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This is your design Handbook for AM D's family of Flash memories. Included are data sheets and 
application notes that provide a detailed explanation of how to design this family into your new 
memory systems. When you use our devices you obtain the quality and reliability that you have 
come to expect from our EPROM and E2PROM product lines. 

AMO is the only Flash memory supplier that is also a major manufacturer of both EPROM and 
E2PROM technologies. This experience base is transferred directly to our Flash memory family. 
This synergy is important because Flash memories were actually born out of a marriage of these 
two technologies. AMO also offers the highest performance and density of Flash memories avail
able in the industry. By using less silicon than our competitors we are also positioned to be the 
lowest cost producer in the industry. 

Flash memories are not just a new approach to non-volatile storage media. They actually offer 
you a more competitive way to do business. Flash memories increase your ability to bring prod
ucts to market sooner. Also, you can cost effectively update systems already in the field with the 
latest firmware revisions that you are currently shipping. They even allow you to respond immedi
ately to changing market demands by configuring generic hardware systems just prior to ship
ment. In addition, Flash memories can be used as removable media for the new exploding mar
kets of miniaturized portable equipment and computers. 

We are very excited about this Flash memory family. As you read through this handbook I think 
you will share this feeling. 

Rich Forte 

Vice President 
High Performance Memory Division 
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- Product Selector Guide 

256K 

Am28F256 

Am28Fxxx Family 

Part 
Number 

Am28F256-75 
Am28F256-95 
Am28F256-90 
Am28F256-120 
Am28F256-150 
Am28F256-200 

Am28F512-75 
Am28F512-95 
Am28F512-90 
Am28F512-120 
Am28F512-150 
Am28F512-200 

Am28F010-95 
Am28F010-90 
Am28F010-120 
Am28FO 10-150 
Am28F010-200 

Am28F020-95 
Am28F020-90 
Am28F020-120 
Am2BF020-150 
Am2BF020-200 

Notes: 

'Temp Range 

Organization 

32K x 8 
32Kx 8 
32Kx 8 
32Kx 8 
32Kx 8 
32Kx 8 

64Kx_8 
64Kx 8 
64Kx 8 
64Kx 8 
64Kx 8 
64Kx 8 

128K x 8 
128K x 8 
128K x 8 
128K x 8 
128K x 8 

256K x 8 
256K x 8 
256K x B 
256K x 8 
256K x B 

Access 
Tlme(ns) 

70 
90 
90 
120 
150 
200 

70 
90 
90 
120 
150 
200 

90 
90 
120 
150 
200 

90 
90 

120 
150 
200 

Flash Memories 

Am28Fxxx 
Family 

512K 1024K 

Am28F512 Am28F010 

Temp Package 
Range' Type2 

C,I D, L, P,J 
C, I D, L, P,J 
C, l,E D, L, P,J 
C, l,E,M D, L, P,J 
C,l,E,M D, L, P,J 
C, l,E,M D, L, P,J 

C,I D, l, P,J 
C,I D, L, P,J 
C, l,E D, L, P,J 
C,l,E,M D, L, P,J 
C,l,E,M D, L, P,J 
C, l,E,M D, L, P,J 

C,I D, L, P,J 
C, l,E D, L, P,J 
C,l,E,M D, L, P,J 
C,l,E, M D, L, P,J 
C, l,E,M D, L, P,J 

C,I 0, L, P,J 
C, l,E 0, L, P,J 
C, l,E,M 0, L, P,J 
C, I, E, M D, L, P,J 
C, l,E, M D, L, P,J 

2 Package Type 
C ~ Ceramic DIP 

2048K 

Am28F020 

Pin 
Count Supply 

(DIPILCC, PLCC) Voltage 

32132 SV± 5% 
32132 SV± 5% 
32132 5V±10% 
32132 5V±10% 
32132 5V±10% 
32132 5V±10% 

32132 SV± 5% 
32132 SV± 5% 
32132 5V±10% 
32132 5v±10% 
32132 5V±10% 
32132 5V±10% 

32132 SV± 5% 
32132 5V±10% 
32132 5V±10% 
32132 5V±10% 
32132 5V±10% 

32132 SV± 5% 
32132 5V±10% 
32132 5V±10% 
32132 5V±10% 
32132 5v±10% 

C • Commercial (0° to +70°C) 
I • Industrial (-40° to +85°) L ~ Rectangular Ceramic Leadless Chip Carrier 
E • Extended Commercial (-55° to + 125°C) 
M • Military (-55° to + 125°C - most products available 

in both APL and DESC versions) 

P Plastic DIP 
J Rectangular Plastic Leaded Chip Carrier 

vii 
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An Introduction to Flash Memory 

WHAT IS FLASH MEMORY? 
Flash memories are the most cost effective non-volatile alternative for high density mem
ory applications that require in-system rep~ogramming. 

Flash memory is born o.ut of a marriage of EPROM and E2PROM technology. Accord
ingly, Flash memories incorporate the best characteristics of both devices. Flash memo
ries are erased electrically just like E2PROMs. However, Flash memories erase the entire 
chip at once. This is similar to UV EPROM. Unlike E2PROM, Flash memories do not allow 
data to be changed on a byte by byte basis. In addition, the Am28Fxxx family of Flash 
memories uses a separate 12.0 V ±5% programming power supply for both program and 
erase operations. Absolute write protection is provided when the 12.0 V supply is dis
abled. 

The Am28F01 O one Megabit Flash memory can be completely reprogrammed in less 
than five seconds. Reprogramming includes both the erase and programming operations. 
This is even faster than a standard E2PROM. In addition, Flash devices eliminate the 
need for expensive windowed packages, unplugging devices from sockets during code 
changes, and the 15-20 minutes required for EPROM erasure using ultraviolet light. 
Since Flash memories are available in plastic packages they are ideal for todays auto
matic manufacturing lines. 

Table One compares the basic features of U.V. EPROM, Flash memories, and 
E2PR0Ms. 

Table 1 

Parameter UV EPROM Flash E2PROM 

Erase UV Chip Erase Electrical Chip Erase Electric! Byte Erase 

Program Per Byte Per Byte Per Byte 

Program 12.5 v 12.0 v 5.0V 
Voltage 

Programming External In-system In-system 
Method Programmer 

Reprogramming 15-20 5 Seconds 10 Seconds 
Time {1 Megabit) Minutes 

WHERE WILL FLASH MEMORIES BE USED? 
Flash memories can be used in a wide variety of applications that today are implemented 
with EPROM, E2PROM, SAAM & Battery, or DRAM & Disk memory systems. 

WHY IS FLASH MEMORY COST EFFECTIVE? 
In order to answer this question, the total cost of reprogramming a non-volatile memory 
system must be considered. There are two components of the cost structure associated 
with in-system reprogramming. They are the device cost and the cost of updating memory 
contents in-system. 
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The following sections illustrate the advantage of AMD's Flash memory family versus to
day's alternative non-volatile memories. 

12.0 V Flash vs. UV EPROM 
Although the current device cost of Flash memories is greater than UV EPROM, soon 
they will be priced at only a multiple of 1.2 times UV EPROM. The cost savings of per
forming in-system reprogramming with Flash memories greatly outweighs any device 
level cost advantage of UV EPROM. The cost savings of a Flash memory system is 
greatly magnified if in-system updates are repeatedly performed. The key difference as 
shown in table 2 is in the cost of updating memory contents. 

When the code of a UV EPROM is updated the device must be removed from a socket 
and either erased for 15-20 minutes, reprogrammed, and then replaced, or just replaced 
with an entirely new device containing the updated code. This method of updating mem
ory contents is extremely labor intensive wherever it is performed, at the prototype stage, 
on the manufacturing line, or especially if it is required when a system is in the field. The 
reoccuring cost of a service call today exceeds $150. Logistics of implementing manual 
code changes are complicated if they are to be transparent to the system user. The down 
time associated with replacing EPROMs is reflected in the end user's loss of productivity. 

In addition, when system disassembly occurs in the field to replace EPROM based code 
storage it impacts the overall system in two ways. First, system design may compromise 
the most efficient use of board layout space. The placement of the EPROM device and its 
socket is dictated by ease of access and replacement when the system is disassembled. 
Second, whenever systems are disassembled the integrity of its reliability as shipped 
from the factory may be jeopardized. Frequently, system disassembly causes damage to 
boards and components. In addition, system recalibration may be required after reas
sembly. 

Flash memories offer a superior solution. Reprogramming memory contents can be con
veniently accomplished electrically in the resident system. Typically it takes only one sec
ond to erase an entire Flash memory device and only seconds to program the entire ar
ray. Memory contents may be updated in a number of ways. Reprogramming can be ac
complished remotely via the communication abilities of the target system such as modem, 
Integrated Services Digital Networks (ISDN), or if it is part of a networked system. Up
dates may also be performed using existing disk drive capability. The updated code may 
also be distributed via floppy disks and downloaded with just a few simple strokes on the 
keypad. 

12.0 V Flash vs. E2 PROM, 5.0 V - only Flash, and SRAM & 
Battery 
The cost of updating memory contents for each of these alternatives is essentially equiva
lent. Again, existing communication links can be used. A nominal cost is assigned for this 
procedure as listed in table 2. In this comparison the primary advantage of AM D's Flash 
solution is in the device cost. AM D's Flash memories will continue to parallel the density 
of UV EPROMs while costing only slightly more than them. This is due to the use of our 
EPROM-like single transistor memory cell. Because these other devices use multiple 
transistor memory cells, they will be hard pressed to match the future increases in device 
density and the inherent cost-per-bit advantage of 12.0 V Flash memories. 

Since at least 60% of a memory chip is comprised of the actual memory array, any alter
native to the single transistor memory cell will suffer from limits of increasing chip density, 
incur a 2-4x increase in silicon real estate, and have a higher manufacturing cost struc
ture. Today's 5.0 V-only Flash memories are really only watered down versions of stan
dard E2PROMs. They use complex, multiple transistor memory cells similar to E2PROMs. 
This approach to Flash memories still uses charge pumps to raise internal voltages up to 
18 volts and greater. This severely stresses the memory's tunnel oxide. In part, this ex
plains the lower endurance capability of these types of devices. 5.0 V only Flash devices 
have at least an order of magnitude lower cycling endurance than 12.0 V Flash memory. 
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In addition, non-volatile 12.0 V Flash memories are not burdened by the reliability con
cern of battery backed SRAMs. Why try and predict battery failure? Flash memories ex
hibit the time tested data retention characteristics of EPROM memory devices. There is 
no need for battery holders or system design compromises that permit access to the bat
tery for replacement. Batteries are also susceptible to environmental effects of tempera
ture and mechanical shock and vibration. 

12.0 V Flash vs. DRAM & Disk Drive 
The new explosive growth markets of miniature portable equipment and computers along 
with the associated need for transportable non-volatile memory will be another driving 
factor for Flash memories. This will establish Flash memories as the new memory of 
choice. Flash offers immediate access (instant-on) to application programs without the 
download time associated with transfering application code from hard disk to system 
memory; code is executable directly from the memory. Data files may be written and al
tered using the Flash memory as a rewritable storage medium. A much smaller form fit 
and weight factor is achieved with solid state memory versus a mechanical disk drive. 
Power consumption is substantially reduced and reliability increased due to the greater 
lifetime achieved in environmentally extreme conditions. 

Table Two summarizes these issues. 

Table 2 

Device Device Cost Update Cost Total Cost 
(256 K Density) 

EPROM $2.00 $150.00 $152.00 

E2PROM $20.00 $8.00 $28.00 

SAAM& $18.00 $8.00 $26.00 
Battery 

5.0 V Flash $10.00- 20.00 $8.00 $18.00 - 28.00 

Flash & $5.00 $8.00 $16.00 
Vpp Circuitry $3.00 

HOW DO FLASH MEMORIES LOWER MY TOTAL SYSTEM 
COST? 

In-System Updates 
Flash memories provide immediate dividends as soon as they are reprogrammed. Code 
prototype time is significantly reduced because Flash memories can be updated with new 
code in a manner of seconds. Updates can occur on the prototype board without any dis
assembly. This eliminates the time required to unplug, UV erase, reprogram, and replace 
EPROMs. 

Manufacturing Efficiency 
Manufacturing processes are simplified by using Flash memories. Board level diagnos
tics, final system test, and customer specific configuration code can all be downloaded 
into the Flash memory electrically on the assembly line. Devices may be soldered directly 
to the system board. This eliminates the need to disassemble the system and replace 
socketed devices. 

Time To Market 
Today being first to market often separates the winners from the also rans. Since Flash 
memories are reprogrammable in-system, final system code is not absolutely a necessary 
requirement prior to shipment. As refinements and updates are made, each previously 
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shipped system can be updated conveniently and cost effectively. Thus your entire prod
uct line can always be as up-to-date as your newest systems rolling out the factory door. 

Efficient Inventory Control 
Accurate product mix forecasting is an elusive capability. Changing market conditions that 
deviate from even the best forecasts have real world impact on a business unit's ability to 
be responsive to customer demands and meet quarterly goals. Flash memories offer an 
innovative solution to this issue. Generic hardware systems can be planned and built 
without exact knowledge of final product mix. Various models of one hardware platform 
may be configured with customer specific code prior to shipment. 

This allows you to create a more flexible and cost effective finished goods inventory. You 
can now respond immediately to changing market demand as soon as marketing informa
tion is available. 

Field Service Savings 
The prohibitive costs associated with a field service call are now a thing of the past. 
When updates to system code or system reconfiguration is necessary, these costly serv
ice calls may be replaced with remote updates or by distributing floppy disks with new 
data. In this way, systems can also be reprogrammed when usage is at a minimum. The 
procedures required to keep all systems up to date now become transparent to the actual 
end user. In addition, system reliability is not compromised when remote updates are per
formed. System disassembly is not required. This also eliminates handling, ESD, and 
component damage issues. 
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Advantages of AMD's 12.0 V 
Flash Memory Family 

AMD'S FLASH MEMORIES CREATE A DEFACTO INDUSTRY 
STANDARD 
AMD is the first company to address the issue of device compatibility. In the world of 
Flash memories today, no two device offerings can be used as 100% compatible alter
nate sources of supply. While 32-pin pinouts are assigned for Flash E2PROMs, program
ming software standards do not exist. This is one of the major issues that must be ad
dressed in order to fuel the widespread use of Flash memories. 

AMD is leading the way to promote a defacto industry standard pinout and software for 
Flash memories. AM D's approach allows our device to be used as a 100% alternate 
source with the Intel Flash memories. Our devices are 100% compatible with the Intel 
type of software commands while providing us the flexibility to enhance our device fea
tures. These enhancements are a natural extension of our years of experience in the 
E2PROM business. 

The market acceptance of Flash memories is now accelerated by the availability of 100% 
software and pinout compatible devices from the two largest U.S. suppliers of non-volatile 
memories. 

FLASH MEMORY TECHNOLOGY IS EVOLUTIONARY 
AMD is the only Flash memory supplier that is also a major manufacturer of both EPROM 
and E2PROM technologies. We have transferred this experience base directly to our 
Flash memory technology and manufacturing process. This synergy is important because 
Flash memories were actually born out of a marriage of these two technologies. 

We build our Flash memories on our state of the art 1.0 µM CMOS technology on the 
same high volume manufacturing line used for our current EPROM and E2PROM de
vices. This provides the basis for our steep learning curve that will bring the cost of our 
12.0 V Flash memories to within just a slight premium over UV EPROM devices. 

Our many years of experience in E2PROM design and our understanding of the issues 
relating to in-system write operations are incorporated into our Flash memory family. In 
addition, the many years of manufacturing experience and constant refinements to our 
thin film tunnel oxide provide immediate benefits to our Flash family. 
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PROGRAMMING ENDURANCE 
AM O's Flash memory technology incorporates the traditional EPROM programming 
mechanism of hot electron injection and the standard E2PROM erase mechanism of 
Fowler-Nordheim tunneling. AMO achieves the highest level of endurance capability by 
performing each of the program and erase operations on separate terminals of the mem
ory cell. This is because programming and erase methods employ different charge trans
fer mechanisms. This way the memory cell can be optimized for each separate mecha
nism. In addition, the Vpp voltage used for program and erase operations is lower than 
the voltages used by traditional E2PR0Ms. This significantly lowers the stress on the tun
nel oxide during erase operations and hence extends the cycling capability of the tunnel 
oxide by orders of magnitude. 

MANUFACTURING EFFICIENCY 
AMO also leads the industry as the most cost efficient manufacturer of non-volatile 
memories. Our EPROM experience base again offers immediate benefits to our Flash 
family. We continue to the lead the competition with the smallest Flash memory chips. 
Thus, we are positioned to be the lowest cost Flash memory supplier in the industry. This 
not only ensures our viability as a long term supplier but also ensures you of a ready sup
ply of product. 
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ZERO WAIT STATE SYSTEMS 
AM D's Flash memories let you take full advantage of your high performance microproces
sor systems. Our devices lead the industry with the fastest access times available. AM D's 
Am28F256 and Am28F512 devices are available at 70ns and our Am28F01 O one Mega
bit device is available at 90ns. These devices operate at typically twice the performance 
of our competitors. Again, this advantage is a direct result of AM D's high performance 
EPROM leadership. 

INADVERTANT WRITE PROTECTION 
The AMO Flash memory incorporates an on-chip state machine to determine the operat
ing mode of the device. The state machine is accessed only via the on chip command 
register. In tum, the command register is only enabled when the 12.0 V Vpp voltage is 
active. Without the Vpp voltage, memory contents can not be altered. 

The command register is manipulated by a combination of three control pins. The only 
condition valid fora write operation is ~hen OE is high and both CE and WE are low. Any 
other state is considered a non-write state. Data can not be transferred from the com
mand register to the state machine if a non-write state condition exists. 

The state machine requires a sequence of two-cycle bus commands to change the "state" 
of the Flash memory device. Should an improper sequence of commands be issued to 
the device it will interpret these as "illegal" commands and safely reset to the read only 
mode and terminate any current operation. The two-cycle bus commands tend to elimi
nate the potential for inadvertent writes should system glitches occur. It is unlikely that the 
proper sequence and timing of these glitches would resemble actual valid commands. 
This is an advantage over other approaches to Flash memories that simply use control 
pins to initiate write operations. 

In addition, during system power transitions the Flash memory device automatically re
sets to the read mode. The command register may also be effectively locked out of trans
fering any commands to the state machine by tying the WE pin to the device Vee pin. 
Thus, WE will always be in a non-write configuration until driven low by the system write 
control line. 

Please refer to application note AN-101 for details regarding this issue. 

EFFICIENT PROGRAMMING ALGORITHMS ALSO 
GUARANTEE DATA RETENTION 
AMD's Flash memory programming algorithms use an interactive approach to adequately 
program and erase the device with a minimal number of pulses. 

We guarantee data retention by using a similar margin verify concept employed by 
EPROM programming algorithms. During the verify mode an internally generated margin 
verify voltage is applied to each addressed memory location. The verify voltage is gener
ated internally on chip from the static 12.0 V Vpp supply. In this way, data retention is 
guaranteed to equal that of EPROM memories. 

GENERATING VPP PROGRAMMING VOLTAGES 
In many of today's systems a regulated 12.0 V supply is available. If this is not the case, 
there are many alternatives for generating this voltage. They vary from DC/DC or analog 
converters that can pump up 5.0 V from the system Vee to the regulated 12.0 V Vpp sup
ply. In addition, there are many DC/DC converters that take higher incoming voltages and 
step them down to the regulated Vpp output voltage. 

The cost of implementing the voltage generation typically costs less than a fraction of the 
Flash memory itself and best of all it can be amortized over the entire Flash memory ar
ray. Many of these solutions off er enough programming current to program and erase 
four (4) devices in parallel. This would be sufficient for many of today's 32-bit word 
sytems. 

Please refer to application note AN-102 for details regarding this issue. 
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Considerations for In-System Programming AN-101 

BASIC PRINCIPLES 

AMD Flash memories use 100% TTL-level control in
puts to manage the command register. Erase and re
programming operations use a fixed 12.0 V ±0.6 V 
power supply. 

Read Only Memory 

Without high VPP voltage, the Flash memory functions 
as a read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 

Command Register 

The command register is enabled only when high volt
age is applied to the V PP pin. The erase and reprogram
ming operations are only accessed via the register. 
Two-cycle commands are required for erase and repro
gramming operations. In addition, the traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 

The AMD Flash memory command register is written 
using standard microprocessor write timings. The regis
ter controls an internal state machine that manages all 
device operations. 

For system design simplification, the AMD's Flash 
memory is designed to support either WE or CE con
trolled writes. During a system write cycle, addresses 
are latched on the failing edge of WE or CE, whichever 
occurs last. Data is latched on the rising edge of WE or 
CE, whichever occurs first. All setup and hold times are 
with respect to the WE signal. To simplify the following 
discussion, the WE pin is used as the write cycle control 
pin throughout the rest of this text. 

Overview of Erase/Program Operations 

Erase Sequence 

A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and 
repeated one cycle verify commands). 

Note: 
The Flash memory array must be completely programmed 
prior to erasure. Refer to the Flasherase™ Algorithm. 

1. Erase Set-up: Write the Erase/Erase Set-up 
command to the command register. 
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2. Erase: Write the Erase/Erase Set-up command to 
the command register again. The second command 
initiates the erase operation. Time-out the erase 
pulse width. 

3. Erase-verify: Write the Erase-verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address informa
tion must be supplied with the Erase-verify com
mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased). After suc
cessful data verification the Erase-verify command is 
written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 

If data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is 
successfully verified or the sequence is repeated 1000 
times. 

Programming Sequence 

A three-step command sequence (a two-cycle Program 
command and one-cycle verify command) is required to 
program a byte of the Flash array. Refer to the 
Flashrite ™ Algorithm. 

1. Program Set-up: Write the Program/Program Set
up command to the command register. 

2. Program: Write the Program/Program Set-up com
mand to the command register with the appropriate 
Address and Data. Time-out the program pulse 
width. 

3. Program-verify: Write the Program-verify command 
to the command register. This command terminates 
the programming operation. In addition, this com
mand verifies the margin and outputs the byte just 
programmed in order to compare the array data with 
the original data programmed. After successful data 
verification, the programming sequence is initiated 
again for the next byte address to be programmed. 

If data is not verified, the Program sequence is repeated 
until a successful comparison is verified or the 
sequence is repeated 25 times per byte. 

Publication # Rev. Amendment Issue Date 
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AN-101 

CONSIDERATIONS FOR IN-SYSTEM 
PROGRAMMING APPLICATIONS 

V PP Generation and Control 

Constant V PP voltage of 12.0 V ±0.6 V is required for 
erase and programming operations. Parallel device 
reprogramming (either 16-bit or 32-bit data words) re
quires 30 mA of current for each device in the Flash 
memory array. 

VPP voltage can be generated in a number of ways: 

1. Use analog circuitry to pump 5 V to VPP Voltage 

2. Use DC/DC, monolithic converter to pump 5 V to V PP 
Voltage. 

3. Hardwire V PP Voltage to the Flash Device 

4. Umbilical Cord Programming 

It is important to maintain the specified VPP voltages 
when reprogramming the Flash memory device. All 
internal device voltages are generated from the V PP 
reference. Inappropriate VPP voltage may impair device 
performance. Internal voltages do not exceed that of 
external V pp· 

Unlike other approaches to Flash memories, AMD's 
devices actually verify margin for each byte during 
erase and programming operations. This is accom
plished during the Erase-verify and Program-verify 
operations respectively. During these operations, the 
appropriate margin-verify voltages are internally tapped 
off of the V PP voltage via the command register and 
internal VPP circuitry. This allows for Erase/Erase-verify 
and Program/Program-verify operations to be per
formed with static V cc (5 V) and V PP (12 V) voltages. 

VPPSupply 

1. Use analog circuitry to Pump 5 V to VPP Voltage. 

See Application Note AN-102 on V PP Generation and 
Control for circuit schematics and more detailed 
discussions. 

2. Use DC/DC Monolithic Converter to Pump 5.0 V to 
vpp· 

A monolithic DC/DC converter from Valor Electronics, 
the PM9006, is appropriate for the digital world to sup
ply the 12.0 V ±0.6 V VPP voltage. The VPP voltage is 
generated on a chip using the standard system Vee 
(5.0 V) voltage. Standard TTL commands are used to 
disable the 12.0 V output supply when programming or 
erasing operations are not intended. The enable (E) 
function provides absolute write protection to guarantee 
against inadvertent program or erasure. Flash memory 
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contents cannot be altered without the active 12.0 V V PP 
supply. The enable pin also saves system power when 
the DC/DC converter is not required. The PM9006 has a 
minimum efficiency of 50% at full load. The PM9006 
comes in a 24-pin package. 

The Valor PM9006 provides a controlled 12.0 V output 
that is regulated within the ±5% (±0.6 V) VPP specifica
tion. The standard system V cc (5.0 V) supply is con
verted to the VPP (12.0 V) supply by the DC/DC conver
ter. The voltage transitions are smooth and protect 
against destructive positive or negative overshoot. 

The PM9006 can supply 165 mA of current at the regu
lated 12.0 V ±0.6 V output. The 5.0 V ±0.5 V DC input 
supply of the DC/DC converter uses a maximum of 840 
mA of input current. The Am28F01 O specifies a maxi
mum V PP current of 30 mA for either the erase or pro
gram operations. Actual current required for these op
erations is substantially lower than this. Given the maxi
mum VPP current of 30 mA for each device, four (4) 
Am28F01 O may be programmed and erased in parallel 
with one PM9006 device. The PM9006 VPP supply cur
rent= 165 mA - 4 x 30 mA of V PP current required for the 
Flash memory array = 45 mA of additional current avail
able from the DC/DC converter. 

Parallel programming and erasure allows for the most 
efficient method to reprogram x16 or x32 bit data words. 
Refer to application note AN-101 for parallel program 
and erase flow charts. 

Board Level Resets 

System designs should not allow the Flash device to 
perform any programming or erase operations when the 
CPU does not have control of the Flash device. Some 
designs incorporate board level reset circuitry that sus
pends operation of the local CPU if the V cc level falls 
below a predetermined value (such as 4.6 V). If this is 
the case, the reset circuitry should also disable the V PP 
power supply whenever the CPU is held in reset. 

If the local CPU is forced into reset mode while it is 
programming or erasing the Flash device, the system 
reset circuit should also terminate that operation. To ac
complish this, the PM9006's enable pin should be 
driven high whenever the reset circuitry is active. Drive 
the chip enable pin of the PM9006 with the logical OR of 
the reset circuitry's output signal and the chip enable 
control line to the PM9006. This will disable the V PP 
supply and hence termiante any programming or erase 
operation. The Flash device automatically resets to the 
read mode when V PP is disabled. 

Please reference the PM9006 data sheet for complete 
details of device operation. One method of implement
ing the PM9006 DC/DC converter is illustrated on 
page four. 
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Vee 

VppOut 1 +5 v 
24 +5 v 

V+~~--o 

Note: 

Valor 
PM9006 

2 

V+ 
V- 10 

V-

Pins 3 through 9 and 16 through 23 are not internally con
nected to the device and do not need to be driven. 

Generate and Control 12.0 V 

3. Hardwire V PP Voltage to the Flash Device. 

Typically this approach is used in the mo~t cost 
sensitive applications. Regulated 12.0 V supplies are 
commonly available in many systems. 

When Vee= O V, the VPP voltage is internally disabled 
from the device. Memory contents cannot be altered. 
The Flash device automatically resets to the read mode 
when V cc rises above 2 V. This occurs even when 
vpp = 12 v. 
Power Supply sequencing is not required. 

The device will only respond to the correct sequence of 
commands in order to change the state of the Flash 
memory from Read mode to any other mode. In addi
tion, the three control pins must be in their correct state 
(CE= Low, OE= High, and WE= Low) in order to accept 
a command from the data bus. 

A number of additional procedures are available to 
further prevent inadvertent writes should system 
glitches occur during system/device power transitions: 

• Hold any control pin (CE, OE, or WE) in a non-write 
condition. This disables the device from executing a 
write operation. Please refer to following example. 

• Any "illegal" command (an illegal command is one 
that is not defined in the AMO Flash Memory data 
sheet under the section - Command Definitions) writ
ten to the Flash device will automatically terminate 
any operation and reset the device to the Read Mode. 

4. Umbilical Cord Programming 

Many applications perform system updates using the 
umbilical cord or edge connector programming method. 
The external programming equipment supplies the 
12.0 v ±0.6 V VPP voltage. When the umbilical cord is 
disconnected, be aware that electrostatic discharge 
may build up on the floating VPP pin. To prevent this 
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Example: 

Holding WE in a non-write condition during power transitions. 

Vpp 32 Vee .=E' System Vee 

NC 2 31 WE System WE 

A1s 3 Flash 30 NC 
Memory 
Device 

In systems where the Vpp pin is to be connected directly 
to the + 12 V supply, WE should be held in a non-write 
state during power supply transitions. This will prevent 
against inadvertent write conditions. One way to 
achieve this is by pulling WE up to Vee via a 2.7 K Ohm 
resistor. 

During power supply transitions, Vpp voltage is inter
nally disabled from the Flash device until Vee rises 
above 2 V. In addition, the Flash device automatically 
resets to the read mode as Vee rises above 2 V. The WE 
pin will be pulled up (V1H = 2 V) via the 2.7 K Ohm resistor 
as Vee rises. When write enable is at V1H the command 
register is internally disabled from the internal state.ma
chine of the Flash device. When the command register 
is disabled, data commands can not be transferred to 
the state machine. Therefore the state of the Flash de
vice will not be altered from the read mode. Access to 
the command register will be prevented until the WE line 
is driven to a logic level low by the system write control. 

Note: VIH Min.= 2.0 v A= 2.7 K 

problem, tie the VPP pin to ground via a large (1 OK Q) 
pull-up resistor and a capacitor. 

V PP Layout and Circuitry 

Be aware that AC current is a component of DC power 
switching characteristics. Design the printed circuit 
board traces handling this current to accommodate high 
frequency. 

Printed Circuit Board Trace Layout: Use a single 
ground plane to eliminate potential loops. Keep all in
ductive impedances at a minimum on all high current 
traces. 

VPP Regulator Circuitry Layout: Locate the VPP gen
eration circuitry as close to the Flash memory array as 
possible. In addition, minimize lead lengths of the net
work. To help prevent noise from being picked up in 
feedback loops, locate all resistors and capacitors as 
close to the VPP network as possible. In order to. pre
vent input ground loops, use separate returns for input 
and output capacitors. 

Device Decoupling 
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~vice Decoupling 

1itching CE inputs for memory selection causes 
nsient current peaks at the Flash device. The Flash 
~mory devices should be decoupled with the 
propriate capacitance. 

:::;onnect a 0.1 µF ceramic capacitor between V cc and 
l/5s and one between VPP and Vss· The capacitors 
should be placed as close to each device as possible. 

In addition, connect a 4.7 µF electrolytic capacitor 
between V cc and V ss on the memory arrays' power 
supply. Do this for each set of eight memory devices. 
This bulk capacitor will maintain even voltage to the 
memory array. 

ystem Initialization 

Jring remote code updates the possibility that the 
,mmunication link could be disrupted during a repro
amming sequence exists. Should this occur, the state 
the Flash device (Erased, Partially Programmed, 

c.) may not be known. Bootcode should always reset 
e Flash memory as part of the initialization sequence. 
lso, status flags should be read to determine the state 
the Flash device upon reset. 

ystems that are designed for remote updates should 
mt a in the fallowing as at least a subset of the 
:>otcode program: 

In-system reprogramming routines for Flash, 

Standard initialization and diagnostic routines, 

A set of communication routines, 

s part of the boot code. The boot code can be cost 
ffectively stored in an AMO ExpressROM"' as a 
eparate memory device. 

.s with any logic device, the Reset command initializes 
ie Flash memory to a known state: the Read mode. 
"his is accomplished by writing the Reset command 
Nice in succession to the Flash device. This should 
,ccur in the first part of the system initialization routine. 

:irst we will discuss resetting the Flash device as part of 
he initialization sequence. Then we will discuss the use 
1f reprogramming flags to keep track of the state of the 
:1ash device after remote updates (i.e., does the 
nemory content contain valid data). 

nterrupt Sequences 

nterrupt sequences should always reset the Flash 
ievice as the first part of any routine. In addition, it is 
idvisable to disable the vpp voltage during interrupts. 
rhe Reset command should be written twice in a row to 
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all Flash devices as part of the interrupt sequence. This 
resets the Flash device to the Read mode. Reset the 
Flash device as the initial commands of any routine. 
This procedure is also relevant should a software or 
hardware reset occur while the system is in the process 
of reprogramming the Flash memory. By including the 
consecutive reset command sequence in the bootcode 
the erase or program operations will be terminated 
when the system reboots. 

Hardware resets may be implemented by connecting 
the reset signal directly to an interrupt controller. The 
software interrupt sequence to reset the Flash memory 
is then executed by the controller. 

Data Transmission 

In order to guarantee accurate data updates, repro
gramming protocols may include echo techniques or 
error-free transmission algorithms. 

The echo technique is a straight forward approach to 
verify transmission of accurate data. The remote 
system sends back the Flash memory instructions (i.e. 
Set-up Erase/Erase) to the host system. The remote 
system waits for a confirmation of the instruction prior to 
execution. Once the memory array is reprogrammed, 
the remote system transmits the data to the host for 
verification. Upon confirmation the remote system 
programs the Data Valid word. This concept is 
explained in the Data Valid section. 

Handshaking 

Communication protocols for the host system in charge 
of remote updates should require a status check from 
the target system prior to sending reprogramming 
commands. If the system indicates it is available, the 
appropriate command is issued by the host system. 
Should the remote system indicate it is not available the 
host may break the communication link and wait for a 
request to reconnect later. Handshaking protocols are 
recommended in applications where system downtime 
is not acceptable to accommodate reprogramming 
routines. 

Data Valid Flags 

Once the Flash memory and other system components 
have been reset the system should check for the validity 
of data contained in the Flash memory devices. This is 
an issue when the system resets or the communication 
link is disrupted during remote reprogramming routines. 

The system should check the Flash device for valid data 
upon initialization. 

The Data Valid flag is a data word that is the final word 
programmed into the Flash array. This word is pro-
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ray. The Data Valid word will not be programmed if 
the memory array data is invalid or the communication 
link was disrupted during a reprogramming sequence. 
During system initialization the CPU will look for the 
Data Valid word. If it is not programmed, the system will 
recognize that the Flash memory is not programmed 
with accurate data. The Flash memory must be accu
rately programmed before the system initialization 
routine can be completed. 

Data Protection 

Because AMD's Flash memories are designed to be 
reprogrammed in-system AMD has incorporated a 
number of data protection methods against inadvertent 
erase or program. 

Software 

AMD's Flash Memories require a two-cycle Write com
mand to initiate either the erase or program operations. 
Refer to the Set-up Erase/Erase or Set-up Program/ 
Program commands. These commands drive an inter
nal state machine that controls the device operation. 
The state machine is designed to expect the first Write 
cycle command to be a set-up command. Set-up com
mands will not alter the memory data. Successful exe
cution of the appropriate second Write cycle command 
will initiate the erase or program operations. 

Control Inputs 

AM D's Flash memory devices require that OE= V1H and 
CE = WE = V1L in order to load the register with a 
command. If any pin is not in the correct state a write 
cycle cannot be initiated. 

VPP Voltage 

AMD's Flash device is designed to disable the com
mand register whenever V PP falls below V cc + 2 V. 
When Vee= 0 V, the command register internally dis
ables the V PP voltage from the device. When V PP = 12 V, 
the Flash device resets to the Read mode when Vee 
rises above 2 V. When the command register is dis
abled, the memory array contents cannot be altered. 

Power supply sequencing is not required. 

AUTO SELECT COMMAND 

Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 
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Programming In-System 

AMD's Flash memories are designed for use in 
applications where the local CPU alters memory con
tents. Accordingly, manufacturer and device codes 
must be accessible while the device resides in the 
target system. PROM programmers typically access the 
signature codes by raising A9 to a high voltage. How
ever, multiplexing high voltage onto the address lines is 
not a generally desired system design practice. 

AMD's Flash memories contain an Auto select opera
tion to supplement traditional PROM programming 
methodology. The operation is initiated by writing either 
80H or 90H into the command register. Following this 
command, a Read cycle from address OOOOH retrieves 
the manufacturer code of 01 H. A Read cycle from ad
dress 0001 H returns the appropriate device code. To 
terminate the operation, it is necessary to write another 
valid command into the register. 

Data Change Sequence 

Flash memories perform data change cycles differently 
than full-featured E2PROMs. Flash memories must al
ways be completely programmed prior to erasure. This 
ensures against over-erasure, because all bytes are 
erased from the fully programmed state. 

A data change sequence will include the following: 

• Program the entire array to OOH data using the 
Flashrite"' Algorithm. 

• Bulk-Erase the entire device using AM D's Flashrite"' 
Algorithm. 

• Program the array with the appropriate data pattern 
using AMD's Flashrite"' Algorithm. 

As long as the user follows AMD's Flasherase"' and 
Flashrite"' Algorithms, the device will not over-erase. 

MULTIPLE MEMORY ARRA VS 

Many applications require multi-memory device arrays. 
AMD's Flash memories provide the standard OE and 
CE device control inputs. These two controls allow for 
specific selection of one memory device in an array and 
help prevent the potential for bus contention. Because 
all non-selected memories may be left in standby mode, 
the memory arrays' power dissipation is maintained at 
its lowest level. 

The CE control pins should be driven by the outputs of 
an address decoder. The system's memory Read and 
Write signal should control the OE and WE controls of 
the memory array respectively. 
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PARALLEL DEVICE ERASURE-OVERVIEW 

Raise Vpp to 12 V 

Program all 
devices to OOH 

Initialize variables 

Write Erase 
command to all 

unerased devices 

Time-out = 1 O ms 

Terminate Erase 
operation. Write 
the Erase-verify 
command to all 

unerased devices 

High order byte y 

device erased? 

N 

Low order byte 
device erased? 

y 

N 

All devices erased? 
y 

N 

PLSCNT = 1,000? 
N 

y 

Write Read 
Command 

Lower Vpp 

Erase error 

Considerations for In-System Programming 

Mask high order 
byte device 

Mask low order 
byte device 

Write Read 
Command 

LowerVpp 

Erase completed 

13008-001A 
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PARALLEL DEVICE ERASURE FLOW CHART 

3-8 

Begin Erase 

Apply VppH to 
devices 

Program all 
devices to OOH 

Initialization: 
PLSCNT =0 
HOB=O 
LOB=O 
ERS = 2020H 
VFY = AOAOH 

Write xxxx/ERS 

Write xxxx/ERS 

Timeout= 1 O ms 

Write xxxx/VFY 

Parallel device 
verify & mask 

subroutine 

ERS = OOOOH? 

y 

Write Read 
Command 

Apply Vppl 

Erase Complete 

N 
N 

INC PLSCNT =1 ,000? 

y 

Write Read 
Command 

Apply Vppl 

Erase Error 

13008-002A 

Activity 

Allow VPP to stabilize. 

Follow Flashrite programming algorithm. 

Initialize Erase Variables: 
PLSCNT = Pulse Counter 
HOB =High Order Address Byte 
LOB = Low Order Address Byte 
ERS = Erase Command 
VFY = Erase-verify Command 

xxxx = Address do not care. 
Write Erase Set-up command. 

Initiate erase pulse. 

Duration of erase pulse. 

Erase-verify command terminates the erase pulse. 

AN-101 

See Parallel Device Erasure subroutine. Each device is 
independently verified. The command is masked by the 
Read command (OOH) for all devices that are completely 
erased. 

ERS = OOOOH when all devices are erased. 

Reset devices for read operation. 

VPpl deactivates the command register. Device is in the 
Read Only Mode. 
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PARALLEL DEVICE ERASURE-SUBROUTINE 

High Order Byte and Low Order Byte Device Program Verity and Mask Subroutine. 

Begin Subroutine 

Write HOBNFY 

Time out = 6 µs 

Read HOB/FMD 

FMD = FFH? 
N 

y 

N 
HOB=Last address? 

y 

ERS = OOLBH 
VFY = OOLBH 

Write LOBNFY 

Time out = 6 µs 

Read LOB/FMD 

FMD = FFH? 
N 

y 

N 
LOB=Last address? 

y 

ERS = HBOOH 
VFY = HBOOH 

13008-003A 

Return to 
Subroutine 

Activity 

The Subroutine verifies each device independently and 
masks the completely erased device from further erasure. 

Verify High Order Byte Device: 
Addresses are latched (HOB) on Erase-verify command. 

Internal margin verify voltages are tapped from external 12 V 
vpp for proper byte verification. 

Read HOB from previously latched Address. 
FMD = Flash Memory Data. 

Compare Flash Memory Data to FFH. If verified, then 
compare next high order byte address. If invalid, then Jump 
to low order byte device. 

If all addresses of the high order byte device are verified, 
mask the Erase and Verify commands with the Read 
command, (OOH). Low order byte (LB) device commands 
are not altered. 

Verify Low Order Byte: 
Addresses are latched (LOB) on verify command. 

Internal margin verify voltages are tapped from external 12 V 
vpp for proper byte verification. 

Read LOB from previously latched address. FMD = Flash 
Memory Data. 

Compare Flash Memory Data to FFH. If verified, then 
compare next low order byte address. If invalid, return to 
main parallel erase flow for next erase pulse. 

If all addresses of the low order byte device are verified, 
mask the erase and verify command with the 
read command (OOH). High order byte (HB) device 
commands are not altered. 
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Parallel Device Erasure 

A bank of Flash memories may be erased in parallel. 
This reduces total erase time when compared to eras
ing each device individually. Each Flash memory may 
erase at different rates. Therefore each device must be 
verified separately after every erase pulse. Once a de
vice has successfully completed erasure do not issue 

the erase command again to that device. Issue the 
Read command OOH to the erased device. The Erase 
command sequence may be issued to each of the re
maining devices that have not erased yet. In addition to 
the address verify register required for each device you 
will need an erase complete flag for each device. 

PARALLEL DEVICE PROGRAMMING - OVERVIEW 

Raise Vpp to 12 V 

Get address and 
data word for 
programming 

Initialize variables 

Program data word 
to unprogrammed 

devices 

Time-out = 1 O µs 

Terminate 
Programming 

operation. Write 
Program-verify 
command to 

unprogrammed 
device. 

Is data word 
completely 

programmed? 

y 

y 
More Data? 

N 

Write Read 
command 

LowerVpp 

Programming 
complete 
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N 

N 

High order byte ._Y_-1~ 
device program? 

N 

Low order byte ._Y_---1~ 
device program? 

N 

Increment pulse 
counter check for 

last pulse 

y 

Write Read 
command 

LowerVpp 

Programming 
error 

Mask high order 
byte device 

Mask low order 
byte device 

13008-004A 
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PARALLEL DEVICE PROGRAMMING FLOW CHART 

Begin Programming 

Apply VppH to 
devices 

PLSCNT = O 

Get ADDRS/PDW 

Initialization: 
PGM = 4040H 
VFY = COCOH 
VDAT= POW 

Write xxxx/PGM 

Write ADDRS/PDW 

Time-out = 1 O µs 

Write ADDRS/VFY 

Time-out = 6 µs 

Read ADDRS/FMD 

FMD = VDAT? 
y 

y 
More Data? 

N 

Write Read 
command 

LowerVpp 

Programming 
complete 

N 

Parallel device 
verify and mask 

subroutine 

N 

Inc PLSCNT = 25? 

y 

Write Read 
command 

LowerVpp 

Programming 
error 

13008-00SA 

Activity 

Allow VPP to stabilize. 

PLSCNT = Pulse Counter. 

ADDRS = Word Address to program. 
POW= Data Word to program. 

Initialize Programming Variables: 
PGM = Program Command 
VFY = Program-verify Command 
VOA T = Valid Data 

xxxx =Address do not care. 
Write Program Set-up command. 

Appropriate address and data for programming. 

Duration of programming pulse. 

Program-verify command terminates the programming pulse. 

Internal margin verify voltages are tapped from external 12 V 
vpp for proper byte verification. 

Read from previously latched address. FMD = Flash 
Memory Data. 

See Parallel Device Programming subroutine. Each device 
is independently verified. The Program command is masked 
by the Read command (OOH) for all devices that are com
pletely Programmed. 

Compare Flash Memory Data to valid word data. If verified, 
reset PLSCNT and get next address and data word for 
programming. If invalid, increment pulse counter. If not last 
pulse, compare high order byte device and low order byte 
device for valid byte data. 

Initialize devices for read operation. 

VP~ deactivates command register. Device is in Read Only 
Mode. 
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Example: Parallel Erasure and 
Programming for Two Devices 

Parallel Erasure 

The erase sequence will be followed as usual. The CPU 
will issue word commands. The erase word command is 
2020H. Each device is independently verified and the 
address of the last verified byte per device is stored in 
separate registers. When one of the erase flags is ac
tive, indicating that a particular device has successfully 
completed erasure the CPU will change the command 
for that device from Erase to Read. This effectively 
masks the erased device from further erasure. 

Should the high order byte device verify first, the next 
erase command will be 0020H. The low order byte 
device erases on each subsequent erase command 
until verified. The high order byte device remains in 
Read mode. During verification, write the erase verify 
command of OOAOH. This will enable the low order byte 
device for verify operations and maintains the erased 
high order byte device in Read mode. 

AN-101 

Parallel Programming 

The program sequence will be followed as usual. The 
CPU will issue word commands. The program word 
command is 4040H. Each device is independently 
verified. When one of the program flags is active, indi
cating that a particular device has successfully 
completed programming, the CPU will change the 
command for that device from Program to Read. This 
effectively masks the programmed device from further 
programming. 

Should the high order byte device verify first, the next 
program command will be 0040H. The low order byte 
device programs on each subsequent program com
mand until verified. The high order byte device remains 
in Read mode. During verification, write the program 
verify command of OOCOH. This will enable the low 
order byte device for verify operations and maintains 
the programmed high order byte device in Read mode. 

PARALLEL DEVICE PROGRAMMING - SUBROUTINE 

High Order Byte and Low Order Byte Device Erase-verify and Mask Routine 

Begin subroutine 

High order byte 
FMD = VDAT? 

y 

Notes: 

PGM = 0040H 
VFY = OOCOH 

Return to 
subroutine 

N Low order byte 
FMD = VDAT? 

y 

PGM = 4000H 
VFY = COOOH 

N 

13008-00SA 

This Subroutine verifies the high order and low order bytes 
independently. If either byte verifies, all commands are masked 
from that device. 

The program command and program data are changed to a 
read command (OOH) and null data (FFH) respectively. 

The Program-verify command is changed to a Read command 
(OOH). 

• During programming operations the FFH data is a null condition. 

• If the high order byte verifies, then that byte is masked from further Program/Program-verify operations. The low order byte (LB) 
commands are not changed. 

• If the low order byte verifies, then that byte is masked from further Program/Program-verify operations. The high order byte (HB) 
commands are not changed. 
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Generation and Control of VPP Programming 
Voltage for Flash Memories AN-102 
INTRODUCTION 
Constant VPP voltage of 12.0 V ±0.6 V is required for 
erase and programming operations. Parallel device 
reprogramming (either 16-bit or 32-bit data words) re
quires 30 mA of current for each device in the Flash 
memory array. 

VPP voltage may be generated in a number of ways. 
Each of these options will be discussed during the text. 

1. Hardwire VPP Voltage to the Flash Device. 

2. Umbilical Cord Type Programming. 

3. Use DC/DC Convertor to pump 5 V to VPP Voltage. 

4. Pump 5 V to VPP Voltage with Analog Circuitry. 

It is important to maintain the specified VPP voltages 
when programming the Flash memory device. All inter
nal device voltages are generated from the VPP refer
ence. Inappropriate VPP voltage may impair device per
formance. Internal voltages do not exceed that of exter
nal VPP. 

Unlike other approaches to Flash memories, AM D's de
vices actually verify margin for each byte during erase 
and programming operations. This is accomplished dur
ing the Erase-verify and Program-verify operations re
spectively. During these operations, the appropriate 
margin-verify voltages are internally tapped off of the 
VPP voltage via the command register and internal VPP 
circuitry. This allows for Erase/Erase-verify and Pro
gram/Program-verify operations to be performed with 
static Vee (5 V) and VPP (12 V) voltages. 

Before proceeding, a few comments regarding basic de
sign philosophy should be mentioned. Please make 
note of these comments for any of the VPP generation 
methods implemented. 

VPP Trace and Circuitry 
Be aware that AC current is a component of DC power 
switching characteristics. Design the printed circuit 
board traces handling this current to accommodate high 
frequency. 

Printed Circuit Board Trace Layout 
Use a single ground plane to eliminate potential loops. 
Keep all inductive impedances at a minimum on all high 
current traces. 

VPP Regulator Circuitry Layout 
Locate the VPP generation circuitry as close to the Flash 
memory array as possible. In addition, minimize lead 
lengths of the network. To help prevent noise from being 
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picked up in feedback loops, locate all resistors and ca
pacitors as close to the Vpp network as possible. In order 
to prevent input ground loops, use separate returns for 
input and output capacitors. 

Device Decoupling 
Switching CE inputs for memory selection causes tran
sient current peaks at the Flash device. The Flash mem
ory devices should be decoupled with the appropriate 
capacitance from these transients. 

• Connect 0.1 µF ceramic capacitor between Vee and 
Vss and one between Vpp and Vss. The capacitors 
should be placed as close to each device as 
possible. 

• In addition, connect 4.7µF electrolytic.capacitor be
tween Vee and Vss on the memory array's power 
supply. Do this for each set of eight memory devices. 
this bulk capacitor will maintain even voltage to the 
memory array. 

1. HARDWIRE VPP VOLTAGE TO THE 
FLASH DEVICE 

Typically this approach is used in the most cost sensitive 
applications. Regulated 12.0 V supplies are commonly 
available in many systems. 

When Vee= O V, the VPP voltage is internally disabled 
from the device. Memory contents cannot be altered. 
The Flash device automatically resets to the read mode 
when Vee rises above 2 V. This occurs even when 
VPP = 12 V. 

Power supply sequencing is not required. 

The device will only respond to the correct sequence of 
commands in order to change the state of the Flash 
memory from Read mode to any other mode. In addi
tion, the three control pins must be in their correct state 
(CE= Low, OE= High and WE= Low) in order to accept 
a command from the data bus. 

A number of additional procedures are available to fur
ther prevent inadvertent writes should system glitches 
occur during system/device power transitions. 

• Hold any control pin (CE, OE, or WE) in a non-write 
condition. This disables the device from executing 
any write operation (see example on the next page). 

• Any "illegal" command (an illegal command is one 
that is not defined in the AM D Flash data sheet under 
the section - Command Definitions) written to the 
Flash device will automatically terminate any opera
tion and reset the device to the Read Mode. 

Publication # Rev. Amendment Issue Date 
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Example: 
Holding WE in a non-write condition during power transitions. 

Vpp 32 Vee .=E' System Vee 

NC 2 31 WE System WE 

A1s 3 Flash 30 NC 
Memory 
Device 

In systems where the Vrr pin is to be connected directly 
to the + 12 V supply, WE should be held in a non-write 
state during power supply transitions. This will prevent 
against inadvertent write conditions. One way to 
achieve this is by pulling WE up to Vee via a 2.7 K Ohm 
resistor. 

During power supply transitions, Vrr voltage is inter
nally disabled from the Flash device until Vee rises 
above 2 V. In addition, the Flash device automatically 
resets to the read mode as Vee rises above 2 V. The WE 
pin will be pulled up (V1H = 2 V) via the 2.7 K Ohm resistor 
as Vee rises. When write enable is at V1H the command 
register is internally disabled from the internal state ma
chine of the Flash device. When the command register 
is disabled, data commands can not be transferred to 
the state machine. Therefore the state of the Flash de
vice will not be altered from the read mode. Access to 
the command register will be prevented until the WE line 
is driven to a logic level low by the system write control. 

Note: VJH Min.= 2.0 v R = 2.7 K 

2. UMBILICAL CORD PROGRAMMING 
Many applications perform system updates using the 
umbilical cord or edge connector programming method. 
The external programming equipment supplies the 
12.0 V · ± 0.6 V Vrp voltage. When the umbilical cord is 
disconnected, be aware that electrostatic discharge 
may build up on the floating Vrr pin. To prevent against 
this problem, tie the Vrr pin to ground via a large (1 OKQ) 
pull-up resistor and a capacitor (see Figure 1). 

3. Vee (5.0 V) to VPP (12.0 V) DC/DC 
Convertor 

A monolithic DC/DC convertor from Valor Electronics, 
the PM9006, is appropriate for the digital world to supply 
the 12.0 V ±0.6 V Vrr voltage. The Vrr voltage is gener
ated on chip using the standard system Vee (5.0 V) volt
age. Standard TTL commands are used to disable the 
12.0 V output supply when programming_ or erasing op
erations are not intended. The enable (E) function pro
vides absolute write protection to guarantee against in
advertent program or erasure. Flash memory con
tentscannot be altered without the active 12.0 V Vrr 
supply. The enable pin also saves system power when 
DC/DC convertor is not required. The PM9006 has a 
minimum efficiency of 50% at full load. The PM9006 
comes in a 24-pin package. 

External Vpp 
Device Vpp Pin ••-1-----1----•• Connector 

R = 10KQ cl 
Figure 1. 

The Valor PM9006 provides a controlled 12.0 V output 
that is regulated within the ±5% (±0.6 V) Vrr specifica
tion. The standard system Vee (5.0 V) supply is con
verted to the Vrr (12.0 V) supply by the DC/DC conver
tor. The voltage transitions are smooth and protect 
against destructive positive or negative overshoot. 

The PM9006 can supply 165 mA of current at the regu
lated 12.0 V ±0.6 V output. The 5.0 V ±0.5 V DC input 
supply of the DC/DC convertor uses a maximum of 840 
mA of input current. The Am28F01 O specifies a maxi
mum Vrr current of 30 mA for either the erase or pro
gram operations. Actual current required for these op
erations is substantially lower than this. Given the maxi
mum Vrr current of 30 mA for each device, four(4) 
Am28F01 O may be programmed and erased in parallel 
with one PM9006 device. The PM9006 Vrr supply cur
rent= 165 mA-4 x 30 mA of Vrr current required for the 
Flash memory array= 45 mA of additional current avail
able from the DC/DC convertor. 

Parallel programming and erasure allows for the most 
efficient method to reprogram x 16 or x32-bit data words. 
Refer to application note AN-101 for parallel program 
and erasue flow charts. 

Board Level Resets 
System designs should not allow the Flash device to 
perform any programming or erase operations when the 
CPU does not have control of the Flash device. Some 
designs incorporate board level reset circuitry that sus
pends operation of the local CPU if the Vee level falls be
low a predetermined value (such as 4.6 V). If this is the 
case, the reset circuitry should also disable the Vrr 
power supply whenever the CPU is held in reset. 

If the local CPU is forced into reset mode while it is pro
gramming or erasing the Flash device, the system reset 
circuit should also terminate that operation. To accom
plish this, the PM9006's enable pin should be driven 
high whenever the reset circuitry is active. Drive the chip 
enable pin of the PM9006 with the logical OR of the reset 
circuit's output signal and the chip enable control line to 
the PM9006. This will disable the Vrr supply and hence 
terminate any programming or erase operation. The 
Flash device automatically resets to the read mode 
when Vrr is disabled. 
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sv 

L 1 = Pulse Engineering #PE-52645 
L1 

i10µF 
150µH 

V1N Vsw 

LT1072 

FB 
Vpp Ve GND 

Command 

R3 
1K 

C21µF 

Note: 

1µF 

Vpp Out 

12.0V 

MUR120 

1 N5919A-5.6 V 

Vpp Output 
200 mA MAX 

r:' 1ooµF 

12814-001A 

R1 R2 

10.7K 1.24K 

Resistor 
Tolerance 

1% 

The circuit of Figure 2 will not spuriously overshoot during power-up or power-down. This prevents destruction of the device due 
to voltages that exceed specification. Vpp outputs are predictable and controllable during power supply transitions as a result of 
the referenced circuit designs. The compensation of the L T1072 causes a very overdamped pulse response. In addition, the 
control loops of the circuit are functioning even at low supply voltages. Thus the control loop is active before the memory circuits 
settle and prevents uncontrolled Vpp pulse outputs. 

Figure 2. Basic Flash Memory Vpp Programming Voltage Supply 

Please reference the PM9006 data sheet for complete 
details of device operation. One method of implement
ing the PM9006 DC/DC convertor is illustrated below. 

Vee 

VppOut 
+5 v V+ 
+5 v Valor V+ 

PM9006 
V-

C1 J E V-
2 

-
Enable 

Note: -
Pins 3 through 9 and 16 through 23 are not internally con
nected to the device and do not need to be driven. 

Generate and Control 12.0 V 
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4. PUMP 5 V TO VPP VOLTAGE WITH 
ANALOG CIRCUITRY 

Flash memories require a Vpp voltage of 12.0 V ±0.6 V. 
It is important to note that Vpp voltage must be main
tained within the device specification for reliable opera
tion. Vpp voltages that exceed 14 V for 20 ns or longer 
are likely to destroy the device. Thus, we need to care
fully control the high voltage programming circuitry. It 
should be noted that proper design of the Vpp circuitry 
eliminates the issues of device destruction due to appli-

cation of voltages outside of the specified operating 
range. In addition, it is preferable to control the Vpp volt
age with a 5.0 V logic command. 

The Starter Kit: Vpp Generation and 
Control 
The basic circuit described in Figure 2 satisfies just 
about all Vpp requirements for Flash memories. High 
voltage is produced by driving the Vpp command low. 
The low Vpp command (Trace A, Figure 3) activates the 
L T1072 switching regulator to drive L 1. The resistor net-
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work of R1 and R2 provides the DC feedback. C1, R3 
and C2 control the AC roll-off. Trace B illustrates the re
sulting Vpp voltage that rises smoothly to the required 
level. The values specified for R1 and R2 determine 
the12.0 V output. Leave the 5.6 V zener in the circuit in 
order to return the output to O V when the Vpp command 
goes high. When a 4.5 V minimum output is desired the 
zener may be omitted. Circuit trimming requirements 

are eliminated due to the tight internal references of the 
L T1072. Only precision resistors are required. 

Note: 

A= 5V/DIV 

B = 5V/DIV 

The fable in Figure 4 gives additional information re
quired to provide greater power output from the refer
enced circuit. The synchronous switch option of Figure 4 
may replace the zener and eliminate its power 
dissipation. 

Horizontal = 20ms/DIV 

Figure 3. Waveforms for Basic Flash 
Programming Supply 

MJE370 
To MUR120 Cathode~ To output capacitor 

Output 
Current 

400mA 

800mA 

To+5V~ 
68Q 

12814-002A 

Power Options for Basic Vpp Generator 

Cour Regulator Inductor Zener 

200 µF LT1071 PE-52645 1N5339A 
or 

Synchronous 
Switch Option 

400 µF LT1070 PE-51516 1N5339A 
or 

Synchronous 
Switch Option 

Assume each Flash device requires 30mA Vpp current. 

Figure 4. Synchronous Switch Option 
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A= SV/DIV 

Horizontal = 100 ns/DIV . 

Figure 81. An "Ideal' Flash Memory Vpp Output 

A= SV/DIV 

Horizontal = 2µs/DIV 

Figure 83. 
Note: 

A=SV/DIV 

Horizontal = 100 ns/DIV 

Figure 82. Rings at Destructive Voltages After a 
PC Trace Run 

A =5V/DIV 

Horizontal = 1 Oµs/DIV 

Figure 84. 

Short Circuit Recovery for Poorly (Figured 83) and Properly (Figure 84) Designed Connections. Figure 83's Overshoot 
on Recovery Can Cause Memory Chip Failures 

Transmission Line Effects of Printed Cir
cuit Board Traces on VPP Voltages 
One might ask: "Why not use a simple low resistance 
FET to switch the output of the switching regulator when 
its level is correctly set?" This sounds good - too good. 

In real life, the printed circuit board traces exhibit trans
mission line effects. Voltages seen at the memory de
vice's pins are not the same as at the output of the regu
lator. Overshoots result at the junction of the printed cir
cuit board trace and device pins. Thus voltages may ex
ceed device specifications. This concern is com
pounded since the Vpp supply voltages are unusually 
close to the device's absolute maximum limit of 14V. 

Figure B1 illustrates an ideal Vpp pulse seen at the out
put of a simple low loss transistor that is switching the 
power supply. No overshoot is observed and the Vpp 
pulse settles quickly. The same output is measured 
(Figure 82) at the memory device pins after running the 
printed circuit board trace. 
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Because of mismatching, the PCB trace appears as an 
unterminated transmission line. Ringing can exceed 
20V because of reflections at the junction of the PC 
trace and device pin. This condition is obviously detri
mental to the device. The negative overshoot occurring 
on the falling edge of the Vpp transition may cause 
equally destructive negative voltages at the device pins. 

Properly controlled Vpp rise time prevents this type of 
overshoot. The closed loop circuits discussed earlier 
eliminate overshoot through controlled edge timings. In 
addition, the referenced circuits protect the Vpp genera
tor against short circuit damage which also protects the 
memory device. 

The Vpp output recovery when the diode is removed is 
shown in Figure 83. Contrast this with Figure B4. Here 
the diode is in place and the Vpp recovery is smooth. 
Similar considerations apply during power-up/down. 
During application or removal of power, the Vpp genera
tor must not produce spurious output pulses. 
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Vpp outputs are predictable and controllable during tran
sient power supply considerations as a result of the ref
erenced circuit designs. The compensation of the 
L T1072 causes a very overdamped pulse response. In 
addition, the control loops of the circuit are functioning 
even at low supply voltages. Thus the control loop is ac
tive before the memory circuits settle and prevent un
controlled Vpp pulse outputs. 

Note: 
The above circuitry is designed for maximum system protec
tion. Should you desire to modify any circuity, it is advisable to 
contact Jim Williams of Linear Technology. 

This Document was adapted from Linear Technology's 
Application Note 31 "Linear Circuits for Digital Sytems: 
Some Affable Analogs for Digital Devotees," written by 
Jim Williams, February, 1989. 
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Am28F256 
32, 768 x 8-Bit CMOS Flash Memory 

DISTINCTIVE CHARACTERISTICS 
• High performance 

- 70 ns maximum access time 

• Low power consumption 
- 30 mA maximum active current 
- 100 µA maximum standby current 

• Compatible with JED EC-standard byte· 
wide 32-Pln E2PROM plnouts 
-32-pin DIP 
- 32-pin PLCC 

• 10,000 erase/program cycles 

• Program and erase voltage 12.0 V ±5% 

• Latch-up protected to 100 mA 
from -1 V to Vcc+1 V 

GENERAL DESCRIPTION 

Advanced 
Micro 

Devices 

• Flasherase™ Electrical Bulk Chip-Erase 
- One second typical chip-erase 

• Flashrite™ programming 
- 1 O µs typical byte-program 
- Less than 0.5 second typical chip program 

• Command register architecture for 
mlcroprocessor/microcontroller compatible 
write Interface 

• On-chip address and data latches 

• Advanced CMOS flash memory technology 
- Low cost single transistor memory cell 

The Am28F256 is a 256K "Flash" electrically erasable, The Am28F256 is byte programmable using 1 O µs pro-
electrically programmable read only memory organ- gramming pulses in accordance with AMD's Flashrite 
ized as 32K bytes of a bits each. The Am28F256 is programming algorithm. The typical room temperature 
packaged in 32-pin PDIP and PLCC versions which al- programming time of the Am28F256 is less than one 

~i~~~~~~~~cr1111t~r f~~~~r~1~~~~ 
the Am28F256 has separate chip-·e·nable (CE) and out- stanaard microprocessor write timings. Register con-
put enable (OE) controls. tents serve as inputs to an internal state-machine which 

AM D's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F256 uses a command register to manage this 
functionality, while maintaining a standard 32-pin 
pinout. The command register allows for 100% TTL 
level control inputs and fixed power supply levels dur
ing erase and programming, while maintaining maxi
mum EPROM compatibility. 

AMD's Flash technology reliably stores memory con
tents even after 10,000 erase and program cycles. The 
AMO cell is designed to optimize the erase and pro
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal 
electric fields for erase and programming operations 
produces reliable cycling. The Am28F256 uses a 
12.0 V ± 5% Vpp supply to perform the Flasherase and 
Flashrite algorithms. 

The highest degree of latch-up protection is achieved 
with AM D's proprietary non-epi process. Latch-up pro
tection is provided for stresses up to 100 milliamps on 
address and data pins from -1 V to Vcc+1 V. 

Publication# 11560 Rev. B AmendmentlO 

Issue Date: June 1990 

controls the erase and programming circuitry. During 
write cycles, the command register internally latches 
address and data needed for the programming and 
erase operations. For system design simJW!.ication, the 
Am28F256 is designed to support either WE or CE con
trolled writes. During a system write cycle, addresses 
are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 
CEwhicheveroccurs first. To simplify the following dis
cussion, the WE pin is used as the write cycle control 
pin throughout the rest of this text. All setup and hold 
times are with respect to the WE signal. 

AMD's Flash technology combines years of EPROM 
and E2PROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F256 electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro
grammed one byte at a time using the EPROM pro
gramming mechanism of hot electron injection. 
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CONNECTION DIAGRAMS 

DIP 

Vpp Vee 

NC WE(W) 
NC NC 

A12 A14 A1 

A1 A13 As 
As Aa 

As 
As Ag 

A4 A11 A4 

A3 OE(G) A3 

A2 A10 A2 

A1 CE(E) A1 
Ao 007 

OOo 
Ao 

OOs 

001 OOs OOo 

002 004 

Vss 003 

11560-002A 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL 
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OOo- 001 

Am28F256 
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PIN DESCRIPTION 

Symbol Functional Description 

Ao-A14 Address Inputs for memory locations. Internal latches hold addresses during write cycles. 

D00-D01 Data Inputs during memory write cycles. Internal latches hold data during write cycles. Data 
Outputs during memory read cycles. 

CE(E) The Chip Enable active low input activates the chip'scontrol logic and input buffers. Chip 
Enable high will deselect the device and operates the chip in stand-by mode. 

OE(G) The Output Enable active low input gates the outputs of the device through the data buffers 
during memory read cycles. 

WE(W) The Write Enable active low input controls the write function of the command register to the mem-
ory array. The target address is latched on the falling edge of the Write Enable pulse and the ap 
propriate data is latched on the rising edge of the pulse. 

Vpp Power supply for erase and programming. Vpp must be at high voltage in order to write to the com-
mand register. The command register controls all functions required to alter the memory array 
contents. Memory contents cannot be altered when Vpp ~Vee +2V. 

Vee Power supply for device operation. (5.0V ± 5% or 10%) 

Vss Ground 

NC No Connect-corresponding pin is not connected internally to the die. 
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ORDERING INFORMATION 
Standard Products 

AMO standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: a. Device Number 

b. Speed Option 
c. Reprogram Cycles 
d. Package Type 
e. Temperature Range 
f. Optional Processing 

-75 C4 J C B 

L= f. OPTIONAL PROCESSING 
Blank = Standard processing 

B =Burn-in 

a TEMPERATURE RANGE 

C =Commercial (0 to +70°C) 
I = Industrial (-40 to + 85°C) 
E = Extended (-55 to+ 125°C) 

....__ ________ d. PACKAGE TYPE 

D = 32-Pin Ceramic DIP (CD 032) 
L = 32-Pin Rectangular Ceramic Leadless 

Chip Carrier (CL 032) 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 

Chip Carrier (PL 032) 

....__ ___________ c. REPROGRAM CYCLES (1 Ox) 

C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 

....__ ______________ b. SPEED OPTION 

--- a. DEVICE NUMBER/DESCRIPTION 
Am28F256 
256K (32K x 8-Bit) CMOS Flash Memory 

Valid Combinations 

C4DC, C4DCB, C4DI, 
C4DIB, C4LC, C4LCB, 
C4LI, C4LIB, C4PC, 

AM28F256-75 C4PI, C4JC, C4JI, 
C3DC, C3DCB, C3DI, 
C3DIB,C3LC, C3LCB, 
C3LI, C3LIB, C3PC, 
C3PI., C3JC, C3JI 

C4DC, C4DCB, C4DI, 
C4DIB, C4DE, C4DEB, 

AM28F256-95 
C4LC, C4LCB, C4LI, 
C4LIB, C4LE, C4LEB, 

AM28F256-90 C4PC, C4PI, C4JC, 
AM28 F256-120 C4JI, C3DC, C3DCB, 
AM28F256-150 C3DI, C3DIB, C3DE, 

AM28F256-200 C3DEB, C3LC, C3LCB, 
C3LI, C3LIB, C3LE, 
C3LEB, C3PC, C3PI, 
C3JC, C3JI 

Am28F256 

See Product Selector Guide and 
Valid Combinations 

Valid Combinations 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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ORDERING INFORMATION 
APL Products 

AMO products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combina-
tion) is formed by a combination of: a. Device Number 
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AM2BF256 -120 C4 /B 

b. Speed Option 
c. Reprogram cycles 
d. Device Class 
e. Package Type 
f. Lead Finish 

U A 

L= f. LEAD FINISH 
A = Hot Solder Dip 

e. PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CD 032) 
U = 32-Pin Rectangular Ceramic 

Leadless Chip Carrier (CL 032) 

---------- d. DEVICE CLASS 
/8 =Class B 

------------- c. REPROGRAM CYCLES (10x) 
C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 

'---------------- b. SPEED OPTION 

,__ __ a. DEVICE NUMBER/DESCRIPTION 
Am2BF256 

See Product Selector Guide and 
Valid Combinations 

256K (32K x B-Bit) CMOS Flash Memory 

Valid Combinations 

AM2BF256-120 

AM28F256-150 C4/BXA, C4/BUA 

AM2BF256-200 
C3/BXA, C3/BUA 

Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Am28F256 

Group A Tests 
Group A tests consist of Subgroups 

1,2,3,~~9. 1~ 11. 



BASIC PRINCIPLES 
The Am28F256 uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram
ming operations use a fixed 12.0V ± 5% power supply. 

Read Only Memory 
Without high Vpp voltage, the Am28F256 functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 

Command Register 
The command register is enabled only when high volt
age is applied to the Vpp pin. The erase and reprogram
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 

The Am28F256's command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de
vice operations. For system design simplification, the 
Am28F256 is designed to support either WE or CE 
controlled writes. During a system write ~le, ad
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WEorCEwhicheveroccurfirst. To simplify the follow
ing discussion, the WE pin is used as the write cycle con
trol pin throughout the rest of this text. All setup and hold 
times are with respect to the WE signal. 

Overview of Erase/Program Operations 
Erase Sequence 
A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re
peated one cycle verify commands). 

Note: 
The Flash memory array must be completely pro
grammed .orior to erasure. Refer to the Flasherase 
Algorithm. 

1. Set-up Erase: Write the Set-up Erase command to 
the command register. 

2. Erase: Write the Erase command (same as Set-up 
Erase command) to the command register again. 

The second command initiates the erase operation. 
The system software routines must now time-out the 
erase pulse width (1 Oms) prior to issuing the Erase
verify command. 

3. Erase-verify: Write the Erase-verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address informa
tion must be supplied with the Erase-verify com
mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased). After suc
cessful data verification the Erase-verify command 
is written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 

If data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is suc
cessfully verified or the sequence is repeated 1000 
times. 

Programming Sequence 
A three step command sequence (a two-cycle Program 
command and one cycle Verify command) is required to 
program a byte of the Flash array. Refer to the Flashrite 
Algorithm. 

1. Set-up Program: Write the Set-up Program com
mand to the command register. 

2. Program: Write the Program command to the com
mand register with the appropriate Address and 
Data. The system software routines must now time
out the program pulse width (1 O µs) prior to issuing 
the Program-verify command. 

3. Program-verify: Write the Program-verify com
mand to the command register. This command ter
minates the programming operation. In addition, this 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 
data verification, the programming sequence is initi
ated again for the next byte address to be pro
grammed. 

If data is not verified, the Program sequence is repeated 
until a successful comparison is verified or the se
quence is repeated 25 times. 
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FUNCTIONAL DESCRIPTION 
Description Of User Modes 

Table 1. Am28F256 User Bus Operations 

Operation 
CE OE WE Vpp 

(E) (G) (W) (Note 1) 

Read V1L V1L V1H VPPL 

Standby V1H x x VPPL 

Read-Only Output Disable V1L V1H V1H VPPL 

Auto-select Manufacturer V1L V1L V1H VPPL 
Code (Note 2) 

Auto-select Device Code V1L V1L V1H VPPL 
(Note 2) 

Read V1L V1L V1H VPPH 

Read/Write 
Standby (Note 5) V1H x x VPPH 

Output Disable V1L V1H V1H VPPH 

Write V1L V1H V1L VPPH 

Legend: 

Ao Ag 1/0 

Ao Ag Dour 

x x HIGHZ 

x x HIGHZ 

V1L V10 CODE 
(Note 3) (01H) 

V1H V10 CODE 
(Note 3) (A1H) 

Ao Ag Dour 
(Note 4) 

x x HIGHZ 

x x HIGHZ 

Ao Ag D1N 
(Note 6) 

X = Don't care, where Don't Care is either V1L or V1H levels, VPPL = Vpp < Vee + 2V, See DC Characteristics for voltage lev
els of VPPH, OV <An <Vee + 2V, (normal TIL or CMOS input levels, where n = 0 or 9). 

Notes: 

1. VPPL may be grounded, connected with a resistor to ground, ors Vee +2.0V. VPPH is the programming voltage specified 

for the device. Refer to the DC characteristics. When Vpp = VPPL, memory contents can be read but not written or erased. 

2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 

3. 11.5 s V10 .s 13.0V 

4. Read operation with Vpp = VPPH may access array data or the Auto select codes. 

5. With Vpp at high voltage, the standby current is Ice+ lpp (standby). 

6. Refer to Table 3 for valid D1N during a write operation. 

7. All inputs are Don't Care unless otherwise stated, where Don't Care is either V1L or V1H levels. In the Auto select mode all 

addresses except Ag and Ao must be held at V1L. 
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READ ONLY MODE 
Vpp <Vee+ 2V 
Command Register Inactive 
Read 

The Am28F256 functions as a read only memory when 
Vpp <Vee+ 2V. The Am28F256 has two control func
tions. Both must be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific device selection. OE controls the device outputs 
and should be used to gate data to the output pins if a 
device is selected. 

Address access time tAee is equal to the delay from sta
ble addresses to valid output data. The chip enable ac
cess time teE is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable at least tAce - toE). 

Standby Mode 

The Am28F256 has two standby modes. The CMOS 
standby mode (CE input held at Vee± 0.5V), consumes 
less than 100µA of current. TTL standby mode (CE is 
held at V1H) reduces the current requirements to less 
than 1 mA. When in the standby mode the out~s are in 
a high impedance state, independent of the OE input. 

If the device is deselected during erasure, program
ming, or program/erase verification, the device will draw 
active current until the operation is terminated. 

Output Disable 

Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im
pedance state. 

Auto Select 

Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol
der:ed to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the de
vice. 

Programming In A Prom Programmer 

To activate this mode, the programming equipment 
must force V10 (11.SV to 13.0V) on address Ag. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from V1L to V1H. All other 
address lines must be held at V1L, and Vpp must be less 
than or equal to Vee+ 2.0V while using this Auto select 
mode. Byte O (Ao = V1L) represents the manufacturer 
code and byte 1 (Ao= V1H) the device identifier code. For 
the Am28F256 these two bytes are given in the table be
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (D01) defined as the 
parity bit. 

(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program
ming the Flash memory device in-system). 

Table 2. Am28F256 Auto Select Code 

Code 
Type Ao (HEX) D01 DQ5 DOs 004 DQ3 002 001 DOo 

Manufacturer Code V1L 01 0 0 0 0 0 0 0 1 

Device Code V1H A1 1 0 1 0 0 0 0 1 
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ERASE, PROGRAM, AND READ MODE 

Vpp = 12.0 V ± 5% 
Command Register Active 
Write Operations 

High voltage must be applied to the Vpp pin in order to 
activate the command register. Data written to the regis
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 

The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The ~ister is written 
by bringing WE and CE to V1L, while OE is at V1H. Ad
dresses are latched on the falling edge of WE, while data 
is latched on the rising edge of the WE pulse. Standard 
microprocessor write timings are used. 

Register bits R1- Ro correspond to the data inputs D01 
- DOo (Refer to Table 3). Register bits R1- Rs store the 
command data. All register bits R4 to Ro must be zero. 
The only exceptions are: the reset command, when FFH 
is written to the register and Auto select, when 90H or 
80H is written to the register. 

The device requires the OE pin to be V1H for write opera
tions. This condition eliminates the possibility for bus 
contention during programming o~ations. In order to 
write, OE must be V1H, and CE and WE must be V1L. If any 

pin is not in the correct state a write command will not be 
executed. 

Refer to AC Write Characteristics and the Erase/Pro
gramming Waveforms for specific timing parameters. 

Command Definitions 

The contents of the command register default to OOH 
(Read Mode) in the absence of high voltage applied to 
the Vpp pin. The device operates as a read only mem
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe
cific data codes into the command register. Table 4 de
fines these register commands. 

Read Command 

Memory contents can be accessed via the read com
mand when Vpp is high. To read from the device, write 
OOH into the command register. Wait 6µs before reading 
the first accessed address location. All subsequent 
Read operations take tAcc. Standard microprocessor 
read cycles access data from the memory. The device 
will remain in the read mode until the command register 
contents are altered. 

The command register defaults to OOH (read mode) 
upon Vpp power-up. The OOH (Read Mode) register de
f a ult helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vpp power 
transition. Ref er to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 

Table 3. Command Register 

Data Input/Output D01 DQ6 DOs DQ4 DQ3 D02 D01 DOo 

Command Register R1 R6 Rs R4 R3 R2 R1 Ro 

Data/Commands* x x x x x x x x 
*Notes: 

1. See Table 4 Am28F256 Command Definitions 
2. X = Appropriate Data or Register Commands 
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Table 4. Am28F256 Command Definitions 

First Bus Cycle Second Bus Cycle 

Operation Address Data Operation Address Data 
Command (Note 1) (Note 2) (Note 3) (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOH Read RA RD 

Read Auto select Write x BOH or90H Read OOH/01H 01H/A1H 

Set-up Erase/Erase Write x 20H Write x 20H 
(Note 4) 

Erase-Verify (Note 4) Write EA AOH Read x EVD 

Set-up Program/Program Write x 40H Write PA PD 
(NoteS) 

Program-Verify (Note 5) Write x COH Read x PVD 

Reset Write x FFH Write x FFH 

Notes: 
1. Bus operations are defined in Table 1. 

2. RA = Address of the memory location to be read. 
EA =Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 
PD= Data to be programmed at location PA. Data latched on the rising edge of WE. 
PVD =Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 

5. Figure 2 illustrates the Flash rite Programming Algorithm. 

6. Wait 6µs after first Read command before accessing the data. When the second bus command is a Read command, all 
subsequent Read operations take tAcc. 

Erase Sequence 
Set-up Erase/Erase Commands 

Set-up Erase 

Set-up Erase is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg
ister in order to perform the Set-up Erase operation. 

Erase 

The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera
tion must be terminated by writing a new command 
(Erase-verify) to the register. 

This two step sequence of the Set-up and Erase com
mands helps to ensure that memory contents are not ac
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and all control 
pins are in their proper state. In absence of this high volt
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim
ing parameters. 

Note: 
The Flash memory device must be fully programmed to 
OOH data prior to erasure. This equalizes the charge on 
all memory cells ensuring reliable erasure. 
Erase-verify Command 

The erase operation erases all bytes of the array in par
allel. After the erase operation, all bytes must be se
quentially verified. The Erase-verify operation is 
initiated by writing AOH to the register. The byte address 
to be verified must be supplied with the command. Ad
dresses are latched on the falling edge of the WE pulse. 
The rising edge of the WE pulse terminates the erase 
operation. 

Margin Verify 

During the Erase-verify operation, the Am28F256 ap
plies an internally generated margin voltage to the ad
dressed byte. Reading FFH from the addressed byte 
indicates that all bits in the byte are properly erased. 

Verity Next Address 

You must write the Erase-verify command with the ap
propriate address to the register prior to verification of 
each address. Each new address is latched on the fall
ing edge of WE. The process continues for each byte in 
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the memory array until a byte does not return FFH data 
or all the bytes in the array are accessed and verified. 

If an address is not verified to FFH data, the entire chip is 
erased again (refer to Set-up Erase/Erase). Erase verifi
cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program set-up) to the 
command register. Figure 1 and Table 5, the Flasherase 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era-

NO Increment 
PLSCNT 

sure. Refer to AC Erase Characteristics and Waveforms 
for specific timing parameters. 

Note: 
The erase-verify command must be written to the reg
ister in order to terminate the erase operation. During 
the erase operations, the local microprocessor must 
be dedicated to run software timing routines (erase in 
10ms) as specified in AMD's Flasherasea/gorithm. 

Should a system interrupt occur during an erase opera
tion, always write the Erase-verify command prior to 
executing an interrupt sequence. 

Increment Address 

11561-0058 

Figure 1. Flasherase Electrical Erase Algorithm 
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Flasherase Electrical Erase Algorithm 
This Flash memory device erases the entire array in par
allel. The erase time depends on Vpp, temperature, and 
number of erase/program cycles on the device. In gen
eral, reprogramming time increases as the number of 
erase/program cycles increases. 

The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem
ory contents. The Am28F256 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash
rite programming algorithm with the appropriate data 
pattern. 

Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol
low the Flasherase algorithm. Uniform and reliable era
sure is ensured by first programming all bits in the 
device to their charged state (Data = OOH). This is ac-

complished using the Flashrite programming algorithm. 
Erasure then continues with an initial erase operation. 
Erase verification (Data = FFH) begins at address 
OOOOH and continues through the array to the last ad
dress, or until data other than FFH is encountered. If a 
byte fails to verify, the device is erased again. With each 
erase operation, an increasing number of bytes verify to 
the erased state. Typically, devices are erased in less 
than 100 pulses (1 second). Erase efficiency may be im
proved by storing the address of the last byte that fails to 
verify in a register. Following the next erase operation, 
verification may start at the stored address location. A 
total of 1000 erase operations are allowed per 
reprogram cycle, which corresponds to approximately 
1 O seconds of cumulative erase time. Erasure typically 
occurs in one second. The entire sequence of erase and 
byte verification is performed with high voltage applied 
to the Vpp pin. Figure 1 illustrates the electrical erase 
algorithm. 

Table 5. Flasherase Electrical Erase Algorithm 

Bus Operations Command Comments 

Entire memory must = OOH before erasure (Note 3) 
Note: Use Flashrite programming algorithm (Figure 2) for 
programming. 

Standby Wait for Vpp ramp to VPPH (Note 1) 
Initialize: 
Addresses 
PLSCNT (Pulse count) 

Write Set-Up Erase Data= 20H 

Write Erase Data= 20H 

Standby Duration of Erase Operation (twHwH2) 

Write Erase-verify (Note 2) Address = Byte to Verify 
Data= AOH 
Stops Erase Operation 

Standby Write Recovery Time before Read = 6µs 

Read Read byte to verify erasure 

Standby Compare output to FFH 
Increment pulse count 

Write Read Data = OOH, reset the register for read operations. 

Standby Wait for Vpp ramp to VPPL (Note 1) 

Notes: 

1. See DC Characteristics for value of VPPH or VPPL. The Vpp power supply can be hard-wired to the device or switchable. 
When Vpp is switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0V. 

2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 
written with the read command. 

3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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Function Set-up Erase Erase Erase- Transition Erase Stand by & 
Erase (10ms) verify (6µs) verification Vee Power 

down 

Figure 2. A.C. Waveforms For Erase Operations 

Analysis Of Erase Timing Waveform 
Note: 
This analysis does not include the requirement to pro
gram the entire array to OOH data prior to erasure. Refer 
to the Flasherase algorithm. 
Set-up Erase/Erase 

This analysis illustrates the use of two-cycle erase com
mands (section A&B). The first erase command (20H) is 
a set-up command and does not affect the array data 
(section A). The second erase command (20H) initiates 
the erase operation (section B) on the rising edge of this 
WE pulse. All bytes of the memory array are erased in 
parallel. No address information is required. 

The erase pulse occurs in section C. 

Time-out 

A software timing routine (1 Oms duration) must be initi
ated on the rising edge of the WE pulse of section B. 

Erase-verify 

Upon completion of the erase software timing routine, 
the microprocessor must write the Erase-verify com
mand (AOH). This command terminates the erase op-

eration on the rising edge of the WE pulse (section D). 
The Erase-verify command also stages the device for 
data verification (section F). 

After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 

Another software timing routine (6µs duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation (section E). 

During Erase-verification (section F) each address that 
returns FFH data is successfully erased. Each address 
of the array is sequentially verified in this manner by re
peating sections D thru F until the entire array is verified 
or an address fails to verify. Should an address location 
fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification (section D) with 
the failed address. 

Each data change sequence allows the device to use up 
to 1,000 erase pulses to completely erase. Typically 100 
erase pulses are required. 
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Notes: 
1. All address locations must be programmed to OOH 
prior to erase. This equalizes the charge on all memory 
cells and ensures reliable erasure. 

2. The erase verify command must be written to termi
nate the erase operation. Should a system interrupt oc
cur during an erase operation, always write the 
erase-verify command prior to executing an interrupt se
quence. 

Programming Sequence 
Set-up Program/Program Command 

Set-up Program 

The Am28F256 is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Set-up Pro
gram is the first of a two-cycle program command. It 
stages the device for byte programming. The Set-up 
Program operation is performed by writing 40H to the 
command register. 

Program 

O~ly after th~rogram set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro
gramming must be available on the second WE pulse. 
Addr~~ses and data are internally latched on the falling 
and rising edge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 
You must write the Program-verify command to termi
nate the programming operation. This two step se
quence of the Set-up and Program commands helps to 
ensure that memory contents are not accidentally writ
ten. Also, programming can only occur when high volt
age is applied to the Vrr pin and all control pins are in 
their proper state. In absence of this high voltage, mem
ory contents cannot be programmed. 

Refer to AC Characteristics and Waveforms for specific 
timing parameters. 

Program Verify Command 

Following each programming operation, the byte just 
programmed must be verified. 

Write COH into the command register in order to initiate 
the Program-verify operation. The rising edge of this WE 
pulse terminates the programming operation. The Pro
gram-verify operation stages the device for verification 
of the last byte programmed. Addresses were previ
ously latched. No new information is required. 

Margin Verify 
During the Program-verify operation, the Am28F256 ap
plies an internally generated margin voltage to the ad
dressed byte. A normal microprocessor read cycle 
outputs the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original pro
grammed data should be stored for comparison. Pro
gramming then proceeds to the next desired byte 
location. Should the byte fail to verify, reprogram (refer 
to Set-up Program/Program). Figure 3 and Table 6 indi
cate how instructions are combined with the bus opera
tions to perform byte programming. Refer to AC 
Programming Characteristics and Waveforms for spe
cific timing parameters. 

Flash rite Programming Algorithm 
The Am28F256 Flashrite programming algorithm em
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite programming algorithm uses 
10 microsecond programming pulses. Each operation is 
followed by a byte verification to determine when the ad
dressed byte has been successfully programmed. The 
prowam algorithm allows for up to 25 programming op
erations per byte per reprogramming cycle. Most bytes 
verify after the first or second pulse. The entire se
quence of programming and byte verification is per
formed with high voltage applied to the Vrr pin. Figure 3 
and Table 6 illustrate the programming algorithm. 
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NO 

Increment PLSCNT 

Increment Address 
NO 

Programming Completed 

11561-00?A 

Figure 3. Flashrite Programming Algorithm 

Table 6. Flashrite Programming Algorithm 

Bus Operations Command Comments 

Standby Wait for Vpp ramp to VPPH (Note 1) 
Initialize pulse counter 

Write Set-Up Program Data= 40H 

Write Program Valid Address/Data 

Standby Duration of Programming Operation (twHwH1) 

Write Program-Verify (2) Data = COH Stops Program Operation 

Standby Write Recovery Time before Read = 6µs 

Read Read byte to verify programming 

Standby Compare data output to data expected 

Write Read Data = OOH, resets the register for read operations. 

Standby Wait for Vpp ramp to VPPL (Note 1) 

Notes: 
1. See DC Characteristics for value of VPPH· The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 

switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0V. 
2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 

register is written with the read command. 
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Figure 4. A.C. Waveforms for Programming Operations 

Analysis Of Program Timing Waveforms 

Set-up Program/Program 

Two-cycle write commands are required for program 
operations (section A&B). The first program command 
(40H) is a set-up command and does not affect the array 
data (section A). The second program command 
latches address and data required for programming on 
the falling and rising edge of WE respectively (section 
B). The rising edge of this WE pulse (section B) also initi
ates the programming pulse. The device is programmed 
on a byte by byte basis either sequentially or randomly. 

The program pulse occurs in section C. 

Time-out 

A software timing routine (10µs duration) must be initi
ated on the rising edge of the WE pulse of section B. 

Program-verify 

Upon completion of the program timing routine, the mi
croprocessor must write the program-verify command 

(COH). This command terminates the programming op
eration on the rising edge of the WE pulse (section D). 
The program-verify command also stages the device for 
data verification (section F). Another software timing 
routine (6µs duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 

During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de
sired address is programmed. Should a byte fail to ver
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 25 
program pulses per byte. Typically, bytes are verified 
within one or two pulses. 

Note: 
The program-verify operation must be written to termi
nate the programming operation. Should a system 
interrupt occur during a programming operation, always 
write the program-verify command prior to executing an 
interrupt sequence. 
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Algorithm Timing Delays 
There are four different timing delays associated with 
the Flasherase and Flashrite algorithms: 

1. The first delay is associated with the Vpp rise-time 
when Vpp first turns on. The capacitors on the Vpp 
bus cause an RC ramp. After switching on the Vpp, 
the delay required is proportional to the number of 
devices being erased and the 0.1 µF/device. Vpp 
must reach its final value 1 OOns before commands 
are executed. 

2. The second delay time is the erase time pulse width 
(10 ms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To ensure proper device operation, write 
the Erase-verify operation after each pulse, or the 
device may continue to erase until the memory cells 
are driven into depletion (over-erasure). Should this 
happen the internal circuitry will no longer select 
unique addresses. A symptom of over-erasure is an 
error attempting to program the next time. Occasion
ally it is possible to recover over-erased devices by 
programming all of the locations with OOH data. 

3. A third delay time is required for each programming 
pulse width (10 µs). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 
the conclusion of the timing routine or prior to execut
ing any system interrupts that may occur during the 
programming operation. 

4. A fourth timing delay associated with both the 
Flasherase and Flash rite algorithms is the write re
covery time (6 µs). During this time internal circuitry 
is changing voltage levels from the erase/ program 
level to those used for margin verify and read opera
tions. An attempt to read the device during this pe
riod will result in possible false data (it may appear 
the device is not properly erased or programmed). 

Note: 
Software timing routines should be written in machine 
language for each of the delays. Code written in ma
chine language requires knowledge of the appropriate 
microprocessor clock speed in order to accurately time 
each delay. 

Parallel Device Erasure 
Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple
menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified seperately. When a device is com
pletely erased and verified use a masking code to pre
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (OOH). 

Power-up Sequence 

Vee prior to Vpp 

The Am28F256 powers-up in the Read only mode. In 
addition, the memory contents may only be altered after 
successful completion of a two step command se
quence. 

Vpp prior to Vee 

When Vee = O V, the Vpp voltage is internally disabled 
from the device. Memory contents cannot be altered. 
With Vpp = 12 V, the Flash device resets to the Read 
mode when Vee rises above 2 V. 

Power supply sequencing is not required. 

Reset Command 
A reset command sequence is provided to initialize the 
Flash memory to a known state - Read mode. The Re
set command sequence also provides the user with a 
means to safely abort the erase or program command 
sequences. Following either set-up command (erase or 
program) with two consecutive writes of FFH will safely 
abort the operation. Memory contents will not be altered. 
A valid command must then be written to place the de
vice in the desired state. 

If Vpp is left at high voltage during system resets, you 
must incorporate the device reset command into the 
hardware initialization code. This minimizes the poten
tial for over erasure or programming if the device is in 
the middle of an erase or program operation during re
set. Execute the reset command early in the initialization 
routine. 

Auto Select Command 
Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

Programming In-system 

AM D's Flash memories are designed for use in applica
tions where the local CPU alters memory contents. Ac
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 
codes by raising Ag to a high voltage. However, multi
plexing high voltage onto address lines is not a generally 
desired system design practice. 

The Am28F256 contains an Auto Select operation to 
supplement traditional PROM programming methodol
ogy. The operation is initiated by writing 80H or 90H into 
the command register. Following this command, a read 
cycle address OOOOH retrieves the manufacturer code of 
01 H. A read cycle from address 0001 H returns the de
vice code A1 H (See Table 2). To terminate the opera
tion, it is necessary to write another valid command into 
the register (See Table 3). 

5-18 Am28F256 



ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ceramic Packages 
Plastic Packages 

Ambient Temperature 
with Power Applied 

Voltage with Respect To Ground 
All pins except Ag and Vpp (Note 1) 
Vee (Note 1) 
Ag (Note 2) 
Vpp (Note 2) 

- 65°C to + 1 so0 c 
- 65°C to + 125°C 

- 55°C to + 125°C 

- 2.0V to 7.0V 
- 2.0V to 7.0V 

- 2.0V to 14.0V 
- 2.0V to 14.0V 

Output Short Circuit Current (Note 3) 200mA 

Notes: 
1. Minimum DC voltage on input or 110 pins is-0.5 V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 

and 110 pins is Vee + 0.5 V. During voltage transitions, 
outputs may overshoot to Vee + 2.0 V for periods up to 
20ns. 

2. Minimum DC input voltage on Ag and Vpp pins is -0.5V. 
During voltage transitions, Ag and Vpp may overshoot 
Vss to-2.0 Vforperiods of up to 20 ns. Maximum DC in
put voltage on Ag and Vpp is+ 13.5 V which may over
shoot to 14.0 V for periods up to 20 ns. 

3. No more than one output shorted at a time. Duration of 
the short circuit should not be greater than one second. 

Stresses above those listed under "Absolute Maximum Rat
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex
tended periods may affect. device reliability. 

OPERATING RANGES 
Commercial (C) Devices 

Case Temperature (Tc) 

Industrial (I) Devices 
Case Temperature (Tc) 

Extended (E) Devices 
Case Temperature (Tc) 

Military (M) Devices 
Case Temperature (Tc) 

Vee Supply Voltages 
Vee for Am28F256-X5 
Vee for Am28F256-XXO 

Vpp Supply Voltages 
Read 
Program, Erase, and Verify 

Am28F256 

0°c to +70°C 

- 40°C to +85°C 

- 55°C to + 125°C 

- 55°C to + 125°C 

+ 4.75V to +5.25V 
+ 4.50V to +5.50V 

-0.SV to +12.6V 
+ 11.4Vto +12.6V 
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MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 

20 nS 20 nS 

:::~ ----~~. .I~~ 
20 nS 

Maximum Negative Overshoot Waveform 

Maximum Positive Input Overshoot 

Vee+ o.5 v 
2.0V 

Maximum VPP Overshoot 

13.5 v 

Vee+0.5V 
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20nS 

20 nS 20 nS 

Maximum Positive Overshoot Waveform 

20 nS 

20 nS 20 nS 

Maximum Vpp Overshoot Waveform 

Am28F256 

11561-009A 

11561-010A 

11561-011A 



DC CHARACTERISTICS over operating range unless otherwise specified (for APL Prod
ucts, Group A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted}. 
(Notes 1-3} 

DC CHARACTERISTICS-TTLJNMOS COMPATIBLE 
Parameter 
Symbol Parameter Description Test Conditions 

lu Input Leakage Current 

ILO Output Leakage Current 

Ices Vee Standby Current 

Vee Active Read Current 

Vee. Vee Max., 
V1N = Vee or Vss 

Vee. VccM;;ix., 
VOlJT = Vee or Vss 

Vee. Vee Max. 
CE= V1H 

Vee. Vee Max.,CE = V1L, OE= 
lour = O mA, at 6 MHz 

lcc2 Vee Programming Current 

lcc3 Vee Erase Current 

IPPs Vpp Standby Current 

IPP1 

IPP2 

IPP3 

ho 

VPP Read Current 

v pp Programming pu rre~t ·. .. .. :: .. :, .. :,·.'., .. :, .. :.:'.:, .. :., .. :,.~·:·:.: .• ·,·,.·.·.~,·.:·:.•o:~g:F·;·;:.r:.: .. ::~:.v·:·:·: .. :m'.:.:~.:: .•.• :'.'.pm·.:·:·'.·.~,,t.·:.·:.::'.:::::·.:·:··.~~:::,p''/r:•:o•••:·.gress . ., { trnt\. \/~/)\ J« ~ 1 ~ ti I 

Vpp Er.ij~~fipfffrel\fl :::::::::,, .. :.::vt :::... ·=vek .. =·vw~ 
.... ,,,,··,.,./::.,,,.\,.''''.:'.:':\\. .. ,, •.• ,/,,> .. ,.:::::>::::::.:. \/ [}edi'.gl.Jre in Progress 

.,. :::::::ar;~ut:£h.Wi::V:9if~9'8 

Output High Voltage 

Ag Auto Select Voltage 

Ag Auto Select Current 

VPP during Read-Only 
Operations 

VPP during Read/Write 
Operations 

IOL. 2.1 mA 
Vee. Vee Min. 

IOH.-2.5 mA 
Vee. Vee Min. 

Ag= V10Max. 
Vee. Vee Max. 

Note: Erase/Program are 
inhibited when VPP = VPPL 

Am28F256 

Min. Max. Unit 

± 1.0 µA 

± 1.0 µA 

mA 

mA 

mA 

mA 

± 1.0 µA 

200 µA 
± 1.0 

30 mA 

30 mA 

-0.5 0.8 v 
2.0 Vee v 

+0.5 

0.45 v 

2.4 v 

11.5 13.0 v 
50 µA 

0.0 Vee v 
+ 2.0 

11.4 12.6 v 
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DC CHARACTERISTICS-CMOS COMPATIBLE 
Parameter 
Symbol Parameter Description 

lu Input Leakage Current 

ILO Output Leakage Current 

Ices Vee Standby Current 

lcc1 Vee Active Read Current 

lcc2 Vee Programming Current 

lcc3 Vee Erase Current 

IPPS VPP Standby Current 

IPP1 Vpp Read Current 

IPP2 

IPP3 

VoH~ [} Outp:High Voltage 
VOH2 

V10 

ho 

Ag Auto Select Volta e 

Ag Auto Select Current 

VPP during Read-Only 
Operations 

VPPH VPP during Read/Write 
Operations 

Notes: 

Test Conditions 

Vee. Vee Max., 
V1N = Vee or Vss 

Vee. Vee Max., 
Vour = Vee or Vss 

Vee. Vee Max. 
CE= V1H 

Vee. Vee Max.,CE = V1L. OE= V1H 
IOUT = 0 mA, at 6 MHz 

IOL- 2.1 mA 
Vee. Vee Min. 

IOH. -2.5 mA, Vee. Vee Min. 

IOH.-100µA, Vee. Vee Min. 

Ag= V10Max. 
Vee. Vee Max. 

Note: Erase/ Program are 
inhibited when VPP = VppL 

Min. Max. 

±1.0 

±1.0 

±1.0 

200 

30 

30 

-0.5 0.8 

Vee Vee 
-0.5 +0.5 

0.45 

0.85 
Vee 

Vee 
-0.4 

11.5 13.0 

50 

0.0 Vee 
+ 2.0 

11.4 12.6 

1. Caution: the Am28F256 must not be removed from (or inserted into) a socket when Vee or Vpp is applied. 

2. lec1 is tested with OE= V1H to simulate open outputs. 

3. Maximum active power usage is the sum of Ice and IPP. 
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Unit 

µA 

µA 

µA 

mA 

mA 

µA 

µA 

mA 

mA 

v 
v 

v 

v 

v 
µA 

v 

v 



PIN CAPACITANCE 
Parameter 

Symbol Parameter Description Test Conditions Typ. Max. 

C1N Input Capacitance V1N = 0 8 10 

Cour Output Capacitance Vour = 0 8 12 

C1N2 V PP Input Capacitance Vpp = 0 8 12 

Notes: 
1. Sampled, not 100% tested. 

2. Test conditions TA = 25°C, f = 1.0 MHz 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified. 

AC CHARACTERISTICS-Read Only Operation (Notes 1- 2) 

Parameter 
Symbols 

JEDEC Standard 

tAVAV tRC 

tELQV tcE 

tAvav tACC 

tGLQV toE 

tELQX 

tEHQZ 

tGLQX 

Parameter Description 

Read Cycle Time 

Chip Enable 
Access Time 

Address 
Access Time 

Output Enable 
Access Time 

Chip,J:;.JW:Qf~i:Jp, :, .. t\ 
:::::=:::@µ.f P.Utw1=-iow:::i \ 

tGHQZ \J&: Output Disable to 
Output in High Z 

tAXQX 

twHGL 

Notes: 

toH Output Hold from first of 
Address, CE, or OE Change 

Write Recovery 
Time before Read 

Min. 
Max. 

Min. 
Max. 

Min. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Am28F256 

-90 -120 -150 -200 
-75 -95 

70 90 120 150 200 

70 

25 30 35 35 

0 0 0 0 

25 25 30 35 35 

0 0 0 0 0 

6 6 6 6 6 

Unit 

pF 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

1. Output Load (except Am28F256-75): 1 TIL gate and CL= 100 pF, Input Rise and Fall Times: .s 1 O ns, Input Pulse levels: 
0.45 to 2.4 V, Timing Measurement Reference Level - Inputs: 0.8 V and 2 V 

Outputs: 0.8 V and 2 V 

2. The Am28F256-75 Output Load: 1 TIL gate and CL= 30 pF 
Input Rise and Fall Times: .s 10 ns 
Input Pulse levels: O to 3 V 
Timing Measurement Reference Level: 1.5 V inputs and outputs. 
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AC CHARACTERISTICS-Write/Erase/Program Operations (Notes 1- 4) 
Parameter 
Symbols 

JEDEC Standard Parameter Description 

tAVAV twe 

tAVWL 

twLAX 

tovwH tos 

twHDX toH 

twHGL twR 

tGHWL 

tes 

twHEH teH 

twLWH twr 

tWHWL 

Write Cycle Time 

Address Set-Up Time 

Address Hold Time 

Data Set-Up Time 

Data Hold Time 

Write Recovery Time 
before Read 
Read Recovery Time 
bet ore Write 

Chip Enable 
.·:·::. 

Set-Up Time .,,,,,,,,.,., .. ,., ... · 

Chip E11aj;>le 'tf 
HqJq:Jiffi~ih, 

'\[:: ::::::::::;:=,::. ''(OuratJBH::OfV' 
'\i?tt ... ,,~[~§r!ffi°ming Operation 

tvPEL 

tves 

tvPPR 

tvPPF 

Notes: 

.. \l::r }::Du.ration of 
Erase Operation 

Chip Enable Set-Up 
Time to Vpp Ramp 

Vrr Set-Up Time to 
Chip Enable LOW 

Vee Set-Up Time 

Vpp Rise Time 

Vrr Fall Time 

Min. 
Max. 

Min. 
Max. 
Min. 
Max. 
Min. 
Max. 

Min. 
Max. 

Min. 
Max. 
Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 
Min. 
Max. 

Min. 
Max. 

Am28F256 

-90 -120 -150 -200 
-75 -95 

70 90 120 150 200 

0 0 

40 45 

40 45 

10 

45 

20 20 

10 10 
25 25 

9.5 9.5 
10.5 10.5 

100 100 

100 100 

2 2 

500 500 

500 500 

0 0 

50 

0 

0 0 

50 50 

20 20 

10 10 
25 25 

9.5 9.5 
10.5 10.5 

100 100 

100 100 

2 2 

500 500 

500 500 

0 

0 

0 

0 

50 

20 

10 
25 

9.5 
10.5 

100 

100 

2 

500 

500 

1. Read timing characteristics during read/write operations are the same as durng read-only operations. Refer to AC 
Characteristics for Read Only operations. 

Unit 

ns 

ns 

ns 

ns 

ns 

µs 

µs 

ns 

ns 

ns 

ns 

µs 

ms 

ns 

ns 

µs 

ns 

ns 

2. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) all set-up, hold 
and inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 

3. All devices except Am28F256-75. Input Rise and Fall times: .s 1 O ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 

4. Am28F256-75. Input Rise and Fall times: .s 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 
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Addresses 

CE(E) 

OE(G) 

Data (DO) 

5.0V 
Vee 
ov 

Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid Standby, Power-down 

Addresses Stable 

HighZ 
Output Valid 

HighZ 

11561-013A 

Figure 5. AC Waveforms for Read Operations 
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01 
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Addresses 

CE(E) 

OE(G) 

WE(W) 

Data (DO) 

5.0 v 
Vee 
av 

VPPH 

Power-Up & 
Standby 

_J 
tELWL(tes) 

I HIGHZ 

Vpp I 

VPPL 

Set-Up Erase 
Command Erase Command 

I~ I\ 
tWHEH(t~H) 

tGHWL(toEs) 
I 

tvPEL 

tEHVP 

'I 

-

SS 

twHWH2 

Erase-Verify 
Command 

Figure 6. A.C. Waveforms for Erase Operations 

Erase 
Verification 

Standby/ 
Power-Down 
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Addresses 

CE(E) 

5.0V 
Vee 
ov 

VPPH 
Vpp 

VPPL 

Power-Up & 

~ 
Set-Up Program 

Command 

tvPEL 

tEHVP 

Program Command 
Latch Address & 

Data 
Verify 

Command 

tELQX (tLz) 
tELQV (teE) 

Figure 7. A.C. Waveforms for Programming Operations 

Programming Standby/ 
Verification Power-Down 

11561-015A 



SWITCHING TEST CIRCUIT 

Device 
Under 
Test 

6.2 k.n 

2.7 k.n 

Diodes= IN3064 
or Equivalent 

11561-012A 

CL= 100 pF including jig capacitance (30 pF for Am28F256-75) 

SWITCHING TEST WAVEFORMS 

2.4 v 

0.45 v 

2.0 v 2.0 v > TEST POINTS < 
0.8 v 0.8 v 

3V---

1.5 ... TEST POINTS-.1.5 

OV---

INPUT OUTPUT 
INPUT OUTPUT 

5-28 

All Devices Except Am28F256-75 

AC Testing: Inputs are driven at 2.4 V for a 
logic "1" and 0.45 Vfor a logic "O". Input pulse 
rise and fall times are~ 1 o ns. 

Am28F256 

For Am28F256-75 

AC Testing: Inputs are driven at 3.0 V for a 
logic "1" and O V for a logic "O". Input pulse rise 
and fall times ares 1 O ns. 

08007-003A 



ERASE AND PROGRAMMING PERFORMANCE 
Limits 

Parameter Min. Typ. Max. Unit Comments 

Chip Erase Time 0.5 10 s Excludes OOH programming 
(Note 1) prior to erasure 

Chip Programming Time 0.5 6 s Excludes system-level overhead 
(Note 1) 

Erase/Program Cycles 

Am28F256-75C4JC 10,000 Cycles 

Am28F256-75C3JC 1,000 Cycles 

Note: 

1. 25°C, 12V Vpp 

LATCHUP CHARACTERISTICS 

Min. Max. 

Input Voltage with respect to Vss on all pins except 1/0 pins 
(Including Ag and Vpp) -1.0 v 13.5 v 
Input Voltage with respect to Vss on all pins 1/0 pins -1.0 v Vee+ 1.0 V 

Current -100 mA + 100 mA 

Includes all pins except Vee. Test conditions: Vee= 5.0 V, one pin at a time. 
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Am28F512 
65,536 x 8-Bit CMOS Flash Memory 

DISTINCTIVE CHARACTERISTICS 
• High performance 

- 70 ns maximum access time 

• Low power consumption 
- 30 mA maximum active current 
- 100 µA maximum standby current 

• Compatible with JEDEC-standard byte
wide 32-Pln E2PROM plnouts 
-32-pin DIP 
- 32-pin PLCC 

• 1 o,ooo erase/program cycles 

• Program and erase voltage 12.0 V ±5% 

• Latch-up protected to 100 mA 
from-1 VtoVcc+1 V 

GENERAL DESCRIPTION 

Advanced 
Micro 

Devices 

• Flasherase™ Electrical Bulk Chip-Erase 

- One second typical chip-erase 

• Flashrite™ programming 
- 1 O µs typical byte-program 
- Less than 1 second typical chip program 

• Command register architecture for 
microprocessor/mlcrocontroller compatible 
write Interface 

• On-chip address and data latches 

• Advanced CMOS flash memory technology 
- Low cost single transistor memory cell 

The Am28F512 is a 512K "Flash" electrically erasable, tection is provided for stresses up to 100 milliamps on 
electrically programmable read only memory organ- address and data pins from -1 V to Vcc+1 V. 
ized as 64K bytes of 8 bits each. The Am28F512 is The Am2aF512 is byte programmable using 1 o µs pre-
packaged in 32-pin PDIP and PLCC versions which al- gramming pulses in accordance with AM D's Flashrite 
low for upgrades to the 2 Megabit density. The device is programming algorithm. The typical room temperature 
also offered in ceramic DIP and LCC packages. It is de- programming time of the Am28F512 is less than one 

~~~~~~:~ ~~~b~g;~~~~~~~:J:~~:9gq:~:(,:sv1.~t.::.f.::.:.Dff r i?: ::::::::::: /~e': eff:EB~@r,tw rJ!tif~faalRUiP::: tis bAuMlko?raFse, d husing 1 o, ms ::::rt:::,: :::::': ............ ,, ::;::'=' ::=:=· )f. r:9.~fr-.ff P!:t§~~ }9.g:;pr Jv9.J o s as erase a go-
The standard Am28F512 offerslige~s~==i:i:M:~sM:$ =tim dii:JT {Ifittil.fMTY.P.l.MI :ijt?$4r:Wafroom temperature is accom-
70 ns, allowing operation of hi?Jfi:t§peg.9 ... miqf:§pfl'¢::$.i:i r IfPfi.§11$$:1 iijJg~s fh~ft@tw, .. second. The windowed pack
sors without wait states. To eliiiHh~te:JJtHi @o.tebtiP.f.ff :':):t::;.tggj,~pdJti:m~gt?.9'''f.ti!P:f.rtes required for EPROM era-
h A 28F5 h t(:·=·:·:·=·=·:·:· 1r·=·=·=···ce;f'·:· , ....... ·.:-:·:·:·:·:·:·: i]:J:Jf)~4:f~::fi~J..Wf@frij.yj§!.~JJjgffl are eliminated. 
~u~ e:ble (~~) ~~~~~,~~ate c irf}~~~:::::::ls:T ::L,,J:!n~,J~fil~i :tttcc)'ffiitMh&k.arJ\%Hmm:tt; the command register using 

AM D's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F512 uses a command register to manage this 
functionality, while maintaining a standard 32-pin 
pinout. The command register allows for 100% TTL 
level control inputs and fixed power supply levels dur
ing erase and programming, while maintaining maxi
mum EPROM compatibility. 

AMD's Flash technology reliably stores memory con
tents even after 10,000 erase and program cycles. The 
AMO cell is designed to optimize the erase and pro
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal 
electric fields for erase and programming operations 
produces reliable cycling. The Am28F512 uses a 
12.0 V±5% Vpp supply to perform the Flasherase and 
Flashrite algorithms. 

The highest degree of latch-up protection is achieved 
with AM D's proprietary non-epi process. Latch-up pro-
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standard microprocessor write timings. Register con
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches 
address and data needed for the programming and 
erase operations. For system design sim..Q!!!.ication, the 
Am28F512 is designed to support either WE or CE con
trolled writes. During a system write cycle, addresses 
are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 
CE whichever occurs first. To simplify the following dis
cussion, the WE pin is used as the write cycle control 
pin throughout the rest of this text. All setup and hold 
times are with respect to the WE signal. 

AMD's Flash technology combines years of EPROM 
and E2PROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F512 electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro
grammed one byte at a time using the EPROM pro
gramming mechanism of hot electron injection. 

Publication# 11561 Rev. B Arrendrnenl/O 

Issue Date: June 1990 
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PRODUCT SELECTOR GUIDE 
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Ordering part No: 
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CONNECTION DIAGRAMS 

DIP 

Vpp Vee 
NC WE(W) 

A1s NC 

A12 A14 

A1 A13 

As As 

As Ag 

A4 A11 

A3 OE(G) 

A2 A10 

A1 CE(E) 

Ao 007 

Dao OOs 

D01 OOs 

D02 OQ4 

Vss 003 

11561-0028 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL 

A1 

As 

As 

A4 

A3 

A2 

A1 

Ao 

OOo 

CE(E) 

OE(G) 

N 

~ 

a 
Cl 

OOo-007 

1~(~ 
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LCC/PLCC 

I~ 
Ill () 

a. (.) 

I~ 
() a. u 

~ z > > z 

A14 

A13 

As 

Ag 

A11 

OE(G) 

A10 

CE(E) 

D01 

N en .., v l/) <D a en a a a a 
Cl > Cl Cl Cl Cl 

11561-0038 

11561-004A 



PIN DESCRIPTION 

Symbol Functional Description 

Ao-A1s Address Inputs for memory locations. Internal latches hold addresses during write cycles. 

D00-D01 Data Inputs during memory write cycles. Internal latches hold data during write cycles. Data 
Outputs during memory read cycles. 

CE(E) The Chip Enable active low input activates the chip'scontrol logic and input butters. Chip 
Enable high will deselect the device and operates the chip in stand-by mode. 

OE(G) The Output Enable active low input gates the outputs of the device through the data buffers 
during memory read cycles. 

WE(W) The Write Enable active low input controls the write function of the command register to the mem-
ory array. The target address is latched on the falling edge of the Write Enable pulse and the ap 
propriate data is latched on the rising edge of the pulse. 

Vpp Power supply for erase and programming. Vpp must be at high voltage in order to write to the com-
mand register. The command register controls all functions required to alter the memory array 
contents. Memory contents cannot be altered when Vpp ~Vee +2V. 

Vee Power supply for device operation. (5.0V ± 5% or 10%) 

Vss Ground 

NC No Connect-corresponding pin is not connected internally to the die. 
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ORDERING INFORMATION 
Standard Products 

AMO standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: a. Device Number 

5-34 

b. Speed Option 
c. Reprogram Cycles 
d. Package Type 
e. Temperature Range 
f. Optional Processing 

-75 C4 J C B 

T f. OPTIONAL PROCESSING 
Blank = Standard processing 

B =Burn-in 

e. TEMPERATURE RANGE 

C = Commercial (Oto +70°C) 
I =Industrial (-40 to+ 85°C) 
E =Extended (-55 to+ 125°C) 

'----------d.PACKAGETYPE 

D = 32-Pin Ceramic DIP (CD 032) 
L = 32-Pin Rectangular Ceramic Leadless 

Chip Carrier (CL 032) 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 

Chip Carrier (PL 032) 

'------------- c. REPROGRAM CYCLES (10x) 

C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 

""--------------- b. SPEED OPTION 

--- a. DEVICE NUMBER/DESCRIPTION 
Am28F512 
512K (64K x 8-Bit) CMOS Flash Memory 

Valid Combinations 

C4DC, C4DCB, C4DI, 
C4DIB, C4LC, C4LCB, 
C4LI, C4LIB, C4PC, 

AM28F512-75 C4PI, C4JC, C4JI, 
C3DC, C3DCB, C3DI, 
C3DIB,C3LC, C3LCB, 
C3LI, C3LIB, C3PC, 
C3PI,, C3JC, C3JI 

C4DC, C4DCB, C4DI, 
C4DIB, C4DE, C4DEB, 

AM28F512-95 
C4LC, C4LCB, C4LI, 

AM28F512-90 
C4LIB, C4LE, C4LEB, 
C4PC, C4PI, C4JC, 

AM28F512-120 C4JI, C3DC, C3DCB, 
AM28F512-150 C3DI, C3DIB, C3DE, 
AM28F512-200 C3DEB,C3LC,C3LCB, 

C3LI, C3LIB, C3LE, 
C3LEB, C3PC, C3PI, 
C3JC, C3JI 

Am28F512 

See Product Selector Guide and 
Valid Combinations 

Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 



ORDERING INFORMATION 
APL Products 

AMO products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combina-
tion) is formed by a combination of: a. Device Number 

AM28F512-120 C4 /B 

b. Speed Option 
c. Reprogram cycles 
d. Device Class 
e. Package Type 
f. Lead Finish 

U A 

L f. LEAD FINISH 
A = Hot Solder Dip 

e. PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CD 032) 
U = 32-Pin Rectangular Ceramic 

Leadless Chip Carrier (CL 032) 

...__ _________ d. DEVICE CLASS 

/8 =Class B 

--------------- c. REPROGRAM CYCLES (10x) 
C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 

----------------- b. SPEED OPTION 

....__ __ a. DEVICE NUMBER/DESCRIPTION 
Am28F512 

See Product Selector Guide and 
Valid Combinations 

512K (64K x 8-Bit) CMOS Flash Memory 

Valid Combinations 

AM28F512-120 

AM28F512-150 C4/BXA, C4/BUA 

AM28F512-200 
C3/BXA, C3/BUA 

Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Am28F512 

Group A Tests 
Group A tests consist of Subgroups 

1, 2, 3, 7, 8, 9, 10, 11. 
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BASIC PRINCIPLES 
The Am28F512 uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram
ming operations use a fixed 12.0V ± 5% power supply. 

Read Only Memory 
Without high Vpp voltage, the Am28F512 functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 

Command Register 
The command register is enabled only when high volt
age is applied to the Vpp pin. The erase and reprogram
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 

The Am28F512's command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de
vice operations. For system design simplification, the 
Am28F512 is designed to support either WE or CE 
controlled writes. During a system write ~le, ad
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WEorCEwhicheveroccurfirst. To simplify the follow
ing discussion, the WE pin is used as the write cycle con
trol pin throughout the rest of this text. All setup and hold 
times are with respect to the WE signal. 

Overview of Erase/Program Operations 
Erase Sequence 

A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re
peated one cycle verify commands). 

Note: 
The Flash memory array must be completely pro
grammed prior to erasure. Refer to the Flasherase 
Algorithm. 

1. Set-up Erase: Write the Set-up Erase command to 
the command register. 

2. Erase: Write the Erase command (same as Set-up 
Erase command) to the command register again. 

The second command initiates the erase operation. 
The system software routines must now time-out the 
erase pulse width (1 Oms) prior to issuing the Erase
verify command. 

3. Erase-verify: Write the Erase-verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address informa
tion must be supplied with the Erase-verify com
mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased). After suc
cessful data verification the Erase-verify command 
is written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 

If data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is suc
cessfully verified or the sequence is repeated 1000 
times. 

Programming Sequence 

A three step command sequence (a two-cycle Program 
command and one cycle Verify command) is required to 
program a byte of the Flash array. Refer to the Flash rite 
Algorithm. 

1. Set-up Program: Write the Set-up Program com
mand to the command register. 

2. Program: Write the Program command to the com
mand register with the appropriate Address and 
Data. The system software routines must now time
out the program pulse width (1 o µs) prior to issuing 
the Program-verify command. 

3. Program-verify: Write the Program-verify com
mand to the command register. This command ter
minates the programming operation. In addition, this 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 
data verification, the programming sequence is initi
ated again for the next byte address to be pro
grammed. 

If data is not verified, the Program sequence is repeated 
until a successful comparison is verified or the se
quence is repeated 25 times. 

5-36 Am28F512 



FUNCTIONAL DESCRIPTION 
Description Of User Modes 

Table 1. Am28F512 User Bus Operations 

Operation 
CE OE WE Vpp 

(E) (G) (W) (Note 1) 

Read V1L V1L V1H VPPL 

Standby V1H x x VPPL 

Read-Only Output Disable V1L V1H V1H VPPL 

Auto-select Manufacturer V1L V1L V1H VPPL 
Code (Note 2) 

Auto-select Device Code VrL V1L V1H VPPL 
(Note 2) 

Read V1L V1L V1H VPPH 

Read/Write 
Standby (Note 5) V1H x x VPPH 

Output Disable V1L V1H V1H VPPH 

Write V1L VrH V1L VPPH 

Legend: 

Ao Ag 1/0 

Ao Ag Dour 

x x HIGHZ 

x x HIGHZ 

V1L V10 CODE 
(Note3) (01H) 

V1H V10 CODE 
(Note 3) (25H) 

Ao Ag Dour 
(Note4) 

x x HIGHZ 

x x HIGHZ 

Ao Ag D1N 
(Note 6) 

X = Don't care, where Don't Care is either V1L or V1H levels, VPPL = Vpp < Vee + 2V, See DC Characteristics for voltage lev
els of VPPH, OV <An <Vee + 2V, (normal TTL or CMOS input levels, where n = O or 9). 

Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or .s Vee +2.0V. VPPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When Vpp = VPPL. memory contents can be read but not written or erased. 

2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 

3. 11.5 .s V10 .s 13.0V 

4. Read operation with Vpp = VPPH may access array data or the Auto select codes. 

5. With Vpp at high voltage, the standby current is lee + lpp (standby). 

6. Refer to Table 3 for valid D1N during a write operation. 

7. All inputs are Don't Care unless otherwise stated, where Don't Care is either V1L or V1H levels. In the Auto select mode all 
addresses except Ag and Ao must be held at V1L. 
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READ ONLY MODE 
VPP <Vee+ 2V 
Command Register Inactive 
Read 

The Am28F512 functions as a read only memory when 
Vpp < Vee + 2V. The Am28F512 has two control func
tions. Both must be satisfied in order to output data. CE 
controls powerto the device. This pin should be used for 
specific device selection. OE controls the device outputs 
and should be used to gate data to the output pins if a 
device is selected. 

Address access time tAcc is equal to the delay from sta
ble addresses to valid output data. The chip enable ac
cess time tcE is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable at least tAcc- toE). 

Standby Mode 

The Am28F512 has two standby modes. The CMOS 
standby mode (CE input held at Vee± 0.5V), consumes 
less than 100µA of current. TTL standby mode (CE is 
held at V1H) reduces the current requirements to less 
than 1 mA. When in the standby mode the out..e!!!.s are in 
a high impedance state, independent of the OE input. 

If the device is deselected during erasure, program
ming, or program/erase verification, the device will draw 
active current until the operation is terminated. 

Output Disable 

Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im
pedance state. 

Auto Select 

Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the de
vice. 

Programming In A Prom Programmer 
To activate this mode, the programming equipment 
must force V10 (11.5V to 13.0V) on address Ag. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from V1L to V1H. All other 
address lines must be held at V1L, and Vpp must be less 
than or equal to Vee+ 2.0V while using this Auto select 
mode. Byte O (Ao = V1L) represents the manufacturer 
code and byte 1 (Ao= V1H) the device identifier code. For 
the Am28F512 these two bytes are given in the table be
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (D01) defined as the 
parity bit. 

(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program
ming the Flash memory device in-system). 

Table 2. Am28F512 Auto Select Code 

Code 
Type Ao (HEX) DQ1 DOs DOs OQ4 DQ3 DQ2 001 DOo 

Manufacturer Code V1L 01 0 0 0 0 0 0 0 1 

Device Code V1H 25 0 0 1 0 0 1 0 1 
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ERASE, PROGRAM, AND READ MODE 

Vpp = 12.0 V ± 5% 
Command Register Active 
Write Operations 

High voltage must be applied to the Vrr pin in order to 
activate the command register. Data written to the regis
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 

The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The ~ister is written 
by bringing WE and CE to V1L, while OE is at V1H. Ad
dresses are latched on the failing edge of WE, while data 
is latched on the rising edge of the WE pulse. Standard 
microprocessor write timings are used. 

Register bits R1- Ro correspond to the data inputs D01 
- DOo (Refer to Table 3). Register bits R1- Rs store the 
command data. All register bits R4 to Ro must be zero. 
The only exceptions are: the reset command, when FFH 
is written to the register and Auto select, when 90H or 
80H is written to the register. 

The device requires the OE pin to be V1H for write opera
tions. This condition eliminates the possibility for bus 
contention during programming o~ations. In order to 
write, OE must be V1H, and CEandWEmust be V1L. If any 

pin is not in the correct state a write command will not be 
executed. 

Ref er to AC Write Characteristics and the Erase/Pro
gramming Waveforms for specific timing parameters. 

Command Definitions 

The contents of the command register default to OOH 
(Read Mode) in the absence of high voltage applied to 
the Vrr pin. The device operates as a read only mem
ory. High voltage on the Vrr pin enables the command 
register. Device operations are selected by writing spe
cific data codes into the command register. Table 4 de
fines these register commands. 

Read Command 

Memory contents can be accessed via the read com
mand when Vrr is high. To read from the device, write 
OOH into the command register. Wait 6µs before reading 
the first accessed address location. All subsequent 
Read operations take tAcc. Standard microprocessor 
read cycles access data f rem the memory. The device 
will remain in the read mode until the command register 
contents are altered. 

The command register defaults to OOH (read mode) 
upon Vrr power-up. The OOH (Read Mode) register de
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vrr power 
transition. Ref er to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 

Table 3. Command Register 

Data Input/Output D01 D06 OOs 004 003 002 001 OOo 

Command Register R1 R6 Rs R4 R3 R2 R1 Ro 

Data/Commands* x x x x x x x x 
*Notes: 

1. See Table 4 Am28F512 Command Definitions 
2. X =Appropriate Data or Register Commands 
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Table 4. Am28F512 Command Definitions 

First Bus Cycle Second Bus Cycle 

Operation Address Data Operation Address Data 
Command (Note 1) (Note 2) (Note 3) (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOH Read RA RD 

Read Auto select Write x 80H or 90H Read OOH/01H 01H/25H 

Set-up Erase/Erase Write x 20H Write x 20H 
(Note 4) 

Erase-Verify (Note 4) Write EA AOH Read x EVD 

Set-up Program/Program Write x 40H Write PA PD 
(Note 5) 

Program-Verify (Note 5) Write x COH Read x PVD 

Reset Write x FFH Write x FFH 

Notes: 
1. Bus operations are defined in Table 1. 

2. RA "' Address of the memory location to be read. 
EA =Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 
PD= Data to be programmed at location PA. Data latched on the rising edge of WE. 
PVD =Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 

5. Figure 2 illustrates the Flashrite Programming Algorithm. 

6. Wait 6µs after first Read command before accessing the data. When the second bus command is a Read command, all 
subsequent Read operations take tAcc. 

Erase Sequence 
Set-up Erase/Erase Commands 

Set-up Erase 

Set-up Erase is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg
ister in order to perform the Set-up Erase operation. 

Erase 

The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera
tion must be terminated by writing a new command 
(Erase-verify) to the register. 

This two step sequence of the Set-up and Erase com
mands helps to ensure that memory contents are not ac
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and all control 
pins are intheir proper state. In absence of this high volt
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim
ing parameters. 

Note: 
The Flash memory device must be fully programmed to 
OOH data prior to erasure. This equalizes the charge on 
all memory cells ensuring reliable erasure. 
Erase-verify Command 

The erase operation erases all bytes of the array in par
allel. After the erase operation, all bytes must be se
quentially verified. The Erase-verify operation is 
initiated by writing AOH to the register. The byte address 
to be verified must be supplied with the command. Ad
dresses are latched on the falling edge of the WE pulse. 
The rising edge of the WE pulse terminates the erase 
operation. 

Margin Verify 

During the Erase-verify operation, the Am28F512 ap
plies an internally generated margin voltage to the ad
dressed byte. Reading FFH from the addressed byte 
indicates that all bits in the byte are properly erased. 

Verify Next Address 

You must write the Erase-verify command with the ap
propriate address to the register prior to verification of 
each address. Each new address is latched on the fail
ing edge of WE. The process continues for each byte in 
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the memory array until a byte does not return FFH data 
or all the bytes in the array are accessed and verified. 

If an address is not verified to FFH data, the entire chip is 
erased again (refer to Set-up Erase/Erase). Erase verifi
cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program set-up) to the 
command register. Figure 1 and Table 5, the Flasherase 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era-

NO Increment 
PLSCNT 

sure. Refer to AC Erase Characteristics and Waveforms 
for specific timing parameters. 

Note: 
The erase-verify command must be written to the reg
ister in order to terminate the erase operation. During 
the erase operations, the local microprocessor must 
be dedicated to run software timing routines (erase in 
10ms) as specified in AMD's Flasherasealgorithm. 

Should a system interrupt occur during an erase opera
tion, always write the Erase-verify command prior to 
executing an interrupt sequence. 

Increment Address 

11561-0058 

Figure 1. Flasherase Electrical Erase Algorithm 
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Flasherase Electrical Erase Algorithm 
This Flash memory device erases the entire array in par
allel. The erase time depends on Vpp, temperature, and 
number of erase/program cycles on the device. In gen
eral, reprogramming time increases as the numb~r of 
erase/program cycles increases. 

complished using the Flashrite programming algorithm. 
Erasure then continues with an initial erase operation. 
Erase verification (Data = FFH) begins at address 
OOOOH and continues through the array to the last ad
dress, or until data other than FFH is encountered. If a 
byte fails to verify, the device is erased again. With each 
erase operation, an increasing number of bytes verify to 
the erased state. Typically, devices are erased in less 
than 100 pulses (1 second). Erase efficiency may be im
proved by storing the address of the last byte that fails to 
verify in a register. Following the next erase operation, 
verification may start at the stored address location. A 
total of 1000 erase operations are allowed per 
reprogram cycle, which corresponds to approximately 
10 seconds of cumulative erase time. Erasure typically 
occurs in one second. The entire sequence of erase and 
byte verification is performed with high voltage applied 
to the Vpp pin. Figure 1 illustrates the electrical erase 
algorithm. 

The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem
ory contents. The Am28F512 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash
rite programming algorithm with the appropriate data 
pattern. 

Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol
low the Flasherase algorithm. Uniform and reliable era
sure is ensured by first programming all bits in the 
device to their charged state (Data = OOH). This is ac-

Tables. Flasherase Electrical Erase Algorithm 

Bus Operations Command Comments 

Entire memory must= OOH before erasure (Note 3) 
Note: Use Flashrite programming algorithm (Figure 2) for 
programming. 

Standby Wait for Vpp ramp to VPPH (Note 1) 
Initialize: 
Addresses 
PLSCNT (Pulse count) 

Write Set-Up Erase Data= 20H 

Write Erase Data= 20H 

Standby Duration of Erase Operation (twHWH2) 

Write Erase-verify (Note 2) Address = Byte to Verify 
Data= AOH 
Stops Erase Operation 

Standby Write Recovery Time before Read = 6µs 

Read Read byte to verify erasure 

Standby Compare output to FFH 
Increment pulse count 

Write Read Data = OOH, reset the register for read operations. 

Standby Wait for Vpp ramp to VPPL (Note 1) 

Notes: 
1. See DC Characteristics for value of VPPH or VPPL· The Vpp power supply can be hard-wired to the device or switchable. 

When Vpp is switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0V. 
2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 

written with the read command. 
3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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Data 
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Bus Cycle Write Write Time Write Time Read Stand by 
-out -out 

Command 20H 20H NIA AOH NIA Compare NIA 
Data 

Function Set-up Erase Erase Erase- Transition Erase Stand by & 
Erase (10ms) verify (6µs) verification Vee Power 

down 

Figure 2. A.C. Waveforms For Erase Operations 

Analysis Of Erase Timing Waveform 
Note: 
This analysis does not include the requirement to pro
gram the entire array to OOH data prior to erasure. Refer 
to the Flasherase algorithm. 
Set-up Erase/Erase 
This analysis illustrates the use of two-cycle erase com
mands (section A&B). The first erase command (20H) is 
a set-up command and does not affect the array data 
(section A). The second erase command (20H) initiates 
the erase operation (section B) on the rising edge of this 
WE pulse. All bytes of the memory array are erased in 
parallel. No address information is required. 

The erase pulse occurs in section C. 

Time-out 

A software timing routine (1 Oms duration) must be initi
ated on the rising edge of the WE pulse of section B. 

Erase-verify 

Upon completion of the erase software timing routine, 
the microprocessor must write the Erase-verify com
mand (AOH). This command terminates the erase op-

eration on the rising edge of the WE pulse (section D). 
The Erase-verify command also stages the device for 
data verification (section F). 

After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 

Another software timing routine (6µs duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation (section E). 

During Erase-verification {section F) each address that 
returns FFH data is successfully erased. Each address 
of the array is sequentially verified in this manner by re
peating sections D thru F until the entire array is verified 
or an address fails to verify. Should an address location 
fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification (section D) with 
the failed address. 

Each data change sequence allows the device to use up 
to 1,000 erase pulses to completely erase. Typically 100 
erase pulses are required. 
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Notes: 
1. All address locations must be programmed to OOH 
prior to erase. This equalizes the charge on all memory 
cells and ensures reliable erasure. 
2. The erase verify command must be written to termi
nate the erase operation. Should a system interrupt oc
cur during an erase operation, always write the 
erase-verify command prior to executing an interrupt se
quence. 

Programming Sequence 
Set-up Program/Program Command 

Set-up Program 
The Am28F512 is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Set-up Pro
gram is the first of a two-cycle program command. It 
stages the device for byte programming. The Set-up 
Program operation is performed by writing 40H to the 
command register. 

Program 

O~ly after th~rogram set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro
gramming must be available on the second WE pulse. 
Addr~~ses and data are internally latched on the falling 
and nsmg edge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 
You must write the Program-verify command to termi
nate the programming operation. This two step se
quence of the Set-up and Program commands helps to 
ensure that memory contents are not accidentally writ
ten. Also, programming can only occur when high volt
age is applied to the Vpp pin and all control pins are in 
their proper state. In absence of this high voltage, mem
ory contents cannot be programmed. 

Ref er to AC Characteristics and Waveforms for specific 
timing parameters. 

Program Verify Command 

Following each programming operation, the byte just 
programmed must be verified. 

Write COH into the command register in order to initiate 
the Program-verify operation. The rising edge of this WE 
pulse terminates the programming operation. The Pro
gram-verify operation stages the device for verification 
of the last byte programmed. Addresses were previ
ously latched. No new information is required. 

Margin Verify 
During the Program-verify operation, the Am28F512 ap
plies an internally generated margin voltage to the ad
dressed byte. A normal microprocessor read cycle 
outputs the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original pro
grammed data should be stored for comparison. Pro
gramming then proceeds to the next desired byte 
location. Should the byte fail to verify, reprogram (refer 
to Set-up Program/Program}. Figure 3 and Table 6 indi
~ate how instructions are combined with the bus opera
tions to perform byte programming. Refer to AC 
Programming Characteristics and Waveforms for spe
cific timing parameters. 

Flash rite Programming Algorithm 
The Am28F512 Flashrite programming algorithm em
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite programming algorithm uses 
10 microsecond programming pulses. Each operation is 
followed by a byte verification to determine when the ad
dressed byte has been successfully programmed. The 
prowam algorithm allows for up to 25 programming op
erations per byte per reprogramming cycle. Most bytes 
verify after the first or second pulse. The entire se
quence of programming and byte verification is per
formed with high voltage applied to the Vpp pin. Figure 3 
and Table 6 illustrate the programming algorithm. 
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NO 

Increment PLSCNT 

Increment Address 

Programming Completed 

11561-00?A 

Figure 3. Flashrite Programming Algorithm 

Table 6. Flashrite Programming Algorithm 

Bus Operations Command Comments 

Standby Wait for Vpp ramp to VPPH (Note 1) 
Initialize pulse counter 

Write Set-Up Program Data= 40H 

Write Program Valid Address/Data 

Standby Duration of Programming Operation (twHwH1) 

Write Program-Verify (2) Data = COH Stops Program Operation 

Standby Write Recovery Time before Read = 6µs 

Read Read byte to verify programming 

Standby Compare data output to data expected 

Write Read Data= OOH, resets the register for read operations. 

Standby Wait for Vpp ramp to VPPL (Note 1) 

Notes: 
1. See DC Characteristics for value of VPPH. The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 

switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0V. 

2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 
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Section A B c D E F G 

I 
I I I I 

~~--r\____f\_ CE 
I I 
I 

I I I 

OE/ I 
~ ~ 

I I 

~~ WE I \_ I 

I I 
I 

Data 

Vee_/ \m 
Vpg \:= 

A B c D E F G 11561-00SA 

Bus Cycle Write Write Time Write Time Read Stand by 
-out -out 

Command 40H Program NIA GOH NIA Compare NIA 
Address, (Stops Data 

Program Data Program) 

Function Set-up Program Program Program Transition Program Stand by & 
Program Command (10µs) verify (6µs) verification Vee Power 

Latch Address down 
& Data 

Figure 4. A.C. Waveforms for Programming Operations 

Analysis Of Program Timing Waveforms 

Set-up Program/Program 

Two-cycle write commands are required for program 
operations (section A&B). The first program command 
(40H) is a set-up command and does not affect the array 
data (section A). The second program command 
latches address and data required for programming on 
the falling and rising edge of WE respectively (section 
B). The rising edge of this WE pulse (section B) also initi
ates the programming pulse. The device is programmed 
on a byte by byte basis either sequentially or randomly. 

The program pulse occurs in section C. 

Time-out 

A software timing routine (1 Oµs duration) must be initi
ated on the rising edge of the WE pulse of section B. 

Program-verify 

Upon completion of the program timing routine, the mi
croprocessor must write the program-verify command 

(COH). This command terminates the programming op
eration on the rising edge of the WE pulse (section D). 
The program-verify command also stages the device for 
data verification (section F). Another software timing 
routine (6µs duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 

During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de
sired address is programmed. Should a byte fail to ver
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 25 
program pulses per byte. Typically, bytes are verified 
within one or two pulses. 

Note: 
The program-verify operation must be written to termi
nate the programming operation. Should a system 
interrupt occur during a programming operation, always 
write the program-verify command prior to executing an 
interrupt sequence. 
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Algorithm Timing Delays 
There are four different timing delays associated with 
the Flasherase and Flashrite algorithms: 

1. The first delay is associated with the Vpp rise-time 
when Vpp first turns on. The capacitors on the Vpp 
bus cause an RC ramp. After switching on the Vpp, 
the delay required is proportional to the number of 
devices being erased and the 0.1µF/device. Vpp 
must reach its final value 1 OOns before commands 
are executed. 

2. The second delay time is the erase time pulse width 
(10 ms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To.ensure proper device operation, write 
the Erase-verify operation after each pulse, or the 
device may continue to erase until the memory cells 
are driven into depletion (over-erasure). Should this 
happen the internal circuitry will no longer select 
unique addresses. A symptom of over-erasure is an 
error attempting to program the next time. Occasion
ally it is possible to recover over-erased devices by 
programming all of the locations with OOH data. 

3. A third delay time is required for each programming 
pulse width (10 µs). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 
the conclusion of the timing routine or prior to execut
ing any system interrupts that may occur during the 
programming operation. 

4. A fourth timing delay associated with both the 
Flasherase and Flash rite algorithms is the write re
covery time (6 µs). During this time internal circuitry 
is changing voltage levels from the erase/ program 
level to those used for margin verify and read opera
tions. An attempt to read the device during this pe
riod will result in possible false data (it may appear 
the device is not properly erased or programmed). 

Note: 
Software timing routines should be written in machine 
language tor each of the delays. Code written in ma
chine language requires knowledge of the appropriate 
microprocessor clock speed in order to accurately time 
each delay. 

Parallel Device Erasure 
Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple
menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified seperately. When a device is com
pletely erased and verified use a masking code to pre
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (OOH). 

Power-up Sequence 

Vee prior to Vpp 

The Am28F512 powers-up in the Read only mode. In 
addition, the memory contents may only be altered after 
successful completion of a two step command se
quence. 

Vpp prior to Vee 

When Vee= O V, the Vpp voltage is internally disabled 
from the device. Memory contents cannot be altered. 
With Vpp = 12 V, the Flash device resets to the Read 
mode when Vee rises above 2 V. 

Power supply sequencing is not required. 

Reset Command 
A reset command sequence is provided to initialize the 
Flash memory to a known state - Read mode. The Re
set command sequence also provides the user with a 
means to safely abort the erase or program command 
sequences. Following either set-up command (erase or 
program) with two consecutive writes of FFH will safely 
abort the operation. Memory contents will not be altered. 
A valid command must then be written to place the de
vice in the desired state. 

If Vpp is left at high voltage during system resets, you 
must incorporate the device reset command into the 
hardware initialization code. This minimizes the poten
tial for over erasure or programming if the device is in 
the middle of an erase or program operation during re
set. Execute the reset command early in the initialization 
routine. 

Auto Select Command 
Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

Programming In-system 
AM D's Flash memories are designed for use in applica
tions where the local CPU alters memory contents. Ac
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 
codes by raising Ag to a high voltage. However, multi
plexing high voltage onto address lines is not a generally 
desired system design practice. 

The Am28F512 contains an Auto Select operation to 
supplement traditional PROM programming methodol
ogy. The operation is initiated by writing 80H or90H into 
the command register. Following this command, a read 
cycle address OOOOH retrieves the manufacturer code of 
01 H. A read cycle from address 0001 H returns the de
vice code 25H (See Table 2). To terminate the opera
tion, it is necessary to write another valid command into 
the register (See Table 3). 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ceramic Packages 
Plastic Packages 

Ambient Temperature 
with Power Applied 

Voltage with Respect To Ground 
All pins except Ag and Vpp (Note 1) 
Vee (Note 1) 
Ag (Note 2) 
Vpp (Note 2) 

- 65°C to + 1 so0 c 
- 65°C to + 125°C 

- 55°C to + 125°C 

- 2.0V to 7.0V 
- 2.0V to 7.0V 

- 2.0V to 14.0V 
- 2.0V to 14.0V 

Output Short Circuit Current (Note 3) 200mA 

Notes: 
1. Minimum DC voltage on input or 110 pins is-0.S V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 

and 110 pins is Vee + 0.5 V. During voltage transitions, 

outputs may overshoot to Vee+ 2.0 V for periods up to 
20ns. 

2. Minimum DC input voltage on Ag and Vpp pins is -0.SV. 
During voltage transitions, Ag and Vpp may overshoot 

Vss to-2.0 Vforperiods of up to 20 ns. Maximum DC in

put voltage on Ag and Vpp is + 13.S V which may over
shoot to 14.0 V for periods up to 20 ns. 

3. No more than one output shorted at a time. Duration of 
the short circuit should not be greater than one second. 

Stresses above those listed under "Absolute Maximum Rat
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

OPERATING RANGES 
Commercial (C) Devices 

Case Temperature (Tc) 

Industrial (I) Devices 
Case Temperature (Tc) 

Extended (E) Devices 
Case Temperature (Tc) 

Military (M) Devices 
Case Temperature (Tc) 

Vee Supply Voltages 
Vector Am28F512-X5 
Vector Am28F512-XXO 

Vpp Supply Voltages 
Read 
Program, Erase, and Verify 
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0°c to +70°C 

- 40°C to +85°C 

- 55°C to + 12s0 c 

- 55°C to + 12s0 c 

+ 4.75V to +5.25V 
+ 4.SOV to +5.SOV 

·- O.SV to +12.6V 
+ 11.4V to +12.6V 



MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 

20 nS 20 nS 

+.BV 

~~- .r4™ -.5V 

20 nS 

Maximum Negative Overshoot Waveform 

Maximum Positive Input Overshoot 

Vee+ 0.5 V 

2.0V 

Maximum VPP Overshoot 

13.5 v 

Vee+0.5V 

20 nS 

Vee+ 2.0 V 

20 nS 20 nS 

Maximum Positive Overshoot Waveform 

20 nS 

20 nS 20 nS 

Maximum Vpp Overshoot Waveform 

Am28F512 

11561-009A 

11561-010A 

11561-011A 
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL Prod
ucts, Group A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted). 
(Notes 1-3) · 

DC CHARACTERISTICS-TTUNMOS COMPATIBLE 
Parameter 
Symbol 

lu 

ILO 

Ices 

lcc1 

lee2 

lcc3 

IPPS 

IPP1 

IPP3 

V10 

ho 

5-50 

Parameter Description 

Input Leakage Current 

Output Leakage Current 

Vee Standby Current 

Vee Active Read Current 

Vee Programming Current 

Vee Erase Current 

Vpp Standby Current 

VPP Read Current 

Test Conditions 

Vee. Vee Max., 
V1N = Vee or Vss 

Vee. Vee Max., 
Vour = Vee or Vss 

Vee. Vee Max. 
CE= V1H 

Vee. Vee Max.,CE = V1L, OE= 
lour= 0 mA, at 6 MHz 

~;.µ~~~0.::'i~!~~~~1·1·:::i;.:: .. !!!: .. Jll'".:::::\. 

,.,,. v~e::~ii:Nt.&~::::::::rt}, .. 
·(:::: :::, :::m:::yr,~:¥:::,~'''.''''.''''''\:. 
\ 1 h?M#lt¥:?¥f#lith .. 

VPP Programmirn;fcurrent "· "· · ·vp~;;:y~~.:·. \ 
............... ,,.":..., \. \ · _"... Erogrammi~ ·in Progress 

Output High Voltage 

Ag Auto Select Voltage 

Ag Auto Select Current 

VPP during Read-Only 
Operations 

VPP during Read/Write 
Operations 

IOL. 2.1 mA 
Vee. Vee Min. 

IOH.-2.5 mA 
Vee. Vee Min. 

Ag= V10Max. 
Vee. Vee Max. 

Note: Erase/Program are 
inhibited when VPP = VPPL 

Am28F512 

Min. Max. Unit 

± 1.0 µA 

± 1.0 µA 

mA 

mA 

mA 

± 1.0 µA 

200 µA 
± 1.0 

30 mA 

30 mA 

-0.5 0.8 v 
2.0 Vee v 

+ 0.5 

0.45 v 

2.4 v 

11.5 13.0 v 
50 µA 

0.0 Vee v 
+2.0 

11.4 12.6 v 



DC CHARACTERISTICS:-CMOS COMPATIBLE 
Parameter 
Symbol Parameter Description 

lu Input Leakage Current 

ILO Output Leakage Current 

Ices Vee Standby Current 

lee1 Vee Active Read Current 

lee2 Vee Programming Current 

lee3 Vee Erase Current 

IPPS VPP Standby Current 

Test Conditions 

Vee. Vee Max., 
V1N = Vee or Vss 

Vee. Vee Max., 
Vour =Vee or Vss 

Vee. Vee Max. 
CE= V1H 

Vee. Vee Max.,CE = VIL, OE= V1H 
lour= o mA, at 6 MHz 
CE V ····=·:=::::;:::: •. 

Pro~ra~ming in Progrnss1i:[!l![~(:::~~i\i[::i~::~L 
~~;u~~L iQ,grggtflh 
VP~,,w,:N~r*~t::t\ 

!--~~~-+-~~~~~~~~~~-+~-

IPP1 

IPP2 

IPP3 

V10 

110 

Vpp Read Current 

Ag Auto Select Volta e 

Ag Auto Select Current 

VPP during Read-Only 
Operations 

VppH VPP during Read/Write 
Operations 

Notes: 

IOL. 2.1 mA 
Vee. Vee Min. 

IOH. -2.5 mA, Vee. Vee Min. 

IOH. -100 µA, Vee. Vee Min. 

Ag= V10Max. 
Vee. Vee Max. 

Note: Erase/ Program are 
inhibited when VPP = VPPL 

Min. Max. 

± 1.0 

± 1.0 

...... '!!~!!~ll~ 

± 1.0 

200 

30 

30 

-0.5 0.8 

Vee Vee 
-0.5 + 0.5 

0.45 

0.85 
Vee 

Vee 
-0.4 

11.5 13.0 

50 

0.0 Vee 
+2.0 

11.4 12.6 

1. Caution: the Am28F512 must not be removed from (or inserted into) a socket when Vee or VPP is applied. 

2. lce1 is tested with OE= V1H to simulate open outputs. 

3. Maximum active power usage is the sum of Ice and IPP. 

Am2BF512 

Unit 

µA 

µA 

µA 

mA 

mA 

mA 

µA 

µA 

mA 

mA 

v 
v 

v 

v 

v 
µA 

v 

v 
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PIN CAPACITANCE 
Parameter 

Symbol Parameter Description Test Conditions Typ. Max. 

C1N Input Capacitance V1N = 0 8 10 

Cour Output Capacitance Vour = 0 8 12 

C1N2 Vpp Input Capacitance Vpp = 0 8 12 

Notes: 
1. Sampled, not 100% tested. 

2. Test conditions TA= 25°C, f = 1.0 MHz 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified. 

AC CHARACTERISTICS-Read Only Operation (Notes 1-2) 

Parameter 
Symbols 

JEDEC Standard Parameter Description 

tAVAV tRC 

tELQV tcE 

tAvav tACC 

Read Cycle Time 

Chip Enable 
Access Time 

Address 
Access Time 

taLav toE Output Enable 
Access Time 

tELax tLz Chip Enable to 
ou1 . .v.un 49.w. z 

lGLQX 

tGHQZ 

tAxax 

lWHGL 

Notes: 

toH 

''\j::::::· ::::[~, oulJhlf'bISable to 
w· .. Output in High Z 

Output Hold from first of 
Address, CE, or OE Change 

Write Recovery 
Time before Read 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

-75 

70 

70 

70 

25 
0 

6 

Am28F512 

-90 -120 -150 -200 
-95 

90 120 150 200 

90 120 150 

30 35 35 
0 0 0 0 

25 30 35 35 
0 0 0 0 

6 6 6 6 

Unit 

pF 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

1. Output Load (except Am28F512-75): 1 TIL gate and CL= 100 pF, Input Rise and Fall Times: s 10 ns, Input Pulse levels: 
0.45 to 2.4 V, Timing Measurement Reference Level - Inputs: 0.8 V and 2 V 

Outputs: 0.8 V and 2 V 

2. The Am28F512-75 Output Load: 1 TIL gate and CL= 30 pF 
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Input Rise and Fall Times: s 1 O ns 
Input Pulse levels: 0 to 3 V 
Timing Measurement Reference Level: 1.5 V inputs and outputs. 
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AC CHARACTERISTICS-Write/Erase/Program Operations (Notes 1- 4) 
Parameter 
Symbols 

JEDEC Standard 

iAVAV twe 

tAVWL 

twLAX 

tovwH tos 

twHDX toH 

tWHGL twR 

tGHWL 

tELWL tes 

twHEH teH 

twLWH twp 

twHWL 

Parameter Description 
Write Cycle Time 

Address Set-Up Time 

Address Hold Time 

Data Set-Up Time 

Data Hold Time 

Write Recovery Time 
before Read 

Read Recovery Time 
before Write 
Chip Enable 
Set-Up Time _.,.,,;:;::\ 
Chip EnqtJle ··=== 
Holg,,T@:OO~\ ·====,,,,,,,,,, 

·\::::::t::::::it ::::::::29r~ffin:::2iru== ·=·· 

tvPEL 

tves 

tvPPR 

tvPPF 

Notes: 

\:}[]} ··=et99t.~mming Operation 

Chip Enable Set-Up 
Time to Vpp Ramp 

Vpp Set-Up Time to 
Chip Enable LOW 

Vee Set-Up Time 

Vpp Rise Time 

Vpp Fall Time 

Min. 
Max. 
Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Am28F512 

-90 -120 -150 
-75 -95 

70 90 120 150 

0 0 0 0 

40 45 50 60 

40 45 

10 

0 

0 0 

45 50 50 

20 20 20 20 

10 10 10 10 
25 25 25 25 

9.5 9.5 9.5 9.5 
10.5 10.5 10.5 10.5 

100 100 100 100 

100 100 100 100 

2 2 2 2 

500 500 500 500 

500 500 500 500 

-200 

200 

0 

0 

0 

50 

20 

10 
25 

9.5 
10.5 

100 

100 

2 

500 

500 

1. Read timing characteristics during read/write operations are the same as durng read-only operations. Refer to AC 
Characteristics for Read Only operations. 

Unit 
ns 

ns 

ns 

ns 

ns 

µs 

µs 

ns 

ns 

ns 

ns 

µs 

ms 

ns 

ns 

µs 

ns 

ns 

2. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) all set-up, hold 
and inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 

3. All devices except Am28F512-75. Input Rise and Fall times: .s 10 ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 

4. Am28F512-75. Input Rise and Fall times: .s 10 ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 
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Addresses 

CE(E) 

OE(G) 

Data(DQ) 

5.0V 
Vee 
ov 
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Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid 

HighZ 

Addresses Stable 

tELOV(tcE) 

tGLQV (tOL.z) ..j 
i. tELOX (tLz) 

Output Valid 

Figure 5. AC Waveforms for Read Operations 
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Standby, Power-down 

High Z 
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Figure 6. A.C. Waveforms for Erase Operations 
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Addresses 

CE(E) 

Set-Up Program 
Command 

Program Command 
Latch Address & 
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SS 

SS 

twLAx(tAH) 
SS-+---.. 

SS 

Verify 
Command 

SS 

SS 

OE(G) 

~+mEs) t~WH1 
,.-

WE(W) 

Data (DO) 

5.0V 

Vee 
ov 

VppH 

_JI tWLWH(twp) 

tovwH(to::.1 

HIGHZ 

tEHVP 

Vpp I 

VppL 

I 
DATA IN 
=eOH --
tELQX (tLz) 
tELOV (teE) 

tvPEL 

Figure 7. A.C. Waveforms for Programming Operations 

I 

Programming 
Verification 

11---1 

Standby/ 
Power-Down 

ir- tAxax(toH) 

11561-015A 



SWITCHING TEST CIRCUIT 

Device 
Under 
Test 

6.2 kQ 

2.7kQ 

Diodes= IN3064 
or Equivalent 

11561-012A 

CL= 100 pF including jig capacitance (30 pF for Am28F512-75) 

SWITCHING TEST WAVEFORMS 

2.4 v 

0.45 v 

2.0 v 2.0 v > TEST POINTS < 
0.8 v 0.8 v 

: : ~~~~~~)(1.s-TEST POINTs-1.s)C 

INPUT OUTPUT 
INPUT OUTPUT 

All Devices Except Am28F512-75 

AC Testing: Inputs are driven at 2.4 V for a 
logic "1" and 0.45 V for a logic "O". Input pulse 
rise and fall times are .s 1 O ns. 

Am28F512 

For Am28F512-75 

AC Testing: Inputs are driven at 3.0 V for a 
logic "1" and O V for a logic "O". Input pulse rise 
and fall times are .s 1 O ns. 

08007-003A 
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ERASE AND PROGRAMMING PERFORMANCE 
Limits 

Parameter Min. Typ. Max. Unit Comments 

Chip Erase Time 0.5 10 s Excludes OOH programming 
(Note 1) prior to erasure 

Chip Programming Time 1 12 s Excludes system-level overhead 
(Note 1) 

Erase/Program Cycles 

Am28F512-75C4JC 10,000 Cycles 

Am28F512-75C3JC 1,000 Cycles 

Note: 

1. 25°C, 12V Vpp 

LATCHUP CHARACTERISTICS 

Min. Max. 

Input Voltage with respect to Vss on all pins except 1/0 pins 
(Including Ag and Vpp) -1.0V 13.5 v 
Input Voltage with respect to Vss on all pins 1/0 pins -1.0V Vee+ 1.0 V 

Current -100 mA + 100 mA 

Includes all pins except Vee. Test conditions: Vee= 5.0 V, one pin at a time. 
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Am28F010 
131,072 x 8-Bit CMOS Flash Memory 

DISTINCTIVE CHARACTERISTICS 
• High performance 

- 90 ns maximum access time 

• Low power consumption 
- 30 mA maximum active current 
- 100 µA maximum standby current 

• Compatible with JEDEC-standard byte
wide 32-Pln E2PROM plnouts 
-32-pin DIP 
- 32-pin PLCC 

• 10,000 erase/program cycles 

• Program and erase voltage 12.0 V ±5% 

• Latch-up protected to 100 mA 
from-1 VtoVcc+1 V 

GENERAL DESCRIPTION 

Advanced 
Micro 

Devices 

• Flasherase™ Electrical Bulk Chip-Erase 
- One second typical chip-erase 

• Flashrite™ programming 
-1 O µs typical byte-program 
- Less than 2 seconds typical chip program 

• Command register architecture for 
mlcroprocessor/mlcrocontroller compatible 
write Interface 

• On-chip address and data latches 

• Advanced CMOS flash memory technology 
- Low cost single transistor memory cell 

The Am28F01Oisa1 Megabit "Flash" electrically eras- The Am28F010 is byte programmable using 1 O µs pro-
able, electrically programmable read only memory or- gramming pulses in accordance with AM D's Flashrite 
ganized as 128K bytes of 8 bits each. The Am28F01 O is programming algorithm. The typical room temperature 
packaged in 32-pin PDIP and PLCC versions which al- programming time of the Am28F01 O is less than two 
low for upgrades to the 2 Megabit density. The device is seconds. The entire chip is bulk erased using 10ms 
also offered in ceramic DIP and LCC packages. It is de- erase pulses according to AM D's Flasherase algo-

~~~~~i~~~gf l•ttllli~~i~:~~~:r ;~ 
AM D's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The write cycles, the command register internally latches 
Am28F01 o uses a command register to manage this address and data needed for the programming and 
functionality, while maintaining a standard 32_pin erase operations. For system design sim.2!!!,ication, the 
pinout. The command register allows for 1003 TTL Am28F010isdesignedtosupporteitherWEorCEcon-
level control inputs and fixed power supply levels dur- trolled writes. During a system write cycle, addresses 
ing erase and programming, while maintaining maxi- are latched on the falling edge of WE or CE whichever 
mum EPROM compatibility. occurs last. Data is latched on the rising edge of WE or 

CE whichever occurs first. To simplify the following dis-
AM D's Flash technology reliably stores memory con- -
tents even after 10,000 erase and program cycles. The cussion, the WE pin is used as the write cycle control 
AMO cell is designed to optimize the erase and pro- pin throughout the rest of this text. All setup and hold 
gramming mechanisms. In addition, the combination of times are with respect to the WE signal. 
advanced tunnel oxide processing and low internal AMD's Flash technology combines years of EPROM 
electric fields for erase and programming operations and E2PROM experience to produce the highest levels 
produces reliable cycling. The Am28F01 O uses a of quality, reliability, and cost effectiveness. The 
12.0 V ± 5% Vpp supply to perform the Flasherase and Am28F01 O electrically erases all bits simultaneously 
Flashrite algorithms. using Fowler-Nordheim tunneling. The bytes are pro

The highest degree of latch-up protection is achieved 
with AM D's proprietary non-epi process. Latch-up pro
tection is provided for stresses up to 100 milliamps on 
address and data pins from-1 V to Vcc+1 V. 

Publication# 11559 Rev. B Amendment/O 

Issue Date: June 1990 

grammed one byte at a time using the EPROM pro
gramming mechanism of hot electron injection. 
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CONNECTION DIAGRAMS 
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PIN DESCRIPTION 

Symbol Functional Description 
Ao-A16 Address Inputs for memory locations. Internal latches hold addresses during write cycles. 

DOo- D01 Data Inputs during memory write cycles. Internal latches hold data during write cycles. Data 
Outputs during memory read cycles. 

CE(E) The Chip Enable active low input activates the chip'scontrol logic and input butters. Chip 
Enable high will deselect the device and operates the chip in stand-by mode. 

OE(G) The Output Enable active low input gates the outputs of the device through the data buffers 
during memory read cycles. 

WE(W) The Write Enable active low input controls the write function of the command register to the mem-
ory array. The target address is latched on the falling edge of the Write Enable pulse and the ap 
propriate data is latched on the rising edge of the pulse. 

Vpp Power supply for erase and programming. Vpp must be at high voltage in order to write to the com-
mand register. The command register controls all functions required to alter the memory array 
contents. Memory contents cannot be altered when Vpp $Vee +2V. 

Vee Power supply for device operation. (5.0V ± 5% or 10%) 

Vss Ground 

NC No Connect-corresponding pin is not connected internally to the die. 

5-62 Am28F010 



ORDERING INFORMATION 
Standard Products 

AMD standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: a. Device Number 

AM28F010 -95 C4 

b. Speed Option 
c. Reprogram Cycles 
d. Package Type 
e. Temperature Range 
f. Optional Processing 

J C B 

L= f. OPTIONAL PROCESSING 
Blank = Standard processing 

B =Burn-in 

e. TEMPERATURE RANGE 

C =Commercial (0 to +70°C) 
I = Industrial (-40 to+ 85°C) 
E =Extended (-55 to+ 125°C) 

i.-.--------d.PACKAGETYPE 

D = 32-Pin Ceramic DIP (CD 032) 
L = 32-Pin Rectangular Ceramic Leadless 

Chip Carrier (CL 032) 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 

Chip Carrier (PL 032) 

"'------------ c. REPROGRAM CYCLES (10x) 

C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 

'---------------- b. SPEED OPTION 
See Product Selector Guide and 
Valid Combinations 

,__ __ a. DEVICE NUMBER/DESCRIPTION 
Am28F010 
1 Megabit (128K x 8-Bit) CMOS Flash Memory 

Valid Combinations Valid Combinations 

AM28F010-95 

AM28F010-90 

AM28F010-120 

AM28F010-150 

AM28F010-200 

C4DC, C4DCB, C4DI, 
C4DIB, C4DE, C4DEB, 
C4LC, C4LCB, C4LI, 
C4LIB, C4LE, C4LEB, 
C4PC, C4PI, C4JC, 
C4JI, C3DC, C3DCB, 
C3DI, C3DIB, C3DE, 
C3DEB, C3LC, C3LCB, 
C3LI, C3LIB, C3LE, 
C3LEB, C3PC, C3PI, 
C3JC, C3JI 

Am28F010 

Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 
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ORDERING INFORMATION 
APL Products 

AMO products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combina-
tion) is formed by a combination of: a. Device Number 

5-64 

AM2BF010 -120 C4 /B 

b. Speed Option 
c. Reprogram cycles 
d. Device Class 
e. Package Type 
f. Lead Finish 

U A 

L= f. LEAD FINISH 
A = Hot Solder Dip 

e. PACKAGE TYPE 
X .. 32-Pin Ceramic DIP (CD 032) 
U = 32-Pin Rectangular Ceramic 

Leadless Chip Carrier (CL 032) 

---------- d. DEVICE CLASS 
18 =Class 8 

------------ c. REPROGRAM CYCLES (10x) 
C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 

'---------------- b. SPEED OPTION 

--- a. DEVICE NUMBER/DESCRIPTION 
Am28F010 

See Product Selector Guide and 
Valid Combinations 

1 Megabit (128K x 8-Bit) CMOS Flash Memory 

Valid Combinations 

AM28F010-120 

AM28F010·150 
C4/BXA, C4/BUA 
C3/BXA, C3/BUA 

AM28F010-200 

Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Am28F010 

Group A Tests 
Group A tests consist of Subgroups 

1, 2, 3, 7, 8, 9, 10, 11. 



BASIC PRINCIPLES 
The Am28F01 O uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram
ming operations use a fixed 12.0V ± 5% power supply. 

Read Only Memory 
Without high Vpp voltage, the Am28F01 O functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 

Command Register 
The command register is enabled only when high volt
age is applied to the Vpp pin. The erase and reprogram
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 

The Am28F01 O's command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de
vice operations. For system design simplification, the 
Am28F01 O is designed to support either WE or CE 
controlled writes. During a system write £Y£1e, ad
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occur first. To simplify the follow
ing discussion, the WE pin is used as the write cycle con
trol pin throughout the rest of this text. All setup and hold 
times are with respect to the WE signal. 

Overview of Erase/Program Operations 
Erase Sequence 

A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re
peated one cycle verify commands). 

Note: 
The Flash memory array must be completely pro
grammed prior to erasure. Ref er to the Flasherase 
Algorithm. 

1. Set-up Erase: Write the Set-up Erase command to 
the command register. 

2. Erase: Write the Erase command (same as Set-up 
Erase command) to the command register again. 

The second command initiates the erase operation. 
The system software routines must now time-out the 
erase pulse width (1 Oms) prior to issuing the Erase
verify command. 

3. Erase-verify: Write the Erase-verify command to 
the command register. This command terminates 
the erase operation. Afterthe erase operation, each 
byte of the array must be verified. Address informa
tion must be supplied with the Erase-verify com
mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased). After suc
cessful data verification the Erase-verify command 
is written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 

If data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is suc
cessfully verified or the sequence is repeated 1000 
times. 

Programming Sequence 

A three step command sequence (a two-cycle Program 
command and one cycle Verify command) is required to 
program a byte of the Flash array. Refer to the Flashrite 
Algorithm. 

1. Set-up Program: Write the Set-up Program com
mand to the command register. 

2. Program: Write the Program command to the com
mand register with the appropriate Address and 
Data. The system software routines must now time
out the program pulse width (1 O µs) prior to issuing 
the Program-verify command. 

3. Program-verify: Write the Program-verify com
mand to the command register. This command ter
minates the programming operation. In addition, this 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 
data verification, the programming sequence is initi
ated again for the next byte address to be pro
grammed. 

If data is not verified, the Program sequence is repeated 
until a successful comparison is verified or the se
quence is repeated 25 times. 
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FUNCTIONAL DESCRIPTION 
Description Of User Modes 

Table 1. Am28F010 User Bus Operations 

Operation 
CE OE WE Vpp 

(E) (G) (W) (Note 1) 

Read V1L V:L Vni VPPL 

Standby V1H x x VPPL 

Read-Only Output Disable V1L V1H V1H VPPL 

Auto-select Manufacturer V1L V1L V1H VPPL 
Code (Note 2) 

Auto-select Device Code V1L V1L V1H VPPL 
(Note 2) 

Read V1L V1L V1H VPPH 

Read/Write 
Standby (Note 5) V1H x x VPPH 

Output Disable V1L V1H V1H VPPH 

Write V1L V1H V1L VPPH 

Legend: 

Ao Ag 110 

/\o Ag Dour 

x x HIGHZ 

x x HIGHZ 

V1L V10 CODE 
(Note 3) (01H) 

V1H V10 CODE 
(Note 3) (A7H) 

Ao Ag Dour 
(Note 4) 

x x HIGHZ 

x x HIGHZ 

Ao Ag D1N 
(Note6) 

X = Don't care, where Don't Care is either V1L or V1H levels, VPPL = Vpp <Vee+ 2V, See DC Characteristics for voltage lev
els of VppH, OV <An <Vee + 2V, (normal TTL or CMOS input levels, where n = O or 9). 

Notes: 

1. VPPL may be grounded, connected with a resistor to ground, or~ Vee +2.0V. VPPH is the programming voltage specified 
for the device. Refer to the DC characteristics. When Vpp = VPPL. memory contents can be read but not written or erased. 

2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 

3. 11.5sV10~ 13.0V 

4. Read operation with Vpp = VPPH may access array data or the Auto select codes. 

5. With Vpp at high voltage, the standby current is Ice+ fpp (standby). 

6. Refer to Table 3 for valid D1N during a write operation. 

7. All inputs are Don't Care unless otherwise stated, where Don't Care is either V1L or V1H levels. In the Auto select mode all 
addresses except Ag and Ao must be held at V1L. 
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READ ONL V MODE 
Vpp <Vee+ 2V 
Command Register Inactive 
Read 

The Am28F01 o functions as a read only memory when 
Vpp <Vee+ 2V. The Am28F010 has two control func
tions. Both must be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific device selection. OE controls the device outputs 
and should be used to gate data to the output pins if a 
device is selected. 

Address access time tAcc is equal to the delay from sta
ble addresses to valid output data. The chip enable ac
cess time tcE is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en
able access time is the delay from the falling edge of OE 
to valid data at the output pins {assuming the addresses 
have been stable at least tAcc- toE). 

Standby Mode 

The Am28F01 O has two standby modes. The CMOS 
standbymode(CEinputheldatVcc ± 0.5V),consumes 
less than 1 OOµA of current. TTL standby mode (CE is 
held at V1H) reduces the current requirements to less 
than 1 mA. When in the standby mode the ou1E.!!!_s are in 
a high impedance state, independent of the OE input. 

If the device is deselected during erasure, program
ming, or program/erase verification, the device will draw 
active current until the operation is terminated. 

Output Disable 

Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im
pedance state. 

Auto Select 

Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the de
vice. 

Programming In A Prom Programmer 

To activate this mode, the programming equipment 
must force V10 (11.5V to 13.0V) on address Ag. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from V1L to V1H. All other 
address lines must be held at V1L, and Vpp must be less 
than or equal to Vee+ 2.0V while using this Auto select 
mode. Byte O (Ao = V1L) represents the manufacturer 
code and byte 1 (Ao= V1H) the device identifier code. For 
the Am28F01 O these two bytes are given in the table be
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (D01) defined as the 
parity bit. 

(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program
ming the Flash memory device in-system). 

Table 2. Am28F01 o Auto Select Code 

Code 
Type Ao (HEX) D01 DOs DOs 004 DQ3 002 001 DOo 

Manufacturer Code V1L 01 0 0 0 0 0 0 0 1 

Device Code V1H A7 1 0 1 0 0 1 1 1 
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ERASE, PROGRAM, AND READ MODE 

VPP = 12.0 V ± 5% 
Command Register Active 
Write Operations 

High voltage must be applied to the Vpp pin in order to 
activate the command register. Data written to the regis
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 

The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The ~ister is written 
by bringing WE and CE to V1L, while OE is at V1H. Ad
dresses are latched on the falling edge of WE, while data 
is latched on the rising edge of the WE pulse. Standard 
microprocessor write timings are used. 

Register bits R1- Ro correspond to the data inputs 001 
- DOo (Refer to Table 3). Register bits R1- Rs store the 
command data. All register bits R4 to Ro must be zero. 
The only exceptions are: the reset command, when FFH 
is written to the register and Auto select, when 90H or 
80H is written to the register. 

The device requires the OE pin to be V1H for write opera
tions. This condition eliminates the possibility for bus 
contention during programming o~ations. In order to 
write, OE must be V1H, and CE and WE must be V1L. If any 

pin is not in the correct state a write command will not be 
executed. 

Refer to AC Write Characteristics and the Erase/Pro
gramming Waveforms for specific timing parameters. 

Command Definitions 

The contents of the command register default to OOH 
(Read Mode) in the absence of high voltage applied to 
the Vpp pin. The device operates as a read only mem
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe
cific data codes into the command register. Table 4 de
f in es these register commands. 

Read Command 

Memory contents can be accessed via the read com
mand when Vpp is high. To read from the device, write 
OOH into the command register. Wait 6µs before reading 
the first accessed address location. All subsequent 
Read operations take tAcc. Standard microprocessor 
read cycles access data from the memory. The device 
will remain in the read mode until the command register 
contents are altered. 

The command register defaults to OOH (read mode) 
upon Vpp power-up. The OOH (Read Mode) register de
fault helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vpp power 
transition. Refer to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 

Table 3. Command Register 

Data Input/Output D01 DOs DOs 004 003 002 001 OOo 

Command Register R1 Rs Rs R4 R3 R2 R1 Ro 

Data/Commands* · x x x x x x x x 
*Notes: 

1. See Table 4 Am28F01 O Command Definitions 
2. X =Appropriate Data or Register Commands 
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Table 4. Am28F010 Command Definitions 

First Bus Cycle Second Bus Cycle 

Operation Address Data Operation Address Data 
Command (Note 1) (Note 2) (Note 3) (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOH Read RA RD 

Read Auto select Write x SOH or90H Read OOH/01H 01H/A7H 

Set-up Erase/Erase Write x 20H Write x 20H 
(Note 4) 

Erase-Veri!Y_(Note 4) Write EA AOH Read x EVD 

Set-up Program/Program Write x 40H Write PA PD 
(Note 5) 

Program-Verify (Note 5) Write x COH Read x PVD 

Reset Write x FFH Write J x FFH 

Notes: 
1. Bus operations are defined in Table 1. 

2. RA = Address of the memory location to be read. 
EA =Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 
PD= Data to be programmed at location PA. Data latched on the rising edge of WE. 
PVD =Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 

5. Figure 2 illustrates the Flashrite Programming Algorithm. 

6. Wait 6µs after first Read command before accessing the data. When the second bus command is a Read command, all 
subsequent Read operations take tAcc. 

Erase Sequence 
Set-up Erase/Erase Commands 

Set-up Erase 

Set-up Erase is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg
ister in order to perform the Set-up Erase operation. 

Erase 

The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera
tion must be terminated by writing a new command 
(Erase-verify) to the register. 

This two step sequence of the Set-up and Erase com
mands helps to ensure that memory contents are not ac
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and all control 
pins are in their proper state. In absence of this high volt
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim
ing parameters. 

Note: 
The Flash memory device must be fully programmed to 
OOH data prior to erasure. This equalizes the charge on 
all memory cells ensuring reliable erasure. 
Erase-verify Command 

The erase operation erases all bytes of the array in par
allel. After the erase operation, all bytes must be se
quentially verified. The Erase-verify operation is 
initiated by writing AOH to the register. The byte address 
to be verified must be supplied with the command. Ad
dresses are latched on the falling edge of the WE pulse. 
The rising edge of the WE pulse terminates the erase 
operation. 

Margin Verify 

During the Erase-verify operation, the Am28F01 O ap
plies an internally generated margin voltage to the ad
dressed byte. Reading FFH from the addressed byte 
indicates that all bits in the byte are properly erased. 

Verify Next Address 

You must write the Erase-verify command with the ap
propriate address to the register prior to verification of 
each address. Each new address is latched on the fail
ing edge of WE. The process continues for each byte in 
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the memory array until a byte does not return FFH data 
or all the bytes in the array are accessed and verified. 

If an address is not verified to FFH data, the entire chip is 
erased again (refer to Set-up Erase/Erase). Erase verifi
cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program set-up) to the 
command register. Figure 1 and Table 5, the Flasherase 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era-

NO Increment 
PLSCNT 

sure. Refer to AC Erase Characteristics and Waveforms 
for specific timing parameters. 

Note: 
The erase-verify command must be written to the reg
ister in order to terminate the erase operation. During 
the erase operations, the local microprocessor must 
be dedicated to run software timing routines (erase in 
toms) as specified in AMD's Flasherasealgorithm. 

Should a system interrupt occur during an erase opera
tion, always write the Erase-verify command prior to 
executing an interrupt sequence. 

Increment Address 

11561-0058 

Figure 1. Flasherase Electrical Erase Algorithm 
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Flasherase Electrical Erase Algorithm 
This Flash memory device erases the entire array in par
allel. The erase time depends on Vpp, temperature, and 
number of erase/program cycles on the device. In gen
eral, reprogramming time increases as the number of 
erase/program cycles increases. 

The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem
ory contents. The Am28F010 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash
rite programming algorithm with the appropriate data 
pattern. 

Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol
low the Flasherase algorithm. Uniform and reliable era
sure is ensured by first programming all bits in the 
device to their charged state (Data = OOH). This is ac-

complished using the Flashrite programming algorithm. 
Erasure then continues with an initial erase operation. 
Erase verification (Data = FFH) begins at address 
OOOOH and continues through the array to the last ad
dress, or until data other than FFH is encountered. If a 
byte fails to verify, the device is erased again. With each 
erase operation, an increasing number of bytes verify to 
the erased state. Typically, devices are erased in less 
than 100 pulses (1 second). Erase efficiency may be im
proved by storing the address of the last byte that fails to 
verify in a register. Following the next erase operation, 
verification may start at the stored address location. A 
total of 1000 erase operations are allowed per 
reprogram cycle, which corresponds to approximately 
1 O seconds of cumulative erase time. Erasure typically 
occurs in one second. The entire sequence of erase and 
byte verification is performed with high voltage applied 
to the Vpp pin. Figure 1 illustrates the electrical erase 
algorithm. 

Table 5. Flasherase Electrical Erase Algorithm 

Bus Operations Command Comments 

Entire memory must = OOH before erasure (Note 3) 
Note: Use Flashrite programming algorithm (Figure 2) for 
programming. 

Standby Wait for Vpp ramp to VPPH (Note 1) 
Initialize: 
Addresses 
PLSCNT (Pulse count) 

Write Set-Up Erase Data= 20H 

Write Erase Data= 20H 

Standby Duration of Erase Operation (twHWH2) 

Write Erase-verify (Note 2) Address = Byte to Verify 
Data= AOH 
Stops Erase Operation 

Standby Write Recovery Time before Read = 6µs 

Read Read byte to verify erasure 

Standby Compare output to FFH 
Increment pulse count 

Write Read Data = OOH, reset the register for read operations. 

Standby Wait for Vpp ramp to VPPL (Note 1) 

Notes: 

1. See DC Characteristics for value of VPPH or VPPL· The Vpp power supply can be hard-wired to the device or switchable. 
When Vpp is switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0V. 

2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 
written with the read command. 

3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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Section A B c D E F G 
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ss~ss--n_______J\_ I I I I 
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OE/ I 
SS SS 
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~SS WE I \_ I 

I I 

Data 

Vee_/ \m 
Vpg \; 

A B c D E F G 11561-00GA 

Bus Cycle Write Write Time Write Time Read Stand by 
-out -out 

Command 20H 20H NIA AOH NIA Compare NIA 
Data 

Function Set-up Erase Erase Erase- Transition Erase Stand by & 

Erase (10ms) verify (6µs) verification Vee Power 
down 

Figure 2. A.C. Waveforms For Erase Operations 

Analysis Of Erase Timing Waveform 

Note: 
This analysis does not include the requirement to pro
gram the entire array to OOH data prior to erasure. Refer 
to the Flasherasealgorithm. 
Set-up Erase/Erase 
This analysis illustrates the use of two-cycle erase com
mands (section A&B). The first erase command (20H) is 
a set-up command and does not affect the array data 
(section A). The second erase command (20H) initiates 
the erase operation (section B) on the rising edge of this 
WE pulse. All bytes of the memory array are erased in 
parallel. No address information is required. 

The erase pulse occurs in section C. 

Time-out 
A software timing routine (1 Oms duration) must be initi
ated on the rising edge of the WE pulse of section B. 

Erase-verify 

Upon completion of the erase software timing routine, 
the microprocessor must write the Erase-verify com
mand (AOH). This command terminates the erase op-

eration on the rising edge of the WE pulse (section D). 
The Erase-verify command also stages the device for 
data verification (section F). 

After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 

Another software timing routine (6µs duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation (section E). 

During Erase-verification (section F) each address that 
returns FFH data is successfully erased. Each address 
of the array is sequentially verified in this manner by re
peating sections D thru F until the entire array is verified 
or an address fails to verify. Should an address location 
fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification (section D) with 
the failed address. 

Each data change sequence allows the device to use up 
to 1,000 erase pulses to completely erase. Typically 100 
erase pulses are required. 
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Notes: 
1. All address locations must be programmed to OOH 
prior to erase. This equalizes the charge on all memory 
cells and ensures reliable erasure. 

2. The erase ~erify command must be written to termi
nate the erase operation. Should a system interrupt oc
cur during an erase operation, always write the 
erase-verify command prior to executing an interrupt se
quence. 

Programming Sequence 
Set-up Program/Program Command 

Set-up Program 
The Am28F01 O is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Set-up Pro
gram is the first of a two-cycle program command. It 
stages the device for byte programming. The Set-up 
Program operation is performed by writing 40H to the 
command register. 

Program 
O~ly after th~rogram set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro
gramming must be available on the second WE pulse. 
Addr~~ses and data are internally latched on the failing 
and rising edge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 
You must write the Program-verify command to termi
nate the programming operation. This two step se
quence of the Set-up and Program commands helps to 
ensure that memory contents are not accidentally writ
ten. Also, programming can only occur when high volt
age is applied to the Vpp pin and all control pins are in 
their proper state. In absence of this high voltage, mem
ory contents cannot be programmed. 

Refer to AC Characteristics and Waveforms for specific 
timing parameters. 

Program Verify Command 
Following each programming operation, the byte just 
programmed must be verified. 

Write COH into the command register in order to initiate 
the Program-verify operation. The rising edge of this WE 
pulse terminates the programming operation. The Pro
gram-verify operation stages the device for verification 
of the last byte programmed. Addresses were previ
ously latched. No new information is required. 

Margin Verify 
D~ring t~e Program-verify operation, the Am28 F01 O ap
plies an internally generated margin voltage to the ad
dressed byte. A normal microprocessor read cycle 
outputs the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original pro
grammed data should be stored for comparison. Pro
gran:ming then proceeds to the next desired byte 
location. Should the byte fail to verify, reprogram (refer 
to Set-up Program/Program). Figure 3 and Table 6 indi
cate how instructions are combined with the bus opera
tions to perform byte programming. Refer to AC 
Programming Characteristics and Waveforms for spe
cific timing parameters. 

Flash rite Programming Algorithm 

The Am28F010 Flashrite programming algorithm em
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite programming algorithm uses 
1 O microsecond programming pulses. Each operation is 
followed by a byte verification to determine when the ad
dressed byte has been successfully programmed. The 
prowam algorithm allows for up to 25 programming op
erations per byte per reprogramming cycle. Most bytes 
verify after the first or second pulse. The entire se
quence ~f pr?gramming and byte verification is per
formed with high voltage applied to the Vpp pin. Figure 3 
and Table 6 illustrate the programming algorithm. 
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NO 

Increment PLSCNT 

Increment Address 

Programming Completed Device Failed 

11561-00?A 

Figure 3. Flash rite Programming Algorithm 

Table 6. Flashrite Programming Algorithm 

Bus Operations Command Comments 

Standby Wait for Vpp ramp to VPPH (Note 1) 
Initialize pulse counter 

Write Set-Up Program Data= 40H 

Write Program Valid Address/Data 

Standby Duration of Programming Operation (twHwH1) 

Write Program-Verify (2) Data = GOH Stops Program Operation 

Standby Write Recovery Time before Read = 6µs 

Read Read byte to verify programming 

Standby Compare data output to data expected 

Write Read Data = OOH, resets the register for read operations. 

Standby Wait for Vpp ramp to VPPL (Note 1) 

Notes: 
1. See DC Characteristics for value of VPPH· The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 

switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0V. 
2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 

register is written with the read command. 
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Program Command (10µs) verify (6µs) verification Vee Power 
Latch Address down 

& Data 

Figure 4. A.C. Waveforms for Programming Operations 

Analysis Of Program Timing Waveforms 

Set-up Program/Program 

Two-cycle write commands are required for program 
operations (section A&B). The first program command 
(40H) is a set-up command and does not affect the array 
data (section A). The second program command 
latches address and data required for programming on 
the falling and rising edge of WE respectively (section 
B). The rising edge of this WE pulse (section B) also initi
ates the programming pulse. The device is programmed 
on a byte by byte basis either sequentially or randomly. 

The program pulse occurs in section C. 

Time-out 
A software timing routine (10µs duration) must be initi
ated on the rising edge of the WE pulse of section B. 

Program-verity 

Upon completion of the program timing routine, the mi
croprocessor must write the program-verify command 

(COH). This command terminates the programming op
eration on the rising edge of the WE pulse (section D). 
The program-verify command also stages the device for 
data verification (section F). Another software timing 
routine (6µs duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 

During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de
sired address is programmed. Should a byte fail to ver
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 25 
program pulses per byte. Typically, bytes are verified 
within one or two pulses. 

Note: 
The program-verify operation must be written to termi
nate the programming operation. Should a system 
interrupt occur during a programming operation, always 
write the program-verify command prior to executing an 
interrupt sequence. 
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Algorithm Timing Delays 
There are four different timing delays associated with 
the Flasherase and Flashrite algorithms: 

1. The first delay is associated with the Vpp rise-time 
when Vpp first turns on. The capacitors on the Vpp 
bus cause an RC ramp. After switching on the Vpp, 
the delay required is proportional to the number of 
devices being erased and the 0.1 µF/device. Vpp 
must reach its final value 1 OOns before commands 
are executed. 

2. The second delay time is the erase time pulse width 
(10 ms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To ensure proper device operation, write 
the Erase-verify operation after each pulse, or the 
device may continue to erase until the memory cells 
are driven into depletion (over-erasure). Should this 
happen the internal circuitry will no longer select 
unique addresses. A symptom of over-erasure is an 
error attempting to program the next time. Occasion
ally it is possible to recover over-erased devices by 
programming all of the locations with OOH data. 

3. A third delay time is required for each programming 
pulse width (10 µs). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 
the conclusion of the timing routine or prior to execut
ing any system interrupts that may occur during the 
programming operation. 

4. A fourth timing delay associated with both the 
Flasherase and Flash rite algorithms is the write re
covery time (6 µs). During this time internal circuitry 
is changing voltage levels from the erase/ program 
level to those used for margin verify and read opera
tions. An attempt to read the device during this pe
riod will result in possible false data (it may appear 
the device is not properly erased or programmed). 

Note: 
Software timing routines should be written in machine 
language for each of the delays. Code written in ma
chine language requires knowledge of the appropriate 
microprocessor clock speed in order to accurately time 
each delay. 

Parallel Device Erasure 
Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple
menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified seperately. When a device is com
pletely erased and verified use a masking code to pre
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (OOH). 

Power-up Sequence 

Vee prior to Vpp 

The Am28F01 O powers-up in the Read only mode. In 
addition, the memory contents may only be altered after 
successful completion of a two step command se
quence. 

Vpp prior to Vee 

When Vee = O V, the Vpp voltage is internally disabled 
from the device. Memory contents cannot be altered. 
With Vpp = 12 V, the Flash device resets to the Read 
mode when Vee rises above 2 V. 

Power supply sequencing is not required. 

Reset Command 
A reset command sequence is provided to initialize the 
Flash memory to a known state - Read mode. The Re
set command sequence also provides the user with a 
means to safely abort the erase or program command 
sequences. Following either set-up command (erase or 
program) with two consecutive writes of FFH will safely 
abort the operation. Memory contents will not be altered. 
A valid command must then be written to place the de
vice in the desired state. 

If Vpp is left at high voltage during system resets, you 
must incorporate the device reset command into the 
hardware initialization code. This minimizes the poten
tial for over erasure or programming if the device is in 
the middle of an erase or program operation during re
set. Execute the reset command early in the initialization 
routine. 

Auto Select Command 
Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

Programming In-system 

AM D's Flash memories are designed for use in applica
tions where the local CPU alters memory contents. Ac
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 
codes by raising Ag to a high voltage. However, multi
plexing high voltage onto address lines is not a generally 
desired system design practice. 

The Am28F01 o contains an Auto Select operation to 
supplement traditional PROM programming methodol
ogy. The operation is initiated by writing BOH or 90H into 
the command register. Following this command, a read 
cycle address OOOOH retrieves the manufacturer code of 
01 H. A read cycle from address 0001 H returns the de
vice code A7H (See Table 2). To terminate the opera
tion, it is necessary to write another valid command into 
the register (See Table 3). 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ceramic Packages 
Plastic Packages 

Ambient Temperature 
with Power Applied 

Voltage with Respect To Ground 
All pins except Ag and Vpp (Note 1) 
Vee (Note 1) 
Ag(Note 2) 
Vpp(Note 2) 

- 65°C to + 150°C 
- 65°C to + 125°C 

- 55°C to + 12s0 c 

- 2.0V to 7.0V 
- 2.0V to 7.0V 

- 2.0V to 14.0V 
- 2.0V to 14.0V 

Output Short Circuit Current (Note 3) 200mA 

Notes: 
1. Minimum DC voltage on input or 110 pins is-0.5 V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 

and 110. pins is Vee + 0.5 V. During voltage transitions, 
outputs may overshoot to Vee+ 2.0 V for periods up to 
20ns. 

2. Minimum DC input voltage on Ag and Vpp pins is -0.5V. 
During voltage transitions, Ag and Vpp may overshoot 

Vss to -2. 0 V for periods of up to 20 ns. Maximum DC in

put voltage on Ag and Vpp is + 13.5 V which may over
shoot to 14.0 V for periods up to 20 ns. 

3. No more than one output shorted at a time. Duration of 
the short circuit should not be greater than one second. 

Stresses above those listed under "Absolute Maximum Rat
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

OPERATING RANGES 
Commercial (C) Devices 

Case Temperature (Tc) 

Industrial (I) Devices 
Case Temperature (Tc) 

Extended (E) Devices 
Case Temperature (Tc) 

Military (M) Devices 
Case Temperature (Tc) 

Vee Supply Voltages 
Vee for Am28F010-X5 
Vee for Am28F010-XXO 

Vpp Supply Voltages 
Read 
Program, Erase, and Verify 

Am28F010 

0°c to +70°C 

- 40°C to +85°C 

- 55°C to + 125°C 

- 55°C to + 125°C 

+ 4.75V to +5.25V 
+ 4.50V to +5.50V 

- 0.SV to +12.6V 
+ 11.4Vto +12.6V 

5-77 



MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 

20 nS 20 nS 

20 nS 

11561-009A 

Maximum Negative Overshoot Waveform 

Maximum Positive Input Overshoot 

20 nS 

Vee+ 0.5 V 

2.0V .......... ..._...__.__......_......._,,,. 

20 nS 20 nS 

11561-010A 

Maximum Positive Overshoot Waveform 

Maximum Vpp Overshoot 

20 nS 

13.5 v 

Vee+0.5V 

20 nS 20 nS 

11561-011A 

Maximum Vpp Overshoot Waveform 
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL Prod
ucts, Group A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted). 
(Notes 1-3) 

DC CHARACTERISTICS-TTUNMOS COMPATIBLE 
Parameter 
Symbol Parameter Description 

lu Input Leakage Current 

ILO Output Leakage Current 

Ices Vee Standby Current 

Test Conditions 

Vee- Vee Max., 
V1N = Vee or Vss 

Vee- Vee Max., 
Vour = Vee or Vss 

Vee - Vee Max. 
CE= V1H 

Vee Active Read Current Vee- Vee Max.,CE = V1L, OE~ Vitt·:· ....... . 
lour= O mA, at 6 MHz,:tf:\. "::"'.,.,.,.,,,_..,, 

ICC3 

IPPS 

IPP3 

Vee Programming Current 

Vee Erase Current 

VPP Standby Current 

Vpp Read Curren_L::t. 
-.::::::::::::::::::::: .. 

v PP Promi.mmlri'9:::9~frrent <::,:_; __ :'._•_,:_ .. ' ;:'.:,._.:·,'.:,,_.:_,'_.:,,_·:., .. ',,_·'_,'_ .. ,,_.YR:_'_',',·,'.,·.~.:r'_.::o:r.::_.·_.g:r.~.;,,r'.'.·.:_·.,,:_·.v_·_''_·m':~m·.;~,i:n\g ·1n Progress 
·\~ ·:;:;;;;;;:;/:.: .• .·:·:·::\ \{;l:::. Q 

:.t:''·:~?-~::~r.as'Mcut.t~iiP= ,,, ::::::!' :::::•\. :JJ~p'~ VPPH 
., ,,,,,,,:;:::::::: 'tf+ ],, ':::::::::':::':'''''' •:ii :: ... ,,, .. Erasure in Progress 

OutpUftow Voltage IOL. 2.1 mA 
Vee. Vee Min. 

VoH1 \J> Output High Voltage IOH.-2.5 mA 
Vee. Vee Min. 

ho 

Ag Auto Select Voltage 

Ag Auto Select Current 

VPP during Read-Only 
Operations 

VPPH VPP during Read/Write 
Operations 

Ag= V10Max. 
Vee. Vee Max. 

Note: Erase/Program are 
inhibited when VPP = VPPL 

Am28F010 

::::::::: 
:::::·: .. 

Min. Max. Unit 

± 1.0 µA 

mA 

± 1.0 µA 

200 µA 
± 1.0 

30 mA 

30 mA 

-0.5 0.8 v 
2.0 Vee v 

+ 0.5 

0.45 v 

2.4 v 

11.5 13.0 v 
50 µA 

0.0 Vee v 
+ 2.0 

11.4 12.6 v 
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DC CHARACTERISTICS-CMOS COMPATIBLE 
Parameter 
Symbol 

lu 

ILO 

Ices 

lcc2 

ICC3 

Parameter Description 

Input Leakage Current 

Output Leakage Current 

Vee Standby Current 

Vee Active Read Current 

Vee Programming Current 

Vee Erase Current 

IPPS VPP Standby Current 

IPP1 VPP Read Current 

IPP2 

IPP3 

VoH1 "\]!]{:::.. "':'::''" 

1----·::: ..... T'."'"';~;:.: :.!.1}output High Voltage 
VoH2 

V10 

ho 

Ag Auto Select Volta e 

Ag Auto Select Current 

VPP during Read-Only 
Operations 

VPPH VPP during Read/Write 
Operations 

Notes: 

Test Conditions 

Vee. Vee Max., 
V1N = Vee or Vss 

Vee. Vee Max., 
Vour = Vee or Vss 

Vee. Vee Max. 
CE= V1H 

Vee. Vee Max.,CE = V1L, OE= V1H 
IOUT = 0 mA, at 6 MHz 

CE= V1L 
Programming in Progret?;$\\t:,, 
CE V ··· ·:= .. ::;:-::=·:·:·.,··~. \J 
Era;ur~L i~ ertjQf~l;;l!:::: 

IQ. 2.1 mA 
Vee. Vee Min. 

IOH. -2.5 mA, Vee. Vee Min. 

IOH. -100 µA, Vee. Vee Min. 

Ag= V10 

Ag= V10Max. 
Vee. Vee Max. 

Note: Erase/ Program are 
inhibited when VPP = VPPL 

Min. Max. Unit 

± 1.0 µA 

± 1.0 µA 

µA 

µA 

30 mA 

30 mA 

-0.5 0.8 v 
Vee Vee v 

-0.5 +0.5 

0.45 v 

0.85 
Vee v 
Vee 
-0.4 

11.5 13.0 v 
50 µA 

0.0 Vee v 
+ 2.0 

11.4 12.6 v 

1. Caution: the Am28F01 O must not be removed from (or inserted into) a socket when Vee or Vpp is applied. 

2. lcc1 is tested with OE = V1H to simulate open outputs. 

3. Maximum active power usage is the sum of Ice and IPP. 
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PIN CAPACITANCE 
Parameter 

Symbol Parameter Description Test Conditions Typ. Max. 

C1N Input Capacitance V1N = 0 8 10 

Cour Output Capacitance Vour = 0 8 12 

C1N2 Vpp Input Capacitance Vpp = 0 8 12 

Notes: 
1. Sampled, not 100% tested. 

2. Test conditions TA = 25°C, f = 1.0 MHz 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified. 

AC CHARACTERISTICS-Read Only Operation (Notes 1- 2) 

Parameter 
Symbols 

JEDEC Standard Parameter Description 

tAVAV tRC Read Cycle Time 

tELQV 

tAVQV 

tGLQV 

tELaX 

tEHQZ 

tGLOX 

tcE 

tACC 

toE 

toF 

Chip Enable 
Access Time 

Address 
Access Time 

Output Enable 
Access Time 

Chip Enable to 
Output in Low . .4. 
Chip Dis_.9.Pl~-'WJ.::I't. 
outpµfin!¥figti.':zt::L. 

tOLz -:g9Jµ4m;r@§lW·10'\f .. ::'·::::<\\·.· 
.. _.,,::::::tr:=H194mvmm~Q.w:'4=t>:=::::t:::=-' .. 

tGHOZ toF \i:l::::i:\,_ ::ifQJtppt_DJ§~$itfo 
\I :f='butptif'ln.Hlgh z 

tAxax toH .. { f:::output Hold from first of 
{/Address. CE, or OE Change 

tWHGL 

Notes: 

Write Recovery 
Time before Read 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

-90 
-95 
90 

25 

0 

25 

0 

6 

Am28F010 

-120 -150 -200 

120 200 

200 

200 

55 55 

0 0 

30 35 35 

0 0 0 

30 35 35 

0 0 0 

6 6 6 

Unit 

pF 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

1. Output Load (except Am28F010-95): 1 TTL gate and CL= 100 pF, Input Rise and Fall Times:~ 10 ns, Input Pulse levels: 
0.45 to 2.4 V, Timing Measurement Reference Level - Inputs: 0.8 V and 2 V 

Outputs: 0.8 V and 2 V 

2. The Am28F010-95 Output Load: 1 TTL gate and CL = 30 pF 
Input Rise and Fall Times:~ 1 O ns 
Input Pulse levels: 0 to 3 V 
Timing Measurement Reference Level: 1.5 V inputs and outputs. 
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AC CHARACTERISTICS-Write/Erase/Program Operations (Notes 1- 4) 
Parameter 
Symbols 

JEDEC Standard 

tAVAV twc 

tAVWL tAS 

tWLAX tAH 

tovWH tos 

twHDX toH 

tWHGL twR 

tELWL tcs 

twHEH tcH 

twLWH 

Parameter Description 

Write Cycle Time 

Address Set-Up Time 

Address Hold Time 

Data Set-Up Time 

Data Hold Time 

Write Recovery Time 
before Read 
Read Recovery Time 
before Write 
Chip Enable 
Set-Up Time 

Chip En@.te! 
Ho_1.!;tum'a1:t1t::t::::. 

··:;:::::·:·:·:=·.·:·.· 

twi-iwat:i:: :. \)t :t=_,,_.\ii =:::::? t·ouratid:rrart=:::::=r==·· 
· ···· ""..:.:_,:_,:,=_: __ ,:_,:_,:.::.:_:::·· ,=_:='.:.,=.' __ ·,=_.==.',=.·,'.=·,P.,,. ·.r'''o="'.·_'g·_'=_==.==.·_'ra·.'_.·.:··.'.·.'·.'.·.'·.'_.'m·.··_·:. '·.:im:::::\1,::nrg=''·· Operat·1on \~t~~J f\. .~:?\/~;} 

tWHWH~'{j tif\. 
'.\~JI1I~~~\ 

tEHVP 

tvPEL 

tvcs 

tvPPR 

Notes: 

\ r:::ouraiion of 
\/'Erase Operation 

Chip Enable Set-Up 
Time t~ Vpp Ramp 

Vpp Set-Up Time to 
Chip Enable LOW 

Vee Set-Up Time 

Vpp Rise Time 

Vpp Fall Time 

Min. 
Max. 
Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 
Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Min. 
Max. 

Am28F010 

-90 -120 -150 
-95 
90 120 150 

0 0 0 

45 50 60 

45 50 

10 

0 

50 50 

20 20 20 

10 10 10 
25 25 25 
9.5 9.5 9.5 
10.5 10.5 10.5 
100 100 100 

100 100 100 

2 2 2 

500 500 500 

500 500 500 

-200 

200 

0 

0 

0 

50 

20 

10 
25 
9.5 
10.5 
100 

100 

2 

500 

500 

1. Read timing characteristics during read/write operations are the same as durng read-only operations. Refer to AC 
Characteristics for Read Only operations. 

Unit 

ns 

ns 

µs 

ns 

ns 

ns 

ns 

µs 

ms 

ns 

ns 

µs 

ns 

ns 

2. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) all set-up, hold 
and inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 

3. All devices except Am28F010-95. Input Rise and Fall times: .s 1 o ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 

4. Am28F010-95. Input Rise and Fall times: .s 10 ns; Input Pulse Levels: o.o V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 
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SWITCHlNG TEST CIRCUIT 

Device 
Under 
Test 

s.2kn 

2.7kn 

Diodes = IN3064 
or Equivalent 

11561-012A 

CL = 100 pF including jig capacitance (30 pF for Am28F010-95) 

SWITCHING TEST WAVEFORMS 

2.4 v 

0.45 v 

2.0 v 2.0 v > TEST POINTS < 
0.8 v 0.8 v 

3V---

1 .5 .... TEST POINTs-.1.5 

OV---"' 

INPUT OUTPUT 
INPUT OUTPUT 
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All Devices Except Am28F010-95 

AC Testing: Inputs are driven at 2.4 V for a 
logic "1" and 0.45 V for a logic "O". Input pulse 
rise and fall times ares 10 ns. 

Am28F010 

For Am28F010-95 

AC Testing: Inputs are driven at 3.0 V for a 
logic "1" and O V for a logic "O". Input pulse rise 
and fall times ares 1 O ns. 

08007-003A 



ERASE AND PROGRAMMING PERFORMANCE 
Limits 

Parameter Min. Typ. Max. Unit Comments 

Chip Erase Time 0.5 10 s Excludes OOH programming 
(Note 1) prior to erasure 

Chip Programming Time 2 24 s Excludes system-level overhead 
(Note 1) 

Erase/Program Cycles 

Am28F010-95C4JC 10,000 Cycles 

Am28F010-95C3JC 1,000 Cycles 

Note: 

1. 2s0 c, 12V Vpp 

LATCHUP CHARACTERISTICS 

Min. Max. 

Input Voltage with respect to Vss on all pins except 1/0 pins 
(Including Ag and Vpp) -1.0 v 13.5 v 
Input Voltage with respect to Vss on all pins 1/0 pins -1.0 v Vee+ 1.0 V 

Current -100 mA + 100 mA 

Includes all pins except Vee. Test conditions: Vee= 5.0 V, one pin at a time. 
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Am28F020 
65,536 x 8-Bit CMOS F!ash Memory 

DISTINCTIVE CHARACTERISTICS 
• High performance 

- 90 ns maximum access time 

• Low power consumption 
- 30 mA maximum active current 
- 100 µA maximum standby current 

• Compatible with JEDEC-standard byte
wide 32-Pin E2PROM pinouts 
- 32-pin DIP 
- 32-pin PLCC 

• 1 o,ooo erase/program cycles 

• Program and erase voltage 12.0 V +5% 

• Latch-up protected to 100 mA 
from-1 VtoVcc+1 V 

GENERAL DESCRIPTION 
The Am28F020 is a 2 Megabit "Flash" electrically eras
able, electrically programmable read only memory or
ganized as 256K bytes of 8 bits each. The Am28F020 is 
packaged in 32-pin POI P and PLCC versions. The de
vice is also offered in ceramic DIP and LCC packages. It 
is designed to be reprogrammed and erased in-system 
or in standard EPROM programmers. 

The standard Am28F020 offers access times as fast as 
90 ns, allowing operation of high-speed microproces
sors without wait states. To eliminate bus contention, 
the Am28F020 has separate chip enable (CE) and out
put enable (OE) controls. 

AMD's Flash memories augment EPROM functionality 
with in-circuit electrical erasure and programming. The 
Am28F020 uses a command register to manage this 
functionality, while maintaining a standard 32-pin 
pinout. The command register allows for 100% TTL 
level control inputs and fixed power supply levels during 
erase and programming, while maintaining maximum 
EPROM compatibility. 

AMD's Flash technology reliably stores memory con
tents even after 10,000 erase and program cycles. The 
AMO cell is designed to optimize the erase and pro
gramming mechanisms. In addition, the combination of 
advanced tunnel oxide processing and low internal elec
tric fields for erase and programming operations pro
duces reliable cycling. The Am28F020 uses a 
12.0 V + 5% Vpp supply to perform the Flasherase and 
Flash rite algorithms. 

The highest degree of latch-up protection is achieved 
with AMD's proprietary non-epi process. Latch-up pro
tection is provided for stresses up to 100 milliamps on 
address and data pins from -1 V to Vee+ 1 V. 

5-88 

Advanced 
Micro 

Devices 

• Flasherase™ Electrical Bulk Chip-Erase 
- Two second typical chip-erase 

• FlashriteTM programming 
- 1 O µs typical byte-program 
- Less than 3 seconds typical chip program 

• Command register architecture for 
microprocessor/microcontroller compatible 
write Interface 

• On-chip address and data latches 

• Advanced CMOS flash memory technology 
- Low cost single transistor memory cell 

The Am28F020 is byte programmable using 1 Oms pro
gramming pulses in accordance with AMD's Flashrite 
programming algorithm. The typical room temperature 
programming time of the Am28F020 is less than three 
seconds. The entire chip is bulk erased using 1 Oms 
erase pulses according to AM D's Flasherase algorithm. 
Typical erasure at room temperature is accomplished in 
less than two seconds. The windowed package and the 
15-20 minutes required for EPROM erasure using ultra
violet light are eliminated. 

Commands are written to the command register using 
standard microprocessor write timings. Register con
tents serve as inputs to an internal state-machine which 
controls the erase and programming circuitry. During 
write cycles, the command register internally latches ad
dress and data needed for the programming and erase 

, operations. For system design simRlification, the 
Am28F020 is designed to support either WE or CE con
trolled writes. During a system write cycle, addresses 
are latched on the falling edge of WE or CE whichever 
occurs last. Data is latched on the rising edge of WE or 
CE whichever occurs first. To simplify the following dis
cussion, the WE pin is used as the write cycle control pin 
throughout the rest of this text. All setup and hold times 
are with respect to the WE signal. 

AMD's Flash technology combines years of EPROM 
and E2PROM experience to produce the highest levels 
of quality, reliability, and cost effectiveness. The 
Am28F020 electrically erases all bits simultaneously 
using Fowler-Nordheim tunneling. The bytes are pro
grammed one byte at a time using the EPROM program
ming mechanism of hot electron injection. 

Publication# 14727 Rev. A Amendment/O 

Issue Date: June 1990 
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CONNECTION DIAGRAMS 

DIP 

- -Vpp 1 •"""" 32 Vee 

A15 2 31 WE(W) 
A1s 3 30 A11 

A12 4 29 A14 A1 

A1 5 28 A13 As 
As 6 27 As 

As 
As 7 26 Ag 

A4 8 25 A11 ~ 

A3 9 24 OE(G) ~ 

A2 10 23 A10 A2 

A1 11 22 CE(E) A1 
Ao 12 21 D01 

Ao 
Dao 13 20 DOs 

D01 14 19 DOs 
DOo 

D02 15 18 DQ4 

Vss 16 17 DQ3 

14727-002A 

Note: Pin 1 is marked for orientation 

LOGIC SYMBOL 

Ao-A11 

CE(E) 

OE(G) 
__ .._WE(W) 

~~ 

~ 

c5 c 

DOo- D01 
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PIN DESCRIPTION 

Symbol Functional Description 

Ao-A11 Address Inputs for memory locations. Internal latches hold addresses during write cycles. 

DOo- D01 Data Inputs during memory write cycles. Internal latches hold data during write cycles. Data 
Outputs during memory read cycles. 

CE(E) The Chip Enable active low input activates the chip's control logic and input buffers. Chip 
Enable high will deselect the device and operates the chip in stand-by mode. 

OE(G) The Output Enable active low input gates the outputs of the device through the data buffers 
during memory read cycles. 

WE(W) The Write Enable active low input controls the write function of the command register to the mem-
ory array. The target address is latched on the falling edge of the Write Enable pulse and the ap 
propriate data is latched on the rising edge of the pulse. 

Vpp Power supply for erase and programming. Vpp must be at high voltage in order to write to the com-
mand register. The command register controls all functions required to alter the memory array 
contents. Memory contents cannot be altered when Vpp::; Vee +2V. 

Vee Power supply for device operation. (5.0V + 5% or 10%) 

Vss Ground 

NC No Connect-corresponding pin is not connected internally to the die. 
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ORDERING INFORMATION 
Standard Products 

AMO standard products are available in several packages and operating ranges. The ordering number (Valid Combination) 
is formed by a combination of: a. Device Number 

5-92 

b. Speed Option 
c. Reprogram Cycles 
d. Package Type 
e. Temperature Range 
f. Optional Processing 

-95 C4 J C B 

T f. OPTIONAL PROCESSING 
Blank = Standard processing 

B =Burn-in 

e. TEMPERATURE RANGE 

C =Commercial (0 to +70°C) 
I =Industrial (-40 to+ 85°C) 
E =Extended (-55 to+ 125°C) 

,___ ________ d. PACKAGE TYPE 

D = 32-Pin Ceramic DIP (CD 032) 
L = 32-Pin Rectangular Ceramic Leadless 

Chip Carrier (CL 032) 
P = 32-Pin Plastic DIP (PD 032) 
J = 32-Pin Rectangular Plastic Leaded 

Chip Carrier (PL 032) 

,___ ___________ c. REPROGRAM CYCLES (10x) 

C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 

....__ ______________ b. SPEED OPTION 

,___ ___ a. DEVICE NUMBER/DESCRIPTION 
Am28F020 

See Product Selector Guide and 
Valid Combinations 

2 Megabit (256K x 8-Bit) CMOS Flash Memory 

Valid Combinations 

C4DC, C4DCB, C4DI, 
C4DIB, C4DE, C4DEB, 
C4LC, C4LCB, C4LI, 

AM28F020-95 C4LIB, C4LE, C4LEB, 
AM28F020-90 C4PC, C4PI, C4JC, 

AM28F020-120 C4JI, C3DC, C3DCB, 

AM28F020-150 C3DI, C3DIB, C3DE, 

AM28F020-200 C3DEB, C3LC, C3LCB, 
C3LI, C3LIB, C3LE, 
C3LEB, C3PC, C3PI, 
C3JC, C3JI 

Am28F020 

Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 



ORDERING INFORMATION 
APL Products 

AMO products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combina-
tion) is formed by a combination of: a. Device Number 

AM28F020 -120 C4 /B 

b. Speed Option 
c. Reprogram cycles 
d. Device Class 
e. Package Type 
f. Lead Finish 

U A 

L= f. LEAD FINISH 
A = Hot Solder Dip 

e. PACKAGE TYPE 
X = 32-Pin Ceramic DIP (CD 032) 
U = 32-Pin Rectangular Ceramic 

Leadless Chip Carrier (CL 032) 

'----------- d. DEVICE CLASS 
/B =Class B 

'-------------- c. REPROGRAM CYCLES (10x) 
C4 = 10,000 cycles minimum 
C3 = 1,000 cycles minimum 

'---------------- b. SPEED OPTION 

..__ ___ a. DEVICE NUMBER/DESCRIPTION 
Am28F020 

See Product Selector Guide and 
Valid Combinations 

2 Megabit (256K x 8-Bit) CMOS Flash Memory 

Valid Combinations 

AM28F020-120 

AM28F020-150 C4/BXA, C4/BUA 
C3/BXA, C3/BUA 

AM28F020-200 

Valid Combinations 
Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMO sales office to confirm availability of 
specific valid combinations and to check on newly 
released combinations. 

Am28F020 

Group A Tests 
Group A tests consist of Subgroups 

1, 2, 3, 7, 8, 9, 10, 11. 
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BASIC PRINCIPLES 
The Am28F020 uses 100% TTL-level control inputs to 
manage the command register. Erase and reprogram
ming operations use a fixed 12.0V + 5% power supply. 

Read Only Memory 
Without high Vpp voltage, the Am28F020 functions as a 
read only memory and operates like a standard 
EPROM. The control inputs still manage traditional 
read, standby, output disable, and Auto select modes. 

Command Register 
The command register is enabled only when high volt
age is applied to the VPP pin. The erase and reprogram
ming operations are only accessed via the register. In 
addition, two-cycle commands are required for erase 
and reprogramming operations. The traditional read, 
standby, output disable, and Auto select modes are 
available via the register. 

The Am28F020's command register is written using 
standard microprocessor write timings. The register 
controls an internal state machine that manages all de
vice operations. For system design simplification, the 
Am28F020 is designed to support either WE or CE 
controlled writes. During a system write ~le, ad
dresses are latched on the falling edge of WE or CE 
whichever occurs last. Data is latched on the rising edge 
of WE or CE whichever occur first. To simplify the follow
ing discussion, the WE pin is used as the write cycle con
trol pin throughout the rest of this text. All setup and hold 
times are with respect to the WE signal. 

Overview of Erase/Program Operations 
Erase Sequence 

A multiple step command sequence is required to erase 
the Flash device (a two-cycle Erase command and re
peated one cycle verify commands). 

Note: 
The Flash memory array must be completely pro
grammed prior to erasure. Refer to the Flasherase 
Algorithm. 

1. Set-up Erase: Write the Set-up Erase command to 
the command register. 

2. Erase: Write the Erase command (same as Set-up 
Erase command) to the command register again. 

The second command initiates the erase operation. 
The system software routines must now time-out the 
erase pulse width (1 Oms) prior to issuing the Erase
verif y command. 

3. Erase-verify: Write the Erase-verify command to 
the command register. This command terminates 
the erase operation. After the erase operation, each 
byte of the array must be verified. Address informa
tion must be supplied with the Erase-verify com
mand. This command verifies the margin and 
outputs the addressed byte in order to compare the 
array data with FFH data (Byte erased)·. After suc
cessful data verification the Erase-verify command 
is written again with new address information. Each 
byte of the array is sequentially verified in this 
manner. 

If data of the addressed location is not verified, the 
Erase sequence is repeated until the entire array is suc
cessfully verified or the sequence is repeated 1000 
times. 

Programming Sequence 

A three step command sequence (a two-cycle Program 
command and one cycle Verify command) is required to 
program a byte of the Flash array. Ref er to the Flash rite 
Algorithm. 

1. Set-up Program: Write the Set-up Program com
mand to the command register. 

2. Program: Write the Program command to the com
mand register with the appropriate Address and 
Data. The system software routines must now time
out the program pulse width (1 O µs) prior to issuing 
the Program-verify command. 

3. Program-verify: Write the Program-verify com
mand to the command register. This command ter
minates the programming operation. In addition, this 
command verifies the margin and outputs the byte 
just programmed in order to compare the array data 
with the original data programmed. After successful 
data verification, the programming sequence is initi
ated again for the next byte address to be pro
grammed. 

If data is not verified, the Program sequence is repeated 
until a successful comparison is verified or the se
quence is repeated 25 times. 
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FUNCTIONAL DESCRIPTION 
Description Of User Modes 

Table 1. Am28F020 User Bus Operations 

Operation 
CE OE WE Vpp 

(E) (G) (W) (Note 1) 

Read V1L V1L V1H VPPL 

Standby V1H x x VPPL 

Read-Only Output Disable V1L V1H V1H VPPL 

Auto-select Manufacturer V1L V1L V1H VPPL 
Code (Note 2) 

Auto-select Device Code V1L V1L V1H VPPL 
(Note 2) 

Read V1L V1L V1H VPPH 

Read/Write 
Standby (Note 5) V1H x x VPPH 

Output Disable V1L V1H V1H VPPH 

Write V1L V1H V1L VPPH 

Legend: 

Ao Ag 1/0 

Ao Ag Dour 

x x HIGHZ 

x x HIGHZ 

V1L V10 CODE 
(Note 3) (01H) 

V1H V10 CODE 

(Note3) (2AH) 

Ao Ag Dour 
(Note4) 

x x HIGHZ 

x x HIGHZ 

Ao Ag D1N 
(Note 6) 

X = Don't care, where Don't Care is either V1L or V1H levels, VPPL = Vpp <Vee+ 2V, See DC Characteristics for voltage lev
els of VPPH, OV <An <Vee + 2V, (normal TIL or CMOS input levels, where n = 0 or 9). 

Notes: 

1. VppL may be grounded, connected with a resistor to ground, or .s Vee +2.0V. VPPH is the programming voltage specified 

for the device. Refer to the DC characteristics. When Vpp = VPPL. memory contents can be read but not written or erased. 

2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 2. 

3. 11.5 .s V10 .s 13.0V 

4. Read operation with Vpp = VPPH may access array data or the Auto select codes. 

5. With Vpp at high voltage, the standby current is Ice+ lpp (standby). 

6. Refer to Table 3 for valid D1N during a write operation. 

7. All inputs are Don't Care unless otherwise stated, where Don't Care is either V1L or V1H levels. In the Auto select mode all 

addresses except Ag and Ao must be held at V1L. 
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READ ONLY MODE 
Vpp <Vee+ 2V 
Command Register Inactive 
Read 

The Am28F020 functions as a read only memory when 
Vpp <Vee+ 2V. The Am28F020 has two control func
tions. Both must be satisfied in order to output data. CE 
controls power to the device. This pin should be used for 
specific device selection. OE controls the device outputs 
and should be used to gate data to the output pins if a 
device is selected. 

Address access time tAec is equal to the delay from sta
ble addresses to valid output data. The chip enable ac
cess time tcE is the delay from stable addresses and 
stable CE to valid data at the output pins. The output en
able access time is the delay from the falling edge of OE 
to valid data at the output pins (assuming the addresses 
have been stable at least tAec- toE). 

Standby Mode 

The Am28F020 has two standby modes. The CMOS 
standbymode(CEinputheldatVec ± O.SV),consumes 
less than 1 OOmA of current. TTL standby mode (CE is 
held at V1H) reduces the current requirements to less 
than 1 mA. When in the standby mode the out..e!!!_s are in 
a high impedance state, independent of the OE input. 

If the device is deselected during erasure, program
ming, or program/erase verification, the device will draw 
active current until the operation is terminated. 

Output Disable 

Output from the device is disabled when OE is at a logic 
high level. When disabled, output pins are in a high im
pedance state. 

Auto Select 

Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

The Auto select mode allows the reading out of a binary 
code from the device that will identify its manufacturer 
and type. This mode is intended for the purpose of auto
matically matching the device to be programmed with its 
corresponding programming algorithm. This mode is 
functional over the entire temperature range of the de
vice. 

Programming In A PROM Programmer 

To activate this mode, the programming equipment 
must force V10 (11.SV to 13.0V) on address Ag. Two 
identifier bytes may then be sequenced from the device 
outputs by toggling address Ao from V1L to V1H. All other 
address lines must be held at V1L, and Vpp must be less 
than or equal to Vee+ 2.0V while using this Auto select 
mode. Byte O (Ao = V1L) represents the manufacturer 
code and byte 1 (Ao= V1H) the device identifier code. For 
the Am28F020 these two bytes are given in the table be
low. All identifiers for manufacturer and device codes 
will exhibit odd parity with the MSB (001) defined as the 
parity bit. 

(Refer to the AUTO SELECT paragraph in the ERASE, 
PROGRAM, and READ MODE section for program
ming the Flash memory device in-system). 

Table 2. Am28F020 Auto Select Code 

Code 
Type Ao (HEX) D01 DOs DOs 004 003 002 001 DOo 

Manufacturer Code V1L 01 0 0 0 0 0 0 0 1 

Device Code V1H 2A 1 0 1 0 1 0 1 0 
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ERASE, PROGRAM, AND READ MODE 

v pp = 12.0 v ± 5% 
Command Register Active 
Write Operations 

High voltage must be applied to the Vpp pin in order to 
activate the command register. Data written to the regis
ter serves as input to the internal state machine. The 
output of the state machine determines the operational 
function of the device. 

The command register does not occupy an addressable 
memory location. The register is a latch that stores the 
command, along with the address and data information 
needed to execute the command. The ~ister is written 
by bringing WE and CE to V1L, while OE is at V1H. Ad
dresses are latched on the failing edge of WE, while data 
is latched on the rising edge of the WE pulse. Standard 
microprocessor write timings are used. 

Register bits R1- Ro correspond to the data inputs D01 
- DOo (Refer to Table 3). Register bits R1- Rs store the 
command data. All register bits R4 to Ro must be zero. 
The only exceptions are: the reset command, when FFH 
is written to the register and Auto select, when 90H or 
80H is written to the register. 

The device requires the OE pin to be V1H for write opera
tions. This condition eliminates the possibility for bus 
contention during programming o~ations. In order to 
write, OE must be V1H, and CE and WE must be V1L. If any 

pin is not in the correct state a write command will not be 
executed. 

Ref er to AC Write Characteristics and the Erase/Pro
gramming Waveforms for specific timing parameters. 

Command Definitions 

The contents of the command register def a ult to OOH 
(Read Mode) in the absence of high voltage applied to 
the Vpp pin. The device operates as a read only mem
ory. High voltage on the Vpp pin enables the command 
register. Device operations are selected by writing spe
cific data codes into the command register. Table 4 de
fines these register commands. 

Read Command 

Memory contents can be accessed via the read com
mand when Vpp is high. To read from the device, write 
OOH into the command register. Wait 6µs before reading 
the first accessed address location. All subsequent 
Read operations take tAcc. Standard microprocessor 
read cycles access data from the memory. The device 
will remain in the read mode until the command register 
contents are altered. 

The command register defaults to OOH (read mode) 
upon Vpp power-up. The OOH (Read Mode) register de
f a ult helps ensure that inadvertent alteration of the 
memory contents does not occur during the Vpp power 
transition. Ref er to the AC Read Characteristics and 
Waveforms for the specific timing parameters. 

Table 3. Command Register 

Data Input/Output D01 D06 DOs D04 D03 D02 DO, DOo 

Command Register R1 R6 Rs R4 R3 R2 R, Ro 

Data/Commands* x x x x x x x x 
*Notes: 

1. See Table 4 Am28F020 Command Definitions 
2. X = Appropriate Data or Register Commands 
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Table 4. Am28F020 Command Definitions 

First Bus Cycle Second Bus Cycle 

Operation Address Data Operation Address Data 
Command (Note 1) (Note 2) (Note 3) (Note 1) (Note 2) (Note 3) 

Read Memory (Note 6) Write x OOH Read RA RD 

Read Auto select Write x 80H or90H Read OOH/01H 01H/2AH 

Set-up Erase/Erase Write x 20H Write x 20H 
(Note4) 

Erase-Verify (Note 4) Write EA AOH Read x EVD 

Set-up Program/Program Write x 40H Write PA PD 
(Note 5) 

Program-Verify (Note 5) Write x COH Read x PVD 

Reset Write x FFH Write x FFH 

Notes: 
1. Bus operations are defined in Table 1. 

2. RA = Address of the memory location to be read. 
EA = Address of the memory location to be read during erase-verify. 
PA= Address of the memory location to be programmed. 
Addresses are latched on the falling edge of the WE pulse. 

3. RD = Data read from location RA during read operation. 
EVD = Data read from location EA during erase-verify. 
PD= Data to be programmed at location PA. Data latched on the rising edge of WE. 
PVD =Data read from location PA during program-verify. PA is latched on the Program command. 

4. Figure 1 illustrates the Flasherase Electrical Erase Algorithm. 

5. Figure 2 illustrates the Flashrite Programming Algorithm. 

6. Wait 6µs after first Read command before accessing the data. When the second bus command is a Read command, all 
subsequent Read operations take tAcc. 

Erase Sequence 
Set-up Erase/Erase Commands 

Set-up Erase 

Set-up Erase is the first of a two-cycle erase command. 
It is a command-only operation that stages the device 
for bulk chip erase. The array contents are not altered 
with this command. 20H is written to the command reg
ister in order to perform the Set-up Erase operation. 

Erase 

The second two-cycle erase command initiates the bulk 
erase operation. You must write the Erase command 
(20H) again to the register. The erase operation begins 
with the rising edge of the WE pulse. The erase opera
tion must be terminated by writing a new command 
(Erase-verify) to the register. 

This two step sequence of the Set-up and Erase com
mands helps to ensure that memory contents are not ac
cidentally erased. Also, chip erasure can only occur 
when high voltage is applied to the Vpp pin and all control 
pins are in their proper state. In absence of this high volt
age, memory contents cannot be altered. Refer to AC 
Erase Characteristics and Waveforms for specific tim
ing parameters. 

Note: 
The Flash memory device must be fully programmed to 
OOH data prior to erasure. This equalizes the charge on 
all memory cells ensuring reliable erasure. 

Erase-verify Command 

The erase operation erases all bytes of the array in par
allel. After the erase operation, all bytes must be se
quentially verified. The Erase-verify operation is 
initiated by writing AOH to the register. The byte address 
to be verified must be supplied with the command. Ad
dresses are latched on the falling edge of the WE pulse. 
The rising edge of the WE pulse terminates the erase 
operation. 

Margin Verify 

During the Erase-verify operation, the Arn28F020 ap
plies an internally generated margin voltage to the ad
dressed byte. Reading FFH from the addressed byte 
indicates that all bits in the byte are properly erased. 

Verify Next Address 

You must write the Erase-verify command with the ap
propriate address to the register prior to verification of 
each address. Each new address is latched on the fall
ing edge of WE. The process continues for each byte in 
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the memory array until a byte does not return FFH data 
or all the bytes in the array are accessed and verified. 

If an address is not verified to F FH data, the entire chip is 
erased again (refer to Set-up Erase/Erase). Erase verifi
cation then resumes at the address that failed to verify. 
Erase is complete when all bytes in the array have been 
verified. The device is now ready to be programmed. At 
this point, the verification operation is terminated by 
writing a valid command (e.g. Program set-up) to the 
command register. Figure 1 and Table 5, the Flasherase 
electrical erase algorithm, illustrate how commands and 
bus operations are combined to perform electrical era-

NO Increment 
PLSCNT 

sure. Refer to AC Erase Characteristics and Waveforms 
for specific timing parameters. 

Note: 
The erase-verify command must be written to the reg
ister in order to terminate the erase operation. During 
the erase operations, the local microprocessor must 
be dedicated to run software timing routines (erase in 
10ms) as specified in AMD's Flasherasealgorithm. 

Should a system interrupt occur during an erase opera
tion, always write the Erase-verify command prior to 
executing an interrupt sequence. 

Increment Address 

11561-0058 

Figure 1. Flasherase Electrical Erase Algorithm 
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Flasherase Electrical Erase Algorithm 
This Flash memory device erases the entire array in par
allel. The erase time depends on Vpp, temperature, and 
number of erase/program cycles on the device. In gen
eral, reprogramming time increases as the number of 
erase/program cycles increases. 

complished using the Flashrite programming algorithm. 
Erasure then continues with an initial erase operation. 
Erase verification (Data = FFH) begins at address 
OOOOH and continues through the array to the last ad
dress, or until data other than FFH is encountered. If a 
byte fails to verify, the device is erased again. With each 
erase operation, an increasing number of bytes verify to 
the erased state. Typically, devices are erased in less 
than 200 pulses (2 seconds). Erase efficiency may be 
improved by storing the address of the last byte that fails 
to verify in a register. Following the next erase opera
tion, verification may start at the stored address loca
tion. A total of 1000 erase operations are allowed per 
reprogram cycle, which corresponds to approximately 
1 O seconds of cumulative erase time. Erasure typically 
occurs in one second. The entire sequence of erase and 
byte verification is performed with high voltage applied 
to the Vpp pin. Figure 1 illustrates the electrical erase 
algorithm. 

The Flasherase electrical erase algorithm employs an 
interactive closed loop flow to simultaneously erase all 
bits in the array. Erasure begins with a read of the mem
ory contents. The Am28F020 is erased when shipped 
from the factory. Reading FFH data from the device 
would immediately be followed by executing the Flash
rite programming algorithm with the appropriate data 
pattern. 

Should the device be currently programmed, data other 
than FFH will be returned from address locations. Fol
low the Flasherase algorithm. Uniform and reliable era
sure is ensured by first programming all bits in the 
device to their charged state (Data= OOH). This is ac-

Table 5. Flasherase Electrical Erase Algorithm 

Bus Operations Command Comments 

Entire memory must = OOH before erasure (Note 3) 
Note: Use Flashrite programming algorithm (Figure 2) for 
programming. 

Standby Wait for Vpp ramp to VPPH (Note 1) 
Initialize: 
Addresses 
PLSCNT (Pulse count) 

Write Set-Up Erase Data= 20H 

Write Erase Data= 20H 

Standby Duration of Erase Operation (twHwH2) 

Write Erase-verify (Note 2) Address = Byte to Verify 
Data= AOH 
Stops Erase Operation 

Standby Write Recovery Time before Read = 6µs 

Read Read byte to verify erasure 

Standby Compare output to FFH 
Increment pulse count 

Write Read Data= OOH, reset the register f9r read operations. 

Standby Wait for Vpp ramp to VPPL (Note 1) 

Notes: 

1. See DC Characteristics for value of VPPH or VPPL· The Vpp power supply can be hard-wired to the device or switchable. 
When Vpp is switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee+ 2.0V. 

2. Erase Verify is performed only after chip erasure. A final read compare may be performed (optional) after the register is 
written with the read command. 

3. The erase algorithm Must Be Followed to ensure proper and reliable operation of the device. 
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Figure 2. A.C. Waveforms For Erase Operations 

Analysis Of Erase Timing Waveform 
Note: 
This analysis does not include the requirement to pro
gram the entire array to OOH data prior to erasure. Refer 
to the Flasherase algorithm. 

Set-up Erase/Erase 

This analysis illustrates the use of two-cycle erase com
mands (section A&B). The first erase command (20H) is 
a set-up command and does not affect the array data 
(section A). The second erase command (20H) initiates 
the erase operation (section B) on the rising edge of this 
WE pulse. All bytes of the memory array are erased in 
parallel. No address information is required. 

The erase pulse occurs in section C. 

Time-out 
A software timing routine (1 Oms duration) must be initi
ated on the rising edge of the WE pulse of section B. 

Erase-verify 

Upon completion of the erase software timing routine, 
the microprocessor must write the Erase-verify com
mand (AOH). This command terminates the erase op-

eration on the rising edge of the WE pulse (section D). 
The Erase-verify command also stages the device for 
data verification (section F). 

After each erase operation each byte must be verified. 
The byte address to be verified must be supplied with 
the Erase-verify command (section D). Addresses are 
latched on the falling edge of the WE pulse. 

Another software timing routine (6ms duration) must be 
executed to allow for generation of internal voltages for 
margin checking and read operation (section E). 

During Erase-verification (section F) each address that 
returns FFH data is successfully erased. Each address 
of the array is sequentially verified in this manner by re
peating sections D thru F until the entire array is verified 
or an address fails to verify. Should an address location 
fail to verify to FFH data, erase the device again. Repeat 
sections A thru F. Resume verification (section D) with 
the failed address. 

Each data change sequence allows the device to use up 
to 1 ,000 erase pulses to completely erase. Typically 200 
erase pulses are required. 
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Notes: 
1. All address locations must be programmed to OOH 
prior to erase. This equalizes the charge on all memory 
cells and ensures reliable erasure. 
2. The erase verify command must be written to termi
nate the .erase operation. Should a system interrupt oc
cur dunng an erase operation. always write the 
erase-verify command prior to executing an interrupt se
quence. 

Programming Sequence 
Set-up Program/Program Command 

Set-up Program 

The Am28F020 is programmed byte by byte. Bytes may 
be programmed sequentially or at random. Set-up Pro
gram is the first of a two-cycle program command. It 
stages the device for byte programming. The Set-up 
Program operation is performed by writing 40H to the 
command register. 

Program 

o.nly after th~rogram set-up operation is completed 
will the next WE pulse initiate the active programming 
operation. The appropriate address and data for pro
gramming must be available on the second WE pulse. 
Addr~~ses and data are internally latched on the failing 
and nsmg edge of the WE pulse respectively. The rising 
edge of WE also begins the programming operation. 
You must write the Program-verify command to termi
nate the programming operation. This two step se
quence of the Set-up and Program commands helps to 
ensure that memory contents are not accidentally writ
ten. Also, programming can only occur when high volt
age is applied to the Vpp pin and all control pins are in 
their proper state. In absence of this high voltage, mem
ory contents cannot be programmed. 

Ref er to AC Characteristics and Waveforms for specific 
timing parameters. 

Program Verify Command 

Following each programming operation, the byte just 
programmed must be verified. 

Write GOH into the command register in order to initiate 
the Program-verify operation. The rising edge of this WE 
pulse terminates the programming operation. The Pro
gram-verify operation stages the device for verification 
of the last byte programmed. Addresses were previ
ously latched. No new information is required. 

Margin Verify 
During the Program-verify operation, the Am28 F020 ap
plies an internally generated margin voltage to the ad
dressed byte. A normal microprocessor read cycle 
outputs the data. A successful comparison between the 
programmed byte and the true data indicates that the 
byte was successfully programmed. The original pro
grammed data should be stored for comparison. Pro
gramming then proceeds to the next desired byte 
location. Should the byte fail to verify, reprogram (refer 
to Set-up Program/Program). Figure 3 and Table 6 indi
~ate how instructions are combined with the bus opera
tions to perform byte programming. Refer to AC 
Programming Characteristics and Waveforms for spe
cific timing parameters. 

Flash rite Programming Algorithm 

The Am28F020 Flashrite programming algorithm em
ploys an interactive closed loop flow to program data 
byte by byte. Bytes may be programmed sequentially or 
at random. The Flashrite programming algorithm uses 
10 microsecond programming pulses. Each operation is 
followed by a byte verification to determine when the ad
dressed byte has been successfully programmed. The 
program algorithm allows for up to 25 programming op
erations per byte per reprogramming cycle. Most bytes 
verify after the first or second pulse. The entire se
quence of programming and byte verification is per
formed with high voltage applied to the Vpp pin. Figure 3 
and Table 6 illustrate the programming algorithm. 
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Programming Completed 

11561-007A 

Figure 3. Flash rite Programming Algorithm 

Table 6. Flashrite Programming Algorithm 

Bus Operations Command Comments 

Standby Wait for Vpp ramp to VPPH (Note 1) 
Initialize pulse counter 

Write Set-Up Program Data= 40H 

Write Program Valid Address/Data 

Standby Duration of Programming Operation (twHwH1) 

Write Program-Verify (2) Data = COH Stops Program Operation 

Standby Write Recovery Time before Read = 6µs 

Read Read byte to verify programming 

Standby Compare data output to data expected 

Write Read Data= OOH, resets the register for read operations. 

Standby Wait for Vpp ramp to VPPL (Note 1) 

Notes: 

1. See DC Characteristics for value of VPPH- The Vpp power supply can be hard-wired to the device or switchable. When Vpp is 
switched, VPPL may be ground, no connect with a resistor tied to ground, or less than Vee + 2.0V. 

2. Program Verify is performed only after byte programming. A final read/compare may be performed (optional) after the 
register is written with the read command. 
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Figure 4. A.C. Waveforms for Programming Operations 

Analysis Of Program Timing Waveforms 

Set-up Program/Program 

Two-cycle write commands are required for program 
operations (section A&B). The first program command 
(40H) is a set-up command and does not affect the array 
data (section A). The second program command 
latches address and data required for programming on 
the falling and rising edge of WE respectively (section 
B). The rising edge of this WE pulse (section B) also initi
ates the pmgramming pulse. The device is programmed 
on a byte by byte basis either sequentially or randomly. 

The program pulse occurs in section C. 

Time-out 

A software timing routine (1 Oms duration) must be initi
ated on the rising edge of the WE pulse of section B. 

Program-verify 

Upon completion of the program timing routine, the mi
croprocessor must write the program-verify command 

(GOH). This command terminates the programming op
eration on the rising edge of the WE pulse (section D). 
The program-verify command also stages the device for 
data verification (section F). Another software timing 
routine (6ms duration) must be executed to allow for 
generation of internal voltages for margin checking and 
read operations (section E). 

During program-verification (section F) each byte just 
programmed is read to compare array data with original 
program data. When successfully verified, the next de
sired address is programmed. Should a byte fail to ver
ify, reprogram the byte (repeat section A thru F). Each 
data change sequence allows the device to use up to 25 
program pulses per byte. Typically, bytes are verified 
within one or two pulses. 

Note: 
The program-verify operation must be written to termi
nate the programming operation. Should a system 
interrupt occur during a programming operation, always 
write the program-verify command prior to executing an 
interrupt sequence. 
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Algorithm Timing Delays 
There are four different timing delays associated with 
the Flasherase and Flashrite algorithms: 

1. The first delay is associated with the Vpp rise-time 
when Vpp first turns on. The capacitors on the Vpp 
bus cause an RC ramp. After switching on the Vpp, 
the delay required is proportional to the number of 
devices being erased and the 0.1 mF/device. Vpp 
must reach its final value 1 OOns before commands 
are executed. 

2. The second delay time is the erase time pulse width 
(1 O ms). A software timing routine should be run by 
the local microprocessor to time out the delay. The 
erase operation must be terminated at the conclu
sion of the timing routine or prior to executing any 
system interrupts that may occur during the erase 
operation. To ensure proper device operation, write 
the Erase-verify operation after each pulse, or the 
device may continue to erase until the memory cells 
are driven into depletion (over-erasure). Should this 
happen the internal circuitry will no longer select 
unique addresses. A symptom of over-erasure is an 
error attempting to program the next time. Occasion
ally it is possible to recover over-erased devices by 
programming all of the locations with OOH data. 

3. A third delay time is required for each programming 
pulse width (10 µs). The programming algorithm is 
interactive and verifies each byte after a program 
pulse. The program operation must be terminated at 
the conclusion of the timing routine or prior to execut
ing any system interrupts that may occur during the 
programming operation. 

4. A fourth timing delay associated with both the 
Flasherase and Flashrite algorithms is the write re
covery time (6 µs). During this time internal circuitry 
is changing voltage levels from the erase/ program 
level to those used for margin verify and read opera
tions. An attempt to read the device during this pe
riod will result in possible false data (it may appear 
the device is not properly erased or programmed). 

Note: 
Software timing routines should be written in machine 
language for each of the delays. Code written in ma
chine language requires knowledge of the appropriate 
microprocessor clock speed in order to accurately time 
each delay. 

Parallel Device Erasure 
Many applications will use more than one Flash memory 
device. Total erase time may be minimized by imple
menting a parallel erase algorithm. Flash memories 
may erase at different rates. Therefore each device 
must be verified seperately. When a device is com
pletely erased and verified use a masking code to pre
vent further erasure. The other devices will continue to 
erase until verified. The masking code applied could be 
the read command (OOH). 

Power-up Sequence 

Vee prior to Vpp 

The Am28F020 powers-up in the Read only mode. In 
addition, the memory contents may only be altered after 
successful completion of a two step command se
quence. 

Vpp prior to Vee 

When Vee= O V, the Vpp voltage is internally disabled 
from the device. Memory contents cannot be altered. 
With Vpp = 12 V, the Flash device resets to the Read 
mode when Vee rises above 2 V. 

Power supply sequencing is not required. 

Reset Command 
A reset command sequence is provided to initialize the 
Flash memory to a known state- Read mode. The Re
set command sequence also provides the user with a 
means to safely abort the erase or program command 
sequences. Following either set-up co.mmand (erase or 
program) with two consecutive writes of FFH will safely 
abort the operation. Memory contents will not be altered. 
A valid command must then be written to place the de
vice in the desired state. 

If Vpp is left at high voltage during system resets, you 
must incorporate the device reset command into the 
hardware initialization code. This minimizes the poten
tial for over erasure or programming if the device is in 
the middle of an erase or program operation during re
set. Execute the reset command early in the initialization 
routine. 

Auto Select Command 
Flash memories can be programmed in-system or in a 
standard PROM programmer. The device may be sol
dered to the circuit board upon receipt of shipment and 
programmed in-system. Alternatively, the device may 
initially be programmed in a PROM programmer prior to 
soldering the device to the board. 

Programming In-system 

AM D's Flash memories are designed for use in applica
tions where the local CPU alters memory contents. Ac
cordingly, manufacturer and device codes must be 
accessible while the device resides in the target system. 
PROM programmers typically access the signature 
codes by raising Ag to a high voltage. However, multi
plexing high voltage onto address lines is not a generally 
desired system design practice. 

The Am28F020 contains an Auto Select operation to 
supplement traditional PROM programming methodol
ogy. The operation is initiated by writing 80H or90H into 
the command register. Following this command, a read 
cycle address OOOOH retrieves the manufacturer code of 
01 H. A read cycle from address 0001 H returns the de
vice code 2AH (See Table 2). To terminate the opera
tion, it is necessary to write another valid command into 
the register (See Table 3). 
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ABSOLUTE MAXIMUM RATINGS 
Storage Temperature 
Ceramic Packages 
Plastic Packages 

Ambient Temperature 
with Power Applied 

Voltage with Respect To Ground 
All pins except Ag and Vpp (Note 1) 
Vee (Note 1) 
Ag(Note 2) 
Vpp (Note 2) 

- 65°C to + 1 so0 c 
- 65°C to + 12s0 c 

- 55°C to + 12s0 c 

- 2.0V to 7.0V 
- 2.0V to 7.0V 

- 2.0V to 14.0V 
- 2.0V to 14.0V 

Output Short Circuit Current (Note 3) 200mA 

Notes: 
1. Minimum DC voltage on input or 110 pins is-0.5 V. During 

voltage transitions, inputs may overshoot Vss to -2.0 V 
for periods of up to 20 ns. Maximum DC voltage on output 

and 110 pins is Vee + 0.5 V. During voltage transitions, 
outputs may overshoot to Vee+ 2.0 V for periods up to 
20ns. 

2. Minimum DC input voltage on Ag and Vpp pins is -0.5V. 
During voltage transitions, Ag and Vpp may overshoot 
Vss to-2.0 Vforperiods of up to20ns. Maximum DC in
put voltage on Ag and Vpp is + 13.5 V which may over
shoot to 14.0 V for periods up to 20 ns. 

3. No more than one output shorted at a time. Duration of 
the short circuit should not be greater than one second. 

Stresses above those listed under "Absolute Maximum Rat
ings" may cause permanent damage to the device. This is a 
stress rating only; functional operation of the device at these 
or any other conditions above those indicated in the opera
tional sections of this specification is not implied. Exposure of 
the device to absolute maximum rating conditions for ex
tended periods may affect device reliability. 

OPERATING RANGES 
Commercial (C) Devices 

Case Temperature (Te) 

Industrial (I) Devices 
Case Temperature (Te) 

Extended (E) Devices 
Case Temperature (Te) 

Military (M) Devices 
Case Temperature (Te) 

Vee Supply Voltages 
Vector Am28F020-X5 
Vee for Am28F020-XXO 

Vpp Supply Voltages 
Read 
Program, Erase, and Verify 
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0°c to +70°C 

- 40°C to. +85°C 

- 55°C to + 12s0 c 

-ss 0 c to +125°C 

+ 4.75V to +5.25V 
+ 4.SOV to +5.SOV 

- 0.SV to +12.6V 
+ 11.4Vto+12.6V 



MAXIMUM OVERSHOOT 
Maximum Negative Input Overshoot 

20 nS 20 nS 

+.av .......... --..-....__,~ 

-.SV 

20 nS 

Maximum Negative Overshoot Waveform 

Maximum Positive Input Overshoot 

Vee+ o.s V 

2.0V 

Maximum Vpp Overshoot 

Vec+O.SV 

20 nS 

XXXXXf/j. l'~ 
20 nS 20 nS 

Maximum Positive Overshoot Waveform 

20 nS 

20 nS 20 nS 

Maximum Vpp Overshoot Waveform 

Am28F020 

11561-009A 

11561-010A 

11561-011A 
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DC CHARACTERISTICS over operating range unless otherwise specified (for APL Prod
ucts, Group A, Subgroups 1, 2, 3, 7 and 8 are tested unless otherwise noted). 
(Notes 1-3) 

DC CHARACTERISTICS-TTUNMOS COMPATIBLE 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

lu Input Leakage Current Vee. Vee Max., + 1.0 µA 
V1N = VccorVss 

ILO Output Leakage Current Vee. Vee Max., + 1.0 µA 
Vour = Vee or Vss 

Ices Vee Standby Current Vee- Vee Max. 1.0 mA 
CE= V1H 

lcc1 Vee Active Read Current Vee. Vee Max.,CE = V1L, OE= V1H 30 mA 
lour= O mA, at 6 MHz 

lcc2 Vee Programming Current CE= VIL 30 mA 
Programming in Progress 

ICC3 Vee Erase Current CE= V1L 30 mA 
Erasure in Progress 

IPPS Vpp Standby Current VPP= VPPL + 1.0 µA 

IPP1 VPP Read Current 
VPP= VPPH 200 µA 
VPP= VPPL + 1.0 

IPP2 VPP Programming Current VPP= VPPH 30 mA 
Programming in Progress 

IPP3 VPP Erase Current VPP= VPPH 50 mA 
Erasure in Progress 

V1L Input Low Voltage -0.5 0.8 v 
V1H Input High Voltage 2.0 Vee v 

+0.5 

VoL Output Low Voltage IOL. 2.1 mA 0.45 v 
Vee. Vee Min. 

VoH1 Output High Voltage loo.-2.5 mA 2.4 v 
Vee. Vee Min. 

V10 Ag Auto Select Voltage Ag= V10 11.5 13.0 v 
110 Ag Auto Select Current Ag= V10Max. 50 µA 

Vee. Vee Max. 

VPPL VPP during Read-Only Note: Erase/Program are 0.0 Vee v 
Operations inhibited when VPP = VPPL +2.0 

VPPH VPP during Read/Write 11.4 12.6 v 
Operations 
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DC CHARACTERISTICS-CMOS COMPATIBLE 
Parameter 
Symbol Parameter Description Test Conditions Min. Max. Unit 

lu Input Leakage Current Vee. Vee Max., + 1.0 µA 
V1N = Vee or Vss 

ILO Output Leakage Current Vee. VccMax., + 1.0 µA 
Vour =Vee or Vss 

Ices Vee Standby Current Vee. Vee Max. 100 µA 
CE= V1H 

lcc1 Vee Active Read Current Vee. Vee Max.,CE = VJL, OE= V1H 30 mA 
lour = 0 mA, at 6 MHz 

lcc2 Vee Programming Current CE= V1L 30 mA 
Programming in Progress 

lcc3 Vee Erase Current CE= VIL 50 mA 
Erasure in Progress 

IPPS VPP Standby Current VPP= VPPL + 1.0 µA 

IPP1 VPP Read Current VPP= VPPH 200 µA 

IPP2 Vpp Programming Current VPP= VPPH 30 mA 
Programming in Progress 

IPP3 VPP Erase Current VPP= VPPH 30 mA 
Erasure in Progress 

V1L Input Low Voltage -0.5 0.8 v 
V1H Input High Voltage Vee Vee v 

-0.5 + 0.5 

VOL Output Low Voltage IOL. 2.1 mA 0.45 v 
Vee. Vee Min. 

VoH1 IOH. -2.5 mA, Vee. Vee Min. 0.85 

Output High Voltage 
Vee v 

VoH2 IOH. -100 mA, Vee. Vee Min. Vee 
-0.4 

V10 Ag Auto Select VoltC!Q_e Ag= V10 11.5 13.0 v 
110 Ag Auto Select Current Ag= V10Max. 50 µA 

Vee. Vee Max. 

VPPL VPP during Read-Only Note: Erase/ Program are 0.0 Vee v 
Operations inhibited when VPP = VPPL +2.0 

VPPH Vpp during Read/Write 11.4 12.6 v 
Operations 

Notes: 

1. Caution: the Am28F020 must not be removed from (or inserted into) a socket when Vee or Vpp is applied. 

2. lcc1 is tested with OE= V1H to simulate open outputs. 

3. Maximum active power usage is the sum of Ice and IPP. 
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PIN CAPACITANCE 
Parameter 

Symbol Parameter Description Test Conditions Typ. Max. 

CrN Input Capacitance VrN = 0 8 10 

CouT Output Capacitance Vour = O 8 12 

C1N2 Vpp Input Capacitance Vpp = 0 8 12 

Notes: 
1. Sampled, not 100% tested. 

2. Test conditions TA = 25°C, f = 1.0 MHz 

SWITCHING CHARACTERISTICS over operating range unless otherwise specified. 

AC CHARACTERISTICS-Read Only Operation (Notes 1- 2) 

Parameter Am28F020 
Symbols -90 -120 -150 -200 

JED EC Standard Parameter Description -95 - - -
tAVAV tRC Read Cycle Time Min. 90 120 150 200 

Max. 

tELQV tcE Chip Enable Min. 
Access Time Max. 90 120 150 200 

tAvav tACC Address Min. 
Access Time Max. 90 120 150 200 

tGLQV toE Output Enable Min .. 
Access Time Max. 40 50 55 55 

tELQX tLz Chip Enable to Min. 0 0 0 0 
Output in Low Z Max. 

tEHOZ toF Chip Disable to Min. 
Output in High Z Max. 25 30 35 35 

tGLQX toLZ Output Enable to Min. 0 0 0 0 
Output in Low Z Max. 

tGHOZ toF Output Disable to Min. 
Output in High Z Max. 25 30 35 35 

tAxax toH Output Hold from first of Min. 0 0 0 0 
Address, CE, or OE Change Max. 

twHGL Write Recovery Min. 6 6 6 6 
Time bet ore Read Max. 

Notes: 

Unit 

pF 

pF 

pF 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

µs 

1. Output Load (except Am28F020-95): 1 TTL gate and CL= 100 pF, Input Rise and Fall Times: .s 1 O ns, Input Pulse levels: 
0.45 to 2.4 V, Timing Measurement Reference Level - Inputs: 0.8 V and 2 V 

Outputs: 0.8 V and 2 V 

2. The Am28F020-95 Output Load: 1 TTL gate and CL = 30 pF 

5-110 

Input Rise and Fall Times: .s 1 O ns 
Input Pulse levels: 0 to 3 V 
Timing Measurement Reference Level: 1.5 V inputs and outputs. 
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AC CHARACTERISTICS-Write/Erase/Program Operations (Notes 1- 4) 
Parameter Am28F020 
Symbols -90 -120 -150 -200 

JEDEC Standard Parameter Description -95 - - -
lAVAV twe Write Cycle Time Min. 90 120 150 200 

Max. 

tAVWL tAs Address Set-Up Time Min. 0 0 0 0 
Max. 

tWLAx tAH Address Hold Time Min. 45 50 60 75 
Max. 

tovwH tos Data Set-Up Time Min. 45 50 50 50 
Max. 

twHDX toH Data Hold Time Min. 10 10 10 10 
Max. 

twHGL twR Write Recovery Time Min. 6 6 6 6 
before Read Max. 

tGHWL Read Recovery Time Min. 0 0 0 0 
before Write Max. 

tELWL tes Chip Enable Min. 0 0 0 0 
Set-Up Time Max. 

twHEH teH Chip Enable Min. 0 0 0 0 
Hold Time Max. 

lWLWH twp Write Pulse Width Min. 45 50 50 50 
Max. 

tWHWL twPH Write Pulse Min. 20 20 20 20 
Width HIGH Max. 

twHWH1 Duration of Min. 10 10 10 10 
Programming Operation Max. 25 25 25 25 

twHWH2 Duration of Min. 9.5 9.5 9.5 9.5 
Erase Operation Max. 10.5 10.5 10.5 10.5 

tEHVP Chip Enable Set-Up Min. 100 100 100 100 
Time to Vpp Ramp Max. 

tvPEL Vpp Set-Up Time to Min. 100 100 100 100 
Chip Enable LOW Max. 

tves Vee Set-Up Time Min. 2 2 2 2 
Max. 

tvPPR Vpp Rise Time Min. 500 500 500 500 
Max. 

tvPPF Vpp Fall Time Min. 500 500 500 500 
Max. 

Notes: 
1. Read timing characteristics during read/write operations are the same as durng read-only operations. Refer to AC 

Characteristics for Read Only operations. 

Unit 

ns 

ns 

ns 

ns 

ns 

µs 

µs 

ns 

ns 

ns 

ns 

µs 

ms 

ns 

ns 

µs 

ns 

ns 

2. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the Write Pulse Width (within a longer Write-Enable timing waveform) all set-up, hold 
and inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 

3. All devices except Am28F020-95. Input Rise and Fall times: .s: 1 O ns; Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: Inputs: 0.8 V and 2.0 V; Outputs: 0.8 V and 2.0 V 

4. Am28F020-95. Input Rise and Fall times: .s: 1 O ns; Input Pulse Levels: 0.0 V to 3.0 V 
Timing Measurement Reference Level: Inputs and Outputs: 1.5 V 
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CE(E) 

OE(G) 

Data(DQ) 

5.0V 
Vee 
ov 
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Device and Outputs Data 
Power-up, Standby Address Selection Enabled Valid 

High Z 

Addresses Stable 

tWHGL 

tGLQV (toE) 

tELQV (teE) 

tGLQV (tOLz) ..j 
'4- tELQX (tLz) 

Output Valid 

Figure 5. AC Waveforms for Read Operations 
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Figure 6. A.C. Waveforms for Erase Operations 
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Figure 7. A.C. Waveforms for Programming Operations 

Programming 
Verification 

Standby/ 
Power-Down 

tAxax(toH) 

11561-015A 



SWITCHING TEST CIRCUIT 

Device 
Under 
Test 

6.2kQ 

2.?kn 

Diodes = IN3064 
or Equivalent 

11561-012A 

CL = 100 pF including jig capacitance (30 pF for Am28F020-95) 

SWITCHING TEST WAVEFORMS 

2.4 v 

0.45 v 
INPUT 

2.0 v 2.0 v > TEST POINTS < 
0.8 v 0.8 v 

OUTPUT 

All Devices Except Am28F020-95 

AC Testing: Inputs are driven at 2.4 V for a 
logic"1" and 0.45 Vfor a logic "O". Input pulse 
rise and fall times are~ 1 O ns. 

3V---

1.5-+-TEST POINTS-.1.5 

OV---"' 
INPUT OUTPUT 

For Am28F020-95 

AC Testing: Inputs are driven at 3.0 V for a 
logic "1" and O V for a logic "O". Input pulse rise 
and fall times are~ 10 ns. 

08007-003A 
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ERASE AND PROGRAMMING PERFORMANCE 
Limits 

Parameter Min. Typ. Max. Unit Comments 

Chip Erase Time 0.2 20 s Excludes OOH programming 
(Note 1) prior to erasure 

Chip Programming Time 3 36 s Excludes system-level overhead 
(Note 1) 

Erase/Program Cycles 

Am28F020-95C4JC 10,000 Cycles 

Am28F020-95C3JC 1,000 Cycles 

Note: 

1. 25°C, 12V Vpp 

LATCHUP CHARACTERISTICS 

Min. Max. 

Input Voltage with respect to Vss on all pins except 1/0 pins 
(Including Ag and Vpp) -1.0 v 13.5 v 
Input Voltage with respect to Vss on all pins 1/0 pins -1.0 v Vee+ 1.0 V 

Current -100 mA + 100 mA 

Includes all pins except Vee. Test conditions: Vee= 5.0 V, one pin at a time. 
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PHYSICAL DIMENSIONS* 
CD 032** 

.005 
MIN 

.015 

:!~tlJJ.----------~o 

T ~r--015 
.125 .022 

.160 

~.700 _.J 
MAX 

* For reference only. All measurements measured in inches. BSC is an ANSI standard for Basic Space Centering. 
** Package in Development. 
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.150 
MIN 
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CL 032** 

.050 .__.,,~::::::1 

BSC .-----t:::t:::::::i 

INDEX CORNER 

.020 X 45° REF. 
(OPTIONAL) 

.400 
BSC 

.015 
MIN 

/ .064_..I 
.040 X 45° REF. · 1 OO 

(OPTIONAL) .064 -1 
j/ 1.105 

Physical Dimensions 

1 .. ,:. ~:~ 

:~: 

.530 .540 . 
MAX .560 

J 
PLANE2~ 
PLANE 1 

14824A 
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PD032 

PL032 

.585 

.595 

i...•----- 1.680 I 1.640 _____________ -i .. -il 

.547 

.553 

.042 

.048 

1-.026 

r.032 

.005 
MIN 

I 

1....__.J E: ~ ! ~LJLJLJLJLJLJ I 
~ .447_.. 

.453 
.485 
.495 

.009 

.015 

6-4 Physical Dimensions 

.020 
MIN 

~ .025R ~I..._ 
Ir::::- / .o45 

.490 

.530 

l 

12416A 
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•@l·ll!!ii• 
North American _________ _ 
ALABAMA ............................................................... (205) 882-9122 
ARIZONA ................................................................ (602) 242-4400 
CALIFORNIA, 

~~~~~~i~e.ach·:::::::::::::::::::::::::::::::::::::::::::::::::(!m)l ~~~=m~ 
Rosev!lle ............................................................ 916 786-6700 
San Diego .......................................................... 619 560-7030 
San Jose ............................................................. (408) 452-0500 
Woodland Hills .................................................. (818) 992-4155 

CANADA, Ontario, 

~~u;~aciaia·::::::::::::::::::::::::::::::::::::::::::::::::::::::::: !~ ~ ~~ m=g~~g 
COLORADO ........................................................... (303) 741-2900 
CONNECTICUT ..................................................... (203) 264-7800 
FLORIDA, 

Clearwater ......................................................... (813) 530-9971 
Ft. Lauderdale ................................................... (305) 776-2001 
Orlando (Longwood) ......................................... (407) 862-9292 

GEORGIA ............................................................... (404) 449-7920 
ILLINOIS, 

Chicago (Itasca) ............................................... (708) 773-4422 
Naperville ........................................................... (708) 505-9517 

~~~t~r·fo·::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!~J~~ ~~~=mg 
MASSACHUSETTS ............................................... (617) 273-3970 
MICHIGAN .............................................................. (313) 347-1522 
MINNESOTA .......................................................... (612) 938-00()1 
NEW JERSEY, 

~~;:i~p~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::: rn2~i ~~~=~ggg 
NEW YORK, 

Liverpool ............................................................ (315) 457-5400 
Poughkeepsie ................................................... (914) 471-8180 
Rochester .......................................................... (716) 272-9020 

NORTH CAROLINA ............................................... (919) 878-8111 
OHIO, 

Columbus (Westerville) .................................... (614) 891-6455 
OREGON ................................................................ (503) 245-0080 
PENNSYLVANIA .................................................... (215) 398-8006 
SOUTH CAROLINA ............................................... (803) 772-6760 
TEXAS, 

~~ri~~ :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::rn~~l m=~g~g 
Houston .............................................................. (713) 785-9001 

UTAH ....................................................................... (801) 264-2900 

International ___________ _ 
BELGIUM, Bruxelles ........ TEL .............................. (02) 771-91-42 

FAX .............................. (02) 762-37-12 
TLX ...................................... 846-61028 

FRANCE, Paris ................ TEL ............................. (1) 49-75-10-10 
FAX ............................. (1) 49-75-10-13 
TLX ......................................... 263282F 

WEST GERMANY, 
Hannover area ............ TEL ............................... (0511) 736085 

FAX .............................. (0511) 721254 
TLX ........................................... 922850 

MOnchen ...................... TEL .................................. (089) 4114-0 
FAX ................................. (089) 406490 
TLX ........................................... 523883 

Stuttgart ....................... TEL ........................... (0711) 62 33 77 
FAX .............................. (0711) 625187 
TLX ........................................... 721882 

HONG KONG, .................. TEL .............................. 852-5-8654525 
Wanchai FAX ............................. 852-5-8654335 

TLX ........................... 67955AMDAP HX 
iTAL Y, Miian ..................... TEL ................................. (02) 3390541 

................................. (02) 3533241 
FAX ................................. (02) 3498000 
TLX ................................... 843-315286 

JAPAN, 

Atsugi ........................... ~~~ ::::::::::::::::::::::::::::::::::~~~=~~=~~~~ 
Kanagawa .................... TEL .................................. 462-47-2911 

FAX .................................. 462-47-1729 
Tokyo ............................ TEL ................................ (03) 346-7550 

FAX ............................... (03) 342-5196 
TLX ......................... J24064AMDTKOJ 

International (Continued) 
Osaka ........................... TEL .................................. 06-243-3250 

FAX .................................. 06-243-3253 
KOREA, Seoul .................. TEL ................................ 822-784-0030 

FAX ................................ 822-784-8014 
LATIN AMERICA, 

Ft. Lauderdale ............. TEL ............................. (305) 484-8600 
FAX ............................. (305) 485-9736 
TLX .................. 5109554261 AMDFTL 

NORWAY, Hovik .............. TEL ................................... (03) 010156 
FAX ................................... (02) 591959 
TLX ................................... 79079HBCN 

SINGAPORE ..................... TEL ................................... 65-3481188 
FAX ................................... 65-3480161 
TLX ........................... 55650 AMDMMI 

SWEDEN, 
Stockholm .................... TEL. .............................. (08) 733 03 50 
(Sundbyberg) FAX .............................. (08) 733 22 85 

TLX ............................................. 11602 
TAIWAN ............................ TEL .............................. 886-2-7213393 

FAX ............................. 886-2-7723422 
TLX .............................. 886-2-7122066 

UNITED KINGDOM, 
Manchester area ......... TEL ............................... (0925} 828008 
(Warrington) FAX .............................. (0925 827693 

TLX ................................... 85 -628524 
London area ................ TEL ............................... (0483~ 7 40440 
(Woking) FAX .............................. (0483 756196 

TLX ................................... 85 -859103 

North American Representatives 
CANADA ~~~ 

Burnaby, B.C. 
DAVETEK MARKETING .................................. (604) 430-3680 

Calgary, Alberta 
DAVETEK MARKETING .................................. (403) 291-4984 

Kanata, Ontario 
VITEL ELECTRONICS ..................................... (613) 592-0060 

Mississauga, Ontario 
VtTEL ELECTRONICS ..................................... (416) 676-9720 

Lachine, Quebec 
VITEL ELECTRONICS ..................................... (514) 636-5951 

IDAHO 
INTERMOUNTAIN TECH MKTG, INC ........... (208) 888-6071 

ILLINOIS 
HEARTLAND TECH MKTG, INC ................... (312) 577-9222 

IN DIANA 
Huntington - ELECTRONIC MARKETING 
CONSULTANTS, INC ....................................... (317) 921-3450 
Indianapolis - ELECTRONIC MARKETING 
CONSULTANTS, INC ....................................... (317) 921-3450 

IOWA 
KA~~~§NZ SALES ............................................... (319) 377-4666 

Merriam - LORENZ SALES ............................ (913) 469-1312 
KEm<D1S~v LORENZ SALES .............................. (316) 721-0500 

ELECTRONIC MARKETING 
Mic?i?r~~~LTANTS, INC ....................................... (317) 921-3452 

Birmingham - MIKE RAICK ASSOCIATES .... (313) 644-5040 
Holland - COM-TEK SALES, INC .................. (616) 392-7100 

Ml~~~iso~~M-TEK SALES, INC ........................ (313) 344-1409 

Ml~se6~~~ter Tech. Sales, Inc ............................ (612) 941-9790 

NE~~~§~~ SALES ............................................... (314) 997-4558 

NEW~~~rcZ,ALEs ............................................... (402) 475-4660 

NEiH~~~~N DESERT STATES ........................ (505) 293-8555 

East Syracuse - NYCO~ INC ....................... (315) 437-8343 

OH?c§~ibJ[t ANCT<§~F.t-4'6~.~ .... :: .............................. (516) 364-8020 

Centerville - DOLFUSS ROOT & CO ............ (513) 433-6776 
Columbus - DOLFUSS ROOT & CO ............. (614) 885-4844 
Strongsville - DOLFUSS ROOT & CO .......... (216) 238-0300 

PENNSYLVANIA 
PU~~fbu~MooT & co ................................... (412) 221-4420 

COMP
2 

REP ASSOC, INC ................................ (809) 746-6550 
~1i~l~G¥~~KETING ........................................ (801) 595-0631 

Wl~6b~W~ TECHNICAL SALES ...................... (206) 821-7442 

HEARTLAND TECH MKTG, INC .................... (414) 792-0920 

Advanced Micro Devices reserves the right to make changes in its product without notice in order to improve design or performance characteristics. The performance 
characteristics listed in this document are guaranteed by specific tests, guard banding, design and other practices common to the industry. For specific testing details, 
contact your local AMO sales representative. The company assumes no responsibility for the use of any circuits described herein. 

© 1990 Advanced Micro Devices, Inc. 
. 7/11/90 

BAN-36M-8/90-0 Printed In USA 

Advanced Micro D11vic11s, Inc. 901 Thompson Place, P.O. Box 3453, Sunnyvale. CA 94088, USA 
;f Tel: (408) 732-2400 •TWX: 910-339-9280 •TELEX: 34·6306 •TOLL FREE: (800) 538-8450 
.... APPLICATIONS HOTLINE & LITERATURE ORDERING •TOLL FREE: (800) 222·9323 • (408) 749-5703 






