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Figure 1. PSD311/68HC11 Implementation in the Cable Tester Design 
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Figure 2. 
P5D311 
Architecture 
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The Cable 
Tester System 
Design 
(Cont.) 

Interfacing 
To The PSD311 

storage, 2K x 8 mappable SRAM for data 
storage (or 16K x 16 EPROM and 1 K x 16 
SRAM, if using the similar PSD301 
configured to interface to x16 micros) three 
highly configurable 1/0 ports, a 
programmable address decoder, and chip 
select logic. 

In this design, the reconstructed port space 
of the PSD311 is used to add a keypad 

Not only does the PSD311 interface to the 
68HC11 simply and directly because of its 
internal latches and programmable control 
signals - as it does with any 8-bit microcon­
troller - it also facilitates easy interfacing to 
other components. (The PSD301 interfaces 
to any 8-or 16-bit microcontroller.) This is 
possible because of its three 110 ports and 
the Programmable Address Decoder (PAD) 
which offer unsurpassed flexibility. The PAD 
block diagram is shown in Figure 3. 

For instance, the no "glue-logic" interface of 
the keypad in the system is accomplished 
by using a 74C922 encoder in conjunction 
with the PAD section of the PSD311. The 
PAD is useful because the Data Available 
(DA) line of the 74C922 is a logic "1" when 
a key is pressed, and the signal must be 
inverted before it reaches the IIRQ input of 
the 68HC11. Connecting the encoder's DA 
line to the PSD311 's PC2 pin and 
configuring it to be a general-purpose logic 
input enables the signal to be inverted 
inside the PAD. The inverted signal is then 
"outputed" on PC1 which is configured as a 
chip select and routed to IIRQ. (See Port C 
Configuration and Chip Select Equation in 
Appendix A.) This simple internal 
manipulation inside the PSD311 helps 
reduce the number of components in the 
system. By connecting the 74C922 outputs 
directly to PEO-PE3 on the 68HC11, reading 
of the data is straightforward. 

The display used in the system is a 16 
character by 2 line dot matrix LCD module. 
The interface to the LCD display is handled 
by mapping the data bus directly to Port A 
of the PSD311, which is configured pin-by­
pin to be general-purpose 1/0. The control 
logic for the LCD is handled through two 
pins on Port B: PBO and PB1, which are 
also configured to be general-purpose 1/0. 
(See Ports A and B Configuration in 
Appendix A.) With the display used as a 
"WOM" (Write Only Memory), its RIW 

and an LCD display to the system, as well 
as additional output control and input lines 
with an 8-bit latch and an 8-bit bufferlline 
driver. Besides these components, the 
completed cable tester design also includes 
an undervoltage sensing circuit for generat­
ing a reset signal and an encoder for inter­
facing to the keypad. 

line is tied to ground to free an 1/0 pin of the 
PSD311 for other purposes. To free up Port 
A completely on the PSD311, an 
alternative approach would have been to 
connect the LCD directly to the 68HC11. 

To expand the 110 capabilities of the system 
further, two port pins from the PSD311 are 
used with a 74HC574 and a 74HC541 to 
create 8 additional inputs and 8 additional 
latched outputs, both at the same address. 
(This is shown in Figure 1.) The PSD311 's 
chip select outputs from ports Band Care 
derived from the addresses, OS strobe, and 
RIW signal available as inputs into the PAD. 
These chip selects will enable data to be 
latched to the outputs or enable input data 
onto the extended addressldata bus from 
the outside world, imitating the capability of 
a PIA. 

The chip select equation for the output latch, 
74HC574, is decoded from the upper 
address byte, the DS/E signal, and the 
active low R/W signal as follows: 

ICS8 = IA15· IA14· A13· IA12· OS· 
IR/W. 

The resulting latched address is $2000H 
with OS = 1 and R/W = O. The chip select 
equation for the input driver, 74HC541, is the 
same, because the address is the same 
($2000H), except that R/W is active high. 
So, this equation becomes: 

ICS9 = IA15· IA14· A13· IA12· OS· 
R/W. 

The PSD311 simplifies the interface to the 
program and data memory, external periph­
erals, and 1/0 ports in the system by inte­
grating the address decoder internally. This 
is illustrated with the direct interconnection 
between the microcontroller and other 
peripherals and the PSD311, without the 
need for a PLD or other logic. 

-------------------------------------,~Jr~~------------------------------------­
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Figure 3. 
Programmable 
Address 
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Interfacing 
To The PS0311 
(Cont.) 

Benefits 
of the PS0311 
Usage in 
System 

The PAD enables the 8 blocks of 4K bytes 
EPROM (256K bits) to be located 
anywhere within the available address 
space - in this case, the address space of 
the 68HC11 is 64K bytes. So, the EPROM 
memory is split into two segments of 16K 
bytes EPROM each, separated by the 512 
bytes of the internal E2PROM on the 
68HC11. This means that the first 4 
EPROM blocks are mapped contiguously, 
as well as the last 4 EPROM blocks. 
Here,the program memory (6000H-9FFFH: 
EPROM2, and COOOH-FFFFH: EPROM1) 
is allocated to the upper portion of address 
space. 

The data or SRAM memory, on the other 
hand, is allocated to the lower portion of 
address space and is partitioned into 

Board layout of the cable tester design was 
greatly simplified with the PSD311. In fact, 
when pin 1 of the PSD311 is oriented 180 
degrees from pin 1 of the 68HC11 in the 
PLCC package, port B of the 68HC11 is 
directly across from the AD8-AD15 pins of 
the PSD311. This positioning enables close 
layout of the two parts, greatly reducing 
costs due to less board space. 

Additional space is saved by using the latch 
and buffer for general-purpose 1/0 instead 
of the larger and more expensive PIA. And 
other 1/0 port lines are not sacrificed by 
using the multiplexed addressldata bus 
instead of the Serial Peripheral Interface of 
the 68HC11. 

In fact, board space is estimated to have 
been reduced by more than 50% over the 
alternative cumbersome design because of 
the PSD311 positioning on the PC board, 
its port expansion capabilities, and of 
course, the number of parts it replaces: 
including a 256K EPROM, a 16K SRAM, a 
latch, a decoder, and other miscellaneous 
CMOS logic. 

A benefit of parts reduction is lower CMOS 
power consumption that results from an 
integrated single-chip CMOS peripheral! 
memory solution. By analyzing the power 
that would have been consumed with the 
alternative design and comparing that 
against the PSD311 solution, it was found 
that power was reduced by at least 30%. 

two segments: one segment containing the 
SRAM internal to the 68HC11 (256 bytes) 
and the other containing the SRAM 
internal to the PSD311 (2K bytes). The 
SRAM in the PSD311 is mapped via the 
address decoder to location 5000H-5FFFH, 
respectively. 

Data direction and data registers of the 
PSD311's two ports are paired and 
accessed via an offset from a configurable 
1/0 port mapped base address, such as 
4000H in this cable tester design. This 
enables 16-bit data instructions to access 
the two 1/0 ports together, which in turn 
reduces both the Load and Store times 
during program execution. 

This translates into requiring a smaller 
power supply and a further reduction in 
cost. 

The flexibility of the PSD311 in the cable 
tester design is also an advantage when 
design changes need to be made quickly. 
Since the 1/0 ports, PAD, control signals, 
and EPROM are all programmable, the 
part just needs to be reprogrammed when 
the configuration or program memory for 
the entire system needs modifying. 

For instance, the current system has ten 
1/0, eleven input, and eleven output lines 
remaining. This can change if other 
variables need to be stored or other 
peripherals need to be accessed. To 
avoid relaying out another board to 
accommodate these changes, the PSD311 
may be able to be reconfigured to easily 
handle them. Also, if more features andlor 
capabilities in EPROM are required, the 
PSD312 and PSD313 with 512Kbits (64K x 
8) and 1 Mbits (128K x 8) EPROM, respec­
tively, are available in the same package 
and pinout. 

The PSD311 also provides additional 
SRAM beyond the limited amount that may 
be on the microcontroller being used. 
This provides obvious benefits including 
more scratch pad RAM for such uses as 
storing cable "signatures" and system tests 
that can be downloaded for diagnostic 
purposes. 

-2--3-5-0---------------------------~~~-------------------------------



Benefits 
of the PS0311 
Usage in 
System 
(Cont.) 

Configuring and 
Programming 
thePS0311 

The 68HC11/ 
PS0311 System 
Software 

But other benefits not readily seen are also 
important. For product designs that have a 
short life cycle and are "pushed" to go to 
market quickly, the additional SRAM gives 
the designer the option of writing the code 
in a high-level language such as "C", 
without the worry of running out of variable 

All of the control logic, address mapping, 
and port configurations for the PSD311 are 
handled during device configuration as part 
of WSI's easy-to-use, menu-driven PSD 
MAPLE software program, which is 
included in the PSD-SILVER or PSD-GOLD 
software development package. See 
Appendix A for the PSD311 configuration 
used in this application. 

After the configuration for the PSD311 has 
be~n determined and "Save"d, the hex file 
that is needed for programming the 
PSD311 is created. That is done during 

The software for the 68HC11 was written 
with a word processor and assembled using 
a cross assembler. A portion of the cable 
tester design code which is programmed 
into the PSD311 is listed in Appendix B. 
Here the register and RAM memory loca­
tions are set up within the first 64 clock 
cycles from reset of the 68HC11 and 
located at OOOOH to enable easy Direct 
Addressing and Bit manipulations of often 
used registers. 

Initialization of the Option Register, 
Timer prescaler, Stack and Serial 
Communications Interface complete the 
basic set up for the 68HC11 operation. 
Other initialization operations include: Ports 
A and B of the PSD311 which are set up as 
outputs for display control and data transfer 
operations, and the LCD display which is 
set up to display the first screen. Final 
initialization is achieved by setting several 
internal registers and clearing any 
pending interrupts. Now, the IRQ mask bit 
can be cleared and the main program loop 
entered. 

iFES JE/F€ff 
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storage space. The capability of writing 
software in "C" could speed up the software 
development cycle, thereby reducing time­
to-market! 

"Compile". "Compile" reads the code written 
for the microcontroller (in Intel hex format) 
and concatenates or merges it with the 
PSD311 configuration data to produce the 
desired output file for downloading to a 
programmer for programming. 

That is all there is to programming the 
PSD311 which is now supported on 
industry-standard programmers like the 
Data 1/0, BP Microsystems, Bytek, and 
Logical Devices programmers as well as 
the low-cost WSI MagicPro programmer. 

Included in the code is a demonstration of 
some useful routines which will illustrate 
how to easily work with the Latch and 
Buffer expansion from the 68HC111 
PSD311. Rememberthat these extended 
addresses off the 68HC11 can be accessed 
in several ways. The example code shown 
uses the Bit Set and Bit Clear instructions 
in the indexed addressing mode. With 
these Bit Set and Bit Clear instructions, 
which are read-modify-write instructions, an 
additional register should be set up in the 
internal RAM, not on the latched (write­
only) address, so the 
instructions will function properly. Data can 
then be manipulated and stored as a 
complete byte to the latch enabling data to 
be read and the current value in the latch to 
be checked. (Bit manipulation on the 
latched addresses using the indexed 
addressing mode will result in a correct 
bit change. However, the rest of the byte 
will be unusable as data on the bus will be 
scrambled at the rising edge of the chip 
select signaL) The latch and buffer 
expansion keeps software algorithms 
Simple. 
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The 68HCl1/ 
PS0311 System 
Software 
(Cont.) 

Putting the 
System to 
Work 

Summary 

Regarding the software for the keypad, no 
debounce software is necessary because 
the 74C922 has a built in debounce circuit. 
Actually, direct access from Port E to the 
keypad data and the AND instruction allows 
easy compare and execution of the correct 
routine. 

The 68HC11/PSD311 cable tester design 
could be expanded very easily with 
software to learn many different wiring 
configurations and to check several cables 
against a good one. Its usefulness can also 
be increased by making it battery operated 
for field use because of the low current 
draw of the tester. 

Requirements for microcontroller-based 
designs are continually changing and to be 
able to adapt to these changes means 
being flexible. Of course, flexibility in 
hardware is sometimes hard to achieve, 
while flexibility in software is mostly a 
given. One of the goals of the PSD3XX 
family of products is to bridge the gap in 
flexibility between hardware and software. 

By that, it is meant that hardware will not be 
a gating item when developing a new 
design that needs to be introduced to 
market quickly. And the PSD311, as 
illustrated in this cable tester design, 
addresses that issue perfectly by providing 

The remaining subroutines in the program 
are straightforward and basic to most 
microcontrollers and microprocessors. 
Those used by the 68HC11 are found in 
previously published handbooks and 
articles which can be obtained through 
your local Motorola sales office. 

The cable tester, as designed, will display 
the test results and step through the 
program to show the pin by pin connections 
of the cable. Results are then stored and 
later fed into a computer through the 
RS232 communications port of the tester. 

a user-configurable peripheral solution for 
hard)Nare designers. So, if an application is 
modified and the 110 configuration 
changes, or design fixes are required, the 
P.C. board does not have to be 
re-engineered. The PSD3XX can just be 
reprogrammed to reflect the new changes. 

The flexibility provided by the PSD311 
solution in this design is crucial in that it 
enabled development to be completed 
quickly and successfully using a "core" 
approach which can handle many different 
cable applications, including applications 
for telephone interconnections, printers, 
and local area networks. 
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Appendix A. 
PS0311 Part 
Configuration 
Listed in .SV1 
File' A16/cse 

A17/CS9 
Aie/CSIO 
A19/CSI 

cse 
IRQ 
DA 
CSI 

ALIASES 

********************************************************************* 
GLOBAL CONFIGURATION 

Address/Data Mode: MX 
Data Bus Size: e 
CSI/A19: CSI 
Reset Polarity: LO 
ALE Polarity: HI 
WRD /RWE: RWE 
A16-A19 Transparent or Latched by ALE: T 
using different READ strobes for SRAM and EPROM: N 
********************************************************************* 

PORT A CONFIGURATION (Address/IO) 

Bit No. 
o 
1 
2 
3 
4 
5 
6 
7 

Ai/IO. 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
IO 

CMOS/OD. 
CMOS 
CMOS 
CMOS 
CMOS 
CMOS 
CMOS 
CMOS 
CMOS 

********************************************************************* 
PORT B CONFIGURATION 

Bit No. CS/IO. CMOS/OD. 
0 IO CMOS 
1 IO CMOS 
2 IO CMOS 
3 IO CMOS 
4 IO CMOS 
5 IO CMOS 
6 IO CMOS 
7 CS7 CMOS 

CHIP SELECT EQUATIONS 

/CS7 = /A15 * /A14 * A13 * /A12 * E * R/W 
+ 

********************************************************************* 
PORT C CONFIGURATION 

Bit No. 
o 
1 
2 

CS/Ai. 
cse 
CS9 
A18 

CHIP SELECT EQUATIONS 

/cse = /A15 * /A14 * A13 * /A12 * E * / R/W 
/IRQ = DA 
********************************************************************* 

ADDRESS MAP 

A A A A A A A A A 
19 18 17 16 15 14 13 12 11 

N X N N 0 1 ION 
N X N N 0 1 1 1 N 

SEGMT 
STRT 
6000 
7000 

SEGMT 
STOP 
6FFF 
7FFF 

EPROM 
START 
6000 

EPROM 
STOP 
6fff 

File Name 

ESO 
ES1 

BASE301.0BJ 
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AppendixA. 
PSD311 Part 
Configuration 
Listed in .SVt 
File (Cont.) 

ES2 N x N N 1 0 0 0 N 8000 8FFF 

ES3 N X N N 1 0 0 1 N 9000 9FFF 

ES4 N X N N 1 1 0 0 N COOO CFFF cOOO cfff BASE301.0BJ 
ES5 N X N N 1 1 0 1 N DOOO DFFF dOOO dfff BASE301.0BJ 
ES6 N X N N 1 1 1 0 N EOOO EFFF eOOO efff BASE301.0BJ 
ES7 N X N N 1 1 1 1 N FOOO FFFF fOOO ffff BASE301.0BJ 
RSO N X N N 0 1 0 1 0 5000 57FF 

CSP N X N N 0 1 0 0 0 4000 47FF 
****************************** END *********************************** 
CDATA 0 
CADDRDAT 1 
CRRWR 1 
CA19/(/CSI) 0 
CALE 0 
CRESET 0 
COMB/SEP 0 
CADDHLT 0 

CPAF2 0 

CPAF1 [0 ] 0 
CPAF1 [l] 0 
CPAF1 [ 2] 0 
CPAF1 [ 3] 0 
CPAF1 [ 4] 0 
CPAF1 [ 5] 0 
CPAF1 [ 6] 0 
CPAF1 [ 7] 0 

CPACOD [0] 0 
CPACOD [ 1] 0 
CPACOD [ 2] 0 
CPACOD [ 3] 0 
CPACOD [ 4] 0 
CPACOD [ 5] 0 
CPACOD [ 6] 0 
CPACOD [7] 0 

CPBF [0 ] 1 
CPBF [ 1] 1 
CPBF [2] 1 
CPBF [ 3] 1 
CPBF [ 4] 1 
CPBF [5] 1 
CPBF [6] 1 
CPBF [ 7] 0 

CPBCOD [0 ] 0 
CPBCOD [ 1] 0 
CPBCOD [2] 0 
CPBCOD [ 3] 0 
CPBCOD [ 4] 0 
CPBCOD [5] 0 
CPBCOD [6] 0 
CPBCOD [7] 0 

CPCF [0 ] 1 
CPCF [ 1] 1 
CPCF [ 2] 0 

FifE: s= _________________ _ 
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CPU 
HOF 

"6811.TBL" 
UINTa" 

i 
i********************************************************** 
i* THE 68HCll IN CONJUNCTION WITH THE PSD301 * 
i* ARE USED IN DEVELOPEMENT OF SOFTWARE FOR * 
i * DISPLAY, KEYBOARD FUNCTION, AND OTHER APPL. * 
i* MEMORY MAP:EPROM(l) COOO-FFFF (PROGRAM) * 
i* EEPROM B600-BFFF (68HC11) * 
i* EPROM(2) 6000-9FFF (DATA) * 
i * RAM sOOO-sFFF (PSD301) * 
i * I/O 4000-4007 (PSD301) * 
i * LAT 2000 (LATCH & BUFFER) * 
i* RAM 1000-10FF (68HC11) * 
i* I/O & REG 0000-003F (68HC11) * 
j* * 
i * BY TIM DUNAVIN * 
i* ANTEC * 
i * ANIXTER MANUFACTURING * 
i********************************************************** 

ORG 06000H 
i 
;*********************** 
i* LOOKUP TABLES * 
;*********************** 
i 

iDATA MEMORY 

3638484331DATTAB: DFB "68HC11/PSD311 UP",OOH 
i 

s4494D4Fs4CREDITS: DFB "TIMOTHY E. DUNAVIN" 
414Es44s43 DFB "ANTEC - ANIXTER MFG." 
s24F434B20 DFB "ROCK FALLS, ILL. 61071" 

j******************************************************* 

ORG OCOOOH iPROGRAM MEMORY 
i 
INIT: EQU 103DH iRAM AND I/O MAPPING REGISTER 
PORTBC: EQU 04000H iI/O BASE ADDRESS OF THE 301 
LAT: EQU 02000H i LATCH AND BUFFER 
KEY1: EQU OOH iKEYPAD 1 
KEY2: EQU 01H iKEYPAD 2 
KEY3: EQU 02H iKEYPAD 3 
KEYA: EQU 03H iKEYPAD A 
KEY4: EQU 04H iKEYPAD 4 
KEYS: EQU OsH iKEYPAD 5 
KEY6: EQU 06H iKEYPAD 6 
KEYB: EQU 07H iKEYPAD B 
KEY7: EQU 08H iKEYPAD 7 
KEY8: EQU 09H iKEYPAD 8 
KEY9: EQU OAH iKEYPAD 9 
KEYC: EQU OBH iKEYPAD C 
KEYZ: EQU OCH iKEYPAD * 
KEYO: EQU ODH iKEYPAD 0 
KEYY: EQU OEH i KEYPAD # 
KEYD: EQU OFH iKEYPAD 0 

---------------------------~Jr;---------------------------
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COOO OF 
COOl 8610 
C003 B7103D 

0000 

0002 
0003 
0004 
0005 

0007 
0008 
0009 
OOOA = 
OOOB 
OOOC 
0000 
OOOE 

0010 

0012 

0014 

0016 

0018 

001A = 

001C 

001E 

0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
002A = 
002B 
002C 
002D 
002E 
002F 
0030 
0031 
0032 
0033 
0034 

;************************************************ 
; * INITIALIZATION ROUTINE * 
i************************************************ 
, 
;NOTE: OPTION and TMSK2 must be programed in first 64 E 

cycles out of RESET 
; 
START: SEI 

LDAA 
STAA 

#010H 
INIT 

;SET IRQ MASK 
;SET RAM AT 1000 AND 
;SET REGISTERS AT 0000 

i************************************************ 
; 
i******* 
PORTA: 
; 
PIOC: 
PORTC: 
PORTB: 
PORTCL: 

DDRC: 
PORTD: 
DDRD: 
PORTE: 
CFORC: 
OC1M: 
OC1D: 
TCNT: 

TIC1: 

TIC2: 

TIC3: 

TOC1: 

TOC2: 

TOC3: 

TOC4: 

TOC5: 

TCTL1 
TCTL2 
TMSK1 
TFLG1 
TMSK2 
TFLG2 
PACTL 
PACNT 
SPCR: 
SPSR: 
SPDR: 
BAUD: 
SCCR1: 
SCCR2: 
SCSR: 
SCDR: 
ADCTL: 
ADR1: 
ADR2: 
ADR3: 
ADR4: 

64 BYTES OF REGISTER AREA ******* 
EQU OOOOH ;PORT A DATA REGISTER 

EQU 
EQU 
EQU 
EQU 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 

0002H 
0003H 
0004H 
0005H 

0007H 
0008H 
0009H 
OOOAH 
OOOBH 
OOOCH 
OOODH 
OOOEH 

0010H 

0012H 

0014H 

00l6H 

00l8H 

001AH 

OOlCH 

OOlEH 

0020H 
002lH 
0022H 
0023H 
0024H 
0025H 
0026H 
0027H 
0028H 
0029H 
002AH 
002BH 
002CH 
002DH 
002EH 
002FH 
0030H 
003lH 
0032H 
0033H 
0034H 

;0001 IS RESERVED 
;PARALLEL I/O CONTROL REGISTER 
;PORT C DATA REGISTER (ADO - AD7) 
;PORT B DATA REGISTER (A8 - A15) 
;PORT C LATCHED DATA REGISTER 
;0006 IS RESERVED 
;DATA DIRECTION REG FOR PORT C 
;PORT D DATA REGISTER (RxD, TxD, AND I/O) 
;DATA DIRECTION REG FOR PORT D 
;PORT E DATA REGISTER 
;TIMER COMPARE FORCE REGISTER 
;OUTPUT COMPARE 1 MASK REGISTER 
;OUTPUT COMPARE 1 DATA REGISTER 
;TIMER COUNTER REGISTER (16 BIT) 
;OOOF LSB TCNT 
;TIMER INPUT CAPTURE REGISTER 1 (16 BIT) 
; 0011 LSB TIC1 
;TIMER INPUT ,CAPTURE REGISTER 2 (16 BIT) 
;0013 LSB TIC2 
;TIMER INPUT CAPTURE REGISTER 3 (16 BIT) 
;0015 LSB TIC3 
;TIMER OUTPUT COMPARE REG 1 (16 BIT) 
; 0017 LSB TOC1 
;TIMER OUTPUT COMPARE REG 2 (16 BIT) 
;0019 LSB TOC2 
;TIMER OUTPUT COMPARE REG 3 (16 BIT) 
;OOlB LSB TOC3 
;TIMER OUTPUT COMPARE REG 4 (16 BIT) 
;OOlD LSB TOC4 
; TIMER OUTPUT COMPARE REG 5 / INPUT CAPTURE 
;REGISTER 4 (16 BIT) - 001F LSB TOC5/TIC4 
;TIMER CONTROL REGISTER 1 
;TIMER CONTROL REGISTER 2 
;MAIN TIMER INT MASK REGISTER 1 
; MAIN TIMER INT. FLAG REG 1 
;MAIN TIMER INT MASK REGISTER 2 
; MAIN TIMER INT. FLAG REG 2 
;PULSE ACCUMULATOR CONTROL REG 
; PULSE ACCUMULATOR COUNT REG 
;SPI CONTROL REGISTER 
;SPI STATUS REGISTER 
;SPI DATA REGISTER 
;SCI BAUD RATE CONTROL REGISTER 
;SCI CONTROL REGISTER 1 
;SCI CONTROL REGISTER 2 
;SCI STATUS REGISTER 
;SCI DATA REGISTER 
;A/D CONTROL/STATUS REGISTER 
;A/D RESULT REGISTER 1 
;A/D RESULT REGISTER 2 
;A/D RESULT REGISTER 3 
;A/D RESULT REGISTER 4 
;0035 - 0038 RESERVED 

--------------------------------rl, .. ~--------------------------------
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0039 = 
003A = 
003B 
003C 

003E 
003F 

1000 
1001 
1002 
10FF 

5000 

B600 

C006 
C007 

C009 

COOB 
COOD 
COOF 
C012 
C015 
C017 

C019 
C01B 
COlD 
C01F 
C021 
C024 
C027 
C029 
C02A 

C02C 
C02F 

con 
C035 

01 
86E3 

9739 

8602 
9724 
7F0028 
8E10FF 
8680 
9726 

86FC 
9709 
8600 
9708 
7F002C 
7F002D 
962E 
4F 
972F 

CEFFFF 
FF4004 

CE2710 
BDCOE1 

C038 8630 
C03A BDCOF4 
C03D CE0300 
C040 BDCOE1 
C043 BDCOF4 
C046 BDCODE 
C049 BDCOF4 
C04C BDCODE 
C04F 8638 
C051 BDCOF4 
C054 CE0280 
C057 BDCOE1 
C05A 860C 
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OPTION: EQU 
COPRST: EQU 
PPROG: EQU 
HPRIO: EQU 
;INIT: EQU 
TEST1: EQU 
CONFIG: EQU 

0039H 
003AH 
003BH 
003CH 
003DH 
003EH 
003FH 

SYSTEM CONFIGURATION OPTIONS 
ARM/RESET COP TIMER CIRCUITRY 
EEPROM PROGRAMMING REGISTER 
HIGHEST PRIORITY INTERRUPT 
RAM AND I/O MAPPING REGISTER (NEW ADD.) 
FACTORY TEST REGISTER 
CONFIGURATION CONTROL REGISTER 

; 
i******* 
FLAGS: 
LA1: 
STOR: 
STACK: 
; 

256 BYTES OF INTERNAL RAM ******* 
EQU 1000H ;FLAG REGISTER 
EQU 1001H ;LATCH DATA REGISTER 
EQU 1002H ;BASIC RAM STORAGE AREA 
EQU 10FFH ;STACK AREA 

;******* 2K X 8 EXTERNAL RAM ******** 
MASSTOR: EQU 05000H ;MASS STORAGE RAM IN PSD301 
; 
;******* EEROM AREA, 512 BYTES ******* 
EROM: EQU OB600H ;DATA RETENTION AREA 
; 
i************************************************ 

NOP ;SLIGHT DELAY TO ALLOW REGISTER SET UP 
LDAA #OE3H ;SET UP OPTION REG. - ADPU =1, CSEL = 1, 

IRQE = 1 
STAA OPTION ; (ENABLE EEPROM CHARGE PUMP, IRQ EDGE 

SENSITIVE) 
LDAA #002H ;SET TIMER PRESCALER TO 8 
STAA TMSK2 ;AND DISABLE TIMER INTERRUPTS 
CLR SPCR ;DISABLE ALL SPI INT. 
LDS #STACK ;SET UP STACK 
LDAA #080H 
STAA PACTL ;PA7 OUTPUT 

;******* INITIALIZE THE SCI TO 9600 BAUD AT 8MHZ (DISABLED) 
ONSCI: LDAA #OFCH ;INIT. PORT 0 DDR (02H) 

STAA DDRD ;PDO, POl - INPUT, PD2-PD5 - OUTPUT 
LDAA #OOOH ;SET UP PORT D 
STAA PORTD 
CLR SCCR1 ;SET UP SER. COM. CON. REG. 1 
CLR SCCR2 
LDAA SCSR ;TO CLEAR TDRE AND TC OF SCSR 
CLRA ; READ STATUS REG., LOAD TRANS. DATA REG. 
STAA SCDR 

;******* INITIALIZE THE 301 FOR DISPLAY INTERFACE 
ONPIA: LDX #OFFFFH ;SET UP PORTS B & C AS OUTPUTS 

STX PORTBC+4 
;******* DISPLAY SET UP (NEW REV. 15 MAY 91) ******* 
DISINIT: LDX #02710H ;100mS DELAY (POWER UP DELAY FOR DISPLAY) 

JSR TDELAY ;TlME DELAY 
LDAA #030H ;SET UP DISPLAY 
JSR SEND I ;SEND INSTRUCTION (30 1ST TIME) 
LDX #00300H ;6.1mS DELAY 
JSR TDELAY ;TlME DELAY 
JSR SENDI ;SEND INSTRUCTION (30 2ND TIME) 
JSR TD40 ;TlME DELAY 
JSR SENDI ;SEND INSTRUCTION (30 3RD TIME) 
JSR TD40 ;TlME DELAY 
LDAA #038H ;FUNCTION SET (8 BIT-SINGLE LINE) 
JSR SEND I ;SEND INSTRUCTION 
LDX #00280H ;5mS DELAY 
JSR TDELAY ;TlME DELAY 
LDAA #OOCH ;DISPLAY ON - NO CURSOR 
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C05C BDCOF4 
C05F CE0280 
C062 BDCOE1 
C065 8606 
C067 BDCOF4 
C06A CE0280 
C06D BDCOE1 
C070 BDCOEC 
C073 CE0190 
C076 BDCOE1 
C079 18CE6000 
C07D BDCOCC 

C080 9629 
C082 962A 
C084 86FF 
C086 9723 
C088 9725 
C08A 962E 
C08C 962F 

C08E 7F2000 
C091 CE1001 
C094 1C0200 
C097 A600 
C099 B72000 
C09C B62000 

C09F BDCOBO 

COA2 OE 

COA3 01 
COA4 7ECOA3 

COA7 
COA9 
COAB 
COAD 
COAF 

COBO 
COB4 
COB6 
COB8 
COBB 
COBE 
COBF 
COC1 
COC4 
COC7 
COC9 
COCB 

8655 
973A 
86AA 
973A 
39 

18CE01FF 
8640 
9700 
CE0014 
BDCOE1 
4F 
9700 
CE0014 
BDCOE1 
1809 
26E9 
39 

JSR 
LOX 
JSR 
LDAA 
JSR 
LOX 
JSR 
JSR 
LOX 
JSR 
LOY 
JSR 

.******* FINAL , 
FINIT: LDAA 

LDAA 
LDAA 
STAA 
STAA 
LDAA 
LDAA 

; 

SENDI 
#00280H 
TDELAY 
#OO6H 
SENDI 
#OO280H 
TDELAY 
HOME 
#OO190H 
TDELAY 
#DATTAB 
PDOD 

INIT. ******* 
SPSR 
SPDR 
#OFFH 
TFLG1 
TFLG2 
SCSR 
SCDR 

;SEND INSTRUCTION 
;5mS DELAY 
;TIME DELAY 
;ENTRY MODE SET 
;SEND INSTRUCTION 
;5mS DELAY 
;TIME DELAY 
;DISPLAY CURSOR HOME I 
; 4 • omS DELAY 
;TIME DELAY 
;TOP OF DATA TABLE 
;SEND MESSAGE TO DISPLAY 

;CLEAR ANY SPI INT. 

; CLEAR ANY TIMER INT. 

;CLEAR ANY SCI INT. 

;EXAMPLES OF WORKING WITH LATCH AND BUFFER 
CLR LAT 
LOX #LA1 
BSET 2,X,OOH 
LDAA O,X 
STAA LAT 
LDAA LAT 

JSR BEEP 

CLI 
; 
i************************* 
; * MAIN LOOP * 
i************************* 
; 
LOOP: 

; 

NOP 
JMP LOOP 

; CLEAR LATCH 
;SET INDEX 
;SET BIT 2 OF LA1 
;GET LATCH REGISTER 
;STORE DATA TO LATCH 
;GET DATA FROM BUFFER 

; SOUND OFF I 

; CLEAR IRQ MASK 

; RETURN 

.************************************ , 
; * SUBROUTINES * 
i************************************ 

WATCHDOG SERVICE ROUTINE ****** 
; 
i******* 
DOG: LDAA #055H ;RESET WATCHDOG TIMER 

; 
i******* 
BEEP: 
BEEP1: 

STAA COPRST 
LDAA #OAAH 
STAA COPRST 
RTS 

HOOTER 
LOY 
LDAA 
STAA 
LOX 
JSR 
CLRA 
STAA 
LOX 
JSR 
DEY 
BNE 
RTS 

OSC. ROUTINE 
#OOlFFH 
#040H 
PORTA 
#00014H 
TDELAY 

PORTA 
#00014H 
TDELAY 

BEEP1 

;RETURN FROM SUB. 

******** 
;SET COUNT 
;BEEPER ON 

; DELAY 
;BEEPER OFF 

DELAY 
COUNT -1 
IF NOT DONE, KEEP 
RETURN FROM SUB. 

GOING 

-----------------------------------------~~~-----------------------------------------
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cocc 18A600 
COCF 2707 
COD1 BDC100 
COD4 1808 
COD6 20F4 
COD8 39 

COD9 CEOO02 
CODC 2003 
CODE CEOOOF 
COE1 09 
COE2 8COOOO 
COE5 26FA 
COE7 39 

COE8 8601 
COEA 2008 
COEC 8602 
COEE 2004 
COFO 86CO 
COF2 2000 
COF4 CE4000 
COF7 A706 
COF9 1C0702 
COFC 1D0702 
COFF 39 

C100 CE4000 
C103 A706 
C105 1C0701 
C108 1C0702 
C10B 1D0702 
C10E 1D0701 
Cll1 BDCODE 
C1l4 39 

C1l5 AGOO 
C1l7 81FF 
C1l9 2717 
CllB 8616 
CllD 973B 
CllF 86FF 
C121 A700 
C123 8617 
C125 973B 
C127 3C 
c128 CE0300 
C12B BDCOE1 
C12E 38 
C12F 4F 
C130 973B 
C132 8602 
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i******* 
PDOD: 

PDOD1 : 
i 
i******* 
TD20: 

TD40: 
TDELAY: 

i 
i******* 
CSCREEN: 

HOME: 

LINE2: 

SENDI: 

, 
i******* 
SENDD: 

i 

PUT DATA ON DISPLAY ******** 
LDAA 
BEQ 
JSR 
INY 
BRA 
RTS 

TIME 
LDX 
BRA 
LDX 
DEX 
CPX 
BNE 
RTS 

CLEAR 
LDAA 
BRA 
LDAA 
BRA 
LDAA 
BRA 
LDX 
STAA 
BSET 
BCLR 
RTS 

O,Y iGET BYTE 
PDOD1 iIF END, GOTO NEXT1 
SENDD 

iNEXT BYTE 
PDOD i RETURN TO NEXT 

iRETURN FROM SUB. 

DELAY ROUTINE ********* 
#OOOO2H i20US DELAY 
TDELAY 
#OOOOFH i150us DELAY 

iDECRAMENT COUNT 
#OOOOOH iCOUNT = 01 
TDELAY iIF NOT DONE, GOTO TDELAY 

iRETURN FRO SUB. 

SCREEN, 
#OOlH 
SENDI 
#002H 
SENDI 
#OCOH 

CURSOR HOME, AND SEND INSTRUCTION 
iCLEAR DISPLAY 

SENDI 
#PORTBC 
6,X 
7 ,X, 02H 
7,X,02H 

iSEND INSTRUCTION 
iCURSOR HOME 
iSEND INSTRUCTION 
iSET CURSOR TO LINE 2 
iSEND INSTRUCTION 
iSET UP DATA TRANSFER 
iSTORE AT PIA PORT A 
iDISPLAY E HIGH 
iDISPLAY E LOW 
iRETURN FROM SUB. 

SEND 
LDX 
STAA 
BSET 
BSET 
BCLR 
BCLR 
JSR 
RTS 

DATA TO DISPLAY ******** 
#PORTBC iSET UP DATA TRANSFER 
6,X iSEND DATA 
7,X,01H iDISPLAY RS HIGH 
7,X,02H iDISPLAY E HIGH 
7,X,02H iDISPLAY E LOW 
7,X,01H iDISPLAY RS LOW 
TD40 i150us TIME DELAY 

iRETURN FROM SUB. 

i****************************************************** 
i * ROUTINE TO CHANGE BYTE IN EEROM * 
i* PRELOADED X = ADDRESS IN EEROM (B600 - B7FF) * 
i * DATA TO BE STORED, IS IN "STOR" * 
i * (THIS IS A MOTOROLA ROUTINE) * 
i****************************************************** 

******* 

CHGBYT: LDAA O,x iGET DATA AT ADDRESS TO BE CHANGED 
CMPA #OFFH iCHECK IF ERASED 
BEQ CHGBYT1 iJUMP IF BYTE ERASED 
LDAA #016H iSET BYTE, ERASE, AND EELAT 
STAA PPROG 
LDAA #OFFH 
STAA O,X 
LDAA #017H ;SET EEPRG 
STAA 
PSHX 
LDX 
JSR 
PULX 
CLRA 
STAA 

CHGBYT1: LDAA 

PPROG 

#00300H 
TDELAY 

PPROG 
#002H 

iSAVE X 

i20mS TIME DELAY 
iRESTORE X 
iCLEAR BYTE, ERASE, EELAT, AND EEPRG 
iEND OF BYTE ERASE 
iSET EELAT - DO BYTE PROGRAM 

----------------------------------------~~~----------------------------------------­
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C134 973B 
C136 B61002 
C139 A700 
C13B 7C003B 
C13E 3C 
C13F CE0300 
C142 BDCOEl 
C145 38 
C146 7A003B 
C149 7F003B 
C14C 39 

C14D 9730 
c14F 133080FC 
C153 39 

C154 3B 

C155 3B 

C156 3B 

C157 3B 

C158 3B 

C159 3B 

STAA PPROG 
LDAA STOR ;GET DATA TO BE STORED 
STAA O,X ;STORE IN NEW LOCATION IN EEROM 
INC PPROG 
PSHX ;SAVE x 
LDX #00300H 
JSR TDELAY ;20ms DELAY 
PULX ;RESTORE x 
DEC PPROG ;CLEAR EEPRG 
CLR PPROG ; CLEAR EELAT, END OF BYTE PROGRAM 
RTS ;RETURN FROM SUB. 

; 
i***************************************************** 
; * ROUTINE TO SET UP AID CONVERTER * 
;* ACC A = VALUE TO INITIATE CONVERSION * 
; * BEFORE ENTRY TO THIS ROUTINE * 
i***************************************************** 
CONV: STAA ADCTL ;SET UP AID CONVERTER 
CONV1: BRCLR ADCTL,80H,CONVl ;WAIT HERE TILL CONVERSION COMPLETE 

RTS ;RETURN FROM SUB. 
; 
i**************************** 
;* INTERRUPT ROUTINES * 
;**************************** 
; 
i***************************************************** 
;* SERIAL COMMUNICATIONS INTERFACE _ IRQ * 
i***************************************************** 
; 
SCOM: RTI ;RETURN FROM INT. 
; 
i****************************** 
;* SERIAL TRANSFER COMPLETE * 
i****************************** 
; 
TRANC: RTI ;RETURN FROM INT. 
; 
i*******************·************* 
;* PULSE ACCUMLATOR INPUT EDGE * 
i********************************* 
; 
PULSEE: RTI ;RETURN FROM INT. 
; 
;******************************** 
;* PULSE ACCUMULATOR OVERFLOW * 
i******************************** 
, 
PULSEO: RTI 
, 
i******************** 
; * TIMER OVERFLOW * 
i******************** 
; 
TIMEO: RTI 
; 
i**************************** 
;* TIMER OUTPUT COMPARE 5 * 
i**************************** 
, 
COMP5: RTI 

; RETURN FROM INT. 

;RETURN FROM INT. 

;RETURN FROM INT. 

-----------------------------~~;-----------------------------
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C1SA 3B 

C1SB 3B 

C1SC 3B 

CISD 3B 

C1SE 3B 

C1SF 3B 

C160 3B 

C16l 3B 

C162 960A 
C164 840F 

C166 8100 
C168 2601 
C16A 3B 

C16B 8101 
C16D 2601 
C16F 3B 

i*************************** 
;* TIMER OUTPUT COMPARE 4 * 
i*************************** 
; 
COMP4: RTI 
; 
i**************************** 
;* TIMER OUTPUT COMPARE 3 * 
i**************************** 
; 
COMP3: 
; 

RTI 

i**************************** 
;* TIMER OUTPUT COMPARE 2 * 
i**************************** 
; 
COMP2: RTI 
; 
i**************************** 
; * TIMER OUTPUT COMPARE 1 * 
i**************************** 
; 
COMP1: RTI 
; 
i*************************** 
;* TIMER INPUT COMPARE 3 * 
i*************************** 
; 
ICOMP3: RTI 
; 
i*************************** 
;* TIMER INPUT COMPARE 2 * 
i*************************** 
; 
ICOMP2: RTI 
, 
i*************************** 
; * TIMER INPUT COMPARE 1 * 
i*************************** 
; 
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;RETURN FROM INT. 

;RETURN FROM INT. 

;RETURN FROM INT. 

; RETURN FROM INT. 

;RETURN FROM INT. 

;RETURN FROM INT.; 
I 

ICOMP1: RTI ;RETURN FROM INT. 
, 
i**************************** 
i* REAL TIME INT. ROUTINE * 
i**************************** 
; 
REALT: RTI ;RETURN FROM INT. 
; 
j********************** 
;* IRQ INT. ROUTINE * 
;********************** 
; 
DOlT: LDAA PORTE 

ANDA #OOFH 

CMPA #KEYl 
BNE DOIT10 
RTI 

; 
DOITIO: CMPA #KEY2 

BNE DOIT20 
RTI 

;GET KEYBOARD DATA 
;FILTER DATA 

;1 KEY? 
;IF NOT GOTO DOITIO 
;RETURN FROM INT. 

2 KEY? 
IF NOT GOTO DOIT20 
RETURN FROM INT. 
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; 
C170 8102 DOIT20: CMPA #KEY3 3 KEY? 
C172 2601 BNE DOIT30 IF NOT, GOTO DOIT30 
C174 3B RTI RETURN FROM INT. 

; 
C175 8103 DOIT30: CMPA #KEYA ;A KEY? 
C177 2601 BNE DOIT40 ;IF NOT GOTO DOIT40 
C179 3B RTI ; RETURN FROM INT. 

; 
C17A 8104 DOIT40: CMPA #KEY4 ;4 KEY? 
C17C 2601 BNE DOIT50 ;IF NOT GOTO DOIT50 
C17E 3B RTI ; RETURN FROM INT. 

; 
C17F 8105 DOIT50: CMPA #KEY5 ;5 KEY? 
C18l 2601 BNE DOIT60 ;IF NOT GOTO DOIT60 
C183 3B RTI ; RETURN FROM INT. 

; 
C184 8106 DOIT60: CMPA #KEY6 ;6 KEY? 
C186 2601 BNE DOIT70 ;IF NOT GOTO DOIT70 
C188 3B RTI ; RETURN FROM INT. 

; 
C189 8107 DOIT70: CMPA #KEYB ;B KEY? 
C18B 2601 BNE DOIT80 ;IF NOT GOTO DOIT80 
C18D 3B RTI ; RETURN FROM INT. 

; 
C18E 8108 DOIT80: CMPA #KEY7 ;7 KEY? 
C190 2601 BNE DOIT90 ;IF NOT GOTO DOIT90 
C192 3B RTI ; RETURN FROM INT. 

; 
C193 8109 DOIT90: CMPA #KEY8 ;8 KEY? 
C195 2601 BNE DOITlOO ;IF NOT GOTO DOITlOO 
C197 3B RTI ;RETURN FROM INT. 

; 
C198 8l0A DOITlOO: CMPA #KEY9 ;9 KEY? 
C19A 2601 BNE DOITllO ;IF NOT GOTO DOITllO 
C19C 3B RTI ; RETURN FROM INT. 

; 
C19D 8l0B DOITllO: CMPA #KEYC ;C KEY? 
C19F 2601 BNE DOIT120 ;IF NOT GOTO DOIT120 
ClAl 3B RTI ;RETURN FROM INT. 

; 
ClA2 8l0C DOIT120: CMPA #KEYZ ;* KEY? 
ClA4 2601 BNE DOIT130 ;IF NOT GOTO DOIT130 
ClA6 3B RTI ; RETURN FROM INT. 

; 
ClA7 8l0D DOITI30: CMPA #KEYO ;0 KEY? 
CIA9 2601 BNE DOIT140 ;IF NOT GOTO DOIT140 
ClAB 3B RTI ;RETURN FROM INT. 

; 
ClAC 8l0E DOITl40: CMPA #KEYY ;# KEY? 
ClAE 2601 BNE DOITl50 ;IF NOT GOTO DOIT150 
CIBO 3B RTI ;RETURN FROM INT. 

; 
CIBI 810F DOITI50: CMPA #KEYD ;D KEY? 
CIB3 2600 BNE DOITl60 ;IF NOT GOTO DOIT160 
ClB5 3B DOIT160: RTI ; RETURN FROM INT. 

; 
i******************************* 
. * , XIRQ SERVICE ROUTINE * 
i******************************* 

·-iiI -= fill: 
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CIB6 3B 

CIB7 3B 

FFCO 

FFCO 
FFD6 Cl54 
FFD8 Cl55 
FFDA Cl56 
FFDC Cl57 
FFDE Cl58 
FFEO Cl59 
FFE2 Cl5A 
FFE4 Cl5B 
FFE6 Cl5C 
FFEB Cl5D 
FFEA Cl5E 
FFEC Cl5F 
FFEE Cl60 
FFFO Cl61 
FFF2 C!62 
FFF4 CIB6 
FFF6 C!B7 
FFFB coDa 
FFFA CODa 
FFFC CODa 
FFFE CODa 

0000 
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NOMASK: RTI iRETURN FROM INT. 
i 
i******************************* 
i* SWI SERVICE ROUTINE * 
i******************************* 
INTER: RTI i RETURN FROM INT. 
i 
i*********************************** 
i* RESET AND INTERRUPT VECTORS * 
i*********************************** 

i 
RES: 
SERCOM: 
SPISTC: 
PAlE: 
PAOV: 
TOV: 
TOCP5: 
TOCP4: 
TOCP3: 
TOCP2: 
TOCPI: 
TICP3: 
TICP2: 
TICPI: 
RTlME: 
IRQ: 
XIRQ: 
SWI: 
lOT: 
COPS: 
COPS! : 
RESET: 
i 

ORG 

DFS 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 
DWM 

OFFCOH 

11*2 
SCOM 
TRANC 
PULSEE 
PULSEO 
TlMEO 
COMP5 
COMP4 
COMP3 
COMP2 
COMP! 
ICOMP3 
ICOMP2 
ICOMPI 
REALT 
DOlT 
NOMASK 
INTER 
START 
START 
START 
START 

iNOT USED 
iSERIAL COMM. INT. 
iSERIAL TRANSFER COMPLETE 
iPULSE ACCUMLATOR INPUT EDGE 
iPULSE ACCUMULATOR OVERFLOW 
i TIMER OVERFLOW 
iTlMER OUTPUT COMPARE 5 
iTlMER OUTPUT COMPARE 4 
iTlMER OUTPUT COMPARE 3 
iTlMER OUTPUT COMPARE 2 
iTlMER OUTPUT COMPARE ! 
iTlMER INPUT COMPARE 3 
iTlMER INPUT COMPARE 2 
iTlMER INPUT COMPARE ! 
i REAL-TIME INT. 
iTlMER/VIA INT. 
iNON-MASKABLE INT. 
iSOFTWARE INT. 
iILLEGAL OPCODE TRAP (START OVER) 
iCOP FAILURE (RESET) 
iCOP CLOCK MONITOR FAIL (RESET) 
i RESET 

;************************************************ 
END iTHE ENDIIIII 

----------------__________ r·~E 
ilf!!FL ,-------------2-.-36-3 
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Overview 

Architecture 

Programmable Peripheral 
MAP168 Introduction 
User-Configurable Peripheral 
with Memory 

The MAP168 is a high-performance, user­
configurable DSP peripheral with memory. 
It is used in DSP applications including 
modems, motor control and medical 
instrumentation. The MAP168 is ideal for 
DSP based applications where fast time-to­
market, small form factor and low power 
consumption are essential. When 
combined together in an 8- or 16-bit 
system, virtually any DSP chip (TMS320 
series, etc.) and the MAP168 work together 
to create a very powerful 2-piece chip-set. 
This implementation provides the core of 
the required control and peripheral 
elements of a DSP system. 

The MAP168 incorporates the flexibility of 
using discrete memory addressing and 
decoding. With the support of WSI's user 
friendly PSD software called MAPLE, 
designers may configure their MAP168 
subsystem for 8- or 16-bit data paths. If the 
host system uses an 8051 microcontroller, 
the MAP168 can be programmed with an 
eight bit data path. A sixteen bit data path 
can be programmed for microcontrollers 
like Intel's 80196. The depth of the memory 
organization will be modified accordingly to 
accept the different dat path widths. The 
low cost MAPLE software package will 
handle the data path width adjustment 
automatically. The user can select either 
16K bytes of EPROM and 4K bytes of 
SRAM or 8K words of EPROM and 2K 
words of SRAM. The flexibility of the 
MAP168 enables two devices to be 
cascaded in width. It is possible to double 
the memory size of a sixteen bit system by 
using two MAP168 products in parallel but 
programmed in a byte-wide configuration. 
For example, with two MAP168 devices, 
16K words of EPROM and 4K words of 
SRAM may be organized as upper and 
lower data bytes of a 16 bit word. 
Alternately, two MAP168 chips may 
expand the system memory vertically as 
two word organized memory devices. A 
block diagram of the MAP168 is shown in 
Figure 1. 

An important feature of the MAP168 is its 
ability to incorporate the '"1lemory address 

The MAP168 contains three elements 
normally associated with discrete solutions 
to system memory requirements. It 
incorporates EPROM and SRAM plus a 
Programmable Address Decoder (PAD), all 
on the same die. The MAP168 is ideal for 
the systems designer who wishes to 
reduce the board space of his final design. 
By using the MAP168 in a system, five or 
six EPROM, SRAM and decode logic chips 
may be reduced into a single 44-pin 
PLDCC, CLDCC or PGA package. 

decoding on-chip. One MAP168 memory 
peripheral can reside with other MAP168 
devices in the same memory addressing 
scheme, with the on-chip decoder 
allocating the memory blocks to different 
non-conflicting segments of the entire 
memory area. The decoding function is 
achieved by an on-chip feature called a 
Programmable Address Decoder (PAD), 
which is similar to a single fuse array 
programmable logic device supporting one 
product term (AND gate) per output in the 
MAP168. 

In the MAP168, eighteen standard chip 
select outputs from the PAD are available 
with one fast chip select output generally 
used to select other external high speed 
memory devices. The chi~lect lines may 
be subdivided into (ESO-ES7, active low 
internal EPROM chip selects, and two 
internal RAM chip selects RSO and RS1. In 
byte-wide applications, eight chip select 
outputs drive external pins CSO-CS7. 
These can be used as external chip 
selects for other MAP168 devices or 
system memory. These outputs are not 
available for word-wide MAP168 
configurations because the CSO-CS7 
output pins carry the higher order data 
byte. Only FCSO is available for external 
chip selection. 

Figure 1 shows the organization of the 
EPROM and SRAM in relation to the PAD, 
for the MAP168 device. 

3-1 
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Figure 1. 
MAP168 
Memory 
Architecture 

Software 
Support 

(Ao-A,. BHE) 

ADDRESS BUS '-';;'(A-,,';;;-A-,.-)""+-H----I 

PAD 

ESO 

ES1 

ES2 

ES31----' 

ES41---......I 

ESSt-----' 

ES6i-----...J 

EPROM 
2K x 8 OR 1K x 16 

EPROM 
2K x 8 OR 1K x 16 

EPROM 
2K x 8 OR 1K x 16 

EPROM 
2K x 8 OR 1K x 16 

EPROM 
2K x 8 OR 1K x 16 

EPROM 
2K x 8 OR 1K x 16 

EPROM 
2K x 8 OR 1K x 16 

EPROM 
ffi 1----I--I1..:2~K~X~8~O:R~1~K~X~16~ HIGH 

DATA 
BYTE CSO[0:7] 

CSO[O:7] I-----+-----~~--+-+~ 

RSOt-----, 

RS1/----, 

FCSO 

Important Features: 
• 45 ns EPROM/SRAM Access lime. 

EPROM 
2K x 8 OR 1K x 16 

EPROM 
2K x 8 OR 1K x 16 

OR 
NO 
[0:7] 

• Byte or Word Operation, Mappable into 1 M Word or 2M Byte Address Space. 
• 22 ns Chip-Select 8 Outputs, 17 ns Fast Chip Select Output. 
• 128K EPROM Bits, 32K SRAM Bits, On-Chip Programmable Decoder, Security Bit. 

The object code generated for the support 
microprocessor/microcontrolier is 
generated by an assembler. This code, 
when generated as an Intel MCS file, may 
be easily programmed into the EPROM 
section of the MAP168 device because the 
MAPLE software has been designed to 
accept this standard format. 

The programmable address decoder is 
used to define the mapping of the various 

EPROM and SRAM memory blocks. This 
mapping is achieved by the designer in the 
MAPLE environment. The software 
provides a safeguard that prevents the 
designer from inadvertently overlapping the 
address selection. After selecting the 
memory block assignments, the MAP168 
device maybe programmed by the WSI 
MagicPro™ memory and PSD programmer. 

---------------------------~Jri---------------------------3-2 



Features 

General 
Description 

Programmable Peripheral 
MAP168 
DSP Peripheral with Memory 

0 First-generation Programmable System 
Device (PSD) 

User-Configurable Peripheral with 
Memory 
16Kx8 EPROM 

4Kx8 SRAM 
Programmable address decoder 

0 Byte or Word Memory Configurations 

16Kx8 or 8Kx16 EPROM 
4Kx8 or 2Kx16 SRAM 

2Mbyte or 1 Mword address range 

0 High-Speed Operation 

45-nsec memory access 
17 -nsec fast chip select output 

0 External Chip Select Outputs 
8 external chip selects 

1 fast chip-select output 

In 1988 WSI introduced a new concept in 
programmable VLSI, Programmable System 
Devices (PSD). The PSD family consists of 
user-configurable system-level building 
blocks on-a-chip, enabling quick implementa­
tion of application-specific controllers and 
peripherals. The first generation PSD series 
includes the MAP168 User-Configurable 
Peripheral with Memory; the SAM448, a 
User-Configurable Microsequencer; and the 
PAC1000, a User-Configurable Microcon­
troller. 

The MAP168 is the first of WSI's Program­
mable System Devices (PSD) product line. 
The device integrates high performance, 
user-configurable blocks of EPROM, SRAM, 
and logic in a single circuit. The major 
functional blocks include a Programmable 
Address Decoder (PAD), 16K bytes of high 
speed EPROM, and 4K bytes of high speed 
SRAM. A block diagram is given in Figure 1 . 

The MAP168 device is a complete memory 
subsystem that can be mapped anywhere in 
a 2M-byte address space of a microproces­
sor or microcontroller system. The EPROM 
and SRAM memory blocks can be user­
configured in either byte-wide or word-wide 
organizations. The MAP168 device signifi-

0 Programmable Security 

Protects memory map 

Protects program code 

0 Programming Support Tools 

PSD integrated software environment 

PC-XT/AT/PS2 platform support 
MAPLE location entry Software 
MAPPRO device programming Software 

MagicPro device programmer (PC-XT, 
AT) 

0 Military and Commercial Specifications 
44-pin Ceramic Leaded Chip Carrier 
package 
44-pin Plastic Leaded Chip Carrier 
package 
44-pad Ceramic Leadless Chip Carrier 
package 
44-pin Ceramic Pin Grid Array package 

cantly reduces the board space and power 
necessary to implement memory subsys­
tems, increases system performance, and 
provides for secure data or program storage. 

The device's high level of integration and 
flexibility make it ideal for high-speed micro­
processors, microcontrollers, and Digital 
Signal Processors like the TMS320XX family. 
The EPROM can be configured either as 
16Kx8 or 8Kx16. The SRAM can be config­
ured either as 4Kx8 or 2Kx16. Individual 
memory blocks of 2Kx8 or 1 Kx16 can be 
selectively mapped anywhere in the address 
space. Since the Chip Select Input (CSI) can 
be programmed as A20, the highest-order 
address bit, the device's address range can 
extend from 1 M byte with CSI to 2M byte 
without CSI. 

For 16-bit microprocessors capable of byte 
operations, the MAP168 device provides a 
Byte High Enable input for accessing bytes 
on any address boundary. 

Pinout is compatible with the JEDEC 
WS27C257 256K high-speed EPROM. This 
pinout provides for memory expansion with 
future WSI EPROM and PSD products. 

The device's PAD and EPROM memory are 

3-3 
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Figure 1. 
Block Diagram 

AO-A19 

SHE -

E/\.I>p_ 

OE -

SI/A20 -

FCSO -

MAP168 

-----.EECODED EPROM 
ADDRESS 

~ AO-A12 
EPROM I-V 

PGMH 8Kx 8 

"- PGM ~ 

v EOEH 
OE OUTa-7 IN 0-7 

,.--. 

PGMl 
f-- I-

EOEl 
r----- r---

DECODED SRAM 
ADDRESS 

~ AO-A12 
PAD SRAM ~ 

WEH 2Kx 8 
WE ~ 

ROEH 
OE OUTa-7 INa-7 

,.--. 

f----- WEl 
L 

- -

~ 
ROEl - -

f-----
CS O_7 ,(J -

f----- CON S-
t-- OEl 

r----- ...... 2:1 ,. 2:1 

OEH MUX MUX 

I-

- 1 
- - I 

n l 
~ It\ 

tv1 '-r-

1/0 8- 15 OR CS0a-7 

AO-A12 
EPROM 
8Kx 8 

PGM 

OE OUTa-7 INO_7 

L i-
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General 
Description 
(Con't) 

Functional 
Description 

Table 1. 
Pin Description 

MAP168 

programmed using the same WSI MagicPro 
programmer used to program other WSI 
devices. Two software packages, MAPLE 
Location Entry and MAP PRO Device Pro­
gramming Software are available in the 
menu-driven WISPER software environment 
on an ISM® PC XT/AT or 100% compatible 
platform. 

For additional information on the MAP168 
device, refer to Application Note No. 002, 
Introduction to the MAP168 User-Configur­
able Peripheral with Memory. For additional 
information on development and program­
ming software for the MAP168 device, refer 
to the MAP168 User-Configurable Peripheral 
with Memory Software User's Manual. 

The user-configurable architecture of the 
MAP168 consists of an EPROM memory 
block, an SRAM memory block, and a fast 
Programmable Address Decoder (PAD) that 
can be configured to select 2K-byte memory 
blocks anywhere in a 2M-byte address 

range. The device can be programmed to 
operate with memory configured either in a 
byte or word organization (bytes can be 
addressed in word mode). A programmable 
security bit prevents access to the PAD 
address-decode configuration table. 

Signal I/O 

A0-19 

FCSO ° 
SHE 

WENpp 

OE 

CSI/A20 

1/°0-7 11O 

1/08-15. CS00-7 11O 

Description 
Address Lines. For access to EPROM-or SRAM. 

Fast Chip-Select Output (active low). Used by the Pro­
grammable Address Decoder (PAD). 

Byte High Enable (active low). Selects the high-order 
byte when writing to SRAM. 

Write Enable (active low) or Programming Voltage. In 
normal mode, this pin causes data on the 110 pins to be 
written into SRAM. In programming mode, the pin 
supplies the programming voltage, V pp' 

Output Enable (active low). Enable the 110 pins to drive 
the external bus. 

Chip Select Input (active low) or High-Order Address. 
This pin can be programmed as the bus-access chip 
select or as an additional high-order address bit (A20). 

Low-Order Byte of EPROM or SRAM. 

High-Order Byte or Chip-Select Outputs. In word mode, 
these pins serve as the high-order byte (1/08-15) of 
EPROM or SRAM. In byte mode, the bits serve as Chip­
Select Out signals (CS00-7) for the Programmable 
Address Decoder (PAD). 

FEE =:g 
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MAP168 

Programmable 
Address Decoder 

Memory 
Subsystem 
EPROM Memory 

The MAP168 device has a minimum of 20 
address inputs Ao-A'9 allowing the EPROM 
and SRAM memory blocks to reside any­
where in a 1 M-byte address space. If the 
CSl/A,o input is user-configured as an ad­
dress line, the maximum addressable space 
increases to 2M bytes, as shown in the 
Configurations table. 

The 16K bytes of EPROM and 4K bytes of 
SRAM, can be configured into eight inde­
pendent 2K-byte blocks and two 2K-byte 
blocks respectively, as shown in the Memory 
Architecture figure. The PAD is a user­
configurable address decoder that compares 
input addresses to the 2K-byte address 
range selected for each of the eight EPROM 
blocks and two SRAM blocks. When the 
input address Ao-A,o is detected to be within 
one of the EPROM or SRAM address 
ranges, the PAD enables an internal chip 
select (ESo-ES, or RSo-RS,) to the selected 
block. If no block is selected, both the 
EPROM and SRAM memories remain in a 
power-down mode and the outputs are 
disabled allowing other devices to drive the 

The memory configuration of the MAP168 
device includes 128K bits of WSI's patented 
high-speed, split-gate, UV-erasable EPROM. 
The EPROM is configured in byte mode as 
16Kx8 and in word mode as 8Kx16. The 
memory is organized as eight 2Kx8 or 1 Kx16 

. blocks, as shown in the Block Diagram 
figure. Each block has a separate and 
independent address range that cannot 
overlap. Each block is individually selected 
by one of the ESo-ES, internal chip selects 
generated by the PAD when an input ad­
dress is detected within its designated 
address range, as shown in the Memory 
Architecture figure. If not selected, each 
block of EPROM remains in a power-down 
mode. 

For programming, the EPROM memory 
requires the WEN pp input to maintain the 
programming voltage V pp. 

data bus. The SRAM retains its data in the 
power-down mode. The 2K-byte address 
ranges for any of the eight EPROM or two 
SRAM blocks may not overlap. 

The PAD can also be user-configured to 
generate up to eight external chip selects, 
CSo-CS,. These outputs can be used to 
decode the input address lines Ao-A,o and to 
select other devices in the system. The 
outputs CSo-CS, are available on the eight 
higher-order I/OB-1/0,5 lines but only when 
the MAP168 device is configured in the byte 
mode; the lines are not available as chip­
select outputs when the device is configured 
in the word mode. 

The CSl/A,o input is user-configurable as the 
most-significant address line or as an active­
low chip enable. Its function is programmed 
as part of the PAD programming cycle. 

The PAD also provides FSCO, a single, fast 
chip-select output configurable by the user for 
any address. It can overlap with any of the 
internal EPROM, SRAM or external CSO 
addresses. 

SRAMMemory 
The device also includes 32K bits of high­
speed SRAM. The SRAM is configured in 
byte mode as 4Kx8 and in word mode as 
2Kx16. The memory is organized as two 
2Kx8 or one 2Kx16 block(s), each with a 
separate and independent address range that 
cannot overlap. Each SRAM block is individu­
ally selected by one of the RSo-RS" shown 
in the Memory Architecture figure, when an 
input address is detected by the PAD within 
its designated address range. When not 
selected, each of the SRAM memory blocks 
remains in a power down mode but does 
retain all data stored. 

Data can be written into the SRAM only when 
the WEN pp input is active low. 

!FlE. pE __________________ _ 
------------------~#; 
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Memory 
Subsystem 
EPROM Memory 
(Con't) 

Mode Selection 

Table 2. 
Configurations 

Byte/Word Mode 
The PAD can be programmed to configure 
the MAP168 device for either a byte or word 
memory architecture. This allows the device 
to be used conveniently with either 8-bit or 
16-bit microcontrollers, microprocessors or 
digital signal processor (DSP) systems. See 
the Configurations table. 

In byte mode, the EPROM is organized as 
16Kx8 and the SRAM as 4Kx8. The outputs 
of both are tied to the eight low-order input! 
output lines 1/00-1/0, and enabled onto the 
output bus when the OE input is low. 

Only when configured in byte mode are the 
eight external chip selects provided by the 

The device's operational mode is controlled 
by three inputs, CSI, OE, and WENpp. There 

MAP168 

PAD available on the eight high-order input! 
output lines 1/08-1/0,~d enabled onto the 
output bus when the OE input is low. 

In word mode, the EPROM is organized as 
8Kx16 and the SRAM as 2Kx16. The outputs 
of both are tied to the 16 input!output lines 
1/00-1/015 and enabled onto the bus when OE 
is low. 

In word mode, the BHE input along with 
address input AO allows the eight bits of any 
16-bit word on an even or odd boundary to 
be selected as shown in the High-Low Byte 
Selection table. This is a useful feature for 
16-bit processors that are not restricted to 
reading or writing memory only on even-word 
address boundaries. 

are ten separate modes of operation, all of 
which are shown the Mode Selection table. 

xB Configuration x16 Configuration 
CSi A20 CSi A20 

Address Space 1M bytes 2M bytes 512K words 1M 
words 

Block Size 2K bytes 2K bytes 1K words 1K 
words 

Addressable Blocks 512 1024 512 1024 

EPROM Blocks 8 8 8 8 

SRAM Blocks 2 2 2 2 

Chip-Select Outputs 9 9 1 

EPROM Configuration 16Kx8 16Kx8 8Kx16 8Kx16 

SRAM Configuration 4Kx8 4Kx8 2Kx16 2Kx16 

1/0 Pins 8 8 16 16 

Low-power Standby yes no yes no 

Protected Mode yes yes yes yes 

Byte Operations yes yes yes yes 

iF_= gg __________________ _ 
--------------------~~; 
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Table 3. 
Mode Selection Mode/Pin CSI OE WE/Vpp Address x16 (I/Oo_1J x16(FCSO) 

x8 (//00-7) x8 FCSO, CSlJ0-7 
Read EPROM/SRAM V'L V'L V'H EPROM/SRAM DOUT CSOUT 

Selected 

Read External V'L V'L V'H EPROM/SRAM High Z CSOUT 
Not Selected 

Output Disable X V'H X X High Z CSOUT 
Stand-By V'H X X X High Z CSOUT 
Write SRAM V'L X V'L SRAM Selected D'N CSOUT 
Write External V'L X V'L No SRAM X CSOUT 

Selected 

Program EPROM V'L V'H Vpp EPROM D'N D'N 
Program Address 

Program Verify V'L V'L V'H EPROM DOUT CSOUT 
EPROM Program Address 

Program PAD V'L V'H Vpp PAD Program D'N D'N 
Address 

Program Verify PAD VIL V'L V'H PAD Program DOUT CSOUT 
Address 

Table 4. 
High/Low Byte x16 Configuration Only 

Selection BHE(Pin 1) Ao Write Operation Read Operation 

0 0 Whole word Whole word 

0 Upper byte from/to Upper byte = Data Out 
odd address Lower byte = 'FF' 

0 Lower byte from/to Whole word 
even address 

None Upper byte = Data Out 
Lower byte = 'FF' 

WR and BHE are used for SRAM functions 

Table 5. Product 
Selection Guide Parameter MAP168-45 MAP168-55 Units 

Address Access Time (max) 45 55 ns 

Chip-Select Access Time (max) 45 55 ns 

Output Enable Time (max) 21 23 ns 

Chip-Select Output Time 25 27 ns 

Fast Chip-Select Output Time (max) 20 22 ns 

-----------------------------------~~~----------------------------------
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Tab/e6. DC 
Characteristics Parameter Symbol Test Conditions Min Max Units 

Output Low Voltage VOL IOL=B mA 0.5 V 

Output High Voltage VOH IOH=-2 mA 2.4 V 

CMOS Standby 
Current ISB1 notes 1,3 
-Commercial 25 mA 
-Military 35 mA 

TTL Standby 
Current ISB2 notes 2,3 
-Commercial 35 mA 
-Military 45 mA 

CMOS Active Current 
No Blocks Selected Icc 1A notes 1, 4 
-Commercial 25 mA 
-Military 35 mA 

CMOS Active Current 
EPROM Block Selected Icc 1B notes 1, 4 
-Commercial 40 mA 
-Military 50 mA 

CMOS Active Current II SRAM Block Selected Icc 1C notes 1, 4 
-Commercial BO mA 
-Military 90 mA 

TTL Active Current 
No Blocks Selected Icc 2A notes 2, 4 
-Commercial 35 mA 
-Military 45 mA 

TTL Active Current 
EPROM Block Selected Icc 2B notes 2, 4 
-Commercial 45 mA 
-Military 55 mA 

TTL Active Current 
SRAM Block Selected Icc 2C notes 2, 4 
-Commercial 90 mA 
-Military 100 mA 

Input Load Current III V1N=5.5V -10 10 I1A 

or GND 

Output Leakage Current ILO VouT=5.5V -10 10 I1A 

orGND 
Notes: 
1. CMOS inputs: GND ± 0.3V or VCC ± 0.3V. 
2. TTL inputs: V1L:S; O.BV, V1H ~ 2.0V. 
3. Add 1 .5 mA/MHz for AC power component. 
4. Add 3.5 mA/MHz for AC power component. 

-----------------------------------'jfjrjF~----------------------------------
iiFill/Ffjg = 
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Table 7. AC 
Characteristics PlII'lII1IIIltIP Symbol MAPt68-45 MAPt68-55 Units 

Min Max Min Max 
Read Cycle Time tRc 45 55 ns 

Address to Output Delay tACC 45 55 ns 

CSI to Output Delay tCE 45 55 ns 

OE to Output Delay tOE 21 23 ns 

Output Disable to Output Float tOEF 18 20 ns 

Chip Disable to Output Float tCSF 18 20 ns 

Address to Output Hold tOH 10 10 ns 

Address to CS00-7 True tcso 25 27 ns 

Address to FCSO True tFCSO 20 22 ns 

SRAM Write Cycle Time twc 45 55 ns 

Chip Enable to Write End tcsw 45 55 ns 

Address Setup Time tAS 0 0 ns 

Address Hold Time tAH 0 0 ns 

Address Valid to Write End tAW 45 55 ns 

SRAM Write Enable Pulse Width tpWE 30 35 ns 

Data Setup Time tDS 20 30 ns 

Data Hold Time tDH 0 0 ns 

Write Enable to Data Float tWEF 21 23 ns 

Write Disable to Data Low Z tWELZ 3 3 ns 

SHE Setup Time tBHES 0 0 ns 

SHE Hold Time tBHEH 10 10 ns 

Table 8. Data 
Retention I'III'amtIltIP Symbol Test Conditions Min Max Units 

Characteristics Minimum Vee for Data Retention VDR Vcc=2.0V, 2.0 V 

Current in Data Retention Mode ICCDR CSI <: Vcc-0.2V, mA 

Chip Deselect to Data Retention tCSDR VIN <: V cc-0.2V 0 ns 

Recovery Time from Data Retention tRDA or VIN ::;; O.2V tAC ns 

-----------------------------------~~~-----------------------------------
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Absolute 
Maximum Ratings 

Table 9. Operating 
Range 

Figure 3. 
Read Cycle 
Timing Diagram 

Storage Temperature ........... -65°C to + 150°C 

Voltage to any pin with 
respect to GND .......................... -O.6V to +7V 

V pp with respect to GND ....... -0.6 V to + 14.0V 

ESD Protection ................................... >2000V 

Stresses above those listed here may cause 
permanent damage to the device. This is a 

Range 
Commercial 
Industrial 
Military 

Temperature 
O°C to +70°C 
-40° to +85°C 
-55° to + 125°C 

MAP168 

stress rating only and functional operation of 
the device at these or any other conditions 
above those indicated in the operational 
sections of this specification is not implied. 
Exposure to absolute maximum rating 
conditions for extended periods of time may 
affect device reliability. 

Vee 
+5V ±5% 
+5V ± 10% 
+5V ± 10% 

lAC 

ADDRESSES => ( 
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Figure 4. 
Test Load 

Table 10. 
Timing Levels 

Figure 5. 
Write Cycle 
Timing Diagram 
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Figure 6. 
Memory 
Architecture 
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Table 11. MAP168 
Pin Assignments 44-pin CLDCC Package 

44-pin PLDCC Package 
44-pad CLLCC Package 

Pin No. x8 x16 
1 GND BHE 
2 WENpp WENpp 
3 eSI/A2D eSI/A2D 
4 es07 liD,s 
5 es06 1/0'4 
6 esos 1/013 

7 es04 1/0'2 
8 es03 1/011 

9 es02 1/010 

10 eso, I/0g 

11 esoo liDs 
12 GND GND 
13 FeSO FeSO 
14 1/07 1/07 

15 1/06 1/06 

16 1105 1105 
17 1104 1/04 
18 1/03 1/03 

19 1/02 1/02 
20 liD, liD, 
21 1100 1100 
22 DE DE 
23 AD AD 
24 A, A, 
25 A2 A2 
26 A3 A3 
27 A4 A4 
28 As As 
29 A6 A6 
30 A7 A7 
31 As As 
32 Ag Ag 
33 A'D A'D 
34 GND GND 
35 A11 A11 
36 A'2 A'2 
37 A'3 A'3 
38 A'4 A'4 
39 A,s A,s 
40 A'6 A'6 
41 A'7 A'7 
42 A,s A,s 
43 A,g A,g 
44 Vee Vee 
WE and BHE are for SRAM functions. 

3-14 
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Table 12. MAP168 
Pin Assignments 44-pin CPGA Package 

Pin No. x8 x16 
As GNO BHE 
A. WENpp WENpp 

B. CSI/A20 CSI/~o 

A3 CS07 1/0,s 
B3 CSOs 1/°'4 
A2 CSOs 1/°'3 
B2 CS04 1/°,2 
B, CS03 11O" 
C2 CS02 1/0 10 

C, CSO, I/0g 

O2 CSOo I/0s 
0, GNO GNO 
E, FCSO FCSO 

E2 1/°7 1/°7 

F, I/Os I/Os 
F2 I/0s I/0s 
G, 1/°4 I/0. • G2 1/°3 1/°3 
H2 1/°2 1/°2 
G3 11O, I/O, 

H3 1/°0 1/°0 

G. OE OE 

H. Ao Ao 
Hs A, A, 
Gs A2 A2 
Hs A3 A3 
G6 A. A4 
H7 As As 
G7 As As 
Gs A7 A7 
F7 As As 
Fs Ag Ag 
E7 A,o A,o 
Es GNO GNO 

Os A" A" 
07 A'2 A'2 
Cs A'3 A'3 
C7 A,. A,. 
Bs A,s A,s 
B7 A'6 A,s 
A7 A'7 A'7 
B6 A,s A,s 
As A,g A,g 
Bs Vee Vee 

-------------------------------",AP:-------------------------------rgetEF4I 
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Figure 7. 
Pin Assignments 
Programming 

Erasure 

System 
Development 
Tools 
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TOP (THROUGH PACKAGE) VIEW 

Upon delivery from WSI or after each 
erasure (see Erasure section), the MAP168 
device has all bits in the PAD and EPROM in 
the "one" or high state. Zeros are loaded 
through the procedure of programming. 

To clear all locations of their programmed 
contents, expose the device to an 
ultra-violet light source. A dosage of 
15W-second/cm2 is required. This dosage 
can be obtained with exposure to a 
wavelength of 2537 A and intensity of 
12000~W/cm2 for 15 to 20 minutes. The 
device should be about one inch from the 
source and all filters should be removed 
from the UV light source prior to erasure. 

MAP168 System Development Tools are a 
complete set of PC-based development 
tools. Installed on an IBM PC or compatible 
computer, these tools provide an integrated, 
easy-to-use software and hardware environ­
ment to support MAP168 device develop-

1737 07 

Information for programming the device is 
available directly from WSI. Please contact 
your local sales representative. 

The MAP168 device and similar devices will 
erase with light sources having wavelengths 
shorter than 4000A. Although erasure times 
will be much longer than with UV sources at 
2537A, the exposure to fluorescent light and 
sunlight will eventually erase the device; for 
maximum system reliability, these sources 
should be avoided. If used in such an envi­
ronment, the package windows should be 
covered by an opaque label or substance. 

men!. The tools run on an IBM-XT, AT, or 
compatible computer running MS-DOS 
version 3.1 or later. The system must be 
equipped with 640K bytes of RAM and a hard 
disk. 

---------------------------------------~~~--------------------------------------
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System 
Development 
Tools (Con't) 

Figure 8. MAP168 
Development 
Cycle 

Hardware 
The MAP168 System Programming Hard­
ware consists of: 

o WS6000 MagicPro Memory and PSD 
Programmer 

o WS6014 44-pin LCC Package Adaptor 
(for 44-pin CLLCC, CLDCC, and PLDCC 
packages) 

o WS6015 44-pin CPGA Package Adaptor 

The MagicPro Programmer is the common 
hardware platform for programming all WSI 
programmable products. It consists of the 
IBM-PC plug-in Programmer Board and the 
Remote Socket Adaptor Unit. 

MAP168 

Software 
The MAP168 System Development Software 
consists of the following: 

o WISPER Software-PSD Software 
Environment 

o MAPLE Software-MAP168 Location 
Editor 

o MAPPRO Software-Device Program-
ming Software 

The configuration of the MAP168 device is 
entered using MAPLE software. MAPRO 
software configures MAP168 devices by 
using the MagicPro programmer and the 
socket adaptor. The programmed MAP168 is 
then ready to be used. The development 
cycle is depicted in Figure 8. 

IBM PC PLATFORM ,-------, 
I 

Menu Selection 

Conti uration Data I 
MAPLE 

DISK 
Pro rammin Data I 

MAPRO 

MagicPro Hardware 
1737 08 

-------------------------------~~~------------------------------
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System 
Development 
Tools (Con't) 

Ordering 
Information 

Support 
WSI provides a complete set of quality 
support services to registered System 
Development Tools owners. These support 
services include the following: 

o 12-month Software Updates. 

o Hotline to WSI Application Experts­
For direct design assistance. 

o 24-Hour Electronic Bulletin Board­
For design assistance via dial-up 
modem. 

MAPt68 Speed Package 
Part Number (ns) Type 
MAP168-45J 45 44-pin PLDCC 
MAP168-45L 45 44-pin CLDCC 
MAP168-45X 45 44-pin CPGA 
MAP168-55C 55 44-pad CLLCC 
MAP168-55CI 55 44-pad CLLCC 
MAP168-55CM 55 44-pad CLLCC 
MAP168-55CMB 55 44-pad CLLCC 
MAP168-55J 55 44-pin PLOCC 
MAP168-55L 55 44-Pin CLDCC 
MAP168-55LM 55 44-Pin CLDCC 
MAP168-55LMB 55 44-pin CLDCC 
MAP168-55X 55 44-pin CPGA 
MAP168-55XI 55 44-pin CPGA 
MAP168-55XM 55 44-pin CPGA 
MAP168-55XMB 55 44-pin CPGA 

Training 
WSI provides in-depth, hands-on workshops 
for the MAP168 device and System Develop­
ment Tools. Workshop participants learn how 
to program their own high-performance, user­
configurable mappable memory subsystems. 
Workshops are held at the WSI facility in 
Fremont, California. 

Package Operating Manufacturing 
Drawing Temperature Procedure 
J2 Commercial Standard 
L4 Commercial Standard 
X2 Commercial Standard 
C3 Commercial Standard 
C3 Industrial Standard 
C3 Military Standard 
C3 Military MIL-STD-883C 
J2 Commercial Standard 
L4 Commercial Standard 
L4 Military Standard 
L4 Military MIL-STD-883C 
X2 Commercial Standard 
X2 Industrial Standard 
X2 Military Standard 
X2 Military MIL -STD-883C 

-----------------------------------1JfJfjF:----------------------------------­
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Ordering 
Information 

MAP168 

System Development Tools 

Part Number 
MAP168-GOLO 

MAP168-SILVER 

WS6000 

WS6014 

WS6015 

WSI-SUPPORT 

WSI-TRAINING 

Contents 
WISPER Software 
MAPLE Software 
User's Manual 
WSI-SUPPORT 
WS6000 MagicPro Programmer 

WISPER Software 
MAPLE Software 
User's Manual 
WSI-SUPPORT 

MagicPro Programmer 
IBM PC plug-in Adaptor Card 
Remote Socket Adaptor 

44-pin LCC Package Adaptor for 
44-pin CLLCC, CLOCC, and PLOCC Packages. 
Used with the WS6000 MagicPro Programmer. 

44-pin CPGA Package Adaptor. 
Used with the WS6000 MagicPro Programmer. 

Support Services including: 

Q 12-month Software Update Service 

Q Hotline to WSI Application Experts 

Q 24-hour access to WSI Electronic Bulletin Board 

Workshops at WSI, Fremont, CA. 
For details and scheduling, call PSO Marketing, (415) 656-5400. 

-----------------------------------r;jrJF§----------------------------------
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Memory 
Structure 

Figure 1. 
Memory 
Subsystem 
Using Standard 
Devices 

Programmable Peripheral 
Application Note 002 
Introduction to the MAP168 
User-Configurable Peripheral with Memor, 

Memory configurations in microprocessor and 
microcontroller systems have similar struc­
ture, irrespective of the application. (see 
Figure 1.) They share basic components, 
such as an EPROM (for program storage), 
and an SRAM (for data storage). In addition, 
a decoder circuit is required to select blocks 
of memory from the address inputs applied by 
the processor. A common implementation of 
address decoding originally used MSI building 

Address Bus 

Mlcro-
RDI----+ 

processor WR 1-__ + 

Data Bus 

Decode 
Logic and 
Jumpers 

80th solutions involve compromises that 
affect system performance, board space, 
power and cost. Since the decoder is in the 
memory access path, the total memory 
access time is the sum of the decoder delay 
and the access time of the memory itself. For 
example, a 40ns total access time can be 
achieved with a 12ns decoder and a 25ns 
memory. This allows 3ns for on-board inter­
connect delay. Memory products in the 25ns 

blocks, such as 74xx138 devices. Memory­
configuration changes and expansions in a 
fixed-logic solution required jumpers on the 
printed circuit board. More recently, decoders 
based on PAL® devices have provided a more 
compact and flexible solution. PAL devices 
allow configuration changes to be imple­
mented by insertion of a programmed device 
and avoid jumper changes. 

To Other Devices 
CSO 

1739 01 

range are expensive and therefore such a 
performance entails additional cost. To be 
able to integrate the' programmable address 
decoder with system memory, EPROM and 
static RAM would offer a more flexible 
approach. The resulting device would provide 
board-space economy, higher performance 
and less overall power consumption without 
the cost of a multichip solution. 
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MemlJry 
Structure 
(Cont.) 

Figure 2. 
Using the 
MAP168 

Features 
of the 
MAP168 

The WSI MAP168 user-configurable 
peripheral with memory has been devel­
oped to significantly enhance system 
performance by integrating high density 
EPROM for program store, high density 
SRAM for data store and high performance 
logic in the form of a Programmable 
Address Decoder (PAD) on one chip. (See 
Figure 2.) The MAP168 integrates 128K 
bits of EPROM and 32K bits of SRAM. It is 

ideally suited for a number of common 
design applications: 

Cl High-speed Digital Signal Processor 
applications (modems, analog data 
filtering or analysis) 

Cl Expanding memory systems for 
microprocessors and microcontrollers 

Cl Space- and power-sensitive applications 
(plug-in cards, avionics, portable 
systems) 

r---l---CA'"'dd7 re-s-s B""u-s -~ ADDRESS 
v 

RD 1---------1 OE r----- cso 
To Other Devices 

r----- eso WR 1---------1 WE 

/L--:O-Da-:-ta--;;B---:us--~ I/O 
L.". __ ---''''J~----=:'''''-'e=._-l/ V L--:-:~=-....J 
Microprocessor MAP168 1739 02 

The MAP168 offers significant design 
advantages through integration, 
performance and user-configurability. It 
integrates both volatile and non-volatile 
memory on the same chip, along with a 
flexible decoding system. The memory is 
structured as a series of blocks to achieve 
a highly configurable circuit for general 
purpose applications. The device operates 
in one of several modes, one of which is 
for normal operation and the rest are for 
device configuration. At the heart of all 
MAP168 device's is a Programmable 
Address Decoder (PAD), which is 
programmed during the PAD programming 
mode through the circuit's address and I/O 
pins. The PAD offers the following features: 

Cl Flexible EPROM/SRAM location within 
the address space 

Cl Memory array power-down when not 
being accessed 

Cl Secu rity protection of memory 
configuration data to inhibit copying 

Cl Integrated external device mapping 
through Chip Select Outputs 

Memory Architecture And Technology 
The memory in the MAP168 consists of 
non-volatile EPROM and volatile SRAM. 
(See Figure 3.) The EPROM is subdivided 
into 8 blocks and the SRAM into 2 blocks. 
The blocks may be configured in either a 
2Kx8 or a 1 Kx16 format, allowing optimal 
interaction with both 8- and 16-bit systems. 
These memory blocks can be considered 
as separate memories with dedicated 
internal chip selects. The PAD selects the 
appropriate block, decoded from the 
incoming address provided at the device 
inputs. This architecture enables the 
product to be configured and compatible 
with virtually any system address map. 
Complicated address maps of microcon­
troller systems can be fully realized by 
programming blocks of EPROM and SRAM 
in the memory-mapping scheme of the 
system. 

-------------------~~~------------------
=;=="'="_ IW 
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Features 
of the 
MAP168 
(Cont.) 

Figure 3. 
Internal 
Architecture 

In addition to having fine control of memory 
allocation, software updates which require 
changes in the address map boundaries can 
be easily accomplished by simply reprogram­
ming the PAD at the same time as the 
EPROM code. This means only one part 
need be sent to the end-product customer to 
accommodate field software changes. This 
becomes a user-transparent method that 
requires no change of PC board jumpers. 

The EPROM is based on WSl's patented 
split-gate EPROM technology for high density 
and very high speed. It is also used in the 
reconfigurable PAD section, permitting both 

MAP168 

PGMH 
f----~PGM 

EOEH 
OE 

PGML 

EOEL 

DECODED SRAM 

MAP168 - Application Note 002 

fast decode and reconfiguration of the 
same device. The MAP168 contains a 
128K-bit UV erasable EPROM which can be 
organized as 16Kx8 (byte-wide) or as 8Kx16 
(word-wide) . 

The SRAM is based on the industry standard 
full CMOS 6-transistor cell. The advantages 
of this cell are high speed, very low stand-by 
power, high noise immunity and good data 
retention when disturbed by alpha particles. 
In the MAP168 device, the SRAM contains 
32K bits which can be configured as 4Kx8 in 
the byte mode or 2Kx16 in the word-wide 
mode. 
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Features 
of the 
MAP168 
(Cont.) 

Figure 4. 
PAD 
Programming 
Examples 

PAD Logic Implementation 
The PAD uses the same non-volatile EPROM 
cells as the EPROM array. (See Figure 4.) It 
can be erased and configured at the same 
time as the EPROM. After UV erase or with 
new parts, the EPROM cells in the MAP168 
device normally connect between the address 
inputs and the select outputs. The EPROM 
cells are disconnected by selective program­
ming. 

The PAD performs as an address 
comparator. When the address configuration 
previously programmed into the PAD is 
detected, the internal chip-select signal to the 
memory block selected by that address is 
enabled. If no block is selected by the 
address, neither the EPROM nor the SRAM 
arrays are enabled and other devices may 
drive the data bus. Independent of internal 
block selection, external chip-select decoding 
(known as CSOs) are programmable in the 
same block resolution as the internal 
memory. 

Actual implementation of the PAD is similar to 
that of a PAL device. (See Figure 5.) In the 
erased state, all the block decode addresses 
are connected to the AND plane. There is 
only one output per AND gate and there is no 
OR plane. Each AND gate output either 
selects a block of internal memory or a 
number of blocks of external memory for the 
external CSOs. Only addresses A,,-A2o are 

used as block decode address. Lower-order 
address lines are used only for addressing 
within the internal memory arrays. 

EPROM select outputs ESo-ES7 (ES outputs) 
select 1 of the 8 available EPROM blocks. 
SRAM select outputs RSo-RS, (RS outputs) 
select one of the 2 available SRAM blocks. 
Because only one EPROM or SRAM block 
can be active at a particular time, only one 
line from either ESo-ES7 or RSo-RS, is 
allowed to be active at one time. The CSOs 
are independent of the ES and RS outputs 
and therefore anyone address can be 
programmed to select one or more of the 
CSOs, even simultaneous to the selection of 
one of the ES or RS outputs. This is particu­
larly useful for I/O control or address decode 
for wait state generation. 

Programming the decoder is similar to 
programming a PAL device that has only one 
product term (AND gate) per output. To 
enable an output S, as shown in Figure 4, 
~se loc~ions A" and A'2 are left intact while 
A" and A'2 are programmed. Conversely, if 
A" and A'2 are programmed while their com­
plements are left intact, then the select S 
function is active when A" = A'2 = O. If all 
fuse locations are programmed on a product 
term, the inputs are pulled HIGH and no 
select output can take place. If all fuse 
locations are left intact, the S output is 
permanently LOW, always selected. 

S, = A" A,2 

S2= A
"

A;2 

S3 = HARD DESELECTED = NEVER SELECTED 

S5 = DONT CARE = ALWAYS SELECTED 

• = CONNECTED 

X = DISCONNECTED 

1739 04 
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Features 
of the 
MAP168 
(Cont.) 

Figure 5. 
PAD Array 
Architecture 

Device Array Power-Down 
Power dissipation on the chip is minimized 
through logic in the PAD. It selectively 
powers up the EPROM or SRAM arrays only 
when they are being accessed. If the 
EPROM is selected through the decoder, it 
will draw power while the SRAM stays 
powered down and vice versa. When neither 
the EPROM or the SRAM is selected, both 
are powered down. Note that data integrity in 
a "powered down" SRAM is maintained. A 
Chip Select Input (CSI) to the device is 

-
/\'9 /\17 A'6 CSI A'9 A,S A,S A'7 A'6 A'5 

IA 20 

CSI/A20 

MAP168 - Application Note 002 

provided for a very low-power quiescent 
mode. With CSI=1 , the EPROM and SRAM 
are powered down but the PAD is powered 
up, independent of the incoming address 
signals. The CSI input pin can be connected 
to a system power-down signal. If such a 
signal is unavailable, addressing a location in 
memory that does not select either the 
EPROM or the SRAM also reduces power 
drain. In this case, only the PAD is powered 
up and draws a small fraction of the active 
power. 

ESO 

ES, 

ES2 

ES3 

ES • 

ES5 

ES6 

ES7 

RSo 

RS , 

CSOo 

cso, 

cso2 

cso3 

CSO. 

cso5 

CS06 

CS07 

FCSO 

A'5 1\" A, • A'3 A'3 1\'2 A'2 A" A" 
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Features 
of the 
MAP168 
(Cont.) 

Systems 
Applications 

The CSI/A20 input is actually a dual function 
pin. It can be an address (MSB) input, or it 
can be programmed to be a chip select input 
as well. As a chip select input, it will enable 
the EPROM and SRAM memory when active. 
(LOW). If the address option A20 is chosen the 
chip is always enabled. 

Address Map Security 

Upon entering the PAD programming 
mode, the contents of the PAD are fully 
accessible through the 1/0 pins. 'After 
programming is completed, it is possible to 
render the PADs programmed configuration 
invisible by programming the security 
(SEC) bit. This disables external access to 
the PAD and ensures that the PAD 
configuration can not be copied. To further 
aid in securing data in the MAP168, it is 
suggested that memory blocks that are 
addressed in a linear block placement be 
programmed in the PAD as chip selects 
from product terms that are randomly placed. 

Chip Select Outputs 
The MAP168 device can be user-configured 
for 8-bit or 16-bit systems. In the former case, 
eight unused data lines (CSOO_7) are available 
as chip select outputs, driven by the address 
decoder section of the PAD. This provides the 

The MAP168 device is designed to reduce 
memory access time and board area utiliza­
tion in high performance digital signal proces­
sor, microcontroller and microprocessor 
systems. These systems typically have the 
following requirements: 

o 16-bit data path 

o 64K to 1 Meg address space 

o Fast memory access time (1 OOns to 
40ns) 

o Decoding for 1/0 and memory 

o Printed circuit board area limitations 

o Multiple types of memory, including 
EPROMs and SRAMs for program and 
data store. 

The DSP System Architecture shown in 
Figure 6 illustrates a typical system based 

ability to integrate external devices into the 
address map with no hardware overhead. 
Unlike the internal memory blocks, a CSO 
can be active for more than one address 
combination or block. Also, groups of blocks 
may overlap both each other and the internal 
memory. By deselecting both the true and the 
complement it is possible to make an address 
line "don't care". 

An external memory can therefore be se­
lected with only one CSO. It is possible to 
enable another external 128K byte memory 
by programming a single CSO to be active for 
that entire address range. 

A CSO can be programmed to function as a 
configuration bit which is always deselected 
(e.g., CSOo=:1) or always selected (e.g., 
CSOo=O) by programming the addresses with 
"hard deselect" or with the "don't care" 
patterns, respectively. This is similar in 
function to a PC-board wire jumper. If unused 
CSOs are programmed with all addresses 
"don't care", then switching is eliminated and 
power consumption reduced for those lines. 

Since the PAD is always powered up when 
the device is selected (CSI=O), CSOs are 
always active and their state is a direct 
function of the PAD configuration and current 
address line inputs. 

upon a 40MHz TMS320C25 digital signal 
processor. Such a system allows only 40ns 
for memory access time. The access time 
must be broken down into decoding time 
and memory-access time. The fastest 
decoders available today require 
approximately 1 Ons to complete their 
decode function. Due to this decoding time, 
memory access time for both the EPROM 
and SRAM must be 30ns or less. The 
MAP168 performs decoding on-chip 
with no speed penalty. As a result, the 
performance of a 45ns MAP168 device in 
the above example is equivalent to a 10ns 
decoder and a 35ns EPROM and SRAM 
memory. In addition, the package 
equivalent of two fast EPROMs, two fast 
SRAMs and at least one decoder are 
combined into one MAP168 chip resulting 
in at least a 5-to-1 component count 
reduction. 

-------------------------------------~~~------------------------------------
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Applications 
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Figure 6. 
DSPSystem 
Architecture 

Figure 1. 
TMS320C25 
Interfacing 
xt6 Configuration 

High-Speed, Word-Oriented Application 
The MAP168 device is especially suited for 
high-speed word-only microprocessors. The 
TMS320C20/25 OSP family is an example of 
such a microprocessor. Interfacing the 
MAP168 device to a TMS320C25 operating 
at 40MHz with no wait states is illustrated in 
Figure 7. The TMS320C25 has two pins for 
selecting Program Memory (PS) and Oata 

. 
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Memory (OS). These functions are con­
nected to the higher order address of the 
MAP168 device. PS is connected to AlB 

and OS is connected to All" Usually PS will 
select the EPROM and OS will select the 
SRAM. The PAO permits partitioning of the 
MAP168 memory to accommodate virtually 
any system address map. Figure 8 shows 
two possibilities. 
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FigureS. 
Memory 
Mapping with 
MAP 

When in a word-wide (x16) configuration, the 
total memory available on the MAP168 device 
is 8Kx16 of EPROM and 2Kx16 of SRAM. 
The implementation shown in Figure 7 
replaces at least five circuits: 

o One high-speed decoder (10ns) 

o Two 8Kx8 EPROMs (30ns) 

o Two 2Kx8 SRAMs (30ns) 

If the system was previously implemented 
using a boot EPROM, the MAP168 device 
replaces ten circuits: 

o One high-speed decoder (1 Ons) 

o Two 8Kx8 EPROMs (30ns) 

o Two 2Kx8 SRAMs (30ns) 

o Two 8Kx8 slow EPROMs 

o Three ICs for Wait-State generation 

a. Contiguous Mapping 

For expanded memory requirements in a 
word-wide (x16) configuration, two MAP168 
devices can be interfaced directly with a 
TMS320C25, as shown in Figure 9. The two 
MAP168 devices provide the total system 
memory. Key features of this system are: 

o 40ns access time 

o 16Kx16 EPROM 

o 4Kx16 EPROM 

o 16 general purpose programmable chip 
selects 

The general-purpose programmable chip 
select outputs can be mapped to any location 
in the address space via the PAD. These chip 
selects can be used to access 110 ports, 
select additional memory or control other 
system functions. 

b. Split Mapping 1739 08 

-------------------------------------~~~------------------------------------
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Microcontrol/er 
Application 

Figure 9. 
DSPwith 
Expanded 
Memory 

The MAP168 device has two basic configura­
tions. They are a word-wide (x16) configura­
tion with byte operation capability and a byte­
wide (x8) configuration with 8 chip select 
outputs. 

The 128K address space (during byte opera­
tions in the word-wide mode) makes the 
MAP168 device especially suited for micro­
controller applications. Figure 10 illustrates a 

PS 
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Ao-A'5 
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Do-D,s V-

STRS -- READY RNi -

MAP168 - Application Note 002 

simple interconnection of the MAP168 device 
to a microcontroller. The HPC16040 operat­
ing without wait states requires a memory 
access time of 65ns or better. This makes the 
MAP168 device a good fit, since it offers an 
access time of 45ns, leaving a 20ns margin. 

The MAP168 device can be configured in a 
byte-wide (x8) mode and can also be 
doubled-up with a second device. 
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MAP168 
Development 
Support 

Figure 10. 
Microcontrol/er 
Interfacing 
x16 Configuration 

Embedded Controller Application 
An embedded controller is an intelligent 
section of logic, usually based around a 
processor, dedicated to a particular task and 
is not accessible for software alteration by the 
user. Such applications are generally com­
plex and are becoming more common in 
system design. Typically, embedded control­
lers are high performance systems designed 
under severe space/power constraints. On 
the other hand, they have a limited ability to 
be upgraded and limited program memory. 
This makes them ideal candidates for the 
MAP168 implementation. The MAP168 has 
the following key features which are useful 
in such an application: 

o 1 M address space decoding 

o 45ns access time 

o Byte operations in word-wide mode 
(BHE) 

WSI provides the development environ­
ment needed to program the MAP168. A 
menu-driven software package known as 
MAPLE is available under the WISPER top­
level software. It operates on the popular 
IBM-PC® as a platform and includes exten­
sive documentation on installation and 
operation. It generates configuration files 

Microcontroller 
(HPC16000, 
8096, .'c.) 

vee READY 

A D- 15 

ALE 

BHE 

o One output chip select when in the word­
wide mode (FCSO) 

o Nine output chip selects when in the byte-
wide mode 

o Programmable Address Decoder (PAD) 

A popular processor for embedded applica­
tions, due largely to its extensive software 
library and development support, wide 
availability of compatible peripherals and low 
cost from volume production is the 80186 
from Intel. Figure 11 shows how a MAP168 
device can be interfaced to an 80186. 

The UCS (Upper Chip Select) is connected to 
CSI/A2D on the MAP168 device. The PAD is 
programmed to locate a 1 Kx16 EPROM slot 
in the upper memory address space for a 
reset subroutine. The rest of the memory can 
be located as required by the user. Figure 12 
shows one possibility. 

for use by the programming tools. These 
programming tools include the MagicPro ™ 
programmer hardware and the MAP PRO 
software. They enable the user to program 
the PAD and the EPROM. For additional 
information, consult your nearest WSI sales 
representative. 

Memory 
Configuration 
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Figure 11. 
Interfacing To 
An 80186 
x16 Configuration 

Figure 12. 
Optional Memory 
Mapping For An 
80186 
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Bulletin 
Board 

Access Line 

Main Commands 

Programmable Peripheral 
Electronic Bulletin Board 

WSI provides a 24-hour electronic bulletin 
board system that provides the user with 
the latest information on software updates, 
enhancements, and applications relating to 
WSI products. In addition, users 
developing applications software for WSI 
products can send portions of their code 
to WSI for application's consultation if desired. 

To access the bulletin board, dial 

(510) 498-1002 

and wait for the modem tone. When your 
modem establishes a connection, enter 
<return> <return> to signal the bulletin 
board software. The board should respond: 

WSI Customer Engineering Support 
Electronic Bulletin Board Service 

M)sg-Section 
Choose this option to leave messages. 

F)ile-Section 
Choose this option to download or upload 
data files and/or utility programs 

B)ulletins 
Choose this option to see the latest 
important news such as software versions 
and programming tips for WSI Memory 
and PSD products. 

S)tatistics 
This option describes the current bulletin 
board statistics 

C)hange 
Choose this option to change operational 
settings that the bulletin board maintains 
for your user name. 

P)age-Operator 
Choose this to page the operator for 
assistance. It is not likely that the operator 
will be available during West Coast U.S. 
non-business hours. 

EF====E 

The following hardware is required to use 
the WSI bulletin board: 

r:J Computer Terminal 

r:J 300, 1200, 2400 Baud Modem 

r:J 8 Data Bits 

r:J No Parity 

r:J 1 Stop Bit 

followed by some other messages, after 
which you will be asked for your name, 
and a password. Upon initial use, follow 
the on-screen prompts for establishing 
your password. 

Now that you have entered the bulletin 
board service, you will be given a choice 
of "MAIN" commands: 

L)ist-Callers 
Choose this option to see who else is 
using the board at this moment. 

A)ns-Questionnaire 
Choose this option to answer a user 
profile questionnaire. 

V)ersion 
Describes the board software version. 

6)oodbye 
Choose this to leave the bulletin board. 

See the individual software manuals for 
more detailed explanation and usage of 
the bulletin board. 

-------------------------------------r~ ~~------------------------------------
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Description 

MAPLE 

MAPPRO 

WS6000 
MagicPro™ 
Programmer 

WS6014 
Socket 
Adaptor 

Programmable Peripherals 
PSD-Gold/PSD-Silver 
Development System 
PSD3XX/MAP168 

PSD-Gold/PSD-Silver is a complete set of 
IBM-PC-based development tools. They 
provide the integrated easy-to-use environ­
ment to support PSD3XX family and 
MAP168 program development and device 
programming. 

MAPLE is the Locator Editor. It has the 
following features: 

o Simple Menu Driven Commands for 
selecting different configurations of the 

PSD3XX/MAP168 
- Byte wide or word wide operation. 
- Address or Chip Select Input (CSI) 

Mode. 

- PAD security option. 

MAPPRO is the interface software that 
enables the user to program a PSD3XX or 
MAP168 device on the WS6000 
MagicPro™ programmer. The MAPPRO 
enables the user to load the program into 
the programmer and to execute the 
following operations. 

o Help 

o Upload RAM from MAP 

o Load RAM from disk 

The wS6000 MagicPro Programmer is an 
engineering development tool designed to 
program all WSI programmable products 
(EPROMs, RPROMs, PAC1000, MAP168, 
PSD3XX family and SAM448). It is used 
within the IBM-PC and compatible 
environment. The MagicPro consists of a 
short plug-in board and a Remote Socket 

The WS60 14 is a socket adaptor that 
mounts on the MagicPro RSA and adapts 
the MAP168 in 44-in CLDCC, PLDCC or 
CLLCC packages to the programmer. 

The tools run on an IBM-PC XT, AT or 
compatible computer running MS-DOS 
version 3.1 or later. 

o Generating the PAD programming data 

that maps the EPROM, SRAM and Chip 
Selects Outputs to the user's address 

space. 

o Combining all the different files to be 
programmed into the EPROM 

segments. 

o Write RAM to FILE 

o Display MAP data 

o Blank test MAP 

o Verify MAP 

o Program MAP 

o Configuration 

o Quit 

Adaptor (RSA). It occupies a short expan­
sion slot in the PC. The RSA has two ZIF­
DIP sockets that will support WSl's 24, 28, 
32 and 40 pin standard 600 mil or slim 300 
mil DIP packages without adaptors. Other 
packages are supported using adaptors. 
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PSD-GDId/Sllver 

PSD-GDld 

CDntents o MAPLE-MAP Locator editor. 

o MAPPRO 
Interface software to MAP168 device 
programmer (MagicPro TM) 

o Software user's manual 

o WSI-Support agreement 

o WS6000 MagicPro Programmer 

o A Socket Adaptor and Two 
Product Samples 

----------------------------------,-, ... ---------------------------------Will 4-4 



PSO-Silver 

CDntents o MAPLE-MAP Locator editor. 

o MAPPRO 

Interface software to MAP168 device 
programmer (MagicPro TM) 

PSD-GDldlSllnl 

o Software user's manual 

o WSI-SUPPORT agreement. 

-----------------------------~Jrl----------------------------
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PSD-Gold/Silver 

WS6015 
Socket 
Adaptor 

WS6020 
Socket 
Adaptor 

WS6021 
Socket 
Adaptor 

WSI-Support 

Ordering 
Information 

The WS6015 is a socket adaptor that 
mounts on the MagicPro RSA and adapts 

The WS6020 is a socket adaptor that 
mounts on the MagicPro RSA and adapts 

The WS6021 is a socket adaptor that 
mounts on the MagicPro RSA and adapts 

WSI provides on-going support for users 
of PSO-Gold/Silver. For the first year, 
software and programmer updates are 
included at no charge. After that, the user 

Product 

the PS03XX or MAP168 in a 44-pin PGA 
package to the programmer. 

the PS03XX in a 52-pin PQFP package to 
the programmer. 

the PS03XX in a 44 pin CLOCC or PLOCC 
package to the programmer. 

may purchase the WSI-Support agreement 
to continue to receive the latest software 
releases. 

Description 

PSO-Silver Contains PS03XX and MAP168 Software (MAPLE-MAP and 
MAPPRO), Software User's Manual, WSI-Support. 

PSO-Gold Contains PSO-Silver, WS6000 MagicPro Programmer, a Socket 
Adaptor and Two Product Samples, WSI-Support. 

WSI-Support 12-Month Software Update Service, Access to WSI's 24-Hour 
Electronic Bulletin Board, and Hotline to WSI System Application 
Experts. 

-------------------------------'I;AF:-------------------------------4-6 'IiNfi •• 



Key Features 

General 
Description 

WS6DDD 
MagicPro™ Memory and Programmable 
Peripheral Programmer 

o Programs All WSI CMOS Memory and 

and Programmable Peripheral Products 
and All Future Programmable Products 

o Programs 24, 28, 32 and 40 Pin 

Standard 600 Mil or Slim 300 Mil Dip 

Packages without Adaptors 

MagicPro is an engineering 
development tool designed to program 
existing WSI EPROMs, RPROMs, 
Programmable Peripherals, and future WSI 
programmable products. It is used within 
the IBM-PC® and compatible computers. 
The MagicPro is meant to bridge the gap 
betweeen the introduction of a new WSI 
programmable product and the availability 
of programming support from programmer 
manufacturers (e.g., Data 1/0, etc.). The 
MagicPro programmer and accompanying 
software enable quick programming of 
newly released WSI programmable 

o Programs LCC, PGA and OFP 

Packaged Product by Using Adaptors 

o Easy-to-Use Menu-Driven Software 

o Compatible with IBM PC/XT/AT 
Family of Computers (and True 

Plug-Compatible 

products, thus accelerating the system 
design process. 

The MagicPro plug-in board is integrated 
easily into the IBM-PC. It occupies a short 
expansion slot and its software requires 
only 256K bytes of computer memory. The 
two external ZIF-Dip sockets in the Remote 
Socket Adaptor (RSA) support 24, 28, 32 
and 40 pin standard 600 mil or slim 300 
mil Dip packages without adaptors. LCC, 
PGA and OFP packages are supported 
using adaptors. 

4-7 
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WS6000 

General 
Description 
(Cont.) 

MagicPro 
Commands 

Technical 
Information 

Many features of the MagicPro 
Programmer show its capabilities in 
supporting WSI's future products. Some of 
these are: 

o 24 to 40 pin JEDEC Dip Pinouts 

o 1 Meg Address Space 

(20 address lines) 

o 16 Data I/O Lines 

o Help 

o Upload RAM from Device 
o Load RAM from Disk 

o Write RAM to Disk 
o Display ,RAM Data 
o EditRAM 

o Move/Copy RAM 

o Size: 
IBM-PC Short Length Card 

o Port Address Location: 
1 OOH to 1 FFH- default 140H (if a 
conflict exists with this address space, 
the address location can be changed 
in software and with the switches on 
the plug-in board.) 

o System Memory Requirements: 
256K Bytes of RAM 

o Power: 
+ 5 Volts, 0.03 Amp; + 12 Volts, 
0.04 Amp 

The MagicPro menu driven software 
makes using different features of the 
MagicPro an easy task. Software updates 
are done via floppy disk which eliminates 
the need for adding a new memory device 
for system upgrading. Please call 
800-TEAM-WSI for information regarding 
programming WSI products not 
listed herein. The MagicPro reads Intel 
Hex format for use with assemblers and 
compilers. 

0 Fill RAM 

0 Blank Test Device 

0 Verify Device 
0 Program Device 

0 Select Device 

0 Configuration 

0 Quit MagicPro 

o Remote Socket Adaptor (RSA): 
The RSA contains two ZIF-Dip sockets 
that are used to program and read WSI 
programmable products. The 32 pin 
ZIF-Dip socket supports 24, 28 and 32 
pin standard 600 mil or slim 300 mil 
Dip packaged product. The 40 pin 
ZIF-Dip socket supports all 40 pin Dip 
packages. Adaptor sockets are 
available for LCC, PGA and QFP 
packages. 

------------------------~Jr;.------------------------
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Ordering 
Information 

WS6000 

The WS6000 MagicPIO Systems Contains: 
o MagicPro IBM-PC Plug-in Programmer Board 

o MagicPro Remote Socket Adaptor and Cable 

o MagicPro Operating System Floppy Disk and Operating Manual 

The WS6000 MagicPro Adaptors Include: 
0 WS6001 28-Pin CLLCC Package 

Adaptor for Memory. 

0 WS6008 28-Pin 0.3" Wide Dip Adaptor 

for SAM448 

0 WS6009 28-Pin PLDCC/CLDCCI 
CLLCC Package Adaptor for SAM448 

0 WS6010 88-Pin PGA Package Adaptor 
for PAC1000 

0 WS6012 32-Pin CLDCC Package 

Adaptor for Memory 

0 WS6013 1 ~O-Pin OFP Package 
Adaptor for PAC1000 

MagicPro™ is a trademark of WaferScale Integration, Inc. 
IBM-PC® is a registered trademark of IBM Corporation. 

0 WS6014 44-Pin CLDCC/PLDCC 
Package Adaptor for MAP168 

0 WS6015 44-Pin PGA Package Adaptor 
for MAP168 and PSD3XX 

0 WS6016 44-Pin CLDCC/PLDCC 
Package Adaptor for Memory 

0 WS6020 52-Pin POFP Package 
Adaptor for PSD3XX 

0 WS6021 44-Pin CLDCC/PLDCC 

Package Adaptor for PSD3XX 

rJ1if-~ 
-----------------------------------~~I-----------------------------------

4-9 

• 



~4-~10~-------------------~Jr;-----------------------



Package Information • 



Section Index 

Package 
Information ...................... ...................................................................................................................................... 5-1 

For additional information, 
ca/l800-TEAM-WSI (800-832-6974). 

In California, Ca/l 800-562-6363. 



Programmable Peripherals 
Package Information 

Drawing C3 44 Pad Ceramic lead/ess Chip Carrier (CllCC) 
(Package Type C) 

3 2 1 44 l liB 

E E3 E2 

1-----o----J~I -I A 1- 1 __ --03---

1----- 02 -----I C3b Rev. 3 

Family: Ceramic Leadless Chip Carrier 
Millimeters Inches 

Symbol Min Max Notes Min Max Notes 
A 2.41 3.30 0.095 0.130 
A1 1.47 2.03 0.058 0.080 
B 0.46 Typical Oia. 0.018 Typical Dia. 
81 0.56 0.71 0.022 0.028 
D 16.26 16.81 0.640 0.662 
D2 13.97 Typical 0.550 Typical 
D3 12.70 Reference 0.500 Reference 
E 16.36 16.81 0.640 0.662 
E2 13.97 Typical 0.550 Typical 
E3 12.70 Reference 0.500 Reference 
e1 1.27 Reference 0.050 Reference 
N 44 44 

C3, C3b 
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Package Information 

Drawing J2 44 Pin Plastic Leaded Chip Carrier (PLoCC) 
(Package Type J) 

A1 A2 A 

Family: Plastic Leaded Chip Carrier 
Millimeters 

Symbol Min Max Notes Min 
A 4.19 4.57 0.165 
A1 2.54 2.79 0.100 
A2 3.76 3.96 0.148 
8 0.33 0.53 0.013 
81 0.66 0.81 0.026 
C 0.246 0.262 0.0097 
D 17.40 17.65 0.685 
D1 16.51 16.61 0.650 
D2 14.99 16.00 0.590 
D3 12.70 Reference 0.500 
E 17.40 17.65 0.685 
E1 16.51 16.61 0.650 
E2 14.99 16.00 0.590 
E3 12.70 Reference 0.500 
e1 1.27 Reference 0.050 
N 44 44 

Inches 
Max Notes 
0.180 
0.110 
0.156 
0.021 
0.032 
0.0103 
0.695 
0.654 
0.630 

Reference 
0.695 
0.654 
0.630 

Reference 
Reference 

_______________________________ r •• jF.· ____________________________ __ "",..,. 
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Drawing L4 44 Pin Ceramic Leaded Chip Carrier (CLDCC) with Window 
(Package Type L) 

, ... 1-------- 0 

----01 
3 2 1 44 

~~ 

~ 

f 
A1 

E 

t 
t 

A2 
t 

f 
A 

Family: Ceramic Leaded Chip Carrier-CERQUAD 
Millimeters Inches 

Symbol Min Max Notes Min Max 
A 3.94 4.57 0.155 0.180 
A1 2.29 2.92 0.095 0.115 
A2 3.05 3.68 0.120 0.145 
8 0.43 0.53 0.017 0.021 
81 0.66 0.81 0.026 0.032 
C 0.15 0.25 0.006 0.010 
D 17.40 17.65 0.685 0.695 
D1 16.31 16.66 0.642 0.656 
D2 14.99 16.00 0.590 0.630 
D3 12.70 Reference 0.500 
E 17.40 17.65 0.685 0.695 
E1 16.31 16.66 0.642 0.656 
E2 14.99 16.00 0.590 0.630 
E3 12.70 Reference 0.500 
e1 1.27 Reference 0.050 
N 44 44 

Package Information 

Notes 

Reference 

Reference 
Reference 

fJlI-~ 
-----------------~~I-------------------
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Package InformatiaR 

Drawing Q2 52 Pin Plastic Quad Flatpack (PQFP) 

.. 'I 'I 
I I 

1 0, ill 2 
3 Index 

Mark 

E3 E1 E 

W 
~II A2 A1 A 

~ JLB e1 

Rev. 6 

Family: Plastic Quad Flatpack 
Millimeters Inches 

Symbol Min Max Notes Min Max Notes 
a 00 80 00 80 

A 2.55 3.05 0.100 0.120 
A1 0.00 0.25 0.000 0.010 
A2 2.55 2.80 0.100 0.110 
B 0.35 0.50 0.014 0.020 
C 0.13 0.23 0.005 0.009 
D 17.65 18.15 0.695 0.715 
D1 13.95 14.05 0.549 0.553 
D3 12.00 Reference 0.472 Reference 
E 17.65 18.15 0.695 0.715 
E1 13.95 14.05 0.549 0.553 
E3 12.00 Reference 0.472 Reference 
e1 1.00 Reference 0.0394 Reference 
L 0.65 0.95 0.026 0.037 
N 52 52 

".,E -------------------------------..,.,;------------------------------
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Drawing X2 44 Pin Ceramic PGA 

A2-11-,...-----------, -- r A1 
81 
+ 

Package Information 

876 543 2 

@@@@@ A 
@~@@@@~@8 

@@ @@c 
E2 @@ @@o 

@@ @@E 
@@ @@F 
~@@@@~ G 

@@@@@ H 
e1 _ Standoff 

I~.---- 02 ----+j Pins, 
4 Places 

Rev. 6 

Family: Ceramic Pin Grid Array Package 
Millimeters Inches 

Symbol Min I Max Notes Min I Max Notes 
A 3.81 I 4.83 0.150 I 0.190 
A1 1.27 Typical 0.050 Typical 

A2 1.78 I 2.29 0.070 I 0.090 
8 0.41 I 0.51 Diameter 0.016 i 0.020 Diameter 
81 1.19 Typical Dia. 0.047 TYQical Dia. 
D 21.21 I 21.97 0.835 I 0.865 
D2 17.78 Reference 0.700 Reference 

E 21.21 I 21.97 0.835 I 0.865 
E2 17.78 Reference 0.700 Reference 
e1 2.54 Reference 0.100 Reference 

L 3.30 Typical 0.130 Typical 
N 44 44 

f.,.· 
----------------~.,,---------------
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Domestic ALABAMA GEORGIA MISSOURI Giesting & Associates 

Representatives Rep. Inc. Rep. Inc. John G. Macke Company Columbus 

Huntsville Tucker SI. Louis Tel: (614) 459-4800 

Tel: (205) 881-9270 Tel: (404) 938-4358 Tel: (314) 432-2830 Fax: (614) 459-4801 

Fax: (205) 882-6692 Tax: (404) 938-0194 Fax: (314) 432-1456 OKLAHOMA 

ARIZONA ILLINOIS NEW JERSEY West Associates 

Summit Sales Victory Sales Metro Logic Corp. Tulsa 

Scottsdale Hoffman Estates (AT&T only) Tel: (918) 665-3465 

Tel: (602) 998-4850 Tel: (708) 490-0300 Fairfield Fax: (918) 663-1762 

Fax: (602) 998-5274 Telex: 206248 Tel: (201) 575-5585 OREGON 

CALIFORNIA 
Fax: (708) 490-1499 Fax: (201) 575-8023 

Thorson Company 

Bager Electronics, Inc. INDIANA Strategic Sales, Inc. Northwest 
Teaneck Portland Fountain Valley Giesting & Associates Tel: (201) 833-0099 Tel: (503) 293-9001 Tel: (714) 957-3367 Carmel 

Fax: (714) 546-2654 Tel: (317) 844-5222 
Fax: (201) 833-0061 Fax: (503) 293-9007 

Bager Electronics, Inc. Fax: (317) 844-5861 S.J. Associates, Inc. PENNSYLVANIA 
MI. Laurel, NJ 08084 

Woodland Hills IOWA Tel: (609) 866-1234 Giesting & Associates 
Tel: (818) 712-0011 

Gassner & Clark Co. Fax: (609) 866-8627 Pittsburgh 
Fax: (818) 712-0160 

Cedar Rapids Tel: (412) 828-3553 
Earle Assoc., Inc. Tel: (319) 393-5763 

NEW MEXICO Fax: (412) 828-6160 
San Diego Twx: 62950087 S & S Technologies Metro Logic Corp. 
Tel: (619) 278-5441 Fax: (319) 393-5799 Albuquerque (AT&T only) 
Fax: (619) 278-5443 Tel: (505) 298-7177 Fairfield, NJ 
I Squared, Inc. 

KANSAS/NEBRASKA Fax: (505) 298-2004 Tel: (201) 575-5585 
Santa Clara C. Logsdon & Assoc. NEW YORK Fax: (201) 575-8023 
Tel: (408) 988-3400 Prairie Village 

Strategic Sales, Inc. S.J. Associates, Inc. 
Fax: (408) 988-2079 Tel: (913) 381-3833 MI. Laurel, NJ 08084 

Fax: (913) 381-9774 New York City 
Tel: (609) 866-1234 CANADA Tel: (201) 833-0099 

Intelatech, Inc. 
KENTUCKY Fax: (201) 833-0061 Fax: (609) 866-8627 

Mississauga Giesting & Associates Tri-Tech Electronics, Inc. PUERTO RICO 
Tel: (416) 629-0082 Versailles East Rochester OXi of Florida, Inc 
Fax: (416) 629-1795 Tel: (606) 873-2330 Tel: (716) 385-6500 Fort Lauderdale 

COLORADO 
Fax: (606) 873-6233 Twx: 62934993 Tel: (305) 978-0120 

MARYLANDNIRGINIA Fax: (716) 385-7655 Fax: (305) 972-1408 
Waugaman Associates, Inc. 

New Era Sales, Inc. Tri-Tech Electronics, Inc. TENNESSEE Wheat Ridge Fayetteville 
Tel: (303) 423-1020 Severna Park 

Tel: (315) 446-2881 Rep. Inc. 
Fax: (303) 467-3095 Tel: (410) 544-4100 

Twx: 7105410604 Jefferson City 

CONNECTICUT 
Fax: (410) 544-6092 

Fax: (315) 446-3047 Tel: (615) 475-9012 

Advanced Tech Sales 
MASSACHUSETTS Tri-Tech Electronics, Inc. 

Fax: (615) 475-6340 

• Wallingford Advanced Tech Sales, Inc. Fishkill TEXAS 
Tel: (203) 284-0838 North Reading Tel: (914) 897-5611 West Associates 
Fax: (203) 284-8232 Tel: (508) 664-0888 Twx: 62906505 Austin 

Fax: (508) 664-5503 Fax: (914) 897-5611 Tel: (512) 343-1199 FLORIDA 
MICHIGAN NORTH CAROLINA Fax: (512) 343-1922 

OXi of Florida, Inc. 
Giesting & Associates Rep, Inc. Fort Lauderdale West Associates 

Tel: (305) 978-0120 Comstock Park Morrisville 
Tel: (616) 784-9437 Tel: (919) 469-9997 Houston 

Fax: (305) 972-1408 
Fax: (616) 784-9438 Fax: (919) 481-3879 Tel: (713) 621-5983 

OXi of Florida, Inc. 
Giesting & Associates OHIO 

Fax: (713) 621-5895 
Orlando 

Livonia West Associates 
Tel: (407) 872-2321 

Tel: (313) 478-8106 
Giesting & Associates Richardson 

Fax: (407) 321-2098 Cincinnati Tel: (214) 680-2800 
OXi of Florida, Inc. 

Fax: (313) 477-6908 Tel: (513) 385-1105 Fax: (214) 699-0330 
SI. Petersburg MINNESOTA Fax: (513) 385-5069 

Tel: (813) 894-4556 OHMS Technology, Inc. Giesting & Associates 
Fax: (813) 894-3989 Edina Cleveland 

Tel: (612) 932-2920 Tel: (216) 261-9705 
Fax: (612) 932-2918 Fax: (216) 261-5624 
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Sales Representatives and Distributors 

Domestic UTAH WASHINGTON WISCONSIN 

Representatives Utah Component Thorson Company Victory Sales 
Sales Inc. Northwest Milwaukee (Cont.) Midvale Bellevue Tel: (414) 789-5770 

Tel: (801) 561-5099 Tel: (206) 455-9180 Fax: (414) 789-5760 
Fax: (801) 561-6016 Twx: 9104432300 

Fax: (206) 455-9185 OHMS Technology, Inc. 
Edina, MN 
Tel: (612) 932-2920 
Fax: (612) 932-2918 

Domestic ALABAMA Insight COLORADO Arrow/Schweber 

Distributors Arrow/Schweber Irvine Arrow/Schweber AT&T DOES Center 

Huntsville Tel: (714) 727-3291 Englewood Tel: (908) 949-7621 

Tel: (205) 837-6955 Insight Tel: (303) 799-0258 Fax: (201) 984-8908 

Fax: (205) 721-1581 Sunnyvale Fax: (303) 799-0730 Marsh Electronics 

Time Electronics Tel: (408) 720-9222 Insight Schaumburg 

Huntsville Time Electronics Aurora Tel: (708) 240-9290 

Tel: (205) 721-1133 Anaheim Tel: (303) 693-4256 Time Electronics 

ARIZONA 
Tel: (714) 669-0100 Time Electronics Schaumburg 

Time Electronics Englewood Tel: (708) 303-3000 
Arrow/Schweber 

Chatsworth Tel: (303) 799-8851 INDIANA Tempe 
Tel: (818) 998-7200 Wyle Laboratories Tel: (602) 431-0030 Arrow/Schweber 

Fax: (602) 431-9555 Time Electronics Thornton Indianapolis 

Insight San Diego Tel: (303) 457-9953 Tel: (317) 299-2071 

Tempe 
Tel: (619) 578-2500 

CONNECTICUT Fax: (317) 299-2379 

Tel: (602) 829-1800 Time Electronics 
Arrow/Schweber Time Electronics 

Insight Sunnyvale 
Wallingford Tel: (800) 331-5114 

Tucson Tel: (408) 734-9888 
Tel: (203) 265-7741 IOWA 

Tel: (602) 792-1800 Time Electronics Fax: (203) 265-7988 
Torrance Arrow/Schweber 

Time Electronics 
Tel: (213) 320-0880 Time Electronics Cedar Rapids 

Tempe Tel: (203) 271-3200 Tel: (319) 395-7230 
Tel: (602) 967-2000 Wyle Laboratories 

FLORIDA Fax: (319) 395-0185 
Santa Clara Wyle Laboratories 
Tel: (408) 727-2500 Arrow/Schweber Time Electronics 

Phoenix Tel: (800) 325-9085 
Tel: (602) 437-2088 Wyle Laboratories Deerfield Beach 

Rancho Cordova Tel: (305) 429-8200 KANSAS 
CALIFORNIA Tel: (916) 638-5282 Fax: (305) 428-3991 

Arrow/Schweber 
Arrow/Schweber Wyle Laboratories Arrow/Schweber Lenexa 
Calabasas Irvine Lake Mary Tel: (913) 541-9542 
Tel: (818) 880-9686 Tel: (714) 863-9953 Tel: (407) 333-9300 Fax: (913) 541-0328 
Arrow/Schweber Wyle Laboratories Time Electronics Time Electronics 
San Diego Irvine (Military Div.) Tel: (305) 484-7778 Tel: (800) 325-9085 
Tel: (619) 565-4800 Tel: (714) 851-9953 Time Electronics 

KENTUCKY Arrow/Schweber Wyle Laboratories Orlando 
San Jose Calabasas Tel: (407) 841-6565 Time Electronics 
Tel: (408) 441-9700 Tel: (818) 880-9000 Vantage Components 

Tel: (800) 331-5114 

Arrow/Schweber Wyle Laboratories Altamonte Springs MARYLAND 
San Jose San Diego Tel: (407) 682-1199 
Tel: (408) 432-7171 Tel: (619) 565-9171 Arrow/Schweber 

Vantage Components Columbia 
Arrow/Schweber 

CANADA Deerfield Beach Tel: (301) 596-7800 
Tustin Tel: (305) 429-1001 Fax: (301) 596-7821 
Tel: (714) 838-5422 Arrow/Schweber 

Bu rnaby, B. C. GEORGIA TIme Electronics 
FIX Electronics 

Tel: (604) 421-2333 Baltimore 
Calabasas Arrow/Schweber 

Tel: (301) 964-3090 
Tel: (818) 591-9220 Arrow/Schweber Duluth 

FIX Electronics Dorval, Quebec Tei: (404) 497-1300 Vantage Components 
Tel: (514) 421-7411 Columbia 

Mission Viejo Time Electronics 
Tel: (301) 720-5100 

Tel: (714) 457-0298 Arrow/Schweber Tel: (404) 448-4448 
or: (301) 621-8555 

Insight 
Mississauga, Ontario 

ILLINOIS Tel: (416) 670-7769 
San Diego 

Arrow/Schweber Tel: (619) 587-1100 Arrow/Schweber 
Itasca 

Insight 
Nepean, Ontario 

Tel: (708) 250-0500 
Westlake Village Tel: (613) 226-6903 

Tel: (818) 707-2101 
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Sales Representatives and Distributors 

Domestic MASSACHUSETTS Time Electronics OREGON Time Electronics 

Distributors Arrow/Schweber N, New Jersey Almac/Arrow Electronics Houston 

Wilmington 
Tel: (201) 882-4611 Beaverton Tel: (713) 530-0800 

(Cont.) Tel: (508) 658-0900 Vantage Components Tel: (503) 629-8090 Time Electronics 

Port Electronics Clifton Fax: (503) 645-0611 Richardson 

Tyngsboro 
Tel: (201) 777-4100 

Insight 
Tel: (214) 241-7441 

Tel: (508) 649-4880 NEW MEXICO Portland Wyle Laboratories 

Time Electronics 
Tel: (503) 644-3300 Austin 

Insight Tel: (512) 345-8853 Peabody Tel: (505) 823-1800 Time Electronics 
Tel: (508) 532-9900 Portland Wyle Laboratories 

Wyle Laboratories 
NEW YORK Tel: (503) 684-3780 Houston 

Burlington Arrow/Schweber Wyle Laboratories Tel: (713) 879-9953 

Tel: (617) 272-7300 Melville (Headquarters) Beaverton Wyle Laboratories 
Tel: (516) 391-1300 Tel: (503) 643-7900 Richardson 

MICHIGAN Tel: (214) 235-9953 Arrow/Schweber PENNSYLVANIA 
Arrow/Schweber Hauppauge UTAH Livonia Arrow/Schweber 
Tel: (313) 462-2290 

Tel: (516) 231-1000 
Pittsburgh (Sales Office) Arrow/Schweber 

Fax: (313) 462-2686 
Fax: (516) 231-1072 

Tel: (412) 963-6807 Salt Lake City 
Arrow/Schweber Fax: (412) 963-1573 Tel: (801) 973-6913 Time Electronics Rochester Fax: (801) 972-0200 Tel: (800) 331-5114 Tel: (716) 427-0300 Time Electronics 

Philadelphia Time Electronics 
MINNESOTA Fax: (716) 427-0735 

Tel: (215) 337-0900 West Valley 
Arrow/Schweber Time Electronics 

Time Electronics Tel: (801) 973-8181 
Eden Prairie Hauppauge (NYC) 

Pittsburgh Wyle Laboratories 
Tel: (612) 941-5280 Tel: (516) 273-0100 

Tel: (800) 331-5114 West Valley 
Fax: (612) 941-9405 Time Electronics 

Time Electronics Tel: (801) 974-9953 
Arrow/Schweber East Syracuse 

Marlton, NJ 
Eden Prairie Tel: (315) 432-0355 

Tel: (609) 596-6700 
WASHINGTON 

Tel: (612) 941-1506 Time Electronics Almac/ Arrow Electronics 
Fax: (612) 943-2086 Rochester SOUTH DAKOTA Bellevue 

MISSOURI 
Tel: (716) 383-8853 Time Electronics Tel: (206) 643-9992 

Vantage Components Tel: (800) 331-5114 Fax: (206) 643-9709 
Arrow/Schweber Smithtown Almac/Arrow Electronics 
St Louis Tel: (516) 543-2000 

TEXAS 
Spokane 

Tel: (314) 567-6888 Arrow/Schweber Tel: (509) 924-9500 
Fax: (314) 567-1164 NORTH CAROLINA Austin Fax: (509) 928-6096 
Time Electronics Arrow/Schweber Tel: (512) 835-4180 

Insight 
Manchester Raleigh Fax: (512) 832-9875 

Kirkland 
Tel: (314) 391-6444 Tel: (919) 876-3132 Arrow/Schweber Tel: (206) 820-8100 

NEBRASKA 
Fax: (919) 878-9517 Carrollton 

Time Electronics 
Time Electronics Tel: (214) 380-6464 

Redmond Time Electronics Tel: (800) 833-8235 Fax: (214) 248-7208 
Tel: (206) 882-1600 Tel: (800) 325-9085 

NORTH DAKOTA Arrow/Schweber 
Wyle Laboratories 

NEW JERSEY Houston 
Redmond 

Arrow/Schweber 
Time Electronics Tel: (713) 530-4700 

Tel: (206) 881-1150 
AT&T DOES Center 

Tel: (800) 331-5114 Fax: (713) 568-8518 

Tel: (908) 949-7627 OHIO Insight WISCONSIN 

Fax: (201) 984-8708 
Arrow/Schweber 

Austin Arrow/Schweber 

Arrow/Schweber Solon 
Tel: (512) 467-0800 Brookfield II Holmdel Tel: (216) 248-3990 Insight Tel: (414) 792-0150 

Tel: (908) 949-4700 Fax: (216) 248-1106 Ft Worth Fax: (414) 792-0156 

Fax: (908) 949-4035 
Arrow/Schweber 

Tel: (817) 338-0800 Marsh Electronics 

Arrow/Schweber Centerville Insight Milwaukee 

Marlton Tel: (513) 435-5563 Houston Tel: (414) 475-6000 

Tel: (609) 596-8000 Fax: (513) 435-2049 Tel: (713) 448-0800 Time Electronics 
Fax: (609) 596-9632 

Time Electronics Insight Tel: (800) 331-5114 

Arrow/Schweber Columbus Richardson 
Pine Brook Tel: (614) 761-1100 Tel: (214) 783-0800 
Tel: (201) 227-7880 

OKLAHOMA Time Electronics 
Fax: (201) 227-2064 Austin 
Time Electronics Arrow/Schweber Tel: (512) 339-3051 
Marlton Tulsa 
Tel: (609) 596-6700 Tel: (918) 252-7537 

Fax: (918) 254-0917 
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Sales Representatives and Distributors 

International 
Distributors 

WSI Direct 
Sales Offices 

AUSTRALIA 
GEC/George Brown 
Rydalmare, N.S.W. 
Tel: 61-2-638-t888 
Fax: 61-2-638-1798 

AUSTRIA 
Eljapex 
Eitnergasse 6 
A-1232 Wein 
Tel: (43) 222-86-15-31 
Fax: (43) 222-86-15-31-200 

BELGIUM, LUX 
D&D Electronics bvba 
Antwerp 
Tel: 32-38277934 
Fax: 32-38287254 

DENMARK 
C-88 A/S 
101 Kokkedallndustripark 
DK-2980 Kokkedal 
Tel: 45-42-24-48-88 
Fax: 45-42-24-48-89 

BRITISH ISLES 
Micro Call, ltd. 
Thame, Oxon OX9 3XD 
Tel: 44-84-426-1939 
Fax: 44-84-426-1678 

FINLAND 
OY ComdaxAB 
SF-00210 Helsingfors 
Tel: 358-067-02-77 
Tlx: 857125876 
Fax: 358-06922326 

FRANCE 
A2M 
B.P.89 
78152 LE CHESNAY 
CEDEX 
Tel: 33 (1) 39-54-91-13 
Tlx: 698376F 
Fax: 33 (1) 39-54-30-61 

REGIONAL SALES 
Northeast 
Stow, MA 
Tel: (508) 685-6101 
Fax: (508) 685-6105 

Midwest 
Hoffman Estates, IL 
Tel: (708) 882-1893 
Fax: (708) 882-1881 

Southwest 
Irvine, CA 
Tel: (714) 753-1180 
Fax: (714) 753-1179 

=' == .., .:== ~ 47280 Kato Road 
I' == II=: ==-- Fremont, CA 94538 
I' ~ .=til .=tII.=tII Tel: (510) 656-5400 
="'=' =-= Fax: (510) 657-5916 

Corporate 
Headquarters 
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Microel 
BP3 
91941 Les Ulis 
CEDEX 
Tel: 33 (1) 69-07-08-24 
Tlx: 692493F 
Fax: 33 (1) 69-07-17-23 

GERMANY 
Jermyn GmbH 
6250 Limburg 
Tel: (06) 431-5080 
Fax: (06) 431-508289 

Scantec GmbH 
D-33 Planegg 
Tel: (089) 859-8021 
Tlx: 5213219 
Fax: (089) 857-6574 

Topas Electronic GmbH 
3000 Hannover 1 
Tel: (0511) 13-12 -17 
Tlx: 9218176 
Fax: (0511) 13-12-16 

HOLLAND 
Arcobel bv 
Griekenweg 25 
5342 Px OSS 
Tel: 31-4120-30335 
Fax: 31-4120-30635 

HONG KONG 
CET, ltd. 
Tel: 852-520-0922 
Fax: 852-865-0639 

INDIA 
Pamir Electronics Corp. 
400 West Lancaster 
Devon, PA 19333 USA 
Tel: 215-688-5299 
Fax: 215-688-5382 
Tlx: 210656 Pamir UR 

Mid-Atlantic 
Trevose, PA 
Tel: (215) 638-9617 
Fax: (215) 638-7326 

Southeast 
Dallas, TX 
Tel: (214) 680-0077 
Fax: (214) 680-0280 

Northwest 
Fremont, CA 
Tel: (510) 656-5400 
Telex: 289255 
Fax: (510) 657-5916 

ISRAEL 
Vectronics 
60 Medinat Hayehudim St. 
P.O. Box 2024 
Herzlia B 46120, Israel 
Tel: 972-52-556070 
Tlx: 922342579 
Fax: 972-52-556508 

ITALY 
Comprel s.p.a. 
20092 Cinisello B. 
Milano 
Tel: (02) 6120641/5 
Tlx: 332484 COMPRL 
Fax: (02) 6128158 

JAPAN 
Internix, Inc. 
Shinjuku Hamada 

Bldg. 7-4-7 
Nishi-Shinjuku, Shinjuku-Ku 
Tokyo 160 
Tel: 813-3-369-1105 
Fax: 813-3-363-8486 

Kyocera Corporation 
Setagaya-ku, Tokyo 
Tel: 813-3-708-3111 
Tlx: 7812466091 
Fax: 813-3-708-3864 

Nippon Imex Corporation 
Setagaya-ku, Tokyo 
Tel: 813-3-321-8000 
Tlx: 78123444 
Fax: 813-3-325-0021 

KOREA 
Eastern Electronics, Inc. 
Kangnam-Ku, Seoul 
Tel: 82-2-553-2997 
Tlx: 78727381 
Fax: 82-2-553-2998 

NORWAY 
Nortec Electronics A/S 
Postbox 123 
N-1364 Hvalstad 
Tel: 2-84-62-10 
Fax: 2-84-65-45 

EUROPE SALES 
WSI- France 
2 voie LA CARDON 
91126 PALAISEAU 
CEDEX, France 
Tel: 33 (1) 69-32-01-20 
Fax: 33 (1) 69-32-02-19 

WSI-Germany 
c/o B&RS 
Rosenstrasse 7 
8000 Munich 2, Germany 
Tel: (49) 89.23.11.38.49 
Fax: (49) 89.23.11.38.11 

PORTUGAL 
ATD Electronica, Lda. 
Rua Faria de 
Vasconcelos, 3-A 
1900 Lisboa 
Tel: 3511-847-2200 
Fax: 3511-847-2197 

SINGAPORE 
Westech Electronics 
Singapore 1334 
Tel: 65-743-6355 
Tlx: RS 55070 
WESTEC 
Fax: 65-746-1396 

SPAIN 
Sagitron 
Corazon de Maria 80 
28002 Madrid 
Tel: 416-92-61 
Tlx: 43819 
Fax: 415-86-52 

SWEDEN 
Nortec Electronics A/B 
Box 1830 
S-171 27 Solna 
Tel: 8-7051800 
Fax: 8-836918 

SWITZERLAND 
Eljapex 
Hardstr.72 
CH - 5430 Wettingen 
Tel: (41) 56-27-57-77 
Fax: (41) 56-26-14-86 

Laser & Electronic 
Equipment 

8053 Zurich 
Tel: 41 (1) 55-33-30 
Fax: 41 (1) 55-34-58 

TAIWAN 
Ally, Inc. 
Taipei 
Tel: 886-2-788-6270 
Fax: 886-2-786-3550 

ASIA SALES 
WSI - Asia, ltd. 
1006 C.C. Wu Bldg. 
302-308 Hennessy Road 
Wan Chai, Hong Kong 
Tel: 852-575-0112 
Fax: 852-893-0678 
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LIFE SUPPORT POLICY: 
WaferScale Integration, Inc. (WSI) products are not authorized for use as critical components in life support systems or devices without the express 
written approval of the President of WSI. As used herein: 

A) Life support devices or systems are devices or systems which 1) are intended for surgical implant into the body, or 2) support or sustain life 
and whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected 
to result in a significant injury or death to the user, 

B) A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the 
failure of the life support device or system or to affect its safety or effectiveness. 

Information furnished herein by WaferScale Integration, Inc. (WSI) is believed to be accurate and reliable. However, no responsibility is assumed 
for its use. WSI makes no representation that the use of its products or the interconnection of its Circuits, as described herein, will not infringe 
on existing patent rights. No patent liability shall be incurred by WSI for use of the circuits or devices described herein. WSI does not assume 
any responsibility for use of any circuitry described, no circuit patent rights or licenses are granted or implied, and WSI reserves the right without 
commitment, at any time without notice, to change said circuitry or specifications. The performance characteristics listed in this book result from 
specific tests, correlated testing, guard banding, design and other practices common to the industry. Information contained herein supersedes 
previously published specifications. Contact your WSI sales representative for specific testing details or latest information. 

Products in this book may be covered by one or more of the following patents. Additional patents are pending. 

U.S.A: 4,328,565; 4,361,847; 4,409,723; 4,639,893; 4,649,520; 4,795,719; 4,763,184; 4,758,869; 
5,006,974; 5,016,216; 5,014,097; 5,021,847; 5,034,786 

West Germany: 3,103,160 
Japan: 1,279,100 
England: 2,073,484; 2,073,487 

MagicPro,M is a trademark of WaferScale Integration, Inc. 
IBM and IBM Personal Computer are registered trademarks of International Business Machines Corporation. 

Copyright © 1991 WaferScale Integration, Inc. All Rights Reserved. 

Patents Pending 

Rev. 1.4 
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47280 Kato Road 

Fremont, California 94538-7333 

Phone: 510/656-5400 

Fax: 510/657-5916 

TELEX: 289255 

800/ TEAM-WSI (800/832-6974) 

In California 800/562-6363 
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