
PAL16R8 PAL DESIGN SPECIFICATION 
Q400(ii00 BQl: BRUCE 5-MAY-82 
OMEGA 440 MEliORV CYCLE CONTROL PAL I 

CLK DWZ D C QA QB QC QD WEPPL GHD 
QE COLENL CASPL RGWENL NCI VSRSO WEPH WEPOL RASPL VCC 

/RASPL : = /QA * /QB * /C 
+ /QA * /QB * /D 
+ QA * /QB * /QC 
+ QA * /QB /QD 
4- /QA QB /QC 
+ /QA * QB * /QD 
+ QA * QB 

'•'CASPL : = QA ^ /QC ^ /QD 
QB * /QD 

/ROWENL : = /QA * /QB * D 
+ QA * QD 
+ QB * QD 

"COLENL : » /QA * /QB * /D 
+ QA * /QD 
+ QB * /QD 

VSR80 :« QD 
+ /DWZ 

) + DWZ * /QB * /QD 
+ DWZ * /QA * QB * /QD 

/WEPH : = QD 
+ /QB * QC 
+ /QA * /QB * /QC 

/WEPOL : = QA * /QC * /QD * /WEPPL 
+ QB /QD * /WEPPL 

DESCRIPTION: 



- ̂ L16R 4 PA.- ION E;C IF1 CAT I ON 
;m4GM20G BQ.;; -3RUCE ?a~MAY-82 
j^EGA 440 MEMORY CYCLE CONTROL 2 

CLK CMAFL PADRL WSRSO WALL QB PROCWL QD 3RL GND 

OE CLIPH WEPPL PRCLK3 PRCLKi PRCLK2 PRCLK4 WEENL CASMSKL VCC 

IF(VCC) /WEPPL WALL * /PROCWL * /PADRL * /CLIPH 

IF(VCC) /WEENL » /WALL * /PROCWL * /PADRL * /CLIPH 

IF(VCC) /CASMSKL ~ /PROCWL * /PADRL 
/PRCLKi : » PADRL * PROCWL * BRL * QB * CMAPL * /WSRSO 

+ /QD * /PADRL * BRL ^ QB 

/PRCLK2 ; » PADRL * PROCWL * BRL * /if; CHAP- * /WSRSO 
+ /QD * /PADRL * BRL * >313 

/PRCL.R3 : ~ PADRL * PROCWL * BRL * QB * CMAPL * /WSRSO 
+ /QD -a /PADRL * BRL * OB 

/PRCLK4 : = PADRL * PROCWL * BRL * (SB CMAPL # /WSRSO 
+ /QD * /PADRL * BRL * QB 

DESCRIPTION: 
Revision History: 

jrp 6-1-83 Added € more proccUs for better buffering. One will be 
) used for I/O boards exclusively. 



DISPLAY MODULE MEMORY CONTROLLER 
iDISPLAY MODULE MEMORY CONTROL STATE MACHINE 

i BOB BRUCE 
; 16-DEC-81 

;THIS PROGRAM REPLACES AN EARLIER VERSION "MEMC1". 
iCORRECTS ERRORS IN THE DEFINITION OF A, B,DO, Di 
;THEY SHOULD BE SET TO THE VALUE REQUIRED BY THE 
;NEXT STATE, NOT THE CURRENT STATE 

i THIS PROGRAM DEFINES THE STATE TRANSITIONS FOR 
;THE DISPLAY MODULE MEMORY CONTROLLER. THE MEMORY 
iCONTROLLER DETERMINES A SEQUENCE OF MEMORY HALF-
i CYCLES TO ALLOW IMAGE MEMORY TO BE ACCESSED FOR 
iSCREEN REFRESHES, DYNAMIC RAM REFRESHES AND BIT 
;SLICE DRAWING PROCESSOR READS AND WRITES. THERE 
.ARE FIVE INPUT SIGNALS: 1. HSYNCH IS THE HORIZ-
O N T A L SYNCH SIGNAL. IT IS USED TO INITIATE REFRESH CYCLES. 
; NOTE THAT BLOL CANNOT BE USED FOR THIS PURPOSE BECAUSE 
,STAYS LOW DURING VERTICAL BLANKING AND WOULD PREVENT PROPER 
; REFRESH. 2. BLOL IS THE COMPOSITE BLANKING SIGNAL 
iWHICH INDICATES WHEN THE CONTROLLER SHOULD ALLOW REFRESH 
,•AND PROCESSOR ACCESS CYCLES. 3. RCYLH INDICATES WHEN 
» A FULL RAS-CAS CYCLEIS REQUIRED DURING PROCESSOR ACCESS. 
; IT IS USED BY THE CONTROLLER TO SELECT RAS-CAS OR PAGE MODE 
iCYCLES. 4. NOZOOMH INDICATES THAT A IX HORIZONTAL ZOOM 
iFACTOR IS IN USE. THIS ALLOWS THE CONTROLLER TO ELIMINATE 
;DYNAMIC RAM REFRESH CYCLES AND THUS IMPROVES DRAWING SPEED. 
,5. PWRUPL INDICATES THAT A POWERUP INIT HAS OCCURRED. 
;UNTIL THIS SIGNAL IS CLEARED BY THE DRAWING PROCESSOR, THE 
;MEMORY CONTROLLER ALLOWS ONLY PROCESSOR RAS-CAS CYCLES TO 

), AVOID HANGING OR ERRATIC OPERATION AT POWERUP BEFORE THE 
>CRT CONTROLLER HAS BEEN INITIALIZED AND HSYNCH AND BLOL 
;MAY BE INVALID, 

t 

i INPUT SIGNAL DEFINITIONS 
HSYNCH, BLOL, RCYLH, NOZMH, PWRUPL » 
i OUTPUT SIGNAL DEFINITIONS 
A# B; DO* Dl 
i 

iSTATE DEFINITIONS 
SCRAS, SCC AS, PRASO, PCASO, RRASO, RCKO, RRAS1, & 
RCK1, RRAS2, RCK2, PRAS1, PCASi, PCAS2, WAIT, & 
PURAS, PUCAS 
i 
» 

>BEGIN WITH STATE 0 TRANSITIONS 
iSCRAS ALWAYS FOLLOWED BY SCCAS 
SCRAS, PWRUPL=X> SCCAS, A=l, B=0, D1=0, D0=0 
» 

iSCCAS STATE HAS THREE POSSIBLE TRANSITIONS: 
; TO SCRAS, TO PRASO AND TO PURAS 
SCCAS, BLOL=l< PWRUPL=1> SCRAS, A=l, B=0, Dl»l, DO=l 
/ 
SCCAS, BL0L=0, PWRUPL=1> PRASO, A=0, B=0, Dl = l, DO=l 
i 
SCCAS, PWRUPL=0> PURAS, A=0, B=0, Dl = l, DO=l 
f 
jPRASO HAS TWO POSSIBLE TRANSITIONS: ONE TO PCASO AND 
iONE TO PCAS2 
PRASO, BL0L=0> PCASO, A=0, B=0, D1=0, D0=0 
i 
DDACA Dl Al — 1 % D^ACH A—A O— A TS i — A HA-A 



iPCASO HAS SIX TRANSITIONS: TO PCAS2, TO WAIT, 
iTO RRASO, TO PURAS, TO PRASO AND TO ITSELF 
iNOTE THAT THERE ARE ACTUALLY TWO SEPARATE 
iCONDITIONS FOR THE TRANSITIONS TO ITSELF AND 
iTO PRASO: ONE FOR HSYNCH^O AND ONE FOR NOZOOM=l 
,WITH HSYNCH=X 
PCASO, BLOL»l, RCYLH=0, PWRUPL=1> PCAS2, A=0, B=0, & 
Di=0, DQ=1 # 
PCASO, BLOL=i, RCYLH=1, PWRUPL=1> WAIT, A=0, B*0, & 
Dl=l, DO—O 
i 

PCASO, BL0L«0, HSYNCH—1, N0ZMH=0, PWRUPL=1> RRASO, & 
A=l, B=1, Dl = l i DO=l 
I 
PCASO, PWRUPL=0> PURAS, A=0, B=0, Dl = l, DO=l » 
PCASO, BL0L=0, HSYNCH«0, RCYLH=1, PWRUPL=1> PRASO, A=0, & 
B=0, Dl-h DO=l 
j 
PCASO, BL0L=0, HSYNCH*1, NOZMH=l, RCYLH=i, PWRUPL=1> & 
PRASO, A=0, B=0, Dl = l < DO=l 
I 
PCASO, BLOL-O, HSYNCH=0, RCYLH=0, PWRUPL=1> PCASO, A«=0, & 
B=0, Di=0, DO=i 
I 
PCASO, BL0L=0, HSYNCH=1, NOZMH=l, RCYLH=0, PWRUPL=1> & 
PCASO, A»0, B=0, Di»0, DO»l 
i 

; RRASO HAS AN UNCONDITIONAL TRANSITION TO RCKO 
RRASO, PWRUPL«X> RCKO, A=0, B=i, Di = i, D0«0 

,RCKO HAS TWO TRANSITIONS: ONE TO RRAS1 AND 
iONE TO PURAS 
RCKO, PWRUPL=1> RRAS1, A-l, B=l, Di«l« DO«i 
I 
RCKO, PWRUPL=0> PURAS, A=0, B=0, Di = l, DO»l 
i 

iRRASi HAS AN UNCONDITIONAL TRANSITION TO RCK1 
RRAS1, PWRUPL=X> RCK1, A=0, B=l, Dl=l, D0=0 

; RCK1 HAS TWO TRANSITIONS: ONE TO RRAS2 AND 
;ONE TO PURAS 
RCK1, PWRUPL=1> RRAS2, A=i, B=l, Di=i, DO=l 
i 
RCKl, PWRUPL=0> PURAS, A=0, B=0, Dl=l, DO=l 
I 
i RRAS2 HAS AN UNCONDITIONAL TRANSITION TO RCK2 
RRAS2, PWRUPL=X> RCK2, A=0, B=l, Dl«i, D0=0 

i RCK2 HAS TWO TRANSITIONS: ONE TO PRAS1 AND 
;ONE TO PURAS 
RCK2, PWRUPL=1> PRASi, A»0, B=0, Dl = l, DO=l 
I 
RCK2, PWRUPL=0> PURAS, A=0, B=0, Dl = i, DO=l 
/ 

iPRASI HAS AN UNCONDITIONAL TRANSITION TO PCAS1 
PRASI, PWRUPL=X> PCAS1, A=0, B=0, D1=0, D0=0 

iPCASi HAS FIVE TRANSITIONS: ONE TO PRASI, 
;ONE TO ITSELF, ONE TO PRASO, ONE TO PCASO AND 
iONE TO PURAS 
PCAS1, PWRUPL=i, HSYNCH=1« RCYLH=1> PRASi, A=0, B=0, & 
Di = l, DO=l 



PCASi, PWRUPL=1, HSYNCH=i, RCYLH=0> PCASI, A=0, B=0, & 
D1=0/ D0=1 
§ 

PCASi, PWRUPL=1, HSYNCH=0, RCYLH=1> PRASO, A=0, B=0, & 
Dl=l, DQ=1 
I 
PCASi, PWRUPL-1, HSYNCH=0, RCYLH=0> PCASO, A=0, B«0, & 
D1=0, D0=1 
i 
PCASI, PWRUPL=0> PURAS, A=0, B=0, Dl=i, D0»1 

>PCAS2 HAS TWO TRANSITIONS: ONE TO SCRAS AND ONE 
iTO PURAS 
PCAS2, PWRUPL=i> SCRAS, A=i, E=0, Dl=l, D0=1 
i 
PCAS2, PWRUPL«0> PURAS, A»0, B=*0, Dl=l, D0=1 

jWAIT HAS TWO TRANSITIONS: ONE TO SCRAS AND 
, ONE TO PURAS 
WAIT, PWRUPL=1> SCRAS, A=l, B=0, Dl = i, D0=1 
i 

WAIT, PWRUPL«0> PURAS, A=0, B=0, Di=i, D0=1 
i 

iPURAS HAS ONE TRANSITION: TO PUCAS 
PURAS, PWRUPL=X> PUCAS, A»0, B=0, D1=0, D0=0 

; PUCAS HAS TWO TRANSITIONS: ONE TO PURAS 
,AND ONE TO PRASO 
PUCAS, PWRUPL=0> PURAS, A=0, B=0, Dl = l, D0=1 
i 
PUCAS, PWRUPL=1> PRASO, A=0, B=0, Di=l, D0=1 
i 

iEND OF PROGRAM 



PAL16L8 PAL DESIGN SPECIFICATION 
0400BR00 
JMEGA 440 MICROCODE BRANCH CONTROL 
CDD BRUCE MAY 24, 1982 

CC1S4 CCi NC2 BS2 BS1 BSO CC2 CCiS3 SND 
M 3 SO CC2S2 Si CN ORi ORO FE ST VCC 

IF (VCC > /SO = BSi * /BS2 * CCI * /CC iS4 
+ BSi * /BS2 * /CCi * CC1S4 
+ /BSI * BS2 * CCI * /CC1S4 
+ /BSi * BS2 * /CCI * CC1S4 
+ BSi * BS2 

IF(VCC) /Si = /BSO 
+ BSI * CCI * /CC1S4 
+ BSi * /CCi * CC1S4 
+ BS2 * CCi * /CC1S4 
+ BS2 * /CCi * CCi34 

iF(VCC) /FE = /BSi * BS2 * CCI * c:iS4 
+ /BSi * B82 * /CCi * .'CCISA 
+• BSO * BSi * BS2 * CCt x CC1S4 
+ BSO * BSI * BS2 * /CCI * /CC1S4 

IF (VCC) /ORO = BSI 
+ BS2 
+ CCi # /CC1S4 
+ /CCi * CCiS4 

IF(VCC) /ORi = BSi 
+ BS2 
+ CC2 * /CC2S2 
+ /CC2 * CC2S2 

IF(VCC) /CN = /BSO * BSO 

IF(VCC) /ST = CCiS3 

DESCRIPTION: 
This PAL decodes branch instruction •> - r am the microcode? 
into the appropriate control sig n a ; - r i k ••? 2909- i 1 
ntcrosequencer. The three BS i n p u t - r, <• o k-j-t eight instructions: 

0 fourway branch usi 
1 fouruiay branch us.i v:: i 
2 conditional branch . = n g f 
3 conditional branch .. ? ug 0 
4 co n d i t i a ria .1 b r a n <\ h ? s u f.'.une using R 
5 cond 11 >. on a 1 branch : s-.'iv ov i. '.ne using D 
7 r e t u r n f r o m s u b r j f - -


