








































































































































































































































































































































































































































































































































PACtOOO - Application Note 009 

/**********************************/ 
/* Main program 04/03/89 */ 
/* David Fong Rev. 1.0 */ 
/* main. mal */ 
/**********************************/ 

segment main ; 

entry mainl 

mainl 

/************************************************/ 
/* BEGIN MAIN PROGRAM */ 
/************************************************/ 

/* initialize registers */ 

Rl := h'lOOO' , OUT h'0050' ;/* the twelveth bit Rl.12 
/* IF Z=l (which means Rl.l2 = 0 ) THEN run breakpoint 
/* ELSE run single-step program */ 
R2 := h'OO02' OUT h'005l' 
R3 := h'OO03' OUT h'0052' 
R4 := h'OO04' OUT h'0053' 
R5 := h'0005' OUT h'0054' 
R6 := h'OO06' OUT h'0055' 
R7 := h'0007' OUT h'0056' 
R8 .- h'0008' OUT h'0057' 
R9 := h'OO09' OUT h'0058' 
RIO .- h'OOOa' OUT h'0059' 
Rll := h'OOOb' OUT h'005a' 
R12 := h'OOOc' OUT h'005b' 
Rl3 := h'OOOd' OUT h'005c' 
R14 := h'OOOe' OUT h'005d' 
R15 := h'OOOf' OUT h'005e' 
Rl6 := h'OOlO' OUT h'005f' 
Rl7 := h'OOll' OUT h'0060' 
Rl8 := h'0012' OUT h'006l' 
Rl9 := h'OOl3' OUT h'0062' 
R20 := h'00l4' OUT h'0063' 
R2l := h'0015' OUT h'0064' 
R22 := h'OOl6' OUT h'0065' 
R23 := h'0017' OUT h'0066' 
R24 .- h'00l8' OUT h'0067' 
R25 := h'OOl9' OUT h'0068' 
R26 := h'OOla' OUT h'0069' 
R27 := h'OOlb' OUT h'006a' 
R28 .- h'OOlc' OUT h'006b' 
R29 := h'OOld' OUT h'006c' 
R30 := h'OOle' OUT h'006d' 
R3l .- h'OOlf' OUT h'006e' 

ACH := R3l , OUT h'006f' ; 
ACL := RO , OUT h'0070' ; 
AOR .- Rl I OUT h'007l' ; 
DOR .- Rl5 , OUT h'0072' ; 
BC := R7 , OUT h'0073' ; 
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/* all input registers are initialized to zero from RESET */ 

/* to integrate two different programs 1. BREAKPOINT 2. SINGLE-STEP*/ 
/* The result of masking RO with R1 is used to differentiate */ 
/* between BP and SS. */ 
/* IF Z = 1 Breakpoint; ELSE Z = 0 Single-Step */ 

/***************** READ IN FIFO AND TEST FOR BP/SS ********************/ 
gO: JMPC FICD gO , OUT h'0074' ; /*check that the fifo contents is data 
LDBPD , RDFIFO , OUT h'007S'; /* FIFO was loaded with h'O 00 007a' */ 
/* first 0 is FICD ; 00 is B address ; 0 is the test bit ; */ 
/* 07a is the EPROM breakpoint address. */ 
/* Load loop counter with same data read from FIFO : LDLCD; */ 
/* the data written into the CPU is the same as the CPU output bus */ 

AND R1 RO , OUT h'0076' ; /* the Z flag is tested in the next cycle */ 
JMPC Z bO , OUT h'0077' ; 
/* select single-step interrupt */ 
ESS , OUT h'0078' ; 
JMP cO , OUT h'0079' ; /* skip breakpoint routine */ 

/**************** BREAKPOINT ***************************************/ 
/* perform alu operations till interrupt comes */ 
bO: R2:= R2 + R1 , OUT h'007a' ; /* breakpoint on this address h'07a' 
R3 := R3 + R1 , OUT h'007b' ; 
R4 := R4 + R1 , OUT h'007c' ; /* breakpoint interrupt comes here */ 
/* return from ISR to here */ 
eO : JMP eO , OUT h'007d'; /* loop forever ; end of breakpoint */ 

/*************** SINGLE-STEP **************************************/ 
cO: RS:= RS + R1 , OUT h'007e' ; /* execute till interrupt comes *i 
R6 := R6 + R1 , OUT h'007f' ; /* interrupt should after here */ 

/* return from single-step ISR to here */ 
/* enable single-step interrupt and perform an operation */ 
ENABLE INT6 , R7 := R7 + Rl , OUT h'0080' ; /* the output for R2 */ 

/* should be h'1002' */ 
R8 := R8 + R1 , OUT h'0081' ; /* interrupt should come here */ 
/* return from single-step ISR to here */ 

fO : JMP fO , OUT h'0082' ; 
end ; 

/* loop forever */ 

/*********************************/ 
/*SINGLE-STEP SUBROUTINE 04/03/89*/ 
/* David Fong Rev. 1.0 */ 
/* single.mal */ 
/*********************************/ 

segment single ; 
entry single1 ; 

single1 
/* read out the registers from the ALU */ 
/* use the addressing scheme from the FIFO */ 
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SETCON h'OlO' , OUT h'2000' ; /* set ADD bus to output */ 
/* to read out AOR to ADD */ 

/* loop four times to address the 32 registers */ 

FOR 3 , OUT h'200l' ; 

/* FIFO should already be full */ 

fO JMPC FIIR fO , OUT h'2002' ; /* loop till FIFO is full*/ 

/* check that the first value in the FIFO is a data */ 
fl JMPC FICD fl , OUT h'2003' ; 

/* loop eight times to empty the FIFO */ 
FOR 7 , OUT h'2004' ; 

/* use the FIFO as an address pointer */ 
/* the data is not needed; write the data back to CPU */ 
/* and output the CPU output to AOR */ 
/* the default CPU instruction is add which adds zero and */ 
/* the address pointed by the FIFO which is the B address */ 

RDFIFO , alu src = zb , ybus_sel = y_aoreg , 
OUT h'2005' ;-
ENDFOR , OUT h'2006' 

ENDFOR , OUT h'2007' ; 

/* read out 
MOV AOR DIR 
MOV AOR AIR 
MOV AOR ACH 
MOV AOR ACL 
MOV AOR IIR 
MOV AOR BC 

the source registers to 
OUT h'2008' /* 0000 
OUT h'2009' /* 0000 
OUT h'200a' /* OOlf 
OUT h'200b' /* 0000 
OUT h'200c' /* 0000 
OUT h'200d' /* 0007 

ADD */ 
should 
*/ 
*/ 
*/ 
*/ 
*/ 

RET , OUT h'200e' ; /* return to ISR 6 */ 

end 

/*********************************/ 
/* INTERRUPT JUMP TABLE 04/03/89*/ 
/* David Fong Rev. 1.0 */ 
/* intserv.mal */ 
/*********************************/ 

segment intserv ; 
entry int_serv ; 

come out next cyle */ 

external into,intl,int2,int3,int4,int5,int6,int7 

int_serv 
JMP into OUT h'OO08' 
JMP intl OUT h'OO09' 
JMP int2 OUT h'OOOa' 
JMP int3 OUT h'OOOb' 
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JMP int4 OUT h'OOOc' 
JMP int5 OUT h'OOOd' 
JMP int6 OUT h'OOOe' 
JMP int7 OUT h'OOOf' 

end 

/********************************************************/ 
/* Interrupt Service Routines 04/03/89 */ 
/* David Fong Rev. 1.0 */ 
/* int.mal */ 
/********************************************************/ 

segment int ; 
entry into ,int1 int2, int3 , int4 , int5 , int6 , int7 
external single1 ; 

into 
/* clear all the external interrupts */ 
CLI h'OOf' , OUT h'0100' 
RET , OUT h'0101' ; 

int1 
/* clear all the external interrupts */ 
CLI h'OOf' , OUT h'0102' 
RET , OUT h'0103' ; 

int2 
/* clear all the external interrupts */ 
CLI h'OOf' , OUT h'0104' 
RET , OUT h'0105' ; 

int3 
/* clear all the external interrupts */ 
CLI h'OOf' , OUT h'0106' 
RET , OUT h'0107' ; 

int4 
/* mask that interrupt */ 
DISABLE INT4 , OUT h'0108' 
RET , OUT h'0109' ; 

int5 
/* mask that interrupt */ 
DISABLE INT5 , OUT h'010a' 
RET , OUT h'010b' ; 

int6 /* Breakpoint and Single-step ISR */ 
/* mask that interrupt */ 
DISABLE INT6 , OUT h'010c' /* mask interrupt 6 INT6 */ 
CLI h'Off' , OUT h'010d'; /* clear all interrupts */ 

/************** TEST for Breakpoint/Single-Step **************/ 
AND R1 RO , OUT h'010e' ; 
JMPC Z aO , OUT h'OlOf' ; /* if Z=l then breakpoint,Z=O SS */ 
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CALL singlel , OUT h'0110' i/* call single step program */ 
JMP bO , OUT h'OIII' i /*finish SS ISR , return to main progr */ 

aO: SET HDOE HDSELO , OUT h'0112' ; /* set HD to output */ 
/* select DOR to HD output bus*/ 

bO: 

/* move out the source registers to HD */ 

MOV DOR DIR 
MOV DOR AIR 
MOV DOR AOR 
MOV DOR ACH 
MOV DOR ACL 
MOV DOR IIR 
MOV DOR BC 

OUT h'0113' 
OUT h'0114' 
OUT h~0115' 
OUT h'0116' 
OUT h'0117' 
OUT h'0118' 
OUT h'0119' 

RET, OUT h'Olla' 

/* 
/* 
/* 
/* 
/* 
/* 
/* 

0000 should 
0000 */ 
0001 */ 
001f */ 
0000 */ 
0000 */ 
0007 */ 

come out next cycle*/ 

int7 
/* mask that interrupt */ 
DISABLE INT7 , OUT h'Olla' 
RET , OUT h'Ollb' ; 

end 

.T 
RCCCCCCCCIIIIIIIIIIIICWRHHHHHHHHHHHHHHHHHHHHH~ 
ECCCCCCCCOOOOOOOONNNNSRDDDDDDDDDDDDDDDDDAAAAAADDDDDDDDDDDDDDDD 
S7654321076543210TTTTBBB1111119876543210DDDDDDDDDDDDDDDDDDDDDD 
E 3210 543210 5432101111119876543210 
T 543210 
B 

TIME 
1 00000000000000000000011100000000000000000000000000000000000000 
2 10000000000000000000011100000000000000000000000000000000000000 

# bpsO.stl file for single-stepping 
# write the single-step mode bit hdl2=1 

20 10000000000000000000000100010000000000000000000000000000000000 
21 10000000000000000000011100010000000000000000000000000000000000 

# write into FIFO for single-step 
55 1000000000000000000001110000000000000000000000ZZZZZZZZZZZZZZZZ 
56 1000000000000000000000010000000000000000000000ZZZZZZZZZZZZZZZZ 
57 1000000000000000000001110000000000000000000000ZZZZZZZZZZZZZZZZ 
58 1000000000000000000000010000000000000000000001ZZZZZZZZZZZZZZZZ 
59 1000000000000000000001110000000000000000000001ZZZZZZZZZZZZZZZZ 
60 1000000000000000000000010000000000000000000010ZZZZZZZZZZZZZZZZ 
61 1000000000000000000001110000000000000000000010ZZZZZZZZZZZZZZZZ 
62 1000000000000000000000010000000000000000000011ZZZZZZZZZZZZZZZZ 
63 1000000000000000000001110000000000000000000011ZZZZZZZZZZZZZZZZ 
64 1000000000000000000000010000000000000000000100ZZZZZZZZZZZZZZZZ 
65 1000000000000000000001110000000000000000000100ZZZZZZZZZZZZZZZZ 
66 1000000000000000000000010000000000000000000101ZZZZZZZZZZZZZZZZ 
67 1000000000000000000001110000000000000000000101ZZZZZZZZZZZZZZZZ 
68 1000000000000000000000010000000000000000000110ZZZZZZZZZZZZZZZZ 
69 1000000000000000000001110000000000000000000110ZZZZZZZZZZZZZZZZ 
70 1000000000000000000000010000000000000000000111ZZZZZZZZZZZZZZZZ 
71 1000000000000000000001110000000000000000000111ZZZZZZZZZZZZZZZZ 
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95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 

# write 
240 
241 
242 
243 
244 
245 
246 
247 
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1000000000000000000000010000000000000000001000ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000001000ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000001001ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000001001ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000001010ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000001010ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000001011ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000001011ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000001100ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000001100ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000001101ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000001101ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000001110ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000001110ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000001111ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000001111ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000010000ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000010000ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000010001ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000010001ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000010010ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000010010ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000010011ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000010011ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000010100ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000010100ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000010101ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000010101ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000010110ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000010110ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000010111ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000010111ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000011000ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000011000ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000011001ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000011001ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000011010ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000011010ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000011011ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000011011ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000011100ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000011100ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000011101ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000011101ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000011110ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000011110ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000011111ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000011111ZZZZZZZZZZZZZZZZ 

into FIFO second time around for single-step 
1000000000000000000001110000000000000000000000ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000000000ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000000000ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000000001ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000000001ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000000010ZZZZZZZZZZZZZZZZ 
1000000000000000000001110000000000000000000010ZZZZZZZZZZZZZZZZ 
1000000000000000000000010000000000000000000011ZZZZZZZZZZZZZZZZ 
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248 1000000000000000000001110000000000000000000011ZZZZZZZZZZZZZZZZ 
249 1000000000000000000000010000000000000000000100ZZZZZZZZZZZZZZZZ 
250 1000000000000000000001110000000000000000000100ZZZZZZZZZZZZZZZZ 
255 1000000000000000000000010000000000000000000101ZZZZZZZZZZZZZZZZ 
256 1000000000000000000001110000000000000000000101ZZZZZZZZZZZZZZZZ 
257 1000000000000000000000010000000000000000000110ZZZZZZZZZZZZZZZZ 
258 1000000000000000000001110000000000000000000110ZZZZZZZZZZZZZZZZ 
259 1000000000000000000000010000000000000000000111ZZZZZZZZZZZZZZZZ 
260 1000000000000000000001110000000000000000000111ZZZZZZZZZZZZZZZZ 
285 1000000000000000000000010000000000000000001000ZZZZZZZZZZZZZZZZ 
286 1000000000000000000001110000000000000000001000ZZZZZZZZZZZZZZZZ 
287 1000000000000000000000010000000000000000001001ZZZZZZZZZZZZZZZZ 
288 1000000000000000000001110000000000000000001001ZZZZZZZZZZZZZZZZ 
289 1000000000000000000000010000000000000000001010ZZZZZZZZZZZZZZZZ 
290 1000000000000000000001110000000000000000001010ZZZZZZZZZZZZZZZZ 
291 1000000000000000000000010000000000000000001011ZZZZZZZZZZZZZZZZ 
292 1000000000000000000001110000000000000000001011ZZZZZZZZZZZZZZZZ 
293 1000000000000000000000010000000000000000001100ZZZZZZZZZZZZZZZZ 
294 1000000000000000000001110000000000000000001100ZZZZZZZZZZZZZZZZ 
295 1000000000000000000000010000000000000000001101ZZZZZZZZZZZZZZZZ 
296 1000000000000000000001110000000000000000001101ZZZZZZZZZZZZZZZZ 
297 1000000000000000000000010000000000000000001110ZZZZZZZZZZZZZZZZ 
298 1000000000000000000001110000000000000000001110ZZZZZZZZZZZZZZZZ 
299 1000000000000000000000010000000000000000001111ZZZZZZZZZZZZZZZZ 
300 1000000000000000000001110000000000000000001111ZZZZZZZZZZZZZZZZ 
325 1000000000000000000000010000000000000000010000ZZZZZZZZZZZZZZZZ 
326 1000000000000000000001110000000000000000010000ZZZZZZZZZZZZZZZZ 
327 10000000000000000000000100000000000000000lOOOlZZZZZZZZZZZZZZZZ 
328 100000000000000000000lllOOOOOOOOOOOOOOOOOlOOOlZZZZZZZZZZZZZZZZ 
329 lOOOOOOOOOOOOOOOOOOOOOOlOOOOOOOOOOOOOOOOOlOOlOZZZZZZZZZZZZZZZZ 
330 lOOOOOOOOOOOOOOOOOOOOlllOOOOOOOOOOOOOOOOOlOOlOZZZZZZZZZZZZZZZZ 
331 lOOOOOOOOOOOOOOOOOOOOOOlOOOOOOOOOOOOOOOOOlOOllZZZZZZZZZZZZZZZZ 
332 lOOOOOOOOOOOOOOOOOOOOlllOOOOOOOOOOOOOOOOOlOOllZZZZZZZZZZZZZZZZ 
333 10000000000000000000000lOOOOOOOOOOOOOOOOOlOlOOZZZZZZZZZZZZZZZZ 
334 lOOOOOOOOOOOOOOOOOOOOlllOOOOOOOOOOOOOOOOOlOlOOZZZZZZZZZZZZZZZZ 
335 10000000000000000000000lOOOOOOOOOOOOOOOOOlOlOlZZZZZZZZZZZZZZZZ 
336 100000000000000000000lllOOOOOOOOOOOOOOOOOlOlOlZZZZZZZZZZZZZZZZ 
337 10000000000000000000000lOOOOOOOOOOOOOOOOOlOllOZZZZZZZZZZZZZZZZ 
338 100000000000000000000lllOOOOOOOOOOOOOOOOOlOllOZZZZZZZZZZZZZZZZ 
339 10000000000000000000000lOOOOOOOOOOOOOOOOOlOlllZZZZZZZZZZZZZZZZ 
340 100000000000000000000lllOOOOOOOOOOOOOOOOOlOlllZZZZZZZZZZZZZZZZ 
365 10000000000000000000000lOOOOOOOOOOOOOOOOOllOOOZZZZZZZZZZZZZZZZ 
366 100000000000000000000lllOOOOOOOOOOOOOOOOOllOOOZZZZZZZZZZZZZZZZ 
367 10000000000000000000000lOOOOOOOOOOOOOOOOOllOOlZZZZZZZZZZZZZZZZ 
368 100000000000000000000lllOOOOOOOOOOOOOOOOOllOOlZZZZZZZZZZZZZZZZ 
369 10000000000000000000000lOOOOOOOOOOOOOOOOOllOlOZZZZZZZZZZZZZZZZ 
370 100000000000000000000lllOOOOOOOOOOOOOOOOOllOlOZZZZZZZZZZZZZZZZ 
371 lOOOOOOOOOOOOOOOOOOOOOOlOOOOOOOOOOOOOOOOOllOllZZZZZZZZZZZZZZZZ 
372 100000000000000000000lllOOOOOOOOOOOOOOOOOllOllZZZZZZZZZZZZZZZZ 
373 10000000000000000000000lOOOOOOOOOOOOOOOOOlllOOZZZZZZZZZZZZZZZZ 
374 100000000000000000000lllOOOOOOOOOOOOOOOOOlllOOZZZZZZZZZZZZZZZZ 
375 10000000000000000000000lOOOOOOOOOOOOOOOOOlllOlZZZZZZZZZZZZZZZZ 
376 100000000000000000000lllOOOOOOOOOOOOOOOOOlllOlZZZZZZZZZZZZZZZZ 
377 10000000000000000000000lOOOOOOOOOOOOOOOOOllllOZZZZZZZZZZZZZZZZ 
378 100000000000000000000lllOOOOOOOOOOOOOOOOOllllOZZZZZZZZZZZZZZZZ 
379 10000000000000000000000lOOOOOOOOOOOOOOOOOlllllZZZZZZZZZZZZZZZZ 
380 100000000000000000000lllOOOOOOOOOOOOOOOOOlllllZZZZZZZZZZZZZZZZ 
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RCCCCCCCCIIIIIIIIIIIICWRHHHHHHHHHHHHHHHHHHHHH~ 
ECCCCCCCCOOOOOOOONNNNSRDDDDDDDDDDDDDDDDDAAAAAADDDDDDDDDDDDDDOD 
S7654321076543210TTTTBBBlllll19876543210DDDDDDDDDDDDDD00000000 
E 3210 543210 5432101111119876543210 
T 543210 
B 

1 00000000000000000000011100000000000000000000000000000000000000 
2 10000000000000000000011100000000000000000000000000000000000000 

20 10000000000000000000000100000000011110100000000000000000000000 
21 10000000000000000000011100000000011110100000000000000000000000 
53 100000000000000000000111ZZZZZZZZZZZZZZZZ0000000000000000000000 
# bps1.stl uses Z=l for breakpoint ISR; HD12=0; 

*********The bpsO.out file ********** 

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

o U T PUT TAB L E 

PACSIM Ver. 1. 09 Tue Apr 04 15:43:42 1989 
*********************************************************************** 

CCC 0000 A AAAA AAAA FFFIB PPP LLL BBBB 
PPP CCCC 0 DODD 0000 IIINR CCC CCC CCCC 
CCC 1173 0 DODD RRRR CIOTP 173 173 1173 
173 51: : E 1173 1173 DRRRT 1· • 1· • 51: : 
1· • : : 40 51: : 51: : E :40 :40 : : 40 
:40 18 : : 40 : :40 Q 8 8 18 
8 2 18 18 U 2 

2 2 L 
TIME 

1 000 0000 0 0000 0000 00001 000 000 0000 
2 000 0000 0 0000 0000 00001 000 000 0000 
3 000 0002 0 0000 0000 01000 001 000 0000 
4 001 0001 0 0000 0000 01000 002 000 0000 
5 002 0000 0 0000 0000 01000 050 000 0000 
6 050 0050 0 0000 0000 01000 051 000 0000 
7 051 0051 0 0000 0000 01000 052 000 0000 
8 052 0052 0 0000 0000 01000 053 000 0000 
9 053 0053 0 0000 0000 01000 054 000 0000 

10 054 0054 0 0000 0000 01000 055 000 0000 
11 055 0055 0 0000 0000 01000 056 000 0000 
12 056 0056 0 0000 0000 01000 057 000 0000 
13 057 0057 0 0000 0000 01000 058 000 0000 
14 058 0058 0 0000 0000 01000 059 000 0000 
15 059 0059 0 0000 0000 01000 05a 000 0000 
16 05a 005a 0 0000 0000 01000 05b 000 0000 
17 05b 005b 0 0000 0000 01000 05c 000 0000 
18 05c 005c 0 0000 0000 01000 05d 000 0000 
19 05d 005d 0 0000 0000 01000 05e 000 0000 
20 05e 005e 0 0000 0000 01000 05f 000 0000 
21 05f 005f 0 0000 0000 01000 060 000 0000 
22 060 0060 0 0000 0000 01100 061 000 0000 
23 061 0061 0 0000 0000 01100 062 000 0000 
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24 062 0062 0 0000 0000 01100 063 000 0000 
25 063 0063 0 0000 0000 01100 064 000 0000 
26 064 0064 0 0000 0000 01100 065 000 0000 
27 065 0065 0 0000 0000 01100 066 000 0000 
28 066 0066 0 0000 0000 01100 067 000 0000 
29 067 0067 0 0000 0000 01100 068 000 0000 
30 068 0068 0 0000 0000 01100 069 000 0000 
31 069 0069 0 0000 0000 01100 06a 000 0000 
32 06a 006a 0 0000 0000 01100 06b 000 0000 
33 06b 006b 0 0000 0000 01100 06e 000 0000 

***Due to the length of the file, the rest of the output is not shown *** 

***********The bps1.out file ************* 

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

a U T PUT TAB L E 

PAC S I M Ver. 1.09 Man Apr 03 13:08:15 1989 
*********************************************************************** 

CCC 0000 M CC DI BBB B HHHH LLL BBBB 
PPP ecce D CC ON RRR R DDDD CCC ecce 
ccc 1173 a 73 RT EEE P 1173 173 1173 
173 51: : E .. RAAAT51:: 1· • 51:: 
1· • : : 40 40 KKKE : : 40 :40 :: 40 
:40 18 RRR Q 18 8 18 
8 2 EEE U 2 2 

GGG L 
973 ... . . . 
840 

TIME 
1 000 0000 0 00 00 000 1 0000 000 0000 
2 000 0000 0 00 00 000 1 0000 000 0000 
3 000 0002 0 00 00 000 0 0000 000 0000 
4 001 0001 0 00 00 000 0 0000 000 0000 
5 002 0000 0 00 00 000 0 0000 000 0000 
6 050 0050 0 00 00 000 0 0000 000 0000 
7 051 0051 0 00 00 000 0 0000 000 0000 
8 052 0052 0 00 00 000 0 0000 000 0000 
9 053 0053 0 00 00 000 0 0000 000 0000 

10 054 0054 0 00 00 000 0 0000 000 0000 
11 055 0055 0 00 00 000 0 0000 000 0000 
12 056 0056 0 00 00 000 0 0000 000 0000 
13 057 0057 0 00 00 000 0 0000 000 0000 
14 058 0058 0 00 00 000 0 0000 000 0000 
15 059 0059 0 00 00 000 0 0000 000 0000 
16 05a 005a 0 00 00 000 0 0000 000 0000 
17 05b 005b 0 00 00 000 0 0000 000 0000 
18 05e 005e 0 00 00 OQO 0 0000 000 0000 
19 05d 005d 0 00 00 000 0 0000 000 0000 
20 05e 005e 0 00 00 000 0 007a 000 0000 
21 05f 005f 0 00 00 000 0 007a 000 0000 
22 060 0060 0 00 00 000 0 007a 000 0000 
23 061 0061 0 00 00 000 0 007a 000 0000 

4-96 WAFERSCALE INTEGRATION, INC. 



PAC1000 - Application Note 009 

24 062 0062 0 00 00 000 0 007a 000 0000 
25 063 0063 0 00 00 000 0 007a 000 0000 
26 064 0064 0 00 00 000 0 007a 000 0000 
27 065 0065 0 00 00 000 0 007a 000 0000 
28 066 0066 0 00 00 000 0 007a 000 0000 
29 067 0067 0 00 00 000 0 007a 000 0000 
30 068 0068 0 00 00 000 0 007a 000 0000 
31 069 0069 0 00 00 000 0 007a 000 0000 
32 06a 006a 0 00 00 000 0 007a 000 0000 
33 06b 006b 0 00 00 000 0 007a 000 0000 
34 06e 006e 0 00 00 000 0 007a 000 0000 
35 06d 006d 0 00 00 000 0 007a 000 0000 
36 06e 006e 0 00 00 000 0 007a 000 0000 
37 06f 006f 0 00 00 000 0 007a 000 0000 
38 070 0070 0 00 00 000 0 007a 000 0000 
39 071 0071 0 00 00 000 0 007a 000 0000 
40 072 0072 0 00 00 000 0 007a 000 0000 
41 073 0073 0 00 00 000 0 007a 000 0000 
42 074 0074 0 00 00 000 0 007a 000 0007 
43 075 0075 0 00 00 07a 0 007a 000 0007 
44 076 0076 0 00 00 07a 0 007a 000 0007 
45 077 0077 0 00 00 07a 1 007a 000 0007 
46 07a 007a 0 00 00 07a 0 007a 000 0007 
47 07b 007b 0 00 01 07a 0 007a 000 0007 
48 ODe OOOe 0 00 01 07a 0 007a 000 0007 
49 10e 010e 0 00 00 07a 0 007a 000 0007 
50 10d 010d 0 00 00 07a 0 007a 000 0007 
51 10e 010e 0 00 00 07a 0 007a 000 0007 
52 10f 010f 0 00 00 07a 0 007a 000 0007 
53 112 0112 1 00 00 07a 0 OOOf 000 0007 
54 113 0113 1 00 00 07a 0 OOOf 000 0007 
55 114 0114 1 00 00 07a 0 0000 000 0007 II 56 115 0115 1 00 00 07a 0 0000 000 0007 
57 116 0116 1 00 00 07a 0 1000 000 0007 
58 117 0117 1 00 00 07a 0 OOlf 000 0007 
59 118 0118 1 00 00 07a 0 0000 000 0007 
60 119 0119 1 00 00 07a 0 0000 000 0007 
61 11a 011a 1 00 00 07a 0 0007 000 0007 
62 07e 007e 1 00 00 07a 0 0007 000 0007 
63 07d 007d 1 00 00 07a 0 0007 000 0007 
64 07d 007d 1 00 00 07a 0 0007 000 0007 
65 07d 007d 1 00 00 07a 0 0007 000 0007 
66 07d 007d 1 00 00 07a 0 0007 000 0007 
67 07d 007d 1 00 00 07a 0 0007 000 0007 
68 07d 007d 1 00 00 07a 0 0007 000 0007 
69 07d 007d 1 00 00 07a 0 0007 000 0007 
70 07d 007d 1 00 00 07a 0 0007 000 0007 

WAFERSCALE INTEGRATION, INC. 4-111 



4-98 WAFERSCALE INTEGRATION, INC. 



~~~~-------

Programmable System™ Device 
Application Brief 007 

WAFERSCALE INTEGRATION, INC. Hardware Interlacing the PACtOOO as a 
Micro Channel Bus Controller 

Abstract 

MeA Signal 
Descriptions 

By Arye Zik/lk 

This application brief describes how to use 
the PAC1000 High-Performance User­
Configurable Microcontroller as a Micro 
Channel (MCA) bus controller. 

The MCA bus uses asynchronous and 
synchronous procedures to control and 
transfer data on the bus. The data is 
transferred from a master board to a slave 

The bus signals described in this chapter 
are the most important and essential 
signals to understand the application brief. 
The buffers needed per each signal are 
summarized in Table 2. The timing relations 
between the signals is drawn in Figure 1. 

AO-A23 
Address bits generated by the bus master 
to address memory and 10 slaves attached 
to the bus. The address bits are unlatched 
and must be latched by the slaves using 
either the trailing edge of ADL or the 
leading edge of CMD signals. 

00-015 
Data bits, valid during the period CMD 
signal is low. The data is driven by 
bidirectional three-state drivers. 

ADL 
Address Decode Latch, driven by the bus 
master. The signal is used by the slaves 
to latch valid address and status bits. 

CD_DS16 
Card Data Size 16, driven by 16 bit slaves 
to provide an Indication to the master 
about their data bus width. Eight-bit slaves 
do not drive this line. 

DS_16_RTN 
Data Size 16 Return. A Signal generated 
by the PS/2 system by AND-ing all the 
CD_DS16 signals received from all the 
slave connected to the bus. The signal is 
provided by the PS/2 system to the bus 
masters. 

board, or from the PS/2 mother-board (the 
system) to a slave. This application brief 
describes the use of the PAC1000 on a 
master board and on a slave board. 

In both applications the PAC1000 is 
handling the synchronous functions, the 
asynchronous functions are implemented 
by external PALs. 

MiiO 
MemoryllO, driven by the bus master and 
indicates a memory or 10 cycle. MilO is 
latched by the slave at the leading edge 
of CMD Signal. 

so, S1 
Status bits, driven by the bus master and 
indicate the start of read or write cycle. 
The status bits are latched by the slaves 
using the leading edge of CMD. 

CMD 
Command Signal is driven by the bus 
master and defines the period data is valid 
on the data bus. The leading edge of 
CMD is used to latch the unlatched 
signals: AO-23, MilO, SO, and S1. The 
trailing edge of CMD indicates the end of 
the bus cycle. 

CD_SIDB' 
Card Select Feedback. When a bus master 
addresses a memory or an 10 slave, the 
addressed slave drives CD_SFDBK active 
as a positive acknowledgement of its 
presence at the specified address. 

CD_CHRDY 
Channel Ready. This line is pulled inactive 
(not ready) by a slave to allow additional 
time to complete a bus cycle. 

CHRDYRTN 
Channel Ready Return. Generated on the 
PS/2 system board by AND-ing the 
CD_CHRDY signals driven by all the 
slaves. The signal is provided by the 
system to the mastr driving the bus. 
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MCA Signal 
Descriptions 
(Cont.) 

Figure 1. Micro 
'Channel Basic 
Transfer Cycle 

Table 1. The 
States Generated 
MRD, fDandft 

MCA Timing 
Parameters 

ARBO-ARB3 
Arbitration Bus priority signals. These four 
signals represent the priority levels for 
masters seeking control on the bus. The 
four signals represent 16 priority levels, 
level 15 represents the lowest priority, 
level 0 represents the highest priority and 
belongs to the PS/2 system. 

ARB/INT 
Arbitrate/Grant. When high, this signal 
indicates an arbitration cycle is in process. 
When low, indicates that a master has 
been granted. ARB/GNT is driven by the 
system. 

PREEMPT 
Used by the arbitration bus masters to 
request the bus. 

BURST 
Indicates that the master requests the bus 
for transferring a block of data. 

IRO 
Interrupt Request is used to signal the 
system that a device requires attention. 

CHRESET 
Channel Reset, active high reset signal 
generated by the system and sent to all 
the boards on the bus. 

1 0 40 80 120 160 I 200 nsec 
I I 

~~-gRESS !-I 1 ______ ----,9 IJJJJJJJJ E 
I 
I 

STATUS n 2 18 

I ~--------------~ 
1~3 ____ ~1~7-------------

CD CHRDY 15 111 
CD DS16 +--------.1 .... 4 __________ ---'1 10 

CD SFDBK 
I 
I 
I 

r"'ll-0 -----

WRDATA JJJJJJJJJJJJL--16 ____________ ~ 
: 17 14 r 

RD DATA JJJJJJJJJJJJJJJJJJJJJJI12 I 

MilO 
0 
0 
1 
1 

I 
1 

SO 
0 
1 
0 
1 

The PAC1000 as a bus master transfers 
data on the MCA bus with a control 
sequence based on the following events: 

I;J The add res bus and M/IO signal 
become valid. 

I;J The status signals SO and S1 are valid 
10 nsec minimum after (1). 

S1 
1 I/O write. 
0 I/O read. 
1 Memory write. 
0 Memory read. 

I;J ADL is valid 45 nsec minimum after (1). 

I;J In response to the unlatched address 
decode, the selected slave responses 
with CD_SFDBK (and CD_DS16 if it 
is a 16 bit slave). The maximum 
allowable response time of the slave is 
55 nsec maximum from (1). 

4·100 WAFERSCALE INTEGRATION, INC. 



MCA Timing 
Parameters 
(Cont.) 

Operation Modes 

I;J In response to (1), the slave responds 
with CD_CHRDY. The maximum 
allowable response time is 60 nsec 
maximum from (1). 

I;J Write data appears on the bus for the 
write cycle. The data has to be valid 
before the leading edge of CMD. 

I;J CMD becomes active and ADL inactive 
typically 85 nsec minimum after (1). 
The unlatched signals on the bus are 
latched. 

I;J The status signals become inactive 
after they were latched. 

The PAC1000 working as a MeA 
controller can handle the following 
functions: 

I;J Bus signal generator. 

I;J Card setup. 

The bus arbitration logic and signal 
decoding are pure asynchronous functions 
and implemented by two PALs. 

Bus Slave Board 
On a bus slave board the PAC1000 may 
be used to implement the POS registers. 

The Programmable Option Select (POS) 
registers main objectives are: 

I;J Eliminate switches from the board. 

I;J Positively identify any card connected 
to the system. 

The POS registers on a PS/2 board replace 
the switches by using software writeable 
registers. There are eight POS registers, 
each one is 8-bit wide. The POS registers 
are addressed by CD_SETUP signal and 
by address bits AO-2. The POS registers 
are located at I/O addresses 100H to 
107H. The'eight POS registers are located 
in the PAC1000 and control the board's 
functions. 

The POS registers' interface to the MCA 
is a decoder which decodes the sytem's 
access to the registers and generates the 
RD and WR signals to the PAC1000. 

The address decoder and slave logic are 
most of the circuitry needed for the slave 
functions. The decoder has to decode the 
address on the bus and to respond with 
CD_SFDBK, CD_CHRDY and CD_DS16 
signals. The address decoder might be for 
memory, 110 or for both. The decoder's 
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I;J The address bus becomes inactive 
after the address was latched. 

I;J In response to the address change, the 
slave's unlatched responses 
(CD_CFDBK AND CD_DS16) are 
invalid. 

I;J System stays in this state until 
CD_CHRDY is ready. 

I;J The slave places data on the bus in 
response to a read. 

I;J The address and M/IO are valid for the 
next cycle. 

I;J CMD goes inactive, ending the cycle. 

size depends on the number of address 
bits it is decoding. The decoder's CS 
outputs are latched by the leading edge of 
CMD and are stable until the end of the 
bus cycle. The decoder generates the 
feedbacks to the bus, CD_SFDBK, 
CD_DS16 and CD_CHRDY. These 
Signals are not latched and are very time 
critical. The decoder responds with these 
outputs at 55 nsec maximum after the 
address is stable. 

Bus Master Board 
A master board is a board with a CPU 
which requests the MCA bus. When 
granted by the PS/2 system, the master 
board is driving the bus signals. 

On a master board the PAC1000 can 
handle the following functions: 

I;J POS registers (similar to the bus slave 
board). 

I;J Generation of the bus signals 

The other functions of a bus controller are 
implemented by PALs because the 
functions are pure asynchronous. 

The bus signals are generated by the 
PAC1000 after the CPU is granted to be a 
bus master. The process of getting the 
bus is done in the following sequence: 

I;J The CPU is requesting the bus through 
one of the interface lines with the 
PAC1000. 

I;J The PAC1000 is setting the bus 
request line which is buffered by 
drivers and sent to the MCA system. 

I;J The system gets the request, and sets 
a bus arbitration cycle which is handled 
by the bus arbiter circuit (a PAL). 
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Operation Modes 
(Cont.) 

PAC1000 in a 
Micro Channel 
Slave Board 

Table 2. Driver 
Requirement for 
PSI2 Signals 

r:J The bus arbiter sends the PAC1000 the 
signal MASTER which tells the board 
that the bus was granted and the board 
may drive the bus. 

r:J The PAC1000 signals the CPU that it is 
the bus master. 

r:J The PAC1000 is enabling the address 
and data drivers, and the CPU drives 
the address and data to the bus. 

r:J The PAC1000 generates all the bus 
signals in the right sequence and the 
right timing requirements as defined by 
the MCA bus standard. 

ICRO M 
C HANNEL 

DATAO-7 

ADDRO-3 

CD_SETUP 

Sii,S1 

Signal Name 

A(0-23) 
D(0-15) 
ADL 
CD_DS16 
DS_16RTN 
MIlO 
SO, S1 
CMD 
CD_SFDBK 
CD_CHRDY 
CHRDYRTN 
ARB(0-3) 
PREEMPT 
BURST 
ARB/GNT 

I 
I 
I PAC1000 
I SLAVE BOARD 
I 
I 

DATAO-7 

ADDRO-3 

pas RD_POS 
REGISTER 

INTERFACE WFLPOS 

CS 
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r:J After the CPU is done, it releases the 
bus request. The PAC1000 translates it 
to the right signal sequence on the 
MCA bus and releases the bus buffers. 

On the bus master board the PAC1000 
may implement a lot of control functions 
and save glue logic. 

For example: 
The PAC1000 can handle several DMA 
operations on the board, or be used as a 
high speed controller for various 
applications. 

PAC1000 

pas 
REGISTERS 

(REGISTER BANK) 
--------

107-0 

07-0 

HADS-O 

RD 

WR OC1S-0 

cs 
ADD1S-0 

HAD1S-0 

INT3-0 

CC7-0 

Driver Type 

TS 24 mA (TS = Three-State) 
TS 24 mA 
TS 24 mA 
TP 6 mA (TP = Totem Pole) 
BD 24 mA (BD = Bus Driver) 
TS 24 mA 
TS 24 mA 
TS 24 mA 
TP 6 mA 
TP 6 mA 
BD 24 mA 

LATCHED 
CONTROL 
SIGNALS 
TO THE 
BOARD 

OC 24 mA (OC = Open Collector) 
OC 24 mA 
OC 24 mA 
BD 24 mA 



PACtOOO as a 
Micro Channel 
Master 

I 
I 

MICRO II PAC1000 
CHANNEL BOARD 

I 
I 

DO-D15 
DATA .. • BUFFERS 

AO-A23 

ADDRESS 
LATCHES 

CMD 

ADL 

So 

S1 

MIlO DECODER 
AND 

SBHE SIGNAL 
DRIVERS 

CHRESET (PAL AND 
DRIVERS) 

CHRDYRTN 

DS16 RTN 

IRQ 

ARBO-3 

PREEMPT 
BUS 

BURST ARBITER 
(ONE PAL) 

ARBIGNT 

DATAO-7 

ADDRO-3 

POS 
REGISTER 

CD_SETUP INTERFACE 

So,S1 
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DO-D15 

DIR_BUF 

EN_BUFF 

AO-A23 

DILBUF 

EN_BUFF 

PAC1000 
CMD CPU 

OC9 
ADL 

OCB 

So 
OC7 

S1 
OC6 

MIlO 
OC5 

SBHE 
OC4 

CHRESET INT3-0 
CC3 

ADD15-0 
CHRDYRTN 

CC2 
DS16 RTN 

BUS CCl 
IRQ 

MASTER 

OCl 

OC15-10 

BUS REQUEST 
OCO 

LATCHED 
CONTROL 

107-0 ~ rJg~~~~E 
MASTERISLAVE 

REGISTER 

CCO 
OUTPUTS) 

HD7-0 
ADDRO-3 

HAD5-0 
RD_POS 

RD 
WLPOS 

WR 

Cs 
Cs 
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Programmable System™ Oevice 
WAFERSCALE INTEGRATION, INC. Application Note 003 

Scope of This 
Application Note 

The SAM 
Solution 

SAM+PLUS 
System Overview 

Figure 1. 
SAM448 Block 
Diagram 

High-End SAM Applications Using 
Microassembler Design Entry 

This Application Note describes the SAM 
microsequencer design entry process utilizing 
ASM microassembler input syntax and 
provides illustrations of all basic concepts 
needed to execute a SAM microassembler 
design. Basic microassembler functionality 
is reviewed, its utilization of SAM internal 
resources, as well as user convenience 
features. Cascading of multiple SAM devices 
to address large design problems is also 

The SAM (Stand-Alone Microsequencer) 
User-Configurable device provides a unique 
solution for high-performance control 
functions. The combination of a microcoded 
engine with a branch EPLD front-end gives 
SAM the ability to handle high-complexity 
tasks while still achieving high clock rates. 
The basic SAM architecture is shown in 
Figure 1. 

The SAM+PLUS PC-based design 
development system provides an efficient 
mechanism for entry and automatic 
compilation of SAM designs. Interactive 
functional simulation is provided in 
SAM+PLUS to enable rapid verification of 
design flows and operation. PC-compatible 
programming hardware is also available to 
allow device programming right at the 

NRESET 

INPUTS 
(8) 

PlD 

BRANCH 
CONTROL 

lOGIC 

EPLD 
768 PRODUCT 

TERMS 

ZERO 

covered. To illustrate a practical application 
of SAM, a graphics controller application is 
presented in detail along with annotated 
ASM source code. 

The reader is referred to WSI's SAM448 
Data Sheet for details concerning device 
architecture and performance. A general 
knowledge of SAM device architecture is 
assumed as background for this 
Application Note. 

Programming the SAM device for a 
particular application involves specifying 
multi-way branch transition specifications 
for the branch EPLD, and instruction and 
output strings for the required number of 
microcode words in SAM's EPROM control 
memory. (See the SAM448 Data Sheet for 
further information). This task is eased by 
the use of the SAM+PLUS development 
system. 

designer's desk. Given the fact that control 
logic is frequently difficult to design, and 
particularly prone to design alterations, the 
ability to enter, compile, simulate and test 
a design in rapid fashion results in an 
effective design system. 

SAM+PLUS actually supports two design 
entry methods, one using ASMILE state 
machine input language, the other ASM 

MICROCODED ENGINE 

MICROCODE 
EPROM 

448 x 36 
BITS 

OUTPUTS (16) 

ClK 
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SAM+PLUS 
System Overview 
(Cont.) 

Figure 2. 
SAM+PLUS 
Block Diagram 

Choosing 
Appropriate 
Applications 
for SAM 

microassembler format, as shown in 
Figure 2. SAM ASMILE input is described 
in WSI Application Note #4, referenced 
below. This Application Note will focus on 
microassembler input. 

Microassembler design entry begins with 
the creation of a design file on the PC 
using any standard text editor. Next, the 
SAM Design Processor (SDP) takes the 
ASM input file, automatically minimizes 
transition equations and generates the 
device programming code. A Utilization 
Report is generated which reports total 
resources consumed, absolute memory 
assignments of microassembler instructions 
and compiler-assigned pinouts. A standard 
JEDEC file is generated to allow 
programming of the device right on 
the PC. 

The SAM architecture supports high­
performance synchronous control 
applications. It is important to realize that 
all outputs from SAM are asserted 
synchronously with respect to the device 

4·106 WAFERSCALE INTEGRATION, INC. 

For larger designs, multiple SAM devices 
may be horizontally cascaded to increase 
the number of available control outputs. 
The microassembler supports the 
specification of a single source file for a 
multiple-SAM application, and automatically 
generates the separate JEDEC files for the 
programming of each of the devices at 
compile time. The JEDEC file, which 
represents the actual template of the 
specific application implemented, may be 
used as input to the SAMSIM (SAM 
SIMulator) program which provides 
functional simulation capability. Hard-copy 
output of simulation results may be 
obtained, as well as on-line "logic 
analyzer" viewing capability. Multi-chip 
applications using horizontal cascading is 
also supported by the functional simulator. 

clock, and as such SAM implements a 
classic Moore machine architecture. 
Similarly, as can be seen in the SAM Data 
Sheet, all inputs must obey a required set­
up time (Tsu) relative to the Clock input. 



Choosing 
Appropriate 
Applications for 
SAM (Cont.) 

In order to obtain greater than 16 outputs 
in a SAM design, the concept of horizontal 
cascading may be used. Similarly, if greater 
control store (microcode) depth is required, 
multiple SAM devices may be vertically 
cascaded, sharing a common control output 
bus. Both cascading approaches may be 
simultaneously used for problems requiring 
increased capacity in both dimensions. 

In order to determine whether a given 
application will be suitable for SAM, the 

SAM Application • Operating frequency up to specified 
Guidelines SAM's Fmax 

Microassembler 
Input Overview 

• Synchronous operation 

• Up to eight control inputs (exclusive of 
Clock and nRESET) 

• Up to sixteen control outputs (single 
device) 

Shown in Figure 3 is an example of the 
structure of a SAM ASM input file. This file 
may be created using any standard text 
editor. It is important that the text editor is 
used in non-document mode in order to 
prevent the insertion of any spurious 
format control characters which may be 
detected by the ASM microassembler 
parser at compile time as input errors. 
Other than this constraint, input is 
essentially free-form and may be structured 
for readability and overall clarity. 

The case of characters inserted into the 
ASM file is significant, so be sure that 
case significance is maintained. For 
example, the names "RWB" and "rwb" 
are not the same. 

Comments may be inserted freely into the 
source code, delimited by leading and 
trailing percent signs (%). 

The basic format of a SAM ASM file 
consists of the following sections: 

[HEADER] 
PART 
INPUTS 
OUTPUTS 
[PINS] 
[DEFAULT] 
[MACROS] 
[EQUATIONS] 
PROGRAM 
END$ 
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following "rules-of-thumb" derived from the 
device architecture and specifications are 
useful. These guidelines are for single 
SAM implementations. Cascaded SAM 
configurations may expand output count 
and memory depth substantially. For 
example, SAM + PLUS supports horizontal 
cascading of up to 8 SAM448 devices, for 
a total output count of 128 lines! 

• Up to 256 primary microcode locations 

• Up to 64 of 256 primary microcode 
locations may be multi-way (external 
conditional) branches (single device) 

• Transition expressions reducible to four 
product terms per IF ... THEN expression 

Applications which satisfy this list will in all 
likelihood fit into a single SAM device. 

Those sections noted within brackets are 
optional and may be omitted if not required. 

Header 
The HEADER contains user-specified 
design identifier information. It may 
include design title, designer's name, date, 
revision information, etc. 

Part 
The PART section of the ASM file specifies 
the target SAM device or devices the 
application is intended for. By specifying 
AUTO, the user permits the SAM+PLUS 
software to pick the optimal device or set 
of devices for the application based upon 
minimal pin count. Multiple devices may 
be invoked for designs requiring a larger 
number of total outputs than a single SAM 
device can supply, i.e., the SAM+PLUS 
software supports horizontal cascading 
(see SAM Data Sheet) of devices at a 
source code level. This cascading 
capability may be invoked by utilizing 
AUTO with a design requiring high output 
count as noted, or may be explicitly 
defined by supplying a list of devices after 
PART which the design is to be fitted into. 
As shown in the example below, two 
SAM448 devices are going to be used in 
this application, and have been explicitly 
entered. Devices may be cascaded 
horizontally up to a width of 128 outputs in 
a single source code listing and simulated 
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Microassembler 
Input Overview 
(Cont.) 

as one large virtual SAM. Separate JEDEC 
files are generated for each device to 
support programming devices when design 
is complete. 

Inputs 
The single INPUTS section of the ASM file 
defines all external inputs into the design, 
as well as any required user pin 
assignments. Pin assignments are specified 
by the format input_name @ pin_number. 
Note that since in a horizontally cascaded 
design all design inputs must be common, 
there will never be more inputs specified 
in a source file than are available in a 
single SAM device. 

Only user-defined inputs should appear in 
the INPUTS section: the CLOCK and 
nRESET inputs to SAM, being fixed­
function pins, should not be included. 

Outputs 
The OUTPUTS section(s) of the ASM file 
contains a list of all outputs from the 
design as well as any pin assignments. 
Pin assignment syntax is similar to input 
pin assignments. If multiple SAMs are 
specified in the PART: section of the 
design file (horizontal cascading), there 
will be multiple OUTPUTS sections in the 
ASM file, one for each SAM component. If 
AUTO parts selection is used for a 
cascaded design, a single OUTPUTS 
declaration may be used to specify all 
required outputs. At compile time, outputs 
will be assigned to the various devices 
automatically. 

Output names must be unique across all 
OUTPUTS section declarations. 

AUTO parts selection may not be used in 
conjunction with user-defined pin 
assignments. 

Pins 
The PINS section allows mapping of 
external variable names onto internal 
variable names for convenience. For 
example, a user may have an active-low 
signal in his system he has called IWR 
which enters into his transition 
specifications in his SAM design. To keep 
the logical sense of such specifications 
clear, it is wise to transform all active-low 
external signals into equivalent active-high 
names internally, e.g., IWR = WRint. 
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Default 
The DEFAULT section allows the 
specification of a default output combination 
to be used whenever the output string is 
not explicitly defined in an instruction. In a 
single SAM device specification the syntax 
is simply DEFAULT: [00 ... On], where 00 
through On represents a binary string 
corresponding to the n outputs specified 
for the SAM design. Default output values 
are matched to output pins in the order 
they appear in the OUTPUTS declaration. 
If multiple OUTPUTS sections appear in a 
cascaded SAM application, the DEFAULT 
specifier is increased in width to 
accommodate this change as shown in the 
example. Only one DEFAULT section may 
appear per ASM file. 

Macros 
The MACROS section allows the user to 
define string equivalences to be substituted 
universally throughout his ASM source 
code listing. For example, the user may 
wish to redefine instruction mnemonics for 
efficiency or clarity, or may wish to redefine 
binary output strings with alphanumeric 
labels. For example, 

REG1TOALU = "0101111001100000" 

The left hand side of this expression is 
undoubtedly easier to remember and type 
repeatedly into a listing than the right. 

Imbedded strings are not macro substituted. 
Macro instances must be delimited by 
white space to be recognized. For example, 
if a macro substitution is defined as 

REG = "0110" 

the string 0110 would be substituted into 

[REG ALU OP) CONTINUE; 

but not into 

[BREG4 ALU OP) CONTINUE; 

Equations 
The EQUATIONS section of the ASM file is 
available for the definition of intermediate 
equations to be used later in the design. 
Entry of transition specifications may be 
eased by defining intermediate variables 
initially, and then invoking them during the 
design. For example, 

EventClk = 11 */14 + 13*16*/17 

might be defined in the EQUATIONS 



Microassembler 
Input Overview 
(Cont.) 

END$ 

Multi·Way 
Branch Syntax 

section, and then utilized later in an 
IF ... THEN ... ELSE statement or 
statements, such as 

IF EventClk THEN [ ] JUMP START; 

Program 
The PROGRAM section of the ASM file 
actually specifies the sequence of 
instructions to be executed and associated 
outputs required from the SAM device. 
The format of a basic instruction 
specification in the PROGRAM section is 

label: [output-spec] opcode; 

label is an optional alphanumeric string 
which may be used to identify the 
instruction in branching expressions, etc. 

Every SAM ASM source file must 
terminate with the END$ terminator. 

The syntax for multi-way branching within 
the SAM ASM source file is by way of a 
complex expression of the form 

IF (expression1) THEN (instruction1) 
ELSEIF (expression2) 

THEN (instruction2) 
ELSEIF (expression3) 

THEN (instruction3) 
ELSE (instruction4) 

For example, a complex instruction of this 
type might look like 

IF 10*11*15*/17 + 13*14 + 16*/10 + 113*/11 THEN 
[1111001110010000] CALL 
label1 RETURNTO label2; 

ELSEIF 13*/12 + 15*16 + 110*14*11 THEN 
(1011000011100011) LOADC 
255 GOTO label3; 

ELSEIF 14*16*10 THEN [ ) PUSH 15 
GOTO label4; 

ELSE (1111111100000001) PUSHI 
GOTO label5; 

Each expression may be a function of any 
of the eight SAM external inputs containing 
up to four product terms. 

If more than four product terms are needed 
to define a transition from one state to 
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[output-spec] represents an actual numeric 
string of the correct length (in either binary, 
hexadecimal or decimal notation), a Macro 
substitution with numeric equivalence (as 
defined above), or the special character Z 
which signifies tri-state output pins. 
Hexadecimal and decimal strings are 
defined by a string of valid digits of correct 
length, followed by H or D respectively. In 
horizontally cascaded applications, all 
outputs are specified in the single output­
spec within brackets. The output-spec 
defined in the DEFAULT statement will be 
utilized whenever the output-spec has 
length zero, i.e., [] implies default 
output-spec. 

another, it is possible to trade-off product 
term counts for number of multi-way 
branch destinations. For example, it is 
perfectly valid to enter 

IF (expression1) THEN [ ] JUMP START; 
ELSEIF (expression2) THEN [ ) JUMP START; 
ELSEIF(expression3)THEN [ ]JUMP NEXT1; 
ELSE [ ] JUMP NEXT2; 

Here, expression1 and expression2 could 
each be four product term expressions, 
resulting in eight product terms which can 
be used to specify the transition to START. 

Note the inherent priority scheme in the 
above statements. The SAM architecture 
physically implements such a priority 
scheme in the Branch Control Block: the 
first occurrence of a valid expression 
results in the execution of the corresponding 
instruction. If the first three expressions 
are all false, then instruction4 will be 
subsequently executed. 

Up to 64 such IF ... THEN ... ELSE 
constructs may be implemented in a single 
SAM program, along with 192 conventional 
instructions without IF ... THEN ... ELSE. 
The result is a total microcode memory 
capacity of (64 x 4) + 192 = 448 words. 
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Figure 3. 
Circle Drawing 
Routine 

This Is the Circle Drawing Design 

% Circle Drawing Routine for SAM % 

PART: SAM448 SAM448 

% SAM Control Output Lines 
% A & B Fields (2901) - 8 
% 10- I 8 (2901) - 9 
% OE (2901) - 1 
% Done - 1 
% Cn (2901) - 1 
% Wr - 1 
% ALE - 1 
% Rd - 1 
% RegRd - 1 

INPUTS: CO,Cl,C2,CmdAtt,SIgn 

Inputs 
CO-2 - 3 
CmdAtt - 1 
Sign - 1 

OUTPUTS: AO ,Al ,A2 ,A3 ,BO,Bl ,B2 ,B3, 12,11,10,15,14,13,18,17 
OUTPUTS: IS,Rd,Wr,ALE,RegRd,OE,Cn,Done 

DEFAULT: [0000 0000 0000 0000 1110 0100] 

MACROS: 

CONT - "CONTINUE" 

% A & B Fields" 

RadlusReg _ '0001" 
Regl - "0001" 
Reg2 - "0010" 
Reg3 - "0011" 
Reg4 - "0100" 
Reg5 - "0101" 
RegS - "0110" 
Reg7 - "0111" 
Reg8 - "1000" 
Reg9 - "1001" 
Regl0 - "1010" 
Regll - "lOll" 
Reg12 - "1100" 

% Source Control 

AQ - "000" 
AB - "001" 
ZQ - ·010· 
ZB - "011" 
ZA = "100" 
DA - '101" 
DQ = '110" 
DZ - "111" 

% Function % 

ADD = '000" 
SUBR - "001' 
SUBS - '010' 
OR = '011' 
AND - '100" 
NOTRS _ "101" 
EXOR - '110" 
EXNOR - '1 1 1 ' 

% 
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% Destination Control % 

QREG _ "000" 
NOP - "001" 
RAMA _ "010" 
RAMF _ "011" 
RAMQD - "100" 
RAMD _ "101" 
RAMQU - "110" 
RAMU _ "111" 

% Bus Cycle % 

MemWr - "10001" 
RegWr _ "10011" 
ALEcyc - "11100" 
NoCyc _ "11000" 

% Mlsc % 

en - .,. 
nen - ·0· 
Done - .,. 
nDone - ·0· 

EQUATIONS: 

PROGRAM: 

% Processor Initializes: % 

OD:[] JUMP WAIT; 
% 0 Load Coloreg, Radius, XO, YO % 
% 0 Issues DraWClrc Command % 

WAIT: IF CmdAtt·CO'·Cl'·C2' THEN [ ] JUMP DOlT ; 
ELSE [] JUMP WAIT 

% Move parameters from buffer to 2901 Internal registers 
% Radius -> Regl (Y) % 

DOlT: [ Regl Regl AQ ADD NOP RegWr nCn nDone ] CONT 
[ Regl Regl AQ ADD NOP RegWr nCn nDone ] CONT ; 

% XO -> Reg2 % 

[ Reg2 Reg2 AQ ADD NOP NoCyc nCn nDone CONT 
[ Reg2 Reg2 AQ ADD NOP RegWr nCn nDone CONT 
[ Reg2 Reg2 AQ ADD NOP RegWr nCn nDone CONT 

% YO -> Reg3 % 

[ Reg2 Reg2 AQ ADD NOP NoCyc nCn nDone CONT 
[ Reg3 Reg3 AQ ADD NOP RegWr nCn nDone CONT 
[ Reg3 Reg3 AQ ADD NOP RegWr nCn nDone CONT 

% Load constants to 2901 registers % 
% o -> Reg" (X) (AND 0 & anything gives 0) % 

[ Reg" Reg" ZB AND RAMF NoCyc nCn nDone ] CONT 

% 
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Figure 3. Circle 
Drawing Routine 
(Cont.) 

% 3 -> Reg5 (d) % 
% Put • l' In Reg5 % 

[ Reg4 Reg5 ZA ADD RAMF NoCyc Cn nDone ] CONT 

% Shift Reg5 Up one to give 2 % 

Reg5 Reg5 ZB ADD RAMU NoCyc nCn nDone ] CONT 

% Whl Ie we have It, preload 2 Into Reg9 % 

Reg5 Reg9 ZA ADD RAMF NoCyc nCn nDone ] CONT 

% Increment Reg5 to get 3 (whewl I) % 

[ Reg5 Reg5 ZA ADD RAMF NoCyc Cn nDone CONT 

% 6 -> Rega (const) - Just shift 3 up one! % 
% Load 1 In CREG to set-up for next Instruction % 

[ Reg5 Rega ZA ADD RAMU NoCyc nCn nDone ] LOADC 10 

% 10 -> Reg9 (const) % 
% Start by shifting Reg9 (now contains 2) up twice to get a % 
% Reg6 (Temp register) % 

ClrcPlx: [ Reg4 Reg6 ZA ADO RAMF NoCyc nCn nOone ] CONT ; 
Reg1 Reg11 ZA ADO RAMF NoCyc nCn nOone ] CALL TRANS 

% Reflect X to -X % 

Reg4 Reg6 ZA SUBS RAMF NoCyc Cn nOone ] CONT ; 
Reg1 Reg11 ZA ADO RAMF NoCyc nCn nOone ] CALL TRANS 

% Swap X & y % 

[ Reg1 Reg6 ZA ADO RAMF NoCyc nCn nOone ] CONT ; 
[ Reg4 Reg11 ZA ADO RAMF NoCyc nCn nOone ] CALL TRANS 

% Swap -X & y % 

[ Reg4 Reg11 ZA SUBS RAMF NoCyc Cn nOone ] CONT ; 
[ Reg1 Reg6 ZA ADO RAMF NoCyc nCn nOone ] CALL TRANS 

% Reflect Y % 

[ Reg1 Reg11 ZA SUBS RAMF NoCyc Cn nOone ] CONT ; 
[ Reg4 Reg6 ZA ADO RAMF NoCyc nCn nOone ] CALL TRANS 

% Swap -Y & X % 

[ Reg1 Reg6 ZA SUBS RAMF NoCyc Cn nOone ] CONT ; 
[ Reg4 Reg11 ZA ADD RAMF NoCyc nCn nOone ] CALL TRANS 

% Reflect -X, -y % 

Reg4 Reg6 ZA SUBS RAMF NoCyc Cn nOone ] CONT ; 
Reg1 Reg11 ZA SUBS RAMF NoCyc Cn nOone ] CALL TRANS 
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" Swap -x & -y " 
[ Regl Regs .ZA SUBS RAMF NoCyc Cn nDone ] CONT ; 
[ Reg4 Regll ZA SUBS RAMF NoCyc Cn nDone ] CALL TRANS 
[] RETURN; 

" This routine Translates relative to xO,yO and runs the memory 
update cycle" 

TRANS: [ Reg3 Regll AB ADD RAMF NoCyc nCn nDone ] CONT ; 
Reg2 RegS AB ADD RAMF NoCyc nCn nDone ] LOADC 100 
Regll Reg12 ZA ADD RAMF NoCyc nCn nDone ] CONT ; 

" Multiply y by 1024 " 

MULT1024: Regll Regll ZA ADD RAMU NoCyc nCn nDone 
LOOPNZ MULT1024 

" Subtract y to get effective multiply by 1023 " 

DONE1024: Reg12 Regll AB SUBR RAMF NoCyc Cn nDone ] CONT 

" Calculate address" 

[ RegS Regll AB ADD RAMF NoCyc nCn nDone ] CONT 

" Write pixel In buffer RAM" 

RUNBUS: [Regll Regll ZA ADD RAMF ALEcyc nCn nDone ] CONT ; 

ENDS 

SHIFTRS: 

[ Regll Regll ZA ADD RAMF Memwr nCn nDone ] RETURN; 

[ RegS RegS ZA ADD RAMU NoCyc nCn nDone ] 
LOOPNZ SHIFTRS ; 

" Increment RegS twice to get 10 " 

[ Regs RegS ZA ADD RAMF NoCyc Cn nDone CONT 
[ RegS RegS ZA ADD RAMF NoCyc Cn nDone CONT 

" Initializing done I - Begin algorithm" 
"d - 3 - 2*radlus Initially" 

[ Regl Rege ZA ADD RAMU NoCyc nCn nDone CONT 
[ Reg5 Rege AB SUBS RAMF NoCyc Cn nDone CONT 

" If x >- y branch to finish up " 

OUTERLOOP: [ Reg4 Regl AB SUBS RAMF NoCyc Cn nDone ] CONT 
IF Sign THEN [] JUMP DrawEnd ; 

"Write plxela, translate origin & reflect to al I octants" 

ELSE [] CALL ClrcPlx 

" Test d sign, If >_ 0, use POS " 

[ Reg5 Reg5 ZA ADD RAMF NoCyc nCn nDone ] CONT 
IF Sign THEN [] JUMP POS ; 
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Drawing Routine 
(Cont.) 

% compute d - d + 4°x + S % 
% First 4 0 x % 

ELSE [ Reg4 RegS ZA ADO RAMU NoCyc nCn nDone 1 CONT 
RegS RegS ZA ADO RAMU NoCyc nqn nDone 1 CONT ; 

% Add S % 

RegS RegS AB ADO RAMF NoCyc nCn nDone 
RegS Reg6 AB ADO RAMF NoCyc nCn nDone 

% Compute d - d + 4°(x-y) + 10 % 
% First x-y % 

CONT , 
JUMP IncX 

POS: [ Reg1 RegS ZA ADO RAMF NoCyc nCn nDone 1 CONT ; 
Reg4 RegS AB SUBS RAMF NoCYc Cn nDone 1 LOADC 10 

% Then 4°(x-y) " 

SHIFTRS: RegS RegS ZA ADO RAMU NoCyc nCn nDone 1 
LOOPNZ SHIFTRS ; 

% Add 10 % 

Reg9 RegS AB ADO RAMF NoCyc nCn nDone 
RegS Reg6 AB ADO RAMF NoCyc nCn nDone 

% Decrement y % 

CONT 
CONT 

[ Regl Regl ZA SUBR RAMF NoCyc nCn nDone 1 CONT 

% Increment X and repeat til X - Y % 

IncX: [ Reg4 Reg4 ZA ADD RAMF NoCyc Cn nDone 1 JUMP OUTERLOOP 

% Last pixel write / ends octant with x - Y (45 degrees) % 

DrawEnd: [] Call ClrcPlx ; 
[1 LOADC lSD ; 

% Issue Done to processor for lS clocks % 

DoDone: Regl Regl ZA ADO RAMF NoCyc nCn Done ] 
LOOPNZ DoDone ONZERO WAIT; 

%'End Main Routine % 

% This routine reflects the pixel Into all octants and cal Is a 
routine which translates the pixel relative to xO,yO, 
calculates the pixel address as addr - x + yOl023 and runs the 
memory cycle. % 
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SAM 
Microassembler 
Opcodes 

An Actual 
Design Example 

The basic SAM device instruction set 
accessible by the user through the 
microassembler consists of: 

CONTINUE 
Execute next sequential instruction 

JUMP (labeI1) 
Jump to instruction specified @ label1 

LOOPNZ (labeI1) ONZERO (labeI2) 
If Count Register (CREG) is zero, 
execute instruction @ label2, else 
decrement CREG and execute 
instruction @ label1. Useful for one­
instruction timing and delay loops. 

DECNZ GOTO (labeI1) 
Decrement the CREG if non-zero; 
execute instruction @ label1. 

POPC GOTO (labeI1) 
Top-of-Stack is popped into CREG and 
the instruction @ label1 is executed. 

POPXORC (constant1) GOTO (labeI1) 
Top-of-Stack is popped, bitewise XORed 
with (constant1) and loaded to CREG. 
Instruction @ label1 is next executed. 
Useful for comparing Top-of-Stack to a 
value by subsequently testing CREG 
zero-flag using a LOOPNZ instruction. 

LOADC (constant1) GOTO (labeI1) 
CREG is loaded with the value 
constant1, and instruction @ label1 is 
next executed. 

RETURN 
Address of the next instruction is 
popped from Top-of-Stack and 
subsequently executed. Used to 
terminate subroutines. 

Now that the basic syntax and elements of 
a SAM ASM file have been covered, a 
detailed example of a SAM application will 
be presented: a high-performance Graphics 
Controller. In this particular application, 
two SAM devices will be horizontally 
cascaded to generate the control outputs 
for a graphics subsystem. This subsystem 
provides graphics primitive drawing 
capability for a larger microprocessor­
based system. 

Figure 4 shows a typical 8086 
microprocessor-based system. Beneath the 
Address/Data Buses is the graphics 
subsystem to be controlled by the SAM 
devices, the primary elements of which are 
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PUSHLOADC (constant1) GOTO (labeI1) 
CREG value is pushed onto the Stack 
and CREG is reloaded with constant1. 

PUSHI GOTO (labeI1) 
The eight input lines are pushed onto 
the Top-of-Stack and the instruction at 
label1 is subsequently executed. May 
be used to implement a "dispatch" 
function in conjunction with a 
subsequent RETURN instruction: 
external inputs provide address of 
next SAM instruction. 

ANDPUSHI (constant1) GOTO (labeI1) 
The eight input lines are bitwise 
ANDed with constant1, the result is 
pushed onto the Stack and the 
instruction @ label1 is subsequently 
executed. May be used to mask inputs 
before loading to CREG or next 
address. 

CALL (labeI1) RETURNTO (labeI2) 
Label2 is pushed onto the Stack, and 
the instruction @ label1 is executed 
next. Used for subroutines. 

PUSH (constant1) GOTO (labeI1) 
Constant1 is pushed onto the Stack 
and the instruction @ label1 is next 
executed. 

The Branch Control Block of SAM is 
invoked automatically by use of 
IF ... THEN ... ELSE constructs in 
conjunction with the above 
instructions. This allows program flow 
control based upon external inputs as 
in conventional state machines and 
multi-way branching in a single clock. 

a 1 Megabyte high-speed static RAM video 
frame buffer (giving individual pixel 
addressing capability), five WS5901 bit­
slice elements used to construct a 20 bit 
ALU/data path engine, and two SAM 
devices as previously mentioned to provide 
overall control within the subsystem. 

This basic graphics engine represents a 
user-microcodeable arrangement which 
can potentially support many primitive 
graphic drawing operations such as line 
drawing, polygon filling, drawing of conic 
sections and others. For the purposes of 
this example, a single primitive drawing 
operation which draws circles of arbitrary 
radius and origin into the frame buffer will 
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An Actual 
Design 
Example 
(Cont., 

Figure 4. 
SAM448 
Graphics Engine 

be discussed. The basic concept behind 
this algorithm will be discussed below. 

In order to execute its role of controller for 
this subsystem, the pair of SAM devices 
must be able to execute the following 
subfunctions 

• Read Commands issued by main 
microprocessor 

• Transfer Parameters associated with 
commands to Register File in WS5901's 

• Initialize Constant Registers in WS5901's 
to specified values for algorithm 

• Compute values for pixels on circle as 
function of specified Radius for first 
octant [Assume circle origin = (0,0)] 

• Translate x,y coordinates into RAM 
addresses 

DONE REGRD 

SAM #1 
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• Reflect circle pixel coordinates into 
remaining seven octants 

• Translate pixel coordinates relative to 
actual origin 

• Perform Video Buffer write to all pixel 
addresses specified 

• Issue DONE interrupt to main processor 

This activity is done independently of the 
main microprocessor and frees it up to do 
other tasks while the operation is performed. 

These operations fall into two general 
categories of controlling bus transfers 
between various elements (Registers, ALU, 
RAM, etc.) and sequencing computations 
performed by the WS5901 ALU in generating 
the pixel addresses to be set to draw the 
required circle. The structure of the SAM 
microassembler code shown above 
generally follows this flow. 

SYSTEM ADDR BUS 
20 

SYSTEM DATA BUS 
18 

SAM #2 

CK 



Circle Drawing 
Algorithm 
Overview 

Figure 5. Circle 
Symmetry 
Exploited by 
Bresenham 

Figure 6. Circle 
Drawing 
Algorithm 
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The sample algorithm to be implemented 
in the SAM code to draw the circle is one 
based upon a methodology developed by 
Bresenham. In order to speed computation, 
it exploits the fundamental symmetry of a 

circle, by calculating the circle points in 
the first octant (see Figure 5), and then 
reflecting those coordinates into the other 
seven octants. For a given pixel location 
(x,y) , reflection involves drawing points 

(-y,x) (y,x) 

(-y,-x) (y,-x) 

(x,-y) (-x,-y) 

Procedure Circle (radius, value: Integer) 

var x.Y,d : Integer ; 

begin 

X :- 0 ; 
Y raduls; 
d :- 3 -2 • radius 

while x < Y do begin 

ClrcleDraw (x,y.value); 

If d < 0 

then d :- d + 4 • + 6 

else begin 

d :- d + 4 • (x-y) + 10 

y :- y -

end 

X :- X + 1 

end 

If x - y then ClrcleDraw (x,Y. value) 

end 
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Circle Drawing 
Algorithm 
Overview 
(Cont.) 

Timing 
Considerations 

Figure 7. 

(-x ,y) , (x.-y) , (-x.-y), as well as those points 
with x and y swapped. In drawing the 
points for a circle in the first octant, one 
can easily see that, having just calculated 
one of the pixel locations, there are only 
two possible choices for the next pixel 
location: increment x (horizontal move) and 
increment x and y (diagonal move). The 
trick is how to decide, based upon current 
location, which of the two to pick next. 

The entire derivation of the algorithm will 
not be presented here. However, a 

SAM timing analysis is straightforward, as 
all times are relative to the synchronous 
clock input. Tsu specifies minimum set-up 
time for inputs to gain recognition at the 
next clock edge, while Tco specifies clock­
to-output delays for the user-configured 
output pins. Output tri-state and enable 
times are speced as Tcz, but are not 
relevent in this particular application as 
outputs are always enabled. 

For this particular design example, the 
SAM448-25-controlled graphics subsystem 
is being driven by a 15 MegaHertz clock. 
This implies a clock period of 66 
nanoseconds. SAM control outputs will 
reflect a Tco of approximately 18 
nanoseconds, while inputs must obey a 

complete discussion of the algorithm may 
be found in Foley and Van Dam (1981), 
referenced below. Suffice it to say, it is 
obvious that the best match between 
actual pixel coordinates and the ideal 
circle points can be obtained by checking 
an error term equal to the difference in 
distance from the circle's center to each of 
the two potential next pixel choices: the 
sign of the term will indicate which point to 
pick to obtain the best fit. 

The basic algorithm implemented is shown 
in Figure 6. 

18 nanosecond set-up time (Tsu) relative to 
the clock edge. 

High-speed Static RAM will be used for 
the video frame buffer for two reasons: 
one is raw speed. The memory must be 
fast enough to keep up with SAM's high­
speed bus cycles. The second is that 
SRAM requires no refresh cycles, unlike 
DRAM. Thus more time is available to 
perform buffer drawing functions: no time 
is lost for refresh cycles. 

Memory consists of CMOS SRAM 
components organized 8K x 8 with an 
access time of 45 nanoseconds, and a 
minimum Write Pulse width of 30 
nanoseconds. The CMOS WS5901 bit-

Primary SAM -
WSS901 Graphics 
Controlled Timing 

ow'" ~ ) :} 

SAM OUTPUTS 3 ~~: i X 
PREG OE ___ ---'f 

A, B OUTPUTS 1 

PREG DATA X X 
WR \ 

WS5901 OUTPUTS ~ 
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Timing 
Considerations 
(Cont.) 

Example Program 
Listing 

Compiling the 
Design 

slices require a 30 nanosecond 
propagation delay from A and B Register 
Address inputs to valid Y output, and a 10 
nanosecond set-up time prior to the Clock 
high-to-Iow transition on A and B inputs. A 
timing diagram is shown in Figure 7. 

The bus cycle uses a two clock approach. 
During the first cycle, the WS5901 will 
generate a pixel address to be set, and 
during the second cycle, the actual write 
pulse will be generated by SAM to write 
the frame buffer. 

Operations performed entirely within the 
WS5901 slices (register transfers, ALU 
operations, etc.) are all executed in a 

Figure 3 is a source listing of the basic 
circle drawing process. The following 
comments are worth noting before going 
further: 

• Two SAM devices are used in a 
horizontal cascade configuration. 

• Extensive MACRO definitions to ease 
design entry and allow the use of user­
and WS5901-specified mnemonics. 

• Two subroutines, CircPix and Trans, are 
invoked multiple times to draw the circle 
pixels. CircPix reflects the pixels into all 
octants of the circle as mentioned 
above, while Trans translates the pixels 
relative to the actual circle origin and 
runs the memory update cycle. These 

By convention, microassembler source 
files are given the extension .ASM. This 
file is called CIRC.ASM. Compilation of 
this design involves invoking the 
SAM+PLUS software and specifying ASM 
microassembler input format. A variety of 
runtime options for SAM+PLUS are 
available, which provide special reporting 
modes and logging simulation input and 
output to a special file. For detailed 
descriptions of the SAM+PLUS user 
interface and options, see the SAM+PLUS 
User's Manual. Compilation is an automatic 
process resulting in the generation of 
programming "object code" for the EPLD 
and EPROM blocks on SAM. In this case, 
two programming files wil be generated, 
since two devices are required to implement 
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single clock cycle. Note that Carry 
Lookahead circuitry is employed with the 
WS5901 slices to improve arithmetic 
computation times, but is not explicitly 
shown in the block diagram. 

The algorithm below uses many of the 
WS5901's operations, as well as many of 
the internal addressing modes. In the 
following listings, standard mnemonics 
have been used for the various Source, 
Destination, and Operation specifiers. 
These control lines for the WS5901's are 
all generated by the SAM devices. These 
mnemonics, and resulting WS5901 
functions, may be found in the WSI 
WS5901 Data Sheet. 

functions utilize the Stack and 
subroutining resources on SAM. 

• Since the display is assumed to be 
1024 x 1024 pixels, x and y pixel 
coordinates must be converted to SRAM 
address locations by multiplying the 
y coordinate by 1023 and adding the 
x coordinate. 

• The signal CmdAtt is an input to the 
SAMs from the main processor, signaling 
that all parameters are loaded to the 
Parameter Registers, and that a circle 
drawing operation should be executed. 
Donelnt is a signal from SAM to the 
processor, asserted when the drawing 
operation is complete. 

the design. These two files are given the 
extensions .JD1 and .JD2 to distinguish 
them. TheseJEDEC files are not intended 
to be user readable (as with any object 
code). Functional simulation uses these 
programming files for its modeling of SAM 
operation. An additional product of the 
compilation is a single Report file 
(extension -.RPT) which describes the 
resources which have been used in the 
SAM devices, pin assignments which have 
been selected and absolute locations 
within SAM's microcode assigned to the 
instructions entered. Figure 8 shows key 
portions of the CIRC.RPT report file. 
Notice the assigned pinouts for the two 
devices, as well as the substitution of 
absolute addresses for logical labels. 

WAFERSCALE INTEGRATION, INC. 4-119 



SAM448 - Application Note 003 

Figure 8. Report 
File for Circle 
Drawing Routine 

SAM Design Processor Uti I Izatlon Report 
Version 1.01 7/28/87 01:57:09 38.1 
***** Design Implemented successfully 

.X:7 
This Is the Circle Drawing Design 

% Circle Drawing Routine for SAM % 

SAM448 
.---------------. 

RESERVED 28 RESERVED AO 
Gnd 2 27 RESERVED Gnd 
Gnd 3 26 RESERVED Gnd 
Gnd 4 25 16 Gnd 

CO 5 24 Rd CO 
CLOCK 6 23 Wr CLOCK 

Vcc 7 22 ALE Vcc 
nRESET 8 21 GND nRESET 

Cl 9 20 RegRd Cl 
C2 10 19 OE C2 

CmdAtt 11 18 Cn CmdAtt 
Sign 12 17 Done Sign 

RESERVED 13 16 RESERVED 17 
RESERVED 14 15 RESERVED 18 

***** DESIGN LISTING 

PART: 
SAM448 , SAM448 

INPUTS: 
CO, Cl, C2, CmdAtt, Sign 

OUTPUTS: 

SAM448 
.---------------. 

1 28 Al 
2 27 A2 
3 26 A3 
4 25 BO 
5 24 Bl 
6 23 B2 
7 22 B3 
8 21 GND 
9 20 12 

10 19 11 
11 18 10 
12 17 15 
13 16 14 
14 15 13 

AO, A 1, A2, A3, BO, B 1, B2, 83, I 2, I 1, I 0 , I 5 , I 'I , I 3, I 8 , I 7 

4·120 

OUTPUTS: 
16, Rd, Wr, ALE, RegRd, OE, Cn, Done 

PINS: 

DEFAULT: 
[000000000000000011100100J 

PROGRAM: 
00: 

[000000000000000011100100J JUMP WAIT; 
1920: 
WAIT: 

10: 
DOlT: 

20: 

3D: 

40: 

50: 

60: 

IF CmdAtt • CO' • C1' • C2' THEN 
[000000000000000011100100J JUMP DOlT; 

ELSE 
[000000000000000011100100J JUMP WAIT; 

[000100010000000011001100J JUMP 20; 

[000100010000000011001100J JUMP 3D; 

[001000100000000011100000J JUMP 40; 

[001000100000000011001100J JUMP 50; 

[001000100000000011001100J JUMP 60; 

[001000100000000011100000J JUMP 70; 

WAFERSCALE INTEGRATION, INC. 



Figure 8. Report 
File for Circle 
Drawing Routine 
(Cont.) 

SAM448 - Application Note 003 

70: 
[001100110000000011001100] JUMP 80; 

80: 
[001100110000000011001100] JUMP 90; 

90: 
[010001000111000111100000] JUMP 100; 

100: 
[010001011000000111100010] JUMP 110; 

110: 
[010101010110001111100000] JUMP 120; 

120: 
[010110011000000111100000] JUMP 130; 

130: 
[010101011000000111100010] JUMP 140; 

140: 
[010110001000001111100000] LOAOC 10 GOTO SHIFTR9; 

150: 
SHIFTR9: 

[100110011000001111100000] LOOPNZ SHIFTR9 ONZERO 
160: 

[100110011000000111100010] JUMP 
170: 

[100110011000000111100010] JUMP 
180: 

[000101101000001111100000] JUMP 
190: 

[010101100010100111100010] JUMP 
200: 
OUTERLOOP: 

[010000010010100111100010] JUMP 
1930: 

IF Sign THEN 
[000000000000000011100100] 

ELSE 

170; 

180; 

190; 

OUTERLOOP; 

1930; 

JUMP OrawEnd; 

160; 

[000000000000000011100100] CALL ClrePlx RETURN TO 
210: 

[010101011000000111100000] JUMP 
1940: 

220: 

230: 

240: 

250: 
POS: 

260: 

IF Sign THEN 
[000000000000000011100100] 

ELSE 
[010001101000001111100000] 

[011001101000001111100000] JUMP 

[100001100010000111100000] JUMP 

[011001010010000111100000] JUMP 

[000101101000000111100000] JUMP 

1940; 

JUMP POS; 

JUMP 220; 

230; 

240; 

IneX; 

260; 

[010001100010100111100010] LOAOC 10 GOTO 
270: 
SHIFTR6: 

SHIFTR6; 

[011001101000001111100000] LOOPNZ SHIFTR6 ONZERO 280; 
280: 

[100101100010000111100000] JUMP 290; 
290: 

[011001010010000111100000] JUMP 300; 
300: 

[000100011000010111100000] JUMP IneX; 
310: 
IneX: 

[010001001000000111100010] JUMP OUTERLOOP; 
320: 
OrawEnd: 

[000000000000000011100100] CALL ClrePlx RETURNTO 330; 

210; 
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330: 
[000000000000000011100100] LOAOC 160 GOTO OoOone; 

340: 
OoOone: 

[000100011000000111100001] LOOPNZ OOOone ONZERO WAIT; 
350: 
CI rcP Ix: 

[010001101000000111100000] 
360: 

[000110111000000111100000] 
370: 

[010001101000100111100010] 
380: 

[000110111000000111100000] 
390: 

[000101101000000111100000] 
400: 

[010010111000000111100000] 
410: 

[010010111000100111100010] 
420: 

[000101101000000111100000] 
430: 

[000110111000100111100010] 
440: 

[010001101000000111100000] 
450: 

[000101101000100111100010] 
460: 

[010010111000000111100000] 
470: 

[010001101000100111100010] 
480: 

[000110111000100111100010] 
490: 

[000101101000100111100010] 
500: 

[010010111000100111100010] 
510: 

[000000000000000011100100] 
520: 

TRANS: 

JUMP 360; 

CALL TRANS 

JUMP 380; 

CALL TRANS 

JUMP 400; 

CALL TRANS 

JUMP 420; 

CALL TRANS 

JUMP 440; 

CALL TRANS 

JUMP 460; 

CALL TRANS 

JUMP 480; 

CALL TRANS 

JUMP 500; 

CALL TRANS 

RETURN; 

[001110110010000111100000] JUMP 530; 
530: 

RETURNTO 370; 

RETURNTO 390; 

RETURNTO 410; 

RETURNTO 430; 

RETURNTO 450; 

RETURNTO 470; 

RETURNTO 490; 

RETURNTO 510; 

[001001100010000111100000] LOAOC 100 GOTO 540; 
540: 

[101111001000000111100000] JUMP MULT1024; 
550: 
MULT1024: 

[101110111000001111100000] LOOPNZ MULT1024 ONZERO OONE1024; 
560: 
OONE1024: 

[110010110010010111100010] JUMP 570; 
570: 

[011010110010000111100000] JUMP RUNBUS; 
580: 
RUNBUS, 

[101110111000000111110000] JUMP 590; 
590: 

[101110111000000111000100] RETURN; 

ENO$ 

***** PART UTILIZATION 

601192 
31 64 

o Warnings 

Unconditional Branches 
Conditional Branches 

o Fatal errors 

31 .25"> 
4.69"> 
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Design Simulation The SAMSIM functional simulator allows 
simulation of single-, as well as multiple­
SAM designs. Once a design has been 
successfully compiled, the user can 
specify input stimulus in a variety of 
formats and observe the device response. 
SAMSIM supports both hard-copy waveform 
and tabular output, as well as interactive 
"virtual logic analyzer" viewing on the PC 
monitor. Split-window, multiple zoom levels, 
and delta time display are a few of the 
capabilities available for analyzing the 
simulation results in this fashion. 

Figure 9. 
Command File JEDEC CIRC 

GROUP CREATE CF - co C1 C2 
PATTERN CREATE CF _ (OH)*200 

SAM448 - Application Note 003 

SAMSIM supports both interactive and 
command file input. Shown in Figure 9 is 
a sample input stimulus command file for 
this design. Command files are typically 
given the design name with extension 
.CMD. In this example, CIRC.CMD is the 
name of the command file. The first line 
specifies the source JEDEC files. Note 
only the primary file name is given and 
not the extensions. GROUP CREATE 
creates a group called CF containing 3 
signals (CO-C2). By creating this group, 
the input pattern for the group can be 

PATTERN CREATE CmdAtt - (0)*5 (1)*2 (0)*193 
PATTERN CREATE Sign - (0)*200 
TRACE CREATE CIRC.TRC 
TRACE ON 
SIMULATE 200 
VIEW 

specified in the PATTERN CREATE CF 
statement immediately following, rather 
than having to enter each signal's stimulus 
separately. The PATTERN CREATE 
statement shows the sequential values the 
given input (or group of inputs) is to take 
beginning at the start of the simulation 
and continuing onward. Hex format (as 
shown) can be used to streamline group 
pattern entry further. The notation ( )*n 
indicates repeat the enclosed stimulus 
pattern n times. TRACE CREATE creates a 
trace buffer file CIRC.TRC into which the 
state of SAM wil be dumped after each 
simulation step. This information includes 
internal information such as value on Top­
of-Stack, counter value, etc., as shown in 
Figure 10. TRACE ON turns the trace 
process on and may be discontinued with 
a TRACE OFF command later in the 
command file. SIMULATE 200 specifies a 
200 clock simulation is to be run, and 
finally VIEW enables interactive viewing of 
the results of the simulation when complete. 

Other useful commands supported by 
SAMSIM, but not used in our example 
include (among others): 

SET - Modifies values of internal stack, 
counter, etc. 

RADIX - Defines default radix for all 
SAMSIM input. Options are decimal, 
binary and hex. 

LINK - Logically links device pins for 
simulation purposes. 

Running SAMSIM with the above 
command file gives the output shown in 
Figure 11. 

In reviewing the simulation output figure, a 
few words of explanation are required. It is 
immediately apparent that there are two 
types of output displayed, two examples of 
which are CmdAtt and AF. CmdAtt is an 
example of a single signal waveform, in 
this case corresponding to a device input. 
AF corresponds to a group of four signals 
(note the (4) after the name AF) which 
includes AO-A3. For AF, the values in the 
group are displayed in a vertical hex 
notation each time any signal in the group 
changes. (If an explicit value is not 
displayed, it is the same as the previous 
time step's value). By grouping common 
signals, much more information can be 
displayed in a single screen than might 
otherwise be visible. In our example A (AF 
= A3-AO), B (BF = B3-BO), and I outputs 
(IL = 12-10, 1M = 15-13, IH = 18-16) are 
viewing groups which have been formed. 
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Figure 10. Trace 
File Output 

Conclusion 

Sign-O OmdAtt-O c2-0 c1-0 cO-O 
MULT1024: 550: [122889920] LOOPNZ MULT1024 

Sign-O OmdAtt-O c2-0 c1-0 cO_O 
MULT1024: 550: [122889920] LOOPNZ MULT1024 

Sign-O OmdAtt-O c2-0 c1-0 cO-O 
MULT1024: 550: [122889920] LOOPNZ MULT1024 

Sign-O OmdAtt-O c2-0 c1-0 cO-O 
MULT1024: 550: [122889920] LOOPNZ MULT1024 

Sign-O OmdAtt-O c2-0 c1-0 cO-O 
MULT1024: 550: [122889920] LOOPNZ MULT1024 

Sign-O OmdAtt-O c2-0 c1-0 cO-O 
MULT1024: 550: [122889920] LOOPNZ MULT1024 

Sign-O OmdAtt-O c2-0 c1-0 cO-O 
MULT1024: 550: [122889920] LOOPNZ MULT1024 

Sign-O OmdAtt-O c2-0 c1-0 cO-O 
MULT1024: 550: [122889920] LOOPNZ MULT1024 

Sign-O OmdAtt-O c2-0 c1-0 cO-O 
MULT1024: 550: [122889920] LOOPNZ MULT1024 

Sign-O OmdAtt-O c2-0 c1-0 cO-O 
MULT1024: 550: [122889920] LOOPNZ MULT1024 

Sign-O OmdAtt-O c2-0 c1-0 cO-O 
MULT1024: 550: [122889920] LOOPNZ MULT1024 

Sign-O OmdAtt-O c2-0 c1-0 cO-O 
OONE1024: 560: [133135060] CONTINUE 

Sign-O OmdAtt-O c2-0 c1-0 cO-O 
550: [70210240] CONTINUE ; 

The virtual logic analyzer supports 
commands which allow the order of 
waveforms to be changed interactively, 
arbitrary signal groups to be constructed, 
among others. An on-line HELP command 
gives instant explanations for all commands. 
An extremely flexible interactive analysis 
tool is the result. 

The simulation results shown in Figure 11 
correspond to the first 40 or so clocks 
after the graphics controller receives a 

The SAM device provides an efficient 
solution for sophisticated control problems 
such as the graphics controller just 
described. SAM's capability is applicable 
to a wide range of problems, including 
industrial control, graphics and disk 

CmdAtt signaling the beginning of a circle 
drawing operation. The three RegRd 
pulses correspond to reading the circles' 
radius and x-y origin from the parameter 
register. The single OE pulse two-thirds of 
the way across the display is the point 
where the CircPix routine is first entered. It 
is left as an exercise to the reader to verify 
the intermediate output values by following 
the CIRC.ASM source file. 

controllers, programmable sequence 
generators and the like. The SAM+PLUS 
tool set makes the design, verification and 
debug of such designs straightforward. 
The combination represents a winning 
approach to control design. 
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SAMSIM 
Interactive 
Output 
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1:1--_.. .. 
CmdAll ~L;.!;"'! _________ _ 
AF (4) 

BF (4) 

IL (3) 

1M (3) 

IH (3) 

Rd 

Wr 

ALE 

RegRd 

OE 

~o-o__ooooooooo_ 
:Il!--l~3-4-5--9__15404132_ 

~-O-OO-OOOo__o_OOOO_oOO-­
~1-)1;-3-45-9589-6-106B~C-

:0 i i 0000-0-00-0_0-
~ .. 3434--1_04-1-4-

~ .' 00 0-0===== ;D! !; 40---2-0 
10: 0-00-0--0_00-00-0--
Po 3-73-7-3-73-13-7--

.. 

.................. ~ .. 1 .............. ~ ............................................................ .J 
Range: 1 to 200 Name: CIRC Cycle: 1 Signals: 29 

WSI Application Note #4: SAM 
Applications Using State Design Entry 

J. Foley & A. Van Dam, Fundamentals of 
Interactive Computer Graphics, Addison 
Wesley, 1981 
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Programmable System™ Device 
WAFERSCALE INTEGRATION, INC. Application Note 004 

Scope of This 
Application Note 

The SAM 
Solution 

Figure 1. 
SAM448 Block 
Diagram 

SAM Applications Using 
State Machine Design Entry 

This Application Note is intended to 
acquaint the user with ASMILE (WSI State 
Machine Input Language) state machine 
language syntax as used for entering 
designs into the SAM448. Basic functionality 
and syntax is reviewed as well as its use 
of SAM internal resources. An application 
utilizing ASMILE input in the form of a 
68020 Microprocessor Bus Arbiter is 
presented. This Application Note provides 
illustrations of all basic concepts needed 

WSI's SAM (Stand-Alone Microsequencer) 
User-Configurable Sequencer Architecture 
provides a solution for high-performance 
control functions found in typical digital 
systems designed today. There have been, 
previously, two main approaches used in 
the design of high performance state 
machine/control functions in digital systems: 
Logic Array-based sequencers, and 
microcoded designs. Each approach has 
presented the designer with a set of 
benefits and drawbacks to be considered 
when deciding how to implement a 
specific application. 

Logic Array-based sequencers have been 

PlD 

NRESET ZERO 
BRANCH 

INPUTS CONTROL 
(8) lOGIC 

EPlD 
768 PRODUCT 

TERMS 

to execute a SAM design with ASMILE. 
For information on microassembler-based 
entry of SAM designs, please refer to 
WSI's Application Note #3. 

The reader is referred to WSI's SAM448 
Data Sheet for details concerning device 
architecture and performance. A general 
knowledge of SAM device architecture is 
assumed as background for this 
Application Note. 

used for very fast state machines of low-to­
medium complexity which required few 
outputs and relatively simple state flows or 
machine "algorithms." Ability to perform 
multi-way control branching in a single 
clock cycle is a plus for this approach. 
Devices such as conventional registered 
PLDs are representative of this class. 
Product term count limitations, resulting in 
the inability to generate complex output 
waveforms or state transitions, limits the 
utility of this approach when addressing 
larger control problems. 

Microcoded approaches have been used 
for the implementation of complex control 

MICROCODED ENGINE 

MICROCODE 
EPROM 

448 x 36 
BITS 

OUTPUTS (16) 

ClK 
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The SAM 
Solution (Cont.) 

SAM+PLUS 
System Overview 

Sizing·Up a 
Potential 
SAM Design 

functions, requiring high control output 
counts. Until recently, however, the only 
mechanism for implementing this approach 
has been to glue together an assortment 
of bit-slice component building-blocks. In 
addition, the approach also did not lend 
itself to rapid multi-way branching (a 
strength of Logic Arrays), instead being 
relegated to a serial test-and-binary-branch 
mechanism. 

The versatility of the SAM architecture, 
and its applicability to both State Machine 
and complex Controller functions, has 
necessitated the need for multiple design 
input formats. WSl's SAM+PLUS PC-based 
Design Software allows the designer to 
enter his design in either a high-level state 
machine description using WSl's ASMILE 
language, or in an efficient microcode 
assembler format known as ASM. A block 
diagram of this system is shown in Figure 2. 
Given these options, the user can employ 
the design description most appropriate for 
his particular problem, or which he is 
personally most comfortable with. 

The SAM Design Processor (SOP) takes 
the input file and automatically minimizes 
the transition specification logic and fits 
the resultant resource requests to the SAM 

There are two broad categories of state 
machines. Mealy and Moore machines 
(see Figure 3). Given the SAM architecture, 
one can see that Moore machines may 
be directly implemented into a SAM 
component: SAM's outputs are a function 
of the currently addressed microcode 
location (state). Mealy machines specify 
outputs as functions of state and inputs. 
However, Mealy machines can frequently 
be converted to equivalent Moore machines. 
The general rule for this conversion is that 
for each transition into a state in the Mealy 
machine with a unique set of outputs, 
insert a state into the Moore machine with 
that output combination. Figure 4 illustrates 
this concept. 

ASMILE supports the resources available 
on SAM for state machine design. Additional 
feaures, such as the stack and counter, 
are supported in the microassembler format 
which lends itself to their efficient use. 

In order to determine whether a given 
application is suitable for SAM, a few brief 
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An enhanced vehicle for state machine 
implementation really requires a marriage 
of these two architectures, to obtain the 
high performance, mUlti-way branching 
based on real-time inputs characteristics of 
Logic Array-based sequencers, while having 
the ability to manage complex algorithms 
and generate high output counts 
characteristic of microcoded approaches. 
WSl's SAM448 does exactly this. 

architecture. A Utilization Report is 
generated which reports total resources 
consumed, any unfittable requests, and 
assigned pinouts. Upon successful fitting, 
a standard JEDEC file is generated to allow 
programming of the device using a hardware 
programming card installed in the PC. 

In addition, this JEDEC file, which represents 
the actual template of the specific application 
implemented, may be used as input to the 
SAMSIM (SAM SIMulator) program which 
provides functional simulation capability 
integrated into the total design environment. 
Hard-copy output of simulation results may 
be obtained, as well as on-line "logic 
analyzer" viewing capability. The result is 
a design entry, compilation and verification 
system which can be iterated rapidly until 
the desired functionality is obtained. 

"rules-of-thumb" derived from the device 
architecture and specifications can prove 
helpful: 

• Operating frequency less than or equal 
to specified SAM device's Fmax 

• Synchronous, Moore machine operation 

• Up to eight state machine inputs (not 
including CLOCK or RESET) 

• Up to sixteen state machine Outputs 

• Up to 64 Multi-Way (conditional) state 
branches 

• Transition expressions reducible to four 
product terms per IF ... THEN 
expression 

• 192 or fewer unconditional state 
transitions 

An application which meets the above list 
of requirements will probably fit into a 
SAM device. 



Figure 2. 
SAM+PWS 
System Diagram 

Figure 3. Types 
of Synchronous 
State Machines 

INPUTS __ --,/1 

COMBINATORIAL 
LOGIC 

CLOCK -----------' 

STATE 
REGISTERS ......---,." 

MEALY STATE MACHINE 
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COMB. 
LOGIC 

OUTPUTS 
!(STATE, INPUTS) 
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Figure 3. Types 
of Synchronous 
State Machines 
(Cont.) 

INPUTS 

COMBINATORIAL 
LOGIC 

STATE 
REGISTERS r-----,., 

CLOCK ---------' 

Figure 4. 
Mealy/Moore 
Transformation 

IX*/V 1 0 
IX*V + X*IY 11 
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ASMILE Entry 
Overview 

The basic format of a SAM ASMILE file 
consists of the following sections: 

[Header] 
PART 
INPUTS 
OUTPUTS 
[EQUATIONS] 
MACHINE 

CLOCK 
STATES 
Transition Specifications 

END$ 

Those sections surrounded by [ ] are 
optional and may be deleted if their use is 
not required in a given application. 

ASMILE files may be constructed utilizing 
any standard text editor in non-document 
mode. Using an editor in document mode 
may inject spurious format control 
characters which will be detected as 
syntax error by the ASMILE parser at 
compile time. Other than this constraint, 
input is essentially free-form and may be 
structured for readability and overall clarity. 

The case of characters inserted into the 
ASMILE file is significant, so it is important 
to insure that character case is maintained 
as text is entered. For example, the names 
"RWB" and "rwb" are not the same. 

Comments may be inserted freely into the 
source code, delimited by leading and 
trailing percent signs, for example, 

% This is a comment % 

Header 
The header contains user-specified design 
identifier information. Typical information 
includes: 

Part 

Designer's Name 
Company 
Date 
Design Number 
Revision 
SAM Part Number 
Other Comments 

The PART section of the ASMILE file 
specifies the target SAM device the 
application is intended for. 

Inputs 
The single INPUTS section of the 
ASMILE file defines all external inputs 
into the design, as well as any 
required user pin assignments. Pin 

SAM448 - Application Note 004 

assignments are optional and will be 
assigned by SAM+PLUS if not 
specified. Pin assignments are 
specified by the format 

input_name @ pin_number 

Outputs 
The OUTPUTS section of the ASMILE 
file contains a list of all outputs from 
the design as well as any pin 
assignments. Pin assignment syntax is 
similar to input pin assignments. 

Equations 
The EQUATIONS section of the ASMILE 
file is available for the definition of 
intermediate equations to be used later in 
the design. Entry of transition specifications 
may be eased by defining intermediate 
variables initially, and then invoking them 
during the design. For example, 

EventClk = 11*/14 + 13*16*/17 

might be defined in the EQUATIONS 
section, and then utilized later in an 
IF ... THEN statement. 

Machine 
The format for the MACHINE declaration is 

MACHINE: machine_name 

The MACHINE section of the ASMILE file 
actually specifies the state machine's state, 
output, and transition definitions required 
from the SAM device. There are three 
subsections which are to be included: 
CLOCK, STATES, and Transition 
Specifications. 

Clock 
The CLOCK subsection specifies the clock 
signal which will act as the synchronous 
clock source for the state machine and the 
resulting SAM device. 

States 
The STATES section specifies all states in 
the target machine, as well as outputs 
corresponding to these states. The general 
form of this statement, when used in a 
SAM design, is 

STATES: [outpuLname_1 ... 
output_name_n] 

state_name [outpuLvalue_list] 

In the above, the output_names are a list 
of all SAM output names used in the 
design, separated by whitespace. Following 
this initial declaration, a list of all 

WAFERSCALE INTEGRATION, INC. 4-131 



SAM448 - Application Note 004 

ASMILE Entry 
Overview 
(Cont., 

Figure 5. SAM 
Multi·Way Branch 

state_names appears, each followed by a 
binary string in brackets which specifies all 
output values to be provided when the 
machine is in that state. 

For example, 

STATES: [A B C 0] 
SO [0000] 
S1 [0 1 1 0] 
S2 [1 000] 
S3 [0001] 

Specifies a machine with four outputs A 
through 0, State So has all outputs low, S1 
takes Band C to logic one, S2 has only 
output A high, etc. 

Transition Specification 
The form of the Transition Specifications in 
a SAM ASMILE design is 

state_name: transition_specification 

Every state in the machine must have a 
transition_specification which will specify 
successor states, either unconditionally 

SO: S2 

or conditionally using IF ... THEN 
statements. 

The first state_name encountered in the 
Transition Specification section will be 
defined as the initial state of the machine 
coming out of Reset. As such, it has special 
significance. Typically, this might be defined 
as an "inactive" or passive machine state. 
Other Transition Specifications have no 
positional significance. 

If • •• Then Statements 
The SAM architecture implements in 
silicon the state transition specifications 
defined by a user in the chip's Branch 

• • • 

Control logic block. This block allows, by 
its structure, the specification of up to 64 
complex branching expressions in a single 
machine. [As noted above, up to 192 
unconditional state transitions may be 
specified for a single SAM device]. Each 
IF ... THEN expression may specify a 
direct branch from the current state to as 
many as four other successor states, 
based upon inputs to the SAM device. 
This is illustrated in Figure 5. Examples 
are shown below. 

In specifying IF ... THEN expressions, it 
is valuable to note that the order of the 
expression is important and can determine 
the machine flow. Transition specifications 
need not be mutually exclusive in such 
expressions. For example, the expression 

SO: IF 11*12 + 15 THEN S1 
IF 15*16 + 14*/13 THEN S2 
IF 14 THEN S3 
S4 

might appear ambiguous under the 
condition that inputs 15 and 16 to the SAM 
device become true during SO. Is S1 or S2 
the next state? At this point SAM's priority 
logic comes into play. Since the S1 
transition is specified before the S2 in the 
design definition, it will be the next state 
entered. Similarly, if 14*/13 become valid, 
S2 will be the next state entered in 
preference over S3. This precedence­
resolving capability is provided in the SAM 
silicon architecture which employs a 
hardware priority encoder in selecting the 
next state transition. This capability 
resolves conflicts, and may be exploited in 
the design to prioritize transitions. 

SAM MULTI-WAY BRANCH 
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SAM ASMILE 
Design Example 

The Design 

Default bnsitions 
One other benefit of this approach is the 
implicit "default" transition to be made. In 
the example above, S4 will be the next 
state entered if S1, S2, and S3 are not 
selected by the appropriate conditions 
being true. This feature can reduce design 
effort and resource requirements 
substantially, since default transitions are 
frequently defined as the negation of non­
default transitions and such inverted 
expressions have a tendency to consume 
logic product terms or resources quickly. 
For example, 

SO: IF 11*12 + IS*1I7 + 10 THEN S1 
IF 13 + 116*14 THEN S2 
IF 12*13*14*ISII7 THEN S3 
S4 

is a valid ASMILE SAM transition 
specification. If the notion of a default 
transition (S4) was not in the ASMILE 
syntax, and had to be explicitly defined, 
we might have to specify the last transition 
as (unminimized) 

IF 1(11*12 + IS*1I7 + 10) * 1(13 + 116*14) 
* 1(12*13*14*IS*II7) THEN S4 

To illustrate SAM ASMILE input syntax in a 
real example, a 68020 Microprocessor Bus 
Arbiter state machine will be examined. 
This machine, while not overly complex, 
illustrates most of the concepts of 
ASMILE entry. 

Shown in Figure 7 is a state machine 
diagram for the Bus Arbiter. The 68020-
based system runs at 2S MegaHertz, and 
therefore the Bus Arbiter machine must 
also run with a 40 nanosecond clock 
period. To understand its operation, a 
review of the bus exchange protocol used 
on the 68020 bus is useful. 

Three signal lines on a 68020 bus define 
the handshake required to arbitrate bus 

The file shown below in Figure 8 is the 
actual ASMILE file generated for the 
machine from the state diagram. It 
conforms to the general file outline as 
described above. ASMILE source files are 
given the extension .SMF (for state 
machine file) when generated. In this case, 
the file would be 68020ARB.SMF. Note 
that in the OUTPUTS and STATES 
sections, output variables OSO-OS6 have 

SAM448 - ApplicatlDn NDte 004 

Each expression (IF ... THEN) may be a 
function of any of the eight SAM external 
inputs, and may contain up to four product 
terms after logic minimization. For most 
designs, this should prove ample. 

A trade-off between number of branch 
destinations and product terms per 
destination can be made, as multiple 
IF ... THEN expressions can point to the 
same destination. For example, the 
expression 

SO: IF (cond1) THEN S1 
IF (cond2) THEN S1 
IF (cond3) THEN S2 
S3 

provides a three-way branch, with up to 
eight product terms available for the 
specification of transitions to state S1. 

End$ 
Every SAM ASMILE source file must 
terminate with the END$ terminator. 

exchanges between multiple bus masters: 
Request, Grant, and Acknowledge. Given 
a bus master which desires access to the 
bus, the procedure is as follows (illustrated 
in Figure 6): 

In the above flow description, the state 
labels SO-S6 designate correspondence 
between the operations shown and the 
state machine diagram above. 

Relating this sequence to the state diagram, 
SO represents the "normal," active state of 
the processor, S1 and S2 correspond to 
the Grant phase, S5 and S6 the 
Acknowledge phase, and S3 and S4 the 
rearbitration phase if requests are pending 
at the end of the current bus exchange. 

been defined which are each valid only 
during a unique state. As the design is 
simulated, these will give an indication of 
which state the machine is at any given 
point in time. 

To compile this design, the SAM+PLUS 
software is invoked, specifying that ASMILE 
(and not microassembler) input format is 
being used. For a detailed description of 
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Figure 6. 68020 
Bus Arbiter 
Operation 

Figure 7. Arbiter 
State Flow 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PROCESSOR 

SO 

S1 & S2 

• ASSERT GRANT 

S6 & S5 

REQUESTING BUS MASTER 

• ASSERT REQUEST 

EXTERNAL ARBITRATION (IF REQUIRED) 
AMONG MULTIPLE REQUESTS 

• WAIT FOR COMPLETION OF CURRENT CYCLE 

• NEXT BUS MASTER ASSERTS ACKNOWLEDGE 
(ACK) 

• DEASSERTS GRANT 
[WAIT FOR ACK TO BE 
DEASSERTED] 

• NEXT BUS MASTER DEASSERTS 
REQUEST 

• PERFORM BUS OPERATIONS 
• DEASSERT ACK 

SO 

• RESUME OPERATION OR 

S4 & S3 

RE-ARBITRATE 

R - BUS REQUEST INPUT 
A - BUS GRANT ACKNOWLEDGE INPUT 
G - BUS GRANT OUTPUT 
T - THREE-STATE CONTROL TO BUS CONTROL LOGIC 
X - DON'T CARE 
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The Design 
(Cont.) 

Figure 8. 68020 
Bus Arbiter 
State Machine 
Input File 
(68020ARB.sMF) 

the SAM+PLUS user interface and options, 
the SAM+PLUS User's Manual should be 
consulted. Compilation then proceeds 
automatically. Transition equations are 
automatically minimized, and "object code" 
generated for the EPLD and EPROM 
blocks. As a result, JEDEC programming 
file (.JED) is generated, as well as a 
Utilization Report file (.RPT) reporting the 
results of the compilation process. Functional 
simulation of the design can be performed 
using the .JED file as a design template 

STEVE MCGRAY 
WSI, INC. 
6118/88 
68020 Bus Arbiter for SAM 

SAM448 - Application Note 004 

as described below. The .JED file is not 
intended to be user-readable. The .RPT 
file contains valuable information such as 
design pin assignments and resource 
utilization. Figure 9 shows key portions of 
this file. All ASMILE input is transformed 
into microassembler format before 
subsequent processing, and the equivalent 
microassembler code for the design is given 
in the .RPT file as well. More information 
on the interpretation of this code can be 
obtained from the references shown below. 

% This description uses IF ... THEN Transition Speclflcatlons% 

PART: SAM448 

% Pin Assignments (an option) are made by the designer % 
INPUTS: REQUEST ACK82 

OUTPUTS: GRANT823 TRISTATE822 OSO OS1 OS2 OS3 OS4 OS5 OS6 

NETWORK: 

OUT3 - CONF (OUT3,CK,VCC,VCC,VCC) 

MACHINE: BUSARBITER 

CLOCK: CLK 

% STATES gives the output value mapping % 

STATES: [GRANT TRISTATE OSO OS1 OS2 OS3 
so [0 0 100 0 0 0 0] 
S1 [ 1 1 o 1 0 0 0 0 0] 
S2 [ 1 1 0 0 1 0 0 0 0] 
S3 [ 1 0 0 0 1 0 0 0] 
S4 [ 1 0 0 0 0 1 0 0] 
S5 [0 0 0 0 0 0 1 0] 
S6 [0 0 o 0 0 0 0 1 ] 
% Transition Specifications 
SO: 
IF REQUEST-lACK 
IF ACK THEN S5 

so 
Sl: 

S2 
S2: 

THEN S1 

follow')(; 

IF IREQUEST-/ACK + ACK THEN S6 
S2 

S3: 
IF IREQUEST THEN S6 
IF REQUEST-lACK THEN S2 
S3 

S4: 
S3 

S5: 
IF REQUEST THEN S4 
IF IREQUEST-/ACK THEN so 
S5 

S6: 
S5 

ENDS 

OS4 OS5 OS6] 
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Figure 9. 68020 
Bus Arbiter 
Design 
Report File 
(68020ARB.RPT) 

SAM Design Processor Uti Ilzatlon Report 
Version 1.01 7/28/87 01:57:09 38.1 .* ... Design Implemented successfully 

STEVE MCGRAY 
WSI, INC. 
3/18/88 
68020 Bus Arbiter for SAM 

RESERVED 1 
ACK 2 
Gnd 3 
Gnd 4 
Gnd 5 

CLOCK 6 
Vee 7 

nRESET 8 
Gnd 9 
Gnd 10 
Gnd 11 

REQUEST 12 
OS6 13 
OS5 14 

••••• DESIGN LISTING 

PART: 
SAM448 

INPUTS: 
REQUEST012, ACK02 

OUTPUTS: 

SAM448 

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

RESERVED 
RESERVED 
RESERVED 
RESERVED 
RESERVED 
GRANT 
TRISTATE 
GND 
RESERVED 
OSO 
OS1 
OS2 
OS3 
OS4 

GRANT023, TRISTATE022, OS0019, OS1018, OS2017, OS3016, 
OS4015, OS5014, OS6013 

PINS: 

DEFAULT: 
[000000000] 

PROGRAM: 
00: 

[001000000] JUMP SO; 
1920: 
SO: 

68020arb.rpt 

IF REQUEST * ACK' THEN 
[110100000] JUMP S1; 

ELSEIF ACK THEN 
[010000010] JUMP S5; 

ELSE 
[001000000] JUMP SO; 
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Figure 9. 
68020 Bus 
Arbiter Design 
Report File 
(6802oARB.RPT) 
(Cont.) 

Design 
Simulation 

10: 
Sl : 

[110010000] JUMP S2; 
1930: 
S2: 

IF REQUEST' + 
ACK THEN 

[010000001 ] JUMP 
ELSE 

[ 110010000] JUMP 
1940: 
S3: 

IF REQUEST' THEN 
[010000001] JUMP 

ELSEIF REQUEST • ACK' 
[110010000] JUMP 

ELSE 
[ 110001000] JUMP 

20: 
S4: 

[110001000] JUMP S3; 
1950: 
S5: 

IF REQUEST THEN 

SAM448 - Application Note 004 

S6; 

S2; 

S6; 
THEN 
S2; 

S3 ; 

[110000100] JUMP S4; 
ELSEIF REQUEST' • ACK' THEN 

[001000000] JUMP SO; 
ELSE 

[010000010] JUMP S5; 
30: 
S6: 

[010000010] JUMP S5; 

ENO$ 

••••• PART UTILIZATION 

4/192 
41 64 

Unconditional Branches 
Conditional Branches 

2,08%) 
6,25%) 

o Warnings 
o Fatal errors 

Integral to the SAM+PLUS design system 
is the SAMSIM functional simulator, Once 
a design has been successfully processed, 
the user can specify input stimulus in a 
variety of formats and observe the device 

, response quickly and effectively using this 
unit-delay simulator, As mentioned above, 
SAMSIM supports both hard-copy and 
virtual logic analyzer output formats. Split­
window, multiple zoom-levels, and delta 
time display are a few of the capabilities of 
this interactive display mode. 

SAMSIM supports both interactive and 
command file input. Shown in Figure 11 is 
a simple input stimulus command file for 
our design. Typically command files are 

given the design name with the extension 
.CMD (for example, 68020ARB.CMD). The 
first line specifies the source design 
JEDEC (or .JED) file. The next two lines 
illustrate logic sequences for the two 
machine inputs. The PATTERN CREATE 
command allows the user to specify a 
sequence of input logic levels to be 
applied to the indicated node or nodes. 
The notation ( )*n, where n is an integer, 
signifies hold the indicated logic value on 
the associated input for n clocks. 
SIMULATE 41 instructs SAMSIM to run the 
simulation for 41 clocks, and finally 
interactive display is invoked with the 
VIEW command. 
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Design 
Simulation 
(Cont.) 

Figure 10. 
SAMSIM 
Interactive 
Output 

Some other representative SAMSIM 
commands, while not used in the example, 
include: 

TRACE - Dumps entire state of machine 
(inputs, outputs, internal registers, etc.) for 
each clock executed. 

GROUP - Specifies logical grouping of 
signals for easy observation or input vector 
specification. 

SET - Modifies values of internal counter, 
stack, etc. 

LINK - Logically links device pins for 
simulation purposes. 

RADIX - Defines default radix for all 
SAMSIM commands. 

Options are binary, hex, and decimal. 

Running the SAMSIM simulator with this 
command file produces the results shown 
in Figure 10. Here, on the PC screen, is 
displayed the input stimulus to the SAM 
arbiter design, and the resulting state 
machine operation. 

1:1 

REQUEST 

ACK 

GRANT 

TRISTATE L.U 
OSO IT' 

The initial input stimulus applied to the 
SAM design shows a straightforward bus 
exchange between the 68020 and another 
bus master. This corresponds to the first 
REQUEST/GRANT/ACK sequence. Upon 
detecting a REQUEST, the 68020 asserts 
its TRI-STATE line, and issues a GRANT 
pulse, allowing the new bus master to 
assume control. The alternate bus master 
asserts ACK when it detects the fact that 
the bus has been granted. When ACK 
finally drops, the 68020 knows it can 
resume control. The second such sequence 
involves not just a single initial REQUEST 
(bus master #1), but a second REQUEST 
from another bus master (#2) during the 
time bus master #1 has control. As a 
result, the 68020 must generate a new 
GRANT pulse (during S4-S2), and hand­
over bus control to bus master #2 when 
bus master #1 is finished (ACK is 
dropped). When bus master #2 is finished, 
and no requests are pending, the 68020 
finally retakes control of the bus (TRI­
STATE goes low). 

'-___ xx 

n 

~ ______ xx 

L-xx 

~ ____________ ~r--n 
OS1 ~ ___ ~.~.-~n~-----__ --_____ xx rr OS2 .. '--_______ n 

OS3 ~------------~.~. ________ ~rl n 

OS4 ~------------~.~.--------~n xx 

OS5 ~.+.------~rl ~xx 

OS6 n ~ ____ ~.~.----~n~ ____ ~n~------xx 
J ···························· .. 1 ... 1············ ...... ······ ···············t~l·········· .. ························· ................................... . 

RANGE: 1 TO 41 NAME: 68020ARB CYCLE: 1 SIGNALS: 11 
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Figure 11. 
SAMSIM 
Command File 
(68020ARB.CMD) 

Conclusion 

References 
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JEDEC 68020AARB 
PATTERN CREATE REQUEST - (0)*3 1 1 1 (0)*12 1 1 1 1 1 0 0 (1)*7 (0)*5 
PATTERN CREATE ACK - (0)*5 (1)*8 (0)*10 (1)*6 (0)*2 (1)*6 (0)*4 
SIMULATE 41 
VIEW 

State machine design is a straightforward 
process using the ASMILE input language 
in conjunction with the SAM device. Design 
entry and debug, using functional simulation, 
can be readily accomplished at the user's 
PC. When the design is debugged and 
complete, the SAM component may be 
programmed using PC-based hardware 
and software in seconds. Should design 
errors be detected after in-system test, a 
windowed SAM device may be erased, a 
design change compiled, and the device 
reprogrammed in minutes. 

WSI 1990 Data Book 

SAM448 Data Sheet 

WSI Application Note #3: High-End SAM 
Applications Using Microassembler Design 
Entry 
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Article Reprint 

PACKING ALL THE MAJOR BLOCKS OF A 
MICROPROGRAMMABLE SYSTEM, A CMOS IC EASES 

EMBEDDED CONTROLLER DESIGNS 

CONFIGURABLE CHIP EASES 
CONTROL-SYSTEM DESIGN 

DAVE BURSKY 

nyone who has ever de­
signed a high-perfor­
mance controller sub­
syst'm using high-
speed micropro-
grammed building 
blocks, programmable 
logic devices, gate ar­
rays, or discrete logic 

realizes the difficulties in integrating 
the complete solution. In such a system, 
the chip count escalates, the operating 
power rises, and the development 
schedule lengthens. 

By integrating all these functions 
and resources onto one high-speed 
CMOS chip-the PACIOOO microcon­
trolier-WaferScale Integration Inc. 
has drastically reduced the chip count 
from the typically required 50 or so ICs 
to just one. At the same time, the 
PAClOOO slashes the power consump­
tion from tens of watts to less than 1.5 
Wand cuts development time. 

The PAClOOO can solve many high­
end embedded control applications and 
is the only available circuit that can 
tackle system, data, and event control 
tasks. A C-Iike language and PC-hosted 
system-development tools simplify the 
creation of the control software. Users 
can configure the circuit as a micropro­
cessor peripheral or as a standalone 
controller to meet the unique require­
ments of high-performance system, 
data, or event controllers. Each of the 
chip's two bidirectional16-bit buses, its 
individual II 0 lines, and interrupt in­
puts can, if necessary, be redefined dur­
ing each 5O-ns instruction cycle. 

Repnnted w~h pennossoon from ELECTRONIC DESIGN· October 27. 1988 

5·2 WAFERSCALE INTEGRATION, INC. 

At the heart of the PAClOOO's flexi­
bility lies an internal microprogramma­
ble architecture, including a 16-bit CPU, 
a fast 10-bit microsequencer, a 32-word­
by-l6-bit register file, and a lkword-by-
64-bit high-speed EPROM. As product 
planning manager Yoram Cedar ex­
plains, since the circuit executes any of 
its instructions in one clock cycle, the 
controller delivers a raw throughput of 

Copynght 1988 VNU BUSiness PublicationS, Inc 



Article Reprint 

COVER: USER·CONFIGURABLE 
CONTROLLER 

20 MIPS. 
Every instruction of the PACI000 

can perform as many as three simul­
taneous operations: program con­
trol, CPU functions, and output con­
trol, with all possible combinations 
allowed. Cedar claims the more pow­
erful instruction format, combined 
with the higher clock speed, yields a 
five- to tenfold performance im­
provement, compared with other 

THE PAC1DDD 

Clock Reset 

User 
output 

16 

Program counter 

CASE logic 

Testlogic 

User-definable Condition· Intenupt 
output code inputs 
lines sense 

inputs 

one-chip microcontrollers. The high 
throughput suits many tasks well. It 
has already found homes in radar, 
communications, video-graphics, 
I/O subsystems, bus and DMA con­
trollers, and disk-drive-controllers. 

Besides the CPU, register file, and 
sequencer, the chip includes an auxil­
iary Q-register for double-word op­
erations, an 8-input interrupt con­
troller, 16 output control lines, 8 bi-

Host address 
Host data bus and data bus 

I/O lines Address 

Register stack 

Extended·precision 
register for 54·bit 

operations 

1. PACKING A 16-bit micropl'O' 
grammable central processor with a 32· 
word register file, a l-kword-b~'bit 
microcode UV EPROM, sequencer, and 
other configurable resources, the 
P AC1000 user-configurable 
microcontroller from WaferScaie 
Integration delivers a raw instruction 
throughput of 20 MIPS at 20 MHz (top). 
Designers can add or alter various blocks 

customize versions for high·volume 
(left). 

directional I/O lines, scan-test and 
CASE program test logic, and a 22-
bit external address bus (Fig. 1, top). 

Also, Cedar emphasizes, the cir­
cuitdeals much more rapidly with in­
terrupts than most controllers do, 
and that serves embedded control 
applications well. The chip changes 
program flow in either of two ways. 
First, it has four user-definable in­
terrupt illput lines plus four dedicat­
ed internal interrupts that require 
just 100 ns, at most, to alter the pro­
gram flow. Second, another set of in­
put lines-22 condition-code inputs 
(8 external and 14 internal)-let the 
processor alter the program flow 
with condition calls and program 
jumps in just one 50-ns instruction 
cycle. 

And if on-chip resources don't 
quite match an application's require­
ments, chip modifications can be 
done for large-volume users. The cir­
cuit was designed with the compa­
ny's standard-celllibrary, and many 
of the chip's sections are actually 
cells in WaferScale's library (Fig. 1, 
left). Noticeable on the chip's left 
side are the large cells that include 
the 64-kbit EPROM block on the bot­
tom and the 16-bit CPU on the upper 
left. On the chip's right side, random 
logic performs the control and inter­
face functions; small standard cells 
are used to create those circuits. 

For every instruction, a dedicated 
field specifies the bit pattern on the 
output lines. Also, designers can in­
dividually program eight 1/ 0 lines as 
inputs or outputs or to perform spe­
cial functions under the control of 
the chip's mode and I/O registers. 
The special functions turn the I/O 
lines into control signals that allow 
various features and flags to indi­
cate several status conditions. In ad­
dition to the eight I/O lines, the cir­
cuit has two 16-bit bidirectional bus­
es that go on and off the chip: One 
links with the host; the other is the 
upper 16 bits of the address/data 
bus. Another 16 lines are dedicated, 
user-programmable latched output 
lines. These can be changed on a cy­
cle-by-cycle basis. 

Thanks to all its buses and control 
signals, the PACI000 microcon­
troller operates as either a memory-
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mapped peripheral to a microproces­
sor to offload the CPU (Fig. 2a) or as 
a standalone controller running 
from its own internally or externally 
stored program (Fig. 2b). As a pe­
ripheral, the chip ties into the host 
with a straightforward bus inter­
face-a 16-bit data bus and a 6-bit ad­
dress bus to access the internal re­
sources of the PAC WOO-and the 
standard Chip Select, Read, and 
Write control lines. In the standalone 
mode, the chip typically runs the ap­
plication program from its internal 
memory and uses its 16-bit output 
bus and 8-bit II 0 port to control the 
application and communicate to a 
host system. 

To handle multiple operations in 
parallel, the chip internally takes ad­
vantage of a long-64-bit-micro­
code word so that each word can con­
trol mUltiple sections of the circuit­
ry. The on-chip microcode storage 
area consists of a fast, reprogram­
mabIe UV EPROM, organized as 1 
kword by 64 bits. Since the EPROM 
is read only by the on-chip logic, it 
doesn't need high-current output 
buffers, which slow down the memo­
ry access. Thus, the EPROM con­
tents can be read very quickly-the 
chip's 20-MHz version accesses 
memory in just 30 ns, well within the 
CPU's 50-ns instruction cycle time. 
The memory is also secure. Users 
can program a security bit to prevent 
an external system from extracting 
the code from the memory array. 

Besides its own program memory, 
the chip also has a separate address/ 
data bus that can be programmed for 
either 16 or 22 address lines (with 64-
kword or 4-Mword off-chip address­
ing ranges, respectively). The ad­
dress generator for the bus is sepa­
rate from the sequencer that ad­
dresses the program memory. The 
PACI000 can therefore execute a 
program while it's using the address 
bus to move data from memory into 
the on-chip register file or to an ex­
ternally controlled device. 

The address bus, in fact, can serve 
as a simple direct-memory-access 
controller when used with the on­
chip 22-bit address counter and 16-bit 
block counter. This DMA controller 
can transfer data from external 
memory to the on-chip register file or 
to an external device. 

An eight-word FIFO register lets 
a host microprocessor asynchro­
nously load commands or data into 
the controller. The 22-bit word 
length in the FIFO register is em­
ployed, so that if data values are to 
be loaded into the register file, the 
lower 16 bits of the 22-bit word sent 
over the host data bus represent the 
data, and the next five bits-the low­
er five bits of the host-interface ad­
dress bus-represent the register lo­
cation into which the data will be 
loaded (RO to R31). The sixth bit of 
the host-interface address bus signi­
fies whether the word loaded into the 
FIFO register is a command or data 

PERIPHERAL OR STANDALONE 
Address 

word. If it's a command, the lower 10 
bits of the host-data bus are used as a 
branch address to one of the 1024 
memory locations in the EPROM. 

The 10-bit sequencer addresses 
the 1,024 words of program memory 
and has a 15-level stack that permits 
multiple subroutine calls to occur 
without forcing the program to go 
back to a higher level before calling 
the next subroutine. Besides having 
more levels in the stack than Wa­
ferScale's 5910 microsequencer, the 
enhanced sequencer block has a 10-
bit loop counter that cuts overhead in 
programs for loops and nested loops. 
The application program can load the 
counter with a constant or a value 
calculated in the CPU. 

Because programming fast, em­
bedded controllers can get compli­
cated, the company includes on-chip 
programming and test features to 
ease system development. For start­
ers, a 10-bit breakpoint register sim· 
plifies real-time debugging. It can be 
loaded from either of two sources-a 
value stored in a CPU register or a 
constant value specified in the pro­
gram memory. When the program 
memory address matches the regis­
ter contents, the register issues an 
interrupt, which a service routine in 
memory could then react to. 

Test and CASE logic on the chip 
also aids program and hardware 
testing. The condition-code logic re­
sponds to 22 different program test 
conditions that can be tested for true 

Address 

I Mlcloprocessol Data 'I MemOlY 

L~r~_'" -lJr.rt--jiiiiCl00-_-t-I-' I L--!-:r--l 
I -1- PACiiioo - -, . 1 Memory 
I I 1 

I I"'" 
I Host CPU f-- I Data·path 
I interlace - I C t I element, 
I Contml I on 10 high.speed 
I I processor, 
I t...J Status/ fast bus, etc. 
P;ph;.1 mode - -1- - interrupts (8) 

I CPU Host and ..L Data 
I data 
I Contml interlace : 
: t 1 Conkol 
I I Status/interrupts J 

I 

L ______ -' 
Standalone mode (b) 

Data·path 
elemen~ 

high·speed 
processor, 

fast bus, etc. 

1 2. MULTIPLE BUSES, AN ON-CHIP ADDRESS GENERATOR, and sequencer blocks let the microcootroller operate as 
a memory-mapped peripheral to offload the host microprocessor (a). Or it can be' operated as a standalone controller (b). 
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SAMPLE PROGRAM FOR PAC1000 MICROCONTROLLER 
/* control memory read/wnte based on ceo "I 
segment memeDn . 

enmem equ h'0002' I 

dlsmem equ h'OO4O' I 

Wf equ h'OOoo' • 
rd equ h'1000' • 

s1art 
IF ceo • OUT enmem • 

FOR6.AOR -RO+Rl.OUTwr. 
AOR _AOR+4.0UTrd. 

ENDFOR • OUT wr • 
ELSE. OUT dlSmem • 
ENDIF. 

end, 

/* output control constants 

/* enable memory 
/* store begin addr In ADR and loop 
fit mc addr by 4 and do rd/wr 
/' end loop body 
r disable mem If ceo IS not true 

'/ 

'/ 
'/ 
'/ 
'/ 
'/ 

1 3, THE HIGH-LEVEL LANGUAGE developed by WaferScale employs (} 
lquage-Iike structures to let designers easily develop complex configuration microcode. 

or not-true results. Up to four condi­
tions can be tested simultaneously. 
Tests can check for the state of vari­
ous flags or register contents. 

The processor handles two types 
of CASE operations: standard and 
priority. A CASE group consists of a 
combination of four test conditions 
that can be tested in a single cycle. In 
that same cycle, the PACI000 
branches to anyone of 16 locations, 
depending on the status of the four 
inputs to the CASE group being test­
ed. The priority CASE instruction op­
erates on internal and external inter­
rupt conditions and treats interrupts 
as prioritized test conditions. The pri­
ority encoder generates a branch to 
the highest-priority condition. 

Thanks to all its on-chip resources, 
the PACl000 is a powerful one-chip 
controller, housed in a windowed, 88-
lead pin-grid-array package or an 84-
lead ceramic leaded chip carrier. An 
84-lead plastic leaded chip carrier 
package (the one-time-programma­
ble version) is also available. Be­
cause the chip employs an EPROM 
to hold the program, revisions to the 
code are no more difficult than repro-

gramming a standard EPROM. Pro­
totype systems and production prod­
ucts can benefit from the ability to 
revise the code at the last minute. 

To alleviate the complexity of mi­
crocode program development, Wa­
ferScale has assembled a series of 
PC-hosted system-development 
tools (PAC-SDT). These make the 
PACI000 as easy to program as any 
one-chip microcontroller. A simple 
example of a multiple-command ex­
pression in the C-like language lets 
designers combine operations such 
as FOR6,AOR=RO+Rl,OUT WR 
(loop for six cycles, add the contents 
of registers RO and Rl and store the 
result in the AOR register, output 
the value WR) in one word (Fig. 3). 

The toolset has a system-entry lan­
guage, a functional simulator, and a 
device programmer (MagicPro). The 
system-entry. language software is 
the most critical part. The high-level 
langnage uses a structure similar to 
C's and practically eliminates writ­
ing routines in machine or assembly 
code. But designers who are more 
comfortable working on that level 
can write machine-code routines. 0 

Article Reprint 
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Article Reprint 

WSI Launches 
The Programmable System Device: 

, 

A new class of user-configurable products; 
a higher standard in functionality, 

integration, and performance. 

PSD:™ n Programmable System Device.™ 
1) A user-configurable system-on-a-chip, 
integrating high-performance EPROM, SRAM, and 
Logic; 2) User configurable with a menu-driven, 
familiar "C"-like language and ffiM-PC®-hosted 
system development tools; 3) A standard product 
first launched in 1988 by WSI. 

WSI's PSIYMProducts: A Major Advance in user-contigurability 

Level of 
Functionality 

System Integration 

1988 

Not just programmable logic. but programmable logic and memory-programmable systems. 

WAFERSCALE INTEGRA170N, INC 
Programmable S)'$1Cm DeVIce, PSD, and MAPl68 are 1rademaIb of WlI'erSeaJc "tqJaUoIl, Inc 
PALlSaregasreredlZ8ClemarkflAdvaK:edMJeroDlMc:es,Inc IBMPCuirepstmedlrlldl=mlrtoCintemallonaI8U11ra5Macbu1C1Ccxponaaon 
OCopynghtl988byrafetScalclftlegrabOD,IDcAUqtnarcscncd 

WAFERSCALE INTEGRATION, INC. 

47280 Kato Road 
Fremont, California 94538 

800/331-1030, extension 234 
In California call: 

800/323-3939, extension 234 
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Drawing J2 

Drawing J3 
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Drawing L2 

Drawing L4 

28 Pin Ceramic Leaded Chip Carrier (CLDCC) with Window 
(Package Type L) 
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Drawing S2 

Drawing 12 
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Drawing X1 
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rIll; Sales Representatives and Distributors 
~~~ ~------------------------------------------------------------------------------

WAFERSCALE INTEGRATION, INC. 

Domestic ALABAMA FLORIDA MINNESOTA OHIO 

Representatives Southern Tech. Sales Sales Engineering HMR Giesting & Associates 
Huntsville Concepts, Inc. Minneapolis Cincinnati 
Tel: (205) 539-4789 Fort Lauderdale Tel: (612) 988-2122 Tel: (513) 385-1105 
Fax: (205) 539-7449 Tel: (305) 426-4601 Fax: (612) 884-4768 Fax: (513) 385-5069 

Fax: (305) 427-7338 
Giesting & Associates ARIZONA MISSOURI 

Summit Sales 
Sales Engineering 

John G. Macke Company 
Cleveland 

Concepts, Inc. Tel: (216) 261-9705 
Scottsdale Altamonte Springs St. Louis Fax: (216) 261-5624 
Tel: (602) 998-4850 Tel: (407) 682-4800 Tel: (314) 432-2830 
Fax: (602) 998-5274 Fax: (407) 682-6491 Fax: (314) 432-1456 OREGON 

CALIFORNIA Sales Engineering NEW JERSEY Thorson Company 

Bager ElectrOnics Inc. Concepts, Inc. Strategic Sales, Inc. 
Northwest 

Beaverton 
Fountain Valley Tampa Teaneck Tel: (503) 644-5900 
Tel: (714) 957-3367 Tel: (407) 682-4800 Tel: (201) 833-0099 Telex: 294835 
Fax: (714) 546-2654 Fax: (407) 854-3127 Fax: (201) 833-0061 Fax: (503) 644-5919 

Bager Elecronlcs Inc. ILLINOIS S.J. Associates, Inc. 
Woodland Hills Sieger Associates Mt. Laurel, NJ 08084 PENNSYLVANIA 
Tel: (818) 712-0011 Schaumburg Tel: (609) 866-1234 Giestlng & Associates 
Fax: (818) 712-0160 Tel: (708) 310-8844 Fax: (609) 866-8627 Pittsburgh 

Earle Assoc. Inc. Telex: 206248 Tel: (412) 828-3553 

San Diego Fax. (708) 310-9530 NEW MEXICO Fax: (412) 828-5861 

Tel: (619) 278-5441 S & S Technologies 
PUERTO RICO 

Fax: (619) 278-5443 INDIANA Albuquerque 

Giesting & Associates Tel: (505) 255-5599 G & A Associates 
Criterion Carmel Fax: (505) 255-5944 Mllaville, Rio Piedras 
Santa Clara Tel: (317) 844-5222 Tel: (809) 758-7001 
Tel: (408) 988-6300 Fax: (317) 844-5861 NEW YORK Fax: 809-754-0421 
Fax: (408) 986-9039 Tri-Tech Electronics, Inc 

Technology Sales IOWA East Rochester TEXAS 

Kentfield Gassner & Clark Co. Tel: (716) 385-6500 Southwestern 

Tel: (415) 459-2661 Cedar Rapids Twx: 62934993 Technical Sales 

Fax: (415) 459-3341 Tel: (319) 393-5763 Fax: (716) 385-7655 Dallas 

Twx: 62950087 Tri'l"ech Electronics Inc. 
Tel: (214) 369-0977 

CANADA Fax: (319) 393-5799 Endwell 
Fax: (214) 369-2903 

Har-Tech Electronics, Ltd. Tel: (607) 754-1094 Southwestern 
Toronto KANSAS Twx: 5102520891 Technical Sales 
Tel: (416) 665-7773 C. Logsdon & Assoc. Fax: (607) 785-4557 Austin 
Fax: (416) 665-7290 Prairie Village 

TrI-Tech Electronics Inc. 
Tel: (512) 440-0499 

Har-Tech Electronics, Ltd. Tel: (913) 381-3833 
Fayetteville Southwestern 

Montreal Fax: (913) 381-9774 
Tel: (315) 446-2881 Technical Sales 

Tel: (514) 694-6110 MARYLAND Twx: 7105410604 Houston 
Telex: 05-822679 Fax: (315) 446-3047 Tel: (713) 440-9200 
Fax: (514) 694-8501 Logical Technology, Inc. 

Tri-Tech ElectrOnics Inc. Glen Burnie UTAH 
Har-Tech Electronics, Ltd. Tel: (301) 766-7444 Fishkill 
Ottawa Fax: (301) 760-2054 Tel: (914) 897-5611 Butterworth Marketing 

Tel: (613) 726-9410 Twx: 62906505 West Valley 

Fax: (613) 726-8834 MASSACHUSETTS Fax: (914) 897-5611 Tel: (801) 972-5566 

Advanced Tech Sales, Inc. 
Fax: (801) 972-5573 

COLORADO North Reading NORTH CAROLINA 
Waugaman Associates, Inc. Tel. (508) 664-0888 Rep, Inc. 

WASHINGTON 

Wheat Ridge Fax: (508) 664-5503 MorriSVille Thorson Company 

Tel: (303) 423-1020 Tel: (919) 469-9997 Northwest 

Fax: (303) 467-3095 MICHIGAN Twx: 821765 Bellevue 

Giesting & Associates Fax: (919) 481-3879 Tel: (206) 455-9180 

CONNECTICUT Twx: 9104432300 
Livonia Rep, Inc. Fax: (206) 455-9185 

Advanced Tech Sales Tel: (313) 478-8106 Charlotte 
Wallingford Fax: (313) 477-6908 Tel: (704) 563-5554 
Tel: (203) 284-0838 

Giesting & Associates Twx: 821765 
Fax: (203) 284-8232 

Coloma Fax: (704) 535-7507 

Tel: (616) 468-4200 
Fax: (616) 468-6511 
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Sales Representatives and DistributDrs 

Domestic ALABAMA CANADA IOWA Schweber Electronics 

Distributors Schweber Electronics Time Electronics Schweber Electronics Hauppauge 
Huntsville 2798 Thamesgate Drive, #5 Cedar Rapids Tel: (516) 231-2500 
Tel: (205) 895-0480 Mississauga, Tel: (319) 373-1417 Schweber Electronics 

Ontario L4T 4E8 Westbury 
ARIZONA Tel: (416) 672-5300 MARYLAND Tel: (516) 334-7555 
Schweber Electronics Schweber Electronics 
Tempe COLORADO Columbia Time Electronics 

Tel: (602) 431-0030 Schweber Electronics Tel: (301) 596-7800 Hauppauge 

Time Electronics 
Englewood Time Laboratories 

Tel: (516) 273-0100 

Tempe 
Tel: (303) 799-0258 

Columbia Time Electronics 

Tel: (602) 967-2000 Time Electronics Tel: (301) 964-3090 Fairport 

Wyle Laboratories 
Englewood Vantage Components 

Tel: (716) 383-8853 

PhoeniX 
Tel: (303) 799-8851 

Columbia 
Fax: (716) 383-8863 

Tel: (602) 431-0030 Wyle Laboratories Tel: (301) 720-5100 Time Electronics 

Thornton Tel: (301) 621-8555 East Syracuse 

CALIFORNIA Tel: (303) 457-9953 Tel: (315) 432-0355 

Schweber Electronics MASSACHUSSETTS Vantage Components 
Calabasas CONNECTICUT Schweber Electronics Smithtown 
Tel: (818) 880-9686 Schweber Electronics Bedford Tel: (516) 543-2000 

Schweber Electronics 
Oxford Tel: (617) 275-5100 

Irvine 
Tel: (203) 264-4700 

Time Electronics 
NORTH CAROLINA 

Tel: (714) 863-0200 Peabody Schweber Electronics 
FLORIDA 

Tel: (508) 532-9900 Raleigh 
Schweber Electronics Schweber Electronics Tel: (919) 876-0000 
Sacramento Altamonte Springs Wyle Laboratories 
Tel: (916) 364-0222 Tel: (305) 331-7555 Burlington Time Electronics 

Tel: (617) 272-7300 Charlotte 
Schweber Electronics Schweber Electronics Tel: (704) 522-7600 
San Diego Largo MICHIGAN 
Tel: (619) 495-0015 Tel: (813) 541-5100 

Schweber Electronics 
OHIO 

Schweber Electronics Schweber Electronics Livonia Schweber Electronics 
San Jose North Pompano Beach Tel: (313) 525-8100 Beachwood 
Tel: (408) 432-7171 Tel: (305) 997-7511 Tel: (216) 464-2970 

Time Electronics Time Electronics 
MINNESOTA Schweber Electronics 

Torrance FI. Lauderdale Schweber Electronics Dayton 
Tel: (213) 320-0880 Tel: (305) 974-4800 Edina Tel: (513) 439-1800 

Time Electronics 
Tel: (612) 941-5280 

Time Electronics Time Electronics 
Sunnyvale Orlando Time Electronics Dublin 
Tel: (408) 734-9888 Tel: (305) 841-6565 Edina Tel: (614) 761-1100 

Tel: (612) 835-1250 
Time Electronics GEORGIA OKLAHOMA 
Chatsworth MISSOURI Schweber Electronics 
Tel: (818) 998-7200 Schweber Electronics 

Norcross Schweber ElectrOniCs Tulsa 
Time ElectrOniCs Tel: (404) 449-9170 Earth City Tel: (918) 622-8000 
San Diego Tel: (314) 739-0526 
Tel: (619) 586-1331 Time Electronics 

Time Electronics 
OREGON 

Norcross 
Time Electronics Tel: (404) 448-4448 SI. Louis Time Electronics 

Anaheim Tel: (314) 391-6444 Portland 

Tel: (714) 937-0911 KANSAS 
Tel: (503) 684-3780 

Wyle Laboratories Schweber Electronics 
NEW HAMPSHIRE 
Schweber Electronics 

PENNSYLVANIA 
Santa Clara Overland Park Schweber Electronics 
Tel: (408) 727-2500 Tel: (913) 492-2922 Manchester 

Tel: (603) 625-2250 Horsham 

Wyle Laboratories ILLINOIS 
Tel: (215) 441-0600 

Rancho Cordova 
Schweber Electronics 

NEW JERSEY Schweber Electronics 
Tel: (916) 638-5282 

Elk Grove Village Schweber Electronics Pittsburgh 

Wyle Laboratories Tel: (708) 364-3750 Pinebrook Tel: (412) 963-6804 

Irvine Tel: (201) 227-7880 
Time Electronics Time Electronics Tel: (714) 863-9953 

Wooddale Time Electronics King of Prussia 

Wyle Laboratories Tel: (708) 350-0610 Pinebrook Tel: (215) 337-0900 

Irvine Tel: (201) 882-4611 

Tel: (714) 851-9953 INDIANA Vantage Components 
TEXAS 

Wyle Laboratories Schweber Electronics Clifton Schweber Electronics 
Indianapolis Tel: (201) 777-4100 Austin 

Calabasas Tel: (512) 339-0088 
Tel: (818) 880-9001 Tel: (317) 843-1050 

NEW YORK Schweber Electronics 
Wyle Laboratories Schweber Electronics Dallas 
San Diego Rochester Tel: (214) 247-6300 
Tel: (619) 565-9171 Tel: (716) 424-2222 
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Sales Representatives and Distributors 

Domestic TEXAS Wyle Laboratories Wyle Laboratories Wyle Laboratories 

Distributors Schweber Electronics Houston West Valley Redmond 

(Cont., Houston Tel: (713) 879-9953 Tel: (801) 974-9953 Tel: (206) 881-1150 
Tel: (713) 784-3600 Wyle Laboratories WASHINGTON WISCONSIN 
Time Electronics Austin 

Time Electronics Schweber Electronics 
Carrollton Tel: (512) 834-9957 

Redmond New Berlin 
Tel: (214) 241-7441 

UTAH Tel: (206) 882-1600 Tel: (414) 784-9020 
Wyle Laboratories Time Electronics 
Richardson West Valley 
Tel: (214) 235-9953 Tel: (801) 973-8181 

International AUSTRALIA GERMANY ISRAEL NORWAY 

Distributors Energy Control Topas Electronic GmbH Vectronics OTE AlS 
Brisbane 3000 Hannover 1 60 Medinat Hayehudim St. N-0617 Oslo 6 
Tel: 61-7-376-2955 Tel: (0511) 13 12 17 P.O. Box 2024 Tel: 47 2 306600 
Fax: 61-7-376-3286 Tlx: 9218176 Herzlia B 46120, Israel Tlx: 85678955 
Tlx: 43778 Fax: (0511) 13 12 16 Tel: 972 52 556070 Fax: 47 2 321360 

Scantec GmbH 
Tlx: 922342579 

BELGIUM 
D-33 Planegg 

Fax: 972 52 556508 SPAIN 
Inelco Tel: (089) 859-8021 Unitronics, S.A. 
Brussels Tlx: 5213219 

ITALY 28008 Madrid 
Tel: 32 2 216 0160 Fax: (089) 857-6574 Silverstar Tel: 34 1 542 5204 
Tlx: 84-22090 20146 Milano Tlx: 83122596 
Fax: 32 2 2164606 HOLLAND Tel: 39 2 661251 Fax: 34 1 248 4228 

Maxtronix 
Tlx: 843332189 

DENMARK Fax: 39-2-66101359 SWEDEN 
Distributoren Intereiko, AlS 

Savannahweg 60 
Traco AB 3542 AW UTRECHT 

DK-2690 Karlslunde Tel: (31) 30-420340 
JAPAN S-123 22 Farsta 

Tel: 45-53-140700 Fax: (31) 30-422440 Nippon Imex Corporation Tel: 468 930011 
Tlx: 85543507 Setagaya-ku, Tokyo Tlx: 85410689 
Fax: 45-53-146805 HONG KONG Tel: 321 4415 Fax: 468 947732 

Components Agent Ltd. 
Tlx: 781 23444 

ENGLAND Fax: 81 3 325 0021 SWITZERLAND 
Micro Call Ltd. 

New Territories 
Laser & Electronic Tel: 0-499-2688 Kyocera Corporation 

Thame, Oxon OX9 3XD Tlx: 78030398 Setagaya-ku, Tokyo Equipment 
Tel: 44 84 426 1939 Fax: 852 0-4136080 Tel: 3-708-3111 8053 Zurich 
Fax: 44 84 426 1678 Tlx: 7812466091 Tel: 41 (1) 55 3330 

INDIA Fax: 81-3-708-3864 Tlx: 816801 
FINLAND 

Pamir Electronics Corp. 
Fax: 41 (1) 55 3458 

OY Comdax AB 400 West Lancaster KOREA 
SF-00210 Helsingfors Suite 202 Eastern ElectroniCS, Inc. 

TAIWAN 
Tel: 358 067 02 77 Devon, PA 19333 USA Sungdong-Ku, Seoul Sertek International, Inc. 
Tlx: 857125876 Tel: 215-688-5299 Tel: 82 2 463-2266 Taipei, 10479, Taiwan 
Fax: 358 06922326 Fax: 215-688-5382 Tlx: 78727381 Tel: 2-501-0019 

Tlx: 210656 Pamir UR Fax: 82 2 465-2607 Tlx: 78523756 
FRANCE 
MICROEL 
Imeuble MICRO 
Cedex 
Tel: 33 (1) 69.07.08.24 
Tlx: 692493F 
Fax: 33 (1) 69.07.17.23 

WSI Direct REGIONAL SALES EUROPE SALES 

Sales Offices Northeast Southwest Southeast Excelsiorlaan 53 
North Andover, MA Huntington Beach, CA Huntsville, AL 1930 Zaventem 
Tel: (508) 685-6101 Tel: (714) 848-6968 Tel: (205) 539-7406 Belgium 
Fax: 508/685-6105 Fax: 714/848-5648 Fax: 205/539-7449 Tel: 32-2-725-0546 

Midwest Mid-Atlantic Northwest 
Fax: 32-2-725-1146 

Hoffman Estates, IL Trevose, PA Fremont, CA 
Tel: (708) 490-5318 Tel: (215) 638-9617 Tel: (415) 656-5400 
Fax: 708/882-1881 Fax: 215/638-7326 Telex: 289255 

Fax: 415/657-5916 

For additional information or assistance, call 800:rEAM-WSI (800-832-6974). In California, call 800-562-6363. 
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LIFE SUPPORT POLICY: 
WaferScale Integration, Inc. (WSI) products are not authorized for use as critical components in life support systems or devices without the express 
written approval of the President of WSI. As used herein: 

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

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

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

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

USA: 4,328,565; 4,361,847; 4,409,723; 4,639,893; 4,649,520; 4,795,719; 4,763,184; 4,758,869 
West Germany: 3,103,160 
Japan: 1,279,100 
England: 2,073,484; 2,073,487 

PAL is a registered trademark of Monolithic Memories, Inc. 
SAM and SAM+PLUS are trademarks of Aitera Corporation. 
MagicPro'· and Programmable System'· Devices are trademarks of WaferScale Integration, Inc. 
ASMILE, SAMSIM and SAMPLUS are trademarks of WaferScale Integration, Inc. and Altera Corporation. 
MS-DOS is a trademark of Microsoft Corporation. 
IBM and IBM Personal Computer is a registered trademark of International Business Machines Corporation. 

Copyright © 1989 WaferScale Integration, Inc. All Rights Reserved. 

Patents Pending Rev. 1.3 
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