




























































































































































































































































































































































































































































































PAC1000 - Application Note 010 

Applications 
Programs 

The depth of the microcontrol store is 1K 
of 64-bit wide words. One 64-bit instruction 
is executed on each clock cycle. The 
instruction word is subdivided into three 
commands: an output control command, a 
command to the processor section and a 
next address command to the microcoded 
memory. Figure 1a shows the Instruction 
Register with its contents of control, output 
and CPU commands. The control unit will 
also respond to condition code inputs and 
interrupts. An example of output control 
and response to condition codes is in a 
handshake loop. The output stimulus can 
be to set one of the control outputs 

OC[15:0j and wait for a response to a 
condition code input CC[7:0j. Under 
program control a conditional JUMP to a 
location could result if the bit tested were 
set. Otherwise linear programming could 
continue. 

The first applications program below 
demonstrates the use of condition code 
zero CCO to test for a start condition. 
When the input is LOW, the program loops 
continually testing ceo. When the host 
raises ceo, the program performs a 
double precision addition. The sum is 
available at the data output register DOR. 

segment pacdesOl : 

1* PROGRAM TO PERFORM DOUBLE PRECISION ADDITION ON THE REGISTER*I 
1* CONTENTS OF Rl,RO: R3,R2 THE CARRY OF THE LEAST SIGNIFICANT *1 
1* WORD ADDITION IS CONTAINED IN THE CP REGISTER AND IS USED IN*I 
1* THE SECOND HALF OF THE 32 BIT ADDITION. *1 
1* 

HOLD: JMPNC 

RO := 
Rl := 
R2 := 
R'"' .j := 

PIN FUNCTIONAL DESIGNATIONS. 
INPUTS. 

CCO - ACTIVE HIGH - START 32-BIT ADDITION 
ICS ACTIVE LOW - PAC1000 CHIP SELECT 

HAD[5:0] - INPUTS TO SELECT DOR REGISTER FROM *1 
HOST INTERFACE *1 

*1 

CCO HOLD : I*WAIT FOR START CONDITION *1 

H'F830' I*LOAD REGISTERS WITH DATA 'llel 
W982F' I*RO AND R2 CONTAIN THE *1 
H'A309' l*LEAST SIGNIFICANT WORD OF *1 
H'4500' /-lHHE 32 BIT LONG WORD AND ,*1 

I*Rl AND R' 'j CONTAIN THE MOST*I 
I*SIGNIFICANT WORD 

R5 : = Rl ; 
R4 := RO : 
DOR := RO := RO + R2 
Rl := RI + R3 + CP 

I*LOAD DOR REGISTER*I 

*1 

LOOPI: JMPNC DOR LOOP1 : 1* WAIT FOR HOST TO READ DOR *1 

DOR := RI 1* LOAD MOST SIG WORD INTO DOR *1 

LOOP2: JMPNC DOR LOOP2 1* WAIT FOR HOST TO READ DATA *1 

FIN: JMP HOLD ; I*END OF THE CYCLE*/ 

end : 

�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�~�:�:�r�~�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-
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The program adds the contents of RO and 
R2, then R1 and R3 and the CARRY bit. 
In the next design example, double 
precision subtraction is performed and this 
time the CY flag will hold the borrow bit. 
This design example is more practical than 
the example above because instead of 
performing arithmetic on fixed values the 
register file may be loaded from a source. 
The configuration of the PAC1000 is in the 
peripheral mode and data is loaded into 
the FIFO. CCO is monitored and, when 
active, is a signal to the PAC1000 that data 
has been loaded. The FIFO is unloaded 

PAC1000 - Application Note 010 

into the registers by the series of 
instructions: 

FOR 3 ; I*EXECUTE THE LOOP 
FOUR TIMES"' 

RDFIFO ; I*UNPACK DATA FROM 
THE FIFO"' 

ENDFOR ; I*END THE FORLOOP "' 

This section of the program performs a 
read operation on the FIFO four times. In 
any FORLOOP N, where N is an integer 
value, the number of times the loop is 
executed is N + 1 times. 

segment pacdes02 ; 

I*PROGRAM TO PERFORM DOUBLE PRECISION SUBTRACTION ON REGISTER *1 
I*CONTENTS R1, RO ; R3. R2 THE BORROW FLAG IS CONTAINED IN THE *1 
I*CP REGISTER DURING THE SECOND HALF OF A 32-BIT SUBTRACTION *1 

PIN FUNCTIONAL DESIGNATIONS 
INPUTS 

CCO - ACTIVE HIGH 
ICS - ACTIVE LOW 
IWR - ACTIVE LOW 
IRD - ACTIVE LOW 
HAD[5:0] - INPUTS 

START PROGRAM 
- PACI000 CHIP SELECT *1 
- FIFO WRITE *1 
- READ A REGISTER FROM HOST INTERFACE*I 
TO SELECT A REGISTER FROM THE HOST *1 

INTERFACE *1 
HD(15: 0] - DATA INPUTS TO FIFO THROUGH HOST INTERFACE *1 

HOLD: JMPNC 
FOR 3 
RDFIFO 
ENDFOR 

CCO HOLD ; 

R5 : = Rl : 
R4 : = RO ; 

I*WAIT FOR START CONDITION EMPTY -+1 
I*THE FOUR LOCATIONS OF THE FIFO *1 
I*LOADED THROUGH THE HOST INTERFACE *1 
I*SECTION OF THE PACI000 *1 

I*SAVE Rl CONTENTS IN R5*1 
I*SAVE RO CONTENTS IN R4*1 

DOR := RO := RO 
R1 := Rl - R3 -

- R2 
CP ; 

I*SUBTRACT LSW PROPAGATE*I 
I*THE BORROW INTO THE CP*I 

DOR := RO 

LOOP1: JMPNC DOR LOOPl ; 

DOR := R1 

LOOP2: JMPNC DOR LOOP2 

JMP HOLD : 
end; 

I*LOAD DOR WITH MSW *1 

I*LOAD DOR WITH MSW 

I*END OF PROGRAM 

------------------------~Jr;-----------------------
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Applications 
Programs 
(Cont.) 

The next program shows a multiply routine. 
Although there is no dedicated multiplier 
in the PAC 1 000, multiplication can be 
achieved by shifting and adding. The MUL 
instruction is a MACRO command that is 
expanded when assembled into a loop of 
shift and add instructions. The RDFIFO 

segment odcdes03 : 

instruction is used to pass the data from 
the host to the PAC, which is configured 
as a peripheral. In the example the contents 
of RO and R1 are multiplied and the product 
is available in registers R1 and R2, where 
R2 contains the most significant word and 
R1 the least significant. 

HOLD: JMPNC CCO HOLD 
FOR 1 
RDFIFO 
ENDFOR 

I*~.JAIT FOR START CONDITION E!"IPTY*1 
I*THE TWO LOCATIONS OF THE FIFO *1 
I*LOADED THROUGH THE HOST INTER-*I 
I*-FACE SECTION OF THE PAC1000 *1 

MUL R2 Rl RO ~ 

DOR := R2 
LOOP1: Jt1PNC DOR LOOPl : 

I*REGISTER. THE PRODUCT IN THE *1 
I*DATA OUTPUT REGISTER *1 

SELF: 
end: 

DOR := Rl 
JMP HOLD : 

In the following example, the contents of 
registers R2 and R1 is divided by the 
contents of register RO. The most significant 
word of the 32-bit long word is held in 

segment pacdes04 ; 

l* 
I*END OF PROGRAM 

register R2 and the least significant 16 bits 
are stored in R1. The result of the divide 
operation leaves the quotient in the Q 
register and any remainder in register R2. 

HOLD: JMPNC CCO HOLD 
FOR 1 
RDFIFO 
ENDFOR 

I*WAIT FOR START CONDITION Ef1PTY*l 
I*THE Tt.JO LOCATIONS OF THE FIFO *l 
l*LOADED THROUGH THE HCSr INTER-*I 
I*-FACE SECTION OF THE PAClC:OO *l 

DIV R2 Rl RO : 
DOR := Q 

LOOP1: Jt1PNC DOR LOOPl ; 
DOR := R2 

SELF: JMP SELF ; 
end; 

The files generated so far can be entered 
into the assembler and two files 
<filename>.LlS and <filename>.OB may 
be generated as shown in Figure 5. The 
latter object file must be linked before the 
final object file is available for programming 
into the PAC1000's EPROM. The link 
program <filename>.ML performs this 
function and is shown below. 

load pacdes04 ; 
place pacdes04 ; 
end; 

This design example only used one 
program but many sub-modules may be 

linked together to form a single executable 
program. It is possible to simulate the 
design after linking. The necessary inputs 

I*OUTPUT THE RENAINDER*I 

I*OUTPUT THE QUOTIENT. */ 
l*END OF PROGRAM *1 

to the simulator are the <filename>.oBJ, 
<filename>.STL and <filename>.CMD. The 
latter two files are the input stimulus file 
and the input command file (see Figure 5). 
The stimulus file is used to drive inputs 
such as address, data and condition codes. 
The command file lists which signals 
should be traced for observation. Examples 
of the stimulus file and command file are 
given below. 

The command file shown below will instruct 
the simulator to set an output trace on the 
Current value of the Program Counter, 
CPC. The Condition Code zero input, the 
write, and the chip select lines are also 
traced. The simulator also enables a trace 
to be invoked on registers as well as input 

---------------------------------------f~=~.:-------------------------------------­
=-~=:: == 
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or output pins. The Q register is traced 
along with host data, loop counter, and 
registers RO, R1, and R2. The final trace is 
set on the host data output register. At the 
end of the stimulus file, the run instruction 

informs the simulator to run the driving 
signals for 140 cycles. The final instruction 
invokes a View Trace Waveform instruction, 
so the waveforms may be observed on the 
PC screen. 

OPEN STIMULUS PACDES04 
SET TRACE 
SET TRACE 
SET TRACE 
SEf TRACE 
SET TRACE 
SET TRACE 
SET TRACE 
SET TRACE 
SET TRACE 
SET TRACE 
SET TRACE 
SET TRACE 
OPEN TRACE 
F:UN 140 
V T W 

The stimulus file is used to apply active 
signals to inputs of the design. At specific 
time points conditions are established. For 
example the statement: 

.s ceo 0@1 1 @40 

means that the input condition code zero 

. S RESETB 0 @ 1 1 @ 2 ; 

.S CCO 0@1 1@40 : 

CPC 
CCO 
WRB 
CSB 
RDB 
Q 

HD 
LC 
FW 
Rl 
R2 
HDOR 

PACDES04 

ceo should become a logic state LOW at 
time point one and a logic HIGH condition 
40 cycles later. A three-state condition can 
be applied by typing the letter Z in place 
of logic '1' or '0.' The stimulus file is 
completed to drive all inputs and applied 
to the simulator during run time . 

.S WRB 1@1 0@2 1@8 0@12 1 @19 : 

.S CSB 1@1 O@2 1@9 O@11 1@18 0@120 1@129 0@131 1@139 

.S RDB 1@1 0@121 1@129 0@131 1@139 

.S HADO 0@1 1@10 0@24 : 

.S HADI O@l 

.S HAD2 0@1 

.S HAD3 0@1 

.S HAD4 0@1 

.S HAD5 0@1 
# WRITE A 7 INTO RO AND 31 INTO Rl 
.S HDO 0@1 1@10 Z@70 
.S HDI 1@1 Z@70 
.8 HD2 O@l 1@10 Z@70 
.S HD3 O@l 1@10 Z@70 
.S HD4 0@1 1@10 Z@70 
.. 8 HD5 0@1 Z@70 
.S HD6 0@1 Z@7(J 
.S HD7 0@1 ZIFO 
.S HD8 0@1 Z@70 
.. 5 HD9 (J@1 Z@70 
.S HDIO (J@1 Z@70 
.. S HDll 0@1 Z@70 
.S HD12 O@l Z@70 
.S HD13 O@l Z@70 
.S HD14 O@l Z@70 
.S HD15 0@1 Z@70 The comment field is denoted by a '#' sign. 

WJI 
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Case Statement 
Logic 

The ability of the PAC1000 to perform case 
statement logic has already been discussed 
but the following program excerpt illustrates 
how to encode the case statement. The 
program will execute when condition code 
7 is active high, then case group CGO is 
tested for one of sixteen possible states. 

segment pacdes05 ; 

CGO comprises CCO, CC1, CC2 and CC3. 
Sixteen registers are initialized and the 
output code is driven with zero. When CC7 
goes HIGH the CGO input is tested and 
the register contents that are equal to the 
state of the CGO input is transferred to the 
ADR outputs. 

1* illustrate the use of multiwav branching *1 

R(I := (I 
Rl :== 1 
F.:2 := 2 
F.:3 := 3 
R4 := 4 
R5 := 5 
R6 := 6 
R7 := 7 
R8 := 8 
R9 := 9 
RiO := 10 
Rl1 := 11 
R12 := 12 
R13 := 13 
F.:14 := 14 
R15 := 15 
~.;! ;!:....:. ,...,...~ 

~~, 

St>J ITCH CGO • 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 
CASE 

ENDSWITCH : 
NEXT : OUT 0 
ENDWHILE : 

(JUT h·FFFF' 
LOOPX 

0 • GoTD NEXT 
1 GOTo NEXT 
2 · GOTD NEXT 
3 · GOTo NEXT 
4 GOTO NEXT 
5 GOTI) NEXT 
6 GoTO NEXT 
7 GOTD NEXT 
8 GOTO NEXT 
9 GOTO NEXT 
iO GOlD NEXT 
11 GOTD NEXT 
12 GOTD NEXT 
13 GOTD NEXT 
14 GOTD NEXT 
15 GOTD NEXT 

GOTD LOOPX 
end ; 

ADR := RO 
AOR := Rl 
AoR := R2 
AoR := R3 
AoR := R4 
AoR := R5 
ADR := R6 
AOR := R7 
AOR := R8 
AOR := R9 

AOR := RiO 
i=lDR := Rll 
AOR := R12 
AOR := R13 
ADR := R14 
AOR := R15 

-------------------------------------~~jf------------------------------------
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Simple DMA 
Controller for 
Memory to 
Memory Transfer 

The software designs discussed so far 
have been based on arithmetic functions 
but an important feature of how to use the 
FIFO in the host interface section of the 
PAC1000 for the communication of data 
will enable the reader to develop ideas 
into more complex programs. The FIFO 
Output Ready flag is used in a loop to 
read the data into the registers. The output 
codes are used to create signals to control 
read, write, latch, output enable and bus 
acknowledge signals. A summary of these 
signals is given in Table 5 each time an 
instruction is executed. These signals are 
generated to accompany the memory 
addresses which control the DMA cycle. 

Figure 6a shows a generic system solution 
where the PAC1000 sits on the address 
and data bus of a microprocessor and 
memory interface. The PAC1000 is mapped 
into the system with a PLD decoder and 
an external latch is used to catch data on 
read and write cycles. It is possible to use 
the internal DIR and DOR for this purpose 
but a faster solution would use an external 

segment pacdes06; 

PAC1000 - Application Note 010 

component. Also, If the bus were greater 
than sixteen bits, an external latch would 
be required. This mode where data does 
not enter the PAC1000 device is called the 
'fly by' mode. 

Figure 6b shows the timing waveform 
derived from the program simulation. 
Active LOW WRB and CSB inputs to ADD1, 
ADD2 and ADD3 will write to the registers. 
The Source Address Register RO, the 
Destination Address Register R1 and the 
transfer counter R2 are all loaded through 
the FIFO. At time point 1, the registers 
become loaded. At time 2, CC7 is set 
HIGH to indicate transfer can commence. 
The response from the PAC1000 is an 
active LOW output from output control 
OC14 to inform the microprocessor that 
DMA activity is taking place. This occurs 
at time point 3. OC14 stays LOW during 
DMA activity but goes HIGH after the 
transfer is complete (at time point 4). 
Three transfers have taken place and the 
microprocessor is free to regain control of 
the bus. 

I*THE PROGRAM ILLUSTRATES A SIMPLE DMA DESIGN WHICH *1 
I*READS THE DATA FROM SUCCESSIVE MEMORY LOCATIONS *1 
I*ADDRESSED BY THE CURRENT CONTENTS OF RO THEN WRITES*I 
I*THAT DATA TO LOCATIONS ADDRESSED BY THE CONTENTS *1 
I*OF R1. BOTH REGISTERS ARE INCREMENTED AFTER THE *1 
I*READ/WRITE CYCLE. R2 IS A TRANSFER COUNTER THAT IS *1 
I*DECREMENTED AFTER EACH TRANSFER. WHEN R2 IS ZERO ~I 

I*ALL TRANSFER ACTIVITY CEASES AND A NEW DEVICE WAITS*I 
I*FOR A NEW DMA CYCLE. *1 

1* PIN FUNCTIONAL DESIGNATIONS. *1 
1* OUTPUTS. *1 

1* OC15 - LATCH ENABLE ••.•••••••• ACTIVE LOW. *1 
1* OC14 - BUS TAKEN •••••.•••••••• ACTIVE LOW. *1 
1* OC13 WRITE ENABLE ••••••••••• ACTIVE LOW. *1 
1* OC12 READ ENABLE •••.•..••••• ACTIVE LOW. *1 
1* OCll LATCH OUTPUT ENABLE •••• ACTIVE LOW. *1 
1* AOR - 16 BIT ADDRESS OUTPUT .• ACTIVE TRUE. *1 

1* INPUTS. *1 

1* CC7 ACTIVE HIGH - INITIATE DMA ACTIVITY. *1 
1* HD ACTIVE TRUE 16 DATA INPUTS. *1 
1* HAD ACTIVE TRUE - REGISTER ADDRESS INPUTS *1 
1* ICS ACTIVE LOW - PACI000 SELECT *1 
1* IWR ACTIVE LOW - WRITE TO PACI000 FIFO *1 
1* IRD - ACTIVE LOW READ NOT USED *1 

1* LIST OF EQUATES. *1 

READ equ H'AFFF' ; I *ACTI VE LOW READ. TRANSFER *1 
I*ENABLE.AND BUS BUSY */ ,,, ... 

~II 
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Figure 6a. 
PAC1000 as a 
Simple DMA 
Controller MICROPROCESSOR 
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Table 5. Output 
Condition 
Assignment 
Codes for the 
OMA Controller 
Application 

DC15 DC14 DC13 DC12 DCll DC10-DCO 
INIT 1 1 1 1 1 All High 

READ 1 0 1 0 1 All High 

OENBL 1 0 1 1 0 All High 

WRITE 1 0 1 0 0 All High 

ENBLE 1 0 1 1 1 All High 

LATCH 0 0 1 0 1 All High 

OC15 = Active Low Latch Command OC12 = Active Low Read Signal 
OC14 = Active Low DMA in Progress OC11 = Active Low Output Enable 
OC13 = Active Low Write Signal 

LATCH equ H'2FFF' : I*ACTIVE LOW READ. TRANSFER *1 
I*ENABLE,LATCH ENABLE,AND *1 
1* BUS BUSY *1 

oENBL equ H 'B7FF'. I*ACTIVE LOW TRANSFER ENABLE *1 
l*oUTPUT ENABLE.AND BUS *1 
1* BUSY *1 

WRITE equ W97FF' ; I*ACTIVE LOW WRITE, TRANSFER *i 
l*oUTPUT ENABLE.AND BUS *1 
1* BUSY *1 

INIT equ H'FFFF' • I*INITALIZE ALL OUTPUTS HIGH *1 
ENBLE equ H 'BFFF': I *ACTI VE LOW ENABLE TRANSFER *1 

I*SIGNAL,AND BUS BUSY *1 

PROGRAM START *1 

START: OUT INIT. 
LooP1: RESET ADoE 

I*INITALIZE OUTPUT CODES TO CCO-15*1 
i*SET THE ADDRESS BUFFERS INPUTS *1 

FOR 2 = I*SET READ FIFO LOOP TO 3 *1 
HoLDO: JMPNC FIOR HOLDO 

RDFIFo 
I*WAIT FOR ACTIVE FIoR FLAG *1 

ENDFoR : 
i*READ FIFO INTO THE REGISTER FILE*I 
i*ALL THREE WORDS READ END LOOP *1 

HOLD1: JMPNC CC7 HOLD1 
SET ADoE : 

I*ACTIVE CC7 BUSACK SIGNAL INPUT 
I*SET ADDRESS BUFFER AS OUTPUT 
I*FoR DMA CYCLES 

HALT: 
end: 

FOR, R2 := R2 • OUT ENBLE 
AOR := RO : 
RO := ++ RO • OUT READ; 
OUT LATCH : 
OUT READ : 
AoR : = R1; 
Rl := ++ Ri • OUT oENBL 
OUT WRITE 
OUT oENBL 
OUT ENBLE 
ENDFoR : 

GOTo LoOPl • OUT INIT 

:i*START DATA TRANSFERS 
l*oUTPUT SOURCE ADDRESS 
l*oUTPUT ACTIVE READ 

I*AND LATCH DATA ON READ 
I*HoLD READ LINE ACTIVE 
I*OUTPUT DESTINATION ADDRESS 
I*ENABLE LATCH OUTPUT 
I*PERFoRM WRITE CYCLE 
I*DISABLE WRITE BEFORE DE 
I*END OF SINGLE TRANSFER 
I*END OF TRANSFER CYCLE 

i*RETURN TO PROGRAM START 

!FEa -==63 

*1 
*1 
*1 

*1 
*1 
*1 
*i 
*1 
*1 
*1 
*i 
*1 
*i 
*1 

*1 

-----------------------------------~~I----------------------------------
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FIFO DRAM 
Controller 

The next PAC1000 design example 
illustrates how to use the device as a FIFO 
DRAM Controller. See Figure 7a for device 
implementation. 

If the DRAMs are 64K devices, only the 
least significant byte of the AOR register 
need be used (that is ADDO-ADD7). The 
system could easily be upgraded to handle 
256K or 1M bit DRAMs by wiring in address 
bits AS and A9 but additional PAC1000 
software would need to be written to 
accommodate the FIFO status counter. 
About 45 lines of code are used to enable 
the PAC1000 to handle REFRESH, READ 
and WRITE activity. The design uses the 
output control lines to provide RAS, CAS 
and WRITE signals to the DRAM and 
additional signals to give busy status 
during read, write and refresh activity. The 
whole system responds to input condition 
codes CCO and CC1 as RQWRITE request 
to write and RQREAD request to read 
respectively. During active read, write and 
refresh cycles, three signals BUSYWR, 
BUSYRD and BUSYRFSH which go active 
LOW an additional composite signal which 

segment pacdes08 = 

I*LIST OF EQUATES.*I 
I*CONDITTION CODE OUTPUTS*I 

RASW equ W55FF' 
RASR equ W79FF' 
RFSH equ H'7CFF' 
CASW equ H'15FF' 
CASR equ H'39FF' 
ENDWR equ H'35FF' 
INIT equ WFFFF' 

ZERO equ H'OOOO' 
FULL eou H'FD' 
EMPTY equ H'FE' 
ACTVE equ H'FF' 
MAX equ H'FFFF' 

RQWRITE equ CCO 
RQREAD equ CCl 

goes LOW when the FIFO is in any of 
these conditions. The system design also 
incorporates an UP/DOWN status counter 
which increments on write activity and 
decrements on read activity. This counter 
is tested to provide information to the 
outside world that the FIFO is full, empty 
or neither full or empty. The FULL, 
EMPTY and ACTIVE flags can be read 
from the 100 and 101 and give information 
to the outside world about the status of 
the FIFO. 

The waveforms associated with read, write 
and refresh activity are shown in Figures 
7b, 7c and 7d respectively. These waveforms 
were created from the PACDESOS.oUT 
vector tables generated from the simulator. 
Table 6 illustrates the assignment of the 
output conditions which drive the various 
functions RAS, CAS, RFSH WR etc., 
It is recommended that high current buffer 
circuits be used to interface the outputs of 
the PAC1000 to the inputs of the memory 
chips used in both the DMA and FIFO 
applications. 

I*WRITE RAS OUTPUT *1 
I*READ RAS OUTPUT *1 
I*REFRESH OUTPUT *1 
I*WRITE CAS OUTPUT *1 
I*READ CAS OUTPUT,*/ 
I*END OF WRITE OUPUT*I 

I*ZERO COUNT*I 
I*FULL FLAG *1 
I*EMPTY FLAG*I 
I*ACTIVE *1 
I*MAX COUNT *1 

I*REQUEST TO WRITE*I 
I*REQUEST TO READ *1 

I*PROGRAM START*I 

START: 

RO := 
Rl := 
R2 := 
R3 :== 

OUT INIT 

H'OOOO' 
H'OOOO' 
H'OOOO' 
H'OOOO' 

I*INITALIZE OUTPUT CODES*I 
I*INITALIZE REGISTERS *1 
I*ROW ADDRESS WRITE *1 
I*COLUMN ADDRESS WRITE *1 
I*ROW ADDRESS READ *1 
I*COLUMN ADDRESS READ *1 

-------------------------------------~~5F~------------------------------------
4-86 



FIFO DRAM 
Controller 
(Cont.) 

LOOP: 

TEST: 

end; 

R4 := WFFFF' 
R5 := H'OOOO' 

OUTPUT 100 101 
SET ADOE , OUT INIT 
lOR := EMPTY 
60TO TEST 

AoR := R4 
OUT RFSH 
R4 := ++ R4 , OUT INIT 

IF RQWRITE. 
AOR := RO , OUT INIT 
R5 := ++ R5 
OUT RASW • 
AoR : = R1 ; 
Rl : = ++ Rl 
OUT CASW ; 
OUT ENDWR • 
OUT INIT : 

ENDIF • 

PAC1000 - Application Note 010 

I*REFRESH COUNTER 'III 
I*STATUS COUNTER 'III 

I*SER 100 AND 101 TO *1 
I*OUTPUT. ADoE INPUT *1 
I*FIFO IS EMPTY *1 
1* TEST REQUEST TO *1 
I*READ/WRITE *1 

l*oUTPUT REFRESH CTR *1 
I*PERFORM REFRESH *1 
I*INCREMENT RFSH CTR *1 
I*CLEAR OUTPUT *1 

I*IF REQUEST TO WRITE *1 
l*oUTPUT WRITE ADDR *1 
I*INCREMENT STATUS *1 
l*oUTPUT RAS WRITE *1 
I*OUTPUT CAS ADDR *1 
I*INCREMENT CAS ADDR *1 
I*OUTPUT CAS ADDR *1 
I*END WRITE CYCLE *1 
I*FINISH WRITE CYCLE *1 

IF Rl == 256 I*TEST FOR 256 COLUMNS*I 
RO := ++ RO I*INCREMENT ROW *1 

ENDIF ; 

IF RQREAD: 
AoR := R2 • OUT INIT 
R5 := -- R5 
OUT RASR ; 
AOR := R3 : 
R3 := ++ R3 • OUT CASR 
OUT CASR 
OUT INIT 

ENDIF 

IF R3 256 
R2 := ++ R2 

ENDIF 

R6 := R5 
R6 := MAX - R5 
IF Z : 
lOR := FULL 
GoTo LOOP 
ENDIF 

R6 := R5 
R6 := ZERO - R6 
IF Z : 
lOR := EMPTY 
GoTO START. 
ENDIF ; 

lOR := ACTVE 
GoTO LOOP ; 

flfl'E 

I*IF REQUEST TO READ 'III 
I*OUT ROW READ ADDRESS'll I 
I*DECREMENT STATUS 'III 
l*oUTPUT RAS READ 'III 
l*oUTPUT CAS ADDRESS *1 

;I*INCREMENT CAS ADD *1 
I*STRETCH CAS *1 
I*FINISH READ CYCLE *1 

I*TEST FOR 256 COLUMNS'll I 
I*INCREMENT ROW 'III 
I*IF EQUAL TO 256 *1 

I*SAVE STATUS COUNTER *1 
I*TEST FOR MAX COUNT 'III 
I*IF MAXIMUM 'III 
I*SET OUTPUT FULL FLAG'll I 
1*8oTo REFRESH LOOP 'III 
I*END TEST 'III 

I*SAVE STATUS COUNTER *1 
I*TEST FOR ZERO COUNT 'III 
I*IF ZERO *1 
I*SET EMPRY FLAG *1 
I*RESTART PROGRAM *1 
I*ELSE 

I*THE SYSTEM IS NOT 
I*FULL OR EMPTY 

-----------------------------------~~I----------------------------------
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Table 6. Output 
Condition 
Assi~nment 
Codes for the 
PAC FIFO DRAM 
Controller Design 

Figure 7a. Using 
a PAC as a FIFO 
DRAM Controller 

OC15 OC14 OC13 
INIT 1 1 1 

RASW 0 1 0 

CASW 0 0 0 

ENDW 0 0 1 

RASR 0 1 1 

CASR 0 0 1 

RFSR 0 1 1 

OC15 = Active Low RAS 
OC14 = Active Low CAS 
OC13 = Active Low Write 
OC11 = Active Low BUSYWR 
OC10 = Active Low BUSYRD 
OCg = Active Low Busy 
oca = Active Low BUSYRFSH 

DATA 

~ BUFFER 

ADDRESS 

OCll 

1 

1 

0 

0 

1 

1 

1 

RQWRITE 
AOR 

CCO 
RQREAD 

CCI 
BUSYWR 

BUSYRD 
OCll 

OC10 
BUSY 

OCg 
BUSYRF 

OCB 

OC10 OC9 OCB OC12, OC7-0CO 
1 1 1 All High 

0 1 0 All High 

1 0 1 All High 

1 0 1 All High 

0 0 1 All High 

0 0 1 All High 

1 0 0 All High 

DRAM ARRAY 

RAS CAS WR 

OCIS OC14 OC13 

EMPTY 
10. 

PAC1000 
FULL 

10, 

----------------------------------~~~~---------------------------------
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Figure lb. 

Figure lc. 

Figure ld. 

PAC1000 - Application Note 010 

RAS \ I 
CAS \ I 
WE \ I 

ADDRESS ROW X COL 

BUSY \ I 
In response to a request to read one early write cycle will take place. RAS will latch in 
the row address and the WE line goes low. The column address is set up followed by 
the falling edge of CAS. The WE input is taken inactive followed by RAS and CAS. 
During the whole cycle the busy signal is active. 

RAS ~ I 
CAS \ I 
WE 

ADDRESS ROW X COL 

BUSY ~ I 
In response to a request to read one read cycle will take place. The RAS and CAS 
signals latch in the row and column addresses respectively but the WE input is inactive 
throughout the cycle. The BUSY signal is active throughout the whole cycle. 

RAS ~ I 
ADDRESS 'f1lIj., ___ R_FS_H _______ _ 

BUSY ~ I 

To refresh the memory the PAC will output a refresh count to be strobed into the DRAMs 
by an active low RAS transition. 

---------------------------------------,~JrjF~--------------------------------------:;::1"' __ • 
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Programmable 
UART 

The PAC1000 contains no UART for serial 
data but parallel to serial conversion is 
possible through the Q register and I/O 
Port 2 and 3. The following program 
illustrates the designer how to create a 
UART function in the PAC1000 with about 
40 lines of instructions. The PAC1000 
device will receive data in parallel from the 
host system. The FIFO is used to interface 
to the host and transfer data into the 

registers. The program will take the seven 
bits of ASCII code and calculate the parity, 
then add a parity bit. The result is serialized 
and framing bits are applied. The data, 
one parity bit, one start bit and two stop 
bits are serially clocked out of the Q 
register into Port 3. The handshake signals 
of Data Terminal Ready and Data Set 
Ready are built into the program. 

segment pacdes09 ~ 

I*THIS PROGRAM ILLUSTRATES THE PARALLEL TO SERIAL *1 
I*CHANNEL CONVERSION OF THE PAClOOO TO THE PERIPHERAL *1 
I*BUS OF THE SYSTEM *1 

INIT 
RHD 
DTR 
DONE 
ABORT 

1* R21 

*1 
PIN FUNCTIONAL DESIGNATIONS. *1 

OUTPUTS. *1 

oC12 - DTR - DATA TERMINAL READY •.•• ACTIVE LOW. *1 
OC13 - RHD - RECEIVED HOST DATA .•.•• ACTIVE LOW. *1 
OC14 - DONE .•..•.•....•.•..••.•.•••• ACTIVE LOW. *1 
oCl5 - ABoRT •••••••..••.•••.•••••••. ACTIVE LOW. *1 
ID3 - TxD _. TRANSMITTED DATA •.•••••• ACTIVE LOW. *1 

*1 ...... ,.... .............. 
.L1'''Iru I w. ..., 

CCO - DSR - DATA SET READY .•••..•.• ACTIVE HIGH. *1 
CCI - START TRANSMITTING •••••••.•.. ACTIVE HIGH. *1 
HD - ACTIVE TRUE - 16 DATA INPUTS. *1 
HAD - ACTIVE TRUE - REGISTER ADDRESS INPUTS *1 
ICS - ACTIVE LOW - PAC1000 SELECT *1 
IWR - ACTIVE LOW - WRITE TO PACIOOO FIFO *1 

*1 

equ H 'FFFF'; I*INITALIZE ALL OUTPUTS HIGH *1 
equ H'DFFF' ; I*ACKNoWLEDGE RECEIVING HOST DATA *1 
equ H'EFFF' ~ I*DATA TERMINAL READY *1 
equ H'BFFF' ; 
equ H'BFFF' ; I*TELL HOST THAT DATA WAS CoRRUPTED*1 

- H'OO60' - MASK REGISTER FOR EVEN PARITY *1 
1* R20 - H'OOEO' - MASK REGISTER FOR ODD PARITY *1 
1* R19 - H'OOO2' - CONSTANT TO DIVIDE THE 32-BIT VALUE *1 
1* IN RX Rl6 *1 
1* RIB - H'OOOO' - COUNTER OF THE NUMBER OF ONES IN THE *1 
1* DATA *1 
1* R17 - H'FFFF' - A CONSTANT TO MASK WITH DATA *1 
1* R16 - H'OOOO' - A CONSTANT TO MASK WITH DATA *1 
1* RB WORKING REGISTER FROM RO *1 
1* RO ORIGINAL DATA FROM HOST SYSTEM *1 
1* Q REGISTER TO SHIFT OUT DATA TO THE *1 
1* SERIAL PORT *J 

___________________________________ f6jr~~----------------------------------
~1EE1 
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Programmable 
UART (Cont.) begn: R21 := 

PAC1000 - Application Note 010 

H "0060' . OUT INIT I*SET OC[15:0] HIGH*I 
R20 := H'OOEO' 
R19 := H'OOO2' 
RIB := H'OOOO' 
R17 := H'FFFF' 
R16 := R1B 
Q := R1B ; 1* INITIALIZE Q TO ZERO'S *1 

WAIT FOR HOST TELLS PAC1000 
TO START TRANSMITTING DATA 

stndbv: JMPNC CCI stndbv 
JMPC FICD abort ; 
RDFIFO , OUT RHD ; 1* READ FIFO DATA INTO RO *1 

I*TELL HOST THAT DATA WAS *1 
I*READ CORRECTLY *1 

1********************************************************1 
1* FORMAT OF DATA RECEIVED *1 
1* FIFODA[15:0] *1 
1* 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 *1 
1* 0 0 0 0 0 0 0 0 0 Dl D2 D3 D4 D5 D6 D7 *1 
1********************************************************1 

1* 

SWAP THE HIGHER AND LOWER BYTES *1 

1* SET OC TO NON- *1 
AOR := RO , OUT INIT 1* FUNCTIONING MODE *1 
R8 := Sl>JPV 1* MODE SWAP TO SHIFT ·wel 
RO := SWPV 1* LATER SWAP NOW *1 

SHIFT DATA *1 

FOR 7 ; 
R8:= R8 « 0 ; 
IF S ; 

RIB := ++ R18 
ENDIF ; 

I*INCREMENT COUNTER*I 

ENDFOR ; 

CHECK FOR EVEN/ODD PARITY 

DIV RI6 R18 R19 ; 
OR Q 0 

1* DIVIDE RlB RI6 BY 2 
1* CHECK IF REMAINDER IS ZERO 

IF Z ; 

DR RO R21 
ELSE ; 
OR RO R20 
ENDIF ; 

Q := RO 

1* IF Z=l THEN JUMP TO PARITY *1 
1* (EVEN PARITY) *1 
1* IF Z = 0 THEN (ODD PARITY) *1 

1* MERGE MASI< BITS FOR EVEN PARITY *1 

MERGE MASK BITS FOR ODD PARITY *1 
1* RO IS NOW FORMATTED CORRECTLY FOR*I 
1* SERIAL SHIFTING *1 
1* LOAD RO TO Q TO SHIFT OUT TO 103 *1 

CHECK THAT RECEIVING END IS READY 

_____________________________________ r==&O~ __________________________________ __ 
4-91 

• 



PAC1000 - Application Note 010 

Programmable 
UART (Cont.) 

Summary 

wait: IF cco; I*IF RECEIVER READY SET 103 TO OUTPUT *1 
CONFIGURE SIO ; I*AND SET MODE TO SHIFT Q TO 103 *1 
OUTPUT 103 • OUT DTR ; I*DRIVE DTR TO ZERO THIS *1 

I*TELLS THE RECEIVER THAT *1 
I*THE TRANSMITTER IS READY*I 

1* SHIFT OUT THE 1 START BIT.7-BITS OF DATA,1 PARITY AND *1 
1* 2 STOP BITS. THEREFORE SHIFT 11 TIMES *1 

LDLC 10 ; I*LOAD 10 INTO LOOP COUNTER FOR *1 
I*A SHIFT OF 11 THEN FILL WITH *1 
I*ZEROS *1 

Ip: LOOPNZ Ip • QRB := Q « 0 RB « 0 ; 
ELSE; 
JMP wait 
ENDIF ; 
OUT DONE 
JMP begn 

I*IF RECEIVER IS NOT READY THEN WAIT*I 

I*TELL HOST THAT PAC1000 IS DONE *1 
1* START AGAIN FOR NEXT DATA *1 

ABORT DATA READ AND TELL HOST ABOUT IT *1 

abort: JMP begn • OUT ABORT 

end; 

The PAC1000 programmable peripheral 
controller incorporates many features that 
enable a high speed design to be quickly 
realized. Its reprogrammability has enabled 
many designers to go to printed circuit 
board layout early in the design cycle. 
Moreover, because the system logic is 
programmable into the on-chip EPROM, 
modifications can be made at a later time 
without having to change printed circuit 
board artwork. In fact over discrete and 
PAUEPLO type solutions the printed circuit 
board artwork is considerably less complex 
because a greater degree of circuit 
complexity containing much interconnect 
has migrated into the instructions encoded 
in the EPROM section of the chip. 

To learn how to use the PAC1000 is a 
relatively quick process for most systems 
designers have designed with 
microprocessors and microcontrollers. 

This is because they understand the 
writing of assembly or high level code. 
With the support of WSI's user friendly 
software tools, an engineer can be 
designing with the PAC1000 in less than a 
week. This contrasts with the many and 
diverse schematic capture, net translation, 
placing and routing, annotation and back­
annotation packages that support EPLO 
and PGA devices. These products subject 
the designer to a multiplicity of software 
tools that he must become familiar with. 
This results in generating a long learning 
curve that can easily be avoided with the 
PAC1000 and WSI's software support. 

The result of using the PAC1000 device 
and software tools virtually guarantees the 
fastest route possible from initial 
conception to the final design of a 
complex high performance system. 

-------------------------------',I~:------------------------------
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Abstract 

Introduction 

Programmable Peripheral 
Application Note 012 
Testing 8 Dual-Port RAM Memories with the 
PAC1000 Programmable Peripheral Controller 
By Karen Spesard 

The PAC 1 000 16-Bit Programmable 
Peripheral Controller is a member of WSI's 
Programmable Peripheral family. It can be 
used in a variety of different applications 
requiring high-performance as well as high 
Integration because of it's control architec­
ture, user-configurability, and flexibility. 
This application note describes the use of 
the PAC1000 In the stand-alone mode as a 
Memory Tester for eight dual-port static 
RAMs with interrupts. 

Dual-port static RAMs are typically used to 
simplify communication between processors 
in computer systems. They have become 
popular in recent years due to the fact that 
they allow simultaneous read and write 
accesses to the same memory providing the 
capability for two devices to communicate 
with each other without the need for any 
special data communication hardware 
between the devices. These devices could, 
for instance, be an I/O controller and a CPU 
or two CPUs working on separate but related 
tasks. This contrasts with the DMA (dual 
memory access) approach where a single 
memory is shared between CPUs andlor 
one or more 1/0 devices and where hardware 
arbitration logic is always necessary. 

Testing multiple dual-port static RAM 
memories efficiently, however, has often 
proved difficult because two sets of devices 
can control each memory independently and 
access any word in memory simultaneously. 
This includes the case where both devices 
are accessing the same memory location at 
the same time. Arbitration is required to 
insure against this case which is usually 
handled in the memory hardware. For 
example, most dual-port RAMs have 
address detection logic and a cross-coupled 
arbitration latch to provide a busy signal for 
the address that arrived last, so writing to 
the busy port is deterred. As a result, testing 
multiple memories for these cases requires 

Each of the eight dual-port RAMs, with 2K 
x 8 bits shared memory, is accessed from 
both ports and tested by the PAC 1000 for 
all possible functional failures. The 
PAC 1000 simple interface to the dual-port 
memory is discussed, as well as the dual­
port memory test conditions and timing 
considerations. Finally, examples of 
program code are given to illustrate how 
easy the PAC 1 00 is to use. 

processors or controllers capable of 
providing the necessary control signals, 
memory addresses, and data in real time. 

The PAC 1000 Programmable Peripheral 
Controller is well suited for this type of appli­
cation. It provides a single-chip user-config­
urable test interface for up to 8 dual-port 
memories at one time, eliminating the need 
for discrete implementations of PLDs, ALUs, 
SRAMs, and Register files. It has 64K 
EPROM program store on-chip (1 K x 64 
bits) as well as a microsequencer, a 16-bit 
ALU and register set, and programmable 1/0 
ports. The PAC 1 000 also has the capability 
of controlling very fast systems, generating 
addresses to memory, feeding the system 
data, and responding to interrupts, all at one 
time. In fact, its architecture allows it to be 
able to execute three parallel operations 
(Control, Output, and CPU) every clock 
cycle, making timing predictable and 
increasing throughput significantly. See 
Figure 1 for the PAC1000 single cycle 
control architecture and Figure 2 for a 
simplified block diagram of the PAC1 000. 

A typical instruction containing three parallel 
operations illustrates the efficiency of the 
PAC 1 000 in this application. For example, 
during a dual-port RAM access, the sequencer 
section of the PAC 1 000 can check for the 
BUSY signal or the end of a loop, the output 
control section can generate the CS signals 
for each of the RAMs, and the CPU can 
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Introduction 
(Cont.) 

Figure 1. 
PAC1000 Single 
Cycle Control 
Architecture 

PAC1000to 
Dual-Port SRAM 
Interface 

generate the RD, WR, and OE strobes or 
calculate and produce the next address all 
during the same instruction cycle 
simultaneously. 

In addition, of course, the PAC 1 000 can 
also be used to control other system 
functions while testing the dual port 

Important Features: 
• One cycle per instruction 

• 16MHz instruction 
execution rate 

• Every instruction executes 
3 parallel operations 
(Control, Output, CPU) 

Condition 
Codes 

Interrupts 

Next Instruction 
Defrnition 

memories. In most cases, the PAC1000 can 
perform intelligent DMA control and I/O 
control protocols at the same time. And, 
when switched to the peripheral mode, it 
can off-load other tasks, as well, from a host 
processor. 

HD(15:0) HAD(15:0) 

28 
CPU 

---,--,--
Control I Output I CPU 

20 

OC(15:0) 

The circuit diagram of a typical system con­
figuration using the PAC 1 000 as a memory 
tester is shown in Figure 3 for eight 2K x 8 
dual-port static RAMs for a total memory 
depth of 16K x 8 bits. Each dual-port RAM 
has two complete and independent sets of 
address, data, and read/write control signals 
and shares the same set of memory cells. 
The PAC 1 000 memory tester interfaces 
directly with each dual-port static RAM 
without the need for any external glue logic. 

Specifically, the 16-bit PAC1000 interfaces 
to the dual-port static RAMs as two I/O or 
CPU devices would interface, with one 
exception: the PAC 1 000 has two 16-bit and 
one 6-bit user-configurable address/data 
buses, whereas two CPU or I/O devices 

CPU Operation 
Definition 

110(7:0) ADD(15:0) 

would have two distinct address buses and 
two distinct data buses. Therefore, the 
PAC 1 000 buses need to be split. This is 
handled by combining the 16-bit address bus 
and 6-bit host address bus of the PAC 1 000 
and configuring them as a 22-bit address 
bus. This 22-bit bus, in turn, is split into two 
11-bit buses for accessing both left and right 
ports of 2K x 8 memory simultaneously. For 
each memory, ADD(1S:S) corresponds to 
A(1 O:O)L' and ADD(4:0)/HAD(S:O) 
corresponds to A(10:0)R' (See Figure 4.) 
Likewise, the 16-bit data bus is split between 
both ports of memory. Thus, HD(1S:8) 
corresponds to 1/0(7:0)L and HD(7:0) 
corresponds to 1I0(7:0)R' 

---------------------------------------~~~--------------------------------------
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PAC100D 
Dual-Port SRAM 
Interface 
(Cont.) 

Figure 2. 
PAC1DOO Block 
Diagram 

To select one of the dual-port memory ports, 
16 output control lines, OC(1S:0), are 
individually connected to the chip enables of 
the dual-port RAMs - one OC line per port. 
The left ports of memory share OC(1S:8) 
lines and the right ports of memory share 
OC(7:0) lines. The eight read/write and 
output enable control pins of the dual-port 
memories also interface directly to the 
PAC 1 000 through it's input/output port, 
1/0(7:0). Here, the 1/07 and 1/06 pins are 
tied to each of the eight R/WL signals and 
R/WR signals, respectively. Also, the I/OS 
and 1/04 pins are tied to each of the eight 
dual-port memory OEL and OER signals, 
respectively. 

PAC10D0· Application Note 012 

The remaining pins to be discussed are the 
right and left BUSY and INTR signals of the 
dual-port memories. Each group of four 
memories have their right or left BUSY or 
INTR pins tied together and connected to 
the PAC1000 condition code inputs. CC7 
and CC6 correspond to the BUSY left and 
right signals of dual port RAMs #1-4, and 
CCS and CC4 correspond to the BUSY left 
and right signals of dual port RAMs #S-8. 
Likewise, CC3 and CC2 interface to the 
INT left and right signals of dual port RAMs 
#1-4 and CC1 and CCO to the INT left and 
right signals of dual port RAMs #S-8. 

CK RESET CS AD WR HD(15:0) HAD(5:0) 

t t I 
Configuration 

I Host Interface I Registers 

i + , , 
Control Section 

I Security Bit I 1K x 64 EPROM I CPU 

I Loop Counter I 
15-Level I BreakpOint Register I Stack 

I Program Counter I 
Case Logic - Block Counter I 

User Condition-Code Interrupt - Address Counter I Output Logic LogiC , 
1/0 Special 1\ Address/Data I 

Function Port Port 

• • 
• + -b 

OUTCNTL(15:0) CC(7:0) INT(3:0) 1/0(7:0) ADD(15:0) 

-----------------------------------f~~~~----------------------------------
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Figure 3. 
PAC100D 
Configured as a 
Dual-Port RAM 
Memory Tester 

~ 

'-

SRAMERR 

RSPAC 1/0(3_0) 

ClK 1/04 

~ 1/05 1/06 ~ 
~ 1/07 HD(7:0) r--
r- HD(15:8) PAC1000 ADD(4:0) 
r- ADD(15:5) 

HAD(5:0) r-

s ~ ~ 
~ 
on ;.; 

5- ... .... CD .. '" t5 C> 5-0" 0 0 0 0 0 0 0 0" 
0 0 0 0 0 0 0 0 0 0 0 0 

I I I I I I I 
oJ.. HC373 HC373 J r 

L....!:::- ~ 

+-

I 
DUAL PORT RAM #1 DUAL POfiT RAM #5 

- A(10:0k A(10:0)R - A(10:0k A(10:0)R -
- 1/0j!:Olc 1/0(7:0)R - 1/0(7:0lc 1/0(7:0)R -
- R/Wl RtWR - R/Wl RtWR --
- CEl CER - CEl CER --

OEl OER DEL OER 
BUSYl BUSYR BUSYl tlU"YR I 
INTl INTR INTl INTR 

DUAL PORT RAM #2 DUAL PORT RAM #6 

- A(10:0k A(10:0)R I- A(10:0k A(10:0)R r-
- 1I0(7:0)l 1/0(7:0)R l- I- 1/0(7:0)l 1/0(7:0)R r-
- R/Wl RtWRI- R/Wl R/WR t-
r- CEl CERI- t- CEl CER r- I-

OEl OER OEl OER 
BUSYl BUSYR BUSYl BUSYR 
INTl INTR INTl INTR 

DUAL PORT RAM #3 DUAL PORT RAM #7 

,.... A(10:0k A(10:0)R I- A(10:0k A(10:0)R l-
t- 1/0(7:0)l 1/0(7-0)R I- 1/0(7:0k 1/0(7:0)R l-
t- R/Wl R/WRI- R/Wl R/WR t-

CEl CER L..- CEl CER 
OEl OER OEl DER 
BUSYl BUSYR BUSYl BUSYR 
INTl INTR INTl INTR 

DUAL PORT RAM #4 DUAL PORT RAM #8 

.... A(10:0lc A(10:0)R I- L.. A(10:0k A(10:0)R r-- 1/0(7:0lc 1/0(7:0)R I- ..... 1/0(7:0)l 1/0(7-0)R r--
'--- R/Wl R/WR I-- '-- R/Wl RtWR r--

CEl CER CEl CER 
OEl OER OEl OER 
BUSYl BUSYR BUSYl BUSYR 
INTl INTR INTl INTR 

1 ~i 
!!FIE_,E 

-------------------------------------------~~Af------------------------------------------
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Figure 4. 
Address 
Splitting for 
Dual-Port RAM 
Memory Testing 

Functional 
Description 

PAC1000· Application Note 012 

PAC1000 
ADD15 ADD14 ADD13 ADD12 ADD11 ADD10 ADD9 ADD8 ADD? ADD6 ADD5 Address/Data Bus 

Address 
ACH15 ACH14 ACH13 ACH12 ACH11 ACH10 ACH9 ACH8 ACH? ACH6 ACH5 Counter High 

Left Port of 
A10L A9L A8L Ah A6L A5L A4L A3L A2L A1L AOL Dual Port RAM 

PAC1000 
Address/Data Bus ADD4 ADD3 ADD2 ADD1 ADDO HAD5 HAD4 HAD3 HAD2 HAD1 HADO 
Host Address Bus 

Address Counter 
ACH4 ACH3 ACH2 ACH1 ACHO ACL5 ACL4 ACL3 ACL2 ACL1 ACLO High/Low 

Right Port of 
A1DR A9R A8R A?R A6R A5R A4R A3R A2R A1R ADR Dual Port RAM 

NOTES: Address buses can be written from a 16-bit or 22-blt Address Counter (16-blt ACH or 22-blt ACH/ACLj or 
from a 16-blt Address Output Register In this application, the address bus IS driven by the 22-blt Address 
Counter 

The two basic operational modes for 
the PAC1 000 are either as a stand-alone 
controller or as a memory-mapped 
peripheral to a host processor. The PAC1000, 
as a dual-port static RAM memory tester, is 
configured in the standalone mode. In this 
mode, the PAC1000 has complete control 
over the bus at all times; moving data from 
the 16-bit data bus back and forth to/from 
the left and right sides of the memory, 
generating addresses from the 22-bit 
address counter through the 16-bit address/ 
data and 6-bit host address buses to the 2K 
x 8 memory, generating the control signals 
to the memory, and monitoring/responding 
to the memory's status and control signals. 

The PAC 1 000 dual-port memory tester 
performs basically like two separate I/O or 
CPU devices, writing and reading from each 
port of the dual-port static RAM through the 
same memory. In this application, the 
PAC 1 000 tests dual-port memory for all 
possible fault conditions. For example, one 
of the tests the PAC 1 000 performs is for the 
case when both ports of the dual-port 
memory attempt to access the same 
memory cell location (writing or reading) at 
basically the same time. If this happens, 
one of the ports of memory, through 
hardware arbitration, is inhibited from being 
accessed and is supposed to receive a 
BUSYLIR signal. To test for this condition, 
the signal needs to reach the device and 
the device needs to respond in real time. 

The PAC 1 000 can respond to the BUSY 
lines generated by either the left or right 
sides of dual-port memory, in one cycle 
through its condition code inputs. These 

condition code inputs, CC7-CC4, are used 
because each condition can be tested for 
true or not true simultaneously by the 
PAC 1 000. And since the condition code 
logic is part of the sequencer, a decision 
can be made within the next cycle on 
how to respond. 

The INTR signals generated by the dual­
port memory provide another case for 
testing. When the left side port writes into 
the top odd address (7FF) or the right side 
port writes into the top even address (7FE) 
of the memory chip, the interrupt latch is set 
and the interrupt line to the opposite side 
port is supposed to be activated. These top 
two addresses serve as flag bits or interrupt 
generators and the activated interrupt signal 
gives permission for the interrupting CPU 
to use the memory. An interrupt latch is 
cleared when the opposite side port reads 
from the same address (e.g. to clear the 
right port after the left port writes into 7FF, 
the right side port reads from address 7FF). 
The interrupts are designed to save system 
designers from having to design in extra 
logic, and to allow one CPU to interrupt 
the other. 

To test for the functionality of the INTR 
signals generated by the dual-port memory, 
these signals, like the BUSY signals, are 
also tied to the PAC1000's condition code 
inputs. Again, the PAC1 OOO's condition 
code inputs allow it to respond to the dual­
port memory interrupts in real time. 
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Pin Descriptions 
SymbDI Type Pin Name and FunctiDn 
1/0(7:0)L I/O HD(1S:8) -This is part of the 16-bit data bus which is 

used to transfer data to/ from the left ports of the dual-port 
memory. 

1/0(7:0)R I/O HD(7:0) -This is the other part of the 16-bit data bus which 
is used to transfer data to/from the right ports of the dual-
port memory. 

A(10:0)L 0 ADD(1S:S)-This is part of the address/data bus that will 
address each 2K memory through the ACH from the left 
side of dual-port memory. 

A(10:6)R 0 ADD(4:0) -This part of the address/data bus will address 
a portion of each 2K memory through the ACH from the 
right side of dual-port memory. 

A(S:O)R I/O HAD(S:O) -This is the bidirectional host address bus that 
in the stand-alone mode is configured as an output. 
As part of the 22-bit address counter, (ADD(1S:0) and 
HAD(S:O)) it is used here to output the lower 6 address 
lines through the ACl which address the right side of 
dual-port memory. 

RIWLand I/O These ReadIWrite signals are tied to 1/0(7:6) in the 

RIWR PAC1000 and are used as outputs. They control the 
read/write function of each side of dual-port memory in 
conjunction with the other control signals. 

AE --..I 1/1"\ T ............... n .............. 1:: ........... , ........ : ........... 1 ................ : ... ..J .. -. 11I~,\/r:.A\ : ............. 
- ..... L 'WI I"'" ,,~ I 11\ ... 0,1"" _\oI~t'I.oI" ..... 11"'...,' ..... ..;l1~11""lo,1 "', .... """''''' .. "" I,_,,,-,.""T/ III U lu 

OER PAC 1 000 and are used as outputs. They control the read 
function of each side of dual-port memory in conjunction 
with the other control signals. 

CE(1S:8)L 0 These dual-port memory Chip Selects select one of the 
eight left memory ports. They are tied to OC(1S:8) in the 
PAC 1 000. 

CE(7:0)R 0 These dual-port memory Chip Selects select one of the 
eight right memory ports. They are tied to OC(7:0) in the 
PAC1000. 

BUSYLand I These active low Busy signals are driven by the dual-port 

BUSYR memories and are monitored by the PAC 1000 condition 
code inputs CC(7:6). If one becomes active, the PAC 1 000 
will hold off accessing the other port until it becomes 
inactive. 

INTRLand I These active low Interrupt signals are driven by the dual-

INTRR port memories and are monitored by the PAC 1000 
condition code inputs CC(S:4). If one becomes active, 
then one "CPU" has interrupted the other giving it 
permission to use the memory. 

ClK I The Clock input to the PAC 1000. It also latches the 
condition codes to ensure the proper set-up time. 

--- I RSPAC. Reset is an asynchronous input signal that 
initializes the state of the PAC 1 000. It must be held low 
for at least two clock cycles. 

, •• JlllIE 
-------------------------------------~.,Jr------------------------------------
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Timing 
Considerations 

FigureS. 
Timing 
Waveforms 

The timing waveforms associated with read, 
write, and bus arbitration cycles are shown 
in Figure 5. These waveforms were created 
from the simulation results which were 
generated from the PACSIM simulator. The 
timing is relatively straightforward. Each 
dual port RAM is accessed similarly to a 
standard SRAM, except that the BUSY flag 
needs to be monitored in case of address 

PAC1000 - Application Note 012 

contention. If the left and right port 
addresses match during a memory access, 
then the dual port memory arbitrates 
between the two ports and decides which 
port will be chosen. The port not chosen 
activates its BUSY signal and must wait 
until the busy goes away before completing 
the read or write cycle. 

Read Cycle Write Cycle 

Addr (L) ____ ..J,'--____ N_o_M_at_c_h ___ ......J' '-______ L_e_ft_an_d_R....;i9_ht_P_o_rt_A_dd_re_s_se_s_M_at_ch _______ _ 

CE(L) 

OE(L) 

Riw (L) -----------------+-~ 

Data (L) --------( Read Data Write Data 
'-------~ 

BUSY(L)----------------------~~-----------------

Write Cycle Bus Arbitration Read Cycle 

Addr (R) ____ J '\. ____ N_o_M_at_ch ____ ....I '\. _______ --\-__ L_e_ft_an_d_R....;i9;..h_t P_o_rt_A_dd_r_es_se_s_M_a_tc_h ___ _ 

CE(R) \'--------/ ~ _____ ---,r 
OE(R) 

R/W(R) 

Wnte Data 
, 

Read Data 
'\ , Data(R) 

- r- --1 --
BUSY (R) 

t 

_______________________________________ rEAfjF~-------------------------------------­
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Dual-Port Static 
HAM Test 
Conditions 

There are many ways to test dual-port static 
RAMs. The following cases illustrate the tests 
that were devised which should thoroughly 
cover all of the fault conditions possible for 
dual-port static RAMs with Interrupts. 

Test Case #1: 
Data Integrity Test for Right Ports 
Write alternating bit pattern data (aa/55) to 
all locations of the eight memories at once 
through the right port. Then, read all 
locations, one memory at a time, through 
the right port, verifying the data is correct. 

Test Case #2: 
Data Integrity Test for Left Ports 
Write alternating bit pattern data (66/99) to 
all locations of the eight memories at once 
through the left port. Then, read all 
locations, one memory at a time, through 
the left port, verifying the data is correct. 

Test Case #3: 
, Data Integrity Test for Right/Left Ports 

Write alternating bit pattem data (cc/33) for one 
location in SRAM #1 through the right port 
and immediately read that same location in 
memory mrougn me leTt POrt, venrylng me 
data is correct. Then test SRAM #2, etc. 

Test Case #4: 
Data Integrity Test for Both Left/Right 
Ports 
Write alternating bit pattern data (aa/55) for 
one address location in SRAM #1 through 
the left port and immediately read that same 
location in memory through the right port, 
verifying the data is correct. Then test 
SRAM #2, etc. 

Test Case #5: 
Address Connections Test for Both Ports 
Write address at current addresses (which 
differ by 1) in both left and right ports at the 

same time (e.g., write left address 00 at 
address 000 and write right address 01 at 
address 001 in one cycle, etc.) Then read 
these locations and check for correct 
address and continue. When finished with 
SRAM#1, test SRAM#2. 

Test Case #6: 
Data Connections Test for Both Ports 
Write "running 1 's" in both the left and right 
ports (at addresses that differ by 1) at the 
same time (e.g., write left data 01 at 
address 000 and write right data 01 at 
address 001, etc.) Then read these 
locations and check for correct data. Next 
shift data left one bit and write to next 
sequential addresses (e.g., write left data 02 
at address 002 and write right data 02 at 
address 003, etc.) and continue until SRAM 
#1 tested, then test for SRAM #2, etc. 

Test Case #7: 
Dual·Port Address Arbitration Test/Busy 
Signal Test for Both Ports 
Write to same location of SRAM #1 and #5 
at the same time. Monitor busy signal. If 
Busy, then wait until not busy and continue, _ ....... __ .. : ____ ... _ .... _ .. '1_- ,.... __ ... :_ .. _ ,_ .. 
VLI11i:I1 .... I.;JQ .;JQL "'IIVI IIUl;:I' _VI ILII lye; IVI 

SRAMs #2 and #6, etc. 

Test Case #8: 
Dual·Port Interrupt Activity Test 
Write to right port memory location h'7FE' 
and check for INT L latch set. Then read 
from left port and check for INT L clear. Do 
the same for INT R at memory location 
h'7FF'. After testing SRAMs #1 and #5, go 
on and test SRAMs #2 and #6, etc. 

All the algorithms described above are 
internally realized by software. Code 
implementation for each of these cases can 
be found in Appendix 1. The code listings 
contain sufficient explanations that let the 
reader understand the subjects they describe. 
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Simulation 

PAC1000 
Resources 
Usage 

Summary 

The preceeding algorithms have been 
assembled with no errors. After assembly, 
and before simulation and programming, the 
files must be linked. An example of the 
linker program which links separate sub­
programs and places them at a predefined 
location is shown in Appendix 2. 

After the above files have been linked, the 
program can be simulated and parts can be 
programmed. An additional input file is 
needed before simulation can begin. That is 
the stimulus file. The command file is 
another input file that can be useful. 

Using the PAC1000 as a dual-port memory 
tester in this application, utilizes many of 
the resources available on the chip. 
However, it does not take advantage of the 
part being used in the peripheral mode or 
slave configuration, where the host 
processor can request a command or 
download data to be used at a later time. 

The PAC1000 architecture is unique in that 
it enables the part to be configured in a wide 
range of applications. As exemplified in the 
circuit diagram where virtually no interface 
glue logic was required and, in the program 
code where tasks were handled in very few 
one-cycle instructions, the PAC 1 000 
enables easy system interfacing as well as 
efficient task handling. So, whether the 
PAC 1 000 performs as an intelligent 1/0 
Controller or as a simple Dual-Port Memory 
Tester, its flexibility provides the high-level 
of control that today's circuit designers need 
in many high-performance systems. 

PAC1000 - Application Note 012 

The stimulus file is used to drive inputs such 
as address, data, condition codes and 
control signals, an example of which is 
shown in Appendix 3. The command file is 
an optional batch file that contains a series 
of valid PACSIM commands, also shown in 
Appendix 3. 

The PAC 1 000 functional simulator, PACSIM, 
records the state of specified signals at 
each cycle. Simulation results of some of 
the above algorithms are shown in 
Appendix 4. 

In addition, as seen in Figure 4, there are 
several pins on the PAC 1 000, such as lias, 
and interrupts which are not used. These 
pins can be taken advantage of by 
performing other operations in parallel, 
without any performance degradation during 
dual-port memory testing. 

!i'==~E 
-------------------------------------~~I------------------------------------

4-101 

--~~ ~-- ~---

• 



PAC1000· Application Note 012 

Notes 
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Appendix 1. 
PAC10D0 
Program 
FlolII Charts 

Initialization: 

Test Case #1 : 

Go to Test 
Case #1 

PAC11JD1J • Applicllfltm IIDtI1 012 

Write alternatIng bit pattern data to all locations of 
each Dual Port RAM through its right port. 

Yes 

Yes >_N_O __ -I~ Go to Test Case #1 
(Read) 

-------------------------~Jr;-------------------------
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Appendix 1. 
PAC1DDO 
Program 
FlowCharts 
(Cont.) 

Test Case #1 : continued 
(Read SRAM #1, 
then SRAM #2, etc.) 

Repeat Test Case #1. >---....... Read for Remaining SRAMs, 
then Go to Test Case #2. 

-------------------------,~~~------------------------
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Appendix 1. 
PAC1000 
Program 
FlowCharts 
(Cont.) 

Test Case #2: 

Test Case #2: 
(Read SRAM #1, 
then SRAM #2, etc,) 

PACtODD· Application Note Ot2 

Write alternating bit pattern data to all locations of 
each Dual Port RAM through its left port. 

Ves No 

Continue Test Case #2 

___________________________________________ fsrsr~~-----------------------------------------­
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Appendix 1. 
PAC1000 
Program 
FlowCharts 
(Cont.) 

Test Case #2: (Cont.) 

Repeat Test Case #2. 
Read for Remaining SRAMs, 

then Go to Test Case #3. 

-------------------------------------------------rAfJr~~------------------------------------------------
~~ ~ . 



Appendix 1. 
PAC1000 
Program 
FlowCharts 
(Cont.) 

Test Case #3: Write data through right port address of SRAM #1 
and read out of left port address for verification, 

then repeat for SRAM #2, etc. 

PAC101J0 • ApplicatiDn NDte 012 

------------------------------------------------~~Ar-------------------------------------------------
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Appendix 1. 
PAC10D0 
Program 
FlowCharts 
(Cont.) 

Test Case #4: Write data through left port address of SRAM #1, 
and read out of right port address for verificatIon, 

then repeat for SRAM #2, etc. 

"'iiillii ------------------------------------------------~~Jr-----------------------------------------------
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Appendix 1. 
PAC1000 
Program 
FlowCharts 
(Cont.) 

Test Case #5: 

I'AC10D0· Application Note 012 

Write sequential address data at current address In 

both left and right ports at the same time to check 
for address lines not connected. Then repeat for 

SRAM #2. etc. 

Write Current Sequential 
Addresses mto Both Ports 

of SRAM 

Repeat for SRAM #2, etc. 
Then Go to Test Case #6. 

----------------------------------~~~~------------------------------4--1--09 
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Appendix 1. 
PAC1000 
Program 
FlowCharts 
(Cont.) 

Test Case #6: Write "running 1 's" data at each incremental address 
in both left and right ports at the same time to check 

for all data lines connected. Then repeat for 
SRAM #2, etc. 

Repeat for SRAM #2, etc. 
Then Go to Test Case #7. 

------------------------------------------------~~~~------------------------------------------------
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Appendixt. 
PACt. 
Program 
FlowCharts 
(Cont.) 

Test Case #7: Try to write data at same address of each port for 
SRAMs #1 and #5. Test for ActIve Busy Signal. 

Continue for all addresses. Then repeal for SRAMs 
#2 and #6, #3 and #7, and #4 and #8. 

Ves 

PAC1_ • ApplicatltJn illite 012 

Repeal for SRAMs #2 and #6, etc. 
Then Go to Test Case #8. 

_________________________________________________ fjfjfjF~-----------------------------------------------
iI/IVf#~ 
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Appendix 1. 
PAC1000 
Program 
FlowCharts 
(Conf.) 

Tesl Case #8: Tesl Righi and Lefllnlerrupl flag funcllons of each 
Dual Port SRAM for SRAMs #1 and #5. Then repeal 

for SRAMs #2 and #6, #3 and #7, and #4 and #8. 

Wrile h' AA' dala Inlo rlghl 
port of SRAMs #1 and #5 

al locallon 7FE 

After testing for left Interrupt. 
Repeal above for "ghllnlerrupl wi 

address location 7FF Then test 
SRAMs #2 and #6, #3 and #7, and 

#4 and #8. 

r.JI'~ 
------------------------------------------------~.r~------------------------------------------------
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Appendix 1. 
PAC1000 
Program 
Illustrations 
(Assembly Code) 

segment dual port memory test, abs(O); 
entry BeginnIng, start; -

org h'OOOO'; 

include 'dpmtst.equ'; 

include'dpmtst.als'; 

/************************************************************************/ 
/*lnitialization */ 
/************************************************************************/ 

Beginning: 

JMP Start, OUT SRAMNO; 

org h'0010'; 

start: SET ASEL ADOE HADOE HDSELO, OUT SRAMNO; /*Select 
address counter as source that will write to address bus, 
select address bus direction as output, select host address 
bus direction as output, and select the data output 
register to be connected to the host data bus.*/ 

ACSlZE 22; 
MOV lOR h'ff'; /*Select address counter to be 22-bits wide*/ 
SETlO h'ff'; 

DATAA := h'OOaa' ; 
DAT55 := h'OO55'; 
DAT66 := h'6600' ; 
DAT99 := h'9900' ; 
DATCC := h'OOcc' ; 
DAT33 := h'OO33'; 
DATAA2 := h' aaOO'; 
DATAA3 := h'aaaa' ; 
DAT552 := h'5500'; 
DATCC2 := h'ccOO'; 
DAT332 := h'3300'; 

SRMDlS := h'ff'; 
SRMERR := h'fO' ; 
GPR := h'OOOO' ; 

lNTLS := h'lF3E'; 
lNTRC := h'lF3F'; 
lNTRS := h'FFFF'; 
lNTLC := h'FFDF' ; 

SRLRPWR := h'OO3f'; 
SRLRPRD := h'OOf3'; 
SRRPWR := h'OObf'; 
SRLPWR := h'OO7f'; 
SRRPRD := h'OOef'; 

/*(RO) Alternate bit pattern test data*/ 
/*(R1) for writing to dual-port*/ 
/*(R2) static RAMs*/ 
/*(R3)*/ 
/*(R4)*/ 
/*(R5)*/ 
/*(R6)*/ 
/*(R7)*/ 
/*(R8)*/ 
/*(R9)*/ 
/*(R10)*/ 

/*(R11) SRAM port disable OE, R/W*/ 
/*(R12) SRAM error*/ 
/*(R13) general read register*/ 

/*(R14) left interrupt set address (7FE)*/ 
/*(R15) right interrupt clear address (7FF)*/ 
/*(R16) right interrupt set address (7FF)*/ 
/*(R17) left interrupt clear address (7FE)*/ 

/*(R18) left/write port enable write*/ 
/*(R19) left/write port enable read*/ 
/*(R20) right port enable write*/ 
/*(R21) left port enable write*/ 
/*(R22) right port enable read*/ 

-----------------------------------------~~~~----------------------------------------
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Appendix 1. 
PAC1000 
Program 
Illustrations 
(Assembly Code) 
(Cont.) 

SRLPRD := h'OOdf'; 

RUNIS := h'OlOl'; 
INC02 := h'0002'; 
INC40 := h'0040'; 

M70 
M1S8 

:= h'OOff'; 
:= h'ffOO'; 

INC20 := 
SETl 

h'0020'; 
:= h'OOOl'; 

/*(R23) left port enable read*/ 

/*(R24) initialization for "running l's" test*/ 
/*(R2S) increment address counter*/ 
/*(R26) increment address counter*/ 

/*(R27) mask for D(7:0)*/ 
/*(R28) mask for D(lS:8)*/ 

/*(R29) increment address counter*/ 
/*(R3l) initialization for address counters*/ 

/*TEST CASE #1*/ 
/************************************************************************/ 
/*This section writes alternating bit pattern data to all locations */ 
/*of each dual port SRAM through its right port. */ 
/************************************************************************/ 

SET HDOE, CLR ACH, OUT SRAMNO; 
LDLC h'lF'; /*ACH ctr is output on ADD(4:0) MSB*/ 
RESET DlREN, CLR ACL; 

LooP2: PLDLC h'3F'; /*ACL ctr is output on HAD(S:O) LSB*/ 
LooP1: SWITCH CG1. AND 0 ACL SET1. OUT SRAMl 8R: 

/*Check if right-port of SRAMs not busy (CG6 and CG4), 
Select right SRAM port and generate WR strobe, check 
for odd or even address.*/ 

CASE 00, GOTO LooPl;/*CG7=0, CG6=0, CGS=O, CG4=0*/ 
CASE 01, GOTO LooPl;/*CG7=0, CG6=0, CGS=O, CG4=1*/ 
CASE 02, GOTO LooPl;/*CG7=0, CG6=0, CGS=l, CG4=0*/ 
CASE 03, GOTO LooPl;/*CG7=0, CG6=0, CGS=l, CG4=1*/ 
CASE 04, GOTO LooPl;/*CG7=0, CG6=1, CGS=O, CG4=0*/ 
CASE OS, GOTO NEXT1;/*CG7=0, CG6=1, CGS=O, CG4=1*/ 
CASE 06, GOTO LOOP1;/*CG7=0, CG6=1, CGS=l, CG4=0*/ 
CASE 07, GOTO NEXT1;/*CG7=0, CG6=1, CGS=l, CG4=1*/ 
CASE 08, GOTO LooPl;/*CG7=1, CG6=0, CGS=O, CG4=0*/ 
CASE 09, GOTO LooPl;/*CG7=1, CG6=0, CGS=O, CG4=1*/ 
CASE 10, GOTO LooPl;/*CG7=1, CG6=0, CGS=l, CG4=0*/ 
CASE 11, GOTO LooPl;/*CG7=1, CG6=0, CGS=l, CG4=1*/ 
CASE 12, GOTO LooPl;/*CG7=1, CG6=1, CGS=O, CG4=0*/ 
CASE 13, GOTO NEXT1;/*CG7=1, CG6=1, CGS=O, CG4=1*/ 
CASE 14, GOTO LooPl;/*CG7=1, CG6=1, CGS=l, CG4=0*/ 
CASE 15, GOTO NEXT1;/*CG7=1, CG6=1, CGS=l, CG4=1*/ 

NEXT1: ENDSWITCH; 

IF Z, MOV lOR SRRPWR; 
MOV DaR DATAA; /*write h'aa' data into SRAM right port*/ 

ELSE; 
MOV DOR DATSS; 

ENDIF; 
/*write h'SS' data into SRAM right port*/ 

MOV lOR SRMDIS; /*end write cycle*/ 
LooPNZ LooPl, ACL:= ++ ACL, OUT SRAMNO; 

POPLC, ACH := ++ ACH; 

/*Increment HAD(S:O)-ACL address counter, 
deselect WR and CS*/ 

-----------------------------------------rAfAfjf~----------------------------------------
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Appendix 1. 
PAC1000 
Program 
Illustrations 
(Assembly Code) 
(Cont.) 

/*Increment ADD(4:0)-ACH address counter*/ 
LOOPNZ LOOP2; /*end of outer loop*/ 

/************************************************************************/ 
/*This section reads and checks data from dual port SRAM #1 */ 
/*through its right port. After checking SRAM #1, then check SRAM#2 etc*/ 
/************************************************************************/ 

LOOP4: 
LOOP3: 

RESET HDOE, CLR ACL; 
SET DlREN, CLR ACH; 

LDLC h'lF'; 
PLDLC h'3F'; 
IF NOT CC6, MOV lOR 

JMP LOOP3; 
ENDIF; 

/* Clear ACL, Enable writing to Data Input Register*/ 
/* Clear ACH, Select Host data to be used as an 
input*/ 
/*ACH ADD(4:0) MSB*/ 
/*ACL HAD(5:0) LSB*/ 

SRRPRD, OUT SRAM1R; 
/*Enable OE for read, Enable CS to select SRAM*/ 
/*Right SRAM Busy*/ 

AND GPR M70 DIR; /*Read dual port RAM data and write it into GPR*/ 
AND Q ACL SET1; /*Check for odd or even address*/ 
IF Z, MOV lOR SRMDIS, OUT SRAMNO; 

/*End read cycle, release fOE and /CE*/ 
CMP GPR DATAA; /*Check for data integrity*/ 

ELSE; 
CMP GPR DAT55; 

ENDIF; 

JMPC Z ERROR; 

/*read data into PAC*/ 

LOOPNZ LOOP3, ACL := ++ ACL; 
/*increment address for next read*/ 

POPLC, ACH := ++ ACH; 
LOOPNZ LOOP4; /*end of outer loop*/ 

/*TEST CASE #2*/ 
/**.** •• **_.* •• * ••••• * •• ** •• *.*.**** •••••• * •• *.**.* •• ***** •••• *****.* •• **/ 
/*This section writes alternating bit pattern data to all locations */ 
/*of each dual port SRAM through its left port. */ 
I*K** •• ***.* •••• ** ••• *.* ••••••••• *.**.** •• * •• * •••••••• *******************/ 

CLR ACH, SET HDOE, OUT SRAMNO; 
/*clear ACH counter*/ 

LDLC h'7FF'1 /*ACH ADD(15:5) MSB*/ 
RESET DlREN, CLR ACL;/*clear ACL counter*/ 

LOOP19: SWITCH CG1, AND Q ACH INC20, OUT SRAMl aL; 
/*Check for left port of SRAMs not busy (CG7 and CGS), Sele 
left SRAM port and generate WR strobe, check for odd 
or even address.*/ 

CASE 00, GOTO LOOP19;/*CG7=0, CG6=0, CG5=0, CG4=0*/ 
CASE 01, GOTO LOOP19;/*CG7=0, CG6=0, CG5=0, CG4=1*/ 
CASE 02, GOTO LOOP19;/*CG7=0, CG6=0, CG5=1, CG4=0*/ 
CASE 03, GOTO LOOP19;/*CG7=0, CG6=0, CGS=l, CG4=1*/ 
CASE 04, GOTO LOOP19;/*CG7=0, CG6=1, CG5=0, CG4=0*/ 
CASE 05, GOTO LOOP19;/*CG7=0, CG6=1, CGS=O, CG4=1*/ 
CASE 06, GOTO LOOP19;/*CG7=0, CG6=1, CG5=1, CG4=0*/ 
CASE 07, GOTO LOOP19;/*CG7=0, CG6=1, CGS=l, CG4=1*/ 

!f'_E~§§ 
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Appendix 1. 
PAC1000 
Program 
Illustrations 
(Assembly Code) 
(Cont.) 

CASE 08, GOTO LOOP19;/*CG7=1, CG6=0, CGS=O, CG4=0*/ 
CASE 09, GOTO LOOP19;/*CG7=1, CG6=0, CGS=O, CG4=1*/ 
CASE 10, GOTO NEXT2; /*CG7=1, CG6=0, CGS=l, CG4=0*/ 
CASE 11, GOTO NEXT2; /*CG7=1, CG6=0, CGS=l, CG4=1*/ 
CASE 12, GOTO LOOP19;/*CG7=1, CG6=1, CGS=O, CG4=0*/ 
CASE 13, GOTO LOOP19;/*CG7=1, CG6=1, CGS=O, CG4=1*/ 
CASE 14, GOTO NEXT2; /*CG7=1, CG6=1, CGS=l, CG4=0*/ 
CASE 15, GOTO NEXT2; /*CG7=1, CG6=1, CGS=l, CG4=1*/ 

NEXT2: ENDSWITCH; 

IF Z, MOV lOR SRLPWR; 
MOV DOR DAT66; /*write h'66' data into SRAM*/ 

ELSE; 
MOV DOR DAT99; /*write h'99' data into SRAM*/ 

ENDIF; 

MOV lOR SRMDIS; /*end write cycle*/ 
LOOPNZ LOOP19, ADD ACH INC20, OUT SRAMNO; 

/*add h'0020' to ACH - inc left port address*/ 

1***·************************************************* ***********.*******/ 
/*This section reads and checks data from dual port SRAM #1 */ 
/*~~~~'2~~ !.t~ 10 f'i-' !"'nr.... * I 
1***************************************************** *******************/ 

RESET HDOE, CLR ACL; /*Clear ACL, Enable writing to Data Input Register*/ 
SET DIREN, CLR ACH; /*Clear ACH, Select Host data to be used as an 

input*/ 
LDLC h'7FF'; /*ACH ADD(lS:S) MSB*/ 

LOOP20: IF NOT CC7, MOV lOR SRLPRD, OUT SRAM1L; 
/*Enable OE for read, Enable CS to select SRAM*/ 

JMP LOOP20; /*Left SRAM Busy*/ 
ENDIF; 

AND GPR M1S8 DIR; 
AND Q ACH INC20; 
IF Z RDEVEN9, MOV 

CMP GPR DAT66; 
ELSE; 

CMP GPR DAT99; 
ENDIF; 

JMPC Z ERROR; 

/*Read dual port RAM data and write it into GPR*/ 
/*Check for odd or even address*/ 

lOR SRMDIS, OUT SRAMNO; 
/*End read cycle, Release OE and CS*/ 

LOOPNZ LOOP20, ADD ACH INC20; 
/*increment address*/ 

/*TEST CASE #3*/ 
1***************************************************** ********************/ 
/* This section alternately writes data through a right port address and */ 
/* reads out of the left port address for verification, then increments */ 
/* each address of dual port SRAM/1. Repeat for other SRAMs. */ 
1*************************************************************************/ 
/*writing*/ 

CLR ACH, OUT SRAMNO; 

-------------------------------------------~~~~------------------------------------------
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LOOP29: 
LOOP30: 

CLR ACL; 
LDLC h'lF'; 
PLDLC h'3F'; 
SET HDOE; 
RESET DlREN; 
IF NOT CC7, AND Q 

JMP LOOP30; 
ENDIF; 

/*ACH ADD(4:O) MSB - LOAD Stack w/2K */ 
/*ACL HAD(5:0) LSB - address*/ 

ACL SET1, OUT SRAM1R; 
/*Select right or left SRAM port and generate 
strobe, check for odd or even address.*/ 
/*Left SRAM Busy*/ 

IF Z, MOV lOR SRRPWR; 
MOV DOR DATCC; /*write h'cc' data into SRAM*/ 

ELSE; 
MOV DOR DAT33; 

ENDIF; 

MOV lOR SRMDIS; 

/*reading*/ 

/*write h'33' data into SRAM*/ 

/*Release R/W*/ 

RESET HDOE, OUT SRAMNO; 
/*Selects Host data to be used as an input*/ 

SET DlREN; /*Enables writing to Data Input Register*/ 
MOV lOR SRLPRD, OUT SRAM1L; 

WR 

/*Enable OE for read, Enable CS to select SRAM*/ 
AND GPR M158 DIR; /*Read dual port RAM data and write it into GPR*/ 
AND Q ACH INC20; /*Check for odd or even address*/ 
IF Z, MOV lOR SRMDIS, OUT SRAMNO; 

CMP GPR DATCC2; 
ELSE; 

CMP GPR DAT332; 
END IF; 

/*End read cycle, Release OE*/ 

JMPC Z ERROR, ADD ACH INC20; 
/*Increment ADD(15:5) by h'0020' (ACH address 
ctr)- for read*/ 

LOOPNZ LOOP30, ACL := ++ ACL; 
/*Increment HAD(5:0)-ACL address counter for write, 
deselect WR and CS*/ 

POPLC, ACH := ++ ACH;/*Increment ADD(4:O)-ACH address counter for write*/ 
LOOPNZ LOOP29; /*end of outer loop*/ 

/*TEST CASE #4*/ 
/*************************************************************************/ 
/* This section alternately writes data through a left port address and */ 
/* reads out of the right port address for verification, then increments */ 
/* each address of dual port SRAM#l. */ 
/****.****.*.*****.**********.*******.**.*********** •• ****w***.******** •• */ 
/*writing*/ 

CLR ACH, OUT SRAMNO; 
/*clear ACH counter*/ 

CLR ACL; 
/*clear ACL counter*/ 

F~" -& 
------------------------------------~~~----------------------------------------
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LOOP45: 
LOOP46: 

LDLC h'lF'; 
PLDLC h'3F'; 
SET HDOE; 
RESET DlREN; 

/*ACH ADD(4:0) MSB*/ 
/*ACL HAD(5:0) LSB*/ 

IF NOT CC7, AND Q ACH INC20, OUT SRAM1L; 

JMP LOOP46; 
ENDIF; 

IF Z, MOV lOR SRLPWR; 
MOV DOR DATAA2; 

ELSE; 
MOV DOR DAT552; 

ENDIF; 

MOV lOR SRMDIS; 

/*Check for Left SRAM Busy, Select left SRAM port 
and generate WR strobe. check for odd or even address.*/ 
/*Left SRAM Busy*/ 

/*write h'66' data into SRAM*/ 

/*write h'99' data into SRAM*/ 

/*end write cycle*/ 

/*reading*/ 
RESET HDOE, OUT SRAMNO; 

/*Enable writing to Data Input Register*/ 
SET DlREN; /*Select Host data to be used as an input*/ 
MOV lOR SRRPRD, OUT SRAM1R; 

AND GPR M70 DIR; 
AND Q ACL SET1; 

/*Enable OE for read, Enable CS to select SRAM*I 
/*Read dual port RAM data and write it into SRMDIS*/ 
/*Check for odd or even address*/ 

IF Z RDEVEN25, MOV lOR SRMDIS, OUT SRAMNO; 

CMF GPR DATAA; 
ELSE; 

CMP GPR DAT55; 
ENDIF; 

/*End read cycle, Release OE and Cs*/ 

JMPC Z ERROR, ADD ACH INC20; 
/*Increment ADD(15:5) h'0020 for ACH address ctr 
for write*/ 

LOOPNZ LOOP46, ACL := ++ ACL; 
/*Increment HAD(5:0)-ACL address counter for read*/ 

POPLC, ACH := ++ ACH;/*Increment ADD(4:0)-ACH address counter for read*/ 
LOOPNZ LOOP45; /*end of outer loop*/ 

/*TEST CASE #S*/ 
/*************************************************************************/ 
/* Testing for address lines not connected to SRAM#l by writing */ 
/* sequential addresses at current address in both left and right */ 
/* ports at the same time and reading for accuracy. */ 
/*************************************************************************/ 
/*writing*/ 

CLR ACH, OUT SRAMNO; 

MOV ACL SET1; 

LDLC h'OF'; 
LOOP6l: PLDLC h'lF'; 

/*clear ACH counter*/ 

/*set ACL counter to 1*/ 
/*ACH ADD(4:0) MSB*/ 
/*ACL HAD(5:0) LSB*/ 

________________________________ r=:=E ______________________________ ___ 
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LOOP62: 

NEXT3: 

SET HOOE; 
RESET OIREN; 
SWITCH CG1, MOV lOR SRLRPWR, OUT SRAM1LR; 

/*Check for ports not busy (CG7 or CG6), Select right AND 
left SRAM port and generate WR strobe*/ 

CASE 00, GOTO LOOP62;/*CG7=0, CG6=0, CG5=0, CG4=0*/ 
CASE 01, GOTO LOOP62;/*CG7=0, CG6=0, CG5=0, CG4=1*/ 
CASE 02, GOTO LOOP62;/*CG7=0, CG6=0, CG5=1, CG4=0*/ 
CASE 03, GOTO LOOP62;/*CG7=0, CG6=0, CG5=1, CG4=1*/ 

/*Left and Right ports of SRAM#l 
Busy*/ 

CASE 04, GOTO LOOP62;/*CG7=O, CG6=1, CG5=0, CG4=0*/ 
CASE 05, GOTO LOOP62;/*CG7=0, CG6=1, CG5=0, CG4=l*/ 
CASE 06, GOTO LOOP62;/*CG7=0, CG6=1, CG5=1, CG4=0*/ 
CASE 07, GOTO LOOP62;/*CG7=0, CG6=1, CG5=1, CG4=1*/ 

/*Left port of SRAM#l Busy, wait 
CASE 08, GOTO LOOP62;/*CG7=1, CG6=0, CG5=0, CG4=0*/ 
CASE 09, GOTO LOOP62;/*CG7=1, CG6=0, CG5=0, CG4=1*/ 
CASE 10, GOTO LOOP62;/*CG7=1, CG6=0, CG5=1, CG4=0*/ 
CASE 11, GOTO LOOP62;/*CG7=1, CG6=0, CG5=1, CG4=1*/ 

/*Right port of SRAM#l Busy, wait 
CASE 12, GOTO NEXT3;/*CG7=1, CG6=1, CG5=0, CG4=0*/ 
CASE 13, GOTO NEXT3;/*CG7=1, CG6=1, CG5=0, CG4=1*/ 
CASE 14, GOTO NEXT3;/*CG7=1, CG6=1, CG5=1, CG4=0*/ 
CASE 15, GOTO NEXT3;/*CG7=1, CG6=1, CG5=1, CG4=1*/ 

ENOSWITCH; 

MOV OOR SET1; 
MOV lOR SRMDIS; 

/*write address into SRAM*/ 

Busy, wait until not 

until not Busy*/ 

until not Busy*/ 

/*reading*/ 
RESET HOOE, OUT SRAMNO; 

/*Enable writing to Data Input Register*/ 
SET OIREN; /*Se1ect Host data to be used as an input*/ 
MOV lOR SRLRPRD, OUT SRAM1LR; 

/*Enab1e OE for read, Enable CS to select both ports 
of SRAM*/ 

MOV GPR OIR; /*Read dual port RAM data and write it into SRMDlS*/ 
MOV lOR SRMDIS, OUT SRAMNO; 

/*End read cycle, Release OE and CS*/ 
CMP GPR SET1; 

JMPC Z ERROR, ADD ACH INC40; 
/*lncrement ADO(15:5) h'0040' for ACH address ctr 
for write*/ 

ADD SET1 h'0202'; /*lncrement data to correspond to address*/ 
LOOPNZ LOOP62, ADD ACL INC02; 

POPLC, ACH := ++ 
LOOPNZ LOOP61; 
SET1 := h'OOOl'; 

/*TEST CASE #6*/ 

/*lncrement by 2 HAD(5:0)-ACL address counter 
for read*/ 

ACH;/*lncrement ADO(4:0)-ACH address counter for read*/ 
/*end of outer loop*/ 

/*************************************************************************/ 
/* Testing for data lines not connected for SRAM#l by writing "running */ 

-----------------------------------------~~~----------------------------------------
4-119 

• 



PAC1000 • Application Note 012 

Appendix 1. 
PAC1000 
Program 
Illustrations 
(Assembly Code) 
(Cont.) 

/* l's at each incremental address in both left and right ports at the */ 
/* same time. */ 
/*************************************************************************/ 
/*writing*/ 

LOOP64: 
LOOP6S: 

CLR ACH, OUT SRAMNO; 

MOV ACL SET1; 

LDLC h'OF'; 
PLDLC h 'IF'; 
SET HDOE; 

/*clear ACH counter*/ 

/*set ACL counter to 1*/ 
/*ACH ADD(4:0) MSB*/ 
/*ACL HAD(S:O) LSB*/ 

RESET DlREN; 
SWITCH CG1, MOV lOR SRLRPWR, OUT SRAM1LR; 

CASE 00, 
CASE 01, 
CASE 02, 
CASE 03, 

CASE 04, 
~~ 

"""'~.&:I V~, 

CASE 06, 
CASE 07, 

CASE 08, 
CASE 09, 
CASE 10, 
CASE 11, 

GOTO 
GOTO 
GOTO 
GOTO 

GOTO 

GOTO 
GOTO 

GOTO 
GOTO 
GOTO 
GOTO 

/*Check for ports not busy (CG7 and CG6), Select right AND 
SRAM port and generate WR strobe*/ 

LOOP6S;/*CG7=0, CG6=0, CGS=O, CG4=0*/ 
LOOP6S;/*CG7=0, CG6=0, CGS=O, CG4=1*/ 
LOOP6S;/*CG7=0, CG6=0, CGS=l, CG4=0*/ 
LOOP6S;/*CG7=0, CG6=0, CGS=l, CG4=1*/ 

/*Left and Right ports of SRAM#l Busy, wait until not 
Busy*/ 

LOOP6S;/*CG7=0, CG6=1, CGS=O, CG4=0*/ 
.~~~,~_ I~~~~_n ~~~_1 ~~~_n ~~A_1.1 

~'\J_&,""""'I ...... '-"",-v, ............... -., .............. - ... , -_-.-'"- I 

LOOP6S;/*CG7=0, CG6=1, CGS=l, CG4=0*/ 
LOOP6S;/*CG7=0, CG6=1, CGS=l, CG4=1*/ 

/*Left port of SRAM#l Busy, wait until not Busy*/ 
LOOP6S;/*CG7=1, CG6=0, CGS=O, CG4=0*/ 
LOOP6S;/*CG7=1, CG6=0, CGS=O, CG4=1*/ 
LOOP6S;/*CG7=1, CG6=0, CGS=l, CG4=0*/ 
LOOP6S;/*CG7=1, CG6=0, CGS=l, CG4=1*/ 

/*Right port of SRAM#l Busy, wait until not Busy*/ 
CASE 12, GOTO NEXT4;/*CG7=1, CG6=1, CGS=O, CG4=0*/ 
CASE 13, GOTO NEXT4;/*CG7=1, CG6=1, CGS=O, CG4=1*/ 
CASE 14, GOTO NEXT4;/*CG7=1, CG6=1, CGS=l, CG4=0*/ 
CASE 15, GOTO NEXT4;/*CG7=1, CG6=1, CGS=l, CG4=1*/ 

NEXT4: ENDSWITCH; 

MOV DOR RUN1S; 
MOV lOR SRMDIS; 

/*write running l's into SRAM*/ 
/*end write cycle*/ 

/*reading*/ 
RESET HDOE, OUT SRAMNO; 

/*Enable writing to Data Input Register*/ 
SET DlREN; /*select Host data to be used as an input*/ 
MOV lOR SRLRPRD, OUT SRAM1LR; 

/*Enable OE for read, Enable CS to select both ports 
of SRAM*/ 

MOV GPR DIR; /*Read dual port RAM data and write it into GPR*/ 
MOV lOR SRMDIS, OUT SRAMNO; 

/*End read cycle, Release OE and Cs*/ 
CMP GPR SET1; 

JMPC Z ERROR, ADD ACH INC40; 
/*Increment ADD(lS:S) h'0040' for ACH address ctr 
for write*/ 

_________________________________________ 'ar~~~----------------------------------------
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SHLR RUN1S RMSBj /*Shift and rotate R31 left one bit*/ 

LOOPNZ LOOP6S, ADD ACL INC02j 
/*Increment by 2 HAD(S:O)-ACL address counter 
for read*/ 

POPLC, ACH := ++ ACHj/*Increment ADD(4:0)-ACH(4:0)-ACH address counter 
for read*/ 

LOOPNZ LOOP64j /*end of outer loop*/ 

/*TEST CASE #7*/ 
/************************************************************************/ 
/* Dual-Port Address Arbitration Test/Busy Signal Test for Both Ports. */ 
/* Test for writing to the same location of SRAM #1 and #5 at the same */ 
/* time (Expect Busy signal) */ 
/************************************************************************/ 

SET HDOE, CLR ACH, OUT SRAMNOj 
/*clear ACH counter*/ 

RESET DlREN, CLR ACLj/*clear ACL countera*/ 
LDLC h'lF' j 

LOOP96: PLDLC h'3F'j 
LOOP97: MOV lOR SRLRPWR, OUT SRAM1sLRj 

/*Select right AND left SRAM port and generate WR 
strobe to try and write in same address location 
of both ports*/ 

SWITCH CG1j /*Check for busy signal from left or right port 
(CG7 or CG6) AND (CGS or CG4) of each RAM*/ 

CASE 00, GOTO ERRORj /*CG7=0, CG6=0, CGS=O, CG4=0*/ 
CASE 01, GOTO ERRORj /*CG7=0, CG6=0, CGs=O, CG4=1*/ 
CASE 02, GOTO ERRORj /*CG7=0, CG6=0, CGs=l, CG4=0*/ 
CASE 03, GOTO ERRORj /*CG7=0, CG6=0, CGs=l, CG4=1*/ 
CASE 04, GOTO ERRORj /*CG7=0, CG6=1, CGs=O, CG4=0*/ 
CASE OS, GOTO NEXTSj /*CG7=0, CG6=1, CGs=O, CG4=1*/ 
CASE 06, GOTO NEXTsj /*CG7=0, CG6=1, CGs=l, CG4=0*/ 
CASE 07, GOTO ERROR; /*CG7=0, CG6=1, CGs=l, CG4=1*/ 
CASE 08, GOTO ERRORj /*CG7=1, CG6=0, CGs=O, CG4=0*/ 
CASE 09, GOTO NEXTs; /*CG7=1, CG6=0, CGs=O, CG4=1*/ 
CASE 10, GOTO NEXTS; /*CG7=1, CG6=0, CGs=l, CG4=O*/ 
CASE 11, GOTO ERROR; /*CG7=1, CG6=0, CGs=l, CG4=1*/ 
CASE 12, GOTO ERROR; /*CG7=1, CG6=1, CGs=O, CG4=O*/ 
CASE 13, GOTO ERROR; /*CG7=1, CG6=1, CGs=O, CG4=1*/ 
CASE 14, GOTO ERROR; /*CG7=1, CG6=1, CGS=l, CG4=O*/ 
CASE 15, GOTO ERROR; /*CG7=1, CG6=1, CGs=l, CG4=1*/ 

NEXTS: ENDSWITCH; 

MOV DOR DATAA3; /*Write data in active port*/ 
MOV lOR SRMDIS, OUT SRAMNOj 

/*End write cycle*/ 

ADD ACH INC20j /*Increment both address ports to test for 
busy at every location*/ 

LOOPNZ LOOP96, ACL := ++ ACLj 
POPLC, ACH := ++ ACH; 
LOOPNZ LOOP97j 

-----------------------------------------~~~~----------------------------------------
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/*TEST CASE #8*/ 
/************************************************************************/ 
/* Test for dual port SRAM interrupt flag function by writing to right */ 
/* port memory location 7FE and checking for INTL set and then reading */ 
/* from left port to clear INTL. Then do same to check for INTR at */ 
/* memory location 7FF for 2 dual-port SRAMs at a time (Example for */ 
/* SRAMs 1 and 5.) Continue w/SRAMs 2 and 6. */ 
/************************************************************************/ 

/*set left interrupt by writing into right port address 7FE*/ 
SINTL: SET HOOE, MOV ACH INTLC, OUT SRAMNO; 

/*set left port address to 7FE*/ 
RESET DIREN, MOV ACL INTLS; 

/*set left port address to 7FE*/ 
MOV lOR SRRPWR, OUT SRAM15R; 

/*Select right SRAM port and generate WR strobe*/ 
MOV DOR DATAA; /*write h'aa' into SRAM*/ 
MOV lOR SRMDIS, OUT SRAMNO; 

SWITCH CGO; 

CASE 
CASE 
CASE 
CASE 
CASE 
CASE 

00, GOTO 
01, GOTO 
02, GOTO 
03, GOTO 
04, GOTO 
OS, GOTO 

/*end write cycle*/ 
/*check for left interrupt set (CC3 and CC1)*/ 
/*for both dual port RAMs #1 and #5*/ 

ERROR;/*CG3=O, CG2=O, CG1=O, CGO=O*/ 
ERROR;/*CG3=O, CG2=O, CG1=O, CGO=l*/ 
ERROR;/*CG3=O, CG2=O, CG1=l, CGO=O*/ 
ERROR;/*CG3=O, CG2=O, CGl=l, CGO=l*/ 
ERROR;/*CG3=O, CG2=l, CG1=O, CGO=O*/ 
CINTL1;/*CG3=O, CG2=l, CG1=O, CGO=l*/ 

/*Left interrupt set, so continue*/ 
CASE 06, GOTO ERROR;/*CG3=O, CG2=l, CG1=l, CGO=O*/ 
CASE 07, GOTO ERROR;/*CG3=O, CG2=l, CG1=l, CGO=l*/ 
CASE 08, GOTO ERROR;/*CG3=l, CG2=O, CG1=O, CGO=O*/ 
CASE 09, GOTO ERROR;/*CG3=l, CG2=O, CG1=O, CGO=l*/ 
CASE 10, GOTO ERROR;/*CG3=l, CG2=O, CG1=l, CGO=O*/ 
CASE 11, GOTO ERROR;/*CG3=l, CG2=O, CG1=l, CGO=l*/ 
CASE 12, GOTO ERROR;/*CG3=l, CG2=l, CG1=O, CGO=O*/ 
CASE 13, GOTO ERROR;/*CG3=l, CG2=l, CG1=O, CGO=l*/ 
CASE 14, GOTO ERROR;/*CG3=l, CG2=l, CG1=l, CGO=O*/ 
CASE 15, GOTO ERROR;/*CG3=l, CG2=l, CG1=l, CGO=l*/ 

ENDSWITCH; 

/*Clear left interrupt of SRAM #1 and #5 by reading from left port */ 
i*addreBB 7FE:./ 

CINTL1: RESET HDOE; 
SET DlREN; 
MOV lOR SRLPRD, OUT 

MOV GPR DIR; 
MOV lOR SRMDIS, OUT 

JMPC CC3 CINTL5; 
JMP ERROR; 

/*Enables writing to Data Input Register*/ 
/*Selects host data to be used an input*/ 

SRAM1L; 
/*Enable OE for read, Enable CS to select SRAM*/ 
/*Read dual port RAM data*/ 

SRAMNO; 
/*End read cycle for dual port SRAM#l, Release OE*/ 
/*check for clear interrupt, if clear continue*/ 

CINTL5: MOV lOR SRLPRD, OUT SRAMSL; 

!FEESE= 
-----------------------------------------~~ar----------------------------------------
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MOV GPR OlRi 
MOV lOR SRMDlS, OUT 

/*Enable OE for read, Enable CS to select SRAM*/ 
/*Read dual port RAM data*/ 

SRAMNOi 

JMPC CC1 SlNTRi 
JMP ERRORi 

/*End read cycle for dual port SRAM#s, Release OE*/ 
/*check for left clear interrupt, if clear, continue*/ 

/*Set right interrupt by writing into left port address 7FF*/ 

SlNTR: SET HOOE, MOV ACH lNTRS, OUT SRAMNOi 
/*set right port address to 7FF*/ 

RESET OlREN, MOV ACL lNTRCi 
/*set left port address to 7FF*/ 

MOV lOR SRLPWR, OUT SRAM1sLi 
/*Select left SRAM port and generate WR strobe*/ 

MOV OOR OATAA2i /*write h'aa' into SRAM*/ 
MOV lOR SRMDlS, OUT SRAMNOi 

/*end write cycle*/ 
SWITCH CGOi /*Check for right interrupt set (CC2,CCO)*/ 

/*for both dual port RAMs #1 and #5*/ 
CASE 00, GOTO ERRORi/*CG3=0, CG2=0, CG1=0, CGO=O*/ 
CASE 01, GOTO ERRORi/*CG3=0, CG2=0, CG1=0, CGO=l*/ 
CASE 02, GOTO ERRORi/*CG3=0, CG2=0, CG1=1, CGO=O*/ 
CASE 03, GOTO ERRORi/*CG3=0, CG2=0, CG1=1, CGO=l*/ 
CASE 04, GOTO ERRORi/*CG3=0, CG2=1, CG1=0, CGO=O*/ 
CASE 05, GOTO ERRORi/*CG3=O, CG2=l, CG1=O, CGO=l*/ 
CASE 06, GOTO ERRORi/*CG3=O, CG2=l, CG1=l, CGO=O*/ 
CASE 07, GOTO ERRORi/*CG3=O, CG2=l, CG1=l, CGO=l*/ 
CASE 08, GOTO ERRORi/*CG3=l, CG2=O, CG1=O, CGO=O*/ 
CASE 09, GOTO ERRORi/*CG3=l, CG2=O, CG1=O, CGO=l*/ 
CASE 10, GOTO CINTR1i/*CG3=l, CG2=O, CG1=l, CGO=O*/ 

/*Right interrupt set, so continue*/ 
CASE II, GOTO ERRORi/*CG3=l, CG2=O, CG1=l, CGO=l*/ 
CASE 12, GOTO ERRORi/*CG3=l, CG2=l, CG1=O, CGO=O*/ 
CASE 13, GOTO ERRORi/*CG3=l, CG2=l, CG1=O, CGO=l*/ 
CASE 14, GOTO ERRORi/*CG3=l, CG2=l, CG1=l, CGO=O*/ 
CASE 15, GOTO ERRORi/*CG3=l, CG2=l, CG1=l, CGO=l*/ 

ENOSWITCHi 

/*C1ear right interrupt of SRAM #1 and #5 by reading from right port */ 
/*address 7FF:*/ 

CINTR1: RESET HOOEi 
SET OIRENi 
MOV lOR SRRPRD, OUT 

MOV GPR OIRi 
MOV lOR SRMDIS, OUT 

JMPC CC2 CINTRsi 
JMP ERRORi 

/*Enab1e writing to Data Input Register*/ 
/*Se1ect host data to be used an input*/ 

SRAM1Ri 
/*Enable OE for read, Enable CS to select SRAM*/ 
/*Read dual port RAM data*/ 

SRAMNOi 
/*End read cycle for dual port SRAM#l, Release OE*/ 
/*check for clear interrupt, if clear continue*/ 

CINTRs: MOV lOR SRRPRD, OUT SRAMsRi 
/*Enable OE for read, Enable CS to select SRAM*/ 

MOV GPR OIRi /*Read dual port RAM data*/ 

-----------------------------------------~~~~----------------------------------------
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MOV lOR SRMDlS, OUT SRAMMO; 
/*End read cycle for dual port SRAM#S, Release OE*/ 

JMPC CCO DONE; /*check for left clear interrupt, if clear, continue*/ 
JMP ERROR; 

DONE: JMP DONE; 

ERROR: MOV lOR SRMERR, JMP ERROR; 

end; 

'f,1I iJI~ 
--------------------------------~JFI--------------------------------
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(Assembly Code) /*This is an alias file*/ /*This is an equate file*/ 

(Cont.) alias DATAA RO; SRAMNO equ h'ffff' ; 
alias DAT55 Rl; SRAM1L equ h'fffe' ; 
alias DAT66 R2; SRAM2L equ h'fffd' ; 
alias DAT99 R3; SRAM3L equ h'fffb' ; 
alias DATCC R4; SRAM4L equ h'fff7'; 
alias DAT33 R5; SRAM5L equ h'ffef' ; 
alias DATAA2 R6; SRAM6L equ h'ffdf'; 
alias DATAA3 R7; SRAM7L equ h'ffbf'; 
alias DAT552 RS; SRAMSL equ h'ff7f' ; 
alias DATCC2 R9; SRAM1R equ h'feff'; 
alias DAT332 R10; SRAM2R equ h'fdff' ; 
alias SRMDIS Rll; SRAM3R equ h'fbff' ; 
alias SRMERR R12; SRAM4R equ h'f7ff'; 
alias GPR R13; SRAM5R equ h'efff' ; 
alias INTLS R14; SRAM6R equ h'dfff'; 
alias INTRC R15; SRAM7R equ h'bfff' ; 
alias INTRS R16; SRAMSR equ h'7fff'; 
alias INTLC R17; 
alias SRLRPWR R1S; SRAM1LR equ h'fefe' ; 
alias SRLRPRD R19; SRAM2LR equ h'fdfd' ; 
alias SRRPWR R20; SRAM3LR equ h'fbfb' ; 
alias SRLPWR R21; SRAM4LR equ h'f7f7'; 
alias SRRPRD R22; SRAM5LR equ h'efef' ; 
alias SRLPRD R23; SRAM6LR equ h'dfdf'; 
alias RUN1S R24; 
alias INC02 R25; 
alias INC40 R26; 
alias M70 R27; 
alias M15S R2S; 

SRAM7LR equ h'bfbf' ; 
SRAMSLR equ h'7f7f' ; 

SRAMl SL equ h'ffOO' ; 
SRAM()R equ h'OOff' ; • alias INC20 R29; 

alias REG30 R30; SRAM15LR equ h'eeee' 
alias SETl R31; SRAM26LR equ h'dddd' 

SRAM37LR equ h'bbbb' 
SRAM4SLR equ h'7777' 

SRAM15R equ h'OOee' ; 
SRAM15L equ h'eeOO'; 
SRAM26R equ h'OOdd' ; 
SRAM26L equ h'ddOO' ; 
SRAM37R equ h 'OObb' ; 
SRAM37L equ h'bbOO'; 
SRAM4SR equ h '0077' ; 
SRAM4SL equ h'7700' ; 

---------------------------------------~~~--------------------------------------
4-125 

--- - - - .. - . ---------



PAC1DOO - Application Note 012 

Appendix 2. 
Linker File 
Example 

j.This is a linker file.; 

place dual-port_memory_test; 
load dpmtst; 
end; 

----------------------------------r~JrjF:---------------------------------
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Appendix 3. 
Stimulus File 
Example 

/*This is a stimulus file*/ 

.s RESETB O@l l@2; 
S RDB 0@1 l@97 ; 

.S eSB 0@1 1@97 ; 

.S HD1S Z@l 0@9S 1@102 0@109 

.s HD14 Z@l 1@9S 0@102 1@109 

.s HD13 Z@1 0@95 1@102 0@109 

.s HD12 Z@1 1@95 0@102 1@109 

.S HDll Z@1 0@9S 1@102 0@109 

.s HD10 Z@l 1@95 0@102 1@109 

.s H09 Z@l 0@95 1@102 0@109 

.s HDS Z@l 1@9S 0@102 1@109 

.S HD7 Z@l 1@9S 0@102 1@109 

.s HD6 Z@l 0@9S 1@102 0@109 

.S HDS Z@l 1@9S 0@102 1@109 

.s HD4 Z@l 0@95 1@102 O@109 

.S HD3 Z@l 1@9S 0@102 1@109 

.S HD2 Z@1 0@9S 1@102 0@109 

.s HD1 Z@1 1@9S O@102 1@109 

.S HOO Z@l 0@9S 1@102 0@109 

.S ADD1S Z@l 

.S ADD14 Z@1 

.s ADD13 Z@1 

.s ADD12 Z@l 

.S ADDll Z@l 

.s ADD10 Z@l 

.s ADD9 Z@l 

.S ADDS Z@l 

.S ADD7 Z@1 

.S ADD6 Z@1 1 

.S ADDS Z@1 

.S ADD4 Z@1 

.S ADD3 Z@l 

.S ADD2 Z@1 

.S ADD1 Z@l 

.S ADDO Z@1 

.S HAD 5 Z@1 

.S HAD4 Z@l 1 

.S HAD 3 Z@l 

.S HAD2 Z@l 

.S HAD 1 Z@l 

.s HADO Z@l 

.s 107 Z@l 

.s 106 Z@l 

.s 105 Z@l 

.s 104 Z@1 

.S 103 Z@l 

.S 102 Z@l 

.s 101 Z@l 

.S 100 Z@l 

I'AC10D0· Application Note 012 

1@1l9 0@l26 1@133 Z@140 0@193 1@200 0@207 1@2l4 
0@1l9 1@126 0@133 Z@140 1@193 0@200 1@207 0@214 
1@1l9 0@126 1@133 Z@140 1@193 0@200 1@207 0@214 
0@1l9 1@126 0@133 Z@140 0@193 1@200 0@207 1@214 
1@1l9 0@126 1@133 Z@140 0@193 1@200 0@207 1@214 
0@1l9 1@126 0@133 Z@140 1@193 0@200 1@207 0@214 
1@1l9 0@126 1@133 Z@140 1@193 0@200 1@207 0@214 
0@1l9 1@126 0@133 Z@140 0@193 1@200 0@207 1@214 
0@1l9 1@126 0@133 Z@140 1@193 0@200 1@207 0@214 
1@1l9 0@126 1@133 Z@140 0@193 1@200 0@207 1@214 
0@1l9 1@126 0@133 Z@140 0@193 1@200 0@207 1@214 
1@1l9 0@126 1@133 Z@140 1@193 0@200 1@207 0@214 
0@1l9 1@126 0@133 Z@140 1@193 0@200 1@207 0@214 
1@1l9 0@126 1@133 Z@140 0@193 1@200 0@207 1@214 
0@1l9 1@126 0@133 Z@140 0@193 1@200 0@207 1@214 
1@1l9 0@126 1@133 Z@140 1@193 0@200 1@207 0@214 

-----------------------------------ru.-~-----------------------------------1"" ... 
.,.-~. 
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Appendix 3. 
Command File 
Example 

/*This is a command file used for batch simulation*/ 

open journal dpmtst 
open stimulus dpmtst 
set trace PC 
set trace CPC 
set trace LC 
set trace Z 
set trace lOR 
set trace IO 
set trace OC 
set trace HDIR 
set trace HDOR 
set trace HD 
set trace ACH 
set trace ADD 
set trace ACL 
set trace HAD 
set trace RlO 

open trace dpmtst 

---------------------------------------fJrjf~~-------------------------------------­
itir.IIf __ 
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Appendix 4. 
Simulation 
Results 

******************************************************************************** 

OUT PUT TAB L E 

PAC S I M Ver. 3.00b Wed Sep 05 10:52:57 1990 
**********************************************************.********************* 

PPP eec LLL Z II II 0000 HHHH HHHH HHHH AAAA AAAA AA HH RRRR 
eec PPP ece 00 00 ecce DODD DODD DODD ecce DODD cc AA 1111 
173 cec 173 RR 73 1173 IIII 0000 1173 HHHH DODD LL DD 0000 
1: : 173 1: : 73 : : 51:: RRRR RRRR 51: : 1173 1173 53 53 
:40 1:: :40 .. 40 : :40 1173 1173 : :40 51:: 51: : : : : : 1173 
8 :40 8 40 18 51:: 51: : 18 : :40 ::40 40 40 51:: 

8 2 : : 40 :: 40 2 18 18 : : 40 
18 18 2 2 18 
2 2 2 

TIME 
1 000 000 000 0 00 zz 0000 0000 0000 0000 0000 zzzz 00 zz 0000 
2 000 000 000 0 00 zz 0000 0000 0000 0000 0000 zzzz 00 zz 0000 
3 010 000 000 1 00 ZZ ffff 0000 0000 0000 0000 zzzz 00 zz 0000 
4 011 010 000 1 00 ZZ ffff 0000 0000 0000 0000 0000 00 00 0000 
5 012 011 000 1 00 ZZ ifff 0000 0000 0000 0000 0000 00 00 0000 
6 013 012 000 0 ff ff ffff 0000 0000 0000 0000 0000 00 00 0000 
7 014 013 000 1 ff ff ffff 0000 0000 0000 0000 0000 00 00 0000 
8 015 014 000 0 ff if ffff 0000 0000 0000 0000 0000 00 00 0000 • 9 016 015 000 0 ff ff ffff 0000 0000 0000 0000 0000 00 00 0000 

10 017 016 000 0 ff ff ffff 0000 0000 0000 0000 0000 00 00 0000 
11 018 017 000 0 ff ff ffff 0000 0000 0000 0000 0000 00 00 0000 
12 019 018 000 0 ff ff ffff 0000 0000 0000 0000 0000 00 00 0000 
13 01a 019 000 0 ff ff ifff 0000 0000 0000 0000 0000 00 00 0000 
14 01b 01a 000 0 ff ff ifff 0000 0000 0000 0000 0000 00 00 0000 
15 Ole 01b 000 0 ff ff ffif 0000 0000 0000 0000 0000 00 00 0000 
16 Old Ole 000 0 ff ff ifff 0000 0000 0000 0000 0000 00 00 0000 
17 Ole Old 000 0 ff ff ffff 0000 0000 0000 0000 0000 00 00 0000 
18 Olf Ole 000 0 ff ff ffff 0000 0000 0000 0000 0000 00 00 0000 
19 020 Olf 000 0 ff ff ffff 0000 0000 0000 0000 0000 00 00 0000 
20 021 020 000 0 ff ff ifff 0000 0000 0000 0000 0000 00 00 0000 
21 022 021 000 1 ff ff ffff 0000 0000 0000 0000 0000 00 00 0000 
22 023 022 000 0 ff if ffff 0000 0000 0000 0000 0000 00 00 0000 
23 024 023 000 1 ff ff ffff 0000 0000 0000 0000 0000 00 00 0000 
24 025 024 001 1 ff ff ffff 0000 0000 0000 0000 0000 00 00 0000 
25 026 025 001 1 ff ff ffff 0000 0000 0000 0000 0000 00 00 0000 
26 027 026 005 1 ff ff OOff 0000 0000 0000 0000 0000 00 00 0000 
27 060 027 005 1 ff ff OOff 0000 0000 0000 0000 0000 00 00 0000 
28 029 060 005 o bf bf OOff 0000 0000 0000 0000 0000 00 00 0000 
29 02a 029 005 o bf bf OOff 0000 aa55 aa55 0000 0000 00 00 0000 
30 026 02a 005 o ff ff ffff 0000 aa55 aa55 0000 0000 00 00 0000 
31 027 026 004 o ff ff OOff 0000 aa55 aa55 0000 0000 01 01 0000 
32 028 027 004 o ff ff OOff 0000 aa55 aa55 0000 0000 01 01 0000 
33 029 028 004 o bf bf OOff 0000 aa55 aa55 0000 0000 01 01 0000 
34 02a 029 004 o bf bf OOff 0000 55aa 55aa 0000 0000 01 01 0000 
35 026 02a 004 o ff ff ffff 0000 55aa 55aa 0000 0000 01 01 0000 
36 027 026 003 o ff ff OOff 0000 55aa 55aa 0000 0000 02 02 0000 
37 060 027 003 1 ff ff OOff 0000 55aa 55aa 0000 0000 02 02 0000 

rule; 
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38 029 060 003 o bf bf OOff 0000 55aa 55aa 0000 0000 02 02 0000 
39 02a 029 003 o bf bf OOff 0000 aa55 aa55 0000 0000 02 02 0000 
40 026 02a 003 o ff ff ffff 0000 aa55 aa55 0000 0000 02 02 0000 
41 027 026 002 o ff ff OOff 0000 aa55 aa55 0000 0000 03 03 0000 
42 028 027 002 o ff ff OOff 0000 aa55 aa55 0000 0000 03 03 0000 
43 029 028 002 o bf bf OOff 0000 aa55 aa55 0000 0000 03 03 0000 
44 02a 029 002 o bf bf OOff 0000 55aa 55aa 0000 0000 03 03 0000 
45 026 02a 002 o ff ff ffff 0000 55aa 55aa 0000 0000 03 03 0000 
46 027 026 001 o ff ff OOff 0000 55aa 55aa 0000 0000 04 04 0000 
47 060 027 001 1 ff ff OOff 0000 55aa 55aa 0000 0000 04 04 0000 
48 029 060 001 o bf bf OOff 0000 55aa 55aa 0000 0000 04 04 0000 
49 02a 029 001 o bf bf OOff 0000 aa55 aa55 0000 0000 04 04 0000 
50 026 02a 001 0 ff ff ffff 0000 aa55 aa55 0000 0000 04 04 0000 
51 027 026 000 0 ff ff OOff 0000 aa55 aa55 0000 0000 05 05 0000 
52 028 027 000 0 ff ff OOff 0000 aa55 aa55 0000 0000 05 05 0000 
53 029 028 000 0 bf bf OOff 0000 aa55 aa55 0000 0000 05 05 0000 
54 02a 029 000 0 bf bf OOff 0000 55aa 55aa 0000 0000 05 05 0000 
55 02b 02a 000 0 ff ff ffff 0000 55aa 55aa 0000 0000 05 05 0000 
56 02c 02b 000 0 ff ff ffff 0000 55aa 55aa 0000 0000 06 06 0000 
57 025 02c 001 0 ff ff ffff 0000 55aa 55aa 0001 0001 06 06 0000 
58 026 025 000 1 ff ff ffff 0000 55aa 55aa 0001 0001 06 06 0000 
59 027 026 005 1 ff ff OOff 0000 55aa 55aa 0001 0001 06 06 0000 
60 060 027 005 1 ff ff OOff 0000 55aa 55aa 0001 0001 06 06 0000 
61 029 060 005 0 bf bf OOff 0000 55aa 55aa 0001 0001 06 06 0000 
62 02a 029 005 0 bf bf OOff 0000 aa55 aa55 0001 0001 06 06 0000 
63 026 02a 005 0 ff ff ffff 0000 aa55 aa55 0001 0001 06 06 0000 
64 027 026 004 0 ff ff OOff 0000 aa55 aa55 0001 0001 07 07 0000 
65 028 027 004 0 ff ff OOff 0000 aa55 aa55 0001 0001 07 07 0000 
66 029 028 004 0 bf bf OOff 0000 aa55 aa55 0001 0001 07 07 0000 
67 02a 029 004 0 bf bf OOff 0000 55aa 55aa 0001 0001 07 07 0000 
68 026 02a 004 0 ff ff ffff 0000 55aa 55aa 0001 0001 07 07 0000 
69 027 026 003 0 ff ff OOff 0000 55aa 55aa 0001 0001 08 08 0000 
70 060 027 003 1 ff ff OOff 0000 55aa 55aa 0001 0001 08 08 0000 
71 029 060 003 0 bf bf OOff 0000 55aa 55aa 0001 0001 08 08 0000 
72 02a 029 003 0 bf bf OOff 0000 aa55 aa55 0001 0001 08 08 0000 
73 026 02a 003 0 ff ff ffff 0000 aa55 aa55 0001 0001 08 08 0000 
74 027 026 002 0 ff ff OOff 0000 aa55 aa55 0001 0001 09 09 0000 
75 028 027 002 0 ff ff OOff 0000 aa55 aa55 0001 0001 09 09 0000 
76 029 028 002 0 bf bf OOff 0000 aa55 aa55 0001 0001 09 09 0000 
77 02a 029 002 0 bf bf OOff 0000 55aa 55aa 0001 0001 09 09 0000 
78 026 02a 002 0 ff ff ffff 0000 55aa 55aa 0001 0001 09 09 0000 
79 027 026 001 0 ff ff OOff 0000 55aa 55aa 0001 0001 Oa Oa 0000 
80 060 027 001 1 ff ff OOff 0000 55aa 55aa 0001 0001 Oa Oa 0000 
81 029 060 001 0 bf bf OOff 0000 55aa 55aa 0001 0001 Oa Oa 0000 
82 02a 029 001 0 bf bf OOff 0000 aa55 aa55 0001 0001 Oa Oa 0000 
83 026 02a 001 0 ff ff ffff 0000 aa55 aa55 0001 0001 Oa Oa 0000 
84 027 026 000 0 ff ff OOff 0000 aa55 aa55 0001 0001 Ob Ob 0000 
85 028 027 000 0 ff ff OOff 0000 aa55 aa55 0001 0001 Ob Ob 0000 
86 029 028 000 0 bf bf OOff 0000 aa55 aa55 0001 0001 Ob Ob 0000 
87 02a 029 000 0 bf bf OOff 0000 55aa 55aa 0001 0001 Ob Ob 0000 
88 02b 02a 000 0 ff ff ffff 0000 55aa 55aa 0001 0001 Ob Ob 0000 
89 02c 02b 000 0 ff ff ffff 0000 55aa 55aa 0001 0001 Oc Oc 0000 
90 02d 02c 000 0 ff ff ffff 0000 55aa 55aa 0002 0002 Oc Oc 0000 
91 02e 02d 000 1 ff ff ffff 0000 55aa 55aa 0002 0002 Oc Oc 0000 
92 02f 02e 000 1 ff ff ffff 0000 55aa 55aa 0002 0002 00 00 0000 
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93 030 02f 000 1 ff ff ffff 55aa 55aa 55aa 0000 0000 00 00 0000 
94 031 030 001 1 ff ff ffff 55aa 55aa 55aa 0000 0000 00 00 0000 
95 032 031 002 1 ff ff feff 55aa 55aa 55aa 0000 0000 00 00 0000 
96 033 032 002 0 ef ef feff 55aa 55aa 55aa 0000 0000 00 00 0000 
97 034 033 002 0 ef ef feff 55aa 55aa 55aa 0000 0000 00 00 55aa 
98 063 034 002 1 ef ef ffff 55aa 55aa 55aa 0000 0000 00 00 55aa 
99 036 063 002 o ff ff ffff 55aa 55aa 55aa 0000 0000 00 00 55aa 

100 037 036 002 o ff ff ffff 55aa 55aa 55aa 0000 0000 00 00 55aa 
101 031 037 002 1 ff ff ffff 55aa 55aa 55aa 0000 0000 00 00 55aa 
102 032 031 001 o ff ff feff 55aa 55aa aa55 0000 0000 01 01 55aa 
103 033 032 001 0 ef ef feff aa55 55aa aa55 0000 0000 01 01 55aa 
104 034 033 001 0 ef ef feff aa55 55aa aa55 0000 0000 01 01 aa55 
105 035 034 001 0 ef ef ffff aa55 55aa aa55 0000 0000 01 01 aa55 
106 036 035 001 0 ff ff ffff aa55 55aa aa55 0000 0000 01 01 aa55 
107 037 036 001 0 ff ff ffff aa55 55aa aa55 0000 0000 01 01 aa55 
108 031 037 001 1 ff ff ffff aa55 55aa aa55 0000 0000 01 01 aa55 
109 032 031 000 0 ff ff feff aa55 55aa 55aa 0000 0000 02 02 aa55 
110 033 032 000 0 ef ef feff 55aa 55aa 55aa 0000 0000 02 02 aa55 
111 034 033 000 0 ef ef feff 55aa 55aa 55aa 0000 0000 02 02 55aa 
112 063 034 000 1 ef ef ffff 55aa 55aa 55aa 0000 0000 02 02 55aa 
113 036 063 000 o ff ff ffff 55aa 55aa 55aa 0000 0000 02 02 55aa 
114 037 036 000 o ff ff ffff 55aa 55aa 55aa 0000 0000 02 02 55aa 
115 038 037 000 1 ff ff ffff 55aa 55aa 55aa 0000 0000 02 02 55aa 
116 039 038 000 o ff ff ffff 55aa 55aa 55aa 0000 0000 03 03 55aa 
117 030 039 001 o ff ff ffff 55aa 55aa 55aa 0001 0001 03 03 55aa • 118 031 030 000 1 ff ff ffff 55aa 55aa 55aa 0001 0001 03 03 55aa 
119 032 031 002 1 ff ff feff 55aa 55aa aa55 0001 0001 03 03 55aa 
120 033 032 002 0 ef ef feff aa55 55aa aa55 0001 0001 03 03 55aa 
121 034 033 002 0 ef ef feff aa55 5Saa aa55 0001 0001 03 03 aa55 
122 035 034 002 o ef ef ffff aa55 55aa aa55 0001 0001 03 03 aa55 
123 036 035 002 o ff ff ffff aa55 55aa aa55 0001 0001 03 03 aa55 
124 037 036 002 o ff ff ffff aa55 55aa aa55 0001 0001 03 03 aa55 
125 031 037 002 1 ff ff ffff aa55 55aa aa55 0001 0001 03 03 aa55 
126 032 031 001 0 ff ff feff aa55 55aa 55aa 0001 0001 04 04 aa55 
127 033 032 001 0 ef ef feff 55aa 55aa 55aa 0001 0001 04 04 aa55 
128 034 033 001 0 ef ef feff 55aa 55aa 55aa 0001 0001 04 04 55aa 
129 063 034 001 1 ef ef ffff 55aa 55aa 55aa 0001 0001 04 04 55aa 
130 036 063 001 0 ff ff ffff 55aa 5Saa 55aa 0001 0001 04 04 55aa 
131 037 036 001 0 ff ff ffff 55aa 55aa 55aa 0001 0001 04 04 55aa 
132 031 037 001 1 ff ff ffff 55aa 55aa 55aa 0001 0001 04 04 55aa 
133 032 031 000 0 ff ff feff 55aa 55aa aa55 0001 0001 05 05 55aa 
134 033 032 000 0 ef ef feff aa55 55aa aa55 0001 0001 05 05 55aa 
135 034 033 000 0 ef ef feff aa55 55aa aa55 0001 0001 05 05 aa55 
136 035 034 000 0 ef ef ffff aa55 55aa aa55 0001 0001 05 05 aa55 
137 036 035 000 0 ff ff ffff aa55 55aa aa55 0001 0001 05 05 aa55 
138 037 036 000 0 ff ff ffff aa55 55aa aa55 0001 0001 05 05 aa55 
139 038 037 000 1 ff ff ffff aa55 55aa aa55 0001 0001 05 05 aa55 
140 039 038 000 0 ff ff ffff aa55 55aa ZZZZ 0001 0001 06 06 aa55 
141 03a 039 000 0 ff ff ffff aa55 55aa ZZZZ 0002 0002 06 06 aa55 
142 03b 03a 000 1 ff ff ffff aa55 55aa 55aa 0002 0002 06 06 aa55 
143 030 03b 000 1 ff ff ffff 55aa 55aa 55aa 0000 0000 06 06 aa55 
144 03d 030 008 1 ff ff ffff 55aa 55aa 55aa 0000 0000 06 06 aa55 
145 03e 03d 008 1 ff ff ffOO 55aa 55aa 55aa 0000 0000 00 00 aa55 
146 061 03e 008 1 ff ff ffOO 55aa, 55aa 55aa 0000 0000 00 00 aa55 
147 040 061 008 0 7f 7f ffOO 55aa 55aa 55aa 0000 0000 00 00 aa55 

rE===~ 
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148 041 040 008 0 7f 7f ffOO 55aa 9966 9966 0000 0000 00 00 aa55 
149 03d 041 008 0 ff ff ffff 55aa 9966 9966 0000 0000 00 00 aa55 
150 03e 03d 007 0 ff ff ffOO 55aa 9966 9966 0020 0020 00 00 aa55 
151 03f 03e 007 0 ff ff ffOO 55aa 9966 9966 0020 0020 00 00 aa55 
152 040 03f 007 0 7f 7f ffOO 55aa 9966 9966 0020 0020 00 00 aa55 
153 041 040 007 0 7f 7f ffOO 55aa 6699 6699 0020 0020 00 00 aa55 
154 03d 041 007 0 ff ff ffff 55aa 6699 6699 0020 0020 00 00 aa55 
155 03e 03d 006 0 ff ff ffOO 55aa 6699 6699 0040 0040 00 00 aa55 
156 061 03e 006 1 ff ff ffOO 55aa 6699 6699 0040 0040 00 00 aa55 
157 040 061 006 0 7f 7f ffOO 55aa 6699 6699 0040 0040 00 00 aa55 
158 041 040 006 0 7f 7f ffOO 55aa 9966 9966 0040 0040 00 00 aa55 
159 03d 041 006 0 ff ff ffff 55aa 9966 9966 0040 0040 00 00 aa55 
160 03e 03d 005 0 ff ff ffOO 55aa 9966 9966 0060 0060 00 00 aa55 
161 03f 03e 005 0 ff ff ffOO 55aa 9966 9966 0060 0060 00 00 aa55 
162 040 03f 005 0 7f 7f ffOO 55aa 9966 9966 0060 0060 00 00 aa55 
163 041 040 005 0 7f 7f ffOO 55aa 6699 6699 0060 0060 00 00 aa55 
164 03d 041 005 0 ff ff ffff 55aa 6699 6699 0060 0060 00 00 aa55 
165 03e 03d 004 0 ff ff ffOO 55aa 6699 6699 0080 0080 00 00 aa55 
166 061 03e 004 1 ff ff ffOO 55aa 6699 6699 0080 0080 00 00 aa55 
167 040 061 004 0 7f 7f ffOO 55aa 6699 6699 0080 0080 00 00 aa55 
168 041 040 004 0 7f 7f ffOO 55aa 9966 9966 0080 0080 00 00 aa55 
169 03d 041 004 0 ff ff ffff 55aa 9966 9966 0080 0080 00 00 aa55 
170 03e 03d 003 0 ff ff ffOO 55aa 9966 9966 OOaO OOaO 00 00 aa55 
171 03f 03e 003 0 ff ff ffOO 55aa 9966 9966 OOaO OOaO 00 00 aa55 
172 040 03f 003 0 7f 7f ffOO 55aa 9966 9966 OOaO OOaO 00 00 aa55 
173 041 040 003 0 7f 7f ffOO 55aa 6699 6699 OOaO OOaO 00 00 aa55 
174 03d 041 003 0 ff ff ffff 55aa 6699 6699 OOaO OOaO 00 00 aa55 
175 03e 03d 002 0 ff ff ffOO 55aa 6699 6699 OOcO OOcO 00 00 aa55 
176 061 03e 002 1 ff ff ffOO 55aa 6699 6699 OOcO OOcO 00 00 aa55 
177 040 061 002 0 7f 7f ffOO 55aa 6699 6699 OOcO OOcO 00 00 aa55 
178 041 040 002 0 7f 7f ffOO 55aa 9966 9966 OOcO OOcO 00 00 aa55 
179 03d 041 002 o ff ff ffff 55aa 9966 9966 OOcO OOcO 00 00 aa55 
180 03e 03d 001 o ff ff ffOO 55aa 9966 9966 OOeO OOeO 00 00 aa55 
181 03f 03e 001 0 ff ff ffOO 55aa 9966 9966 OOeO OOeO 00 00 aa55 
182 040 03f 001 0 7f 7f ffOO 55aa 9966 9966 OOeO OOeO 00 00 aa55 
183 041 040 001 0 7f 7f ffOO 55aa 6699 6699 OOeO OOeO 00 00 aa55 
184 03d 041 001 0 ff ff ffff 55aa 6699 6699 OOeO OOeO 00 00 aa55 
185 03e 03d 000 0 ff ff ffOO 55aa 6699 6699 0100 0100 00 00 aa55 
186 061 03e 000 1 ff ff ffOO 55aa 6699 6699 0100 0100 00 00 aa55 
187 040 061 000 0 7f 7f ffOO 55aa 6699 6699 0100 0100 00 00 aa55 
188 041 040 000 0 7f 7f ffOO 55aa 9966 9966 0100 0100 00 00 aa55 
189 042 041 000 0 ff ff ffff 55aa 9966 9966 0100 0100 00 00 aa55 
190 043 042 000 0 ff ff ffff 55aa 9966 ZZZZ 0120 0120 00 00 aa55 
191 044 043 000 1 ff ff ffff 55aa 9966 ZZZZ 0120 0120 00 00 aa55 
192 045 044 000 1 ff ff ffff 9966 9966 ZZZZ 0000 0000 00 00 aa55 
193 046 045 003 1 ff ff fffe 9966 9966 6699 0000 0000 00 00 aa55 
194 047 046 003 0 df df fffe 6699 9966 6699 0000 0000 00 00 aa55 
195 048 047 003 0 df df fffe 6699 9966 6699 0000 0000 00 00 6699 
196 064 048 003 1 df df ffff 6699 9966 6699 0000 0000 00 00 6699 
197 04a 064 003 0 ff ff ffff 6699 9966 6699 0000 0000 00 00 6699 
198 04b 04a 003 0 ff ff ffff 6699 9966 6699 0000 0000 00 00 6699 
199 045 04b 003 1 ff ff ffff 6699 9966 6699 0000 0000 00 00 6699 
200 046 045 002 0 ff ff fffe 6699 9966 9966 0020 0020 00 00 6699 
201 047 046 002 0 df df fffe 9966 9966 9966 0020 0020 00 00 6699 
202 048 047 002 0 df df fffe 9966 9966 9966 0020 0020 00 00 9966 

' •• ii'= 
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203 049 048 002 o df df ffff 9966 9966 9966 0020 0020 00 00 9966 
204 04& 049 002 o ff ff ffff 9966 9966 9966 0020 0020 00 00 9966 
205 04b 04& 002 o ff ff ffff 9966 9966 9966 0020 0020 00 00 9966 
206 045 04b 002 1 ff ff ffff 9966 9966 9966 0020 0020 00 00 9966 
207 046 045 001 o ff ff fffe 9966 9966 6699 0040 0040 00 00 9966 
208 047 046 001 o df df fffe 6699 9966 6699 0040 0040 00 00 9966 
209 048 047 001 o df df fffe 6699 9966 6699 0040 0040 00 00 6699 
210 064 048 001 1 df df ffff 6699 9966 6699 0040 0040 00 00 6699 
211 04& 064 001 o ff ff ffff 6699 9966 6699 0040 0040 00 00 6699 
212 04b 04& 001 o ff ff ffff 6699 9966 6699 0040 0040 00 00 6699 
213 045 04b 001 1 ff ff ffff 6699 9966 6699 0040 0040 00 00 6699 
214 046 045 000 0 ff ff fffe 6699 9966 9966 0060 0060 00 00 6699 
215 047 046 000 0 df df fffe 9966 9966 9966 0060 0060 00 00 6699 
216 048 047 000 0 df df fffe 9966 9966 9966 0060 0060 00 00 9966 
217 049 048 000 0 df df ffff 9966 9966 9966 0060 0060 00 00 9966 
218 04& 049 000 0 ff ff ffff 9966 9966 9966 0060 0060 00 00 9966 
219 04b 04a 000 0 ff ff ffff 9966 9966 9966 0060 0060 00 00 9966 
220 04e 04b 000 1 ff ff ffff 9966 9966 9966 0060 0060 00 00 9966 
221 04d 04e 000 0 ff ff ffff 9966 9966 9966 0080 0080 00 00 9966 
222 04e 04d 000 1 ff ff ffff 9966 9966 9966 0000 0000 00 00 9966 
223 04f 04e 000 1 ff ff ffff 9966 9966 9966 0000 0000 00 00 9966 
224 050 04f 001 1 ff ff ffff 9966 9966 9966 0000 0000 00 00 9966 
225 051 050 002 1 ff ff feff 9966 9966 UUUU 0000 0000 00 00 9966 
226 062 051 002 1 ff ff feff 9966 9966 9966 0000 0000 00 00 9966 
227 053 062 002 0 bf bf feff 9966 9966 9966 0000 0000 00 00 9966 • 228 054 053 002 0 bf bf feff 9966 ee33 ee33 0000 0000 00 00 9966 
229 055 054 002 0 ff ff ffff 9966 ee33 zzzz 0000 0000 00 00 9966 
230 056 055 002 1 ff ff ffff 9966 ee33 ZZZZ 0000 0000 00 00 9966 
231 057 056 002 1 ff ff fffe ee33 ee33 33ee 0000 0000 00 00 9966 
232 058 057 002 0 df df fffe 33ee ee33 33ee 0000 0000 00 00 9966 
233 059 058 002 0 df df fffe 33ee ee33 33ee 0000 0000 00 00 33ee 
234 065 059 002 1 df df ffff 33ee ee33 33ee 0000 0000 00 00 33ee 
235 05b 065 002 0 ff ff ffff 33ee ee33 33ee 0000 0000 00 00 33ee 
236 05e 05b 002 0 ff ff ffff 33ee ee33 33ee 0000 0000 00 00 33ee 
237 050 05e 002 0 ff ff ffff 33ee ee33 33ee 0020 0020 00 00 33ee 
238 051 050 001 0 ff ff feff 33ee ee33 33ee 0020 0020 01 01 33ee 
239 052 051 001 0 ff ff feff 33ee ee33 ZZZZ 0020 0020 01 01 33ee 
240 053 052 001 0 bf bf feff 33ee ee33 ZZZZ 0020 0020 01 01 33ee 
241 054 053 001 0 bf bf feff 33ee 33ee ZZZZ 0020 0020 01 01 33ee 
242 055 054 001 0 ff ff ffff 33ee 33ee ZZZZ 0020 0020 01 01 33ee 
243 056 055 001 1 ff ff ffff 33ee 33ee ZZZZ 0020 0020 01 01 33ee 
244 057 056 001 1 ff ff fffe 33ee 33ee ee33 0020 0020 01 01 33ee 
245 058 057 001 0 df df fffe ee33 33ee ee33 0020 0020 01 01 33ee 
246 059 058 001 0 df df fffe ee33 33ee ee33 0020 0020 01 01 ee33 
247 05a 059 001 0 df df ffff ee33 33ee ee33 0020 0020 01 01 ee33 
248 05b 05a 001 0 ff ff ffff ee33 33ee ee33 0020 0020 01 01 ee33 
249 05e 05b 001 0 ff ff ffff ee33 33ee ee33 0020 0020 01 01 ee33 
250 050 05e 001 0 ff ff ffff ee33 33ee ee33 0040 0040 01 01 ee33 
251 051 050 000 0 ff ff feff ee33 33ee ee33 0040 0040 02 02 ee33 
252 062 051 000 1 ff ff feff ee33 33ee ZZZZ 0040 0040 02 02 ee33 
253 053 062 000 0 bf bf feff ee33 33ee ZZZZ 0040 0040 02 02 ee33 
254 054 053 000 0 bf bf feff ee33 ee33 ZZZZ 0040 0040 02 02 ee33 
255 055 054 000 0 ff ff ffff ee33 ee33 ZZZZ 0040 0040 02 02 ee33 
256 056 055 000 1 ff ff ffff ee33 ee33 ZZZZ 0040 0040 02 02 ee33 
257 057 056 000 1 ff ff fffe ee33 ee33 33ee 0040 0040 02 02 ee33 
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258 058 057 000 0 df df fffa 33ee ee33 33ee 0040 0040 02 02 ee33 
259 059 058 000 0 df df fffa 33ee ee33 33ee 0040 0040 02 02 33ee 
260 065 059 000 1 df df ffff 33ee ee33 33ee 0040 0040 02 02 33ee 
261 05b 065 000 0 ff ff ffff 33ee ee33 33ee 0040 0040 02 02 33ee 
262 05e 05b 000 0 ff ff ffff 33ee ee33 33ee 0040 0040 02 02 33ee 
263 05d 05e 000 0 ff ff ffff 33ee ee33 33ee 0060 0060 02 02 33ee 
264 05a 05d 000 0 ff ff ffff 33ee ee33 33ee 0060 0060 03 03 33ee 
265 04f 05a 001 0 ff ff ffff 33ee ee33 33ee 0061 0061 03 03 33ee 
266 050 04f 000 1 ff ff ffff 33ee ee33 33ee 0061 0061 03 03 33ee 
267 051 050 002 1 ff ff faff 33ee ee33 33ee 0061 0061 03 03 33ee 
268 052 051 002 0 ff ff feff 33ee ee33 ZZZZ 0061 0061 03 03 33ee 
269 053 052 002 0 bf bf faff 33ee ee33 ZZZZ 0061 0061 03 03 33ee 
270 054 053 002 0 bf bf feff 33ee 33ee ZZZZ 0061 0061 03 03 33ee 
271 055 054 002 0 ff ff ffff 33ee 33ee ZZZZ 0061 0061 03 03 33ee 
272 056 055 002 1 ff ff ffff 33ee 33ee ZZZZ 0061 0061 03 03 33ee 
273 057 056 002 1 ff ff fffa 33ee 33ee ee33 0061 0061 03 03 33ee 
274 058 057 002 0 df df fffa ee33 33ee ee33 0061 0061 03 03 33ee 
275 059 058 002 0 df df fffa ee33 33ee ee33 0061 0061 03 03 ee33 
276 05a 059 002 0 df df ffff ee33 33ee ee33 0061 0061 03 03 ee33 
277 05b 05a 002 0 ff ff ffff ee33 33ee ee33 0061 0061 03 03 ee33 
278 05e 05b 002 0 ff ff ffff ee33 33ee ee33 0061 0061 03 03 ee33 

) 
279 050 05e 002 0 ff ff ffff ee33 33ee ee33 0081 0081 03 03 ee33 
280 051 050 001 0 ff ff feff ee33 33ee ee33 0081 0081 04 04 ee33 
281 062 051 001 1 ff ff feff ee33 33ee ZZZZ 0081 0081 04 04 ee33 
282 053 062 001 0 bf bf feff ee33 33ee ZZZZ 0081 0081 04 04 ee33 
283 054 053 001 0 bf bf faff ee33 ee33 ZZZZ 0081 0081 04 04 ee33 
284 055 054 001 0 ff ff ffff ee33 ee33 ZZZZ 0081 0081 04 04 ee33 
285 056 055 001 1 ff ff ffff ee33 ee33 ZZZZ 0081 0081 04 04 ee33 
286 057 056 001 1 ff ff fffe ee33 ee33 33ed 0081 0081 04 04 ee33 
287 058 057 001 0 df df fffe 33ed ee33 33ed 0081 0081 04 04 ee33 
288 059 058 001 0 df df fffa 33ed ee33 33ed 0081 0081 04 04 33ed 
289 065 059 001 1 df df ffff 33ed ee33 33ed 0081 0081 04 04 33ed 
290 05b 065 001 0 ff ff ffff 33ed ee33 33ed 0081 0081 04 04 33ed 
291 05e 05b 001 0 ff ff ffff 33ed ee33 33ed 0081 0081 04 04 33ed 
292 050 05e 001 0 ff ff ffff 33ed ee33 33ed 00a1 00a1 04 04 33ed 
293 051 050 000 0 ff ff feff 33ed ee33 33ed 00a1 00a1 05 05 33ed 
294 052 051 000 0 ff ff faff 33ed ee33 ZZZZ 00a1 OOal 05 05 33ed 
295 053 052 000 0 bf bf faff 33ed ee33 ZZZZ OOal OOal 05 05 33ed 
296 054 053 000 0 bf bf faff 33ed 33ee ZZZZ OOal 00a1 05 05 33ed 
297 055 054 000 0 ff ff ffff 33ed 33ee ZZZZ 00a1 00a1 05 05 33ed 
298 056 055 000 1 ff ff ffff 33ed 33ee ZZZZ OOal 00a1 05 05 33ed 
299 057 056 000 1 ff ff fffe 33ed 33ee ee33 00a1 00a1 05 05 33ed 
300 058 057 000 0 df df fffa ee33 33ee ee33 00a1 OOal 05 05 33ed 
301 059 058 000 0 df df fffa ee33 33ee ee33 00a1 OOal 05 05 ee33 
302 05a 059 000 0 df df ffff ee33 33ee ee33 00a1 OOal 05 05 ee33 
303 05b 05a 000 0 ff ff ffff ee33 33ee ee33 00a1 00a1 05 05 ee33 
304 05e 05b 000 0 ff ff ffff ee33 33ee ee33 OOal OOal 05 05 ee33 
305 05d 05e 000 0 ff ff ffff ee33 33ee ee33 00e1 00e1 05 05 ee33 
306 05e 05d 000 0 ff ff ffff ee33 33ee ee33 OOel OOel 06 06 ee33 
307 05f 05a 000 0 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
308 05f 05f 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
309 05f 05f 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
310 05f 05f 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
311 05f 05f 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
312 05f 05f 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 

rn.,; 
4-134 --~~ .. 



-----~. 

PACt_ • Appllt:atlml """, 012 

Appendix 4. 
Simulation 
RllSlllts 
(Cont.) 

313 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
314 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
31S OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
316 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
317 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
318 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
319 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
320 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
321 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
322 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
323 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
324 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
32S OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
326 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
327 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
328 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
329 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
330 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
331 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
332 OSf 05f 000 1 ft ft ffft ee33 33ee ee33 00e2 00e2 06 06 ee33 
333 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
334 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
33S OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
336 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
337 05f 05f 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 • 338 OSf 05f 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
339 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
340 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
341 OSf 05f 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
342 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
343 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
344 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
345 05f Ost 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
346 OSf 05f 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
347 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
348 OSf 05f 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
349 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
350 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
3S1 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
352 05f 05f 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
353 05f 05f 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
3S4 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
3SS OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
3S6 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
3S7 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
3S8 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
3S9 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
360 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
361 05f OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
362 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
363 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
364 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
365 05f 05f 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
366 OSf 05f 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
367 OSf OSf 000 1 ff ff ffff ee33 33ee ee33 00e2 00e2 06 06 ee33 
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368 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
369 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
370 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
371 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
372 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
373 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
374 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
37S OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
376 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
377 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
378 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
379 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
380 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
381 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
382 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 oc33 
383 OSf OSf 000 1 ff ff ffff c033 33cc cc33 00c2 00c2 06 06 cc33 
384 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 0002 00c2 06 06 cc33 
38S OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
386 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 0002 00c2 06 06 cc33 
387 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 0002 00c2 06 06 cc33 
388 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
389 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 0002 00c2 06 06 cc33 
390 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 oc33 
391 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
392 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
393 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 oc33 
394 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
39S OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
396 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 0002 06 06 oc33 
397 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
398 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 0002 00c2 06 06 oc33 
399 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 cc33 
400 OSf OSf 000 1 ff ff ffff cc33 33cc cc33 00c2 00c2 06 06 oc33 

-------------------------------------~~~------------------------------------
4-136 



Development Systems • 



Development 
Systems 

Section Index 

Electronic Bulletin Board """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""5-1 

PAC1000 Gold/Silver Development System """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""5-3 

WS6000 MagicPro™ Memory and Programmable Peripheral Programmer""""""""""""""""""""""""5-7 

For additional information, 
call BOO-TEAM-WSI (BOO-B32-6974J. 

In California, Call Boo-562-6363. 



=:=~ ~~ =-w--= =:--.. ---r ~~_ ------

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 informallon on software updates, 
enhancements, and applications relating to 
WSI products. In addition, users 
developing applications software for WSI 
products can send porllons 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. 

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

Q Computer Terminal 

Q 300, 1200, 2400 Baud Modem 

Q 8 Data Bits 

Q No Parity 

Q 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. 

G)oodbye 
Choose this to leave the bulletin board. 

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

PACSEL 

PACSIM 

PACPRO 

IMPACT 

Programmable Peripheral 
PAC1DDD-Gold/Silver 
Development System 

PAC1000-GOLD/PAC1000-SILVER is a 
complete set of IBM-PC-based development 
tools. They provide the integrated easy-to­
use environment to support the PAC1000 
program development and device 
programming. 

PACSEL IS the PAC1000 system entry 
language. It has the following features: 

r:J Enables specification of up to three 
parallel operations: 

Program control operation 
- CPU operation 
- Out Control operation 

General Syntax: 
Label: Program Control, CPU, Out Control; 

PACSIM is a functional simulator and 
software debugger. It has the following 
features: 

r:J Clock driven functional simulator. 

r:J Provides trace capabilities on internal 
states (Registers, Flags, Pins and 
more). 

PAC PRO is the interface software that 
enables the user to program a PAC1000 
microcontroller on the WS6000 MagicPro™ 
programmer. The PACPRO enables the 
user to load the program into the 
programmer and to execute the following 
operations: 

r:J Help 

r:J Upload RAM from PAC 

r:J Load RAM from disk 

IMPACT is the interface manager to the 
PAC1000 tools. IMPACT enables the user 
to access PACSEL, PACSIM, PAC PRO, 
DOS and an editor with a menu driven 
interface. File specification can be done 

---~ -~--- ---~ 

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

r:J Enables mixing of three source 
language types In one instruction: 

High Level Language 
- Assembler 
- Microcode 

r:J Specific instructions support unique 
PAC1000 architecture features available 
in all three source language types. 

r:J Links unlimited amounts of modules. 

r:J Provides breakpoint capabilities on any 
internal state of the PAC 1 000. 

r:J Supports batch mode simulation. 

r:J Provides waveform analysis. 

r:J On-line HELP available at any level. 

r:J Write RAM to FILE 

r:J Display PAC data 

r:J Blank test PAC 

r:J Verify PAC 

r:J Program PAC 

r:J Configuration 

r:J Quit 

without extension enabling the user to use 
the same name throughout the design. A 
HELP window is available on-line giving 
information on all the needed steps at 
each level. 
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PAC1000 

WS6000 
MagicPro™ 
Programmer 

WS6010 
Socket Adaptor 

WS6013 
Socket Adaptor 

WSI·Support 

Ordering 
Information 

MagicPro 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 

The WS6010 is a socket adaptor that 
mounts on the MagicPro RSA and adapts 

The WS6013 is a socket adaptor that 
mounts on the MagicPro RSA and adapts 

WSI provides on-going support for users of 
PAC1000-GOLD/PAC1000-SILVER. For the 
first year, software and programmer updates 
are included at no charge. After that, the 

Product 

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

the PAC1000 in an 88-pin CPGA package 
to the programmer. 

the PAC1000 in a mO-pin QFP package to 
the programmer. 

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

Description 

PAC1000-GOLD Contains PAC1000-Silver, WS6000 MagicPro Programmer, 
Two Product Samples and Matching Package Adaptor 
Socket, WSI-Support 

PAC 1 OOO-SILVER Contains PAC 1 000 Software (PACSEL, PACSIM, 
PACPRO, and IMPACT), Software User's Manual, 
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. 

-----------------------------------~~~-----------------------------------
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PAC100fJ. 
GOLD 

Contents \J PACSEL 
System design entry language and 
program linker. 

\J PACSIM 
Functional simulator and software 
debugger. 

\J PACPRO 
Interface software to PAC1000 device 
programmer (MagicPro™). 

PACtOOO 

a IMPACT 
Interface manager for PAC 1 000 
embedded controller development tools. 

\J Software user's manual. 

\J WSI-SUPPORT agreement. 

\J WS6000 MagicPro Programmer. 

a Two product samples and matching 
package adaptor socket. 

-------------------------~Jr;-------------------------
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PAC1000 

PAC1000· 
SILVER 

Contents r:J PACSEL 
System design entry language and 
program linker. 

r:J PACSIM 
Functional simulator and software 
debugger. 

r:J PACPRO 
Interface software to PAC1000 device 
programmer (MagicPro™). 

o IMPACT 
Interface manager for PAC 1 000 
embedded controller development tools. 

r:J Software user's manual. 

r:J WSI-SUPPORT agreement. 

-------------------------------------~~~------------------------------------
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Key Features 

General 
DescriptiDn 

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 
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 

o Programs LCC, PGA and QFP 
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 

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 QFP packages are supported 
using adaptors. 

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 1/0 Lines 

5-7 
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General 
Description 
(Cont.) 

MagicPro 
Commands 

Technical 
Information 

Ordering 
Information 

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. 

Q Help 

Q Upload RAM from Device 

Q Load RAM from Disk 

Q Write RAM to Disk 

Q Display RAM Data 

Q EditRAM 

Q Move/Copy RAM 

Q Size: 
IBM-PC Short Length Card 

Q Port Address Location: 
100H 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.) 

Q System Memory Requirements: 
256K Bytes of RAM 

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

Please call800-TEAM-WSI for information 
regarding programming WSI products not 
listed herein. The MagicPro reads Intel 
Hex format for use with assemblers and 
compilers. 

Q Fill RAM 

Q Blank Test Device 

Q Verify Device 

Q Program Device 

Q Select Device 

Q Configuration 

Q Quit MagicPro 

Q 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. 

The WS6000 MagicPro Systems Contains: 
Q MagicPro IBM-PC Plug-in Programmer Board 
Q MagicPro Remote Socket Adaptor and Cable 

Q MagicPro Operating System Floppy Disk and Operating Manual 

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

Adaptor for Memory. 

Q WS6008 28-Pin 0.3" Wide Dip Adaptor 

for SAM448 

Q WS6009 28-Pin PLDCC/CLDCC/ 
CLLCC Package Adaptor for SAM448 

Q WS6010 88-Pin PGA Package Adaptor 

for PAC1000 

Q WS6012 32-Pin CLDCC Package 

Adaptor for Memory 

Q WS6013 100-Pin QFP Package 

Adaptor for PAC 1 000 

Q WS6014 44-Pin CLDCC/PLDCC 

Package Adaptor for MAP168 

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

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

Q WS6020 52-Pin PQFP Package 

Adaptor for PSD3XX 

Q WS6021 44-Pin CLDCC/PLDCC 
Package Adaptor for PSD3XX 

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

---------------------------',,~~----------~--------------H ~I 
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For additional information, 
call800-TEAM-WSI (800-832-6974). 

In California, Call 800-562-6363. 



Drawing 01 
100 Pin Plastic 
Ouad Flatpack, 
Gull Wing, 
Fine Pitch (POFP) 

Symbol 
a 
A 
A1 
A2 
B 
C 
0 
01 
03 
E 
E1 
E3 
e1 
L 
N 

Min 
00 

0.00 
2.57 
0.22 
0.13 

16.95 
13.90 

22.95 
19.90 

0.60 

Programmable Peripherals 
Package Information 

-------I' I I 
,!,-----,,------;---.-

Rev. 0 

Family: Plastic Quad Flatpack 
Millimeters Inches 

Max Notes Min Max Notes 
80 00 80 

3.40 - 0.134 
0.25 0.010 -
2.87 0.101 0.113 
0.38 0.009 0.015 
0.23 0.005 0.009 

17.45 0.667 0.687 
14.10 0.547 0.555 

12.35 Reference 0.486 Reference 
23.45 0.904 0.923 
20.10 0.783 0.791 

18.85 Reference 0.472 Reference 
0.65 Reference 0.026 Reference 

0.95 0.024 0.037 
100 100 F_._= _____________________________ __ 

-------------------------------~~I 
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Package Information 

Drawing V1 92 Pin Ceramic Quad Flatpack (CQFP) 

2 .005" 
Ref 

4 PL 

0.015" Max 
92 PL 

~ 

r~ 01 

Pin No 1 
Index 

0 V 11-

(5 LJ 
0.175" 
Min 
92 PL 

L oj 

. 

Ceramic Cap 

11--0.050" Typ, 4 PL 

10 
Illllm( 

r- UVLens 

[l 
-,~ 

0.0256" Typ 
Internal Pitch 
88 PL 

[0 

1.800" Ref, 4 PL 

1.930" Ref, 4 PL 

0 

to 

0 -

(5 

Q, 
'--

. 
~ 

0.105 
±0.013" 

0.025" Typ 
External Pitch 
84 PL 

~ 

1 

0.035,,:J 
Non-Conductive 
Ceramic Tie-Bar 

-I 
0.787 

±0.010" 

_1 

-----------------------------------~aIF~-----------------------------------
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Drawing Xl 88 Pin Ceramic PGA 

INDEX 
MARK 

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

t 
B1 

L ~ 
:1. =--=--=------O-=--=-~--------:-+1.1 _ =tAI--~1 

Package InfDrmatiDn 

131211109 8 7 6 5 4 3 2 1 

O@@@@@@@@@@@ 
@@@@@@@@@@@@@ 
@@ @@ 
@@ @@ 
@@ @@ 
@@ @@ 
@@ @@ 
@@ @@ 
@@ @@ 
@@ @@ 
@@ @@ 
@@@@@@@@@@@@@ 

@@@@@@@@@@ 

1-------02------1 

A­
B 
C 
o 
E 
F 
G E2 
H 
J 
K 
L 
M 
N-

Standoff 
Pins, 

4 Places 

X1b Rev 2 

Family: Ceramic Pin Grid Array Package 
Millimeters Inches 

Symbol Min I Max Notes Min I Max Notes 
A 3.30 I 4.83 0.130 I 0.190 
A1 1.02 Typical 0.040 Typical 
A2 2.41 1 3.43 0.095 I 0.135 
8 0.41 I 0.51 Diameter 0.016 I 0.020 Diameter 
81 1.02 Typical Dia. 0.040 Typical Dia. 
D 32.51 I 33.91 1.280 I 1.335 
D2 30.48 Reference 1.200 Reference 
E 32.51 I 33.91 1.280 I 1.335 
E2 30.48 Reference 1.200 Reference 
e1 2.54 Reference 0.100 Reference 

L 3.30 I 4.32 0.130 I 0.170 

N 88 88 

X1b 

---------------------------~Jr;--------------------------6-~3 
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For additional information, 
CaIlBOO-TEAM-WSI (BOO-832-6914). 

In Califomla, Call800-562-6363 
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Domestic ALABAMA GEORGIA MISSOURI Glestlng & Associates 

Representatives Rep Inc Rep Inc John G Macke Company Columbus 

Huntsville Tucker St 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 Electrontcs, Inc INDIANA Strategic Sales, Inc Northwest 
Teaneck Portland Fountain Valley Glestlng & 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 
Mt Laurel, NJ 08084 

Woodland Hills IOWA Tel (609) 866-1234 Glestlng & 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 Mt Laurel, NJ 08084 

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

KENTUCKY Fax (201) 833-0061 Fax (609) 866-8627 
Intelatech, Inc 
Mlsslssauga Glestlng & Associates TrI-Tech Electronics. Inc PUERTO RICO 
Tel. (416) 629-0082 Versailles East Rochester OX, 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 
MARYLANDIVIRGINIA Fax (716) 385-7655 Fax (305) 972-1408 

Waugaman Associates, Inc 
New Era Sales, Inc Tn-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 Tn-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 

OX, of Florida, Inc 
Glestlng & 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 
OX, of Flonda, Inc 

Glestlng & Associates OHIO 
Fax (713) 621-5895 

Orlando West Associates 
Tel. (407) 872-2321 L,vonia Glestlng & Associates Richardson 
Fax (407) 321-2098 Tel (313) 478-8106 Cincinnati Tel (214) 680-2800 
OX, of Flonda, Inc 

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

Tel. (813) 894-4556 OHMS Technology. Inc Glestlng & 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 Representati"es and Distributors 

Domestic UTAH WASHINGTON WISCONSIN 

Representatives Utah Component Thorson Company Victory Sales 

(Cont.) Sales Inc_ Northwest Milwaukee 
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 Laboratones 

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 
Arrow/Schweber Wyle Laboratories Orlando KENTUCKY 

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 

Arrow/Schweber Tel: (408) 432-7171 Tel: (619) 565-9171 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 

Burnaby, 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 

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

San Diego Tel: (301) 720-5100 
Tel- (619) 587-1100 Arrow/Schweber Tel: (404) 448-4448 or_ (301) 621-8555 
Insight Mississauga, Ontario 

ILLINOIS Tel: (416) 670-7769 Westlake Village 
Arrow/Schweber Tel: (818) 707-2101 Arrow/Schweber 
Itasca Nepean, Ontario 
Tel: (708) 250-0500 Tel: (613) 226-6903 
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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 

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 AUSTRALIA GERMANY ITALY PORTUGAL 

Distributors GEC/George Brown Jermyn GmbH Comprel s.p.a. ATD Electronica, Lda 
Rydalmare, N.S.w. 6250 Limburg 20092 Clnisello B. Rua Faria de 
Tel: 61-2-638-1888 Tel: (06) 431-5080 Milano Vasconcelos, 3-A 
Fax: 61-2-638-1798 Fax: (06) 431-508289 Tel: (02) 6120641/5 1900 Lisboa 

AUSTRIA 
Tlx. 332484 COMPRL Tel: 3511-847-2200 

Scantec GmbH Fax: (02) 6128158 Fax: 3511-847-2197 
Eljapex 0-33 Planegg 
Eltnergasse 6 Tel: (089) 859-8021 Silverstar SINGAPORE 
A-1232Wein Tlx: 5213219 20126 Milano Westech Electronics 
Tel: (43) 222-86-15-31 Fax: (089) 857-6574 Tel: 39 2661251 Singapore 1334 
Fax: (43) 222-86-15-31-200 Fax: 39 266101922 Tel. 65-743-6355 

BELGIUM, LUX Tapas Electronic GmbH Tlx: RS 55070 
3000 Hannover 1 JAPAN WESTEC 

0&0 Electronics bvba 
Tel: (0511) 13-12-17 Internlx, Inc. Fax: 65-746-1396 

Antwerp Shinjuku Hamada 
Tel: 32-38277934 Tlx: 9218176 SPAIN 
Fax: 32-38287254 Fax. (0511) 13-12-16 Bldg. 7-4-7 

Sagltron Nishi-Shlnjuku, Shinjuku-Ku 

DENMARK HOLLAND Tokyo 160 Corazon de Maria 80 

C-88 AlS Arcobel bv Tel: 813-3-369-1105 28002 Madrid 
Griekenweg 25 Fax: 813-3-363-8486 Tel: 416-92-61 

101 Kokkadal Industripark 
5342 PxOSS Tlx: 43819 

DK-2980 Kokkedal Fax: 415-86-52 
Tel: 45-42-24-48-88 Tel: 31-4120-42322 Kyocera Corporation 
Fax: 45-42-24-48-89 Fax. 31-4120-30635 Setagaya-ku, Tokyo SWEDEN 

HONG KONG 
Tel: 813-3-708-3111 Nortec Electronics AlB 

UNITED KINGDOM Tlx' 7812466091 Box 1830 
Micro Call, Ltd. CET, Ltd. Fax 813-3-708-3864 S-171 27 Solna 
Thame, Oxon OX9 3XD Tel: 852-520-0922 

Tel: 8-7051800 
Tel: 44-84-426-1939 Fax: 852-865-0639 Nippon Imax Corporation Fax: 8-836918 
Fax' 44-84-426-1678 INDIA Setagaya-ku, Tokyo 

Pamir Electronics Corp. Tel: 813-3-321-8000 SWITZERLAND 
FINLAND Tlx: 78123444 Eljapex 
Nortec Electronics OY 400 West Lancaster 

Devon, PA 19333 USA Fax: 813-3-325-0021 Hardstr.72 
SF-00210 Helsinki CH - 5430 Wettingen 
Tel' 358-067-02-77 Tel' 215-688-5299 KOREA 
Tlx: 857125876 Fax: 215-688-5382 Eastern Electronics, Inc. 

Tel: (41) 56-27-57-77 

Fax' 358-06922326 Tlx: 210656 Pamir UR Kangnam-Gu, Seoul 
Fax: (41) 56-26-14-86 

FRANCE ISRAEL Tel: 82-2-553-2997 Laser & Electronic 
Vectronics Tlx: 78727381 Equipment 

A2M 
60 Medinat Hayehudim SI. Fax: 82-2-553-2998 8053 Zurich 

B.P.89 Tel: 41 (1) 55-33-30 
78152 LE CHESNAY PO Box2024 NORWAY 
CEDEX Herzlla B 46120, Israel Nortec Electronics AlS 

Fax: 41 (1) 55-34-58 

Tel: 33 (1) 39-54-91-13 Tel: 972-52-556070 Postboks 123 TAIWAN 
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Microel 
Fax: 2-84-65-45 Tel: 886-2-788-6270 
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91941 Les Ulis 
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Tel: (708) 882-1893 Fax: (214) 680-0280 WSI - Germany 
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LIFE SUPPORT POLICY: 
WaferScale Integration, Inc. (WSI) products are not authorized for use as critical components In life suppon 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 suppon 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 herem, Will not Infringe 
on eXisting patent rights No patent liability shall be Incurred by WSI for use of the CirCUitS or devices described herem 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 m 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 

MaglcPro™ is a trademark of WaferScaie 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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