 (Oscillator on) 

Note: 
1 @25•C. 
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ORDERING INFORMATION 

Example: MK48T87 B 24 

d 
Package I 

B PHDIP24 24 No User Option 

For a list of available options refer to the Selector Guide in this Data Book or the current Memory Shortform 
that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK48T02 
MK48T12 

CMOS 2K x 8 TIMEKEEPER SRAM 

• INTEGRATED ULTRA LOW POWER SRAM, 
REAL TIME CLOCK, CRYSTAL, POWER-FAIL 
CONTROL CIRCUIT AND BATTERY. 

• BYTEWIDE RAM-LIKE CLOCK ACCESS. 

• BCD CODED YEAR, MONTH, DAY, DATE, 
HOURS, MINUTES AND SECONDS. 

• SOFTWARE CONTROLLED CLOCK CALIBRA
TION FOR HIGH ACCURACY APPLICATIONS. 

• PREDICTED WORST CASE BATTERY STOR
AGE LIFE OF 11 YEARS@ 70"C. 

• PIN AND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 2K x 8 SRAMS. 

• AUTOMATIC POWER-FAIL CHIP DESE
LECT/WRITE PROTECTION. 

• TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE : 
- MK48T02 4. 75V;:: VPFD;:: 4.50V 
- MK48T12 4.50V;:: VPFD;:: 4.20V 

DESCRIPTION 

The MK48T02/12 TIMEKEEPER™ RAM combines 
a 2K x a. full CMOS SRAM, a BYTEWIDE™ ac
cessible real time clock, a crystal and a long life 
lithium carbon mono-fluoride battery, all in a single 
plastic DIP package. The MK48T02/12 is a non-vo
latile pin and function equivalent to any JEDEC 
standard 2K x 8 SRAM, such as the 6116 or 5517. It 
also easily fits into many EPROM AND EEPROM 
sockets, providing the non-volatility of the PROMs 
without any requirement for special write timing, or 
limitations on the number of writes that can be per
formed. 

Access to the clock is as simple as conventional 
BYTEWIDE RAM access because the RAM and the 
Clock are combined on the same die. As Figure 2 
indicates, the TIMEKEEPER registers are located 
in the upper eight locations of the RAM. The regis
ters contain, beginning at the top: year, month, date, 
day, hours, minutes, and seconds data in 24 Hour 
BCD format. Corrections for 28, 29 (Leap Year), 30 
and 31 day months are made automatically. The 
eight location is a Control register. These registers 
are not the actual clock counters ; they are Bi
PORT™ read/write Static RAM memory locations. 
The MK48T02/12 includes a clock control circuit 
that, once every second, transfers the counters into 
the BiPORT RAM. 

February 1992 

PHDIP24 WITH BATTERY TOP HAT (B) 

Figure 1. Pin Connection 
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AO-A10 
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w 
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DQ0-007 
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2 23 

3 22 

4 21 

[ 5 20 

: 6 MK48T02 19 

7 MK48T12 18 
[ 8 17 

9 16 
10 15 

I 11 14 

12 13 
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Write Enable 

Output Enable 
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A8 
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E 
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Figure 2. Block Diagram 
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DESCRIPTION (Continued) 

Because the Clock Registers are constructed using 
BiPORT memory cells, access to the rest of the 
RAM proceeds unhindered by updates to the 
TIMEKEEPER registers, even if the TIMEKEEPER 
registers are being updated at the very moment 
another location in the memory array is accessed. 

TRUTH TABLE 

Vee E G 

VIH X 
<Vcc(max) VIL X 
>Vcc(m•n) V1L V1L 

VIL VIH 

<VPFD(m•n) X X 
>Vso 

~Vso X X 
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The M K48T02/12 also has its own Power-fail 
detect circuit. The circuit deselects the device 
whenever Vee is out of range, providing a high 
degree of data security in the midst of unpre
dictable system operations brought on by low Vee. 

w Mode DQ 

X Deselect High-Z 
VIL Write DIN 
V1H Read DouT 
VIH Read High-Z 

X Power-Fail High-Z 
Deselect 

X Battery High-Z 
Back-up 
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ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

v, Voltage On Any Pin Relative to Ground -0.3 to + 7.0 v 
TA Ambient Operating Temperature 0 to +70 ·c 

TsTG Ambient Storage (Vee Off, Oscillator Off) Temperature -40 to +85 ·c 

Po Total Device Power Dissipation 1 w 
lour Output Current Per Pin 20 mA 

Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sect1on of this specification 
is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 

CAUTION:NegatiVe undershoots below -o.3 volts are not allowed on any pin while in Baffery Back-up mode. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°C ::;; T A ::;; 70°C) 

Symbol Parameter 

Vee Supply Voltage (MK48T02) 

Vee Supply Voltage (MK48T12) 

GND Ground 

V1H Logic "1" Voltage All inputs 

V1L Logic "0" Voltage All inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C::;; TA :5: ?ooc; Vee max~ Vee~ Vee min) 

Symbol Parameter 

lee1 Average Vee Power Supply Current 

lec2 TTL Standby Current (E = V1H) 

lcca CMOS Standby Current (E ;;, Vee -0.2V) 

I1L Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage (lour= -1.0mA) 

VoL Output Logic "0" Voltage (lour= 2.1 mA) 

Min. Max. 

4.75 5.5 

4.5 5.5 

0 0 

2.2 Vee+ 0.3V 

-0.3 0.8 

Min. Max. 

80 

5 

3 

-1 1 

-5 5 

2.4 

0.4 

Unit Notes 

v 1 

v 1 

v 1 

v 1 

v 1' 2 

Unit Note 

mA 3 

mA 4 

mA 4 

JlA 5 

JlA 5 

v 
v 
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AC TEST CONDITIONS 

Input Levels 

Transition Times 

Input and Output Timing 
Reference Levels 

CAPACITANCE 
(TA = 25°C) 

Symbol 

0.6V to 2.4V 

5ns 

O.BV or 2.2V 

Parameter 

c, Capacitance on all pins (except D/0) 

CD1a Capacitance on D/Q pins 

Notes: 

1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volt allowed for up to 1 Ons once per cycle. 

3. Icc• measured with outputs open. 

4. Measured with Control Bits set as follows : R = 1 ; W, ST. KS, FT = 0. 

5. Measured with Vee?. v,?. GND and outputs deselected. 

EQUIVALENT OUTPUT LOAD DIAGRAM 

+5V 

1.8 KSl 

DEVICE 

UNDER 

TEST 
1.0 KSl , 100 pF 

(INCLUDING SCOPE 
AND JIG) 

--=--
VRC00/90 

Max. Notes 

7pF 6 

10 pF 6, 7 

6. Effective capacitance calculated from the equation C = I flVflV with aV = 3 volts and power supply at 5.0V. 

7. Measured with outputs deselected. 
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OPERATION 
READ MODE 

The MK48T02/12 is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac
cess (changing Addresses without removing Chip 
Enable) to any of the 2048 address locations in the 
static storage array. Valid data will be available at 
the Data 1/0 pins within tAA after the last address 
input signal is stable, providing that the E and G 
access times are satisfied. 

Figure 3. Read-Read-Write Timing 

MK48T02, MK48T12 

If E or G access times are not yet met, valid data 
will be available at the latter of Chip Enable Access 
lime (teEA) or at Output Enable Access lime (toEA). 
The state of th~ eigh!Jhree-state Data 1/0 signals 
is controlled byE and G. If the Outputs are activated 
before tAA, the data lines will be driven to an indeter
minate state U_l}til tAA...!. If the Address Inputs are 
changed while E and G remain low, output data will 
remain valid for Output Data Hold lime (toH) but 
will go indeterminant until the next tAA. 

READ READ WRITE 
~----IRC------~ ~-----IRC------~ ~------IWC~ 

AO-A10 =:>'L._ ______ ---l']')<'r----------'f><'r---------l'k= 

E
- r---ICEA- !-l--IAS l i I-- IWR 
. ~ 1-----IAA- 1--1--tAW-----1,, 

I 

w 
---+-------1-l--------+--+----rtWEw -, ,lltWR 

1-toH- ''~ 
1-tOEA~ =:t-IOEZ 

DQO-DQ7 ----------------<fvviALUIDDCOruuiTlT[)('-------')< VALID OUT VALID IN 

AC ELECTRICAL CHARACTERISTICS (Read Cycle Timing) 
(0°C ::;TA ::; 70°C; Vee max~ Vee~ Vee min) 

4BT02-12 48Tx2-15 48Tx2-20 48Tx2-25 

VR000942 

Symbol Parameter Unit Note 
Min. Max. Min. Max. Min. Max. Min. Max. 

IRe Read Cycle lime 120 150 200 250 ns 

IAA Address Access lime 120 150 200 250 ns 1 

tcEA Chip Enable Access lime 120 150 200 250 ns 1 

toEA Output Enable Access lime 75 75 80 90 ns 1 

tcEZ Chip Enable Hi to High·Z 30 35 40 50 ns 

IOEZ Output Enable Hi to High-Z 30 35 40 50 ns 

toH Valid Data Out Hold lime 15 15 15 15 ns 1 

Note: Measured using the Output Load Diagram shown Page 4. 
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WRITE MODE 
The MK48T02/12 is in Write Mode whenever the 
Wand E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either W or E.__t. W.!ite is terminated by the earlier 
rising edge of W or E. The addresses must be held 
valid throughout the cycle. WorE must return high 
for a minimum of twR prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for tos 
prior to the End of Write and remain valid for toH 
afterwards. 

Figure 4. Write-Write-Read Timing 

WRITE WRITE 

Some processors thrash producing spurious Write 
Cycles during power-up, despite appjjpatio_!J of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vee 
reaches Vee (min) but before the processor stabi
lizes. 

The MK48TO_gl12 G input is a DON'T CARE in the 
write mode. G can be tied low and two-wire RAM 
control can be implem_§_nted. A low on W will disable 
the outputs twEz after W falls. Take care to avoid bus 
contention when operating with two-wire control. 

READ 

VR000795 

AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing} 
(0°C ~ TA ~ 70°C; Vee max~ Vee~ Vee min) 

48T02-12 48Tx2-15 48Tx2-20 48Tx2-25 
Symbol Parameter Unit Note 

Min. Max. Min. rllax. Min. Max. Min. Max. 

!we Write Cycle Time 120 150 200 250 ns 

lAs Address Setup Time 0 0 0 0 ns 

lAw Address Valid to End of Write 90 120 140 180 ns 

tcew Chip Enable to End of Write 75 90 120 160 ns 

twew Write Enable to End of Write 75 90 120 160 ns 

lwR Write Recovery Time 10 10 10 10 ns 

los Data Setup Time 35 40 60 100 ns 

loH Data Hold Time 5 5 5 5 ns 

twez Write Enable Low to High-Z 40 50 60 80 ns 
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CLOCK OPERATIONS 

Reading The Clocl{ 

Updates to the TIMEKEEPER registers should be 
halted before clock data is read to prevent reading 
data in transition: Because the BiPORT TIME
KEEPER cells in the RAM array are only data 
registers, and not the actual counters, updating the 
registers can be halted without disturbing the clock 
itself. 

Updating is halted when a "1" is written into the 
"Read" bit, the seventh most significant bit in the 
Control Register. As long as a "1" remains in that 
position, updating is halted. After a Halt is issued, 
the registers reflect the count, that is day, date, and 
time that were current at the moment the Halt 
command was issued. All of the TIMEKEEPER 
registers are updated simultaneously. A Halt will not 
interrupt an update in progress. Updating is within 
a second after the bit is reset to a "0". 

Setting The Clock 

The eighth bit of the Control register is the "Write" 
bit. Setting the Write bit to a "1 ", like the Read Bit, 
halts updates to the TIMEKEEPER registers. The 
user can then load them with the correct day, date 
and time data in 24 Hour BCD format. Resetting 
the Write bit to a "0" then transfers those values the 
actual TIMEKEEPER counters and allows normal 
operation to resume. The KS bit, FT bit and the bits 
marked with zeros in Figure 5 must be written with 
zeros to allow normal TIMEKEEPER and RAM 
operation. 

Figure 5. The MK48T02/12 Register Map 

DATA 
ADDRESS 

D7 Ds Ds D4 03 

?FF - - - - -

?FE 0 0 0 - -

?FD 0 0 - - -

?FC 0 FT 0 0 0 

7FB KS 0 - - -

?FA 0 - - - -

7F9 ST - - - -

7F8 w R s - -

D2 

-
-

-

-

-

-

-

-

MK48T02, MK48T12 

Calibrating The Clock 

The MK48T02/12 is driven by a quartz crystal 
controlled oscillator with a nominal frequency of 
32768 Hz. The crystal is mounted in the Top Hat 
along with the battery. A typical MK48T02112 is 
accurate within ± 1 minute per month at 25°C 
without calibration. The devices are tested not to 
exceed ± 35ppm (Parts Per Million) oscillator fre
quency error at 25°C, which equates to about 1.53 
minute per month. Of course the oscillation rate of 
any crystal changes with temperature. Figure 6 
shows the frequency error that can be expected at 
various temperatures. 

Most clock chips compensate for crystal frequency 
and temperature shift error with cumbersome trim 
capacitors. The MK48T02112 design, however, 
employs periodic counter correction. The calibra
tion circuit adds or subtracts counts from the oscil
lator divider circuit at the divide by 256 stage, as 
shown in Figure 7. The number of times pulses are 
blanked (subtracted, negative calibration) or split 
(added, positive calibration) depends upon the 
value loaded into the five bit Calibration byte found 
in the Control register. Adding counts speeds the 
clock up, subtracting counts slows the clock down. 

The Calibration byte occupies the five lower order 
bits in the Control register. The byte can be set to 
represent any value between 0 and 31 in binary 
form. The sixth bit is a sign bit, "1" indicates positive 
calibration, "0" indicates negative calibration. Cali
bration occurs within a 64 minute cycle. The first 62 
minutes in the cycle may, once per minute, have 

FUNCTION 

D1 Do 
YEAR 00-99 - -

MONTH 01-12 - -
DATE 01-31 - -

DAY 01-07 - -
HOURS 00-23 - -

MINUTES 00-59 - -
SECONDS 00-59 - -
CONTROL - -

READ BIT FREQUENCY TEST 

SIGN BIT KICK START 
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MK48T02, MK48T12 

one second either shortened or lengthened by 128 
oscillator cycles, that is one tick of the divide by 256 
stage. If a binary 1 is loaded into the register, only 
the first two minutes in the 64 minute cycle will be 
modified; if a binary 6 is loaded, the first 12 will be 
affected, and so on. 

Therefore, each calibration step has the effect of 
adding or subtracting 256 oscillator cycles for every 
125,829,120 (32768 x 60 x 64) actual oscillator 
cycles, that is 2.034 ppm of adjustment per calibra
tion step ; giving the user a ±63.07 ppm calibration 
range. Assuming that the oscillator is in fact running 
at exactly 32768 Hz, each of the 31 increments in 
the Calibration byte would represent 5.35 seconds 
per month, which corresponds to a total range of 
± 2.75 minutes per month. 

Two methods are available for ascertaining how 
much calibration a given MK48T02/12 may require. 
The first involves simply setting the clock, letting it 
run for a month and comparing it to a known 
accurate reference (like WWV broadcasts). While 
this may seem crude, it allows the designer to give 
the end user the ability to calibrate his clock as his 
environment may require, even after the final pro
duct is packaged in a non-user serviceable enclo
sure. All the designer has to do is provide a simple 
untility that accesses the Calibration byte. The 
utility could even be menu driven and made fool
proof. 

The second approach is better suited to a manu
facturing environment, and involves the use of 
some test equipment. When the Frequency Test 
(FT) bit, the seventh-most significant bit in the Day 
register, is set to a "1", and the oscillator is running 
at32768 Hz, the LSB (DOo) of the Seconds register 
will toggle at a 512Hz. Any deviation from 512Hz 
indicates the degree and direction of oscillator fre
quency shift at the test temperature. For example, 
a reading of 512.00512Hz would indicate a 
+10 ppm (1 - (512/512.00512)) oscillator fre
quency error, requiring a -5 (0001 012) to be 
loaded into the Calibration Byte for correction. Note 
that setting or changing the Calibration Byte does 
not affect the Frequency Test output frequency. The 
device must be selected and addresses must be 
stable at Address 7F9 when reading the 512Hz on 
DOo. 

TheFT bit must be set using the same method used 
to set the clock, using the Write bit. The LSB of the 
Seconds register is monitored by holding the 
MK48T02/12 in an extended read of the Second 
register, without having the Read bit set. The FT bit 
MUST be reset to a "0" for normal clock operations 
to resume. 
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STOPPING AND STARTING THE OSCILLATOR 

The oscillator may be stopped at any time. If the 
device is going to spend a significant amount of 
time on the shelf, the oscillator can be turned off to 
minimize current drain from the battery. The "Stop" 
bit is the MSB of the Seconds register. Setting it to 
a "1" stops the oscillator. In order to make the 
oscillator as stingy with current as possible, the 
oscillator is designed to require an extra "kick" to 
begin oscillation again. The extra kick is provided 
by the Kick Start (KS) bit, the MSB of the Hours 
register. To start the oscillator, implement the fol
lowing procedure : 

1. Set the Write Bit to "1 ". 

2. Reset the Stop Bit to "0". 

3. Set the Kick Start Bit to "1 ". 

4. Reset the Write Bit to "0". 

5. Wait 2 seconds. 

6. Set the Write Bit to "1 ". 

7. Reset the Kick Start Bit to "0". 

8. Set the Correct time and date. 

9. Reset the Write Bit to "0". 
Note: Leaving the KS b1t set will cause the Clock to draw excessive 
current and Will shorten battery life. 

Figure 6. Oscillator Frequency VS 
Temperature 
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DATA RETENTION MODE 

With Vee applied, the MK4BT02/12 operates as a 
conventional BYTEWIDE static RAM. However, 
Vee is being constantly monitored. Should the sup
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vee 
falls within the VPFD (max), VPFD (min) window. The 
MK48T02 has a VPFD (max) - VPFD (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MK48T12 has a VPFD (max)- VPFD 
(min) window of 4.5 volts to 4.2 volts, allo~!ng ~sers 
constrained to a 1 0% power supply spec1f1cat1on to 
use the device. 

Note : A mid-write cycle power failure may corrupt 
data at the currently addressed location, but does 
not jeopardize the rest of the RAM's content. At 
voltages below VPFD (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vee fall time does not exceed IF. The 
MK48T02/12 may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vee. Therefore decoupling of power supply lines is 
recommended. 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso. As Vee rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after the first write, and 
normal RAM operation resumes. Figure 9 illus
trates how a BOK check routine could be struc
tured. 

Normal RAM operation can resume lREC after Vee 
exceeds VPFD (max). Caution should be taken to 
keep E or W high as Vee rises past VPFD (min) as 
some systems may perform inadvertent write 
cycles after Vee rises but before normal system 
operation begins. 

MK48T02, MK48T12 

Figure 7. Adjusting the Divide by 256 Pulse 
Train 

NORMAL 

POSITIVE ~~ n n ~~ ~~ 
CALIBRATION _j L__j u L__j L__j L 

NEGATIVE ~~ ~~ ~~ 
CALIBRATION _j L____j L__j L 

PREDICTING BACK-UP SYSTEM LIFE 

The useful life of the battery in the MK4BT02/12 is 
expected to ultimately come to an end for one of 
two reasons : either because it has been dis
charged while providing current to an external 
load ; or because the effects of aging render the 
cell useless before it can actually be discharged. 
Fortunately, these two effects are virtually unre
lated, allowing discharge, or Capacity Consump
tion and the effects of aging, or Storage Life to be 
treated as two independent but simultaneous 
mechanisms, the earlier of which defines Back-up 
System life. 

The current drain that is responsible for Capacity 
Consumption can be reduced either by applying 
Vee or turning off the oscillator. With the oscillator 
off, only the leakage currents required to maintain 
data in the RAM are flowing. With Vee on, the 
battery is disconnected from the RAM. Because the 
leakage currents of the MK48T02/12 are so low, 
they can be neglected in practical Storage Life 
calculations. Therefore, application of Vee or turn
ing off the oscillator can extend the effective Back
up System life. 
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Figure 8. Power-Down/Power-Up Timing 

Vee 
VPFD(maxl 

VPFD(minl 

vso 

E or W 

DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages) 
(0°C::; TA::; +70°C) 

Symbol Parameter Min. Typ. 

VpFD Power-Fail Deselect Voltage (MK48T02) 4.50 4.6 

VPFD Power-Fail Deselect Voltage (MK48T12) 4.20 4.3 

Vso Battery Back-Up Switchover Voltage 3 

AC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Timing) 
(0°C ::; TA ::; +70°C) 

Symbol Parameter Min. Typ. 

tpo E or W at V1H before Power Down 0 

IF VPFD (max) to VPFD (min) Vee Fall Time 300 

IFB VPFD (min) to Vso Vee Fall Time 10 

IRB Vso to VPFD (min) Vee Rise T1me 1 

IR VPFD (min) to VPFD (max) Vee Rise Time 0 

IREe E or W at V1H after Power Up 2 

Notes: 

1. All voltages referenced to GND. 

Max. 

4.75 

4.50 

Max. 

VR[QJ794 

Unit Note 

v 1 

v 1 

v 1 

Unit Notes 

ns 

!!S 2 

!!S 3 

!!S 

!!S 

ms 

2. VPFD (max) to VPFD (min) fall times of less IF may result in deselection/wrile protection not occurring until5011S alter Vee passes VPFD (min). 

3. VPFD (min) to Vso fall times of less than IF!! may cause corruption of RAM data or stop the clock. 
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PREDICTING STORAGE LIFE 

Figure 10 illustrates how temperature affects Stor
age Life of the M K4BT02/12 battery. As long as V cc 
is applied or the oscillator is turned off, the life of the 
battery is controlled by temperature and is virtually 
unaffected by leakage currents drawn by the 
MK4BT02/12. 

Storage Life predictions presented in Figure 10 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, temperature 
accelerated testing cannot identify non-temperature 
dependent failure mechanisms. However, in view of 
the fact that no random cell failures have been 
recorded in any of SGS-THOMSON's on going bat
tery testing since it began in 1982, we believe the 
chance of such failure mechanisms surfacing is ex
tremely small. For the purpose of this testing, a cell 
failure is defined as the inability of a cell stabilized at 
25°C to produce a 2.4 volt closed-circuit vo~age 
across a 250K ohm load resistance. 

A Special Note : The summary presented in Figure 
1 0 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of battery 
life data oft his kind in the world, the results presented 
should not be considered absolute or final ; they can 
be expected to change as yet more data becomes 
available. We believe that future read-points of life 
tests presently under way and improvements in the 
battery technology itself will result in a continuing 
improvement of these figures. 

Two end of life curves are presented in Rgure 10. They 
are labeled "Average" (tso%) and (two). These terms 
relate to the probability that a given number of failures 
will have accumulated by a particular point in time. If, for 
example, expected life at 70°C is at issue, Figure 1 0 
indicates that a particular MK48T02/12 has a 1% 
chance of having a battery failure 11 years into its life 
and a 50% chance of failure at the 20 year mark. 
Conversely, given a sample of devices, 1% of them can 
be expected to experience battery failure within 11 years 
; 50% of them can be expected to fail within 20 years. 

The t1% figure represents the practical onset of wear out, 
and is therefore suitable for use in what would normally 
be thought of as a worst-case analysis. The t50% figure 
represents "normal" or "average" life. It is, therefore, 
accurate to say that the average device will last ''tso%". 

Battery life is defined as beginning on the date of 
manufacture. Each MK48T02/12 is marked with a 
nine digit manufacturing data code in the form 
H99XXYYZZ, example: H995B9231 is H - fabri
cated in Carrollton, TX; 9 - assembled in Muar, 
Malaysia; 9 - tested in Muar, Malaysia; 58 - lot 
designator; 9231 -assembled in the year 1992, 
work week 31. 

MK48T02, MK48T12 

Figure 9. Checking the BOK Flag Status 
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CALCULATING PREDICTED STORAGE LIFE 
OF THE BATTERY 
As Figure 1 0 indicates, the predicted Storage Life 
of the battery in the MK48T02/12 is a function of 
temperature. 
Because the ambient temperature profile is depen
dent upon application controlled variables, only the 
user can estimate predicted Storage Life in a given 
design. As long as ambient temperature is held 
reasonably constant, expected Storage Life can be 
read directly from Figure 10. If the MK4BT02/12 
spends an appreciable amount of time at a variety 
of temperatures, the following equation should be 
used to estimate Storage Life. 
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Predicted Storage Life= _________________ _ 

[(TA,!TT)/SL1] + [(TAm)/Sk] + ... + [(TAn!TT)/SLn] 

Where TA, TA., TAn= Time at Ambient Temperature 1, 2, etc. 

TT = Total Time = TA1 + TA. + ... +TAn 

SL,, Sk, SL. = Predicted Storage Life at Temp 1, Temp 2, etc. (See Figure 1 0). 

EXAMPLE PREDICTED STORAGE LIFE CAL· 
CULATION 

A cash register/terminal operates in an environ
ment where the MK48T02112 is exposed totem
peratures of 30°C (86°F) or less for 4672 hrs/yr ; 
temperatures greater than 25°C, but less than 40°C 

(1 04°F), for 3650 hrs/yr; and temperatures greater 
than 40°C, but less than 70°C (158°F), for the 
remaining 438 hrs/yr. 

Reading predicted t, .. values from Figure 10 ; SL, = 456 yrs., SL. = 175 yrs., SL, = 11.4 yrs. 
Total Time (TT) = 8760 hrs./yr. TA1 = 4672 hrs./yr. TA. = 3650 hrs./yr. T.l\, = 438 hrs./yr. 

1 

Predicted Typical Storage?: 
[(4672/8760)/456] + [(3650/8760)/175] + [(438/8760)/11.4] 

?: 126 yrs 

PREDICTING CAPACITY CONSUMPTION LIFE 

The MK48T02/12 internal cell has a nominal ca
pacity of 39mAh. The device places a nominal 
combined RAM and TIMEKEEPER load of 1.2~ 
on the internal battery when the clock is running 
and the device is in Battery Back-up mode. At that 
rate, the MK48T02/12 will consume the cell's ca
pacity in 32,500 hours, or about 3.7 years. But, as 
Figure 11 shows, Capacity Consumption can be 
spread ove~ a much longer period of time. 

Naturally, Back-up current varies with temperature. 
As Figure 12 indicates, the rate of Current Con
sumption by the MK48T02112 with the clock run
ning in Battery Back-up mode is a function of 
temperature. 

Because the ambient temperature profile is de
pendent upon application controlled variables, only 
the user can estimate consumption rates in a given 
design. As long as ambient temperature is held 
reasonably constant, expected Capacity Con-

sumption life can be estimated by reading 0% Vee 
Duty Cycle Capacity Consumption life directly from 
Figure 12, and dividing by the expected Vee Duty 
Cycle (i.e. at 25"C with a 66% Duty Cycle, Capacity 
Consumption Life= 3.7/(1-.66) = 10.9 years). 

If the MK48T02/12 spends an appreciable amount 
of time at a variety of temperatures, the same 
equation provided in the previous Storage Life 
section should be used to estimate Capacity Con
sumption life. 

Example consumption life calculation 

Taking the same cash register/terminal used ear
lier, let's assume that the high and low temperature 
periods are the non-operating, Battery Back-up 
mode periods, and that the register is turned on 10 
hours a day seven days per week. The two points 
of interest on the curves in Figure 12 will be the 
25"C and the 70"C points. 

Reading Capacity Life values from Figure 12 ; CL, = 3. 7 yrs., CL. = 3.96 yrs. 

Total Time (TT) = 8760 hrs./yr. TA, = 4672 hrs./yr. TA. = 438 hrs./yr. 

Capacity Life>---------------
[(467218760)/3.7] + [(438/8760)/3.96] 

?: 6.38 yrs. 
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ESTIMATING BACK-UP SYSTEM LIFE 
The procedure for estimating Back-up System Life 
is simple. Pick the lower of the two numbers. In the 
case calculated in the examples, that would be 6.38 
years. The fact is, since either mechanism, Storage 
Life or Capacity Consumption, can end the sys
tem's life, the end is marked by whichever occurs 
first. 

Figure 11. Typical Capacity Consumption Life at 
25'C VS. Vee Duty Cycle 
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Figure 10. Predicted Battery Storage Life Versus Temperature 
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Figure 12. Current Consumption Life over Tem
perature with 0% Vee Duty Cycle 
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ORDERING INFORMATION 

Example: MK48T02 B 

T 
c£ 

B PHDIP24 

APPLICATION NOTE : 

BINARY TO BCD, AND BCD TO BINARY CON
VERSION 
The MK48T02/12 presents and accepts TIME· 
KEEPER data in BCD format. Conversion to or 
from other formats can be executed in a single line 
of code, as the following example BASIC program 
demonstrates. 

10 REM 

20 

30 
40 

12 

12 

15 

20 

25 

DEF 

REM 

DEF 

120ns 

150ns 

200ns 

250ns 

BINARY TO BCD 

FNA();<) = INT (X/10j'16+X-INT 
(X/10) 10 

BCD TO BINARY 

FNB (X) = INT (X/16) 
*1 0+(XAND15) 

For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 

For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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M48T02 
M48T12 

CMOS 2K x 8 TIMEKEEPER SRAM 

• PIN and FUNCTION COMPATIBLE with the 
MK48T02,12 

• SELF CONTAINED BATTERY and CRYSTAL 
in the CAPHAT DIP PACKAGE 

• 10 YEARS of DATA RETENTION and CLOCK 
OPERATION in the ABSENCE of POWER 

• CHOICE of TWO WRITE PROTECT 
VOLTAGES: 

- M48T02: 4.5V,:; VPFD,:; 4.75V 

- M48T12: 4.2V ,:; VPFD ,:; 4.5V 

DESCRIPTION 

The M48T02, 12 TIMEKEEPER™ RAM is a 2K x 8 
non-volatile static RAM and real time clock which 
is pin and function compatible with the 
MK48T02, 12. 

A special 24 pin 600mil DIP CAPHATTM package 
houses the M48T02, 12 silicon with a quartz crystal 
and a long life lithium button cell to form a highly 
integrated battery backed-up memory and real time 
clock solution. 

Table 1. Signal Names 

AO-A10 Address Inputs 

DQ0-007 Data Inputs I Outputs 

E Chip Enable 

G Output Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

November 1993 

PCDIP24 (PC) 
Battery CAPHAT 

Figure 1. Logic Diagram 

AO-A10 

w 
E 

G 

11 

Vee 

M48T02 
M48T12 

Vss 

8 

DQ0-007 

VA01027 
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Figure 2. DIP Pin Connections 

A7 
A6 
AS 
A4 

A3 
A2 
A1 

AO 
DQO 
DQ1 
DQ2 
Vss 

VA01028 

Vee 
AS 
A9 
w 
G 
A10 
E 
DQ7 
DQ6 
DQ5 
DQ4 
DQ3 

DESCRIPTION (cont'd) 

The M48T02, 12 button cell has enough capacity to 
maintain data and clock functionality for an accu
mulated time period of at least 1 0 years in the 
absence of power at room temperature. 

For a complete description of electrical charac
teristics and bus timing, refer to the MK48T02,12 
data sheet. 

ORDERING INFORMATION SCHEME 

Example: 

Supply Voltage and 
Write Protect Voltage 

02 Vee= 4.75V to 5.5V 
Vpfo = 4.5V to 4.75V 

12 Vee= 4.5V to 5.5V 
VPFD = 4.2V to 4.5V 

-120 

-150 

M48T02 -120 PC 1 

120ns 

150ns 

PC 

Temp. Range 

PCDIP24 0 to 70 ac 

For a list of available options (Supply Voltage, Speed, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

2/2 r== SGS·lHOMSON =------------- lt.""fl [ij]O@li!lm~©'iilJBOJ!i;JJ©§ --------------

1058 



MK48T08 
MK48T18 

CMOS 8K x 8 TIMEKEEPER SRAM 

• INTEGRATED ULTRA LOW POWER SRAM, 
REAL TIME CLOCK, CRYSTAL, POWER-FAIL 
CONTROL CIRCUIT and BATTERY 

a BYTEWIDE RAM-LIKE CLOCK ACCESS 

• BCD CODED YEAR, MONTH, DAY, DATE, 
HOURS, MINUTES and SECONDS 

• CLOCK ACCURACY of± 1 MINUTE a 
MONTH, @ 25°C 

• SOFTWARE CONTROLLED CLOCK 
CALIBRATION for HIGH ACCURACY 
APPLICATIONS 

• 10 YEARS of DATA RETENTION in the 
ABSENCE of POWER 

" PIN and FUNCTION COMPATIBLE with 
JEDEC STANDARD BK x 8 SRAMs 

" AUTOMATIC POWER-FAIL CHIP DESELECT and 
WRITE PROTECTION 

m CHOICE of TWO WRITE PROTECT 
VOLTAGES: 

- MK48T08: 4.5V :S: VPFD :S: 4.75V 
- MK48T18: 4.2V::; Vppo:s; 4.5V 

Tab!e 1. Signal Names 

AO- A12 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

INT Power Fail Interrupt 

E1 Chip Enable 1 

E2 Chip Enable 2 

G Output Enable 
-w Write Enable 

Vee Supply Voltage 

Vss Ground 

July 1993 

PHDIP28 (B) 
Battery TOPHAT 

Figure 1. Logic Diagram 

Vee 

I 
13 8 

AO-A12 ~ ~DQ0-007 

w-e M1<48T08 J- INT 

E1-c MK48T18 

E2-

G-c 

I 
Vss VA01017 
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Table 2. Absolute Maximum Ratings 

Symbol Parameter Value Unit 

TA Ambient Operating Temperature Oto70 ac 

TsTG Storage Temperature (Vee Off, Oscillator Off) --40 to 85 ac 

V1o Input or Output Voltages --0.3 to 7 v 

Vee Supply Voltage -0.3 to 7 v 

lo Output Current 20 mA 

Po Power Dissipation 1 w 
Note: Stresses greater than those l1sted under "Absolute Max1mum Rat1ngs" may cause permanent damage to the dev1ce. This 1s a stress 
rating only and functional operation of the dev1ce at these or any other cond1t1ons above those indicated 1n the operational sect1on of th1s 
specJfJcatJon IS not 1mpl1ed. Exposure to the absolute maximum ratmgs cond1t1ons for extended penods of time may affect rehab1hty. 
CAUTION: Negative undershoots below -0.3 volts are notal/owed on any pm while m the Battery Back-up mode. 

Table 3. Operating Modes 

Mode Vee E1 

Deselect V1H 

Deselect 4.75V to 5.5V X 
or 

Write 4.5V to 5.5V VIL 

Read v,L 

Read V1L 

Deselect Vso to Vpm (min) X 

Deselect <,;; Vso X 

Note: X = V1H or V1L 

Figure 2. DIP Pin Connections 

TNT Vee 
A12 w 
A7 E2 
A6 AS 
AS A9 
A4 23 A11 
A3 MI<48T08 22 G 
A2 MK48T18 21 A10 
A1 20 E1 

AO 007 
000 006 
001 005 
002 004 
Vss 003 

VA00565B 

E2 

X 

VIL 

v,H 

VIH 

VIH 

X 

X 

G w DQO-DQ7 Power 

X X H1ghZ Standby 

X X HighZ Standby 

X V1L D1N Active 

VIL V1H DouT Active 

V1H V1H HighZ Active 

X X HighZ CMOS Standby 

X X HighZ Battery Back-up Mode 

DESCRIPTION 

The MK48T08/18 TIMEKEEPERTM RAM is an 8K x 
8 non-volatile Static RAM and real time clock. A 
special 28 pin 600 mil dual-in- line plastic package 
houses the MK48T08/18 silicon with a quartz crys
tal and a long life button cell battery to form a highly 
integrated battery backed-up memory and real time 
clock solution. The MK48T08/18 is a non-volatile 
pin and function equivalent to any JEDEC standard 
8K x 8 SRAM. It also easily fits into many ROM, 
EPROM, and EEPROM sockets, providing the non
volatility of PROMs without any requirement for 
special write timing or limitations on the number of 
writes that can be performed. 

As Figure 3 shows, the static memory array and the 
quartz controlled clock oscillator of the 
MK48T08/i8 are integrated on one silicon chip. 
The two circuits are interconnected at the upper 
eight memory locations to provide user accessible 
BYTEWIDE1M clock information in the bytes with 
addresses 1 FF8h-1 FFFh. The clock locations con
tain the year, month, date, day, hour, minute, and 
second in 24 hour BCD format. Corrections for 28, 
29 (leap year), 30, and 31 day months are made 
automatically. Byte 1 FFBh is the clock control reg
ister. 

=~~1~4 _________________________ ~~i~©~~~&~~-----------------------------
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Figure 3. Block Diagram 

TOP HAT 
r---~ r-----------·---------1 

I I I 

32768 Hz 
CRYSTAL I 

I 
I 
I 
I 

LITHIUM I 
CELL 

DESCRIPTION (cont'd) 

OSCILLATOR AND 
CLOCK CHAIN 

VOLTAGE SENSE 
AND 

The eight clock bytes are not the actual clock 
counters themselves; they are memory locations 
consisting of BiPORT'M read/write memory cells. 
The MK48T08/18 includes a clock control circuit 
which updates the clock bytes with current informa
tion once a second. The information can be ac
cessed by the user in the same manner as any 
other location in the static memory array. 

The MK48T08/18 also has its own Power-fail De
tect circuit. The control circuitry constantly monitors 
the single 5V supply for an out of tolerance condi
tion. When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the ·midst of unpredictable system op
eration brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
battery which maintains data and clock operation 
until valid power returns. 

READ MODE 

The MK48T08/18 is in the Read Mode whenever 
W (Write Enable) is high, E1 (Chip Enable 1) is low, 
and E2 (Chip Enable 2) is high. The device archi
tecture allows ripple- through access of data from 
eight of 65,536 locations in the static storage array. 

8 X 8 
BiPORT 

SRAM ARRAY 

I 

AO-A12 

DQO-DQ7 

ET 
E2 

w 
G 

VA01018 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times 

Input Pulse Voltages 

Input and Output Timing Ref. Voltages 

, 5ns 

Oto3V 

1.5V 

Note that Output Hi-Z is defined as the point where data 
is no longer driven. 

Figure 4. AC Testing Load Circuit 

DEVICE 

UNDER 

TEST 

CL includes JIG capocttonce 

VA01iJ19 
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Table 4. Capacitance (1) (T A= 25 ac, f = 1 MHz) 

Symbol Parameter Test Condition Min 

CrN Input Capacitance VrN=OV 

Cro 12l Input I Output Capacitance VouT=OV 

Notes: 1. Effective capacitance calculated from the equatron C = lt.tiLW with <'> V = 3V and power supply at 5V. 
2. Outputs deselected 

Max 

10 

10 

Table 5. DC Characteristics (TA = 0 to 70°C; Vee= 4. 75V to 5.5V or 4.5V to 5.5V) 

Symbol Parameter Test Condition 

lu 11l Input Leakage Current OV :5 VrN :5 Vee 

ILOI1l Output Leakage Current OV :5 VouT :5 Vee 

Icc Supply Current Outputs open 

lcc1 12) Supply Current (Standby) TTL E1 = VrH, E2 = VrL 

lcc2 12'3) Supply Current (Standby) CMOS E1 =Vee- 0.2V, 
E2 = Vss + 0.2V 

VrL14l Input Low Voltage 

VrH Input High Voltage 

VoL 
Output Low Voltage loL = 2.1mA 

Output Low Voltage (I NT) loL= 0.5mA 

VoH Output H1gh Voltage loH =-1mA 

Notes: 1. Outputs Deselect. 
2 Measured with Control 81ts set as follows: R = '1 '; W, ST, FT = '0'. 
3 Typical value= 1mA. 
4. Negatrve sprkes of -1 V allowed for up to 1 Ons once per Cycle. 

Min 

-0.3 

2.2 

2.4 

Table 6. Power Down/Up Trip Points DC Characteristics (1) (T A = 0 to 70°C) 

Symbol Parameter 

VPFD Power-fail Deselect Voltage (MK48T08) 

VPFD Power-fail Deselect Voltage (MK48T18) 

Vso Battery Back-up Switchover Voltage 

toR12l Expected Data Retention Time 

Notes: 1. All voltages referenced to Vss. 
2.@ 25°C 

Min Typ 

4.5 4.6 

4.2 4.3 

3.0 

10 

Max 

±1 

±5 

80 

3 

3 

0.8 

Vee+ 0.3 

0.4 

0.4 

Max 

4.75 

4.5 

Unit 

pF 

pF 

Unit 

11A 

llA 

rnA 

rnA 

rnA 

v 
v 
v 
v 
v 

Unit 

v 
v 
v 

YEARS 

4/14 
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Table 7. Power Down/Up Mode AC Characteristics (TA = 0 to 70°C) 

Symbol Parameter Min Max Unit 

- -
lpo E1 or W at VrH or E2 at VrL before Power Down 0 ).IS 

IF 111 VPFD (max) to VPFD (min) Vee Fall Time 300 ).IS 

IFB (2) VPFD (min) to Vso Vee Fall Time 10 ).IS 

IR VPFD(min) to VPFD (max) Vee Rise Time 0 ).IS 

IRs Vso to VPFD (min) Vee Rise Time 1 ).IS 

- -
IREe E1 or W at V1H or E2 at V1L after Power Up 1 ms 

-
IPFX INT Low to Auto Deselect 10 40 ).IS 

IPFH(3) 
-

VpFD (max) to INT High 120 ).IS 

Notes· 1. VPFD (max) to VPFD (min) fall t1me of less than IF may result in deselect1on/write protection not occurrrng unt1l 200 ~s after 
Vee passes VPFD (min) 

2. VPFD (m1n) to Vso fall t1me of less than tFB may cause corrupt1on of RAM data 

3. INT may go high anyt1me after Vee exceeds VPFD (m1n) and 1s guaranteed to go h1gh tPFH after Vee exceeds VPFD (max). 

Figure 5. Power Down/Up Mode AC Waveforms 

Vee 

Vpm (max) 

Vpm (min) 

Vso 

INT 

INPUTS 

OUTPUTS 

IF 

tFB tRB 

tPFX 

I tREe 

~ ____ D_O_N_'_T_e_A_R_E------~..-----

RECOGNIZED 

HIGH-Z 
VALID 

(PER CONTROL INPUT) 

RECOGNIZED 

VALID 

(PER CONTROL INPUT) 

VA00566 

Note: Inputs may or may not be recognized at th1s time. Caut1on should be taken to keep E1 high or E21ow as Vee rrses past VeFD(min). Some 
systems may performs inadvertent write cycles after Vee rises above VeFD(mln) but before normal system operat1ons begins Even though a 
power on reset IS be1ng applied to the processor a reset cond1t1on may not occur unt1l after the system clock IS runn1ng. 
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Table 8. Read Mode AC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

MK48TOB/18 

Symbol Parameter 
10 15 

Unit 

Min Max Min Max 

tAVAV Read Cycle Time 100 150 ns 

tAVQV Address Valid to Output Valid 100 150 ns 

tE1LQV Chip Enable 1 Low to Output Valid 100 150 ns 

tE2HQV Chip Enable 2 High to Output Valid 100 150 ns 

tGLQV Output Enable Low to Output Valid 50 75 ns 

- IE1LOX Chip Enable 1 Low to Output Transition 10 10 ns 

tE2HOX Chip Enable 2 High to Output Transition 10 10 ns 

tGLOX Output Enable Low to Output Transition 5 5 ns 

tE1HQZ Chip Enable 1 High to Output Hi-Z 50 75 ns 

tE2LOZ Chip Enable 2 Low to Output Hi-Z 50 75 ns 

tGHOZ Output Enable High to Output Hi-Z 40 60 ns 

tAx ox Address Transition to Output Transition 5 5 ns 

Figure 6. Read Mode AC Waveforms 

AO-A12 

~r, _____________ tA_v_A_v __ -_-_-_-_--~-------------~~·----------
____1 VALID )K 
~ tAVQV ~tAXQX f-

f-- tE1 LQV -- tE1HQZ t-
E1 J 

f- tE1LQX _, 

-.j tE2LQZ f-- tE2HQV -- t-
E2 \ 

f- tE2HQX-<> 

I-- tGLQV- 1::::. tGHQZ _,. 

l 
/-lGLQX_. 

DQ0-007 VALID 1----

VA00962 
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Table 9. Write Mode AC Characteristics (TA = 0 to 70°C; Vee= 4.75V to 5.5V or 4.5V to 5.5V) 

MK48T08/18 

Symbol Parameter 10 15 Unit 

Min Max Min Max 

tAVAV Write Cycle lime 100 150 ns 

tAVWL Address Valid to Write Enable Low 0 0 ns 

tAVE1L Address Valid to Chip Enable 1 Low 0 0 ns 

tAVE2H Address Valid to Chip Enable 2 High 0 0 ns 

tWLWH Write Enable Pulse Width 80 100 ns 

tE1LE1H Chip Enable 1 Low to Chip Enable 1 High 80 130 ns 

tE2HE2L Chip Enable 2 High to Chip Enable 2 Low 80 130 ns 

tWHAX Write Enable High to Address Transition 10 10 ns 

tE1HAX Chip Enable 1 High to Address Transition 10 10 ns 

tE2LAX Chip Enable 2 Low to Address Transition 10 10 ns 

toVWH Input Valid to Write Enable High 50 70 ns 

tovE1H Input Valid to Chip Enable 1 High 50 70 ns 

tovE2L Input Valid to Chip Enable 2 Low 50 70 ns 

tWHDX Write Enable High to Input Transition 5 5 ns 

tE1HDX Chip Enable 1 High to Input Transition 5 5 ns 

tE2LDX Chip Enable 2 Low to Input Transition 5 5 ns 

tWLQZ Write Enable Low to Output Hi·Z 50 70 ns 

tAVWH Address Valid to Write Enable High 80 130 ns 

tAVE1H Address Valid to Chip Enable 1 High 80 130 ns 

tAVE2L Address Valid to Chip Enable 2 Low 80 130 ns 

tWHQX Write Enable High to Output Transition 10 10 ns 

7/14 -------------lifi ~~m~~~~~-----------.:..:....:...:. 
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Figure 7. Write Enable Controlled, Write AC Waveforms 

AO-A12 

E2 

D00-007 

VA00963 

Figure 8. Chip Enable Controlled, Write AC Waveforms 

tAVAV 

AO-A12 
---. 

VALID 
__.J 

tAVE1H 

--o tAVE1L foe- --o tE1HAX I--

f.- tE1LE1H 
I 
I 
I 

tAVE2L 
_., tAVE2H I-- _., tE2LAX 1+-

E2 

D00-007 

f.-tE2HE2L 
VWL-:-eJ 

\ 
f-:E1HDX~ 

tE2LDX 

'")( -I=" tDVE1H __, 
tDVE2L 

lA 

VA00964 
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READ MODE (cont'd) 

Thus, the unique address specified by the 13 Ad
dress Inputs defines which one of the 8,192 bytes 
of data is to be accessed. Valid data will be avail
able at the Data 1/0 pins within !Avov (Address 
Access Time) after the last address input signal is 
stable, providing that the E1,__1::2, and ~access 
times are also satisfied. If the E1, E2 and G access 
times are not met, valid data will be available after 
the latter of the Chip Enable Access Times (IE1LOV 
or IE2Hov) or Output Enable Access Time (IGLov). 

The state of the ~ht three-s_!?te Data 1/0 signals 
is controlled by E1, E2 and G. If the outputs are 
activated before !Avov, the data lines will be driven 
to an indeterminate state until IAVav. If the Address 
Inputs are changed while E-1, E2 and G remain 
active, output data will remain valid for tAxax (Out
put Data Hold Time) but will go indeterminate until 
the next Address Access. 

WRITE MODE 

The MK48T08/18 is in the Write Mode whenever 
W, E1, and E2 are active. The start of a write is 
@_ferenced from the latter occurring falling edge of 
W or E1, or the rising edge of E2. _h write is 
terminated by the earlier rising edge of W or E1, or 
the falling edge of E2. The addresses must be held 
valid throughout the cycle. E1 or W must return high 
or E21ow for minimum of!E1HAX orlE2LAX from Chip 
Enable or twHAX from Write Enable prior to the 
initiation of another read or write cycle. Data-in 
must be valid tovwH prior to the end of write and 
remain valid for lwHox afterward. G should be kept 
high during write cycles to avoid bus contention; 
althou~if the _Qutput bus has been activateg_py a 
low on E1 and G and a high on E2, a low on W will 
disable the outputs twLoz after W falls. 

DATA RETENTION MODE 

With valid Vee applied, the MK48T08/18 operates 
as a conventional BYTEWIDE static RAM. Should 
the supply voltage decay, the RAM will automat
ically power-fail deselect, write protecting itself 
when Vee falls within the VPFD(max), VPFo(min) 
window. All outputs become high impedance, and 
all inputs are treated as "don't care." 

Note: A power failure during a write cycle may 
corrupt data at the currently addressed location, 
but does not jeopardize the rest of the RAM's 
content. At voltages below VPFo(min), the user can 
be assured the memory will be in a write protected 
state, provided the Vee fall time is not less than IF. 
The MK48T08/18 may respond to transient noise 
spikes on Vee that reach into the deselect window 
during the time the device is sampling Vee. There-

MK48T08, MK48T18 

fore, decoupling of the power supply lines is rec
ommended. 

When Vee drops below Vso, the control circuit 
switches power to the internal battery which pre
serves data and powers the clock. The internal 
button cell will maintain data in the MK48T08/18 for 
an accumulated period of at least 10 years when 
Vee is less than Vso. As system power returns and 
Vee rises above Vso, the battery is disconnected, 
and the power supply is switched to external Vee. 
Write protection continues until Vee reaches 
VPFo(min). E1 should be kept high or E2 low as 
Vee rises past VPFo(min) to prevent inadvertent 
write cycles prior to processor stabilization. Normal 
RAM operation can resume IREC after Vee exceeds 
VPFo(max). 

POWER FAIL INTERRUPT PIN 

The MK48T08/18 continuously monitors Vee. 
When Vee falls to the power-fail detect trip point, 
an interrupt is immediately generated. An internal 
clock provides a delay of between 1 011s and 40J1S 
before automatically deselected the MK48T08/18. 
The INT pin is an open drain output and requires 
an external pull up resistor, even if the interrupt 
output function is not being used. 

SYSTEM BATTERY LIFE 

The useful life of the battery in the MK48T08/18 is 
expected to ultimately come to an end for one of 
two reasons: either because it has been dis
charged while providing current to the RAM and 
clock in the battery back-up mode, or because the 
effects of aging render the cell useless before it can 
actually be completely discharged. The two effects 
are virtually unrelated allowing discharge, or Ca
pacity Consumption, and the effects of aging, or 
Storage Life, to be treated as two independent but 
simultaneous mechanisms. The earlier occurring 
failure mechanism defines the battery system life 
of the MK48T08/18. 

Cell Storage Life 

Storage life is primarily a function of temperature. 
Figure 9 illustrates the approximate storage life of 
the MK48T08/18 battery over temperature. The 
results in Figure 9 are derived from temperature 
accelerated life test studies performed at SGS
THOMSON. For the purpose of the testing, a cell 
failure is defined as the inability of a cell stabilized 
at 25°C to produce a 2.4V closed circuit voltage 
across a 250 kQ load resistor. The two lines, tw, 
and 150%, represent different failure rate distribu
tions for the cell's storage life. At 70°C, for example, 
the t1% line indicates that an MK48T08/18 has a 1% 
chance of having a battery failure 11 years into its 
life while the t5o% shows the part has a 50% chance 

9/14 ------,-----------~ ~~@It!~:~~©~ ____________ __:::c.:__:_ 
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SYSTEM BATTERY LIFE (cont'd) 

of failure at the 20 year mark. The !1% line repre
sents the practical onset of wear out and can be 
considered the worst case Storage Life for the cell. 
The !so% can be considered the normal or average 
life. 

Calculating Storage Life 

The following formula can be used to predict stor
age life: 

1 

([(TA 1m)/SL 1]+[{TA2/TT)/SL2]+ ... +[(TANm)/SLN]} 

where, 

- TA 1, TA2, TAN =time at ambient temperature 
1, 2, etc. 

- TT =total time= TA 1 + TA2+ ... + TAN 

- SL 1, SL2, SLN = storage life at temperature 1, 
2, etc. 

For example an MK48T08/18 is exposed to tem
peratures of ssac or less for 8322 hrs/yr, and 
temperatures greater than 60°C but less than 70°C 

for the remaining 438 hrs/yr. Reading predicted 11% 
values from Figure 9, 
- SL 1 = 41 yrs, SL2 = 11.4 yrs 
- TT = 8760 hrs/yr 
- TA1 = 8322 hrs/yr, TA2 = 438 hrs/yr 

Predicted storage life ;:o: 

([(8322/8760}/41]+[{431/8760}/11.4]} 

or 36 years. 

Cell Capacity Life 

The MK48T08/18 internal cell has a rated capacity 
of 39mAh. The device places a nominal RAM and 
TIMEKEEPER load of less than 445nA at room 
temperature. At this rate, the capacity consump
tion life is 39E-3/445E-9 = 87,640 hours or about 
1 0 years. Capacity consumption life can be ex
tended by applying Vee or turning off the clock 
oscillator prior to system power down. 

Calculating Capacity Life 

The RAM and TIMEKEEPER load remains rela
tively constant over the operating temperature 
range. Thus, worst case cell capacity life is essen
tially a function of one variable, Vee duty cycle. For 

Figure 9. Predicted Battery Storage Life versus Temperature 
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example, if the oscillator runs 100% of the time with 
Vee applied 60% of the time, the capacity con
sumption life is 1 0/(1-0.6), or 25 years. 

Estimated System Life 

Since either storage life or capacity consumption 
can end the battery's life, the system life is marked 
by which ever occurs first. In the above example, 
this would be 25 years. 

Reference for System Life 

Each MK48T08/18 is marked with a nine digit 
manufacturing date code in the form of 
H99XXYYZZ. For example, H995B9231 is: 

- H =fabricated in Carrollton, TX 

- 9 = assembled in Muar, Malaysia, 

- 9 = tested in Muar, Malaysia, 

- 58 = lot designator, 

- 9231 = assembled in the year 1992, work 
week 31. 

CLOCK OPERATIONS 

Reading the Clock 

Updates to the TIMEKEEPER registers should be 
halted before clock data is read to prevent reading 
data in transition. Because the BiPORT TIME
KEEPER cells in the RAM array are only data 
registers, and not the actual clock counters, updat
ing the registers can be halted without disturbing 
the clock itself. 

Table 10. Register Map 

Address 
Data 

D7 06 D5 04 

1FFFh 

1FFEh 0 0 0 I 
1FFDh 0 I 0 

1FFCh 0 I FT 0 0 

1FFBh 0 0 

1FFAh 0 

1FF9h ST 

1FF8h w R s 
SIGN B1t 

D3 

0 

MK48T08, MK48T18 

Updating is halted when a '1' is written to the READ 
bit, the seventh bit in the control register. As long 
as a '1' remains in that position, updating is halted. 
After a halt is issued, the registers reflect the count; 
that is, the day, date, and the time that were current 
at the moment the halt command was issued. 

All of the TIMEKEEPER registers are updated si
multaneously. A halt will not interrupt an update in 
progress. Updating is within a second after the bit 
is reset to a '0'. 

Setting the Clock 

The eighth bit of the control register is the WRITE 
bit. Setting the WRITE bit to a '1 ',like the READ bit, 
halts updates to the TIMEKEEPER registers. The 
user can then load them with the correct day, date, 
and time data in 24 hour BCD format (see Table 
1 0). Resetting the WRITE bit to a '0' then transfers 
those values to the actual TIMEKEEPER counters 
and allows normal operation to resume. The FT bit 
and the bits marked as '0' in Table 10 must be 
written to '0' to allow for normal TIMEKEEPER and 
RAM operation. 

Stopping and Starting the Oscillator 

The oscillator may be stopped at any time. If the 
device is going to spend a significant amount of 
time on the shelf, the oscillator can be turned off to 
minimize current drain on the battery. The STOP 
bit is the MSB of the seconds register. Setting it to 
a '1' stops the oscillator. The MK48T08/18 is 
shipped from SGS-THOMSON with the STOP bit 
set to a '1 '. When reset to a '0', the MK48T08/18 
oscillator starts within 1 second. 

Function/Range 
BCD Format 

02 D1 DO 

Year 00-99 

Month 01-12 

Date 01-31 

I Day 01-07 

I Hour 00-23 

Minutes 00-59 

Seconds 00-59 

Control 

Keys: S 
FT 
R 
w 
ST 
0 

FREQUENCY TEST B1t (Set to '0" for normal clock operation) 
READ Bit 
WRITEB1t 
STOP Bit 
Must be wntten to '0' 

------------- ~ SGS·nfOMSON __________ __:1..::.1'.:....:.14 
A.""! I [c~Q&,jj(Q;~~~~1Jm@iiJJD©§ 
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Calibrating the Clock 

The MK48T08/18 is driven by a quartz controlled 
oscillator with a nominal frequency of 32,768 Hz. 
The crystal is mounted in the tophat along with the 
battery. A typical MK48T08/18 is accurate within ±1 
minute per month at 25°C without calibration. The 
devices are tested not to exceed 35 PPM (parts per 
million) oscillator frequency error at 25°C, which 
equates to about ± 1.53 minutes per month. Of 
course the oscillation rate of any crystal changes 
with temperature. Figure 11 shows the frequency 
error that can be expected at various temperatures. 
Most clock chips compensate for crystal frequency 
and temperature shift error with cumbersome trim 
capacitors. The MK48T08/18 design, however, 
employs periodic counter correction. The calibra
tion circuit adds or subtracts counts from the oscil
lator divider circuit at the divide by 128 stage, as 
shown in Figure 11. The number of times pulses 
are blanked (subtracted, negative calibration) or 
split (added, positive calibration) depends upon the 
value loaded into the five bit Calibration byte found 
in the Control Register. Adding counts speeds the 
clock up, subtracting counts slows the clock down. 

The Calibration byte occupies the five lower order 
bits in the Control register. This byte can be set to 
represent any value between 0 and 31 in binary 
form. The sixth bit is a sign bit; '1' indicates positive 
calibration, '0' indicates negative calibration. Cali
bration occurs within a 64 minute cycle. The first 62 
minutes in the cycle may, once per minute, have 
one second either shortened by 128 or lengthened 
by 256 oscillator cycles. If a binary '1' is loaded into 
the register, only the first 2 minutes in the 64 minute 
cycle will be modified; if a binary 6 is loaded, the 
first 12 will be affected, and so on. 

Therefore, each calibration step has the effect of 
adding 512 or subtracting 256 oscillator cycles for 
every 125,829,120 actual oscillator cycles, that is 
+4.068 or -2.034 PPM of adjustment per calibration 
step in the calibration register. Assuming that the 

oscillator is in fact running at exactly 32,768 Hz, 
each of the 31 increments in the Calibration byte 
would represent+ 10.7 or- 5.35 seconds per month 
which corresponds to a total range of +5.5 or- 2.75 
minutes per month. 

Two methods are available for ascertaining how 
much calibration a given MK48T08/18 may require. 
The first involves simply setting the clock, letting it 
run for a month and comparing it to a known 
accurate reference (like WWV broadcasts). While 
that may seem crude, it allows the designer to give 
the end user the ability to calibrate his clock as his 
environment may require, even after the final prod
uct is packaged in a non-user serviceable enclo
sure. All the designer has to do is provide a simple 
utility that accesses the Calibration byte. The utility 
could even be menu driven and made foolproof. 

The second approach is better suited to a manu
facturing environment, and involves the use of 
some test equipment. When the Frequency Test 
(FT) bit, the seventh-most significant bit in the Day 
Register, is set to a '1 ',and the oscillator is running 
at 32,768 Hz, the LSB (DQO) of the Seconds Reg
ister will toggle at 512 Hz. Any deviation from 512 
Hz indicates the degree and direction of oscillator 
frequency shift at the test temperature. For exam
ple, a reading of 512.01024 Hz would indicate a 
+20 PPM oscillator frequency error, requiring a 
-10(001010) to be loaded into the Calibration Byte 
for correction. Note that setting or changing the 
Calibration Byte does not affect the Frequency test 
output frequency. The device must be selected and 
addresses must stable at Address 1 FF9h when 
reading the 512 Hz on DQO. 

The FT bit must be set using the same method used 
to set the clock, using the Write bit. The LSB of the 
Seconds Register is monitored by holding the 
MK48T08/18 in an extended read of the Seconds 
Register, without having the Read bit set. The FT 
bit MUST be reset to '0' for normal clock operations 
to resume. 

~12~/~14~----------------------- ~ ~~~~~g~~c~~~ -----------------------------
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Figure 10. Clock Calibration 
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MK48T08, MK48T18 

ORDERING INFORMATION SCHEME 

Example: MK48T08 B 10 

Supply Voltage and Package 
Write Protect Voltage 

08 Vee= 4.75V to 5.5V B PHDIP28 10 100ns 
VPFD = 4.5V to 4.75V 15 150ns 

18 Vee = 4.5V to 5.5V 
VPFD = 4.2V to 4.5V 

For a list of available options (Package and Speed) refer to the Selector Guide in this Data Book or to the 
current Memory Shortform catalogue. 

For further information or any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

14/14 .:....::....:...:.___ __________ i:fi SGS·THOMSON -----------
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M48T08 
M48T18 

CMOS 8K x 8 TIMEKEEPER SRAM 

• PIN and FUNCTION COMPATIBLE with the 
MK48T08,18 

• SELF CONTAINED BATTERY and CRYSTAL 
in the CAPHAT DIP PACKAGE 

• SMALL OUTLINE PACKAGE PROVIDES 
DIRECT CONNECTION for a SNAPHAT 
HOUSING CONTAINING the BATTERY and 
CRYSTAL 

• SNAPHAT HOUSING (BATTERY and 
CRYSTAL) REPLACEABLE 

• 10 YEARS of DATA RETENTION and CLOCK 
OPERATION in the ABSENCE of POWER 

DESCRIPTION 

The M48T08, 18 TIMEKEEPERTM RAM is an 8K x 
8 non-volatile static RAM and real time clock which 
is pin and functional compatible with the 
MK48T08, 18. The monolithic chip is available in 
two special packages to provide a highly integrated 
battery backed-up memory and real time clock 
solution. 

Table 1. Signal Names 

AO-A12 Address Inputs 

DQ0-007 Data Inputs I Outputs 

INT Power Fail Interrupt 

E1 Chip Enable 1 

E2 Chip Enable 2 

G Output Enable 

-w Write Enable 

Vee Supply Voltage 

Vss Ground 

November 1993 

PCDIP28 (PC) 
Battery CAPHAT 

Figure 1. Logic Diagram 

AO-A12 

w 
E1 

E2 

G 

13 

M48T08 
M48T18 

Vss 

SOH28 (MH) 
Battery SNAPHAT 

8 '+> DOO-D07 

INT 

VA01020 

1/3 
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M48T08, M48T18 

Figure 2A. DIP Pin Connections 

INT Vee 
A12 w 

A7 E2 
A6 AS 
A5 A9 
A4 A11 
A3 M48T08 G 
A2 M4ST1S A10 
A1 IT 

AO 007 
000 006 
001 005 
002 004 
Vss 003 

VA01182 

DESCRIPTION (cont'd) 

The 28 pin 600mil DIP CAPHA"fTM houses the 
M48T08, 18 silicon with a quartz crystal and a long 
life lithium button cell in a single package. 

The 28 pin 330mil SO provides sockets with gold 
plated contacts at both ends for direct connection 
to a separate SNAPHA"fTM housing containing the 
battery and crystal. The unique design allows the 
SNAPHAT battery package to be mounted on top 
of the SO package after the completion of the 
surface mount process. 

Insertion of the SNAPHAT housing after reflow 
prevents potential battery and crystal damage due 

Figure 28. SO Pin Connections 

INT 1 2S Vee 
A12 2 27 w 

A7 3 26 E2 
A6 4 25 AS 
A5 5 24 A9 
A4 6 23 A11 
A3 7 

M48T1S 22 G 
A2 s 21 A10 
A1 9 20 IT 

AO 10 19 007 
000 11 1S 006 
001 12 17 005 

002 13 16 004 
Vss 14 15 003 

VA01021 

to the high temperatures required for device sur
face-mounting. The SNAPHAT housing is keyed to 
prevent reverse insertion. 

The SO and battery package are shipped sepa
rately in plastic anti-static tubes. The SO is also 
available to ship in Tape & Reel form. For the 
M48T18, the battery package part number is 
"M4T28-BR12SH 1 ". 

The ordering information scheme shows the part 
number for the CAPHAT DIP and the SNAPHAT 
SOl C. For a complete description of electrical char
acteristics and bus timing, refer to the MK48T08, 18 
data sheet. 

:::21~3 ____________ £.V ~5tmgm~~~~ _____________ _ 
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ORDERING INFORMATION SCHEME 

Example: 

Supply Voltage and Write 
Protect Voltage 

08* Vee=4.75Vto5.5V -100 
VPFD = 4.5V to 4.75V 

18 Vee= 4.5V to 5.5V 
VPFD = 4.2V to 4.5V 

Note: oa· CAPHAT package only. 

M4BT1 8 -100 MH 1 TR 

Package 

100ns PC PCDIP28 

MH SOH28 

Oto 70 oc 

M48T08, M48T18 

Shipping Method 
for SO 

blank Tubes 

TR Tape &Reel 

For a list of available options (Supply Voltage, Speed, Package, etc ... ) refer to the Selector Guide in this 
Data Book or to the current Memory Shortform catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

- ----------- 'r'l SliS·1HOMSON ---------~3/~3 ... ...,, I£'<Jil@ll.lm~i'!l~ 
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M48T58 

CMOS 8K x 8 TIMEKEEPER SRAM 

• INTEGRATED LOW POWER SRAM, REAL 
TIME CLOCK, and POWER-FAIL CONTROL 
CIRCUIT 

• CLOCK CALIBRATED at FACTORY for HIGH 
ACCURACY 

• SELF CONTAINED BATTERY and CRYSTAL 
in the CAPHAT DIP PACKAGE 

• DIRECT CONNECTION for a SNAPHAT 
BATTERY/CRYSTAL PACKAGE on the SO 
PACKAGE 

• BCD CODED YEAR, MONTH, DAY, DATE, 
HOURS, MINUTES and SECONDS with 
BYTWIDE RAM-LIKE ACCESS 

• AUTOMATIC POWER-FAIL CHIP DESELECT 
and WRITE PROTECTION 

• FREQENCY TEST OUTPUT for REAL TIME 
CLOCK 

DESCRIPTION 

The M48T58 TIMEKEEPERTM RAM is an BK x 8 
non volatile static RAM and real time clock. The 
monolithic chip is available in two special packages 
to provide a highly integrated battery backed-up 
memory and real time clock solution. 

Table 1. Signal Names 

AO-A12 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

FT Frequency Test Output 

-
E1 Chip Enable 1 

E2 Chip Enable 2 

G Output Enable 

w Write Enable 

Vee Supply Voltage 

Vss Ground 

November 1993 

PCDIP28 (PC) 
Battery CAPHAT 

Figure 1. Logic Diagram 
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M48T58 

Figure 2A. DIP Pin Connections 

FT Vee 
A12 w 

A7 E2 
A6 A8 
A5 A9 
A4 A11 
A3 G 
A2 A10 
A1 Ef 

AO 007 
000 006 
001 005 
002 004 
Vss 003 

VA01171 

DESCRIPTION (cont'd} 

The 28 pin 600mil CAPHA"fTM DIP houses the 
M48T58 silicon with a quartz crystal and a long life 
lithium button cell in a single package. The 28 pin 
330mil SO provides sockets with gold plated con
tacts at both ends for direct connection to a sepa
rate SNAPHAT'"M housing containing the battery 
and crystal. The unique design allows the 
SNAPHAT battery package to be mounted on top 
of the SO after the completion of the surface mount 
process. Insertion of the SNAPHAT housing after 
reflew prevents potential battery and crystal dam
age due to the high temperatures required for 
device surface mounting. The SNAPHAT housing 
is keyed to prevent reverse insertion. 

The M48T58 is functional equivalent to any JEDEC 
standard BK x 8 SRAM. It also easily fits into many 
ROM, EPROM, and EEPROM sockets, providing 
the non volatility of PROMs without any require
ment for special write timing or limitations on the 
number of writes that can be performed. 

The static memory array and the quartz controlled 
clock oscillator of the M48T58 are integrated on 
one silicon chip. The two circuits are intercon
nected at the upper seven memory, locations to 

Figure 28. SO Pin Connections 

FT 1 28 Vee 
A12 2 27 w 

A7 3 26 E2 
A6 4 25 A8 
A5 5 24 A9 
A4 6 23 A11 
A3 7 

M48T58 22 G 
A2 8 21 A10 
A1 9 20 Ef 

AO 10 19 007 
000 11 18 006 
001 12 17 005 

002 13 16 004 
Vss 14 15 003 

VA01172 

provide user accessible BYTEWIDETM clock infor
mation in the bytes with addresses 1 FFgh-1 FFFh. 
The clock locations contain the year, month, date, 
day, hour, minute, and second in 24 hour BCD 
format. Corrections for 28, 29 (leap year), 30, and 
31 day months are made automatically. Byte 
1 FFBh is the clock control register. This byte con
trols user clock access and stores the digital clock 
calibration setting. 

The clock related bytes are not the actual clock 
counters themselves; they are memory locations 
consisting of BiPOR"fTM read/write memory cells. 
The M48T58 includ es a clock control circuit which 
updates the clock bytes with current information 
once a second. The information can be accessed 
by the user in the same manner as any other 
location in the static memory array. 

The M48T58 also has its own power-fail detect 
circuit. The control circuitry constantly monitors the 
single SV supply for an out of tolerance condition. 
When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op
eration brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
battery which maintains data and clock operation 
until valid power returns. 

:::::21.:::.2 ____________ ~ ~~~~~ -------------
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M48T59 

CMOS 8K x 8 TIMEKEEPER SRAM 

• INTEGRATED LOW POWER SRAM, REAL 
TIME CLOCK, and POWER-FAIL CONTROL 
CIRCUIT 

• CLOCK CALIBRATED at FACTORY for HIGH 
ACCURACY 

• MICROPROCESSOR POWER-ON RESET 
(VALID all the WAY to Vee= Vss) 

• PROGRAMMABLE WATCHDOG OUTPUT 

• PROGRAMMABLE ALARM OUTPUT ACTIVE 
in the BATTERY BACK-UP MODE 

" SELF CONTAINED BATTERY and CRYSTAL 
in the CAPHAT DIP PACKAGE 

• DIRECT CONNECTIONS for a SNAPHAT 
BATTERY/CRYSTAL PACKAGE on the SO 
PACKAGE 

a BATTERY LOW WARNING 

DESCRIPTION 

The M48T59 TIMEKEEPERTM RAM is an 8K x 8 
non volatile static RAM and real time clock. The 
monolithic chip is available in two special packages 
to provide a highly integrated battery backed-up 
memory and real time clock solution. 

Table 1. Signal Names 

AO-A12 Address Inputs 

DQO-DQ7 Data Inputs I Outputs 

RST Reset 

E Chip Enable 
-
G Output Enable 
-w Write Enable 
-
IRQIFT Interrupt I Frequency Test Output 

Vee Supply Voltage 

Vss Ground 

November 1993 

~~· 
, "1rf11 ~ . 

28 t f1 l 

PCDIP28 (PC) 
Battery CAP HAT 

Figure 1. Logic Diagram 
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M48T59 

Figure 2A. DIP Pin Connections 
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DESCRIPTION (cont'd) 

Vee 
w 
INT /FT 
AS 
A9 
A11 
G 
A10 
E 
D07 
DQ6 
DOS 
DQ4 
D03 

The 28 pin 600mil DIP CAPHAl'M houses the 
M48T59 silicon with a quartz crystal and a long life 
lithium button cell in a single package. The 28 pin 
330mil SO provides sockets with gold plated con
tacts at both ends for direct connection to a sepa
rate SNAPHAl'M housing containing the battery 
and crystal. The unique design allows the 
SNAPHAT battery package to be mounted on top 
of the SO after the completion of the surface mount 
process. Insertion of the SNAPHAT housing after 
reflow prevents potential battery and crystal dam
age due to the high temperatures required for 
device surface mounting. The SNAPHAT housing 
is keyed to prevent reverse insertion. 

The M48T59 is functional equivalent to any JEDEC 
standard 8K x 8 SRAM. It also easily fits into many 
ROM, EPROM, and EEPROM sockets, providing 
the non volatility of PROMs without any require
ment for special write timing or limitations on the 
number of writes that can be performed. 
The static memory array and the quartz controlled 
clock oscillator of the M48T59 are integrated on 
one silicon chip. The two circuits are intercon
nected at the upper seven memory locations to 
provide user accessible BYTEWIDETM clock infor
mation in the bytes with addresses 1 FF9h-1 FFFh. 
The clock locations contain the year, month, date, 
day, hour, minute, and second in 24 hour BCD 

Figure 28. SO Pin Connections 

RST [ 1 28 
A12 [ 2 27 
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VA01175 

Vee 
w 
TNT/FT 
AS 
A9 
A11 
G 
A10 
E 
D07 
DQ6 
DOS 
DQ4 
D03 

format. Corrections for 28, 29 (leap year), 30, and 
31 day months are made automatically. Byte 
1 FF8h is the clock control register. This byte con
trols user clock access and stores the digital clock 
calibration setting. Byte 1 FF?h contains the watch
dog timer setting. Bytes 1 FF5h-1 FF2h are re
served for clock alarm programming. 

The clock related bytes are not the actual clock 
counters themselves; they are memory locations 
consisting of BiPORl'M read/write memory cells. 
The M48T59 includes a clock control circuit which 
updates the clock bytes with current information 
once a second. The information can be accessed 
by the user in the same manner as any other 
location in the static memory array. 

A power-on reset output provides a reset pulse to 
the microprocessor. It pulls low (open drain) on 
power-down and remains low on power-up for 
40ms to 200ms after Vee passes Vpm. The reset 
pulse remains active with Vee at Vss. 

The M48T59 also has its own power-fail detect 
circuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vee is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system op
eration brought on by low Vee. As Vee falls below 
approximately 3V, the control circuitry connects the 
battery which maintains data and clock operation 
until valid power returns. 

~2/_2__________________________ ~ ~~~©~&~£~~ -----------------------------
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~ SGS·THOMSON .. ., L [R'll]O©OO@~[L~©ll'OO@~D©® ST1305 
HIGH ENDURANCE CMOS 192 bit EEPROM 
WITH SECURE LOGIC ACCESS CONTROL 

• SINGLE 5V SUPPLY VOLTAGE 
• PROGRAMMING TIME: 5 ms 
• MEMORY DIVIDED INTO: 

- 24 bits of Chip Data 
- 40 bits of Application Data 
- 48 bits of Count Data 
- 12 extra-bits of Transport Code 
- 64 bits of Issuer Data 

• COUNTING CAPABILITY up to 262,144 UNITS 
• CIRCUIT PROTECTED by TRANSPORT CODE 

for DELIVERY from SGS-THOMSON to the 
CUSTOMER 

• 5 EXTERNAL CONTACTS ONLY (ISO 7816 
COMPATIBLE) 

• ANSWER to RESET FULLY COMPATIBLE with 
ISO 7816-3 

• E.S.D. GREATER THAN 4000V 
• POWER-ON and LOW Vee RESET 

DESCRIPTION 
The ST1305 is a 192 bits EEPROM memory with 
associated security logic to control memory ac
cess. The circuit includes counting capabilities and 
thus is very well adapted to prepaid card applica
tions. 

The ST1305 is protected by hardwired security 
logic and special fuses. The memory is a matrix of 
24 x 8 cells accessed bit by bit for reading and 
programming, and by byte for internal erasing in 
final application. 

Table 1. Signal Names 

CLK Clock 

RST Reset 

1/0 Data Input I Output 

Vee Supply Voltage 

GND Ground 

August 1993 

ADVANCE DATA 

•• Micromodule Wafer 

Figure 1. Logic Diagram 

Vee 

I 

RST-

ST1305 r-- 1/0 

CLK-

I 
GND 

VA01032 

1/2 
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ST1305 

INTERNAL ADDRESS MAPPING 

The internal address space of the ST1305 is di
vided into five zones as shown in Figure 2. These 
zones are the actual EEPROM memory array. The 
Transport Code or Counter area is used in two 

configurations: In the ISSUER configuration it is 
used to store the Transport Code loaded by SGS
THOMSON for security during delivery to the card 
issuer; in the USER configuration it is used as a 
serie of counters. 

Figure 2. Memory Map 

OOOd 

016d 

024d 

064d 

112d 

128d 

192d 

CIRCUIT !DEN TIFI CATION 
---------- ----------

AREA 

APPLICATION 
!DENT! FICA TION 

AREA 

COUNTERS & 
TRANSPORT CODE 

AREA 

TRANSPORT CODE AREA 
--------------------

ISSUER DEFINED 
AREA 

16 Bits 

B Bits 

40 Bits 

64 Bits 

64 Bits 

EEPROM 
CELLS 
MATRIX 

------------1 
______________ ] 

IN FINAL 
APPLICATION 

READ 
ONLY 

READ, 
WRITE, 
ERASE 

READ 
ONLY 

VA010378 
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ST1331 
ST1336 

SMARTCARD CMOS 272 bit EEPROMs 

• SINGLE 5V SUPPLY VOLTAGE 

• PROGRAMMING TIME< 5 ms 

• MEMORY DIVIDED INTO: 

- 16 bits of Chip Identification Data 

- 48 bits of Card Identification Data 

- up to 40 bits of Counter 

- 16 bits for Valorisation Certificate 
- 64 bits for Issuer Defined Data 

- 32 bits for Anti-Tearing Flags 

- 56 bits of User/Issuer Defined Data 

• COUNTING CAPABILITY up to 32,768 (85) 
UNITS 

• CIRCUIT PROTECTED by TRANSPORT 
CODE for DELIVERY from SGS-THOMSON to 
the CUSTOMER 

• CERTIFICATE for CARD VALORISATION 
• SPECIAL ANTI-TEARING MECHANISM 

• 2 COMMUNICATION PROTOCOLS 
POSSIBLE 

- 6 Contacts for ST1331 

- 5 Contacts for ST1336 

• ANSWER to RESET COMPATIBLE with ISO 
7816-3 

• E. S.D. GREATER THAN 4000V 

• POWER-ON, LOW and HIGH Vee RESET 
• ST1336 COMPATIBLE with ST1305 or 

EQUIVALENT 

Table 1. Signal Names 

CLK Clock 

RST 
Function Code for ST1331 

Reset for ST1336 

B Function Code (ST1331 only) 

110 Data Input I Output 

Vee Supply Voltage 

GND Ground 

December 1993 

ADVANCE DATA 

•• II I ••• I 

Micromodule Wafer 

Figure 1. Logic Diagram 
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ST1331,ST1336 

DESCRIPTION 

The ST1331 and ST1336 are 272 bits EEPROM 
memorie~ protected by hard wired security logic 
and spec1al fuses. The memory is a matrix of 34 x 
8 ~ells, accessed bit by bit for reading and program
ml~g, and by byte for internal erasing in final appli
cation. 

Figure 2. Memory Map 

OOOd 
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064d 

112d 

128d 

256d I 

CIRCUIT IDENTIFICATION 
--------------------

APPLICATION 
IDENTIFICATION 

AREA 

COUNTERS 

CERTIFICATE 
--------------------

ISSUER DEFINED 
AREA 

16 Bits 

48 Bits 

40 Bits 

16 Bits 

64 Bits 

A valorisation certificate is implemented in the 
memory and allows the recognition of the circuit by 
the appropriate security module. An anti-tearing 
m~ch<;mism allows the prevention of any loss of 
un1ts m the case of an aborted operation when 
u~in~ open reader (unwanted card extraction). The 
CirCUits are very well adapted for prepaid phone 
card applications. 

EEPROM 
CELLS 
MATRIX 

IN FINAL 
APPLICATION 

READ 
ONLY 

READ, 
WRITE, 
ERASE 

READ, WRITE 

READ, 
ONLY 

288d 1---------+----------------------

ANTI- TEARING 
FLAGS 32 Bits 

320d 1---------1-----------------------

USER DEFINED 
AREA 

56 Bits 

READ, 
WRITE, 
ERASE 

READ, 
WRITE, 
(ERASE optional) 

VA0559 
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ST1331,ST1336 

Figure 3. ST1331 - 6 Contacts Protocol Figure 4. ST1336 - 5 Contacts Protocol 

Function Code 
CLK Command 

RST B 

RST CLK Command (Reset) 

0 0 ___j RESET 1 ___j RESET 

1 0 ___j NO EFFECT 0 ___j READ 

0 1 ___j READ 0 __j[_ COMPARE 

0 1 __j[_ COMPARE __j[_ 0 

PROGRAM 

1 1 ___j PROGRAM 0 ___j 
Programmed bit at '1' (VO line= Vee) Programmed bit at '0' (1/0 line= GND) 

3/3 -------------~ ~~~~0!~ ___________ __;:;;_;:_ 
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ST1333 
ST1335 

SMARTCARD CMOS 272 bit EEPROMs 

" SINGLE 5V SUPPLY VOLTAGE 
• PROGRAMMING TIME < 5 ms 
• MEMORY DIVIDED INTO: 

- 16 bits of Chip Identification Data 
- 48 bits of Card Identification Data 
- up to 40 bits of Counter 
- 16 bits for Valorisation Certificate 

- 64 bits for Authentication Secret Key 
- 32 bits for Anti-Tearing Flags 

- 56 bits of User/Issuer Defined Data 
• COUNTING CAPABILITY up to 32,768 (85) 

UNITS 
" CIRCUIT PROTECTED by TRANSPORT CODE 

for DELIVERY from SGS-THOMSON to the 
CUSTOMER (ST1335 only) 

a CERTIFICATE for CARD VALORISATION 
., ADVANCED AUTHENTICATION FUNCTION 

• SPECIAL ANTI-TEARING MECHANISM 
• 2 COMMUNICATION PROTOCOLS POSSIBLE 

- 6 Contacts for ST1333 
- 5 Contacts for ST1335 

• ANSWER to RESET COMPATIBLE with ISO 
7816-3 

" E.S.D. GREATER THAN 4000V 
• POWER-ON, LOW and HIGH Vee RESET 
a ST1335 COUNTERS COMPATIBLE with 

ST1305 or EQUIVALENT 

Table 1. Signal Names 

CLK Clock 

Function Code for ST1333 
RST 

Reset for ST1335 

B Function Code (ST1333 only) 

1/0 Data Input I Output 

Vee Supply Voltage 

GND Ground 

December 1993 

ADVANCE DATA 

• 
Micromodule Wafer 

Figure 1. Logic Diagram 

Vee 
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B ST1333 r-- 1/0 (ST1333- ST1335 
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eLK-

I 
GND 

VA01165 

1/3 
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ST1333, ST1335 

DESCRIPTION 

The ST1333 and ST1335 are 272 bits EEPROM 
memories protected by hard wired security logic 
and special fuses. The memory is a matrix of 34 x 
8 cells, accessed bit by bit for reading and program
ming, and by byte for internal erasing in final appli
cation. 

Authentication secret key and valorisation certifi
cate are implemented in the memory and allow the 

Figure 2. Memory Map 

recognition of the circuit by the appr?pria.te securio/ 
module. A unique 4 bits authent1cat1on s1gnature IS 
generated from chip data and chip s~cret key when 
this circuit is challenged by the secunty module. An 
anti-tearing mechanism allows the prevention. of 
any loss of units in the case of an aborted operation 
when using open reader (unwanted card extra?
tion). The circuits are very well adapted for prepaid 
phone card applications. 

IN FINAL 
APPLICATION 

OOOd r-C-IR_C_U-IT-I-DE_N_T_IF-IC_A_T_IO_N,_-,G-Blt~---------------

016d 

064d 

104d 

112d 

128d 

192d 

256d I 

288d 

320d 

APPLICATION 
IDENTIFICATION 

AREA 

COUNTERS 

UNUSED 

CERTIFICATE 
--------------------

AUTENTICATION 
SECRET KEY 

UNUSED 

SIGNATURE I 

ANTI- TEARING 
FLAGS 

USER DEFINED 
AREA 

48 Bits 

---------
40 Bits 

---------
---------

16 Bits 
---------

64 Bits 

---------
---------

32 Bits 

---------

56 Bits 

EEPROM 
CELLS 
MATRIX 

------------

------------
~~~~~~~~~~~~:::> 

------------
------------

------------

------------

READ 
ONLY 

READ, 
WRITE, 
ERASE 

READ, 

READ 

READ, 
WRITE, 
ERASE 

READ, 
WRITE, 

WRITE 

{ERASE optional) 

VA011668 

~~~3----------------------~~~IH~&~-------------------------
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ST1333, ST1335 

Figure 3. ST1333- 6 Contacts Protocol Figure 4. ST1335 - 5 Contacts Protocol 

Function Code 
CLK Command 

RST B 

RST CLK Command {Reset) 

0 0 __] RESET 1 __] RESET 

1 0 __] NO EFFECT 0 __] READ 

0 1 __] READ 0 _n_ COMPARE 

0 1 _n_ COMPARE _n_ 0 

PROGRAM 

1 1 __] PROGRAM 0 __] 
Programmed bit at '1' (VO line= Vee) Programmed bit at '0' (I/O line= GND) 

------------ ~ SGS-THOMSON __________ _____::3=/3 
.. ..., I '~~©I!J:Ql~C.Ili~!DOl!O~ 
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ST14C02C 

SERIAL ACCESS CMOS 2K (256 x 8) EEPROM 

• MINIMUM 1 MILLION ERASE/WRITE 
CYCLES with OVER 10 YEARS DATA 
RETENTION 

• SINGLE 3V to 5.5V SUPPLY VOLTAGE 
• TWO WIRE SERIAL INTERFACE, FULLY 12C 

BUS COMPATIBLE 

• BYTE and MULTI BYTE WRITE (up to 4 
BYTES) 

• PAGE WRITE (up to 8 BYTES) 
• BYTE, RANDOM and SEQUENTIAL READ 

MODES 
• SELF TIMED PROGRAMMING CYCLE 
• AUTOMATIC ADDRESS INCREMENTING 
• ENHANCED ESD/LATCH-UP 

PERFORMANCES 

DESCRIPTION 

The ST14C02C is a 2K bit electrically erasable 
programmable memory (EEPROM), organized as 
256 x 8 bits. It is manufactured in SGS-THOM
SON's Hi-Endurance Advanced CMOS technology 
which guarantees an endurance of more than one 
million erase/write cycles with a data retention of 
over 10 years. This memory operates with a supply 
voltage value as low as 3V. Both sawn and unsawn 
wafers and modules on film are available. 

The memory is compatible with the 12C standard, 
two wire serial interface which uses a bi-directional 
data bus and serial clock. It carries a built-in 7 bit, 
unique device identification code (1 01 0000) corre-

Table 1. Signal Names 

SDA Serial Data Address Input/Output 

SCL Serial Clock 

MODE Multibyte/Page Write Mode 

Vee Supply Voltage 

GND Ground 

October 1993 

ADVANCE DATA 

• 
Micromodule Wafer 

Figure 1. Logic Diagram 

Vee 

I 

SCL- r---- SDA 

MODE- ST14C02C 

clo 
VA01162 

1/12 

Th1s 1s advance mformat1on on a new product now in development or undergorngevaluabon Deta1ls are subject to change Without not1ce 
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ST14C02C 

Figure 2A. Contact Connections 

Vee GND 

SeL SDA 

MODE 

VA01163 

Table 2. Absolute Maximum Ratings <1l 

Symbol Parameter 

TA Ambient Operating Temperature 

Figure 2B. Die Floor Plan 

ST14C02C 

D 
DGND 

Vee 

DMDDE 

AO 
D 

OsoA 
Vee D 

DMODE 

D 
SeL 

VA01164 

Note: AO is internally connected to GND. The two MODE pads 
and the two Vee pads are internally connected together. 

Value Unit 

Oto70 oc 

TsrG Storage Temperature Wafer form -65 to 150 oc 
Module form -40 to 120 

v,o Input or Output Voltage -0.3 to 6.5 v 

Vee Supply Voltage -o.3 to 6.5 v 

VEso 
Electrostatic Discharge Voltage (Human Body model) (2) 4000 v 
Electrostatic Discharge Voltage (Machine model) (3) 500 v 

Notes: 1. Except for the rating "Operatmg Temperature Range", stresses above those l1sted m the Table "Absolute Max1mum Ratmgs" 
may cause permanent damage to the device These are stress ratings only and operation of the device at these or any other 
conditions above those indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum 
Rating conditions for extended penods may affect device reliab1l1ty. Refer also to the SGS-THOMSON SURE Program and other 
relevant quality documents. 

2. MIL-STD-883C, 3015.7 (100pF, 1500 Q). 
3. EIAJ IC-121 (Condition C) (200pF, 0 Q). 

DESCRIPTION (cont'd) 

spending to the 12C bus definition. Only one mem
ory can be attached to the 12C bus. This memory 
behaves as a slave device in the 12C protocol with 
all memory operations synchronized by the serial 

clock. Read and write operations are initiated by a 
START condition generated by the bus master. The 
START condition is followed by a stream of 7 bits 
(identification code 101 0000), plus one read/write 
bit and terminated by an acknowledge bit. 

=2/..:.1=2 _____________ ~ ~~~m~~~~~ ______________ _ 
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ST14C02C 

Table 3. Device Select Code 

-
Device Code RW 

Bit b7 b6 b5 b4 b3 b2 b1 bO 

-
Device Select 1 0 1 0 0 0 0 RW 

Note. The MSB b7 IS sent f1rst. 

Table 4. Operating Modes <1> 

Mode RWbit MODE Bytes Initial Sequence 

Current Address Read '1' X 1 START, Device Select, RW = '1' 

Random Address Read 
'0' X START, Device Select, RW = '0', Address 

'1' X 1 reSTART, Dev1ce Select, RW = '1' 

Sequential Read '1' X 1 to 256 Similar to Current or Random Mode 

Byte Write '0' X 1 START, Dev1ce Select, RW = '0' 

Multibyte Wnte '0' V1H 4 START, Device Select, RW- '0' 

Page Write '0' V1L 8 START, Device Select, RW = '0' 

Table 5. Endurance and Data Retention Guarantees 

Device Endurance Data Retention 
EIW Cycles Years 

ST14C02C 1,000,000 10 

When writing data to the memory it responds to the 
8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi
nated with a STOP condition. 

Power On Reset: Vee lock out write protect. In 
order to prevent data corruption and inadvertent 
write operations during power up, a Power On 
Reset (POR) circuit is implemented. Until the Vee 
voltage has reached the POR threshold value, the 
internal reset is active, all operations are disabled 
and the device will not respond to any command. 
In the same way, when Vee drops down from the 
-operating voltage to below the POR threshold 
value, all operations are disabled and the device 
will not respond to any command. A stable Vee 
must be applied before applying any logic signal. 

SIGNAL DESCRIPTIONS 

Serial Clock (SCL). The SCL input pin is used to 
synchronize all data in and out of the memory. A 
resistor can be connected from the SCL line to Vee 
to act as a pull up (see Figure 4). 

Serial Data {SDA). The SDA pin is bi-directional 
and is used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR'ed 
with other open drain or open collector signals on 
the bus. A resistor must be connected from the SDA 
bus line to Vee to act as pull up (see Figure 4). 

Mode (MODE). The MODE input may be driven 
dynamically. It must be at V1L or V1H for the Byte 
Write mode, V1H for Multi byte Write mode or VJL for 
Page Write mode. When unconnected, the MODE 
input is internally read as a V1H (Multibyte Write 
mode). Note that the voltages are CMOS levels, 
not TIL compatible. 

_____________ t:;; ~itmgm~~~ ___________ __:::.3,=12 
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ST14C02C 

AC MEASUREMENT CONDITIONS 

Input Rise and Fall Times ~ SOns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 

Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 

Figure 3. AC Testing Input Output Waveforms 

o svcc 

o 2Vcc 

~07Vcc 

~o3vcc 
VA00825 

Table 6. Caoacitance (1) (T A = 25 oc f = 100 kHz l 

Symbol Parameter Test Condition Min Max Unit 

GiN Input Capacitance (SDA) 8 pF 

GiN Input Capacitance (other pins) 6 pF 

Note: 1. Sampled only, not 100% tested 

Figure 4. Maximum RL Value versus Bus Capacitance (Csus) for an 12C Bus 

20 
Vee 

\ 16 

SDAO ,, 0 ,, \ 
2 \ 6 12 

" 1 __ csu~-X 
MASTER 0 

E '\ SCL 
-' 

(Y 8 
"-.., 

Tcsus 
""-. 

......... 4 
Vcc=SV ...._ -

0 
100 200 300 400 

Csus (pF) VA01100 

4/12 ~ SGS·THOMSON -"--':::.._ _____________ li..""fl i*JO@OO©~~~~©K'ID~ ---------------
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DEVICE OPERATION 

12C Bus Background 

The ST14C02C supports the 12C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn
chronisation. This memory is always slave device 
in all communications. 

Start Condition. START is identified by a high to 
low transition of the SDA line while the clock SCL 
is stable in the high state. A START condition must 
precede any command for data transfer. Except 
during a programming cycle, the memory continu
ously monitor the SDA and SCL signals for a 
START condition and will not respond unless one 
is given. 

Stop Condition. STOP is identified by a low to 
high transition of the SDA line while the clock SCL 
is stable in the high state. A STOP condition termi
nates communication between the memory and the 
bus master. A STOP condition at the end of a Read 
command forces the standby state. A STOP condi
tion at the end of a Write command triggers the 
internal EEPROM write cycle. 

Acknowledge Bit (ACK). An acknowledge signal 
is used to indicate a successful! data transfer. The 
bus transmitter, either master or slave, will release 
the SDA bus after sending 8 bits of data. During the 
9th clock pulse period the receiver pulls the SDA 
bus low to acknowledge the receipt of the 8 bits of 
data. 

Data Input. During data input the ST14C02C 
samples the SDA bus signal on the rising edge of 
the clock SCL. Note that for correct device opera
tion the SDA signal must be stable during the clock 
low to high transition and the data must change 
ONLY when the SCL line is low. 

Memory Addressing. To start communication 
between the bus master and the slave memory, the 
master must initiate a START condition. Following 
this, the master sends onto the SDA bus line 8 bits 
(MSB first) corresponding to the device select code 
(7 bits) and a READ or WRITE bit. 

The 7 most significant bits of the device select code 
are the device type identifier, corresponding to the 
12C bus definition. For these memories the 7 bits 
are fixed as 1 01 OOOOb (AOh). 

The 8th bit sent is the read or write bit (RW), this 
bit is set to '1' for read and '0' for write operations. 
If a match is found, the corresponding memory will 

ST14C02C 

acknowledge the identification on the SDA bus 
during the 9th bit time. 

Write Operations 

The Multibyte Write mode is selected when the 
MODE pin is at V1H and the Page Write mode when 
MODE pin is at V1L. The MODE pin may be driven 
dynamically with CMOS input levels. 

Following a START condition the master sends a 
device select code with the RW bit reset to '0'. The 
memory acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac
cess to 256 bytes of the memory. After receipt of 
the byte address the device again responds with 
an acknowledge. 

Byte Write. In the Byte Write mode the master 
sends one data byte, which is acknowledged by the 
memory. The master then terminates the transfer 
by generating a STOP condition. The Write mode 
is independant of the state of the MODE pin which 
could be left floating if only this mode was to be 
used. However it is not a recommended operating 
mode, as this pin has to be connected to either V1H 
or V1L, to minimize the stand-by current. 

Multibyte Write. For the Multibyte Write mode, the 
MODE pin must be at V1H. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the mem
ory. The transfer is terminated by the master gen
erating a STOP condition. The duration of the write 
cycle is tw = 10ms maximum except when bytes 
are accessed on 2 rows (that is have different 
values for the 6 most significant address bits A7-
A2), the programming time is then doubled to a 
maximum of 20ms. Writing more than 4 bytes in the 
Multibyte Write mode may modify data bytes in an 
adjacent row (one row is 8 bytes long). However, 
the Multibyte Write can properly write up to 8 
consecutive bytes only if the first address of these 
8 bytes is the first address of the row, the 7 following 
bytes being written in the 7 following bytes of this 
same 'row'. 

Page Write. For the Page Write mode, the MODE 
pin must be at V1L. The Page Write mode allows up 
to 8 bytes to be written in a single write cycle, 
provided that they are all located in the same 'row' 
in the memory: that is the 5 most significant mem
ory address bits (A7-A3) are the same. The master 
sends from one up to 8 bytes of data, which are 
each acknowledged by the memory. After each 
byte is transfered, the internal byte address counter 
(3 least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad
dress counter 'roll-over' which could result in data 

~ SCS-nfOMSON 5/12 -------------- .. "'11 l'l!O©FJ·]Iffi~ffi©li'IRl©~ca~ ----------------=:-= 
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ST14C02C 

Table 7. DC Characteristics (TA = 0 to 70 oc; Vee= 3V to 5.5V) 

Symbol Parameter Test Condition Min Max Unit 

lu Input Leakage Current OV :SVIN :>Vee ±2 !lA 

lu Input Leakage Current (MODE pad) OV:sV,N:SVcc ±10 !lA 

lw Output Leakage Current OV :S VouT :s Vee ±2 !lA SDA in Hi-Z 

Icc Supply Current Vee = SV, fc = 1OOkHz 2 rnA (Rise/Fall time < 1 Ons) 

lcc1 Supply Current (Standby) V1N = Vss or Vee, 100 !lA Vee= SV 

v,L Input Low Voltage (SCL, SDA) -0.3 0.3 Vee v 

V1H Input High Voltage (SCL, SDA) 0.7 Vee Vee+ 1 v 

v,L Input Low Voltage (MODE) -0.3 0.5 v 

V1H Input High Voltage (MODE) Vcc-0.5 Vee+ 1 v 

VoL Output Low Voltage loL = 3mA, Vee= 5V O.ll v 

Table 8. AC Characteristics (TA = 0 to 70 oc; Vee= 3V to 5.5V) 

Symbol All Parameter Min Max Unit 

lcH1CH2 lA Clock Rise Time 1 !lS 

tcL1CL2 IF Clock Fall Time 300 ns 

toH1DH2 lA Input Rise Time 1 !lS 

lOL10L1 IF Input Fall Time 300 ns 

lCHOX(1) tsu STA Clock High to Input Transition 4.7 !lS 

lcHCL !HIGH Clock Pulse Width High 4 !lS 

!oLCL tHOSTA Input Low to Clock Low (START) 4 !lS 

tcLDX tHo OAT Clock Low to.lnput Transition 0 !lS 

lcLCH tww Clock Pulse Width Low 4.7 !lS 

toxcx lsu DAT Input Transition to Clock Transition 250 ns 

tcHOH tsusm Clock High to Input High (STOP) 4.7 !lS 

loHOL tsuF Input High to Input Low (Bus Free) 4.7 !lS 

tcwv lAA Clock Low to Data Out Valid 0.3 3.5 !lS 

tcLOX loH Data Out Hold Time After Clock Low 300 ns 

fc fscL Clock Frequency 100 kHz 

INS T, Noise Suppression T1me Constant 
100 ns (SCL & SDA Inputs) 

tw'21 twR Write Time 10 ms 

Noles: 1. For a reSTART cond1t1on, or following a wnte cycle. 
2. In the Multibyte Wnte mode only, if accessed bytes are on two consecut1ve 8 bytes rows (6 address MSB are not constant) the 

maximum programming time IS doubled to 20ms 

~6/~1~2 _________________________ ~~~~~~~:~q~ -----------------------------
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Figure 5. AC Waveforms 

SCL 

SDA IN 

SCL 

SDA OUT 

SCL 

SDA IN 

.. . 
' ' ' ' ' ' 

: START : 
CONDITION 

' ' ' ' ' ' 
:• SDA ~o:• SDA ~ 

INPUT CHANGE 

DATA VALID 

' ' 
' ' 
i-- DATA OUTPUT---.i 

STOP & 
BUS FREE 

STOP : 
WRITE CYCLE -----!M------!>i 

: START 
CONDITION CONDITION 

VA00795 
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ST14C02C 

DEVICE OPERATION (cont'd) 

being overwritten. Note that, for any write m?~e. 
the generation by the master of the STOP co~d1t1on 
starts the internal memory program cycle. All1nputs 
are disabled until the completion of this cycle and 
the memory will not respond to any request. 

Minimizing System Delays by Polling On ACK. 
During the internal write cycle, the memory discon
nects itself from the bus in order to copy the data 
from the internal latches to the memory cells. The 
maximum value of the write time (tw) is given in the 
AC Characteristics table, since the typical time is 
shorter, the time seen by the system may be re
duced by an ACK polling sequence issued by the 
master. 

Figure 6. 12C Bus Protocol 

SCL 

SDA \ 
' 

' 
' 
' ' 

I 

The sequence is as follows: 
- Initial condition: a Write is in progress (see Figure 

7). 
- Step 1: the master issues a START condition 

followed by a device select byte (1st byte of the 
new instruction). 

- Step 2: if the memory is busy with the internal 
write cycle, no ACK will be returned and the 
master goes back to Step 1. If the memory has 
terminated the internal write cycle, it will respond 
with an ACK, indicating that the memory is ready 
to receive the second part of the next instruction 
(the first byte of this instruction was already sent 
during Step 1 ). 

I 
' ' ' : .. ... 

' :..: elf----...... : •>----..... : :ICI e-: 
SDA SDA START 

CONDITION INPUT CHANGE 
STOP 

CONDITION 

SCL 

SDA 
' '-:,:--'-----' 
:......-: 
START 

CONDITION 

SCL --~--

SDA 

_F\___F\_F\_--

=~--

' ' ' ;..-: 
STOP 

CONDITION 

VA00792 

~~~12~------------------------ ~ ~~~~~~~~©~ -----------------------------
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Figure 7. Write Cycle Polling using ACK 

NO 

WRITE Cycle 
in Progress 

ST14C02C 

YES 

VA01099 
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Figure 8. Write Modes Sequence 

ACK ACK ACK 
BYTE 
WRITE n ""I :-.-o:Ev"; ~-r-~LT"'': II· II :sr~<ApqR: Ill : :of Tt :~~ : II. n 

START RW STOP 

ACK ACK ACK 
MUL TIBYTE 
AND 
PAGE WRITE n I :o:EY ~~< 11.11 :s7~<ApqR: Ill :~AtA: +>: llr-TI :"'T"Dt'T""~<r-TI0:~:~ 

START RW 
ACK ACK 

~:JII P+Tt:~~ :N: 11. 0 
STOP 

Read Operations 

Read operations are independent of the state of the 
MODE pin. On delivery, the memory content is set 
at all "1 's" (or FFh). 

Current Address Read. The memory has an inter
nal byte address counter. Each time a byte is read, 
this counter is incremented. For the Current Ad
dress Read mode, following a START conditio.!J.,. 
the master sends a memory address with the RW 
bit set to '1 '. The memory acknowledges this and 
outputs the byte addressed by the internal byte 
address counter. This counter is then incremented. 
The master does NOT acknowledge the byte out
put, but terminates the transfer with a STOP con
dition. 

Random Address Read. A dummy write is per
formed to load the address into the address 
counter, see Figure 9. This is followed by another 
START condition from the master and the byte 
address is repeated with the RW bit set to '1 '. The 
memory acknowledges this and outputs the byte 

VA00793 

addressed. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 

Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad
dress Read. However, in this case the master 
DOES acknowledge the data byte output and the 
memory continues to output the next byte in se
quence. To terminate the stream of bytes, the 
master must NOT acknowledge the last byte out
put, but MUST generate a STOP condition. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automat
ically incremented after each byte output. After a 
count of the last memory address, the address 
counter will 'roll- over' and the memory will continue 
to output data. 

Acknowledge in Read Mode. In all read modes 
the memory waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST14C02C terminate the 
data transfer and switches to a standby state. 

~10~/~12~----------------------- ~ ~~~~~~~~~q~ -----------------------------
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Figure 9. Read Modes Sequence 

CURRENT 
ADDRESS 
READ 

RANDOM 
ADDRESS 
READ 

SEQUENTIAL 
CURRENT 
READ 

SEQUENTIAL 
RANDOM 
READ 

START RW STOP 

ACK ACK ACK NO ACK 

0 1,...,.:-r-sET""TY :s"""T""~L,-,: 11,11 :s~~<A:D9R: 110 I :sEY :s~< 11111 :D:AtA: 9u:r; IIL_O 
- -

START RW START RW STOP 

ACK ACK ACK NO ACK 

n ,.I :..,..sE...--Y :r-Ts~L"'"T"": ,-,111 11 P~T~ ;oy~ j II c~:~~ ~ ~:~J II 9A:T~ P~T: ~ II LD 
START RW STOP 

ACK ACK ACK ACK 

n ,...,.1 ;-r-qET""TY :s"""T""~L,-,: 11,11 :sr~E :Ap9R: II n I : ~Ey f~< 111119A:T~ P~T: < 11 :~:~: 
START RW START RW 

ACK NO ACK 

:~:~J 119~T~ P~T: 01 1 LD 
STOP VA007948 

__________ ~ ~~J©Itl9u~I,~J1---------1-"-1/"'--12 
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ST14C02C 

ORDERING INFORMATION SCHEME 

Example: ST14C02C U 

I 
Delivery Form 

U Micromodule 
on Reel 

W2 Wafer 280[!m 
thickness 

Parts are shipped with the memory content set at all "1 's" (FFh). 

For a list of available options refer to the Selector Guide in this Data Book or to the current Memory Shortform 
catalogue. 

For further information on any aspect of this device, please contact SGS-THOMSON Sales Office nearest 
to you. 

~1V~12~----------------------- ~ ~~@~~:~9~ -----------------------------
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ST16XVZ 

CMOS MCU BASED FAMILY OF SMARTCARDS ICs 

• 8 BIT ARCHITECTURE CPU 

• 2 to 16K BYTES of USER ROM 

• 96 to 1 K BYTES of USER RAM 

• 64 to 64K BYTES of EEPROM 

• SERIAL ACCESS, ISO 7816-3 PIN OUT COM
PATIBLE 

• 5 MHz INTERNAL OPERATING FREQUENCY 

• SINGLE SUPPLY VOLTAGE IN ALL OPERAT
ING MODES (5V ± 10%) 

• POWER ON RESET 

• 1 to 32 BYTES MULTIBYTE EEPROM PRO
GRAMMING CAPABILITY 

• VERY HIGH SECURITY LEVEL 

• CUSTOMER OPTIONS FOR: SECURITY, 
SPEED, INTERRUPT, 1/0 CONFIGURATION 

• HIGHLY RELIABLE CMOS EEPROM TECH
NOLOGY 

DESCRIPTION 

The ST16XY is the generic name of a family of 
serial access devices perfectly suited to smartcard 
applications. Built around an 8 bit CPU core, each 
"family member" includes on chip memories: static 
RAM can range from 96 up to 1024 bytes, from 2K 
to 16K bytes of user ROM and 64 to 64K bytes of 
EEPROM are also user selectable. 

Table 1. ST16XYZ Family Members 

Product RAM 

ST16301 128 bytes 

ST16612 160 bytes 

ST16B22 224 bytes 

ST16623 224 bytes 

ST16F48 288 bytes 

April1993 

ADVANCE DATA 

• 
Wafer 

A large choice of user defined options regarding the 
clock speed, security, the interrupts and the 1/0 
buffer configurations provide the user with extra 
flexibility. 

The SGS-THOMSON Microelectronics ST16XYZ 
family has been especially designed for applica
tions requiring a very high level of security.The 
1 00% compatibility of the ST16XYZ products with 
the ISO standard (serial access, 5 contacts only, 
5V single power supply in all operating modes, 
answer to reset conforming to ISO 7816-3 ... ) 
makes these devices particularly suitable for 
"Smartcard" type applications. 

ROM EEPROM 

3K bytes 1K bytes 

6K bytes 2K bytes 

11K bytes 2K bytes 

6K bytes 3K bytes 

16K bytes 8K bytes 

1/2 
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DESCRIPTION (Cont'd) 

The design of the "on-chip" EEPROM along with a 
very high reliability CMOS process yields typical 
endurance of over 1 OOk Erase/Write cycles and 
data retention greater than 1 0 years. 

In order to develop the software and determine the 
ROM code, the ST16XYZ-EMU development sys-

Figure 2. Block Diagram 

tem is available. The customer can define its prod· 
uct configuration in term of memory sizes and 
options and validate its code. 

Then SGS THOMSON-Microelectronics will proc
ess this product according to customer require
ments. 

SELF TEST 
Vpp GENERATION 

RAM ROM 

8 BIT 
USER EEPROM 

UP TO 1K ROM UP TO 64K BYTES CPU 
BYTES 

UP TO 16K 
ADDRESS AND II CONTROL AND BYTES DATA LATCHES TEST REGISTER 

I I I I I I I I 
INTERNAL BUS 

I I I 

1 1 1 1 
SERIAL I/O's SECURITY I INTERFACE LOGIC 

Vee GND CLK RST 

1/02 1/01 VA00528B 

~21=.2 __________ r== SGS·ntOMSON -----------
.. ""!I ~U©lfl@i<lblli©'iiliD@O!JU©@ 
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ST16F48 
CMOS MCU BASED SAFEGUARDED SMARTCARD IC 

WITH BK EEPROM 

• 8 BIT ARCHITECTURE CPU 

• 16K BYTES of ROM 

• 288 BYTES of RAM 
a 8176 BYTES of EEPROM, SECTORS COMBI

NATIVE: 
- Highly reliable CMOS EEPROM Technology 

- 1 0 Years Data Retention 

- 1 OOk Erase/Write Cycles Endurance 

- Protected one time programmable block 
(32 or 64 bytes) 

- Separate Write and Erase cycle for fast "1" 
programming 

- 1 to 32 bytes block Erase or Write single cy-
cle programming 

• SERIAL ACCESS, ISO 7816-3 COMPATIBLE 

• SINGLE SV ± 10% SUPPLY VOLTAGE 

• IDLE MODE for POWER SAVING 
., 5 MHz INTERNAL OPERATING FREQUENCY 

• VERY HIGH SECURITY FEATURES 

• 6 PINS CONTACT ASSIGNMENT as for 
ISO 7816-2 

• E.S.D. PROTECTION GREATER than 4000V 

DESCRIPTION 

The ST16F48, a member of the standard ST16XYZ 
family devices, is a serial access microcontroller 
especially designed for very large volume and cost 
competitive smartcards applications, where firm
ware security algorythm must be implemented, and 
a large EEPROM memory capacity is required. 

Table 1. Signal Names 

CLK Clock 

RST Reset 

1101 Data Input I Output 

1102 Data Input I Output (Option) 

Vee Supply Voltage 

GND Ground 

April1993 

Wafer 

Figure 1. Logic Diagram 

Vee 

I 

RST -

ST16F48 

eLK-

I 
GND 

Th•s 1s advance mformatJon on a new product now m development or undergomg evaluatton Detatls are subJets to change Without not•ce 

ADVANCE DATA 

-1/01 

-1/02 
(OPTION) 

VA01042 

112 
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ST16F48 

DESCRIPTION (cont'd) 

The ST16F48 is based on an SGS-THOMSON 
8 bit CPU core and includes on-chip memories: 
288 bytes of RAM, 16K bytes of ROM and 8176 
bytes of EEPROM structured in two main sectors 
to be used in different conbinations, as here follow 
described: 

Sector A Sector B 

0 8176 
1024 7152 
2048 6128 
4096 4080 

Figure 2. Block Diagram 

RAM ROM 

8 BIT 288 16K 
BYTES BYTES 

CPU 

I I 11 

It is manufactured using the high reliable 1 Jlm 
CMOS EEPROM technology. 

As all the other ST16XVZ family members, it is fully 
compatible with the ISO standards for smartcards 
applications. 

Software development and firmware (ROM 
code/options) generation can be done with the 
ST16XVZ-EMU development system. 

The ST16F48 can be delivered in 5 or 6 inches 
sawn or unsawn, 280Jlm thickness wafers. 

Vpp GENERATION 

EEPROM 8176 BYTES 

SECTORS COMBINATIVE 

I I I I 
MEMORY ACCESS CONTROL MATRIX 

I I I I l I I I J INTERNAL BUS 

I I I 

l l l l SERIAL I/O's I SECURITY 

J INTERFACE LOGIC 

Vee GND CLK RST 

·- -i I 
I I 
I I 
11/02 I 1/01 
I I VA01043C 
L-- -• 

=2/=-2 ____________ ~ ~~m~~~lj -------------
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ST16601 
CMOS MCU BASED SAFEGUARDED SMARTCARD IC 

WITH 1 K EEPROM 

• 8 BIT ARCHITECTURE CPU 
• 6K BYTES of ROM, SECTORS COMBINATIVE 

• 128 BYTES of RAM 
• 1088 BYTES of EEPROM, SECTORS COMBI

NATIVE: 

- Highly reliable CMOS EEPROM Technology 
- 1 0 Years Data Retention 

- 1 OOk Erase/Write Cycles Endurance 
- Protected one time programmable block 

(32 or 64 bytes) 

- Separate Write and Erase cycle for fast "1" 
programming 

- 1 to 16 bytes block Erase or Write single cy
cle programming 

• SERIAL ACCESS, ISO 7816-3 COMPATIBLE 

• LOW VOLTAGE OPERATION 
- Vee Range: 2.7V to 5.5V 

• POWER SAVING IDLE MODE 
• SMHz INTERNAL OPERATING FREQUENCY 
• VERY HIGH SECURITY FEATURES 
• 6 PINS CONTACT ASSIGNMENT as for 

ISO 7816-2 

• E.S.D. PROTECTION GREATER than SOOOV 

DESCRIPTION 

The ST16601, a member of the standard ST16XYZ 
family devices, is a serial access microcontroller 
especially designed for very large volume and cost 
competitive smartcards applications, where firm
ware security algorythm must be implemented. 

Table 1. Signal Names 

CLK Clock 

RST Reset 

1101 Data Input I Output 

1/02 Data Input I Output (Option) 

Vee Supply Voltage 

GND Ground 

October 1993 
/ 

ADVANCE DATA 

Wafer 

Figure 1. Logic Diagram 

Vee 

I 

RST- I-- 1/01 

ST16601 

CLK- I-- 1/02 
(OPTION) 

G~D 
VA010468 

112 
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ST16601 

DESCRIPTION (cont'd) 

The ST16601 is based on an SGS-THOMSON 8 bit 
CPU core and includes on-chip memories: 128 
bytes of RAM, 6K bytes of ROM and 1088 b.ytes of 
EEPROM. Both ROM and EEPROM memones can 
be configured into two sectors. Access rules from 
any memory section (sector) to any other are set.up 
by User's defined Memory Access Control Matnx. 

Figure 2. Block Diagram 

RAM ROM 

It is manufactured using the high reliable SGS
THOMSON 111m CMOS EEPROM technology. 

As all the other ST16XYZ family members, it is fully 
compatible with the ISO standards for sm~rtcards 
applications. Software devel?pment and f1rmwel:re 
(ROM code/options) generalion can be done w1th 
the ST16XYZ-EMU development system. 

The ST16601 can be delivered in 5 inches sawn or 
unsawn, 180J.lm or 280J.lm thickness wafers. 

I Vpp GENERATION 

6K BYTES EEPROM 1088 BYTES 8 BIT 
SECTORS 128 SECTORS COMBINATIVE CPU BYTES COMB IN. 

SECT SECT. SECTOR SECTOR 
A B A B 

I I ll I I ll 11 
MEMORY ACCESS CONTROL MATRIX 

J I JEWs~s I I I I 

I I I I SERIAL I/O's SECURITY J INTERFACE LOGIC 

:-t -: l 
I I 

Vee GND CLK RST 

I 1/02 I 1/01 t __ _ ! VA010478 

212 ~ SGS·lHOMSON ------------=------------- lt..""JI l':<la~oo©rn~~~©J!u©ij; 
1110 



ST16SF48 
CMOS MCU BASED SAFEGUARDED SMARTCARD IC 

WITH 8K EEPROM 

• 8 BIT ARCHITECTURE CPU 

• 16K BYTES of ROM, SECTORS COMBINATIVE 
• 288 BYTES of RAM 

" 8176 BYTES of EEPROM, SECTORS COMBI
NATIVE 

- Highly reliable CMOS EEPROM Technology 

- 10 Years Data Retention 
- 1 OOk Erase/Write Cycles Endurance 

- Protected one time programmable block 
(32 or 64 bytes) 

- Separate Write and Erase cycle for fast "1" 
programming 

- 1 to 32 bytes block Erase or Write single cy
cle programming 

" SERIAL ACCESS, ISO 7816-3 COMPATIBLE 
• LOW VOLTAGE OPERATION 

- Vee Range: 2.7V to 5.5V 

• IDLE MODE for POWER SAVING 
a 5 MHz INTERNAL OPERATING FREQUENCY 
• VERY HIGH SECURITY FEATURES 
• 6 PINS CONTACT ASSIGNMENT as for 

ISO 7816-2 
• E.S.D. PROTECTION GREATER than 5000V 

DESCRIPTION 

The ST16SF48, a member of the standard 
ST16XYZ family devices, is a serial access micro
controller especially designed for very large volume 
and cost competitive smartcards applications, 
where firmware security algorythm must be imple-

Table 1. Signal Names 

CLK Clock 

RST Reset 

1101 Data Input I Output 

1102 Data Input I Output (Option) 

Vee Supply Voltage 

GND Ground 

April1993 

ADVANCE DATA 

Wafer 

Figure 1. Logic Diagram 

Vee 

I 

RST- 1-- 1/01 

ST16SF48 

eLK- 1-- 1/02 
(OPTION) 

G~D 
VA01157 

112 
ThiS IS advance mlormalton on a new product now m development or undergomg eva!uat1on Deta1ls are subjels to change Without not1ce 

1111 



ST16SF48 

DESCRIPTION (cont'd) 

mented, and a large EEPROM memory capacity is 
required. 

The ST16SF48 is based on an SGS-THOMSON 
8 bit CPU core and includes on-chip memories: 
288 bytes of RAM, 16K bytes of ROM and 8176 
bytes of EEPROM. 

Both ROM and EEPROM memories can be config
ured into two sectors. Access rules from any mem
ory section (sector) to any other are setup by User's 
defined Memory Access Control Matrix. 

Figure 2. Block Diagram 

RAM ROM 

It is manufactured using the high reliable SGS
THOMSON 111m CMOS EEPROM technology. 

As all the other ST16XYZ family members, it is fully 
compatible with the ISO standards for smartcards 
applications. 

Software development and firmware (ROM 
code/options) generation can be done with the 
ST16XYZ-EMU development system. 

The ST16SF48 can be delivered in 5 or 6 inches 
sawn or unsawn, 180!lm or 280!lm thickness wa
fers. 

Vpp GENERATION 

16K BYTES 
EEPROM 8176 BYTES 8 BIT 

288 SECTORS 
SECTORS COMBINATIVE CPU 

BYTES COM BIN. 

SECT. SECT. SECTOR SECTOR 
A B A B 

I I I I I I I I I I 
MEMORY ACCESS CONTROL MATRIX 

I I 
JJJBls 

I I I I 
I I • I I I SERIAL I/O's SECURITY I I 

INTERFACE LOGIC 

I Vee GND CLK RST 

i- -, 
I I 
I I 

I 1/02 I 1/01 t __ _ ! VA01158 

=2/=2__________________________ ~ ~~@~~~~~ -----------------------------
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ST16CF54 
CMOS MCU BASED SAFEGUARDED SMARTCARD IC 

WITH MODULAR ARITHMETIC PROCESSOR 

• 8 BIT ARCHITECTURE CPU 

• 16K BYTES of ROM, SECTORS COMBINATIVE 
• 352 BYTES of RAM 

,. 4K BYTES of EEPROM, SECTORS COMBINA
TIVE: 

- Highly reliable CMOS EEPROM Technology 

- 1 0 Years Data Retention 

- 1 OOk Erase/Write Cycles Endurance 

- Protected one time programmable block 
(32 or 64 bytes) 

- Separate Write and Erase cycle for fast "1" 
programming 

- 1 to 32 bytes block Erase or Write single cy
cle programming 

"' MODULAR ARITHMETIC PROCESSOR 

- Fast modulo N multiplication, squaring and 
calculation of MONTGOMERY constants. 

- Software selectable operand length 
(256/512 bit) 

- Double operand operation (1024 bit) 

• SERIAL ACCESS, ISO 7816-3 COMPATIBLE 
• SINGLE 5V ± 10% SUPPLY VOLTAGE 

" POWER SAVING IDLE MODE 
• 5 MHz INTERNAL OPERATING FREQUENCY 

• VERY HIGH SECURITY FEATURES 

• 6 PINS CONTACT ASSIGNMENT as for 
ISO 7816-2 

• E.S.D. PROTECTION GREATER than 5000V 

Table 1. Signal Names 

CLI< Clock 

RST Reset 

1101 Data Input I Output 

1102 Data Input I Output (Option) 

Vee Supply Voltage 

GND Ground 

October 1993 

ADVANCE DATA 

Wafer 

• FAST CRYPTATION PROCESSING 

- 66ms RSA Signature 

- 1 OOms DSS Signature 

- 200ms DSS Authentification 

Figure 1. Logic Diagram 

Vee 

I 

RST- - 1/01 

ST16eF54 

eLK - - 1/02 
(OPTION) 

I 
GND 

VA01159 

112 
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ST16CF54 

DESCRIPTION 

The ST16CF54, a member of the ST16XYZ family 
devices, is a serial access microcontroller espe
cially designed for very large volume and cost 
competitive smartcards applications, where high 
performance Public Key Algorithms will be imple
mented, to cut down initiallization and communica
tion costs and to increase security. 

Its internal Modular Arithmetic Processor is de
signed to speed up cryptographic calculations us
ing Public Key Algorithms. It processes modular 
multiplications and squaring on 256/512 bit oper
ands or a double operand of 1024 bits. The 
ST16CF54 is based on an SGS-THOMSON 8 bit 
CPU core including on-chip memories: 352 bytes 
of RAM, 16K bytes of ROM and 4K of EEPROM. 

Figure 2. Block Diagram 

RAM ROM 

Both ROM and EEPROM memories can be config
ured into two sectors. Access rules from any mem
ory section (sector) to any other are setup by User's 
defined Memory Access Control Matrix. 

It is manufactured using the high reliable SGS
THOMSON 111m CMOS EEPROM technology. 

As all the other ST16XYZ family members, it is fully 
compatible with the ISO standards for smartcards 
applications. 

Software development and firmware (ROM 
code/options) generation can be done with the 
ST16XYZ-EMU development system. 

The ST16CF54 can be delivered in 5 inches sawn 
or unsawn, 1801lm or 2801lm thickness wafers. 

Vpp GENERATION 

16K BYTES EEPROM 4K BYTES 8 BIT 
352 SECTORS SECTORS COMBINATIVE 

CPU BYTES COM BIN 

SECT. SECT. SECTOR SECTOR 
A B A B 

I I I I I I I I I 
MEMORY ACCESS CONTROL MATRIX 

I I JEWs~s I II 
I I I I I I 

l l l l SERIAL I/O's I DATA I CONTROL I SECURITY 
INTERFACE REGISTER REGISTER LOGIC 

I I I I WITH 
RANDOM Vee GND CLK RST ,- -i 

I I 
NUMBER 

I I 256/512 BIT MAP GENERATOR 
I I 
I 1/02 I 1/01 t __ -~ VA01160 

=21=-2------------ !V ~itm~~l£~14 --------------
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ST16xF74 

CMOS CRYPTO-COMPUTER FAMILY 

• 8 BIT ARCHITECTURE CPU 
• 20K BYTES of ROM 
• 608 BYTES oF RAM 
• 4K BYTES of EEPROM SECTORS COMBINA

TIVE: 
- Highly reliable CMOS EEPROM Technology 
- 10 Years Data Retention 

- 1 OOK Erase/Write Cycles Endurance 
- Protected one time programmable block 

(32 or 64 bytes) 
- Separate Write and Erase cycle for fast "1" 

programming 
- 1 to 32 bytes block Erase or Write single cy

cle programming 
• SINGLE 5V ± 10% SUPPLY VOLTAGE 
• SOPHISTICATED HIGH SECURITY FEA

TURES 
• PROGRAMMABLE 8 BIT PARALLEL HOST 

BUS INTERFACE 
a FIVE 1/0 PORTS 

- Two 8 bit ports 
- One 4 bit port 
- Two serial ports 

• MODULAR ARITHMETIC PROCESSOR 
- Fast modulo N addition, subtraction, multipli

cation, exponentiation and calculation of 
MONTGOMERY constants 

- Software selectable operand length 
(256/512 bit) 

- Double operand operation (1 024 bit) 
• REAL RANDOM NUMBER GENERATOR 

(can generate secret keys on board) 
• OPTIONAL DES ACCELERATOR 

Product Variance 

ST16KF74 All features 

ADVANCE DATA 

PQFP64 

• 64 PIN PQFP PACKAGE 
• 512 BIT RSA SIGNATURES with 5MHz EXTER

NAL CLOCK in 17ms 

DESCRIPTION 

The ST16xF74 is a family of safeguarded 8 bit 
MCU, especially designed for large volume and 
cost competitive smartcard terminals applications 
where high performance Public Key Algorithm are 
implemented, and Secret Keys are generated on 
board. 

Its internal Modular Arithmetic Processor is de
signed to speed up cryptographic calculation using 
Public Key Algorithms. It can process modular ad
dition, subtraction and exponentiation on 256/512 
bit operands or 1024 bit double operand. 

The optional DES Accelerator speeds up the nec
essary permutation specified by the NIST DEA 
standards. 

The ST16xF74 is based on the SGS-THOMSON 
ST16XYZ family of 8 bit MCU. 

ST16LF74 All features except DES accelerator 

ST16MF74 All features except parallel 1/0 ports 

ST16NF74 All features except DES accelerator and parallel I/O ports 

October 1993 1/2 

Th1s IS advance mfonnat•on on a new product now 1n development or undergo1ng evaluation. Deta1ls are sub)ets to change Without not1ce 
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ST16xF74 

DESCRIPTION (cont'd) 

On-chip memories include: 608 bytes of RAM, 16K 
bytes of ROM and 4K bytes of EEPROM. The 
EEPROM can be configured into any of the follow
ing sector conbinations: 

Sector A Sector B 

0 4096 
512 3584 
1024 3072 
2048 2048 

Figure 1. Block Diagram 

OPTIONAL DES HARDWARE 
ACCELLERATOR 

USER ROM 
20K BYTES 

USER RAM 
608 BYTES 

It is manufactured using the high reliable SGS
THOMSON 111m CMOS EEPROM technology. 

Software development and firmware (ROM 
code/options) generation can be done with the 
SGS-THOMSON ST16XYZ-EMU development 
system. 
The ST16xF74 can be delivered in 64 pin PQFP. 

PORT C PBO 
PA1 PA2 PA3 PA4 PAS PA6 PA7 PCO PC1 PC2 PC3 P87 P86 PBS PB2 PB1 

BONDING OPTION BONDING OPTION BONDING OPTION 

VA01050C 

2/2 ~ SGS·THOMSON ___________ _ :::..:::.._ _____________ A.""'f§ J1YJ~©rnli!l~~[lt'ii'L~i!ll'll1!1ii\l 
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ST16XYZ-EMU 
DEVELOPMENT SYSTEM 

FOR ST16XYZ, MCU BASED SMARTCARD IC FAMILY 

HARDWARE 
• Supports the whole ST16XYZ Smartcard IC fam

ily including low voltage range products 
• Support of all ST16XYZ mask options and mem-

ory sizes 
,. Real time emulation 

• 64K bytes of emulation memory 

• Up to 16 breakpoints 
• Tracing of 32 bits including 4 external lines 
• Trace triggering events defined with up to 32 bits 
• 3 triggering events with associated counters 
• 2 synchronization outputs 
• Emulation with external or internal clock 

SOFTWARE 
• Window based interfaces and menus 
• Assembler-linker 

• Macro call and conditional assembly 
" Relocatable or absolute output files 

July 1993 

GENERAL DESCRIPTION 

The ST16XYZ-EMU is an advanced real time de
velopment system designed and configured to pro
vide comprehensive support for the ST16XYZ 
products, a family of MCU based Smartcard IC 
products. This one box system contains the CPU 
part emulating the ST16XYZ CPU core, and the 
Memory part emulating all security logic and se
cure memory, which may be implemented inside 
any ST16XYZ device. 

The software provided enables the hardware to be 
driven by any PC compatible host computer 
through 2 serial ports. 

CPU EMULATION 

The source software can be prepared in a modular 
fashion to enable good testability and fast debug
ging. It can be written using any word processing 
package and then assembled and linked by the 
assembler-linker. Assembly directives and macro 
functions are available. 

1/3 
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ST16XYZ-EMU 

Figure 1. ST16XYZ-EMU System Configuration 

~ 
L::_j 

COM2 

r-------------------,7~---- --------, 

: ~----~----~ I 
I 
I 
I 
I 

CARD 
READER 

I 

CPU 

EMULATION 

MEMORY & 

SECURITY 

EMULATION 

l----------------------------------J CARD 
ST16XYZ-EMU 

CPU EMULATION (cont'd) 

Hardware and software breakpoints allow the user 
to stop the MCU whenever the application ROM 
code execution reaches selected addresses, ad
dresses within a selected range, or on data fetch 
cycles. The user is then able to read and modify 
any register or memory location within the simu
lated memory, inspect trace or place other break
points or triggers. 

The logic analyser can be used when real time 
emulation is needed. It allows the recording of 32 
bits words, including address bus, data bus, control 
bits and 4 external signals. Up to 1024 states per 
bit can be stored into the 32 Kbyte emulation 
memory. 

Using the powerful triggering conditions of the logic 
analyser, it is possible to only record cycles which 
are of interest to the user. Events are defined as a 
pattern of up to 32 bits occurring up to 64,000 times. 
The acquisition mode can be defined by up to 3 
events. The following examples show the powerful 
capabilities of this logic analyser: 

VA005428 

- Records status of all specified bits until 'N' oc
currences of event 1. 

- Records 'N' cycles within a specified address 
range. 

- Records status of all specified bits until 'N' oc
currences of event 1, then records 'M' cycles 
within a range and finally, records everything 
until 'P' cycles after event 3. 

Such a powerful tool enables the user to detect and 
trap any pattern and thus quickly debug the appli
cation. The trapping of random patterns is greatly 
improved by the capability to temporarily quit the 
emulation session while the emulator continues to 
run the application software. The whole memory of 
the PC is then available for any use, while the trace 
function continues to track defined events. 

MEMORY EMULATION 

The Memory part of the ST16XYZ-EMU emulates 
the ROM, RAM and EEPROM memories, the se
curity logic of the family of devices, and support the 
mask options simulation for the ST16XYZ family. 

213 ~ SGS-1HOMSON =----------------- 6.'11 liJJDW©:i1:[ill;~@IIJI~ --------------
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Memories 

ST16XVZ-EMU is configured with the help of a 
window menu allowing the user to define the size 
of each block of the emulated memory: ROM, RAM 
and EEPROM. A control of each memory block 
accesses is automatically performed by the Mem
ory part when running the ROM code (real time 
emulation), any access out of a defined memory 
block is signalled on the screen of the host com
puter. 

The· EEPROM programming time is monitored by 
an internal time base and a warning is given to the 
user if a programming delay is shorter than the 
specified value. This value is set by default to 
nominal 3ms, and can be adjusted by the user to 
any value up to 1 OOms. 

ORDERING INFORMATION 

Part Number 

ST16XVZ-EMU 

Security 

The ST16XYZ-EMU front panel displays the status 
of the security detectors as well as the status of the 
chip external ISO 7816-3 compatible signals (Vee, 
RST, CLK, 1/0). 

CARD READER 

A card reader can be connected to the host com
puter through either serial or parallel link. The 
ST16XVZ-EMU command interpreter directs each 
command either towards the CPU or Memory part 
of the ST16XVZ-EMU, or the card reader. This 
enables the development loop to be closed, and 
complete applications to be emulated on one single 
host computer. 

Description 

ST16XYZ-EMU Development system for ST16XYZ, MCU based Smartcard IC's family 

Note: The ST16XVZ-EMU is delivered w~h all necessary software for use on a PC or compatible host computer. Software IS delivered on 
1 2M density, 51/4 inch floppy disks. 

-------------~ ~fJi©n&gmiO!~dl ____________ _::::31:.::::3 
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APPLICATION NOTE 

REPLACING EEPROM WITH ZEROPOWER 

Currently there are two approaches for implement
ing non-volatile memory that can be electrically 
altered within the system. The first is EEPROM 
(electrically erasable programmable read only 
memory). The second is battery backed-up RAM. 
Many misconceptions about battery backed-up 
RAMs have swayed system designers away from 
this technology into using EEPROMs with lower 
performance specifications. AIIJs not lost however, 
the ZEROPOWER™ technology developed by 
SGS THOMSON Microelectronics provides a to
tally integrated approach to battery backed-up 
RAMs, which in most cases can provide direct 
replacement of EEPROMs with an added advant
age of upgrading system performance. 

First let's clear the air about the misconceptions 
concerning battery backed-up RAM. The integra
tion of a long life lithium cell and the low standby 
current of CMOS RAMs have made possible data 
retention times that typically extend beyond ten 
years. Periodic replacement of batteries or battery 

Figure 1. ZSO Timing 

charging circuits are no longer necessary. Power 
fail detection and switching circuitry can be inte
grated into the same package along with RAM and 
a small button lithium cell making a complete bat
tery backed-up system that fits into the same 
socket as conventional RAM. This system in a DIP 
(dual in-line package) has been invented and 
trademarked as ZEROPOWER technology by 
SGS-THOMSON. Extensive reliability studies of 
the ZEROPOWER technology have been under
taken at SGS-THOMSON which demonstrate a 
highly reliable approach to non-volatile memory. 

Because microprocessors are designed to inter
face to RAMs, a ZEROPOWER RAM provides the 
ideal replacement for conventional RAM. Figure 1 
shows a typical output timing and interface of an 8 
bit microprocessor (Z80). RAM interface can be 
maQ_e by decoding_M_REQ_ and address information 
!Qr E, connecting RD to G, and connecting WR to 
R. 

A 15 I--------;;---
A14 I-- E 
A13 I-- c 
A12 I-- 0 

A11 I--
0 

!--E 
MREO 1-< 

E 

A10 A10 
A9 A9 
AS AS 
A7 A7 
AS AS 
AS A5 
A4 A4 
A3 A3 R 

c A2 A2 A p 
A1 A1 M u 
AO AO 
liD G 

WR w 
ooo 000 
001 001 
002 002 
003 003 
004 004 
005 005 
006 006 
007 007 

WAIT ~- -~~~~~ -:r -_-_-_-_-_-_- _-_-_-_-_-_ 7-,q~~~~~~ ~~~ 
VR001312 

AN206/0291 1/4 
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AN206 

EEPROMs, on the other hand, require some mod
ification to the write cycle. This modification can be 
as simple as adding wait cycles until a write to the 
EEPROM is completed. In this case direct replace
ment with a ZEROPOWER RAM is possible. The 
wait cycles can be left in or eliminated to improve 
performance. 

Some early versions of EEPROMs (2816 without 
any suffix), however, require a 21 volt VPP signal. 
This type of EEPROM is programmed the same 
way conventional EPROMS are programmed. The 
only difference being that both "ones" and "zeros" 
can be programmed not just "zeros". Figure 2 
shows how complicated interface to this type of 
EEPROM can be. Replacement with a 
ZERO POWER RAM can be accomplished by elimi
nating almost all of the external circuitry. In the 
example shown in Figure 2 only the inverter E is 

Figure 2. 2816 Interface 

DO 
8 

01 
02 
03 
04 
05 
06 
07 

11 
AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

A10 

CRTIFM 

ROY 

RO ~ 

~~ 17 B 

OE CTRL sv 17 

required for interface to a ZERO POWER RAM. For 
interfacejo a ZEROPOWER RAM tl}g outpu.LQ! 
inverter E should be connected to G, and WR 
should be connected directly to W on the 
ZEROPOWER RAM. 

In contrast, current technology EEPROMs are 5 volts 
only. There are two popular types of EEPROMs 
in production today. The are referred to as latched 
and timer EEPROMs. Latched EEPROMs latch 
both data and address on the falling (beginning) 
edge of the write pulse. Although addresses and data 
are allowed to change before the completion 
of a write cycle, write enable must be held active 
for the complete write cycle. Figure 3 shows 
latched EEPROM write timing. Timer EEPROMs, 
however, latch addresses on the falling edge of the 
write pulse and data on the rising edge. Figure 4 
shows timer EEPROM write cycle timing. 
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Figure 3. Latched EEPROM Write Cycle 
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Figure 4. Timer EEPROM Write Cycle 
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Latched EEPROMs are interfaced in the system 
two ways. One, by latching the WE pulse until 
completion of the write cycle. Two by implementing 
multiple wait states to complete the write. Repla
cin~ched EEPROM can be done by eliminating 
the WE latch, allowing the write cycle to follow the 
microprocessor. Multiple wait states will have no 
effect on the ZEROPOWER RAM, however for 
system efficiency they should be eliminated. 

Timer EEPROMs are the most popular EEPROMs 
in use today because their write cycle timing is 
compatible with microprocessors that have cycle 
times in the 200 to 500 nanosecond range. The 
initialization of a timer EEPROM write cycle can be 
completed in the normal cycle time of the micropro
cessor and the EEPROM completes the write cycle 
independent of the system. Some timer EEPROMs 
will even allow multiple successsive writes (in page 
mode) before completion of the first write. 
ZEROPOWER RAMs are directly replaceable for 
timer EEPROMs in this application and have the 
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advantage of even faster cycle times with no page 
mode restrictions. Timer EEPROMs, however, can 
also allow data and address changes during the 
write cycle. These data and address changes are 
not permited on conventional RAM and therefore 
in this application, data and address must be exter
nally latched before replacement with ZERO
POWER RAM can be done. The later case is not 
industry standard for memories, and many 
systems with multiplexed address/data already 
have- address and data latches for this reason. 

Note: 
Many EEPROMs require output enable to be high 
during the write cycle. With RAMs output enable is 
a "don't case" during write. In the very unlikely 
event that output enable should be used to gate the 
write cycle, a change in the circuit needs to be 
implemented before ZEROPOWER RAM can be 
used as a replacement. 



The MK48Z02 serves many varied applications. It 
provides the ease of access for both reads and 
writes that conventional RAMs offer, as well as 
nonvolatile memory that is associated with read 
only memories. Because of this nonvolatile charac
teristic, the MK48Z02 is often utilized as a medium 
for storage of alterable program code (firmware) as 
well as parametric data. 

This type of data is usually generated on a software 
development system and then loaded into memory 
prior to installation of the device into the final prod
uct. Most software development systems provide 
the means of downloading code either directly into 
an EPROM device or provide a port for transferring 
this code to an external PROM programmer. The 
MK48Z02 will of course not work in an EPROM 
programming circuit because of the high voltages 
requires for EPROM write cycles. 

Figure 1 shows an inexpensive circuit, however, 
that can be used for transferring code from an 
EPROM (master) to an MK48Z02 (copy). (If data 
already exists in an MK48Z02 it also can be used 
as the master, because read cycles of the 
MK48Z02 and EPROM devices are similar). This 
circuit uses an oscillator and counter to step 
through all address locations in a binary sequence. 
The first phase of the clock (positive cycle) gener
ates the write pulse. The second phase of the clock 
(negative edge) is used to clock the counter circuit 
to the next address. Once all addresses have been 
accessed, the next cycle will set a latch that resets 
the circuit and lights a finished light. Pushing the 
start button resets the latch and starts the se
quence from the beginning. A switch going to Vee 
on the master and copy sockets is provided so that 
Vee can be removed when inserting or removing 
devices to insure maximum data security. Remov
ing Vee from the MK48Z02 will deselect the device 
making all other inputs don't care, therefore inter
mittent contact to the socket when inserting or 
removing devices will not generate spurious write 
cycles. 

Verification of data should not be a significant issue 
because the MK48Z02 does not suffer from pro
gramming yield problems like EPROM devices do. 

AN207/0291 

APPLICATION NOTE 

PROGRAMMING THE MK48Z02 

However, if a device is suspected of having faulty 
code, verification can be accomplished on the 
EPROM programmer IN THE VERIFICATION 
MODE ONLY (caution :check with the manufac
turer of the programmer to make sure no high 
voltages are applied to the device in the verify only 
mode). 

There is no limit to the number of times the 
MK48Z02 can be programmed, and the MK48Z02 
does not need to be erased before it can be pro
grammed. 

MK48Z02 Inexpensive Programmer 

• Power Supply 
-12V, 500mA 
- sleeve negative, tip positive input. 

• Fuse : 1 A, 250V. 

• LED Busy indicator. 
• Copy time under 5 seconds. 

• Test sockets for easy insertion and extraction. 

Operation 

1. Plug the AC or DC adapter into the coaxial power 
input, making sure that the polarity is correct, 
and plug in the power supply. 

2. Make sure that the power switch is in the OFF 
position before inserting the chips. 

3. Raise the levers on the test sockets, and insert 
both chips with the indicator dots on the same 
side as the levers. 
Securely clamp the levers down all the way. 

4. Switch the power ON. 

5. Depress and release the start button. The busy 
light will stay lit for about 4 seconds as the chip 
is being copied. 

6. When the light has turned off, switch the power 
off before releasing the levers on the test sock
ets and removing the chips. 

7. Store the chips in anti-static foam. 
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Troubleshooting 

If the MK48Z02 Programmer is not functioning 
properly, take the following steps : 

Check the fuse and replace if blown. 

Make sure the polarity on the power supply is 

Figure 1. Inexpensive MK4BZ02 Programmer 
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correct. (sleeve negative, tip positive). 

Follow the operating instructions through step by 
step. 

Remove the bottom of device and make sure all 
chips are securely in their sockets. 

START 
1Ck!l. ..I.. 



APPLICATION NOTE 

POWER FAIL INTERRUPT OF THE MK48Z09/19 

A frequent dilemma faced by system designers is 
how to handle a power failure. Because power fail 
sensing components add real estate and cost to 
the system, some designers choose not to imple
ment a power fail routine, allowing ''the chips to fall 
where they may". This approach is frequently ra
tionalized given the in-frequency of power failures 
and the industry drive to minimize circuit board 
space. It does not however represent an ideal 
solution. Other designers have gone to great ex
pense to design a power fail sensing circuit only to 
find it difficult to control voltage trip points and 
experience timing requirements that are hard to 
predict. 
The MK48Z09/19 provides a solution to the power 
fail dilemma. While occupying no more board area 
than conventional memories of the same density, 
the MK48Z09/19 also offers a power fail interrupt 
output pin along with nonvolatile memory. Because 
the voltage trip point of the interrupt signal on the 
MK48Z09/19 is temperature compensated, the 
user can be assured that its operation remains 

Figure 1. Suggested MK48Z09/19 Hook Up 
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within specifications over the entire temperature 
range. The MK48Z09/19 also provides predictable 
timing. The amount of time between an interrupt 
low and a power fail write protect condition is a 
function of an internal oscillator within the 
MK48Z09!19 and therefore is independent of what 
may be happening at the system level. The only 
restriction imposed on the user is that a minimum 
Vee fall time not be exceeded. The minimum Vee 
fall time is, however, easily within the normal Vee 
fall time characteristics of most applications. 

The power fail interrupt pin of the MK48Z09/19 is 
open drain and can be easily implemented by 
connecting the interrupt signal to a non maskable 
interrupt input on the microprocessor used, thus 
initializing a short power fail routine. Because the 
MK48Z09/19 is battery backed up, the power fail 
routine can store important data and parameters. 
Sign off to data communication links and notifica
tion of a local power failure to supervisory systems 
are also applications made possible to the local 
controller through the use of the power fail interrupt. 

INT 

-w 

AO-A12 

DO-D7 

MK48Z09/19 VR001317 
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POWER FAIL CONDITIONS 

The MK48Z09/19 continuously monitors Vee. 
When Vee falls to the power fail detect trip point of 
the MK48Z09/19 an interrupt is immediately gen
erated. An internal clock provides a delay no less 
than 1 OJ.ls but no greater than 40J.lS before auto
matically deselecting the MK48Z09/19. 

With Vee allowed to fall at its maximum rate from 
4.75V to 4.5V in 300JlS (833V/sec), a delta voltage 
between when a power fail is detected and the 
device is deselected will be established. Because 
the maximum Vee fall rate and maximum delay 
between power fail detect and deselection are 
given values, this delta voltage can be easily cal
culated 40JlS * 833/V ~ 48mV). Therefore final 
testing ofthe MK48Z09/19 at SGS-THOMSON can 
assure the user that the device will be deselected 
no lower than the specified Power-Fail Deselect 
(VPFD min) level, provided that the maximum Vee 
fall rate is not exceeded. 

With Vee fall times that stretch over a long period 
of time, the voltage at which an interrupt is gener
ated and the voltage at which the MK48Z09/19 

Figure 2. Write Protect Application of E2 Input 

Vee 
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RESET 

MPU 

Notes: 

automatically deselects will approach the same 
value. Once again final testing at SGS-THOMSON 
can assure the user that a power fail detect or 
deselection will occur no higher than the specified 
Power-Fail Deselect (VPFD max) level. 

POWER UP CONDITIONS 

The MK48Z09/19, like most NVRAMs, provides 
automatic write protection under low voltage con
ditions. Unfortunately, many processors generate 
spurious cycles during power up, despite Vee being 
within spec. Some processors even continue to 
behave erratically though their reset pin is being 
held low, until the system clock has had time to 
wake up and produce sufficient cycles to clear the 
processor. The MK48Z09/19 makes it easy to com
bat this problem by providing an active high E2 
input (chip select). This input when tied to the reset 
line will lock out the MK48Z09/19 during the power 
on reset time, protecting the data in memory from 
being inadvertently over written with erroneous 
data. Figure 2 illustrates a simple power up reset 
scheme. 

1 
E2 

I 
MK48Z09/19 VR001318 

1. Although trip points are tested by holding Vee to given DC levels, the device is by no means in a static state. Address, data lines, and control 
lines are all toggling. A series of complex patterns are input to the device to ensure that worst case noise conditions generated within the 
MK48Z09/19 will not affect trip point performance. 

2. With even the slowest MK48Z09/19, the 250ns device, and the minimum IOflS advanced warning of a deselect condition, there is enough 
time for 40 memory cycles to take place. The amount of MPU cycles that can take place will of course vary according to the processor used 
and programming techniques. 

3. The MK48Z09!19 can provide an inherent safe guard against a "Brown Out" condition i.e. Vee that droops or slowly fades below spec. or 
operational limits and then comes back up. Applications requiring the interrupt pin to remain low until a completion of a sequence of events 
(within IOflS), can relay on the MK48Z09!19 not to interrupt the sequence should power unexpectedly return. Once a power failure is 
detected and the interrupt pin goes low, the interrupt pin Will remain low for the fuiiiOflS to 40flS period and the device will be accessible 
during this time. Therefore the power fail interrupt application can not be aborted mid cycle. After the interrupt time period the interrupt pin 
will go high, should Vee rise in the interim, allowing normal operation to resume. The MK48Z09!19, however, waits for a minimum of 30f1S 
to a maximum of 120J.LS from the time interrupt goes high until another P.ower fail can be selected. (Should Vee remain at a level very close 
to the trip point for an extended period of time, a number of power failures could be detected due to noise on the Vee line. Interrupt will 
always follow the above timing however). 
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APPLICATION NOTE 

TIMEKEEPER CALIBRATION OF THE MK48T02 

The term "quartz accurate" has become a familiar 
phrase used to describe the accuracy of many time 
keeping functions. Although quartz oscillators pro
vide an accuracy far superior to other conventional 
oscillator designs they are, however, not perfect. 
Quartz crystals are sensitive to temperature varia
tions. Figure 1 shows the relationship between 
temperature and accuracy of the 32. 768khz crystal 
oscillator used on the MK48T02 TIMEKEEPER™. 
Variations in resonant frequency from one crystal 
to the next also exist, although these variations 
typically do not exceed 20ppm (approx. 1 min. per 
month). 

Clocks used in applications requiring a greater 
accuracy of 1 min. per month or have an ambient 
temperature that is not centered around room tem
perature (25°C) will need a means of calibration. 

Typically, most crystal oscillators are calibrated by 
adjusting the load capacitance of the oscillator. This 
method, while effective, has several disadvantages. 

1. It requires external components. 

2. It requires the use of test equipment (fre- qu
ency counter). 

3. It can increase oscillator current (an important 
factor in battery backed-up applications). 

At SGS-THOMSON Microelectronics, we believe 
these disadvantages are unacceptable. The 
MK48T02 calibrates its clock by adding or subtract
ing pulses from the clock chain in a predictable 
manner (periodic counter correction). This method 
can be employed under software control eliminat
ing the disadvantages of the previously stated 
method and making it end user friendly. 

Figure 1. Typical MK48T02 Oscillator Frequency vs. Temp. 
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TWO METHODS FOR CALCULATING CALI
BRATION 
There are two methods for establishing how much 
calibration will be required in a given application. 
The first method can be easily implemented in the 
user environment allowing the average ambient 
temperature be taken into consideration. The other 
method provides a fast means of calibration at the 
OEM site. 

Empirical In System Method 
This method involves setting the clock to a known 
standard and then comparing at a fixed time later. 
The longer the time period the greater the accu
racy. When setting the clock, all counters in the 
32.768khz to 1 second divider chain start from zero 
as soon as the write bit is released. Therefore, it is 
possible to set the clock to the standard within the 
response time of the system. 

How to calculate the amount of calibration 
necessary. 
N = number of seconds in the time period 

T = number of seconds elapsed on the MK48T02 

X= error in parts per million 

X = (T-N)/N • 1 E6 

Notes: 

1. Setting the sign bit does not indicate a ones complement 
number. Setting the sign bit speeds up the clock. 

2. Each bit in the calibration bits represents a change of 2.034 parts 
per million. 

3. Depending upon when the MK48T02 is read with respect to an 
update a one second error can occur. Make sure the time 
period for calculations is long enough so that this error beco
mes negligible. 

Frequency Test Method 
This method is best suited for use at incoming 
inspection on a sophisticated tester or on a bench 
set up. It is not practical for in system use unless a 
means for latching address and control lines can 
be implemented because the device must be held 
in a read state for and indefinite period of time. 
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Procedure for frequency test method. 
1 . set write bit. 

2. set FT bit (006 for day register). 

3. reset write bit. 

4. set address to seconds register and control lines 
for a device read. 

5. measure 512hz frequency at DQO. 

6. set write bit. 

7. reset FT bit. 

B. set correct time and calculated calibration. 

9. reset write bit. 

Notes: 

1. Instruments for measuring frequency should be accurate to 
1 ppm for reasonable results. 

2. Error in ppm~ (frequency measured-512)/512 * 1 E6. 

3. Failure to reset the FT bit will result in gross timekeeping errors. 

TIMEKEEPER CONTROL REGISTER 
The control register of the MK48T02 serves three 
separate functions, all within the same byte of data. 
It allows the user to write time (write bit), read time 
(read bit) and calibrate the clock. When writing or 
reading the clock care should be taken not to 
disturb the calibration data. 

When setting the write bit, data contained in the 
calibration bits will be entered into the calibration 
circuitry. Care should be taken to ensure this cali
bration data to be valid. 

When setting the read bit, data contained in the 
calibration bits will be entered into memory only. 
This may seem harmless, however, it should be 
noted that the calibration data is not refreshed with 
a clock update. Therefore any record of valid cali
bration data will be lost if valid calibration data is 
not included with the read bit. This is important 
because valid calibration data is needed when 
setting the write bit. 



Procedure For Setting And Resetting The Read And Write Bits 

Set Write bit. 

1. Read contents of Control Register. 

2. Logical OR contents with the number 128. 

3. Load results into Control Register. 

Reset Write Bit. 

1 . Read contents of Control Register. 

2. Logical AND contents with the number 127. 

3. Load results into Control Register. 

Set Read Bit. 

1. Read contents of Control Register. 

2. Logical OR contents with the number 64. 

3. Load results into Control Register. 

Reset Read Bit. 

1 . Read contents of Control Register. 

2. Logical AND contents with the number 191. 

3. Load results into Control Register. 

Example BASIC program. 

10 REM CONTROL REGISTER LOCATION 

20 A= 2040 

30 REM SET WRITE BIT 

40 POKE A, PEEK (A) OR 128 

50 REM RESET WRITE BIT 

60 POKE A, PEEK (A) AND 127 

70 REM SET READ BIT 

80 POKE A, PEEK (A) OR 64 
90 REM RESET READ BIT 

100 POKE A, PEEK (A) AND 191 

AN210 

ooxxxxxx 
OR 10000000 

10XXXXXX 

10XXXXXX 
AND 01111111 

ooxxxxxx 

ooxxxxxx 
OR 01000000 

01XXXXXX 

01XXXXXX 
AND 10111111 

ooxxxxxx 
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APPLICATION NOTE 

MEMORY MAPPED 
TIMEKEEPER REGISTERS OF THE MK48T02 

Although software is usually thought of as 
being flexible, there can be applications where 
the memory management of the system de
fines how the memory will be utilized. Because 
the TIMEKEEPER™ registers of the MK48T02 
reside within a predetermined position within 
the memory map, this may present a problem 
in these applications. Fortunately there are 
easy solutions to this problem. 

There are several options possible for moving the 
location of the TIMEKEEPER registers within mem
ory. The first option involves inverting one, all, or 
any combination of the eight most significant ad
dress lines of the MK48T02. Figure 1 shows an 
example of how inverting address A 1 0 will move 
the apparent position ofthe TIMEKEEPER from the 
top of the device memory to the middle of device 
memory (from 7F8-7FF to 3F8-3FF). 

Another option is to use higher order address lines 
(above A 1 0) to decode the chip enable input of the 
MK48T02, therefore moving the apparent location 
of the entire MK48T02 within memory. Figure 2. 

Figure 1. 
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shows an example of how this can be done. With 
this technique the TIMEKEEPER registers will re
main in consecutive locations. Combinting options 
can place the TIMEKEEPER registers in any block 
of eight bytes of memory. 

Finally, a third option would be to bank select the 
MK48T02. This method would allow the TIME
KEEPER to become transparent to memory di
rectly accessible from the processor. Implementing 
a bank select requires generating a pseudo ad
dress line or lines that can be decoded with other 
address information to select the appropriate mem
ory. The most convenient method for creating this 
pseudo address is to use an output port for this 
purpose. Microcontrollers have these ports on 
board while Microprocessors require a PIA chip to 
accomplish 1/0 functions. Figure 3 shows a typical 
Microprocessor to PIA combination that utilizes an 
1/0 port to bank select memory. The 1/0 port can 
be programmed high or low by loading a register 
within the PIA. The PIA chip is selected by decoding 
IOREQ (1/0 request). IOREQ also disables main 
memory and the MK48T02. 
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Figure 2. 
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APPLICATION NOTE 

THE MK45H03 BiPORT FIFO 16-BIT TO 8-BIT CONVERSION 

INTRODUCTION 
When SGS-THOMSON Microelectronics intro
duced the MK4501 in 1983, it was the first high 
density FIFO with a BiPORT™ memory cell archi
tecture. The MK4501 quickly became the industry 
standard with an organization of 512 x 9 bits, and 
included both an Empty and Full status flag. SGS
THOMSON has extended this technology to dev
elop a device with four times the density - the 
MK45H03. The MK45H03 has a 2K x 9-bit organi
zation, and includes the addition of a Half Full (HF) 
status flag, as well as the Empty and Full status 
flags. Its BiPORT™ RAM cell design allows simul
taneous and asynchronous Write/Reads, and 
avoids the added ripple-through delay times of 
conventional shift register based FIFOs. As with the 
MK4501, word with and d~th expansion is easily 
achieved by using the XI and XO pins. The 
MK45H03 is pin-for-pin compatible with the 
MK4501 and MK45H01, and thus can be used as 
a density upgrade in many applications. 

Figure 1. Block Diagram 
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CIRCUIT DESCRIPTION 
As shown in Figure 1, the block diagram for this 
application concept shows an example of how to 
interface a 16-bit Microprocessor to an 8-bit periph
eral. Due to the MK45H03's architecture, which 
provides easy width expansion, we can interface 
two MK45H03 FIFOs to a 16-bit Microprocessor for 
collecting and holding our data dumps. By using a 
small amount of additional logic, we can retrieve 
this data in consecutive 8-bit bytes. (The diagram 
in Figure 2 shows the basic idea in an equivalent 
circuit). Using the two MK45H03 FIFOs, we start 
with a 2K x 16 memory buffer as our input, and 
convert it to a 4K x 8 memory buffer output. The 
status flags will k~ us updated to le!.J!.s know 
when we are Full (FF = 1~. or Empty (EF = low). 
The Hall-Full status flag (HF =low) will help to avoid 
those sudden unpredicted halts, for example, 
should there not be adequate block memory space 
available. We will also take advantage of the asyn
chronous and simultaneous Write/Read capability 
of the MK45H03's BiPORT™ design. 
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CIRCUIT OPERATION 
The schematic diagram in Figure 3, shows that we 
will be writing 16-bit words designated as UPPER 
and LOWER 8-bit bytes, and then reading first the 
UPPER 8-bit byte, and then the LOWER 8-bit byte. 
As with all FIFO applications, we must start with 
Reset (RS) to initialize the circuit. Remembering 
that upon reset our EF output goes active low, all 
Read cycles are ignored until the first Write cycle 
has been completed_,_Qnce a succesful Write has 
been performed, the EF output will go inactive high. 
The ideal operation would allow the Write count to 
remain at least one cycle ahead of the Read, thus 
avoiding EF from being as~erted active. Refer
ring again to Figure 3, the NB select to the data 
multiplexers via Q of the D-type flip-flop, alternates 
at the end (rising edge) of each Read to get ready 
for the next Read cycle. This avoids additional gate 
delay time, as well as providing a READ strobe 
during the full R pulse width. Therefore, after Write, 
and upon the first Read, we access the UPPER 
byte (OA o-7), and alternate thereafter between the 
LOWER (Qs o-7) and UPPER byte with each con
secutive Read. The flag status needs only to be 
taken from the LOWER byte FIFO since it will be 
Read last, and both are written simultaneously. Of 
course an (Empty - 1) function could be im
plemented on the 8-bit side by using the Empty 
Flag output from the UPPER FIFO. 

Figure 2. Equivalent Circuit 

-
FF 

16 
D 

HF 

In this application we have included dat<UJus con
trol with a fast external Output Enable (G) on the 
multiplexer. The waveform timing diagram is refer
enced in Figure 4. Since there will be a specific 
Q-valid access time from the enabled FIFO to the 
data input~ of the multiplexer, the G input can be 
tied to the R system input without any penalty. The 
timing diagram in Figure 5 displays the typical 
access times to be considered. For example, IA1 is 
the combined access time of the OR gate plus 
Read access (lA) of the MK45H03. Further defini
tions are : IA2 = MUX Q-Valid access time, tA3 = 
MUX Q-Valid access time from R asserted low, 
IGLOV is MUX G (Output Enable) access to a
Valid, toH1 = Q-Hold time ofthe FIFO, IOH2 = Q-Hold 
time of the MUX, and tGHOZ is output Enable to High 
Z. It should be noted that tA3 is equal to (1A1 + t.A_2), 
where the limiting factor is IA1 not tGLOV, when G = 
R (see Figure 5). 

CONCLUSION 
This implementation presumes that Read strobes 
will be halted when the lower MK45H03 indicates 
itself empty. In this example, should the lower FIFO 
become empty, additional Read strobes will con
tinue to toggle the select D-type flip-flop even 
though the FIFOs will not respond. Should Read
while-Empty compatibility be required, then addi
tional logic will be needed to disable the select 
flip-flop when the lower FIFO is empty. 
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Figure 3. Asynchronous 16-Bit to Asynchronous 8-Bit Schematic 
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Figure 5. Access Times 
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APPLICATION NOTE 

MICROWIRE EEPROM COMMON 1/0 OPERATION 

SGS-THOMSON Microelectronics provides a wide 
range of serial access EEPROMs. The MI
CROWIRErM product line is designed for a 4-wire 
interface: SK the Clock input, CS the Chip Select 
Input, Dl the Serial Data Input, and DO the Serial 
Data Output. Some MCUs such as the SGS
THOMSON ST9 or ST7 series include a Serial 
Peripheral Interface (SPI) "on-chip", that can fit this 
MICROWIRE interface, but those EEPROMs can 
be used with any general purpose microcontroller 
where the interface wires are hooked to 1/0 ports 
or some equivalent circuitry. 

Since DO output is in high impedance while instruc
tions, addresses and data are shifted into the Dl 
serial input; it seems attractive to tie Dl and DO pins 
together to provide a common DI/DO bus. The 
chips can operate correctly in this configuration, 
provided that appropriate design rules are carefully 
followed. The possible troublesome situations are 
limited to the instructions where DO output is acti
vated. 
Such instructions include: READ, WRITE, ERASE, 
WRAL and ERAL. 

Figure 1. Typical Common Dl/00 Application 

Dl DRIVER 

Bernard SABY 

This note reviews and details the specific points 
where precautions must be taken in common 
DI/DO applications. In order to provide the designer 
with a safe-design guide, all calculations are car
ried out upon the worst case values as specified in 
the data sheet of these EEPROM devices. 

READ INSTRUCTION 

Let's consider a typical common Dl/DO application 
(as in Figure1 ). The Dl driver and the DO receiver 
can be discrete logic or part of a microcontroller 1/0 
port or any equivalent circuitry. 
DO pin is in high impedance while the READ 
opcode and the address bits are clocked into the 
chip upon the rising edge of SK clock. These bits 
must be kept valid for a minimum hold time of lotH: 
see data sheet. However, upon the rising edge of 
SK where the last address bit (AO) is clocked into 
Dl, the DO pin comes out of high impedance and 
outputs the leading bit (logical 0) which precedes 
the 16 bit data string (see example in Figure 2). 

EEPROM DEVICE 

COMMON DI/DO BUS 
DATA IN ----1 >--1r--------~--1 Dl 

DRIVER ENABLE -------' 
(ACTIVE LOW) 

DO RECEIVER 

DO 

SK CS 

CLOCK IN ---------------------' 

CHIP SELECT IN 

AN394/0592 

VA00509 

1/8 
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The maximum delay between the rising edge of SK 
and the leading "0" bit is specified for a maximum 
of tpoo {between 500 ns and 1 JlS, depending on the 
product); nevertheless, typical values of less than 
1 00 ns can be found. 
Since the Dl driver must remain enabled with the 

Figure 2. Read Instruction Example 

SK 

cs 

Dl 

I 

AO bit for a minimum of to1H {hold time) before being 
disabled, a bus conflict will occur if the AO bit is a 
"1" {odd address registers). The consequences 
are: 
-a low impedance path is created between Vee and 

ground through Dl driver and the on-chip DO out-

: I 

I I 

DO 

I 
HIGH-IMPEDANCE I I ----

o !o15lo14lo131D121 o11lo10l og I_ __ _ 
I I 

~! I~ 
BUS CONFLICT 

Figure 3. Short-Circuit between Vee and Ground 
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A0="1" 
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LOW IMPEDANCE PATH 

) 

VA00510 

EEPROM DEVICE 

Dl 
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BUFFER 
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VAOD514 
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put buffer (see Figure 3); this short-circuit may 
produce glitches on the power supply which can 
disturb all the circuits on the board; 

-the logical level on the DI/DO bus is not well-de
fined as it is the result of the relative driving 
capability of the Dl driver and the DO output buf-

AN394 

fer; the Dl pin can even see a logical "0" preventing 
the access of the odd address registers. 

This trouble can be solved by inserting a current 
limiting resistor in the sinking current path. Figure 4 
shows some possible locations for this resistor; 
however, the best location is between the DO out-

Figure 4. Possible Locations for the Current Limiting Resistor 

Vee 

Dl DRIVER (IF Dl DRIVER IS EEPROM DEVICE 
R AN OPEN COLLECTOR) r----------. 

A0="1'' 
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R f f 
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Figure 5. Exponential Charge and Discharge of the Bus Capacitance 
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put and the DI/DO bus for the following reasons: 

- during the overlap time, the logical level on the 
DI/DO bus will be defined by the Dl driver only, 
allowing the respect of the to1H hold time specifi
cation. 

- as we discuss later, the R resistor slows down the 
propagation time of the DO output signals on the 
DI/DO bus, but only the 16 bits of data read from 
the chip are affected. If R were in series with the 
Dl driver, all the input signals for all the instructions 
would be slowed down in the same way. 

The R resistor doesn't have any effect as long as 
DO is in high impedance. During the execution of a 
READ instruction, R sinks some current from the Dl 
driver during the short overlap time; then the Dl 
driver is disabled and DO output takes control of the 
DilDO bus through the R resistor. 
Because of the bus capacitance C, the signals are 
distorded: the rising and falling edges of DO output 
are transformed into exponential curves whose 
shape depends on the time constant RC (see Fig
ure 5). 

The consequence is: after a rising edge of SK clock, 
the logical level on the DI/DO bus needs some delay 
before being considered as steadily established 
and ready to be sampled by the DO receiver. This 

safety delay can be estimated to be at least 3xRxC; 
after sampling, the subsequent rising edge of SK 
can occur. 
When applying the results of Figure 5 to the worst 
case of DO output levels (see data sheet): VoH min 
= 2.4 V, VoL max = 0.4 V, Voltage Swing = 2 V, the 
DI/DO bus levels will be: 

- logical "1" = 2.3 V minimum for a delay of 3xRC 

- logical "0" = 0.5 V maximum after SK rising edge 

It will be necessary to reduce the SK clock fre
quency when and only when shifting the 16 bits of 
data out from the EEPROM. All other operations 
can be performed at the nominal clock rate. 

This reduction is of course directly related to the RC 
time constant of the DI/DO bus. Figures 6, 7, 8 
show some experimental examples replotted from 
the scope with different values of R and C. 

In the last example, the maximum clock frequency 
is: 1 I 3xRC = 100 KHz, assuming that DI/DO bus 
is sampled by the DO receiver circuitry just before 
the rising edge of the SK clock. 

In order to avoid an important reduction of the clock 
frequency, the following techniques can be used 
which minimize the R and C values: 

Figure 6. Oscilloscope Plot, R = 10 kil, C = 100 pF, RC = 1 !!S 

418 

clock 

. . l . . . 

. . : ····: . c···:····f···~····•(··:·····:r~ DI/DO bus 

Ill+! I H·l !+1·1->~1111! 1111111-1~1-1 ;.~II'!~ II '!+·1-1+·: 
. . . . . . . . . 

;.....,._.;....,: _,r: .... : ..... : ... ·~::·::::::r····:· ···:n DO output 

..:.. . . . : ... ·r . . . . . . . . . ..... : ..... : Dl driver enable : : : ! : (1 =disabled) 

;.,.~-,~.,-,~.;-,'~~~:__.;..l..,. .. ,..,JT.u [,;DO b~' ,,u~O:~;:.O by DD 

DO output 
a "o" bit 

Dl driver is disabled here 

~ SGS·THOMSON -------------- ._""f/ l\lJU©Il.l@!<~I<©WI©IillU©ll --------------

1144 



Figure 7. Oscilloscope Plot, R = 5 kn, C = 100 pF, RC = 500 ns 
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Figure 8. Oscilloscope Plot, R = 10 kn, C = 330 pF, RC = 3.3 JlS 
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- to minimize the bus capacitance, it is important to 
implement the EEPROM device as close as pos
sible to the Dl driver/DO receiver circuitry for the 
shortest connection, and not share too many de
vices on the same DilDO bus since the capaci
tance will be proportionnal to the number of 
devices connected in parallel to the same DI/DO 
bus. 

- the value of the R resistor can be decreased as 
long as the Dl driver can source the corresponding 
amount of current during the bus conflict time and 
as long as the power supply is adequately decou
pled to withstand this transient of current. It's up 
to the designer to decide about the best trade-off 
based upon his specific application's require
ments. 

INTERFACE WITH CMOS CIRCUITS 

The MICROWIRE EEPROM devices are specified 
for TTL compatible input/output levels; when using 
CMOS circuits to interface these devices, some 
precautions must be taken to ensure the correct 
interpretation of the logical levels. 
Since the CMOS output-high levels are close to Vee 
and output-low level close to OV, it is obvious that 
there are no difficulties in driving the Dl, CS and SK 
inputs of the EEPROM devices. 

Concerning the DO output, the minimum output
high level is specified to 2.4 V, which is lower than 
the minimum input high level of CMOS (3.5 V for 
Vee = 5 V). A common practice is to connect a 
pull-up resistor Rp between the DO output and Vee, 
thus increasing the effective high-level in order to 
meet the CMOS specs. 
Although this configuration suits perfectly to a sepa
rate Dl and DO, it raises some difficulties in com
mon DI/DO applications. 
When DO output is a "zero" level, i.e. VoL= 0.4 V, 
worst case conditions, the R and Rp resistors act 
together as a voltage divider on the DI/DO bus (see 
Figure 9); hence, the Rp resistor value must be at 
least 5 times greater than R value and the "zero" 
level on the DI/DO bus is: 

0.4 V + (5 V -0.4 V) x R I (R + Rp) = 1.17 V 

when Rp =5xR 

Although this value is 330 mV below the 1.5 V, 
maximum "zero" input level of CMOS, the wide 
noise margin traditionally associated with CMOS is 
then significantly reduced. 
For a "1" to "0" transition, the DO output on-chip 
buffer will have to discharge the bus capacitance 
through the R resistor and to sink some current from 
the Vee through Rp resistor. In that case, we may 

Figure 9. DI/DO Bus Configuration with Pull-up Resistor (Rp) 
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see that the new time constant is equal to the 
product of the bus capacitance C with the parallel 
combination of Rand Rp, which is 17% smaller than 
the one without Rp. However, the steady "0" level 
is no more 0.4 V, as we assumed for TTL levels but 
1.17 V as calculated above (if Rp = 5xR). Despite 
of this smaller time constant, the voltage swing 
between "0" and "1" is greater in this case (see later 
on); hence it is advised before sampling to keep the 
same "rule of the thumb" delay of 3xRC after the SK 
clock rising edge. 

The major problem is for the "0" to "1" transition. 
During a first step, the bus capacitance is charged 
through DO output in series with R and the Vee 
power supply in series with Rp. These conditions 
lead to the same time constant as above (i.e. 17% 
smaller than the one without Rp). 

But once the DI/DO bus voltage reaches the DO 
output level, the DO on-chip buffer is automatically 
turned off and the Rp resistor remains the only 
contributor to the charge of the bus capacitance, 
resulting into a much higher time constant: RpxC = 
5xRxC (if Rp = 5xR). 
If we consider the worst case "1" output level for DO 
(VoH= 2.4 V ), it lasts a long time to go up to 3.5 V, 

AN394 

which is the minimum "1" input level for CMOS. It 
will last exactly 0.55xRpC (if Vee= 5 V) or 2. 75xRC 
after the DO output turn off, and we must add a 
reasonable noise margin (300 or 400 mV). 
As a result: the minimum delay between the rising 
edge of SK and the sampling of the Dl/DO bus 
should be 2 or 3 times longer than the one we've 
found for the TTL levels (without Rp), and the clock 
frequency must be reduced as much. 
It is possible to avoid this situation by using a TTL 
level compatible input CMOS device such as the 
74HCTXXX devices as DO receiver circuit, or a 
CMOS microcontroller that provides a "TTL input 
levels" option on its 1/0 ports, such as the ST9 
series, and thus get rid of this Rp resistor. 

PROGRAMMING MODE: ACKNOW-
LEDGEMENT OF READY/BUSY STATUS 

On the MICROWIRE EEPROM devices, the self
timed programming cycle uses DO output to indi
cate the ready/busy status of the chip. 
The self-timed programming cycle begins with the 
falling edge of CS at the end of a programming 
instruction; such instructions include: WRITE, 
ERASE, WRAL and ERAL. 

Figure 10. Oscilloscope Plot, R = 10 kQ, C = 100 pF, Rp =50 kQ 
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Figure 11. Acknowledge of the Ready/Busy Signal on DO Output 

VA00519 

............................. --:- ......... . 

• • 7 .......................................... 

CS pin must be kept low for a minimum of tcs (see 
data sheet). DO output remains in high impedance 
as long as CS is low; if CS is brougth high for 
clocking a new instruction, DO comes out of high 
impedance state and indicates the Ready/Busy 
status of the chip (0 = Busy, 1 = Ready). 
In common DI/DO applications, this may create 
again a bus conflict; therefore, it is recommended 
to cancel this status signal: this is very simply done 
by applying a single clock pulse on SK input while 
CS is high (see Figure 11 ). 

The operation is scheduled as follows: 

- shift into the chip a programming instruction 

- bring CS low for lcs minimum 

- bring CS high 

- monitor DI/DO bus till a "1" level is detected 
(Ready) 

tsv 
SK clock 

-1 0 )J s 

- clock SK once 

- bring CS low 

- the chip is ready to accept a new instruction 

It should also be noted that this Ready/Busy status 
can be found active after the power-up of the chip; 
therefore, it is recommended to clock SK once (with 
CS = 1) prior to any instruction. 

CONCLUSION 

This note gives some guidelines for the possibilities 
and the conditions of a safe operation in common 
DI/DO applications. The safety of these designs is 
based on the good safety margins and the worst 
case data sheet values used in the calculations. 
These calculations are of course not exhaustive, 
each designer may adapt them for any given appli
cation. 
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APPLICATION NOTE 

ENSURING DATA INTEGRITY IN ZEROPOWER 
AND TIMEKEEPER RAMs 

The ZEROPOWERTM and TIMEKEEPERTM product 
families offer a unique non-volatile RAM solution. 
ZEROPOWER products consist of a single chip 
containing an ultra low power SRAM, a comparator 
for power supply voltage detection and battery 
control logic. TIMEKEEPERs include, in addition, 
a real time clock which loads clock/calendar infor
mation into specific locations of the memory array. 

The monolithic ZEROPOWER and TIMEKEEPER 
chips are packaged in 600 mil wide dual-in-line 
plastic packages with 24 or 28 pins. The "top-hat" 
housing attached to the top of the DIP package 
contains the battery and also a crystal for the 
TIMEKEEPER products. 

The products operate as conventional SRAMs 
when external power is applied. They have stand
ard SRAM footprints and fast read and write ac
cess times. When the applied power supply drops 
below the specified threshold, the control circuitry 
write protects the memory. At a lower voltage the 
internal battery supplies power to maintain the data 

ZEROPOWER Main Part Numbers 

Size Type Organisation 

MK48C02 2Kx 8 

MK48Z02 2Kx 8 
16K MKI48Z02 2Kx8 

MK48Z12 2Kx 8 

MKI48Z12 2Kx 8 

MK48Z08 8Kx 8 

MK48Z09 8Kx 8 
64K MK48Z18 8Kx 8 

MKI48Z18 8Kx 8 

MK48Z19 8Kx 8 

AN395/0891 

VccTrip Feature 

4.75V No battery 

4.75V 

4.75V -40 oc to 85 oc 
4.5 v 
4.5 v -40 oc to 85 oc 
4.75V Power Fail Interrupt 

4.75V 

4.5 v 
4.5 v -40 oc to 85 oc 
4.5 v Power Fail Interrupt 

1/3 
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TIMEKEEPER Main Part Numbers 

Size Type Organisation 

MK48T02 2Kx8 
16K 

MK48T12 2Kx8 

MK48T08 BK xB 
64K 

MK48T18 SK xB 

in the SRAM and power the real time clock until the 
system power becomes valid again. 

Correct operation of the ZEROPOWER and TIME
KEEPER products requires the usual design con
sideration~ ~or high ~peed SRAM systems, however 
some add1t1onal pomts which sometimes give rise 
to incorrect operation are discussed below. 

Data Corruption or Loss 

Negative Undershoots. Loss or corruption of the 
data in the entire address space of the RAM can be 
caused by negative undershoots of more than 0.3V 
occurring on the device pins during a power cycle. 
Negative undershoots are often the result of im
proper termination of the signal lines. A resistor 
network can be used to correctly terminate the 
signal lines and prevent reflections and under
shoots. 

Figure 1. Gating of the system RESET and 
memory CHIP ENABLE for MK48Z02, MK48T02 
and MK48Z08 

ZEROPOWER RAM 

r = -----r\ E 

VAOOS69 

VccTrip Feature 

4.75V 

4.5 v 
4.75V Power Fail Interrupt 

4.5 v Power Fail Interrupt 

Inadvertent Writes. Corruption of data in isolated 
bytes of the SRAM after a power cycle can be 
caused by inadvertent write cycles occurring on 
power up. Inadvertent writes can occur before the 
system stabilizes but after the ZEROPOWER or 
TIMEKEEPER is active. The memory should be 
protected ~gains! writing during the start-up phase 
and the s1gnals are stable, by gating the system 
RESET with the memory CHIP ENABLE as shown 
in Figure 1. ' 

Low or Noisy Power Supplies. ZEROPOWER 
a~d TIMEKEEPER products have well specified 
wmdows for the power supply voltage within which 
they deselect or reselect. These windows are spec
ified as either 4.75V to 4.5V or 4.5V to 4.2V. During 
normal operation the supply voltage for the prod
ucts must exceed the maximum window value. If 
however, during a memory access, the supply volt-

Figure 2. Power on reset using E2 input of the 
MK48Z08 or MK48Z09 ' 

NON VOLATILE RAM 
Vee 

MICRO 

OR 

MK4BZOB 
0' 

MK48Z09 

lltiD Ez Tc 
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age drops into the deselect window, an invalid read 
or write to the ZEROPOWER or TIMEKEEPER may 
occur. Power supply fluctuations caused by current 
transients can be reduced through the use of a 
supply bypass capacitor mounted close the mem
ory package. A suggested value is 0.01 !-iF. If the 
system power supply is low and cannot be modified 
easily to bring it within specification, a change in the 
product type from a 5% to a 1 0% tolerance part may 
cure instances of unwanted deselection and appar
ent data corruption or loss. 

TIMEKEEPER Clock Errors 

Setting Unused Bits in Clock Registers. Within 
the eight bytes of clock/calendar information, con
tained in the memory array of the TIMEKEEPER 
products, are a number of bits which are specified 
as 'unused', but which must be written to zero. 
Some of these bits control internal test modes which 
speed up the clock in order to efficiently test the 
products at the factory. The bits are always set to 
zero before shipment, but if an application sets 

AN395 

these bits a test mode may be invoked and the clock 
may run erratically. In a test mode the clock may 
run extremely fast or the seconds may not roll over 
to minutes after 60 counts. Software routines ad
dressing the control registers should specifically set 
the unused bits to zero. 

Immediate Access of Clock Information after a 
Power Up. During normal operation of the TIME
KEEPER products, the memory locations of the 
SRAM that contain the clock/calendar information 
are updated by the internal clock counter once per 
second. When a TIMEKEEPER is in the battery 
back-up mode, no updates to the memory locations 
occur. After a power up, the actual time is trans
ferred to the memory locations one second after the 
product reselects. Thus access to the clock infor
mation in the memory in less than one second after 
a power up may yield the same information that was 
present at power down, not the new time. 

The precautions described above are the most 
frequent that many users enquire about, it is hoped 
that this brief Application Note will provide a fast 
solution. 
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APPLICATION NOTE 

UPGRADED MEMORY CAPABILITY USING ZEROPOWER 
AND TIMEKEEPER PRODUCTS 

Systems that need read/write non-volatile memory 
have several choices available: EEPROM, 
SRAM plus battery or the ZEROPOWERTM and 
TIMEKEEPERTM products from SGS-THOMSON. 
Many microprocessor based systems require a 
non-volatile memory for storing vital data such as 
calibratior. constants, set up parameters, adapt
able boot programs or other routines, systems 
status or clock & calendar information. Conse
quently many systems from computer and POS 
terminals, video games, process controllers, medi
cal equipment, trip computers, PABXs, to TV sets 
are using non- volatile memories today. 

EEPROM memory access times are fast for data 
reading (100-200ns) but relatively slow (5-1 0ms) 
for writing which means that in many system appli
cations data has to be copied in fast RAM and 
written to the EEPROM only when neccessary. 

Figure 1. Signal definitions for 24 and 28 pin DIP 

Standard SRAMs can be incorporated directly into 
the memory map of processors since they have 
fast, equal read and write speeds. However addi
tional circuitry must be designed to monitor the 
power supply and switch them over to battery 
back-up operation to make them non-volatile. A 
perfect solution to the need for non-volatile RAM is 
provided by the SGS-THOMSON ZEROPOWER 
and TIMEKEEPER RAMs which provide an SRAM 
together with battery back-up and the power supply 
and switch over circuitry in a single package. In 
addition the TIMEKEEPER products include a real 
time clock providing year, month, day, date, hour, 
minute and second information which may be read 
from locations in the SRAM address space. 

System designers can adopt a flexible solution to 
non-volatile memory by making a PC board layout 
which will allow users to have an easy upgrade from 
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one solution to another. Three jumpers can be used 
to select the use of 2k x 8, 8k x 8 or 32k x 8 
EEPROM, standard SRAMs or ZEROPOWER/ 
TIMEKEEPER products. Product enhancements 
can be easily made by changing, for example, an 
EEPROM to a TIMEKEEPER. This would retain the 
non-volatile memory, but would add the ability for 
fast reading and writing of the memory and have a 
real time clock available. Typical benefits from 
using the TIMEKEEPER would be to timestamp 
events such as data transfers or files. 

The standard pin out for 2k to 32k memories is 
based on either a 24 or 28 pin dual-in-line package. 
Figure 1 shows in the center a 24 or 28 pin package 
with the signal definitions for the 2_1u<-B---rfleinory -
which can be an ~RAM-;-EEPROM or 
ZEROPOWER productin 24 pin Dl P. The difference 
in the signal definitions for each type and size of 
memory are show to the left and right. 

Table 1 gives the full listing of memory types and 
the jumper connections corresponding to the circuit 
of Figure 2. The PC board is provided with 28 
connections, but only the lower 24 are used for 
smaller memory sizes. Pin 2 is jumpered across to 
either the INT line for the TIMEKEEPER MK48T08, 
or the A 14 address line for the larger 32k x 8 
EEPROM, SRAM or MK48Z32 ZEROPOWER 
products. Pin 26 is jumpered across to one of three 
signals, the supply Vee for smaller memories of 2k 

x 8 capacity including the ZERO POWER MK48Z02, 
the second chip enable E2 for the TIMEKEEPER 
MK48T08 or the address line A 13 for larger mem
ories of 32k x 8 capacity including the MK48Z32. 
The third jiJ!!lper on pin 23 connects to either the 
write line W for 2k x 8 EEPROM, SRAM and 
ZEROPOWER!TIMEKEEPER products or to A11 
for the 8k x 8 and larger 32k x 8 sizes. 

Figure 2. Jumpers for pins 1, 23(21) and 26(24) 

w 
(21) 23 1----<Y 

J3 o--- A11 

VA00572 

Table 1. Jumper positions for each type of memory 

Type Part Number Size J1 J2 J3 

EEPROM 2Kx8 Vee w 
8Kx8 A11 

32Kx8 A13 A14 A11 
-

SRAM 2Kx8 Vee w 
8Kx8 A11 

32Kx 8 A13 A14 A11 

ZEROPOWER MK48Z02 2Kx 8 Vee w 
MK48Z08 8Kx8 A11 

-
MK48Z09 8Kx 8 E2 INT A11 

MK48Z19 8Kx8 E2 INT A11 

MK48Z32 32Kx8 A13 A14 A11 

TIMEKEEPER MK48T02 2Kx8 w 
-

MK48T08 8Kx8 E2 INT A11 
- -

MK48T18 32Kx8 E2 INT A11 

2/2 -------------~ ~~©m~~~~a -------------
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There has been for some years misunderstandings 
about the definition and specification of memory 
timing parameters. Many companies have used 
different timing names and different waveform dia
grams. Sometimes parameters are not clearly and 
unequivically defined. 

Timing parameter names have historically tended 
to describe the functions of the time, for example: 

- tAH Address Hold time 

- tDH Data Hold time 

- tAcc Access time 

These names do not describe very well the actual 
time specified, tAH does not say hold time from 
what, to what. tAcc does not specify whether this is 
the time from, for example, addresses valid or from 
chip enable asserted. 

A better system is to follow that outlined by JEDEC. 
This uses both signal names and logic states to 
define the timing parameters. 

The system follows the rules as in the example 
"!1234", where 1 and 3 specify the signal names 

Figure 1. Signal Names 
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APPLICATION NOTE 

TIMING SPECIFICATIONS 

(negative logic signals eg. E are shown without the 
negation bar), for example: 

- Q Data Output 

-D Data Input 

-E Chip Enable 

-G Output Enable 

-A Addresses 

-w Write Enable 

and, 2 and 4 specify the logic level as in Figure 2 
and follows: 

- H a Low to High transition to above a High 
level measurement threshold 

- L a High to Low transition to below a Low 
level measurement threshold 

- V valid signals, above High or below Low 
measurement levels 

- X transition or invalid signals, signals that 
are possibly changing and are below a 
high level or above a low measurement 
level. 

Figure 2. Input Output Waveforms References 
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Some examples of these definitions, with the name 
it replaces, are in Table 1. 

Table 1. Timing Characteristics Example 

Symbol A It Parameter 

IAVAV IRe Read Cycle Time 

tAVQV lAce Address Valid to Output Valid 

tELQX tLz 
Chip Enable Low to Output 
Transition 

tELQV IcE 
Chip Enable Low to Output 
Valid 

tGLQX toLZ 
Output Enable Low to Output 
Transition 

tGLQV toE 
Output Enable Low to Output 
Valid 

tEHQZ 
Chip Enable High to Output 
Hi-Z 

tGHOZ toF 
Output Enable High to Output 
Hi-Z, 

tAXQX loH Address Transition to Output 
Transition 

Note: These are taken from the FLASH MEMORY data sheets. 

MEASUREMENT CONDITIONS 

The signal measurement conditions are also im
portant for the definition of timings, there are three 
important definitions, 

The input signal rise and fall time. Although, in 
theory, no timings depend on this - that is the 
definition of parameters is not dependant on the 
rise or fall time of the input signals- some products 
may have characteristics which vary with the slew 
rate of the input. 

The levels of the input signal. Both the Low level 
and High level voltage. These obviously must be at 
least equal to the specified V1L and V1H for the 
device input signals. 

The voltage level at which the timing measurement 
starts and stops. 

For example, for EPROMs the SGS-THOMSON 
specification states: 

- Input Rise and Fall times are 20ns max 

- Input and Output signal levels are 0.4V(min) to 
2.4V(max) 

- Input and Output timing reference levels are 
O.BV(Low) to 2.0V(High) 

and, a signal is defined as Hi-Z (high impedance) 
when it is not driving or being driven. 

USING THIS SYSTEM 

The system then works, for example, like here after 
described. 

A time specification of tAvov means a time from the 
point where the address lines are ALL below O.BV 
for signals at or going to a logic Low level and above 
2.0V for those at or going to a High logic level, to a 
time where the data output signals are ALL either 
below O.BV or above 2.0V. 

A time specification of tEHOZ means a time from the 
chip enable input going above 2.0V to the point 
where the data output is no longer driving. 

A time specification of tAxox means a time from the 
point where any single address line rises above or 
falls below its stable, valid level (O.BV for Low level 
or 2.0V for High level), to the point where any data 
output line transition passes these levels and is 
consequently no longer valid. 

TIMING DIAGRAMS 

The use of these definitions makes it unneccessary 
to draw the timing diagrams with times shown from 
a notional high or low measurement point, as the 
measurement points are clearly specified by the 
definition of measurement conditions and the sig
nals and logic are described by the timing parame
ter description. The diagrams can be simplified for 
maximum clarity and understanding by indicating, 
diagrammatically, the timings from the waveform 
center point. 

For example, if the measurement conditions for 
timing are specified as: 

- Input Voltage levels are 0.45 to 2.4V 

- Input and Output reference levels are 0.8 to 2V 

and, Output Hi-Z is defined as the point where the 
signal is no longer driving; then in the diagram: 

- tAvAv is measured from the point where all ad-
dress lines are either above 2V or below 0.8V 
to the same levels at the end of the cycle. 

- tELOV is measured from E Low, or below O.BV 
to the point where all data lines are either 
above 2V or below 0.8V. 

- tEHOZ is measured from E High, or above 2V, 
to where the data outputs are no longer driving 
the signal lines. 

~~~3 ___________________________ ~~~~~~~~~------------------------------
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Note that the tELOV timing, for example, is shOW!! 
diagramatically not from a "low" point on the E 
falling edge, but from the center and is shown not 
to a "high/low" point on the Data Output but again 
to the center. This is for clarity of the diagram, as 

Figure 3. Timing Diagram Example 
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f ~tELQV1 
DQO-DQ7 

AN397 

the actual measurement points are clear from the 
definitions and timing names. 

This system has been, or will be, adopted for all 
SGS-THOMSON memory products. 

tAVAV 

~ VALID 

CEHQZ1 
DATA OUT 

VA00709 
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APPLICATION NOTE 

THE MK4202 TAGRAM 32-BIT CACHE DESIGN CONCEPTS 

INTRODUCTION 
The MK4202 cache TAGRAM™ from SGS
THOMSON Microelectronics is a very fast CMOS 
SRAM based Cache Directory Comparator. The 
MK4202 offers high performance with a 20ns cycle 
time, and a 17ns address to tag compare access 
lime. It is configured for the new generation 32-bit 
microprocessors, and implements a 2K x 20 ar
chitecture (see Figure 1). The device contains a 
20-bit on-board comparator with dual compare or 
match outputs for easy interface to various 32-bit 
processors. An on-board chip enable decoder is 
also included to allow both width and/or depth 
expansion. Depth expansion is allowed up to a 32K 
density without speed (propagation time) penalties. 

Figure 1. MK4202 TAGRAM Logic Symbol 
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The MK4202 can enhance both system perfor
mance and cost. The high speed compare access 
time enhances the zero wait state logic to the 
processor for better system performance. Second
ly, the MK4~2 .b_as high impedance data bus con
trol inputs (S) (G), and eliminates separate latch, 
transceiver, and comparator components. This 
reduces the required real estate in PC board area, 
and results in lower system cost with no added gate 
delays through separate components. 

TAGRAM OPERATION 

A TAG RAM is that part of a cache subsystem that 
determines if data or instructions is retained in the 
cache memory (data cache). While this may be 
obvious, it should be noted that typical cache sub
systems are designed in three sections: the data 
cache which stores the data to be used by the 
microprocessor, the cache tag buffer or cache 
directory, which stores the upper order address of 
each cache entry, and the cache control logic for 
processor interface, and cache read/write opera
tions (see Figure 2). The data is identified by ad
dress location, and is stored in the cache directory 
(the MK4202 serves as the cache directory). If the 
TAG RAM "sees" a match, meaning that the neces
sary data is resident in the cache, it determines a 
hit and initiates a zero wait state operation to the 
processor. Conversely, a miss (no match) condition 
results in longer cycles for program execution since 
the cache does not contain the requested informa
tion. 

During a compare cycle, the MK4202's on-board 
20-bit comparator compares the upper address 
inputs (DOo- D01s) with internal RAM data at the 
specified index address (Ao- A1o). (The TAG RAM's 
architecture is shown in Figure 3). If all bits are 
equal (match), a hit is determined, and both Com
pare Outputs (Co and C1) will go HIGH. If at least 
one bit is different, a miss condition exists, and both 
Co and C1 will go LOW. The user can optionally 
force a MISS or HII. on ~ther or both compare 
outputs by asserting Mx or Hx active LOW. A forced 
MISS overrides a forced HIT input (note the data 
sheet Truth Table). The Compare Ouput Enable 
(CGx) has no affect during a Force Hit or Force 
Miss operation. 

1/5 
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Figure 2. Generalized Cache Block Diagram 
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CIRCUIT DESCRIPTION 
A Direct Mapped Cache subsystem application 
using the MK4202 is shown in the schematic block 
diagram in Figure 4. In this example, we are serving 
a 32-bit microprocessor with a 32-bit address bus 
and data bus. The 12 lower significant address 
lines (Ao - A11) are connected to the address inputs 
of the MK4202, with A11 connected to Eo of both 
TAG RAMs as shown. 

Figure 3. MK4202 TAGRAM Organization 
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This input will implement a 4K address index for the 
Cache Directory in this example, and a 4K address 
for the Cache Data RAM. The upper address bits 
of the processor (A15- A31), function as the tag data 
bits for the MK4202 TAGRAM, with CDQo pulled up 
to Vee (+5 volts) as a valid bit. Therefore, the 
cache tag buffer, or Cache Directory, consists of 4K 
x 16 bits, or BK bytes. The Data Cache consists of 
eight very fast 4K x 4 SRAMs with Chip Enable (E) 
for a 32-bit line width, resulting in a total of 16K 
bytes of memory (refer to Figure 5). Cache subsys
tems studies have shown that a cache design using 
this mapping scheme and combined memory size 
can yield a hit rate of better than 80%. 

The MK4202 TAGRAM uniquely identifies each 
cache entry with an address scheme consisting of 
the index and tag. The upper addresses of a 32-bit 
microprocessor are considered as the tag, and are 
connected to the DQ pins (D01 - D015) of the 
MK4202 (see Figure 4). The CDQo pin is desig
nated to serve as the valid bit, as it allows the 
internal RAM to be reset or cleared to all zeros at 
all locations for the CDQo output. The 11 address 
inputs (Ao - A10) of the MK4202 function as the 
address index, and are connected to the lower 
addresses of the processor. Extra lower order ad
dress lines can be connected to the Enable Inputs 
(Eo- E3) for on-board chip enable decode for depth 
expansion. (The Eo - E3 inputs correspond directly 
to the Po - Ps inputs as described in the MK4202 
data sheet). In this example, A11 is connected to Eo 
for a depth expansion of 4K. The Co and C1 Com
pare Outputs incorporate a CMOS totem-pole 3-
state design. This high impedance state allows 
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Figure 4. 16K-Byte Direct Mapped Cache Subsystem 
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CIRCUIT DESCRIPTION (Continued) 

each output to be tied together in a wired-OR 
configuration for multiple device applications, as 
shown in Figures 4 and 6. A pull-up resistor is 
suggested to enhance proper operation. 

Figure 5. Cache Example Organization 
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All processor address lines do not have to be 
connected to the TAGRAM, as most systems re
quire designated non-cached addresses. Some 
address lines may define peripherals from an ad
dress vector for various 1/0 devices, or define DMA 
operations. Thus, a certain amount of address 
space is often required for various non-cacheable 
operations. Therefore, extra address lines from the 
processor can be used to decode these system 
operations. Unused addresses from the processor 
can be left open ; however, unused control and 
address inputs or tag data inputs to the MK4202 
should be tied to be determined as a logic one or 
logic zero. 

CIRCUIT OPERATION 

The basic purpose of our Direct Mapped Cache 
subsystem is to provide the microprocessor 
(henceforth CPU) with a quick response for re
quested data from the data cache to avoid long 
memory cycles to main memory. Since typical 
programs spend most of their execution time in 
loops or nested procedures from a few localized 
areas of the program, the cache subsystem can 
maintain a copy of this localized data for faster 
execution. This will make our system more efficient 
and provide optimum performance. 
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Figure 6. Application Block Schematic 
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CIRCUIT OPERATION (Continued) 

Operation begins bY.J!)itializing the MK4202 TA
GRAM by asserting RS to clear all internal SRAM 
bits for the CDQo output to a logic zero. This 
invalidates all entries in the cache directory. When 
the CPU begins its first read command cycle, the 
lower address bits select a location in the MK4202. 
This location in the TAG RAM is compared against 
the 16 bits of tag along with the single valid bit 
(CDQo = Vee). The valid bit will determine a miss 
condition causing Cx to go LOW since data ones 
is being compared against data zeros. This is a 
cache miss, and the CPU will wait for a response 
from main memory. 

In our Direct Mapped Cache subsystem example, 
we will assume the write-through method for main 
memory and cache coherency. This means that 
while the CPU is waiting for data during a 
read/miss operation, that the cache write/read 
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control logic is designed to write data from main 
memory into the data cache SRAMs at the address 
defined by the index. When this happens, the 16 
bits of tag, along with the valid bit, will be written 
simultaneously into the MK4202 cache directory. 
This way both the main memory and the cache 
subsystem contain the same information. 

Now the logic one valid bit on the MK4202 TA
GRAM can verify that the data in the data cache is 
a valid copy of main memory, since both the internal 
data and CDOo (valid) are data ones. Of course, a 
cache miss will not occur after a reset operation, 
but every time the lower 12 address index bits 
select a location where the 17 tag bits (16 bits plus 
valid bit) do not match. However, each time a miss 
occurs, the most recent data will be written into the 
cache memory. This maintains cache coherency 
with main memory by constantly updating the 
cache with the most recent data. 



CIRCUIT OPERATION (Continued) 

After the cache has been written with valid data, 
and the CPU executes a read command from the 
same location that has been written into the cache 
subsystem, then the data tag bits will match, and a 
cache hit results. During a hit condition, both com
pare outputs, Co and C1, will go HIGH. This will 
cause the CPU to operate in a no-wait state, and 
data will be gated onto the data bus from the data 
cache memory. The match/hit operation takes the 
requested data from the data cache, avoids wait 
state cycles to main memory, and terminates the 
cycle with a data acknowledge to the CPU. 

It should be noted that even though both Co and C1 
go HIGH during a hit, that both compare/match 
outputs may not be required for the cache hit/miss 
control logic. The user could use one match output 
for determining a miss or hit condition, and use the 
other compare output to pass inputs through the 
MK4202 to the CPU. This is illustrated in Figure 6, 
where Co is normally HIGH except in an error 
condition. In this manner, a system error or halt will 
alert the CPU and invalidate cache execution at the 
same time. This is another benefit using the 
MK4202 and can reduce the number of required 
logic gates, and therefore system components. 

CONCLUSION 
We have given a general application and overview 
of the MK4202 cache TAG RAM in conjunction with 
a 32-bit data bus Direct Mapped Cache subsystem 

AN400 

concept. System operation allows the cache sub
system to be updated with the most recent data for 
each access to main memory. The MK4202 allows 
easier implementation, and reduces the number of 
devices or components. Of course the MK4202 can 
also be used to implement a two or more set-as
sociative cache design. In fact, by using the enable 
and chip select inputs on the MK4202, one can easily 
implement several cache design arrangements. 

There are several features and organizational 
benefits when using the MK4202 for cache design. 
The device provides a flash clear (RS) function to 
invalidate cache entries, which is useful for single 
processor systems, and for multi-processor sys
tems sharing a cache subsystem. Additionally, the 
MK4202 is wide enough to provide extra bits for 
storing other information besides address tag data. 
One example might be "dirty bit" storage in a 
multi-processor application using a copy back 
method for cache coherency. Another example 
could be identification of non-cached addresses. 

With the introduction of SGS-THOMSON's 
MK4202 TAGRAM, implementing cache subsys
tem designs for a 32-bit processor has been made 
easier. Cache subsystem implementation can now 
be provided for small-to-medium microcomputer 
systems without a large investment. The MK4202 
TAGRAM provides for cost effective, high speed 
cache memory designs for today's 32-bit 
microprocessors, and is fully TTL compatible on its 
inputs and outputs. 
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APPLICATION NOTE 

UNDERSTANDING CACHE MEMORY SYSTEMS 

INTRODUCTION 

Each new generation of microprocessors on the 
market has become faster and faster. Today, 
microprocessors, such as the Intel 486 and the 
Motorola 68030 have cycle times of 25 ns and plan 
to go faster in the future. The speed of DRAM main 
memory in such microprocessor-based systems 
has not come close to matching these cycle times. 
For example, it is quite common to use a DRAM 
with a cycle time of 100ns with an lntel486 micro
processor. The resultant difference in cycle times 
between the microprocessor and DRAM means 
that the microprocessor cannot operate at full 
speed, because it must perform "wait states" during 
memory cycles. Wait states seriously reduce sys
tem throughput and performance. 

Cache memories are used to increase system 
throughput by reducing these microprocessor wait 
states. A cache system is a small, fast access 
SRAM bank, capable of single cycle accesses, 
which resides between the microprocessor and 
DRAM. The cache contains a copy of a block of 
DRAM memory which is frequently accessed by the 
microprocessor. By putting frequently accessed 
memory in the fast cache memory, the micropro
cessor can receive data from the cache instead of 
the slow DRAM during memory cycles. The DRAM 
only supplies data to the microprocessor when the 
cache memory does not have the needed data. In 
this way, using a cache subsystem reduces micro
processor wait states. 

Figure 1: CACHE SUB-SYSTEM Block Diagram 

The theory works because most software code and 
data is contiguously stored in memory, and ac
cessed repeatedly; therefore, the principals of tem
poral and spatial locality can be applied. The 
principal of temporal locality dictates that informa
tion currently being used by the microprocessor is 
likely to be used again in the near future. The 
principal of spatial locality dictates that the informa
tion to be used during the next memory cycle is 
likely to be close to the addresses of the information 
previously used by the microprocessor. Thus tem
poral locality is related to timing and spatial locality 
is related to actual physical location. According to 
these principles, there is a greater likelihood the 
microprocessor will find requested data in the 
cache memory and avoid wait-states. 

ELEMENTS OF A CACHE SUBSYSTEM 
The cache subsystem resides between the micro
processor and main memory and is comprised of 
three elements: the data cache, the cache tag 
buffer, and the cache control logic. The data cache 
contains the copy of prefetched data from the 
DRAM. The cache tag buffer or TAG RAM™ stores 
addresses for each corresponding entry, also 
called the TAG, in the data cache. The cache 
control logic interfaces with the microprocessor and 
controls all read/write operations between the pro
cessor, main memory, and cache memory. The 
block diagram in Figure 1 shows how these ele-
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ments interact with one another, the microproces
sor, and the DRAM. 

THEORY OF OPERATION 
In order to better understand how a typical cache 
subsystem works, lets look at the operation of a 
direct mapped cache. In a direct mapped cache, 
each data cache location is mapped to one main 
memory location as shown in Figure 2 below. 

Cache Miss 
Upon power-up, all locations in the data cache are 
set to zero. When the microprocessor initiates its 
first read cycle, the upper bits of the address bus 
are compared with the address bits stored in the 
TAGRAM. For this first compare, there will not be 
a match since the data cache is empty and the 
TAGRAM has no corresponding addresses. This is 
called a cache miss, and the MATCH output on the 
TAGRAM will be a logic zero. In this case, the 
required data will have to come from DRAM. The 
cache controller signals the DRAM to provide the 
requested data and directs the microprocessor to 
execute wait states until it receives data. When 
there is a cache miss, the controller also initiates 
logic which insures the data cache will be updated 
with a copy of DRAM data. 

Cache Hit 
The next time the microprocessor performs a read 
cycle to the same address, the data cache will 

Figure 2: Direct Mapped Cache Organization 
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contain the needed data since the data cache has 
been updated to reflect what is in the DRAM. Again, 
the address inputs to the TAGRAM are compared 
with the address bits stored in the TAGRAM. If 
there is a match, this is called a "hit" condition. The 
comparator inside the TAG RAM will output a logic 
1 on the MATCH output for a hit condition. A 
MATCH output of logic 1 means that the data 
contained in the data cache at this location is valid. 
The cache control logic will gate the data immedi
ately onto the data bus and signal the microproces
sor to complete its memory cycle. This happens so 
quickly that the microprocessor never has to ex
ecute a wait state. 

An Example ... 
Consider your friendly local television repairman. 
When he is dispatched to your residence, he carries 
only those parts which are most often required for 
repair. It would be impractical for him to bring every 
part that might possibly be needed; that would be 
tantamount to transporting the entire inventory of 
parts from the shop to your home! 

The repairman checks his list of parts and, if the 
required part is on the list, he fetches it from the 
truck. Since most repair jobs can be performed with 
those parts in the truck, it is likely your television set 
will be repaired immediately. However, if the re
quired part is not in the truck, it will have to be 
fetched from warehouse inventory. Since this part 
broke in your television set, there is a greater 
chance of it needing to be replaced than previously 
thought. Hence, when the repairman goes to the 
warehouse, he selects two of the needed parts: one 
to repair your television set and the other to put in 
his truck. This increases the likelihood that you will 
not have to wait on a part if your television breaks 
again. 

CACHE SUBSYSTEM PEJtFORMANCE 
The performance of any cache subsystem can be 
measured by its hit rate. The hit rate is the percent
age of memory cycles which can be completed 
using data from cache instead of data from the 
slower DRAM. For purposes of this discussion, we 
will talk about the cache performance of direct 
mapped caches. A cache hit occurs when the data 
cache has data requested by the microprocessor 
during a memory cycle. The microprocessor will 
receive data from the data cache and will avoid the 
wait states it would have incurred waiting on the 
DRAM. Therefore, the higher the hit rate, the more 
time the microprocessor spends working from fast 
cache memory and system performance is en
hanced . 
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A hit rate of about 80% is common for a 64K byte 
direct mapped cache in a PC. This means that the 
microprocessor can operate with no wait states 
80% of the time. 

Hit Rate Versus Organization 

Hit rate, for the same size cache memory, can be 
increased by varying the organization of the cache 
subsystem. Besides direct mapped, there are set 
associative cache organizations which achieve 
higher hit rates. 2-way and 4-way set associative 
caches are the most commonly used. The 2-way 
set associative cache is divided into two separate 
banks of memory. The 4-way set associative cache 
is very similar to the 2-way except that it has four 
banks. Figure 3 shows a typical 2-way set associ
ative memory. The 2-way set associative system 
contains two TAGRAM banks, two data cache 
banks, and the control logic. Also, unlike the direct 
mapped cache, it has a LRU (Least Recently Used) 
memory. This is a small memory used by the 
control logic to determine which of the two memory 
banks should be updated next after a "miss". The 
memory bank that was not read last, the least 
recently used, is updated to match main memory. 

As mentioned above, the hit rate for a 64K byte 
direct mapped cache in a PC environment is about 
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80%. For a 64K byte system, the 2-way set asso
ciative memory has a hit rate of approximately 94% 
and the 4-way set associative is only slightly higher 
with a hit rate of approximately 98%. The perfor
mance increase of a set associative cache should 
be weighed against its higher cost. The increase in 
performance from the direct mapped organization 
to the 2-way set associative organization is sub
stantial: from 80% to 94%. On the other hand, there 
is a relatively small performance increase of the 
4-way set associative over the 2-way set associa
tive cache (94% to 98%). Moreover, 4-way set 
associative caches generally are much more ex
pensive than 2-way set associative caches. Figure 
4 shows typical hit rates for direct mapped and set 
associative organizations. 

CACHE EXPANSION 

Cache expansion allows the designer to construct 
wider and deeper caches subsystems while work
ing with readily available and relatively inexpensive 
parts. There are basically two types of cache ex
pansion: width expansion and depth expansion. 
Below, Figure 5 shows width expansion and Figure 
6 shows depth expansion using SGS-THOMSON 
parts. 

Figure 3: 2-Way Set Associative CACHE Origanization 
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Figure 4: Hit Rate Versus Set Associativity 
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Width Expansion 
Width expansion allows the designer to cache a 
larger section of main memory as shown in Figure 
5. The data bus is widened by increasing the num
ber of data cache RAMs; in the figure, four 4K x 4 
SRAMs are used to increase the width of the data 
bus from 4 to 16 bits. The correct number of data 
cache RAMs is determined by dividing the width of 
the desired data bus by the width of the data cache 
RAMs. In this instance, 16 divided by 4 yields 4 
data cache RAMs. Similarly, the address bus can 
be expanded to a wider size by increasing the 
number of TAGRAMs. Figure 5 shows how three 
MK41 SBO 4K x 4 TAG RAMs are used to increase 
the width of the address bus from 16 to 24 bits. By 
utilizing width expansion, the same devices can be 
reconfigured to adjust for the different bus widths 
required by various microprocessors. 

Depth Expansion 
Depth expansion differs from width expansion in 
that it increases the actual depth of the cache. 
Cache depth expansion is accomplished by dupli
cating the TAG RAM and the data cache SRAM as 
shown in Figure 6. In this example, the cache size 

was doubled from BK x 16 to 16K x 16 by adding 
copies of the MK48S74 TAGRAM as well as copies 
of the data caches. The upper bits of the address 
bus are used to provide chip enable selection for 
the added components. Notice that adding copies 
of the TAGRAM and the data cache did not expand 
the bus width; it only increased the size of the cache 
as a whole. Increasing depth of the cache improves 
the hit rate, because you are expanding the address 
map and increasing the likelihood of finding re
quested data in the cache. 

SUMMARY 
Cache memories provide the means for dramati
cally improving microprocessor-based system per
formance in a cost effective way. 
Using SGS-THOMSON TAGRAMs and SRAMs 
gives the designer the tools needed ~o. sip~ificantly 
increase system throughput by minimiZing wa1t 
states. Several factors, such as cache organization 
and size, determine cache effectiveness and must 
be weighed against system objectives to determine 
the most cost effective solution. SGS-THOMSON 
features a full line of TAG RAMs of varying organiz
ation and size that empowers the designer to design 
the right cache to fit individual system needs . 
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Figure 6: Width Expansion for TAGRAMs and Data Caches 
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LIST OF TERMS 

Associativity. Cache organization where main 
memory addresses are mapped to different SETs 
of SRAM banks. 

Cache. Fast, local memory containing a copy of 
frequently used main memory code and data. 

Cache Hit. Microprocessor requested data is found 
in the cache. 

Cache Miss. Microprocessor requested data is not 
found in the cache. 

DRAM. Dynamic Random Access Memory. 

Data Cache RAM. Portion of cache that stores 
copies of main memory data. 
Direct Mapped. Type of cache organization in 
which each data cache location is mapped to one 
main memory location. 
Hit Rate. Percentage of memory requests that are 
cache hits. 

1170 

Least Recently Used (LRU). Cache update policy. 
Used in set associative caches to update the oldest 
memory bank. 

Set Associative. Type of cache organization in 
which the cache sub-system is divided into memory 
banks which cache different sections of main mem
ory. 

Spatial Locality. Programs usually request data or 
instructions with main memory addresses close to 
the address of the data currently being used. 

SRAM. Static Random Access Memory 

TAGRAM. Portion of cache that stores the main 
memory addresses of data stored in the data cache 
RAM. 

Temporal Locality. Information currently being 
used is likely to be used again in the near future. 



APPLICATION NOTE 

WRITE PROTECTION 
·IN THE ST24Wxx/ST25Wxx EEPROM FAMILY 

Among the non-volatile memories available today, 
the EEPROM is one of the most flexible memories 
which can be read, erased and written by byte or 
by block of bytes. This flexibility is appreciated in 
many applications but one aspect of flexibility in 
non-volatile memories is to not accept to store (and 
retain!) erroneous data. The EEPROM has there
fore to offer an Erase/Write protect function in order 
to prevent erroneous Erase/Write cycles occuring. 
The ST24/25Wxx serial EEPROMs compatible 
with the i2C protocol, offer several features for 
protecting the data stored in the memory. 

GLOBAL CONTROL OF THE ERASE/WRITE 
PROTECTION 

Write Control Feature 

The Write Control security feature (WC signal) is a 
global memory protection. In addition to the data 
line SDA and the serial clock SCL, the Write Control 
input signal can be driven to enable or inhibit the 
execution of an incoming Write command. When 
driven low (WC=O), the EEPROM can be accessed 
(Erase/Write), when driven high (WC=1 ), the 
EEPROM cannot be accessed (no Erase/Write). 
This WC input pin is driven by the bus master or by 
some other circuitry. 

Dynamic Drive of the Write Control Signal 

In order to get the best protection of data within the 
EEPROM, the bus master has to set the EEPROM 
in the Write protect mode; in this configuration, data · 
stored in the memory cannot be modified. When 
the bus master has to write in the EEPROM, the 
bus master first deselects the memory protection 
(by driving low the we pin), secondly writes and 
thirdly sets back the memory protection. 

Address Counter Status 

When using the Page Write instruction with the WC 
protection disabled (WC pin is driven low), the 
EEPROM internal address counter is incremented 
after each received byte and, in the case of the last 
received byte, it will set the EEPROM internal 
address counter to the right value for the first byte 
of the following Page Write command. When using 
the Pagg_Write mode with the we protection en
abled (WC pin is driven high), the EEPROM internal 
address counter is incremented after each re
ceived byte except for the last received byte; the 
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EEPROM internal address counter remains at the 
last received byte address. 

SELECTIVE CONTROL OF THE ERASE/WRITE 
PROTECTION 

Write Protect Enable Feature 

In addition to the Write Control feature, a second 
protection feature is offered on the ST24/25Wxx 
devices with the help of the input pin .PRE. This 
Protect Enable feature, associated to the PRE pin, 
is based on external and internal conditions, the 
external part is driven by the PRE pin and the 
internal part (software) allowing the definition of the 
size of the memory to be write controlled. 

The memory area to be write protected is defined 
by an address pointer whose value is stored in the 
top byte of the memory (address 1 FFh, 3FFh 
and 7FFh for ST24/25W04, ST24/25W08 and 
ST24/25W16 respectively). All the bytes between 
this top address and the address defined by the 
address pointer are protected if the PRE condition 
is met, as detailed further on. The maximum size 
of the protected memory is one half of the whole 
memory for ST24/25W04 and ST24/25W16, one 
quarter of the whole memory for ST24/25WOB (see 
Figure 2). 

Figure 1. EEPROM Interface with Write 
Control Line 
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PRE Software Sequence 

The complete sequence in order to protect an area 
is the following: 

a. PRE pin is driven low (by the bus master) 

b. Write the data inside the area to be write pro
tected 

c. Write the top byte. The Most Significant Bits 
(MSB) part of the top byte is the address pointer 
(see Figure 4 and Figure 5), the Least Signifi
cant Bits (LSB) are the control bits among which 
the Write Protect Disable Flag (bit 2) has to be 
set to '0' for enabling the write control feature. 

d. PRE pin is driven high (by the bus master) 

Data above the byte pointed by the address pointer 
are now write protected, they cannot be modified 
and are functionally equivalent to a ROM block. 

Static and Dynamic PRE Control 

The PRE pin may be driven dynamically by the bus 
master or wired to Vee (or Vss). 

The dynamic drive from the bus master is per
formed in the same way that the we pin driven. 
When the bus master has to write in the EEPROM, 

Figure 2. PRE Protected Areas 
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Leaving the PRE Mode 

The PRE protected mode is active if the two follow
ing conditions are true: PRE pin is driven high and 
bit 2 of the protected memory Address Pointer (top 
location byte) is '0'. If one of these conditions is not 
true, the PRE protection is no longeractive.ln order 
to leave the PRE mode, the following sequence has 
to be run: 
- PRE pin is driven low 

- The Address Pointer (top location byte) is written 
with OFFh to freeze the PRE protection and to 
reset the Address Pointer value. 

More About the Address Pointer 

The Address Pointer slightly differs with the 
ST24/25Wxx memory capacity. The following de
tails the structure of this Address Pointer for each 
memory. 

The ST24/25W04 and the ST24/25W08 have the 
same address pointer, as shown in Figure 4. 

The address pointer consists of the 5 MSB (b7-b3) 
of the byte located at address 1 FFh (ST24/25W04), 

Figure 3. Write Protect Enable Static Drive 
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3FFh (ST24/25W08) with the 31east significant bits 
being forced to '0' in all cases. Such an address 
pointer can define a protected area with a maxi
mum size of 256 bytes, by steps of 8 bytes (be
cause the 3 LSB are forced to '0'). 

The ST24/25W16 offers a larger address pointer, 
as shown in Figure 5. 

The address pointer consists of the 4 MSB (b7-b4) 
of the byte located at address ?FFh, the 4 least 
significant bits being forced to '0' in all cases. Such 
an address pointer can define an address with a 
maximum range of 256 bytes, by steps of 16 bytes. 
In addition to this address pointer, two additional 
bits are selecting the block number (Block 0,1, 2 or 
3) within which the (b7-b4) address pointer is de
fining the boundary of the protected area. 

The size of the protected area is therefore ex
tended up to 4 x 256 = 1024 bytes. These two 
additional bits (protect block) are driven by the 
logical level applied on input pins PBO,PB1. 
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Figure 4. Address Pointer in 4K and BK Devices 
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PRE PROTECTION AND DEVICE PIN-OUT 

The Write Protect Enable feature is not available on 
all the ST24/25Cxx, ST24/25Wxx devices there
fore the application designer should note that the 
pin-out of the ST24/25Cxx, ST24/25Wxx devices 
may differ for pins 1, 2 and 3. This device specific 
pin-out is related to the 12C bus protocol when 
addressing devices of different memory size: for 
each ST24/25Cxx, ST24/25Wxx devices, the 4 
MSB of the first byte (Device Select) are constant 
(1010), the following bits have a specific function 
dedicated to the size of the memory. 

The following paragraph review the detail of each 
ST24/25Cxx, ST24/25Wxx device and the relation
ship between the pin-out and the PRE function. 

ST24/25C01, ST24/25W01 (128 bytes) 

The Device Select byte is composed of: 
b7 bO 

I 1 I 0 I 1 I 0 I E2 I E1 I EO I RNV I 
where: 

- E2 is the upper bit of the Device Select code (this 
bit value must be identical to the value applied 
on pin Chip Enable 2). 

- E1 is the middle bit of the Device Select code 
(this bit value must be identical to the value 
applied on pin Chip Enable 1). 

- EO is the lower bit of the Device Select code (this 
bit value must be identical to the value applied 
on pin Chip Enable 0). 

The Address Byte handles 7 significant bits, the 
MSB is a Don't Care bit (the ST24/25C01, 
ST24/25W01 is a 12S bytes memory, therefore 
addressed with only 7 bits). Pins 1, 2, 3 are EO, E1, 
E2 Chip Enable input pins (see Figure 6), this 
device does not offer the PRE feature. 

ST24/25C02, ST24/25W02 (256 bytes) 

The Device Select byte is composed of: 
b7 bO 

I 1 I 0 I 1 I 0 I E2 I E1 I EO I RNV I 
where: 

- E2 is the upper bit of the Device Select code (this 
bit value must be identical to the value applied 
on pin Chip Enable 2). 

- E1 is the middle bit of the Device Select code 
(this bit value must be identical to the value 
applied on pin Chip Enable 1 ). 
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- EO is the lower bit of the Device Select code (this 
bit value must be identical to the value applied 
on pin Chip Enable 0}. 

The Address Byte handles S significant bits (the 
ST24/25C02, ST24/25W02 is a 256 bytes memory, 
therefore addressed with S bits). 

Pins 1, 2, 3 are EO, E1, E2 Chip Enable input pins 
(see Figure 6). this device does not offer the PRE 
feature. 

ST24/25C04, ST24/25W04 (512 bytes) 

The Device Select byte is composed of: 
~ ~ 

I 1 I 0 I 1 I 0 I E2 I E1 I AB I RNV I 
where: 

- E2 is the upper bit of the Device Select code (this 
bit value must be identical to the value applied 
on pin Chip Enable 2). 

- E1 is the middle bit of the Device Select code 
(this bit value must be identical to the value 
applied on pin Chip Enable 1 ). 

- AS is the Memory Block number. AS may also be 
considered as the upper bit of the address. 

The Address Byte handles S significant bits (the 
ST24/25C04, ST24/25W04 is a 512 bytes memory 
splitted in 2 blocks of 256 bytes addressed with S 
bits). Pins 2, 3 are E1, E2 Chip Enable input pins 
(see Figure 6), pin 1 is the PRE input pin. 

ST24/25C08, ST24/25W08 (1 024 bytes) 

The Device Select byte is composed of: 
b7 bO 

I 1 I 0 I 1 I 0 I E2 I A9 I AB I RNV I 
where: 

- E2 is the upper bit of the Device Select code (this 
bit value must be identical to the value applied 
on pin Chip Enable 2). 

- A9,AS is the Memory Block number. A9,AS may 
also be considered as the upper bits of the 
address. 

The Address Byte handles S significant bits (the 
ST24/25COS, ST24/25WOS is a 1024 bytes mem
ory splitted in 4 blocks of 256 bytes addressed with 
S bits). Pin 3 is E2 Chip Enable input pin (see Figure 
6), pin 2 is unused and pin 1 is the PRE input pin. 

--------------~ ~~~m~~r:r9~~ ____________ ....:5='6 

1175 



AN404 

ST24/25C16, ST24/25W16 (2048 bytes) 

The Device Select byte is composed of: 
b7 bO 

I 1 I 0 I 1 I 0 I A10 I A9 I AS I R/W I 
where: 

- A10,A9,A8 is the Memory Block number. 
A 1 O,A9,A8 may also be considered as the upper 
bits of the address. 

The Address Byte handles 8 significant bits (the 
ST24/25C16, ST24/25W16 is a 2048 bytes mem
ory splitted in 8 blocks of 256 bytes addressed with 
8 bits). Pin 1 is the PRE input pin, pins 2 and 3 are 
selecting the block of memory inside which the PRE 
pointer is defining the boundary of the protected 
area. 

ST24/25E16 (2048 bytes) 

The Device Select byte is composed of: 
b7 bO 

I 1 I 0 I 1 I 0 I E2 I E1 I EO I RIW I 
where: 
- E2 is the upper bit of the Device Select code (this 

bit value must be identical to the value applied 
on pin Chip Enable 2). 

- E1 is the middle bit of the Device Select code 
(this bit value must be identical to the value 
applied on pin Chip Enable 1 ). 

- EO is the lower bit of the Device Select code (this 
bit value must be identical to the value applied 
on pin Chip Enable 0). 

The Address Bytes handle 16 bits (the 11 Lower 
bits are significant). Pins 1, 2, 3 are EO, E1, E2 Chip 
Enable input pins (see Figure 6), the ST24/25E16 
does not offer the PRE feature. 

Figure 6. Pin Connections Compatibility in ST24/25Cxx, ST24/25Wxx Product Family 
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APPLICATION NOTE 

TIMEKEEPER SRAMs FIND MANY APPLICATIONS 

One aspect that is common among systems using 
microcomputers is the need to maintain configura
tion data, protected against corruptions that can 
occur at un-predicted power-downs. 

POWER-FAIL SOLUTIONS 

There are many options that a designer can select 
to provide Non-Volatile Memory in his system: 
• FLASH MEMORY 
• Serial or Parallel EEPROM 
• NV-RAM 
• Discrete solutions using SRAMs 
• Integrated TIMEKEEPER products 

FLASH Memories are able to store large amounts 
of data and have access times fast enough to allow 
direct access by the CPU. However, a FLASH 
MEMORY must be erased before it can be re-writ-

Figure 1. Work Station System Application 
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ten and this means that existing data has to be 
buffered in DRAM while the erase process takes 
place. Moreover FLASH Memories are slow to 
erase and write (1 0-20 seconds in worst cases) 
which makes them unsuitable for fast power-fail 
back-up applications. Serial and Parallel EEPROM 
are better than FLASH MEMORY for re-writing as 
they are byte addressable and only the new data 

-need be overwritten. 

The Serial devices are, today at least, still of small 
capacity (16K max) and both Serial and Parallel 
need a relatively long time to write data (write cycle 
times are 5-1 Oms for page modes of 8-32 bytes 
which is still too slow for power-fail conditions). 

The best solution then is a battery backed SRAM. 
This can be implemented by the designer in one of 
two ways, by designing his own power fail detect 
and battery switch-over circuitry, or by usin~ the 
integrated ZEROPOWER® or TIMEKEEPER 'de
vices. 
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Figure 2. Data Acquisition System Application 
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MAINTAINING TIME 

Another key demand of many systems is to main
tain a real time clock. Used for example in time and 
date stamping files or print-outs. 

Specialised circuits are used with battery back-up 
to provide clock and calendar data to the CPU. 

THE TIMEKEEPER SOLUTION 

The TIMEKEEPER products provide one of the 
best solutions to both these needs. They incorpo
rate up to 64K of battery backed SRAM and include 
on the SRAM chip all the circuitry to provide a 
smooth switch over from external to internal battery 
power in the case of a power failure. Also included 
on the chip is a very low power real time clock which 
maintains the time in a form easily readable by the 
CPU. 

APPLICATIONS 

Work Station System 

A typical workstation can incorporate the MK48T08 
or MK48T18 in the system memory map, in this way 
data in the memory can be read or written just as 
other data in the main ROMs or RAMs. Parameters 
such as system configuration data, clock and cal
endar information is stored in a completely Non
Volatile way, but available on-line. 

A typical use of the time information in a workstation 
is the date and time stamp on files saved on the 
system disk drives (see Figure 1 ). 

Data Acquisition System 

Data acquisition systems collect analogue and/or 
digital information and store it until needed. Obvi
ously one of the most important aspects is that the 
data acquired must be stored in a Non-Volatile 
memory to protect it against loss on power failure. 
Most data acquisition systems also need to record 
the time that each piece of data was acquired in 
order to be able to then reconstruct the map of 
events with an accurate time line. 

Here again the battery backed SRAM stores the 
system configuration information and stores the 

AN618 

acquired data. The real tirne clock provides tirne 
stamping for the data (see Figure 2). 

CDI ROM System 

A consumer system that uses the Non-Volatile 
memory with Real TIME CLOCK is the Compact 
Disk Interactive system. In the CDI system the 
SRAM stores the system configuration data and a 
directory of pointers to the images stored on the CD 
ROM, these are stored in the SRAM to provide very 
fast access lime to the images for quick retrieval. 

In addition the clock provides the system with tirne 
data for events, delays or time display (see Figure 
3). 

TIMEKEEPER APPLICATIONS 

• COMPUTERS: workstations, mainframes, 
PC's, portables, VXI boards, VME boards, 
industrial controllers, POS terminals and 
data terminals. 

" FAX MACHINES 

" INSTRUMENTS: data loggers, utility me
ters, medical intruments, traffic signal con
trollers and test instruments. 

• TELECOM: satellite receivers/decoders, 
cellular radios, modems,transmission cards 
and LAN's. 

" GAMES: interactive CD, video games, se
curity systems and slot machines. 

These applications use TIMEKEEPERs for 
the following functions: 

- Real Tirne Clock 

- Configuration Files 

- Boot Strap Programs 

- Data Protection/Storage 

- Real Tirne Clock for Time Stamping Data 

--------------~ ~~§;m~msH~ --------------'3=13 
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TECHNICAL ARTICLE 

Synchronous Burst SRAM for secondary 
CACHE systems 

Ricky Tuttle 
SGS-THOMSON Microelectronics 
Carrollton, USA 

The advent of high speed microprocessors and the 
requirement for high performance systems has 
opened the door to the Fast SRAM (FSRAM) mar
ket place. FSRAM is needed to provide the fast 
memory access for these high performance sys
tems. SGS-THOMSON Microelectronics has de
veloped the strategy and technology to be a major 
player in the world wide FSRAM market. The com
pany's strategy includes asynchronous and syn
chronous SRAM products developed with a 
cutting-edge HCMOS technology. 

The company has recently introduced four new 
products that are manufactured on its state-of-the
art O.?f!, triple poly, double metal HCMOS process 
technology. There are two standard asynchronous 
FSRAM products organized as : 

- 32K X 8 - M628032 

- 128K X 8 - M628128 

These standard SRAM devices are offered in dif
ferent speed grades from 15-25ns for 40MHz to 
66MHz clock rates. Also two Specialty, processor 
specific, CACHE Burst RAMs (BRAMTM), the 
MK62486 and MK62940, have been introduced 
employing an on-chip 2-bit burst counter. The 
MK62486 and MK62940 each have a unique count 
sequence to suit the processor. All of these prod
ucts are offered in JEDEC or industry standard 
pin-out configurations and package types. 

October 1993 

PROCESSOR SPECIFIC BRAMS 

The two Specialty SRAMs are processor specific 
to either the i486TM microprocessor, or the 68040 
microprocessor. The MK62486, 32K x 9 BRAM is 
for the 486 processor, and the MK62940 32K x 9 
BRAM is for the 68040 processor. Both processors 
employ a Burst CACHE line-fill algorithm of 128 
bits, but each processor has a unique burst se
quence requirement of four (4) bursts of 32 bits (36 
bits including parity). Therefore, the two devices 
incorporate a different 2-bit counter along with ad
dress and data registers. Both devices are organ
ized as 32K x 9 with control pins that connect 
directly to the processor or Cache controller. The 
burst algorithm allows 16 bytes of data (128 bits) 
to be transferred in five (5) subsequent processor 
clock periods, whereas a non-burst sequence 
would take eight (8) clock periods. This can be seen 
in Figure 1. where data and clock cycles for both 
burst and non-burst are shown. As a comparison, 
the burst sequence with a 33M Hz clock rate would 
allow data to be transferred at 106M bytes/second. 
In a non-burst sequence, only 66.5M bytes/second 
can be transferred with the same 33M Hz clock (this 
comparison assumes zero-wait states). The ad
vantage of the burst algorithm over a non-burst 
transfer is obvious for high performance systems. 

CACHE ADVANTAGES 

The i486 microprocessor has an on-chip primary 
Cache that is used for both data and instruction 
accesses. The Cache is organized as a four-way 
set associative Cache with 128 unique entries of 
16 bytes each (2K x 4-way set) for a total primary 
Cache of 8k bytes. The on-chip Cache has a high 
hit rate and allows internal high speed processing 
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Figure 1. 16 Byte (128 bit) Line Fill 
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without external bus traffic. This is the basis of any 
Cache subsystem: to allow more performance in 
through-put with fewer external bus requests. 

The larger the Cache the more entries of data and 
instructions it can hold. With all other factors being 
equal, a larger Cache will provide better system 
performance with a higher hit rate. Therefore, many 
486 designs include a larger secondary Cache 
which is a Level Two (referred to as "L2") Cache 
subsystem. This is simply a second layer of high 
speed FSRAM between the primary or Level One 
"L 1" Cache, and the system main memory com
posed of DRAM. As the "L2" Cache is a subset of 
the main memory, so the "L 1" Cache is a subset of 
the "L2" Cache. Therefore, the "L2" Cache is larger 
than the on-chip primary Cache. Popular "L2" 
Cache sizes for 486 systems range from 64k and 
128K bytes to 256K bytes. 

"L2" CACHE ARCHITECTURE 

Secondary Cache designs can use either a look
aside or look-through architecture. The look-aside 
Cache subsystem architecture allows all memory 
requests to be sent to main memory while the 
Cache executes a parallel look-up. If the Cache 
memory does not contain the requested data 
(miss), the main memory cycle continues. When 
the data is found in the cache "Hit", the main 
memory bus cycle is terminated, and the Cache 
sub-system supplies the data requested by the 
microprocessor. This type of design does not pro
vide the best memory bus utilization since each 
request is forwarded to the system bus. Since both 
the main memory and Cache memory are ac
cessed using the same memory bus, the look-aside 
architecture does not provide for bus concurrence. 
This means another bus master cannot access the 
main memory even when the microprocessor is 
operating out of Cache. 

2/7 r.::::-= SGS·THOMSON --'--------------- ~"'ff e:~O!;OO'il~~~@1i1lljj~C@§ --------------
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The look-through (or Serial) Cache architecture fits 
in series between the microprocessor and system 
main memory. It is a more complex design, but 
allows excellent system bus utilization and pro
vides for bus concurrence. The look-through Cache 
reduces the number of memory requests to the 
global DRAM system bus. This means less system 
bus utilization which increases the overall system 
bus band width, and is an important factor in calcu
lating how effective the Cache performs. Also, the 
look-through architecture allows the microproces
sor to operate from the Cache memory while other 
bus masters can take advantage of the idle system 
bus. This is called concurrence processing. The 
only disadvantage is that the look-through design 
uses extra clock cycles to determine a hit or miss 
before transferring a memory request to the system 
bus. Of course a high hit rate defers this disadvan
tage by providing better overall system perform
ance. 

Figure 2. Look-through "L2" Block Diagram 
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There are other factors that determine the perform
ance of the Cache subsystem architecture such as 
set associativity, replacement or update policy such 
as write-through or write-back, line size, burst algo
rithms, and coherency control. These subjects can 
be studied by the reader in various printed litera
ture. The main objective in Cache design is to have 
a high "Hit" rate. This is the percentage of memory 
requests that are determined as Cache hits, and 
can be calculated as : 

Cache Hits 
HIT RATE%= x 100% 

Total Memory Requests 

A high hit rate means that the microprocessor is 
operating from Cache memory, and has a low 
percentage of requests to the external system 
memory. 

External CACHE {L2) Look-through CACHE Architecture 

..oj "' 

"' ~ ~--~--------------~~ 

~--------------------~v 
System Address/Data Bus 

System DRAM 

--------------~ ~~©n&~~9l4 _____________ 3'-'...17 
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It should be noted that the Cache hit rate is deter
mined by the Cache hardware design and the 
software code being implemented. One cannot 
always assume that all software programs will 
benefit by the same amount from a particular 
Cache architecture. In short, Cache design should 
be tailored with considerations to the product ap
plication. 

USING THE 32K x 9 BRAM IN "L2" 
CACHE DESIGNS 

There are many chip sets now available for easy 
"L2" Cache designs for the i486 processor. These 
chip sets support the look-through Cache architec
ture with a local bus, and offer support of various 
Cache sizes, associativity, and replacement poli
cies. Some vendors include the Cache controller, 
memory management unit (MMU), and bus control 
interface all in one device. Other vendors offer a 
"Set" of devices which include a Cache controller, 

Figure 3. Local Bus Block Diagram 

i486 . 
MICROPROCESSOR 

a system local bus and memory controller, and a 
system bus 1/0 (I SA/EISA) bridge unit. Figure 3 is 
a block diagram of how a typical chip set will 
interface to the i486 microprocessor using a local 
bus configuration. 

Many chip set Cache control units will support 
either asynchronous FSRAM or synchronous 
Cache RAM in their designs. Synchronous Cache 
RAM for the i486 is the MK62486 32K x 9 BRAM 
with an on-chip burst counter, and a self-timed write 
cycle. The MK62486 from SGS-THOMSON Micro
electronics supports 2-1-1-1 zero-wait state read 
cycles, and is available now with clock to data 
access time of 19ns. These devices will fit in de
signs with clock rates up to 40MHz. The BRAM can 
be connected to the Cache controller unit. It should 
be noted that this is a general connection scheme, 
and actual pin and control connections may vary 
with the chip set units. 
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Figure 4. 128K Byte, Cache Control Unit Connections 
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The BRAM provides several advantages over the 
standard SRAM. First, the BRAM has an on-chip 
burst address counter which is faster than any 
external address generator.•Second, the device 
employs address and data registers to avoid exter
nal latches; Finally, the synchrqgous Cache RAM 
provides the best performarn;:e allowing the most 
design margin. In summary, the BRAM can provide 
for an easier design with more margin, lower real 
estate, and higher system performance. This re
sults in better production yields with lower costs. 

SGS-THOMSON will soon introduce a faster 
32K x 9 BRAM device with access times of 12-14ns 
for processor clock rates to 66MHz. The faster 
32K x 9 BRAM, dubbed M62486A, will meet Cache 
design requirements for faster 486 microproces
sors or the new Pentium'" 64-bit microprocessor. 
A synchronous device will be required to meet the 
zero-wait state operation the Pentium processor. 
The Cache BRAM will work for either microproces-

H CLK 
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HD(31:24 r )DP3 

32kx 9 BRAM 

sor since the burst algorithm for the i486 and the 
Pentium are the same. The M62486A supports the 
zero-wait state 2-1-1-1 algorithm. 

Another synchronous Cache RAM device to be 
introduced is the M62486R. This product is a 
32K x 9 BRAM with registered outputs. The device 
has common 1/0 with registers on both the input 
and output circuitry. This allows for a pipe-line 
architecture during a burst read operation where 
data out is valid from the rising edge of the clock in 
8ns. The M62486R will provide the necessary 
speed and design margin for 66MHz Pentium de
signs using a 3-1-1-1 burst algorithm. The Burst 
Read clock sequences are shown here for both the 
M62486A, and the M62486R. These 32K x 9 
BRAM products from SGS-THOMSON will be fur
ther developed using a similar definition for two 64K 
x 18 BRAM family devices. The 64K x 18 organiza
tion will support Cache size upgrades without major 
redesign. 

--------------15fi ~~;m~IJ£9~ --------------'5::..:..17 
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Figure 5. BRAM Asynchronous and Registered Outputs 
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KEY BURST TIMING PARAMETERS 

The BRAM can support burst read Cache line-fill 
cycles for the i4~<6, or both burst write and burst 
read cycles for the Pentium microprocessor. Once 
the i486 microprocessor (or Pentium) has asserted 
a valid address, tf]e BRAM registers the address at 
the risi~g c!ock edge where ADS# is asserted (As
serted 1n th1s context means an active signal). After 
the BRAM has registered the base address, the 
three ?ubsequent addresses are generated by the 
on-ch1p burst counter. The BRAM allows wait states 
to be inserted i!l the burst sequence by using the 
ADV# control p1n. The on-chip burst counter is not 
affected, and the burst sequence will continue as 
expected after the wait state(s) is completed. It is 
up to the Cache controller to abort a Cache line-fill 
or begin a new one. A burst cycle in the BRAM is 
always initiated by asserting either ADSP# or 
ADSC# at the rising edge of the clock. These 
signals allow the device to register a new base 
address, and set-up for the burst sequence. 

I Suspend BURST 

I Two wa1t-statas 

The BRAM also allows immediate control of the 
data bus by featuring an asynchronous Output 
Enable (OE#). Although clock-to-data-out is the 
limiting access time, the fast Output Enable can 
provide data within 8ns after being asserted. This 
al!ows the OE# to be asserted later in the read cycle 
Without access penalty. Using OE# as the output 
data bus control has no affect on the burst counter 
sequence. During wait-states the data bus can be 
driven to a high impedance state. Once the burst 
cycle continues, the data bus can become active 
for the duration of the burst without consequence 
to the burst algorithm. Figure 7 depicts the BRAM 
pin configuration in an industry standard 44-pin 
PLCC. 

Today's popular microprocessors demand high 
speed memory products to keep pace with their 
Cache requirements. Many chip sets exist for quick 
"L2" Cache designs to meet the needs ofthese high 
sp~ed microprocessors. They offer support of zero
walt state performance using either standard 
FSRAM or synchronous Cache Burst RAM. 

=.617:..__ _________ ru SGS·lHOMSON 
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Figure 6. Burst Counter Control Allows Wait-States 
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To meet this challenge, SGS-THOMSON has intro
duced four byte-wide fast SRAM products in a O.?f.t 
HCMOS technology. For a processor with a 32-bit 
data bus, only four (4) devices are required to 
provide from 128K bytes to 512K bytes of Cache 
memory as: 

Figure 7. MK62486 Top View 

- 32K X 8 X (4) or 32K X 9 X (4) (128K bytes) 

- 128K X 8 X (4)(512K bytes) 

Larger Cache sizes for direct mapped or set asso
ciative Caches can be easily implemented. 

Although the present 32-bit and 64-bit microproc
essors have larger and faster "L 1" Caches on-chip, 
the "L2" Cache needs for these data hungry proc
essors is expected to remain for a long time. 
FSRAM and specialty synchronous Cache RAM 
provide the means to meet these high speed sec
ondary Cache requirements. 
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QUALITY NOTE 

MEMORY PRODUCTS QUALITY PROGRAM 

The Corporate quality program of SGS-THOMSON 
is published as the SURE (Semiconductor Users 
Reliability Evaluation) Program. The quality pro
gram for memory products follows closely this Pro
gram. Described here are the particular controls 
that apply specifically to memories starting with the 
Lot Acceptance and AOQ assessment and fol
lowed by the program for memory product qualifi
cation, an indication of the the manufacturing SPC 
(Statistical Process Controls) and the Short and 
Long term reliability tests. 

Lot Acceptance 

The role of a final Lot Acceptance sampling has 
changed from that of lot acceptance - although this 
still applies- more to the collection of statistical data 
about the outgoing quality, and the monitoring of 
the quality to the target defectivity in Parts Per 
Milian (ppm). 

The Average Outgoing Quality (AOQ) is estimated 
from the results of Lot Acceptance testing. The 
measure developed by and used by SGS-

Table 1. Finished Product Acceptance 

Subgroup Parameters 

A1 Visual and mechanical inspection 

THOMSON for the AOQ is known as the Average 
Outgoing Quality Estimator and is given by: 

Total Defective units in sample, with d s c + 1 

Total inspected units in samples of accepted lots 

Where d =number of defects in sample, c =accept
ance number. The totals are those of ALL lots 
inspected (1st, 2nd, etc controls). 

This AOQE converges towards the real AOQ as the 
number of sampled lots increases, even though an 
acceptance number of zero is used. 

Me mort Product Qualification/Major Changes 

Memory Product qualification is made on new 
memory products, new die designs and new pack
ages and existing products when there are major 
changes to the design or manufacturing. 

The tests performed depend on the parameters 
affected by a major change or the qualification of 
combinations of new die designs and new Plastic 
or Ceramic packages. 

The tests performed are selected as appropriate 
from those listed in Tables 3 through 6. 

Minimum Acceptance 
Sample Size Number 

315 0 

A2+A3+A4 Cumulative electrical and inoperative mechanical failures 315 0 

Table 2. Qualification 

1 Wafer Fabrication Major Tests selected to control the parameters that are affected by the change, 
Changes varying from the design or mask set to the fabrication plant. 

2 Assembly Major Changes Tests selected to control the parameters that are affected by the change, 
varying from package material changes to the assembly plant. 

3 Product Qualification Tests selected to control the parameters depending on the type of 
package and whether the die is new or already qualified. 

QN100/0692 118 
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Table 3. Product Qualification, Ceramic Packages - Package Related Tests 

Subgroup Test Procedure MIL-5TD·883 Test Conditions Procedure 

1 Physical Dimensions 2016 Published Data 

2 Bond Strength 2011 

3 Die Attach 2019 or 2027 

4 Fine Leak 1014 Test Condition A 1 

Gross Leak 1014 Test Condition C1 

5 Lid Torque 2024 

6 Internal Water Vapour 1018 5000 ppm (max) 

7 Solderability: 

- FDIP Package 2003 245°C, 5sec, Precondition Steam, 1 hr 

- JLCC, LCCC Packages CECC 90,000 215°C, 3sec, Precondition Dry Air 150°C, 16hrs 

8 Resistance to Solvents 2015 4 Solvent Solutions 

9 Salt Atmosphere 1009 Test Condition A, 35°C, 24hrs 

10 Lead Integrity 2004 Test Condition 82 

11 Resistance to Soldering Heat 260°C, 1 Osee 

12 Thermal Shock 1011 -55 to 125°C, 15 cycles 

Temperature Cycling 1010 --65 to 150°C, 1 00 cycles 

Moisture Resistance 1004 -10 to 65°C, RH = 90% 

Fine Leak 1014 Test Condition A 1 

Gross Leak 1014 Test Condition C1 

13 Mechanical Shock 2002 Test Condition B 

Vibration Variable Frequency 2007 Test Condition A 

Constant Acceleration 2001 Teat Condition E 

Fine Leak 1014 Test Condition A 1 

Gross Leak 1014 Test Condition C1 

14 Temperature Cycling 1010 --65 to 150°C, 10 cycles 

Constant Acceleration 2001 Test Condition E 

Fine Leak 1014 Test Condition A 1 

Gross Leak 1014 Test Condition C1 

=2'~8 ____________ /iii ~~m~~q~ ____________ _ 
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Table 4. Product Qualification, Plastic Packages - Package Related Tests 

Subgroup Test Procedure MIL-STD-883 Test Conditions Procedure 

1 Physical Dimansions 2016 Published Data 

Coplanarity PLCC, PSOJ & JLCC Published Data 
Packages 

2 Bond Strength 2011 

3 Die Attach 2019 or 2027 

4 Solderability: / ' 

- PSO, PSOJ & PLCC Packages CECC 90,000 215°C, 3sec, Precondition Dry Air, 150°C, 16hrs 

- PDIP package 2003 245°C, 5sec, Precondition Steam, 8hrs 

5 Resitance to Solvents 2015 4 Solvent Solutions 

6 Salt Atmosphere 1009 Test Condition A, 35°C, 24hrs 

7 Lead Integrity 2004 Test Condition B2 

8 Resistance to Soldering Heat: 

- PSO, PSOJ & PLCC Packages 215°C, 40sec 

- PDIP Package 260°C, 1 Osee 

9 Resistance to Surface Mounting: 

Temperature Humidity: 85°C, RH = 85% 

- PSO Package 24hrs 

- PLCC & PSOJ Packages 48hrs 

Solder Dipping: 

- PSO Package 260°C, 1 Osee 

- PLCC & PSOJ Packages 215°C, 120sec 

Visual Inspection Body Cracks 

Pressure Pot 121°C, 2Atm, 168hrs 

~ SGS·THOMSON 3/8 --------------- ~"''I l\j]ll©fl]@l<!l.l<©'iirn@llln~ ---------------==-=-
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Table 5. Product Qualification, Ceramic Packages- Die Related Tests 

Subgroup Test Procedure 
MIL-STD-883 

Test Conditions Procedure 

1 Operating Life Test 1005 140°C, Vee= 5 to 7V, 500hrs 

2 Operating Life Test 1005 125°C, Vee= 5.5V, 1000hrs 

3 Retention Bake (EPROM) 1008 250°C, 500hrs 

4 Temperature Cycling 1010 -65 to 150°C, 1000 cycles 

5 Thermal Shock 1011 -55 to 125°C, 500 cycles 

6 Electrostatic Discharge 3015 1500Q, 100pF, 2000V (min) 

7 Electrostatic Discharge EIAJ IC-121 OQ, 200pF, 200V (min) 

8 Latch-up JEDEC STD-17 Current Injection 200mA (min), 
Overvoltage 14V (min) 

Table 6. Product Qualification, Plastic Packages - Die Related Tests 

Subgroup Test Procedure MIL-STD-883 Test Conditions Procedure 

1 Operating Life Test 1005 140°C, Vee= 5 to 7V, 500hrs 

2 Operating Life Test 1005 125°C, Vee= 5.5V, 1000hrs 

3 Retention Bake (OTP, EEPROM) 1008 150°C, 1 OOOhrs 

4 Write/Erase Cycling (EEPROM, Published Data FLASH) 

5 Temperature, Humidity, Bias CECC 90,000 85°C, RH = 85%, Vee = 5.5V, 
1000hrs 

6 Temperature Cycling 1010 -40 to 150°C, 1000 cycles 

7 Thermal Shock 1011 -55 to 125°C, 500 cycles 

8 Pressure Pot 121°C, 2Atm, 168hrs 

9 HAST CECC 90,000 130°C, RH = 85%, 96hrs 

10 Electrostatic Discharge 3015 1500Q,100pF, 2000V (min) 

11 Electrostatic Discharge EIAJ IC-121 OQ, 200pF, 200V (min} 

12 Latch-up JEDEC STD-17 
Current Injection 200mA (min), 
Overvoltage 14V (min} 

13 Soft Error Testing (SRAM} 

-"41-"8------------ i..V ~i~©IHW~lf~~~ --------------
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Statistical Process Control 

One of the most powerful! tools implemented 
throughout the production of memory products is 
SPC. The final goal of the SPC program is to bring 
each critical step of the process to "6 Sigma" capa
bility (Cp;:: 2). Current controls are at Cp and Cpk 
1.33. For example, in a typical wafer processing 
line more than 200 variables may be controlled for 
SPC. Data is gathered and analysed by on-line 
computers _?nd provides up-to-the minute control 
charts (eg X, R charts). The critical process steps 

QN100 

are defined by FMEA (Failure Mode and Effects 
Analysis). 

A selection of the most important SPC steps and 
the Cp and Cpk results is regularly available and 
can help customers to avoid the costly qualification 
of new products when the products come from a 
qualified design and a manufacturing process that 
is demonstrated to be under control. 

The Table 7 and Table 8 show some typical SPC 
results from both wafer fabrication and assembly 
processes. 

Table 7. Statistical Process Control, Wafer Fabrication, CMOS EPROM (1.2 micron) 

# Parameter Dependant Performance 
4q91 1q92 

CP CPK CP CPK 

1 
VTH Field Minimum Latch-up Related 2.49 1.58 2.84 1.81 P-Channel Transisitor 

2 VTH Field Minimum Latch-up Related 2.28 2.42 2.62 2.42 
N-Channel Transistor 

3 Gate Oxide Thickness Data Retention & ESD 1.60 1.55 1.68 1.65 

4 lnterpoly Oxide Thickness Data Retention 1.70 1.64 1.43 1.41 

5 
Intermediate Dielectric 

Data Retention 1.46 1.36 1.44 1.34 Thickness 

Table 8. Statistical Process Control, Ceramic Package Assembly EPROM 

# Parameter Dependant Performance 
4q91 1q92 

CP CPK CP CPK 

1 Shear Test Die Attach 1.69 1.69 2.20 2.20 

2 Bond Strength Bond Weakness 2.17 2.15 2.50 2.50 

3 Torque Test Hermeticity 2.40 2.19 1.70 1.70 

4 Lead Plating Thickness Solderability 1.50 1.13 1.70 1.90 

---------------------------~~~@~~~~~~------------------------~5~/8 
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Short Term Reliability Testing 

In order to provide a rapid feedback on product 
reliability to manufacturing, a series of Short Term 

Reliability tests are performed on a lot-by-lot or 
weekly basis. These are summarised in Table 9 and 
Table 10. 

Table 9. Short Term Reliability Tests, Ceramic Packages 

Subgroup Test Procedure MIL-STD-883 Test Conditions Procedure 

1 Thermal Shock 1011 -55 to 125°C, 60 cycles 

2 Retention Bake (EPROM) 180°C, 72hrs 

3 Solderability 2003 245°C, 5sec, Precondition Steam, 1 hr 

4 Resistance to Solvents 2015 4 Solvent Solutions 

5 Physical Dimensions 2016 Published Data 

6 Lead Integrity 2004 Test Condition 82 

7 Hermeticity: 1014 

-Fine Leak Test Condition A1 

-Gross Leak Test Condition C1 

8 Lead Torque 2024 

Table 10. Short Term Reliability Tests, Plastic Packages 

Subgroup Test Procedure MIL-STD-883 Test Conditions Procedure 

1 Temperature Cycling 1010 -40 to 150°C, 100 cycles 

2 Write/Erase Cycles (EEPROM & Published Data 
FLASH) 

3 Solderability: 

- PSO, PSOJ & PLCC Packages CECC 90,000 215°C, 3sec, Precondition Dry Air, 150°C, 16hrs 

- PDIP Package 2003 245°C, 5sec, Precondition Steam, 8hrs 

4 Resistance to Solvents 2015 4 Solvent Solutions 

5 Physical Dimensions 2016 Published Data 

6 Lead Integrity 2004 Test Condition 82 

7 Pressure Pot 121°C, 2Atm, 168hrs 

6/8 "='= SGS·THOMSON 
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Long Term Reliability Testing 

Long Term Reliability tests are performed to pro
vide evidence of the life time reliability of memory 

QN100 

products. Sampling is made either monthly, 3 or 6 
monthly depending on the tests performed. Table 
11 and Table 12 summarise the tests. 

Table 11. Long Term Reliability Tests, Ceramic Packages 

Subgroup Test Procedure MIL-STD-883 Test Conditions Procedure 

1 Operating Life 1005 125°C, Vee ~ 5 to 6V, 1 OOOhrs 

2 Retention Bake (EPROM) 1008 250°C, 500hrs 

3 Thermal Shock 1011 -55 to 125°C, 15cycles 

Temperature Cycling 1010 -65 to 150°C, 1 OOcycles 

Moisture Resistance 1004 -10 to 65°C, RH ~ 90%, 10 cycles of 24hrs 

Fine Leak 1014 Test Condition A 1 

Gross Leak 1014 Test Condition C1 

4 Mechanical Shock 2002 Test Condition B 

Vibration Variable Frequency 2007 Test Condition A 

Constant Acceleration 2001 Test Condition E 

Fine Leak 1014 Test Condition A1 

Gross Leak 1014 Test Condition C1 

5 Temperature Cycling 1010 -65 to 150°C, 10 cycles 

Constant Acceleration 2001 Test Condition E 

Fine Leak 1014 Test Condition A 1 

Gross Leak 1014 Test Condition C1 

6 Electrostatic Discharge 3015 1500Q, 100pF, 2000V (min) 

7 Salt Atmosphere 1009 Test Condition A, 35°C, 24hrs 

8 Internal Water Vapour 1018 5000 ppm (max) 

9 Temperature Cycling 1010 -65 to 150 °C, 500 cycles 

----------------------------- ~~~~~i~~~--------------------------7~/8 
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QN100 

Table 12. Long Term Reliability Tests, Plastic Packages 

Subgroup Test Procedure MIL-STD-883 Test Conditions Procedure 

1 Operating Life 1005 125°C, Vee= 5 to 6V, 1000hrs 

2 Retention Bake (OTP & EEPROM) 1008 150°C, 1 OOOhrs 

3 Temperature, Humidity, Bias CECC90,000 85°C, RH = 85%, Vee= 5.5V, 1000hrs 

4 Electrostatic Discharge 3015 1500!2, 100pF, 2000V (min) 

5 HAST CECC90,000 130°C, RH = 85%, 96hrs 

6 Temperature Cycling 1010 -40 to 150 oc, 500 cycles 

Conclusion 
SGS-THOMSON believes that the extensive atten
tion given to process control and product evalua-

tion, combined with clear design rules and a well 
designed technology base, give the Company a 
world class overall quality rating. 
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SALES OFFICES 

EUROPE 
DENMARK 

2730HERLEV 
Herlev Torv, 4 
Tel (45-44) 94 85 33 
Telex: 35411 
Telefax· (45-44) 948694 

FINLAND 

LOHJA SF-08150 
Ratakatu, 26 
Tel (358-12) 15511 
Telefax (358-12) 155 66 

FRANCE 
94253 GENTILLY Cedex 
7 -avenue Gallieni - BP. 93 
Tel: (33-1) 47 40.75 75 
Telex 632570 STMHQ 
Telefax (33-1) 47 40 79 10 

67000 STRASBOURG 
20, Place des Hailes 
Tel (33-88) 75 50 66 
Telefax· (33-88) 22 29.32 

GERMANY 

85630 GRASBRUNN 
Bretonischer Ring 4 
Postfach 1122 
Tel · (49-89) 460060 
Telefax (49-89) 4605454 
Teletex· 897107=STDISTR 

60327 FRANKFURT 
Gutleutstrasse 322 
Tel j49-69) 237 492-3 
Tele ax· (49-69) 231957 
Teletex 6997689=STVBF 

30695 HANNOVER 51 
Roten burger Strasse 28A 
Tel (49-511) 615960-3 
Teletex· 5118418 CSFBEH 
Telefax (49-511) 6151243 

90491 NORNBERG 20 
Erlenstegenstrasse, 72 
Tel.: (49-911) 59893-0 
Telefax. (49-911) 5980701 

70499 STUTTGART 31 
Mlttlerer Pfad 2-4 
Tel. (49-711) 13968-0 
Telefax. (49-711) 8661427 

ITALY 
20090 ASSAGO (MI) 
V le Milanofiori - Strada 4- Palazzo A/4/A 
Tel (39-2) 575461 (10 linee) 
Telex 330131 -330141 SGSAGR 
Telefax (39-2) 8250449 

40033 CASALECCHIO Dl RENO (BO) 
. Vta R FUCinl, 12 
Tel (39-51) 591914 
Telex 512442 
Telefax (39-51) 591305 

00161 ROMA 
Via A. Torlonta, 15 
Tel. (39-6) 8553980 
Telex· 620553 SGSATE I 
Telefax· (39-6) 844447 4 

NETHERLANDS 
5652 AR EINDHOVEN 
Meerenakkerweg 1 
Tel· (31-40) 550015 
Telex: 51186 
Telefax (31-40) 528835 

SPAIN 

08004 BARCELONA 
C~lle Gran Via Carts Catalanes, 322 
61 Floor, 2., Door 
Tel (34-3) 4251800 
Telefax (34-3) 425367 4 

28027 MADRID 
Calle Albacete, 5 
Tel (34-1) 4051615 
Telex· 46033 TCCEE 
Telefax: (34-1) 4031134 

SWEDEN 

S-16421 KISTA 
Borgarf;ordsgatan, 13- Box 1094 
Tel. (46-8) 7939220 
Telex· 12078 THSWS 
Telefax (46-8) 7504950 

SWITZERLAND 
1218 GRAND·SACONNEX (GENEVA) 
Chemin Francois-Lehmann, 18/A 
Tel. (41-22) 7986462 
Telex 415493 STM CH 
Telefax (41-22) 7984869 

UNITED KINGDOM and EIRE 

MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 
Tel: (44-628) 890800 
Telex· 847458 
Telefax. (44-628) 890391 



AMERICAS 

BRAZIL 

05413 SAO PAULO 
R Henrrque Schaumann 286-CJ33 
Tel · (55-11) 883-5455 
Telex (391 )11-37988 "UMBR BR" 
Telefax (55-11) 282-2367 

CANADA 

NEPEAN ONTARIO K2H 9C4 
301 Moodre Drive Suite 307 
Tel .. (613) 829-9944 
Telefax (613) 829-8998 

U.S.A. 

NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
55 Old Bedford Road 
Lincoln, MA 01773 
Tel · (617) 259-0300 
Telefax. (617) 259-4421 

SALES COVERAGE BY STATE 

ALABAMA 
Huntsvrlle- Tel.. (205) 533-5995 

Fax (205) 533-9320 

ARIZONA 
Phoenrx- Tel (602) 867-6217 

Fax (602) 867-6200 

CALIFORNIA 
Santa Ana- Tel (714) 957-6018 

Fax. (714) 957-3281 
San Jose - Tel ( 408) 452-8585 

Fax (452) 1549 

COLORADO 
Boulder- Tel .. (303) 449-9000 

Fax (303) 449-9505 

FLORIDA 
Boca Raton- Tel.. (407) 997-7233 

Fax (407) 997-7554 

GEORGIA 
Norcross- Tel (404) 242-7444 

Fax ( 404) 368-9439 

ILLINOIS 
Schaumburg- Tel.. (708)517-1890 

Fax (708) 517-1899 

INDIANA 
Kokomo- Tel (317) 455-3500 

Fax. (317) 455-3400 
lndranapolrs- Tel (317) 575-5520 

Fax (317) 575-8211 

MICHIGAN 
Lrvonra- Tel.: (313) 953-1700 

Fax· (313) 462-4071 

MINNESOTA 
Bloomrngton- Tel (612) 944-0098 

Fax (612) 944-0133 

NORTH CAROLINA 
Cary- Tel (919) 469-1311 

Fax (919) 469-4515 

NEW JERSEY 
Voorhees- Tel.. (609) 772-6222 

Fax (609) 772-6037 

NEW YORK 
Poughkeepsie- Tel.: (914) 454-8813 

Fax: (914) 454-1320 

OREGON 
Lake Oswego- Tel (503) 635-7650 

TENNESSEE 
Knoxvrlle- Tel . (615) 524-6239 

TEXAS 
Austin - Tel (512) 502-3020 

Fax. (512) 346-6260 
Carrollton- Tel. (214) 466-8844 

Fax (214) 466-8130 
Houston- Tel (713) 376-9936 

Fax· (713) 376-9948 

FOR RF AND MICROWAVE 
POWER TRANSISTORS CON
TACT 
THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 

PENNSYLVANIA 
Montgomeryvrlle- Tel · (215) 361-6400 

Fax (215) 361-1293 

ASIA I PACIFIC 
AUSTRALIA 

NSW 2220 HURTSVILLE 
Surte 3, Level?, Otrs House 
43 Brrdge Street 
Tel (61-2) 5803811 
Telefax (61-2) 5806440 

HONG KONG 

WANCHAI 
22nd Floor - Hopewell centre 
183 Queen's Road East 
Tel (852) 8615788 
Telex· 60955 ESGIES HX 
Telefax. (852) 8656589 

INDIA 

NEW DELHI110019 
Lrarson Offrce 
3rd Floor, F-Biock 
lnternat1onal Trade Tower 
Nehru Place 
Tel (91-11)644-5928/647-9415 
Telex 031-70193 STMIIN 
Telefax (91-11) 6443054 

MALAYSIA 

SELANGOR, PETAUNG JAYA46200 
Unrt BM-10 
PJ lndustrral Park 
Jalan Kemajuan 12/18 
Tel (03) 758 1189 
Telefax (03) 758 1179 

PULAU PINANG 10400 
4th Floor- Surte 4-03 
Bangunan FOP-123D Jalan Anson 
Tel (04) 379735 
Telefax (04) 379816 

KOREA 

SEOUL 121 
8th floor Shrnwon Burldrng 
823-14, Yuksam-Dong 
Kang-Nam-Gu 
Tel (82-2) 553-0399 
Telex SGSKOR K29998 
Telefax (82-2) 552-1051 

SALES OFFICES 

SINGAPORE 

SINGAPORE 2056 
28 Ang Mo Kio- lndustrral Park 2 
Tel (65) 4821411 
Telex. RS 55201 ESGIES 
Telefax (65) 4820240 

TAIWAN 

TAIPEI 
11th Floor 
105, Sectron 2 Tun Hua South Road 
Tel (886-2) 755-4111 
Telex· 10310 ESGIE TW 
Telefax (886-2) 755-4008 

THAILAND 

BANGKOK 10110 
54 Asoke Road 
Sukhumvrt 21 
Tel. (662) 260 7870 
Telefax (662) 260 7871 

JAPAN 
TOKY0108 
Nrssekr - Takanawa Bid 4F 
2-18-10 Takanawa 
Minato-Ku 
Tel (81-3) 3280-4121 
Telefax (81-3) 3280.4131 
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