
United States Patent [ 19 ] 
Sharrit et al . 

[ 11 ] Patent Number : 
[ 45 ] Date of Patent : Apr , 28 , 1987 

1541 VECTOR NETWORK ANALYZER WITH 
INTEGRAL PROCESSOR 

[ 75 ] Inventors : David D . Sharrit ; Michael J . Neering , 
both of Santa Rosa ; S . Bruce 
Donecker , Sebastopol ; Mark D . 
Roos , San Carlos ; Wayne C . Cannon , 
Forestville ; John T . Barr , IV , Santa 
Rosa , all of Calif . 

[ 73 ] Assignee : Hewlett - Packard Company , Palo 
Alto , Calif . 

[ 21 ] Appl . No . : 569 , 081 
[ 22 ] Filed : Jan . 9 , 1984 
[ 51 ] Int . Cl . 4 . . . . . . . . . . . . . . . . . . . . . . GONR 23 / 16 ; G06F 15 / 34 
[ 52 ] U . S . CI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 324 / 57 R ; 324 / 77 C ; 

364 / 482 
[ 58 ] Field of Search . . . . . . . . . . . . . . 364 / 483 , 482 , 484 , 485 ; 

324 / 77 C , 77 B , 77 CS , 57 R , 58 A , 58 B , 58 R , 
58 . 5 A , 58 . 5 B , 58 . 5 C , 58 . 5 R 

[ 56 ] References Cited 
U . S . PATENT DOCUMENTS 

4 , 093 , 989 6 / 1978 Flink 324 / 77 B 
4 , 244 , 024 1 / 1981 Marzalek et al . . . . . . . . . . . . . . . . . . . 364 / 485 
4 , 257 , 104 3 / 1981 Martin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 324 / 77 B 

FOREIGN PATENT DOCUMENTS 

OTHER PUBLICATIONS 
Theory and Application of Digital Signal Processing , 
by Lawrence R . Rabiner and Bernard Gold , pp . 
393 - 398 , 1975 . 
Automatic Network Analyzer 8542 , Section IV Funda 
mentals , Hewlett - Packard Operating and Service Man 
ual , Oct . 1969 . 
Tektronix Catalog - 1976 edition - p . 190 . 
Donecker : “ Determining the Measurement Accuracy 
of the hp 8510 . . . " , HP RF & Microwave Symposi 
um - Oct . ' 84 . 
Primary Examiner - Reinhard J . Eisenzopf 
Assistant Examiner - Jose M . Solis 
Attorney , Agent , or Firm - Jeffery B . Fromm ; Joseph H . 
Smith 

ABSTRACT 
A precision vector network analyzer which is suitable 
for a wide range of applications including both labora 
tory and automated production measurements and test 
ing is disclosed . New measurement capabilities , greater 
ease of use , and nearly complete automation are pro 
vided . Contributions include fully coordinated commu 
nications between subsystem modules ; real time , two 
channel , precision vector measurements with complete , 
internal error correction ; wide frequency capability 
from RF to millimeter bands ; combined time and fre 
quency domain analysis and display ; measurements 
either in the swept or step frequency modes ; and user 
definable test functions and calibration device sets . 

[ 57 ] 

848088 4 / 1957 United Kingdom . 
1147154 3 / 1966 United Kingdom . 
1428776 3 / 1976 United Kingdom . 
1429858 3 / 1976 United Kingdom . 
1457747 12 / 1976 United Kingdom . 
1596377 8 / 1981 United Kingdom . 4 Claims , 411 Drawing Figures 

113 1 103 T 03 . 
136 1367 135 

1100 MH 20 MH 
II 136 

134 
REFERENCE 

OR 
TEST 
108 

109 TEST 
REFERENCE 

62 INPUT 
SELECTOR 130 

1381 TEST 12 . 04 
7138 REFERENCE ! TEST 

OR 
TEST 

32 
HARMONIC SIGNAL JI GENERATOR SEPARATION 

PORT PORT 
DEVICE 
UNDER 
TEST 

127 
TUNE 

VTO PRETUNE ! 
PHASE 
LOCK 
125 i 0 - 10V SWEEP 

129 STOP SWEEP 

- - - - - 117 

SOURCE 
109 

TEST SET MAIN ANALYZER 
101 1 1 107 . 



U . S . Patent Apr . 28 , 1987 Sheet 1 of 477 4 , 661 , 767 

113 113 136 135 

- - - - 1100 MH 
138 

+ 134 
REFERENCE 

OR 
TEST 
108 

- - - - - - - - - - 

/ 13 REFERENCE 
- + 109 TEST 1 

- - - 7 INPUT 
SELECTOR 130 

- - 

- 2 : 1381 - 

- TEST T 
- - - 

- - 

- - - 

- - 
- 

TEST - 

- - - 

- 

REFERENCE 
OR 
TEST 

- 

- HARMONIC 
GENERATOR 

- SIGNAL 
SEPARATION 

- 

PORT PORT 
2 

- 1234 
- 

- 

- 

DEVICE 
UNDER 
TEST 

- 

- 

- 

- 

U 

L 127 
( TUNE PHASE 

LOCK PRETUNE 
0 - 10V SWEEP 125 

STOP SWEEP 129 

- 117 

SOURCE 
109 

TEST SET 
107 

MAIN ANALYZER . 
101 

FIG IA 



U . S . Patent Apr . 28 , 1987 Sheet 2 of 477 4 , 661 , 767 

145 

SYSTEM BUS 

153 ACCESSORY 
PLOTTER / 
PRINTER 131 

SYNCHRONOUS 
DETECTOR 

DISPLAY 
GENERATOR 
AND CRT 155 - 

149 - 
· 130 

SAMPLE 
AND 
HOLD 
OUTPUT 

MULTIPLEX 

141 
132 A / D 

CONVERTER 
139 

CENTRAL 
PROCESSING 

UNIT 
- 

- 137 
- 

SYNCHRONOUS 
DETECTOR 

133 143 
- - 

- 

- 

VECTOR 
MATH 

PROCESSOR 
- 

- 

- - 

- - 119 CRYSTAL 
REFERENCE 
OSCILLATOR 151 146 

0 - 10V SWEEP 

STOP SWEEP 
SAMPLE 

SELECTION 
AND 
TIMING 

RAM , ROM 
AND 

BUBBLE 
MEMORY 

1474 

161 159 157 
INTERNAL 
TAPE 
DRIVE 

FRONT 
PANELS HP - IB 1 

- 

MAIN ANALYZER 
101 

FIG 1B 



147 

143 

MBM ROM 4K x 16 

U . S . Patent Apr . 28 , 1987 

- 151 

153 

218 

MICRO PROCESSORI 
MATH CONTROL 209 
I MATH PROCESSORI 207 1 
MBM I INTERFACE 

MBM CONTROL 227 
BUBALE MEMORY 21x1 

RAM 64K x 16 217 

201 

BUS 

ADDRESS AND DATA BUS 

DISPLAY GENERATOR INTERACE BUS 

LINEN LINE GEN GENERATOR 
INTER FACE 

CRT 

2199 

POOT / TEST ROM 8K x 16 

RAM 64Kx16 

1 / 0 WTERFACE 203 
INTERRUPTON SYSTEM | 205 

AND VOP CONTROL 
- J213 , i 
1 / 0 BUS 

DISPLAY CONTROL 
- 

237 
147 - 

HIGH VOLTAGE 

Sheet 3 of 477 

INTERFACE 141 

???? CONTROL 

8510 SYSTEM WTERACE ( HPIB 
CONTROL 

TIMERS 211 

FRONT PANEL INTERFACE I 229 

TAPE CONTROL 225 

223 ???? 

FRONT PANEL 

BUS 

HPIB 
SYSTEM BUS 

SUPPLY + SV t 12V t5V + 100V 

157 

TAPE DRIVE 241 161 – 

5145 

Ls 250 

159 

4 , 661 , 767 

: 

FIG 

2 



TP7 

U158 

PROCESSOR 143 . 85101 - 60011 SHEET 1 OF 4 A CLOCK GENERATOR 208 + 5V 

U19 

U18F 
OSC ) , 

8 131 12 

+ 5 V PUZ 

10 

SA4 CLK 

TPI7 
UIBD 

14 

R5 
42 . 2 

LCLK 

9N 

I CLK PROC 
P2 - 67 ( OUT ) 

R6 

U . S . Patent Apr . 28 , 1987 

UIBE 

31 . 6 

16 MHZ 

CLK SMHZ 

LCLK CLK 16MHZ 

+ 5V I SU39B S + 700 

+ 5V + 5V 

SU348 5 U39D 34700 3 4700 

+ 5V 
U39A 4700 

U38F 

Sheet 4 of 477 

35i 

LRESET 
U38A + 5V 

P2 - 68 ( IN ) ! 
L POP 

TP34 

U38B 
SU39E S + 700 

d 

4 , 661 , 767 

LHALT 

B POWER ON PRESET BUFFER 

FIG 3 . 1A 



C INTERRUPT LOGIC 15 + 5V SU57A 2 > 68K 

P2 - 13 ( IN ) LN841 

044C 

MM POWER SUPPLIES 

- + 5VPU4 

R18 1000 

- + 5VPU3 

P2 - 59 ( IN ) LSINTYS 

HMULBSY 13 ) 

U . S . Patent Apr . 28 , 1987 

C 

R20 mm 

- + 5VPU2 

R4 1000 

+ 5VPUT 
TP37 

+ 5V 

RI4 1000 

< P2 - 9560U ) HMULBSY 

mm 

C5 - C18 

+ 5V 

TP2 TP20 TP36 TP23 

Sheet 5 of 477 

TP6 TPII TP12 SA1 SA2 SA3 GND GND G 

FIG 3 . IB 

GND 

4 , 661 , 767 



- - 

- CONTROL B?S 

g 

< P2 . 58 ( OUT ) L WRITE KP2 , 3 ( OUT ) LAS < P2 , 57 ( OUT ) LUOS < P2 . 2 ( OUT ) LLDS 

U . S . Patent Apr . 28 , 1987 

U58B 

D MICROPROCESSOR 
+ 5V 

475 

114 , 49 

TP5 TP10 

15 

SA1 SA2 

> CLK 2011 

CLOCK CLOCK 

PROC MICRO PROCESSOR 

19 

TP19 

b 

TCLK 

TP25 

EN1 

6 

18 

R10 31 . 6 R11 31 . 6 R8 31 . 6 

112 

to 1V D 10 D 1V 

114 
D 10 

READI WRITE A ASTB - T UOSTB + LDSTBA 

16 

LWRITE LAS LUDS LLDS 

P8 

R9 31 . 6 

M 

b 

Sheet 6 of 477 

+ 5V 
14 

Jos 

U63A 

4 , 661 , 767 

FIG 

3 . 2A 



TP4 SA1 START 

U92 
+ 5V 
20 

EN2 

29 

Al 

30 

U . S . Patent Apr . 28 , 1987 

A2 

15 13 

D 20 D 20h D 20 D 2 

31 32 

A3 Table 

+ 5V 

33 

?? ??? 

A4 A5 A6 

34 

| 14 16 

35 36 

A7 A8 

18 

+ 5V 

12 . 13 , 21 , 22 

R578 68K 

TP 4 SA2 STOP 

U761 20 

10 

19 EN1 

18 
RESET 

ADDRESS 

CIJENZ 

Sheet 7 of 477 

C 

| 

17 de HALT 

AAAAAAAA 

A9 A10 A11 A12 A13 

D 20 D 2 DE ID 2v | D 20 D 10 D 10 

A14 

D10116 

A15 A16 

4 , 661 , 767 

D 10H 

FIG 

3 . 2B 



AD10 AD11 AD12 AD13 AD14 AD15 AD16 AD19 AD 20 

U . S . Patent Apr . 28 , 1987 

I PL2 
24 1 

I PL1 

+ 5V 

25 

I PLO ' 

U58A 
20 

?P3 SA1 STOP 

EN2 

A17 

13 12 : 

A17 A18 

A18 

15 

17 20 

Sheet 8 of 477 

A19 

A19 

A20 

A20 

10 

? 

- NC NC - NC 

A23 FCO FC1 FC2 

- NC - NC - NC 

4 , 661 , 767 

FIG 3 . 20 



TP24 

D TACK 

D1 D2 03 04 

U . S . Patent Apr . 28 , 1987 

2 

D4 

. 

05 

D6 

06 

64 63 

07 

62 

D8 

- DATA 

59 61 60 

010 011 012 
| 57 

D13 
58 56 

D9 010 D11 FR DO FR 08 FR D12 FR D13 FR D14 FR 015 

55 

D14 015 
54 . 

Sheet 9 of 477 

- - 

- - 

16 , 53 

4 , 661 , 767 . 

FIG 

3 . 2D 



U . S . Patent Apr . 28 , 1987 Sheet 10 of 477 4 , 661 , 767 

CONTROL BUS 
ADDRESS BUS 

E ADDRESS DECODING 
* 5V U80 

LAS 
A20 

TP4 
TP33 
LROM 

SA 2 
START 

FLG7 U63B 8 , 0 NC 8 , 16 114 NC 00 

O - Nm t 

00 00 

LRCH 
LPTIL LPTI 

+ 5y 059 

A19 
LWRITTEL 
A16 
AO 6 
AD12 5 
ADB 4 
AD14 3 
AD15 2 
ADI6 1 
AD19 12 
A020 11 

SADIO 

% % % 

00 00 00 
^ 

8 , 5 kg 
7b INC 

A19T 

N1411 + 5V 
114 R19 

3 31 6 PI - IOI 
( OUT ) 
LOG V60A 

+ 7 U6IA 

U60B U62B 
LAD20 
LADIS 
FIG 7 
AD20 
AD19 

21 LRAM U 

Olo 

UGIC 

LMPY 

U60C Pl - 46 Lesene De TOUT U6IB 

FIG . 3 . 3A 



F SIGNATURE ANALYSIS FREE RUN SWITCH LD TACK 

LD TACT 

R7 1000 

U57 

+ 5V 

U . S . Patent Apr . 28 , 1987 

68K 
16 15 

FRDI2 FRD13 FRD14 FRDIS FRDS FDRO 

19 13 14 15 IL 12 I 

D12 013 014 DIS D8 DO + 5V 30396 

Sheet 11 of 477 

+ 5V 

TPIS 

U39F 

CR3 CR2 CRI 

? 

U38E 

34700 
98 88 
L FREE RUN 

FREE RUN 

4 , 661 , 767 

FIG . 3 . 3B 



* T000 094 

1194 + 5V . 

G SELF TEST PORT 

ll ) 

A2 A3 

DS2 D $ 3 DS4 DS5 DS6 

U . S . Patent Apr . 28 , 1987 

21 

3 4 6 7 8 

A4 
RESET 

( 32 ) 

U79A 

PTI 

+ 5V 

- 

68 

TP29 

195 1000 

20 

TP32 TP28 19 

EML 

Al _ | _ 

13 

REG 
0 , 8 

7 TP30TL 
13 

116 08 414 D9 12010 DID 18 DI 

2 , 8 3 , 8 4 , 8 

10 

P214 TP35 OUT ) LPRSTI 
FLG . 7 1798 

Sheet 12 of 477 

LPRSTED 

5 , 8 6 , 8 17 , 8 

E 

EN2 

LPTI 

TP34 

TP27 

9 012 

V 

D2 

uc 

13 

7 013 

C 

D 2 

D 

15 

CD14 
ID 2 

12 

3 D15 

D 

2 

H MULSBY2 TRERINI 

4 , 661 , 767 

FIG . 3 . 4A 

- 



H DATA TRANSFER ACKNOWLEDGE GENERATOR ( DTACT ) 

45V 

U4 

1 16 

DIRECTIONAL TIMING , 1458 

- WRITE LIO 

A2010 
102 94 

ENC 
T 

U600 

U . S . Patent Apr . 28 , 1987 

MUX 

FIG . 3 . 4B 

+ 5VPUI 

443 + 5 

CLK 

VENC 

PROC DS 

044B 

A 

POGTANO 

DLO 

- P2 - 4 ( OUT ) LDTACK 

+ 5VPUI 
L MCINN 

DSI 

CKDV 

DS2 

Sheet 13 of 477 

TP26 

EN 

13 

MUX 

Il v 

U60E 

VNG 

4 , 661 , 767 

DATA BUS 



U . S . Patent Apr . 28 , 1987 Sheet 14 of 477 4 , 661 , 767 

FIG . 3 . 5 
CONTROL BUS TO SHEET 2 
ADDRESS BUS TO SHEET 2 

+ 34 
11 SELF TEST ROM 233 

+ 5V 
177 24 

< P1 - 37 ( OUT ) AI 
< PI - 9210UTJA2 
* P1 - 38 ( OUT ) A3 
< Pl . 93 ( OUT ) A4 
< Pi - 39 OUT A5 
< PI - 94 ( OUT ) A6 
P1 - 4010UT ) A7 
PI - 95 ( OUT ) A8 

* P1 - 41 ( OUT ) A9 
PI - 96 ( OUT ) AIO 

< P1 - 42 ( OUT ) AI 
* PI - 97 ( OUT ) A12 
< P1 - 43 ( OUT ) A13 
PI - 98 ICUTIA14 

< P1 - 44 ( OUT ) A15 
< PI - 99 ( OUT ) A16 
Pl - 45 ( OUT ) A17 
Pl - 100 ( OUT ) A18 

Ruso mo 13 , 
10 - A8 / 9 / — 

A17 

IL ROMI 

23128 
221256 
19512 
18024 2048 4096 20 

ROM 
ID 

161 

DOPL - 48 ( 1 / 0 ) DO 
DIPI - 103 ( 170 ) DI 
D2 P1 - 49 ( 1 / 0 ) D2 
D3 PI - 104 ( 1 / 0 ) 03 
D4 P1 - 50 ( 1 / 0 ) 04 
05 PL 105 ( 1 / 0 ) 05 

16 , DE PI - 511170106 
CPI - 106 ( 1 / 0 ) 07 

D8 Pl - 52 ( 1 / 0 ) D8 
D9 PL - 107 ( 1 / 0 ) 09 
DIO PL - 53 ( 1 / 0 ) DIO 
DIL PL - 108 ( 1 / 0 ) DII 

P1 - 54 ( 170 ) D12 
D13 Pl - 109 ( 1 / 0 ) 013 
D14 P1 - 55 ( 1 / 0 ) . 014 
DI5 A - 110 ( 1 / 0 ) 015 

19 
84 24 Wala 126 

ARA819 
22256 
19512 
18 1024 
21 2048 4096 

TO A . 
126 DATA BUS TO SHEET 2 



U . S . Patent Apr . 28 , 1987 Sheet 15 of 477 4 , 661 , 767 

UNLESS OTHERWISE INDICATED , : , RESISTANCE VALUES SHOWN ARE IN OHMS , 
CAPACITANCE IN MICROFARADS , 
AND INDUCTANCE IN MICROHENRIES . 
SIGNALS ENTER AT LEFT SIDE AND EXIT AT 
RIGHT SIDE OF FIINCI TON BLOCKS . 

P . OMS SUPPLIED IN MATCHED SETS 
110 , 12 , 13 , REPLACED AS A SET . 
077 AND UŽ8 REPLACED AS A SET 

ACTIVE COMPONENTS APRTS LISTS ( U ' s and O ' s ) 

036 

REFERENCE DESIGNATORS PART NUMBER MANUFACTURER ' S PART NUMBER 
W1 - 8 , 20 - 27 1818 - 3005 1 . RAM 64KX1 

19 1820 - 2076 1 3242 
110 NOTE 3 85010 - 80001 PROM 512X8 
111 , 31 , 32 1820 - 1858 74LS377 
112 NOTE 3 85101 - 80002 PROM 512X8 
U12 NOTE 3 85101 - 80003 PROM 512X8 
114 , 33 1820 - 1432 74LS163 
V15 , 49 1820 - 0629 745112 
116 , 29 , 30 , 80 1820 - 1216 74LS138 
117 , 18 , 48 1820 - 0683 74504 
019 1813 - 0130 16 MHZ OSC 
128 , 52 , 61 1820 - 1449 74532 
034 | 1820 - 0681 74500 
035 1820 - 1440 74LS279 

1820 - 0648 74520 
037 1820 - 1191 74 $ 175 
138 1820 - 1200 74LSOS 
039 1810 - 0205 RES 4 . 7K OHM 
040 NOT USED 
141 , 42 1820 - 1298 74LS251 
043 1820 - 1433 74LS164 
144 1820 - 1201 74LS08 
145 1820 - 1423 74LS123 
146 NOT USED 
047 , 54 , 55 , 96 1820 - 1367 74508 
U50 , 63 1820 - 1197 74LSOO 
U51 1820 - 1322 74LSOZ 
053 , 56 , 74 . 9711820 _ 0998 745153 
U57 1810 - 0208 RES 68K OHM 
058 , 76 , 79 . 92 1820 - 2024 74LS244 
U59 1820 - 1207 74LS30 
160 1820 - 1199 74LSO4 

U62 1820 - 1210 74LS51 
U64 , 81 1820 - 2075 74LS245 
U65 - 68 , 82 - 85 1820 - 2120 25LS14 
U69 - 72 , 86084 1820 - 2906 25LS299 
073 , 90 1820 - 3217 74ALS569 
075 1820 - 2505 63000 
177 NOTE 3 55101 - 80004 PROM 8KX 8 

35101 - 80005 PROM 8KX 8 
1820 - 2220 74LS385 

093 1820 - 1729 74LS259 
194 1810 - 0204 RES 1K ohm 
195 1810 - 0037 RES 1K ohm 

1820 - 0694 74586 

RESS . WE 

078 
091 

098 

FIG 3 . 6 



FIG 3 . 1A 

FIG 3 . 2A 

FIG 3 . 4A 

FIG 3 . 9A FIG 3 . 10A 

FIG 3 . 3A 

FIG 3 . 5 

FIG 3 . 6 

FIG 3 . 11 

FIG 3 . 1B 

FIG 3 . 2B 

FIG 3 . 4B 

U . S . Patent Apr . 28 , 1987 

FIG 3 . 8 

FIG 3 . 9B FIG 3 . 10B 

FIG 3 . 20 

FIG 3 . 38 

FIG 3 . 12 

FIG 3 . 20 

FIG 

3 . 7 

FIG 3 . 18A 

FIG 3 . 21A FIG 3 . 22A 

FIG 3 . 16 

FIG 3 . 15 

FIG 3 . 18B 

FIG 3 . 13 | FIG 3 . 14A | FIG 3 . 14B 

FIG 3 . 19A FIG 3 . 190 

FIG 3 . 19B FIG 3 . 190 

FIG 3 . 21B FIG 3 . 22B 

FIG 3 . 20 

Sheet 16 of 477 

FIG 3 . 17 

FÍG 3 . 23 

4 , 661 , 767 



PROCESSOR 85101 - 60011 
( SHEET 2 OF 4 ) 

L RAM WR LROW SIB IU COL STB LL COL STB 

U . S . Patent Apr . 28 , 1987 

R3 

J MEMORY ADDRESS / REFRESH 

+ 5V 047A 

L WRITE 1 + 5VPUI 9 1470 

" LAS & 128C TLRAM 4 147810 18 
INTACK 5 DLT + 5Y 

112 U28D DELAY E 

7215 
R2 + 5VU28A 

PINTOONS 6 

215 14 

R8 

90ns 

MUX G3 ( REFRESHI 

1 . 14 

U28B 

GUICOL 

LLDS 

UMNI 

113 . 112 

+ 5V 

INE ?? ?? 

90ns | 12 13 

LUDS 

GI ( ROW ) 

Der 
G3 GARI 

CONTROL BUS FROM SHEET 1 

FIG 3 . 8 
ADDRESS BUS FROM SHEET 1 

Sheet 17 of 477 

A9 

+ 5V 

4A 

A10 

ILRAM 2 

RFREN 

bil PAO 6 . 13 PAL 112 PA2 h18 PA3 

617 PA4 RAM REFRESH TIMER 
bu16 PAS . 119 PA6 

+ 5V 045A + 5V 

PAZ 

R15 
HOOK 15 16 

c2 LL 

EXTERNAL TTIMING 
5 LRFRZD 

ACT = 64 + 1 14 014 

+ 5V PUT U 

V8 

Þ2 - 5 I OUT ) 

2062 U60F , U62A _ 11Y 

?? ???????? 

2 PA6 

Bocoona 

LRF RINT 

lbs 

7415 131 A15 13 

4 , 661 , 767 

. 



FIG . 3 . 9A 

- - - - - - - - - - - 

- 

- - 

- ~ 

~ 

~ 

~ 

- 

- 

I 

K 

- MAIN MEMORY 237 ADDRESS _ BUS 

U . S . Patent Apr . 28 , 1987 

U1 

+ 5V 

+ 5V 

RAM 64KXI DON 

olu 

DA2 

non 

DAO DAI DA2 DA3 DA 4 DA5 DAG DAT 

DA Ouveren 

Abwoon 

Town 

265 

U2 

U3 

RAM 64KXI 

RAM 64KX1 

DAO 

DAO . 

DAI 

DAI . 
DA 2 

DA3 

( ROW ) 

81 DA3 

( ROW ) 

DA4 

DA4 

DAS 

DAS 

DA6 

255 

DA6 

DAT 

DA 7 

COLUMN 

COLUMN 

107 ) 

RAM WR 31 

- 463 ( WRITE ) 

L RAM WR 34 

G3 ( WRITE ) 

QEN ( READ ) 

FLU COL STB15 FS EN ( READ ) 

LU COL STB15 

GI 

L ROW STB 41 

LU ROW STB 41 

14 pou 

14 do 

IA , 2A , 3D , IA , 24 h 

HTA , 2A , 3D , IA , 24 h 

16 

16 

D9 

D 10 

COLUMN 

COLUMN 

Sheet 18 of 477 

LRAM WR 

G3 ( WRITE ) EN ( READ ) 

& 

WOOL STB15 L ROW STB 

GI 

4 

G2 

G2 

G2 

HIA , 2A , 3D , IA , 2A 

16 

4 , 661 , 767 



U . S . Patent 

CONTROL BUS 

LADDRESS BUS 

DATA BUS 

15V 

j * 5V 8 

U22 

+ 5V 

U20 RAM 64KXI 401 

U21 RAM 64KXI 

RAM 6AKXI 

DAO 

DAO 

DAO DAI 

VIA 255 

DAI 

717 ) ( ROW ) 

DAI DA2 DA3 

56covacs 5wOVOCA 

o WO - Nºvu 

je owo = none 

DA2 DA3 1 DA4 DA5 DA6 DA 7 

Apr . 28 , 1987 

8DA4 

DA2 DA3 DA4 DA5 DA6 DAT 

oonoun - O0w voor 

younong - tocrooney 

24265 

DAS DA6 DAT 

298 

2A 255 

2A255 

COLUMN 

COLUMN 

211 

81 

COLUMN 

( L RAM WR 

LRAM WR 3 

w 

G3 ( WRITE ) 

and G3 ( WRITE ) 
EN 

b 

Sheet 19 of 477 

( REA 

3 

LL COL STB 15 L ROW STB 41 

LL COL STB 15 L ROW STB _ 41 

197 ' 

L RAM WR 31 

63 ( WRITE ) a EN ( READ ) 

I LLCOL STB 15 

- 61 

IT ROW STB 41 

G2 

14D2 
1A , 2A , 3D , 1A , 2A 

& EN ( READ ) 
GI 

062 

14 DO 

25 

1A , 2A , 3D , IA 2A 

1A , 2A , 3D , IA , 2A 

DO 

VDI 

CONTROL BUS 

4 , 661 , 767 

L 

- 

- 

- 

- 

FIG . 3 . 9B - - 

- - 

- 



FIG . 3 . 10A 

ADDRESS BUS 

+ 5V 8 

1 + 5V 

SV8 

14 RAM 64KXI 

U5 RAM 64KXI 

U6 

RAM 64KX ! 

. 

U . S . Patent Apr . 28 , 1987 

DAO 

( ROW ) 

( ROW ) 

DAT DA2 DA3 8DA4 DAS 

( ROW ) 

Oooorra - Oo @ vos 

DAO DAI DA2 DA3 81DA4 DA5 DA6 DA 7 

powodorowo vor 

DAO DAI · DA2 DA3 8DA4 DAS DA6 DA7 

scro - oomvono 

DA6 

" 255 

owo 

255 COLUMN 

DA7 

COLUMN 

WLUMN 

L RAM WR 3 

L RAM WR 3 

L RAM WR 3 

GS ( WRITE ) 

AGS ( WRITE ) & EN ( READ ) 

GS ( WRITE ) a EN ( READ ) 

& EN ( READ ) 

Sheet 20 of 477 

H 

LU COL STAIS L ROW STB 4 

YG 

LU COL STBIS L ROW STB 4 

LU COL STB15 I ROW STB 4 

dai 

- G2 

D11 LA 
1A , 2A , 3D , 1A , 2A 

a 14 

1A , 2A , 3D , 1A , 2AV 

1A , 2A , 3D , IA , 2A V 

516 

516011 

D12 

e _ ICONTROL BUS 

DATA BUS 
ADDRESS BUS 

4 , 661 , 767 



1 + 5V 8 

15V 8 

U23 + 5V / 8 

RAM 64KXI 

U24 RAM 64KXI 

RAM 64KXI 

DAD 

U . S . Patent Apr . 28 , 1987 

Al 

DAO DAI 

JAU 

255 

uw voru 

255 

DAO DAI DA2 DA3 

vocevaron 

J ( ROW ) 

255 ( ROW ) 

_ ) 

DAI DA2 DA3 DA4 DA5 DA6 07 

DA 4 

= Gwcwarciso cobovorento 

DA2 DA3 DA4 DA5 DA6 DA7 

CA 

Õwoonorer 

045 DA6 DA7 

GA 255 COLUMN 

50vons 

255 COLUMN 

COLUMN 

2119 

EL RAM WR _ 3 

L RAM WR 3 

IL RAM WR 35 

GS ( WRITE ) 18 EN ( READ ) 

ALL COL STB 15 

G1 

L ROW STB 4 

GS ( WRITE ) EN ( READ ) 

GS ( WRITE ) 
& EN ( READ ) 

Sheet 21 of 477 

LL COL STB 15 L ROW STB 4 

LL COL STB 15 I ROW STA 4 

- - GI 
G2 

a62 

14 

14 

1A , 2A , 3D , IA , 2AD ! 

1A , 2A , 3D , 1A , 2A 

1A , 2A , 3D , 1A , 2A 

16 603 

16 
D4 

CONTROL BUS 

4 , 661 , 767 

FIG . 3 . 10B 



U . S . Patent Apr . 28 , 1987 Sheet 22 of 477 4 , 661 , 767 

FIG 3 . 11 
ADDRESS BUS 

+ 5V UZ 18 U8 
RAM 64KX1 RAM 64KX1 

DAO 
DA 255 DA2 ODNO 

DAO 
VATI 
DAY 
DA3 
DA4 
DA5 
DA6 
DAZ 

26 817 JEROW DA3 
DA4 
DA5 
0A6 
DAZ 

10 5941 Hotektory duONDOO COLUMN 
L RAM WR 3 TGS G3 ( WRITE } 

IL RAM WR 3 ( WRITE 
7 & EN ( READ ) 

LU COL STB15 | 
I ROW STB 41 

IEN ( READ ) 
LU COL STB 15 
I RWO STB 4 

1A , 2A , 3D , 1A , 2A 1A , 2A , 3D , 1A , 2A 
16 

CONTROL BUS 
DATA RUS 
ADDRESS BUS 015 

+ 5V 

U26 U27 
RAM _ 64KXI RAM 64KXI 

DAQ ??? 125 ( 14255 14255 
) CROW ) LICNO DA 

VAL 
DA3 

DA2 
26 877 CROW promote tutama 0A4 12811 0A4 DAS DAS 

DA6 
DA7 

1029 1 
13210 & DA6 

DAZ 24255 TIM Tiniona 9 2018 COLUMN 
BICOLLIN 841 

L RAM WR 35 G3 ( WRITE ) 
EN ( READ ) 9 & 

IL COL ST 
I ROW STS 

LRAM WR 3 63 ( WRITE ) 

EN ( READ ) 
LL COL STR . 15 . 
? ROW STB 4 

140 
FIA , 2A , 3D , 1A , 2A07 

0406 
1A , 2A , 3D , 1A , 2APH 

16 © 16 
07 

CONTROL BUS 



151 

L MACRO LATCH 

PROCESSOR 85101 - 60011 SHEET 3 OF 4 

75V 010120 Ixty 

ADDRESS BUS 
FROM SHEET 1 , 2 L MICROPROCESSOR INTERFACE 

CLK 
16 . 12 

LCLK 

M MATH STATE MACHINE INTERFACE MAPPER 
ull 
+ 5V 

LCLK 

AO - A511 40 - 4511 

U . S . Patent Apr . 28 , 1987 

CLK 

120 120 

NT 

19856 

bufc 

LAS 

4 in 

USIB 

LAS - 

16 MULZ HAS 

15EN512X8 

THPT 

REG 

V 

CONTROL BUS FROM SHEET 1 , 27 

ROM 

DSIN 

FE7150424434 _ n 

LUEN . 

U540 U51C 

12bath0 

ZETODODE 

MAK 

OS2 

I MACRO DEC 

U5OB 

SIMP ! IFY 

52b 
. 

0528 
16L MACRO DEC 

u500 

U30 

LHRLIE 

+ 5V 16 

g98 

LRO LPRST 

TAS 

LPRST NU50D 

THUCRU PEC 

qe 1GB 

LMAZ 

Sheet 23 of 477 

U520 

LHCTHH . 

TO SHEET 

6 15110 

U35A 

FREERU L TERM 

+ 5V 16 

INCZE 
78 

U29 

U38E + 5V TTNTRDSELT 

??? , ?? 

· N MULBSY 

Totcoza 

TP14 SA3 

SSC 

88 

SP 

Socco Gvisionist 

5 042 
LIMU TECCOEN 

ho 121 LACCIEN 
TIERS HAI SUA2 TICINE INC 

4 , 661 , 767 

FIG 3 . 13 

- 

? 



- - 

MATH WNTROL BUS - - 

- 

GO EN 

- - 

N MATH STATE COUNTER 

149A 
+ 5V 

U . S . Patent 

LPRST 

4 . S 

_ MC 

MAS 

034A 
+ 5V 

LMBZ 

5 

114 

R 

LGO 

18 

PU2 

MAO 

TP13 

5 

Apr . 28 , 1987 

LA 

OK 

LMBEN 

NC 

U14 

FIG . 3 . 14A 

LOAD 

Sheet 24 of 477 

+ 5V PU2 + 

LALK 

???? ? 
CLR 

ooow 

12 

MA1 - MAZ MA3 MA4 

( 8 ) 15 + 

NC 

= 

4 , 661 , 767 

- 



w 

O MATH MICROCODE AND CONTROL 

LRD 

- - - 

TP22 
MPYEN RPTCTREN 

U12 

+ 5V20 

OMUXO OMUXL 

20 

??? 

6 L 

MBZ 

034B 

- - 
MA ! MA2 MA3 19 MA4 MAS MAG 

U98C 
9 

10 - 18 ACOSO 

U . S . Patent Apr . 28 , 1987 

| 

+ 5V 

AO - A512 

U31 

| 20 

- 

U17A 
+ 5V 

121 ) | ACCSI ) 

i 

MATTI 

IN 14 

MARU 

19 124 75 SENOFX8 

EN 
REG 

ENTROMA 6 

U48D 

+ 5V 

U13 

U16 

* 5420 

AD AD 

16 

+ 5V PU2 

AV A v 

& GB 

AV 

AO - A512 

? ??????????? ???? 
118 ) 17 i 

AD AV Ao 

Sheet 25 of 477 

15 LSCLEXP 

10 

512X8 
PLEN ROM 

AD 

8 , 0 

& 1 14 LADDAR & 2 13 LSDBT 83 12 [ FAST 
8 . 4 TLCLC 8 5 10 AKCIZOLR 
8 , 

69 TADD 

vm 

AD ? 
. 

434C 
Il LEXPCNTEN N ' EXPUP 

8 . 

77 NC 

AD AD AV APP 

6 MUXAQ 19 MUXA1 12 MUXBO 15 MUXB1 16 MUXCO 19 MUXC1 

214 

4 , 661 , 767 

- 

- 

- 

- 

10 

U32 

FIG . 3 . 14B 

10 



U . S . Patent Apr . 28 , 1987 Sheet 26 of 477 4 , 661 , 767 

MATH CONTROL BUS 
P ADDER CONTROL 

U358 

7 MPYSUB 05 
L MPYAOD 5 . R FF 

U35C 
LSUB2 
LSUBT 12 s 
LADO 1018 

unus 9 SUB 

1 REPEAT COUNTER 133 + 5V 
116 

MBZ 
RPTCTREN 10 & ) - EN 

9 . LOAD MUXAO 3 CIR LA NO MUXALTADO 12 MUXBO ID 
MUXBI 16141 NC RPT TERM 

L = 15 + 13 
FRES ?????? 

153 R QUALIFIER MULTIPLEXER 
OMUXO 
MUX 1 

U548 
NRM 5 + 5V 

1 14 
NRMO 

woman DUAL 
+ 5V U5 / A . IN HOME - R17 
34640 ? CLK EN 154? + 5VPU3 - LEXPCO EL GO 

MD751 Gunelo TP16 
UZC ? U17D 

FIG . 3 . 15 



U . S . Patent Apr . 28 , 1987 Sheet 27 of 477 4 , 661 , 767 

TO SHEET 4 

148F S MATH CLOCK CONTROL 
_ 16 _ MHZ 

USCA + 5V 017B 3112CLKMAY . 1114 
048E MPYEN 
10 CLKMB 

U36B 
CLK EN 

LCL KACC MBZ 
CLK 
1175 + 5VPU4 10 

LFASTIR 
U 

* 12 111 
cu U52A CLK 

RPT TERM 
13 . C 
12K INC 14 | R FFI 

+ 5V 
TP2 SR16 172 . 74640 

QUALIFIER BUS 
FROM SHEET 4 

All 

FIG 3 . 16 



MATH CONTROL BUS ( FROM SHEET 31 

T MATH DATA BUFFERS 

+ 5V 

UBI 

LRD 

61 . 

FIG . 3 . 18A ALL PROCESSOR 85101 - 60011 ( SHEET 4 OF 4 ) 

U . S . Patent Apr . 28 , 1987 

LMBEN 

DATA BUS ( TO / FROM 
SHEET 1 ) 

BUF 020 DI 

Jul 

aldataka , 

DDDDDDDD 
? ??????? 

MDO MDI MD2 HD3 M04 MD5 MDC MD7 064 

20 

MATH DATA PUS 

19 

EN 

Sheet 28 of 477 

BUF 

D8 09 DIO DOT 

• 20 DID 20 Div 

D ? 

hos haluskooola 
DDDDDDDD 
NNNNNNNN 
???????? 
???????? 

MD8 MD9 MDIO MDIT MDI2 M013 MDI4 MD15 

4 , 661 , 767 

110 



U MATH EXPONENT COUNTER - TU MATH EXPONENT COUNTER 

— - , 073 

173 

+ 5V 5 V 

· FIG . 3 . 18B 

LEXPCNTEN EXPUP 

213 21 

+ 5V 

Q2 ( UP ) G ( DOWN ) 

LELKACC 2114 LEXPEN 11 8 3 

. 5 + / cs 

U . S . Patent Apr . 28 , 1987 

1 , 3 , 5 

MBZ 

M4 / LOAD ) M5 ( COUNT ) 

LSCLEXP LACLEXP 

. colo 

190 

+ 5V 

MDO MDT MD2 MD3 

olaw 

CTRI6 

MDO 

4 , 6 . DU TV 

MD1 

7 , 6 , D2TD 

MD2 

Š4 . 6 , DUTO 

MD3 

406D ( 8 ) T 
+ ICT = 15 
L - I CT = 0 CT = 15 CT O UNC 

510 

13 , 5 

id & G 

LEXPCNTEN EXPUPT 

G2 ( UP ) 63 ( DOWN ) 
T + 1 , 2 , 5 + / cs 

MBZ 

M4 ( LOAD M5 ( WOUNT ) 

LSCLEXP 9 LACLEEXP 8TR 
SR 

Sheet 29 of 477 

LEDE 

EN 

MBZ 

+ 5V IN 14 

MD4 MD5 

LRD 12 LEXPEN 

U48A 

MD6 MD7 

CTR 16 

4 , 6 . 00 4 , 6 , 0721 4 , 6 , 014 ) 94 , 6 , D ( 8 ) + 1 CT = 15 CT = 15 

CT = 0 

16 MD4 
MD5 MD6 MD7 MD7 LEXPCO 

w NC 

13 

U510 

4 , 661 , 767 

QUALIFIER BUS 

TO ( SHEET 3 ) 

$ 10 

- 

- 

- 

- 

- - - 

- 

- 

- 



U . S . Patent Apr . 28 , 1987 Sheet 30 of 477 4 , 661 , 767 

205V + - VACCUMULATORO . 9 U55C CLKACC 2 

MOENIO 70 = HOLD 
1 = ISR 
2 1SL 
3 = LOAD 

ACC50 
ACC51 

- 197 ! ? 
- 

LRD 
8 HEN 

LACCOZCLR 
ACCOMSB SUMO 

MDI5 
M014 

SER 
- 

- 

. . MO13 116 
- 

- 

MDI2 
MDI 
MDIO 
MD9 
MOS 

- 

- 

5V 1 0 1 - 

188 
- 

ACCSO ( 0 = HOLD 
1 : SR 

32 = 4 SL ACCSI 
13 : LOAD 

LRD 
21 & - EN - LACCOZCLR 

MDZ 
MD6 
MD5 
MD4 
MD3 
MD2 
MDI 

- 

??? JACOOLSE - 

- ACC1MSB 
- 

FIG . 3 . 19A 



U . S . Patent Apr . 28 , 1987 Sheet 31 of 477 4 , 661 , 767 

- 

Fulien r - H5V H5V 20 1550 X ACCUMULATOR 1 . 
CL KACC 
LACCIENIA & 

- 

ACC50 
ACC51 

10 : HOLD 
1 : 1 SR 

12 = 4 SL 
( 3 = LOAD - - 

LRD - o mai = 
ACC 1MSB LACCI3CLR 

ACCOLIB . MD15 
MDI4 
MD13 
MDI2 
MDII . 
MDIO 
MD9 
MD8 

+ 57 1201 

0 = HOLD 
ACCSO 

19 
011 : SR 

2 = 4 SL 
3 = LOAD } ACCSI 

LRD 
- - - - - - 

LACCI3CLR T - EN 

MD7 
MD6 
MOS 
M04 
MD3 
MD2 
MDI 
MDO 

17 
ACC758 

FIG . 3 . 19B 



U . S . Patent Apr . 28 , 1987 Sheet 32 of 477 4 , 661 , 767 

11 
169 + 5V _ 20 CUMULATOR 

CLKACC 
LACCOEN 21 & 
ACCSO 
ACCSI 

i ro = HOLD 
SR 
SL 

LOAD 

II 

wan - O 
NO II a 

LRD 85W2704 - - - EN LACCO2CLR 
I SUMO 

- - 

- 

MD15 
MDI4 
MO13 
MDI2 
MOI 
MDIO 
MD9 
MD8 

SER 

486 

ACCSO 
CO = HOLD 

0 , 11 : + SR 
2 = 4 SL ACCSI 1192 ) ( 3 = LOAD 

LDR 
218 ) EN LACCOZCLA 

RE MD7 
MD6 

| MD5 
MD4 
MD3 
MD2 
MDI 
MDO ACC2458 

LAcc??62 

holl 
FIG . 3 . 190 



U . S . Patent Apr . 28 , 1987 Sheet 33 of 477 4 , 661 , 767 

Y ACCU UMULATOR 3 U558 070 + 5V20 CLKACC 4 
LACCZENS & 

ACC50 
ACCSI 

CO : HOLD 
JICI SR 
1 21SL 
( 3 = LOAD 

LRD 
E EN ACC3 MSB LACCI3CLR R 

TACC2LSB MDI5 
MDI4 
MDI3 
MOI2 
MDII 
MDIO 
MD9 
MD8 

187 

( 0 = HOLD 
11 : SR ACCSO 
12 : SL 

1921 ( 3 = LOAD ACCSI 

LRD 
LACCI3CLR 28 - ED 

M07 
MD6 
MD5 

4 MD4 
MD3 
MD2 
MDI 
MDO VACC3258 

. . 

FIG . 3 . 19D 



U . S . Patent Apr . 28 , 1987 Sheet 34 of 477 4 , 661 , 767 

MATH CONTROL BUS 
MATH DATA BUS 

3th me SUMO 
ACCU MSB 
ACCUMSA 
ACQUISB 

anda NK 
I BB MULTIPLIER 1 
MLPRO 

066 + 5V 1183 + 5946 10ML . PRO LUCI CLKMB 17 
( CLKMA . 

+ 5VPU3 CAS 037C S SREG ) LADE 
MSB 

CADE 
SMSB LLOMI 

CASCADE ) Port CAS 
TCADE ) 5 CMDA 

MO MOO PRODI ? Hannes TIL 
MA VIJE 

IMO45 
MOS MON 1945 + V9SN sta 

Z DATA SELECTOR O 08 

- SUM 1 + 5VPU4 

SACC3LSB ACC2 MSB 
ACC3 MSBS 
ACC3LSB 

a 

Il CC MULTIPLIER 3 
* I MLP 068 185 + 5V 

CLKMB CLKMB 
on + 5VPU3 19 0370 REG15ULPRL DHL NC 

MBENIR MSB et LLOM3 
CASCADE ) 

MD8 
MD9 olulintstone 16 8 moni 16 S oll 
WIKA 
TU 
MOS mo XOWT DATA SELECTOR 1 1010 SonN O XOW XOL 2G MULTI + 5VP04 - 11 ! Y : 7 

AA WARCIUSR 
FIG 3 . 20 



SUMO ACCO MSB ACCI MSB ACCI LSB 

lable to a 

- 

= 

U . S . Patent Apr . 28 , 1987 

MLPRO 

U82 

DD MULTIPLIER O 
MPERO 165 17 . 

- 5V 16 

+ 5V 
I 16 

CLKMA 

CLKMB MEXT 

750 19 

MS 

CASCADE MSB 

+ 5VPU3 

CASCADE MSB 

LLOMO + 75V 

111964 

LLDMO 

FF MULTIPLIER 03 ADDER U91A CLKMA IT 

+ 5V 20 

PRODI 2 

KICASCADE ) 

K ( CASCADE ) 

TY 

MD8 

MDO MDI 

SUB ( ) ADD ( + ) 

HL ADD CLRIT SUMPR 

- 516 

Sheet 35 of 477 

16 

+ 

5 hu 

MD9 MDIO MDII MDI2 MD13 MDI4 - MDI5 

21X 141x4 

PROLO 5 

MD3 MD4 MD5 MD6 MD7 

A + B2 . 

MISUMO Sisi 

ger 

4 A A - 8 JF 

13 135 12 . 1x6 TI \ x7 

4 , 661 , 767 

PRODI 

FIG . 3 . 21A 

PROD 3 



h 

S . 

ACCO MSB ACCI MSB ACCI LSB 

it 

W * 

- - - - - - - - 

U . S . Patent Apr . 28 , 1987 

084 

F - - - 7 - - - - - - - - - - - - - - 

' EE MULTIPIER 2 MLPRES 

U67 5V 

CLKMB | 70 

CLKMA 

MEXT 

CASCADE 

+ 5VPU3 - 

MSB 

LLOMO 

LLOM2 

1 1960 + 150 

+ 5V 

16 

125C 
CASCADE MSB 

ULD 

PLIER 
Z 

I 

KICASCADE ) 

K ( CASCADE ) 

15 

Y 

MDB 

MDO MDI 

?? 

HH MULTIPLIER 12 ADDER : 0918 

B + 57 201 

CLKMA L ? 

MPYSUB 8 SUB ( - ) 

ADD ( + ) 

LADD CLRIT . 
SUMPR 

MISUMI 
6A A + B7 ZA A - 8 F 

MD9 MDIO 

AX 

Sheet 36 of 477 

MD2 

L61 

I6 + ??? MD / 

2 x3 141x4 

PROD 

MD3 MD4 MD5 MD6 MD7 

MDI2 MD13 MDI4 MD15 

13 lx5 12x6 Ix7 

& 

PR 001 

1960 

4 , 661 , 767 

FIG . 3 . 21B 



MATH CONTROL BUS ACTOMSB HOLD O 

| | ADDER O 

097A 

+ 5V . 
16 

. 

U . S . Patent Apr . 28 , 1987 

U37A 

MUXBO MUXBI 

- 

+ pv 16 

; LMBENI CLEMB9 

MUX 
0 , 4 

REG 

ACCI MSB 

5 

13 

on 

ACCI LSB 

313 , 4 

U91C 

MUX B 

CLKMA SUB 

U74A 

+ 5V 

SUB ( - ) 

I LADD ( + ) 

Sheet 37 of 477 

LADDCLRIT 

e41209 MUXA | 

IKK NORMALIZER QUALIFIERO U98A + 5Y 

15 

6 MUX 550 , 4 

MSUMI ACCOMSB ACCIMSB 

14 

SUMO 

4 , 661 , 767 

FIG . 3 . 22A 

MUX A - 



ACC2 MSB 

JJ ADDER I 

1978 

- HOLD 

037B 

U . S . Patent Apr . 28 , 1987 

MUX80 MUXBI 
4XLUXBI _ 2 } of 

IM 

LMBENLLR CL KMB9 

MUX 

REG 

ACCUMSB 

0 , 4 41 , 4 122 , 4 

ACC3LSB 

U9ID 

133 , 4 
LUL 

CLK MA 

MUX B 0748 

3 | SUB _ 

159 ) SUB - ) 
TADDI + ) 

110R 

Sheet 38 of 477 

MUXAD MUXAI 

| LADDCLR _ 

LL NORMALIZER 
QUALIFIER I 

SIN 

1988 

MUX 
J 

A A + B 2 

ITA A - BS 

10 

NRMI 

MSUMI 

0 , 4 

SUMI 

1 , 4 2 , 4 

ACC2MSB ACC3 MSB QUALIFIER BUS 

4 , 661 , 767 

3 , 4 

FIG . 3 . 22B 

MUX A 

- 



U . S . Patent Apr . 28 , 1987 Sheet 39 of 477 4 , 661 , 767 

A13 BUBBLE MEMORY 147 
08510 - 60013 

ACTIVE COMPONENTS PARTS LISTS ( U ' s and a ' s ) 

Retermee Omignators Part Numbe Manufacturer ' s Part Number 
ZN2222A 

02 , 03 
02 , 4 , 23 . 25 

18540477 
1855 - 0422 
1858 - 0081 17254 

U1 75463 
17250 03 . 24 

US , 19 
17 , 17 
U8 , 16 

1820 - 2520 
1820 - 2816 
1820 - 2817 
1820 - 2807 
1820 - 2B18 
1820 - 1197 
1820 - 2806 

L IMX1 
17242 
BUBBLE 
17230 
74LSOO 
17220 

u9 
U10 

011 1820 - 2024 74LS244 
74LS273 U12 

U13 
U14 

1820 - 1730 
1 : 20 - 2075 
1820 - 1112 
1820 - 1218 
1818 - 0850 
1820 - 1144 

74LS245 
74L $ 74 
74LS138 015 

- - - 

U20 , 21 NOTE 3 
022 

PROM 4KX : 02732 
74LSOZ 

FIG 3 . 24 



TP4 

TPI 

TP2 

TP3 

P1 - 37 ( IN ) P1 - 92 ( IN ) P1 - 38 ( IN ) 
P1 - 93 IN P1 - 39 IN 

PI - 94 ( IN ) P1 - 40 ( IN ) TP3 
duda 
23 1 25 AZ 

U . S . Patent Apr . 28 , 1987 

H POWER SUPPLIES 

A PROCESSOR INTERFACE LPRST 

P2 - 14 ( IN ) LPRST 

P2 - 9 , 64 ( IN ) 

+ 12V 

U9A + 5V R27 
, 1000 

+ 5V TP4 R32 
18301 . LPER 2Q1 + 057 

32 . 2 

IPOP 

ZVP2 - 68 ( IN ) LPOP P1 - 95 ( IN ) A8 PI - 41 ( IN ) A9 
* 4 P1 - 46 ( IN ) LIO 

U9B TPZ 

C16 , 18 , 21 , C15 , 17 , 037 , 38 k21 
22 , 25 , 27 , 26 , 28 , 50uF bo . 0 . 1 

0 . Iuf 15uF 

110 

* + * 29 

U14B 

LMBMEN 
. 

9 _ LMBMSTB 

5 

. 1 

U22D 

TP2 

P2 - 67 ( IN ) CLK & MHZ 

CLK8M12 

8 NC 

U22A + 5V 
3 114 

CLK BMHZ 

P2 - 7 , 8 , 62 , 63 ( IN ) 
+ 5V 

P1 - 1 , 10 , 19 , 22 , 27 , 36 , 47 , 56 , 651 74 , 82 , 91 , 102 : ( IN ) P2 - 1 , 6 , 11 12 , 16 , 29 , 41 , 61 
66 , 71 , 84 , 96 

103 , 10 , 20 . 1 - C36 
123 , 35 , 501F 

51 - 55 0 . 1uF 

DIGITAL GROUND 

P2 - 3 ( IN ) LAS LLAS 

P2 - 4 ( IN ) LDTACK LLNIACK _ 5 _ 022 

P2 - 58 ( IN ) LWRITEILWRITEL _ 

Sheet 40 of 477 

I WRITE 

113 

+ 5V 120 

( IN ) D GND 

P1 - 48 ( 1 / 0 ) P1 - 10311 / 0 ) P1 - 49 ( 1 / 0 ) P1 - 104 ( 1 / 0 ) P1 - 50 ( 110 ) P1 - 105 ( 1 / 0 ) P1 - 51 ( 1 / 0 ) PI - 106 ( 1 / 0 ) 

DO D1 Da 23 

con how 
ARAQLIAQA 

4 MAALAAAA 
OTTTTT . Odvore 
MUTI 

4 , 661 , 767 

04 

FIG 

3 . 25 

05 . 16 - 02 



U . S . Patent Apr . 28 , 1987 Sheet 41 of 477 4 , 661 , 767 

TP6 

SYSTEM ADDRESS BUS 

B ADDRESS DECODER HIS SYN 015116 A1868 TEKS : 68 21 - 100 ( IN ) 

6 xty 115 LBLK 
LWRITE 
A La leo Nc 

S NC LMBWI 
MKKI 

C STATUS INTERRUPT 
HMBORO 
H : 11 

12 . 490 P2 - 60 ( OUT ) 1 
LMBMINT 

ul 120 LMBSTATUSI 
10 * 5V 

- ENT TP6 
+ 5V 
R28 
4640 

BUF 18 . MBDO 
TUBUIE ! 

D21 Milk 18 . ORTH 
MAD Thoa ILMBCS MA05 
BIZI 

FIG 3 . 26 



U . S . Patent Apr . 28 , 1987 Sheet 42 of 477 4 , 661 , 767 

TP5 

?dk 
AI ! TOSHEET 2 ) 

BUBBLE DATA BUS ( TO / FROM SHEET 2 ) 
BUBBLE CONTROL BUS ( TO SHEET 2 ) 

D BUBBLE MEMORY ROM 
U12 + 5V 120 

NOTE 
TP5 + 5V 

R33 
4640 

U9C 
s I BLK 1 

REG & 
, BL ! 22 BLKO 

BIKE 
BIKZ 

MODO 
IBDI 
MB02 
M803 
MBD4 
MBOS 
1306 
MB07 

Photo hah - LMBCS 
+ 5V 

U20 24 NOTE 3 

hitam yang 100 Mo 

VU U A0 - 4095 

] 

?? 

d GO A18 
LMBMEN EN 

ROM 
121 + 5V ALO9 _ MBDO ) 1 MBOT 124 LAI LAT 11MBD2 MBDS 

134 MBDS 
MBUZ . 

X 

WNH MODD 
< 

00 MICHNUN LONNINHOO - A0 - 4095 

BLK3 10 1024 
+ 5V2 2048 

ALOGI 
LMBMEN 1 : EN 

NOTE 3 

by ROM 18 

0 130 co 
11 112 

5 113 

08 P1 - 52 ( OUT ) 
DE P1 - 107 ( OUT 
DII P1 - 53 ( OUT ) 

P1 - 108 ( OUT ) 
P1 - 54 ( OUT ) 

DISP1 - 109 ( OUT ) , 
P1 - 55 ( OUT ) ! 

P API - 110 ( OUT ) 
( FROM SHEET 2 ) 

7 Dils 814 

LE 

FIG 3 . 27 



U . S . Patent Apr . 28 , 1987 Sheet 43 of 477 4 , 661 , 767 

FIG 3 . 31 

FIG 3 . 32 

FIG 3 . 30 

FIG 3 . 370 

FIG 3 . 29 FIG 3 . 37A FIG 3 . 37B 

FIG 3 . 27 FIG 3 . 36 FIG 3 . 38 

FIG 3 . 26 

FIG 3 . 35A 

FIG 3 . 35B 

FIG 3 . 25 FIG 3 . 28 
FIG 3 . 34A 

FIG 3 . 34B 

FIG 3 . 24 
FIG 3 . 33 



U . S . Patent Apr . 28 , 1987 Sheet 44 of 477 4 , 661 , 767 

A13 BUBBLE MEMORY ( SHEET 2 ) 

BUBBLE DATA 
BUBBLE CNTRL 

i TE BUBBLE MEMORY CONTROL 
UPF LPF 

CRI 1380 CR2 
R35 
5620 

VIA 

ULU 1 40 31 U10 540 + 5v 
15110 UIB 

73105 LMB RESET LBCS1 INT9 _ HMBIRU 3836 FC 
LMBWR ORD WR WAITO 626 + 5V 

HMBDRQ ! 
10 

LMBRUSSEN 131 . 667 10 
+ 5V U14A 

LY + 
LY 18MHZ LX + 

??????????? LTMA 
LTMB 

LREPEN 
LBOOTEN 
LSWAPEN 

SOLBOOTSWAPEN 

MBOO 
301 
MBO2 

2 03 
1804 
SOS 

M306 
1307 

+ SV BOOTREP 
SWAP 

800TSWAP LR16 
24640 

ERRO RORE 27 ERROR FLAGI 
L SYNC Q . SYNC be 

HCMO 
DCLX 5 294 1 24 DATA CIK 

22 SERIALDO 
C / O 6 . 29 NC PAR 

01 / 0 
DET ON 623 

4 MHZ CLK 
( TO STATUS INTERRUPT - SHEET 1 ) 

FIG 3 . 29 



FIG 

3 . 30 

F BUBBLE MEMORY O 

025 

blo 

3 + 120 

+ 12V 

U24 
16 

LMB RESET 

LMB RESET 

LAENOICES 

U . S . Patent Apr . 28 , 1987 

1975 
Y + 

Y - 61 

1 Y 

- LÝ + 3 - - - 

| X + 5 . 

LY - 14 - - - H2 

58 

+ 12V 

? 

LERRORFLAGI 

12 U17 

? 

| 019 

MA 

- 

+ 12V0 + 5V 

7TS 

+ 12V + 5V 116 122 

LAENOEN 
TMA Ppose 

U2 

201 REF 
R13 9 

15 

LREPEN LBODIEN 

BOOT REFU 

L . SWAPEN LBOOTSWAPEN 

Sheet 45 of 477 

16 

? 

EFC 

39808 , 

REP 

11 

CLK4MHZ _ 018 LSYNCF NCHD 

A REP B BOOT REP 

INS 

I 

OUT 

2 

106 

i SWAP 
2300T SWAP 

SWAP BOOTSWAFU AGEN 
11 , 12 418 

DATA CLK 

ALI 
5 

CLK 

U18 1000 

+ 12V 
RIZ 

20 5 . 62 # c33 C34A1B SYNC 7 0 . 125 . 62 

010 

15uf 

HUIS 
PI 

4 , 661 , 767 

C32 1200F 

t3 120pF 

10 

DU 

1 

DOS 



FIG 

3 . 31 

. 

G BUBBLE MEMORY I 

2 : 13 + 12V 

U3 

U2 12 1911sy 

| LMB RESET 

LMB RESET 

LAENI 
level o 

3447527 
LY + 

U . S . Patent Apr . 28 , 1987 

54475 
58 

D 13 144712V 
+ 12V 

+ 12y 

U8 

+ 5V 122 

R29 $ 42 . 2 

LARENI 

LERRORELAG ! 
015 

LEN TMA 

2 

Pp . 

+ 12v1 + 5V 
15 

4619 

ATMB 20 IREF 

134957512 
2016 of 

56 

16 . 

Sheet 46 of 477 

12 

EF 1113 

LII 

AK 

CLK4MHZ 

REP 

8 . 14 NC 6 

I 

REP 

INSELOUT 
4LREPEN | LBOOTEN LSWAPEN LBOOTSWAPEN 

RCHD 

BOOT REP 

10 6 

LSYNC1 

51 . SWAP 

BOOT REFU SWAP BOOTSWAR 2 GEN ALI 

11 . 12 

BOOT SWAP 

4 

DATA CLK 

+ 12V 
R9 

15 

AGEN 

5 . 62 

SERTAC DIO 

U6 1000 

HON 

JILI 

17 
1 : 

20 
Trac12 Dusu . i 

18 + DET 

4 , 661 , 767 

TIT C13T 1200 120pf 

NOT USED 

CITR8 L SYNCZ 15uf 35 . 62 



U . S . Patent Apr . 28 , 1987 Sheet 47 of 477 4 , 661 , 767 

SAI SA2 
TP12 TP14 TP23 TP1 TP20 TP15 

A14 DISPLAY GENERATOR 153 085101 - 50014 ( SHEET 1 OF 3 ) 
P2 - 7 , 8 , 62 , 63 ( IN ) , 

+ 5V 

J POWER SUPPLY 
+ 5V 

PJ - 1 , 10 , 
19 , 22 , 27 , 36 , 47 , 56 , 

65 , 74 , 83 , 91 , 102 ( IN ) 
IP2 - 1 , 6 , 11 , 12 , 16 , 29 , 41 , 

1 56 ; 61 , 66 , 71 , 84 , 96 ( IN ) 
OGHD 

Itc28 It c41 1 + c 052 28 647 Itcig ci - 4 
I 100 622 I 22 6 . 8 76 . 8 % 06 - 15 

??1 TP20 C19 - C21 
TP12 P14 TP13 C23 SALE SAZ 
GND GND GND GND GNO C25 - 27 

. C29 - 40 
C42 - 51 
0 . 1 

P2 - 52 , 107 ( OUT ) > 
OG GND 

alanlar 
A8 

P1 - 37 ( IN ) 
P1 - 92 ( IN ) 
P1 - 38 ( IN ) 
P1 - 93 ( IN ) 
P1 - 39 ( IN ) 
P1 - 94 ( IN ) 
P1 - 40 ( IN ) 
P1 - 95 ( IN ) 
P1 - 41 ( IN ) 
P1 - 96 ( IN ) 
P1 - 42 ( IN ) 
P1 - 97 ( IN ) 
P1 - 43 ( IN ) 
P1 - 98 ( IN ) 
P1 - 44 ( IN ) 
P1 - 99 ( IN ) 
P1 - 45 ( IN ) 
P1 - 100 ( IN ) 

AIO 

All 

A12 
A13 
A14 
A15 
A16 
A17 
AI 8 

P1 - 48 ( 1 / 0 ) 
P1 - 103 ( 1 / 0 ) 
P1 - 49 ( 1 / 0 ) 
P1 - 104 ( 1 / 0 ) 
P1 - 50 ( 1 / 0 ) 
P1 - 105 ( 1 / 0 ) 
P1 - 51 ( 1 / 0 ) 
21 - 106 ( 1 / 0 ) 
P1 - 52 ( 1 / 0 ) 
P1 - 107 ( 1 / 0 ) 
P1 - 53 ( 1 / 0 ) 
P1 - 108 ( 1 / 0 ) 
P1 - 54 ( 170 ) 
P1 - 109 ( 1 / 0 ) 
P1 - 55 ( 1 / 0 ) 
P1 - 110 ( 1 / 0 ) 

816181818181818 18 
D11 
012 
013 
014 
015 

: FIG 3 . 33 



U . S . Patent Apr . 28 , 1987 Sheet 48 of 477 4 , 661 , 767 

FIG . 3 . 34A CONTROL BUS 
A PROCESSOR INTERFACE 
LOGCPU LOGCPU 

+ 5V 

REG 
3a CRIDGCPU ONCLI 1 A18 

P2 : 58 U12 10718 
12 & pe 15 ~ 

PETNC ZCPUWR CPUAIS Q4 16 
( IN ) 

LWRITE U7ID LOGRDCPU * 5V 

+ 5vw 8 bo U708 ( IN ) LUOS 17 1 3 . 
Jo DGWRCPU 5221 > 

P2 - 1011 
( IN ) ILDG P2 - 101 

163 + 5V od opinia 
11700 2 1 

TPUTRA 
HOGCPU 5 U378 . LOGCPUROWLLE ! 

DGCPUSTBIL ILLOS 

HOGCPU 5 U378 Loon 
REG LDGRASD 2 

5 
16 
19 
12 
15 
16 
19 

OGCPUSTI 
164 + 5V 

DGAO 
DGAI 
DGA2 
DGA3 
DGA4 
DGA5 
DGA6 
DGA 7 

Ho 1370 

HDGRASDE 
LOGCPUCOL 

REG 

A9 

??? 
ALT OTOOOOOOO A16 

so 

LOGCPU 



U . S . Patent Apr . 28 , 1987 Sheet 49 of 477 4 , 661 , 767 

LOGCPU 
466 + 5V 165 1 20 

LOGCPUEN 
REG REG DO 

02 D2 
D3 

22 OGDO 060 0 . 30 
5 DGDIGO 
6 DGD2 
19 DGD3818DGC318 12 DG04 ADD4 13 
15 DGD5 DGD | 5 / 14 
16 DG06 

119 DGD7 

04 ?????????????? 12 04 UOL 
05 05 06 
57 06 

1907 

168 
+ 5V U67 + 5V 1 20 ? 

?? EN 
REG REG 08 D8 09 

5 09 DIO 
DII ???????????????? 

72 OGD8 DGDS 360 
5 DGDE DG09 44 
6 DGDIO | OGOLO 74 
9 DGDII 19810601 818 

112 OGO12 ADGD12 13 
115 DGDI3 OGD13 14 
H16 OGD14 DGD 14 17 
19 DG015 DGO15 18 

DIO 
DIT 
DI2 
D13 + 5V Llomlolo 012 / 

21 

19 015 
D13 - 169A 

DVO 
D14 4 _ U59D 

162A1 TO 27 Deus 9 169B FIG . 3 . 34B 



TP16 

TP19 

TPIB 
TP21 

TPIO 

TPIT 

CONTROL BUS DATABUS ADDRESS BUS 

SO 

B SERVICE REQUEST CONTROL 

of - HOGRASD _ 

_ 

+ 5V 

140 

6 

HDGCLK 

TPIZ 

REG 

U . S . Patent Apr . 28 , 1987 

HDGCPU LCPU 

HDGCPU LDGCPU 

FIG . 

· ? Neeeeee 

| | 

CPUWR 

3 . 35A i 

LCPUAIB j + 5V 

U38B 

HDGMRFSH 13 

- 

TP16 
16 

- 

2? . 5K 

i 1000pf + 022 

EXTERNAL TIMING 
NC 

6 

- 

+ 5V 

112 sus 

039 

| + 5v6YR 

| 16 

HDGRFSN 01 

? 

+ 5V 

TP21 SA START 

Sheet 50 of 477 

+ 5V 

U38A 

LIO LOGCPLEN 

116 

15 

TP18 SAICLK 

TP19 SAISTOP 

In 

* R7 
382 . 3K 
. 477 024 

INC 

( EXTERNAL TIMING 
14 

ZIDGTESTEN DGMEMEN . 

- 

NC 

U41A 

M12 
1428 

- - 

12ms 

6 025B 

HDGNE NPIX + 

+ 5°Hari 

? ???? 
RFSH 

4 , 661 , 767 

HDGRFSH LDGSRQ 

U4IC 

_ _ 921 . 10 

U25C 

HDGPRFSH 

- - 

- - - - 

- 

- 

- 



U . S . Patent Apr . 28 , 1987 Sheet 51 of 477 4 , 661 , 767 

U37A + 5V C SEQUENCER 
LOGSRO 
IDCRASO 3 LOGSEQROW 

147 

* 5V 16 

ADDER 
CONTROL 

1014 _ DGCLK 
DGSEQSI 
DGSERSZ 
DGSEQS3 
OGSEQS4 
DGSEQS5 
DGSEQS6 

II II I I I 
STACK 
CONTROL 

SHEET U62A + 5V 
20 

ALU JENI 
2 BUF L 18 OGAO ) 

OGSEQCIN 
DGDO 
DGDI 
DGD2 
DGD3 

4 LDL DS DGAO 6 DT 16 DGAT 
810 , D14 DGAZ 
8 Dlos IZ OGAJ 

10 
10 

U48 + 5V 20 * 5 . 16 
ADDER 
CONTROL IIII III 

DGCLK 
OGSEQ 
DGSENS2 
DGSEQS3 
OGSEQS4 
OGSEQS5 
DGSEQS6 ?????????? possono STACK 

CONTROL 
7 OUTPUT U62B 

SELECT 19 . ENZ 
ALU 

BUF 
DGD4 
DGD5 
DGD6 
DGD7 

DIO 
9 DGA4 
7 OGAS 
5 DGAG 
3 DGA7 ADA INNN DIT 

8 DI2 
7 1013 

10 

FIG . 3 . 35B 



U . S . Patent Apr . 28 , 1987 Sheet 52 of 477 4 , 661 , 767 

Eco 

U37D 
13 LDGSRQ 

HOGRASD il LD6SEQCOL 

049 + 5V 
20 

16 + 5V UDGCLK 
HOGSEOSI 
HOGSEOS2 
HOGSEOS3 
HOGSEOS4 
HOGSEOS5 
YOGSEOS6 
II III . T U51A + 5V sünnitoa - INI 

ADDER 
CONTROL 

s3 ) STACK 
CONTROL 

55 OUTPUT 
S6 ) SELECT 

ALU z 

OGDS 
DG09 
DGDTO 
OGDIT 

OGAO 
OGAT 
DGA2 
OGA3 

F 

U50 

+ 5V HUGCLK 
- 

HOOGSEOST 
HODGSFOS2 
HOGSEOS3 

DGSEQS4 
DASEC55 

# LOGSEOS6 

si AQDER 
S2 CONTROL 
S3 STACK 
S4 CONTROL 
S5 OUTPUT 
S6 SELECT 

ALU 

U51B 
19 

EN2 
BUE 

OGA4 DG012 
DGD13 il loro glnit OGAS 00015 Doi 14 50000 DGA6 

DGAT Rolo 202 . 13 NC 00312 NC 
COL3 NC 

110 

FIG 3 . 36 



CONTROL BUS ( TO SHEET 2 ) 
DATA BUS ( TO SHEET 2 ) 

ADDRESS BUS ( TO SHEET 2 ) 

D CLOCK GENERATOR 

so 

U . S . Patent Apr . 28 , 1987 

U726 

UIOH 

U27 

NOTE 3 

+ 5V 

UIOA 

P2 - 67 ( IN ) CLK8MHZ 

+ 5V 116 MI ( LOAD ) M2 ( COUNT ) G3 ( UP ) G4 ( DOWN ) 

UIIA 

+ 5V 
20 

UIOD 

5V . 

U9B 

- 15115 / 

149 NC Lac 
> C 

12 

65 3 , 5 , CT = 151 66 4 , 5 , CT = 0 

151 

EN 
REG 

> > 

L 

2 , 3 , 5 , 6 + / C71 
2 , 4 , 5 , 6 

+ 5VwI09 

Sheet 53 of 477 

CTRI6 + 5V90 , 7 , D ( 1 ) 

14 13 

4 MHZ 
2 MHz IMHZ 

& 

212 
1 , 70 ( 2 ) 12 

UISB 

VIOG 

11 , 7 , 0 ( 4 ) 1 , 7 , 0 ( 8 ) 

INC 

4 , 661 , 767 

FIG 3 . 37 A 



. 

. 

U . S . Patent Apr . 28 , 1987 

U28 

+ 5V 

UIZA 

U29 U29 

54 

+ 5V 

16 

MI ( LOAD ) M2 ( COUNT ) G3 ( UP ) G4 ( DOWN ) 

8 

+ 68 

+ 5V 

U12D 

G5 3 , 5 , CT = 155 466 4 . 5 , CT = 0 

2 , 3 , 5 , 6 + / C7 

L > 2 , 4 , 5 , 6 

& lo 

. 

1 

NC 

Sheet 54 of 477 

UIOF 

+ 5V 

CTRIC 1 , 7 , 0 ( 1 ) 1 , 7 , 0 ( 2 ) 0 , 7 , 0 ( 3 ) 1 , 7 , 0 ( 4 ) 
14 2us 13 4us 12 Bus Il ! 6 us 

Andrej 

FIO NC 69 NC 

HSLOW 

17 NC 

DGXYFULL 
LDGXYLD 

4 , 661 , 767 

FIG 3 . 37B 



U . S . Patent Apr . 28 , 1987 Sheet 55 of 477 4 , 661 , 767 

TPIL 
CONTROL BUS ( TO SHEET 2 ) 
DATA BUS ( TO SHEET 2 ) 
ADDRESS BUS ( TO SHEET 2 ) 

UIOC 

N DG RASD 
UIOB 

LOG RASD 

TP3 
SAZ 
CLK 

TP9 
CAS 

LDGRAS 
HDGCLK 
HLGCLK 

TPIL 
LGCLK NOTE 3 

UIIB 
U12C 

LDGXFER 

REG 
DGXWDW 

11c TP8 DEN 

UIT 
NOTE 3 

XYCLK 
REG UI2B 

LOVE 1 , 199 

P2 - 97 ( OUT ) HZYST HDGXYCLK 
U76B RUL 

100 

NOTE . 3 

FIG 3 . 37C 



U . S . Patent Apr . 28 , 1987 Sheet 56 of 477 4 , 661 , 767 

A14 DISPLAY GENERATOR 
085101 - 60014 
( SHEET 2 OF 3 ) 

o 

o 

CONTROL BUS 
DATA BUS 

ADDRESS . BUS 

E DISPLAY MEMORY REFRESH COUNTER 
041B V 1 

I HDGRFSH 
U34A + 5V 

Auf ?? 10 O RE TO 

DGAO 
UGAT 
LOGIYA 
UGA3 
DGA4 
VIGTA57 
OG 61 
DGA7 U34B 

INTRO 

FIG 3 . 39 



U . S . Patent Apr . 28 , 1987 Sheet 57 of 477 4 , 661 , 767 

F DISPLAY MEMORY 
( RAM ) 

ADDRESS BUS 
+ 5V 
18 U5 

RAM 64KX 1 

? 

? ? 

? 

? ( ROW 
? 

DGAO 
DGAI 
DGA2 
DGA3 
DGA4 
DGAS 
DGA6 
DGA7 

? 

? 

? 

( 2A255 ? 

? KCOLUMN ) 
? 

PUENT ? 

10 DGCAST + 7 ) 

100 LOCCPUENT 
? LDGRAST ? 

MALDO / LOGCPUENT 3 
R1 R3 26 . R2 26 . 1 

G3 ( WRITE ) 
EN ( READ ) PUEN 100 151 LOGCAST 

LOGRAST 

LDGC DGCLK LDGRAS DGO8 

2 . 19 , 24 , 30 , 14 : 22 771408 1408 
1A , 2A , 30 , 1A , 2A D 

CONTROL BUS 

FIG . 3 . 40A 



U . S . Patent Apr . 28 , 1987 Sheet 58 of 477 4 , 661 , 767 

CONTROL BUS 
DATA BUS where on for 

U21 
RAM 64KX I 

4 to 

( ROW ) 

DGAO 
DGAI 
DGA2 
DGA3 
DGA4 
OGAS 
DGA6 
DGA7 

Õucou ao o ovou a 
, 

O 

255 
( COLUMN ) 

857 ) 
LDGCPUENT 

G3 ( WRITE ) 

EN ( READ ) 
151 LDGCAST 

LOGRAST 

1409 OGD92 1A , 2A , 30 , 1A , 2A V 
1408 

FIG . 3 . 40B 



U . S . Patent Apr . 28 , 1987 Sheet 59 of 477 4 , 661 , 767 

DATA BUS 

ADDRESS BUS 

U1 
RAM 64KX 1 

51 

255 
( ROW ) 

14 DGAD Fwwwt10 DGA 
tum 

112 DGA 2 www13 _ DGA 3 wwwt DGA 4 tg _ DGA 5 tuwt15 DGA6 
w 

116 DGAZ 

OGAO 
DGAI 
DGAZ 
DGA3 
DGA4 
DGA5 
DGA6 
DGA7 Ega s? 0 0 1 0 0 1 - 0 0 0 1 0 0 1 tttttttttttttt 2A255 

KCOLUMN ) 3 g 2 

DGAL 7 
DGAO 

DGA2 5 DGA3 4 DGA46 DGA5 8 DGA6 DGALI 10 + 7 ) 

LDGCPUENT U16 G3 ( WRITE ) 

& EN ( READ ) 
LOGCAST 
LDGRAST le 

DGDO 14 DO 
1A , 2A , 30 , 1A , 2A V 

FIG . 3 . 400 



U . S . Patent Apr . 28 , 1987 Sheet 60 of 477 4 , 661 , 767 

+ 5V 
U17 

RAM 64KXI 

( ROW 

DGAO 
DGAI 
DGA2 
DGA3 
DGAA 
DGA5 
DGA6 
OGA7 

Õwovon A O O conto 
COLUMN ) 

LOGCPLENT G3 ( WRITE ) 
EN ( READ ) 

LOGCAST 
LDGRAST 

DGD1 

1A , 2A , 30 , 1A , 2A 
1401 

OH 
J 013 

16 

FIG . 3 . 4 OD 



U . S . Patent Apr . 28 , 1987 Sheet 61 of 477 4 , 661 , 767 

4 os . 

• + 5V 
U6 

RAM 64KX1 

255 
( ROW 

OGAO 
DGAI 
DGA2 
OGA3 
DGA4 
DGAS 
DGA6 
DGA7 

covo on A TÖ o ovou a 

MLUMN ) 

10 + 7 

LDGCPUENT 30 G3 ( WRITE ) 
EN ( READ ) LDGCAST 

LDGAAST 

DG010 2 7 14 010 1A , 2A , 3D , 1A , 2A 

CONTROL BUS 

DATA BUS 

ADDRESS BUS 

FIG . 3 . 41A 



U . S . Patent Apr . 28 , 1987 Sheet 62 of 477 4 , 661 , 767 

TTT ITT 
+ 5V 

U22 
RAM 64KX 1 

( ROW ) 

DGAO 
OGAI 
DGA2 
DGA3 
DGA4 
DGAS 
DGA6 
DGA7 

5162103 @ woonte o conto 
zažss 
LUMN ) 

10 + ) 

LDGCPUENT G3 ( WRITE ) 
EN ( READ ) 

LDGCAST 
LOGRAST 

DGD 11 2 14 011 
1A , 2A , 30 , 1A , 2A o 

16 
CONTROL BUS 

DATA BUS 

ADDRESS BUS . . 

FIG . 3 . 41B 



U . S . Patent Apr . 28 , 1987 Sheet 63 of 477 4 , 661 , 767 

OQO ADDRESS BUS , 
+ 5V 

U7 
RAM 64KXI 

sun ? I si A355 DGAO 
DGAI 
DGA2 
DGA3 
DGA4 
DGA5 
DGA6 
DGA7 

625 9t ( ROW 
12 25 10 + / 

11 + 7 ) Õum von Aöo ovo on a 
1028 4 + 
921 I ( COLUMN ) COLUMN ) 

LOGCPUENT G3 ( WRITE ) 
EN ( READ ) 

LDGCAST 
LOGRAST 

DG012 2 14 
1A , 2A , 3D , 1A , 2A DH 012 

16 
CONTROL BUS 

S 

DATA BUS 

ADDRESS BUS 

FIG . 3 . 410 



· U . S . Patent Apr . 28 , 1987 Sheet 64 of 477 4 , 661 , 767 

+ 5V 
U2 

RAM 64KX 1 

DGAO 
DGA ! 255 

( ROW DGAZ 
DGA3 
DGA4 
DGA5 
DGA6 
DGA7 

CEO 
Ovono 6 covou a 

| ( COLUMN ) 

10 + 7 ) 

/ LDGCPUENT 3 G3 ( WRITE ) 
EN ( READ ) Tid & 

151 LOGCAST 
LOGRAST 

DGD2 
1A , 2A , 3D , 1A , 2A 7 14 02 D 

16 

FIG . 3 . 41D 



U . S . Patent Apr . 28 , 1987 Sheet 65 of 477 4 , 661 , 767 

+ 5V 
U18 

RAM 64KX 1 

( ROW ) 

OGAO 
DGAI 
DGA2 
DGA3 
DGA4 
DGA5 
DGA6 
OGA7 

Tó 
7 + KCOLUMN ) 

104 ) 
LOGCPUENT 3 G3 ( WRITE ) 

EN ( READ ) 
LDGCAST 
LOGRAST 

DGD3 2 14 1A , 2A , 30 , 1A , 2AD D3 

FIG . 3 . 41 € 



U . S . Patent Apr . 28 , 1987 Sheet 66 of 477 4 , 661 , 767 

+ 5V 
U3 

RAM 64KXI 

( ROW ) 

DGAO 
DGAI 
OGAZ 
DGA3 
DGA4 
DGAS 
DGA6 
DGA7 

Locoon too oooo una HHHitttttt KCOLUMN ) 
LDGCPUENT 3D G3 ( WRITE ) 

EN ( READ ) 
LDGCAST 
LDGRAST 

DGD4 14 1A , 2A , 3D , 1A , 2A DA 04 

16 
CONTROL BUS 

FIG . 3 . 41F 



U . S . Patent Apr . 28 , 1987 Sheet 67 of 477 4 , 661 , 767 

ADDRESS BUS 
+ 5V 

U23 
RAM 64KXI 

1A55 
( ROW ) 

DGAO 
DGAI 
DGA2 
DGA3 
DGA4 
DGA5 
DGA6 
OGA7 

Õwoonooooo noon 13 210 Omo F 12AS5 
( COLUMN ) 

LOGCPUENT 
G3 ( WRITE ) 
EN ( READ ) 

15 LOGCAST 
LDGAAST 

DGD13 
14 1A , 2A , 30 , 1A , 2A OK 
D 13 

16 

FIG . 3 . 42A 



U . S . Patent Apr . 28 , 1987 Sheet 68 of 477 4 , 661 , 767 

+ 5V 
8 18 

RAM 64KX 1 

( ROW ) 

DGAO 
DGAI 
DGA2 
DGA3 
DGA4 
DGA5 
DGA6 
DGA7 

Õ6 @ voon Auto o o covou a 11777 

LCOLUMN ) 

| LOGCPUENT 3 G3 ( WRITE ) 
EN ( READ ) & 

LDGCAST 
LDGRAST 

DGD14 2 
1A , 2A , 30 , 1A , 2A O 

E16 
CONTROL BUS , 

FIG . 3 . 42B 



U . S . Patent Apr . 28 , 1987 Sheet 69 of 477 4 , 661 , 767 

+ 5V 
U19 

RAM 64KX 1 
? 

? 

? 

? 

? 

? ( ROW ) 

DGAO 
DGAI 
DGA2 
DGA3 
DGA4 
DGA5 
DGA6 
DGA7 

12 / 27 ? 11771 ? ? 

? 

? 

255 
7 + KCOLUMN 
? 

? 

to tt ) 
| LOGCPUENT 3 G3 ( WRITE ) 

EN ( READ ) 
LDGCAST 
LOGRAST 

DGD5 
7 14 1A , 2A , 30 , 1A , 2A OH 
DS 

T 16 
CONTROL BUS 

FIG . 3 . 420 



U . S . Patent Apr . 28 , 1987 Sheet 70 of 477 4 , 661 , 767 

DATA BUS 
ADDRESS BUS 

+ 5V 
14 

RAM 64KXI 

( ROW ) 

DGAO 
DGAL 
DGA2 
DGA3 
DGA4 
DGA5 
DGA6 
DGA7 

von A ? omvou 11 + 7 htttttttttttttt ( COLUMN ) 

Ø 

/ LDGCPUENT 3 G3 ( WRITE ) 
EN ( READ ) 

15 LDG CAST 
LOGRAST 

DGD6 
1A , 2A , 30 , 1A , 2A 

06 

716 
' 

am 

FIG . 3 . 42D 



U . S . Patent Apr . 28 , 1987 Sheet 71 of 477 4 , 661 , 767 

CONTROL BUS 
DATA BUS FIG . 3 . 43A 

Z 
+ 5V + 5V 

LOGRASI 14 U24 
RAM 64KXI 335 5420 LOGCAS 

TREG 
10 

??? ? o | 
255 
( ROW ) DI 

DGAO 
DGAI 
DGA2 
DGA3 

81 DGA4 
DGA5 
DGA6 
DGA7 

6 
12 
11 no 02 

03 
D4 

19 OG DO 
6 DGDI 
5 OGO2 
2 DGD3 
19 DGD4 
16 DGD5 

06 15 DGD6 
12 DGD7 9 17 3 

( COLUMN 

LOGCPUENT 3 G3 ( WRITE ) 

& EN ( READ ) 
LDGCAST 15 

LOGRAST 4 

DGD15 174 015 
o 1A , 2A , 30 , 1A , 2A 

316 



U . S . Patent Apr . 28 , 1987 Sheet 72 of 477 4 , 661 , 767 

+ 5V 
U20 

RAM 64KXI + ?v U36 
ILEN 

LDGMBMEN 1C 

D9 
DIO 

DGAO 5 
DGAI 7 
DGA26 
DGA3 12 
DGA4 
DGAS 10 
DGA6 13 
DGAT 9 

DIL 
D12 ?????????????????? ?? 02 DGDS 

05 DGD9 
6 DGDO 
9 OGOUT 
16 DGD12 
19 OG013 
15 DG014 
12 0G015 

D13 
014 
D15 

LOGCPUENT3 

EN ( READ ) 
LDGCAST 13 

LDGRAST 41 

DGD 7 
07 14 

H 1A , 2A , 30 , 1A , 2A7H 
DIE 

FIG . 3 . 43B 



U . S . Patent Apr . 28 , 1987 Sheet 73 of 477 4 , 661 , 767 

FIG 
3 . 43B 

FIG . 3 . 43A FIG 3 . 470 FIG 3 . 47F 

5 ! 428 5 . 20 3 . 42B 3 . 42D 

FIG 3 . 47B FIG 3 . 47E 

E1420 3 . 42A 

FIG 
3 . 410 

FIG 
3 . 417 FIG 3 . 44 FIG 3 . 47A FIG 3 . 470 

FIG 3 . 48 
F [ 1818 G 
3 . 41 € 

FIG 3 . 46D 
F G 
3 . 41A 

3 . 46B 

FIG FIG 
3 . 46 A 

w 

E ! & OB 51 , 400 
3 . 460 

FIGL FIG 
3 . 45D FIG 13 . 45C FIG 

3 . 40A El 200 
FIG 3 . 45A 65 in FIG 3 . 45B 



CONTROL BUS DATA BUS 

G CONTROLLER 

LDGSRO 
HDGXYFULL 12 HDGEOD 11 21 

U25D DGHOLD 

4 

. 

+ 5V 14 

+ 5V 

152 

U . S . Patent Apr . 28 , 1987 

PRFSH 

LDGENDOPIX 

085101 - 60014 ( SHEET 3 OF 3 ) 
A14 DISPLAY GENERATOR 

DGD 13 DGD 14 DGD 15 LDGXYEMPTY LDGREL 
+ 5V 

R10 10K 

Sheet 74 of 477 

TP22 FREERUN 

EN . ROM 

HDGSEQS1 
A , 1 , VH All , VI 

HDGSEQS2 
A , 1 , VH 

HDGSEQS3 HDGSEQS4 
A , 1 , ? A , 1 , VH 

HDGSEQS5 HDGSEQS6 
A , 1 , VE 

13 HDGSEQCIN 
A , 1 , v 14 NC 1A , 1 , VH12 _ 

4 , 661 , 767 

FIG 3 . 45A 

10 



U53 

+ 5V 
1 20 

U . S . Patent Apr . 28 , 1987 

? ?? ? 128 256 EN 
ROM 1A , 1 , V A , 1 , V A . 1 . V A . 1 , v A . 1 , A , 1 , VH4 

Sheet 75 of 477 

A . 1 , ? L3 A . 1 , VH 

14 . 

10 

4 , 661 , 767 

G CONTROLLER 

FIG 3 . 45B 



U . S . Patent Apr . 28 , 1987 Sheet 76 of 477 4 , 661 , 767 

CONTROL BUS 
0 DATA BUS 
0 

G CONTROLLER 

US6 
+ 5V 
116 

LOGRAS IR 
LOGCAS 9 

REG 
HDGNEWPIX 

| 6 LOGATTRLD ??? 22121 | 15 
14 OGXYLD 

10 NC IOCXYCLR 

FIG 3 . 45C 



U . S . Patent Apr . 28 , 1987 Sheet 77 of 477 4 , 661 , 767 

- 

U55 + 5V 
| 16 

LDGXFER 
15 

MUX 
+ 5V HOGXYS1 

12 HOGXYS2 
HYDGXYS5 

Obrad OTO muncum NI 

4 HYDGXYSE fondo O 

G - CONTROLLER 

FIG 3 . 450 



U . S . Patent Apr . 28 , 1987 Sheet 78 of 477 4 , 661 , 767 

CONTROL BUS 

H X - Y PROCESSOR 059 + 5V / 20 
+ 5V : 16 

DGXYCLK 
DGXYS1 
DGXYS2 olukolo 

II III 
ac u ? 35 ADDER 

CONTROL 
STACK CONTROL 

18 DGXY55 
GXY56 17 OUTPUT 

SELECT 
ALU 

DOO DGDO 
DGD1 
DGD2 
DGD3 DOON 

D20 
D 21 
D 22 
D 23 

15 DGXYO 
I 1 . 4 DGXY1 DO1 13 DGXY2 D02 12 DGXY3 DO3 

U58 + 5v | 20 
16 . + 5V 

DGXYCLK 
DGXYS1 
DGXYS2 

ADDER 
CONTROL 

I II . II STACK 
CONTROL 

DGXYSS 
DGXYS6 OUTPUT 

SELECT 

ALU 

DGO4 
DGD5 
DGD6 
DGD7 

11020 
D21 
D22 
D23 

DOO 
D01 
DO2 
DO3 

15 DGXY4 
14 DGXY5 
13 DGXY6 
12 DGXY7 

FIG 3 . 46A 



U . S . Patent Apr . 28 , 1987 Sheet 79 of 477 4 , 661 , 767 

CONTROL BUS 

an DATA BUS 

U44 
+ 5V 
120 

sc 

REG 

HOGTESTCLK _ 1 _ _ 
LDGTESTEN 1 
70 

DGXYO 18 
DGXY1 
DGXY2 14 
DGXY3 13 
DGXY4 
DGXY5 
DGXY6 
DGXY7 Holololololololol 

DGDO 
DGD1 
DGD2 
DGD3 
DGD4 
DGD5 
DGD 6 
DGD7 

NOTE 3 U43B 

2 . HGDTESTCLK 11 
HGDTESTEN 1 > C 

EN 
REG 

13 DE 12 14 
DGXY8 
DGXY9 
DGXY10 
DGXY11 

18 
14 

DGD8 
DGD9 
DGD 10 
DGD 11 

15 
16 

TEST REGISTER 

FIG 3 . 46B 



U . S . Patent Apr . 28 , 1987 Sheet 80 of 477 4 , 661 , 767 

157 + 5V 
20 

+ 5V _ 16 
I II 

DGXYCLK 
DGXYS1 
DGXYS2 ADDER 

CONTROL 
STACK 
CONTROL 1 + 5V - 

I DGXYS5 
DGXYS6 OUTPUT 

SELECT 
I 

ALU 

020 
DGD8 
DGD9 
DGD 10 
DGD11 

021 - ON DGXY8 
DGXY9 
DGXY10 
DGXY11 

DOO [ 14 D01 13 002 12 D03 
3 

D 22 
D23 

NC 

FIG 3 . 46C 



DISPLAY BUFFER 
+ 5V 

U76A 

20 

NOTE 3 

EN1 
19 

EN2 BUF 

U75 100 

U . S . Patent Apr . 28 , 1987 

10 

W 

6 

12M 

DGXYO DGXY1 DGXY2 DGXY3 

11 

< P2 - 101 ( OUT ) HXYO P2 - 45 ( OUT ) HXY1 P2 - 102 ( OUT ) HXY2 P2 - 46 ( OUT ) HXY3 

HD 2 

+ 12 

LD 2 V ID 21 D 2 V 
| 10 

13 

11 . 

073 

+ 5V 
| 20 

TO A6 THRU A10 . A17 

. 

EN1 
19 ) 

EN2 BUF 

12 

HD1VH 
11 

19 
D21 

Sheet 81 of 477 

8 

10 

. 

14 

DGXY4 DGXY5 DGXY6 DGXY7 DGXY8 DGXY9 DGXY10 DGXY11 

6 13 4 

Ssssss 

12 13 14 

< P2 - 103 ( OUT ) HXY4 P2 - 47 ( OUT ) HXY5 P2 - 104 ( OUT ) HXY6 P2 - 48 ( OUT ) HXY7 P2 - 105 ( OUT ) HXY8 
< P2 - 49 ( OUT ) HXY9 ( P2 - 106 ( OUT ) HXY10 < P2 - 50 ( OUT ) HXY11 

17 
D 2 

1 16 

DIV D2V DIV D2V 
15 

1 

5 

15 

2 MM 

4 , 661 , 767 

17 

16 

10 

DATA BUS 

FIG 3 . 46D 



CONTROL BUS 

O 

ATTRIBUTES 
LOGXYEMPTY 

HOGXYFULL 

TP5 FULL 

U . S . Patent Apr . 28 , 1987 

+ 15V 

NOTE 3 

NOTE 3 

U14A 
16 

U148 

LDGLXYCLR DGXYCLK 

R 

N13 ; 

+ 5V 

9 loc 

Do šol 

U30A 

REG 

REC 

10 

1 

7 

. 

LDGXFER DGD12 DG013 

LDGXYEMPTY DGSLOW 
4 

51 

Sheet 82 of 477 

15 

13 

| 12 

HDGDOT ON 

DGSLOW 

4 , 661 , 767 

FIG 3 . 47A 



CONTROL BUS 

1 + 5V R8 

DL1 

HOGFWOW 
HLGCLK 

215 

U . S . Patent Apr . 28 , 1987 

DELAY LINE 250RS 

U15C 

U30C 

R9 215 

N 

225RS Chun167 100RS 
& 

LDGLINEBLANK 

+ 5V 
20 

U46 
+ 5V | 16 

U42D 

U45 11 
> C 

+ 5V ? U26A 7 > 1 Jana 

97 . C 

de 

EM 

Sheet 83 of 477 

REG 

U420 

REG ID V4 HD VP 
O V b 

HDGDOTONY 
U15D 

140 V 180 V 17D V 

& 

U310 

U3OF 

13 

1 

4 , 661 , 767 

U3OE 

D VE 
10 

. 

FIG 3 . 47B 



CONTROL BUS 

U72H 

R12 

HSLOW 

KP2 - 100 ( OUT ) 

LSLOW 

+ 5V 

U75B 

U . S . Patent Apr . 28 , 1987 

U72A 

13 

KP2 - 98 ( OUT ) 

ILLGCLK 

160 

+ 5V 
16 

100 m2 

SEL 1 DEN . . MUX 

R13 

H LINE BLANK 
H DOT BLANK 

* P2 - 99 ( OUT ) WBLANK 

Sheet 84 of 477 

U75A 

H LINE BRIGHT 

P2 - 42 ( OUT ) HBRIGHT 

031C 

19 

tuta 

P2 - 43 ( OUT ) 

HDIM 

14 | 

12 

* P2 - 44 ( OUT ) LG SPARE ( NOT USED ) 

4 , 661 , 767 

100 m 

FIG 3 . 470 



DGATTRCLR 
U13 

+ 5V 

X - V 

DGD9 DGD10 DGD11 

212 

8 . A 

DGNEWPLK 

noleo 

U . S . Patent Apr . 28 , 1987 

> 1 

LDGATTRLO 

+ 5V 

U26B 

DGD8 

13 h 

U15A 

10 , 2 1 , 8 2 . 8 3 , 8 * 4 . 8 5 , 8 

5 6 7 8 10 11 

HDGRELPPLT HDGCHPCL HDGERT HDGDIM HDGEOD 

LOGAITRLO DGD 8 

6 . 8 

+ 5V 

NC 

Sheet 85 of 477 

7 . 8 

U32 

R5 R4 90905 
9090 Z 

750 
AAR 

61 . 9K 

+ 5vm 

( TIMING ) 

4 , 661 , 767 

TP13 

FIG 3 . 47D 



TP4 SA2 STOP 

ADGBLINK 

U . S . Patent Apr . 28 , 1987 

U31A 

TP7 EOD 

Sheet 86 of 477 

UJOB 

TP2 SA2 START 
TP6 TE 

U31B > 1 

U3OD 

LDGTEST 

4 , 661 , 767 

FIG 

3 . 47E 



LDGTESTEN H DGTESTCLK 

U . S . Patent Apr . 28 , 1987 

+ 5V 

U43A 
20 

NOTE 3 

Hen , REG RECTO OD V DV D VI DVH 

DGD12 DGD13 DGO14 DGD15 

10 

Sheet 87 of 477 

LDGREL HDGEOD 

4 , 661 , 767 

FIG 

3 . 47F 



U . S . Patent Apr . 28 , 1987 Sheet 88 of 477 4 , 661 , 767 

A15 1 . 0 BOARD 
085101 - 60015 
( SHEET 1 OF 2 ) 

FIG . 3 . 49 
Pl - 37 ( IN ) > 
Pf - 92 ( IN ) 
Pl - 38 ( IN ) > 
PI - 93 ( IN ) 
Pl - 39 ( IN ) 
Pl - 94 ( IN ) 
P1 - 40 ( IN ) 
Pl . 95 ( IN ) Sad 
PL - 41 ( IN ) lalal 

Pl - 48 ( 1 / 0 ) 
Pl - 103 ( 1 / 0 ) 
PL - 49 ( 170 ) 
Pl - 104 ( 1701 
Pf - 50 ( 170 ) 
PL - 105 ( 1 / 0 ) DE 
PL - 51 ( 1 / 0 ) 
PL - 106 ( 1 / 0 ) 
PL - 52 ( 170 ) D9 
Pl• 107 ( 170 ) 
PL - 53 ( 170 ) DIT PL - 108 ( 1 / 0 ) DIZ 012 P1 - 54 11 / 01 - 013 
PI - 109 ( 1 / 01 014 
PI - 55 ( 170 ) 
PL - 110 010 ) DIS 

- + 12V 

62318 + - CIE + 5V 

TO POWER SUPPLY FILTERING 
P2 - 9 , 64 ( IN ) . 1 

626 
50 uf ??? ! 

P2 - 7 , 8 ' M 
62 , 6371 C16 C28 - 32 C3 C 1015 

22 34 . 40 0 . 1 + 0 . 1 701 TPI3 TPIS P3617 6 / 622 , 15 , 29 , 41 1 5 22 0 . 1 7 , 84 ; 95 : 110 ( IN ) I OGND 
PL - 1 , 10 , 19 , 22 , 27 , 36 DIGITAL GROUND 47 , 56 , 65 , 74 , 82 , 91 , 

102 , OGND ( IN ) | VRI 7 NOTE 3 
A . 5V ! CIT 

3750 F0 . 1 JIH - 5V + 0 . 57 
P2 - 10 , 65 ( IN ) 

- 12V i TC27 
+ 50 uF 2 

HIN 

2 . 2 
- 12V 

052 NOTE 3 
OUT R23 IC2 

348 . T luf 

- 6V < P2 - 32 ( OUT ) - 6 TQ24 ADJ 
Uuto 

+ 1 
R24 

31 . 33K 
- - - 



U . S . Patent Apr . 28 , 1987 Sheet 89 of 477 4 , 661 , 767 

· FIG 3 . 50A 
A PROCESSOR INTERFACE P2 - 67 ( 108MHz CLK 

P2 - 14 ( NLPAST 
U210 

P1 - 46 ( INOLIO 
P2 - 3 ( INOLASY 

- U34B 

1478 
P2 - 40NOLDTACK ) 

147A U8CM 
U291 

TOWRITE 

LOWRITE 

P2 - 58 ( INOLWRITE • U42F 



oll 

8MHz CLK IO PRST LIO PAST 

70 le 

U21B 

+ 5V 

+ 5V 

RAB 

146 116 

10K 

G4 

U . S . Patent Apr . 28 , 1987 

& 

G5 

U34A + S4A 

111 

TP5 

X + Y 

+ 5VdS 

U27 

4 , 0 b 

NC 

4 , 16 4 , 210 

LIST LIOSTS IO EN LIFEN 

FIG 3 . 50B 

2 

DNC 

U42D 

??8 

& LIOEN U330 

LINTVECT EN 10 WRITE LIO WRITE 

Sheet 90 of 477 

U28t5V 
20 

U27A 

18 

12 V33D 

11 LIOWREN 

REG 

1 

& 

boot 

2A3 

U33B 
LIORDEN 

oleodolood 
DIDDOPPODE 
ulilolog 

IOA1 ) IOA2 10A3 JOAA 10A5 10A6 TOAT 

4 , 661 , 767 



030 

+ 5420 

+ 5V 

U29 

JGI 1 G2 BUELO SO1002 2010022 

3234 5 6 7 8 9 

IODO TODT IOD2 TOD3 10D4 1905 JO16 IODZ 

U . S . Patent Apr . 28 , 1987 

2 10 D2 . 

U32 

+ 5V 120 

+ 5V 

131 

G G2 

238456 73839 

EN I BUF 11025 
18 

D8 

15 

D9 010 Dil 012 013 04 D5 

. 

Sheet 91 of 477 

1008 1009 L00101 I0D11 ) IOD12 10013 1on14 TOD15 

017020 01102 019 02015 013 2014 010 328 
??? 

010 D2 

ADDRESS BUS 

4 , 661 , 767 

DATA BUS 

FIG 3 . 500 



U . S . Patent Apr . 28 , 1987 Sheet 92 of 477 4 , 661 , 767 

H 

U17 116 

CADDRESS DECODER U27 E INTERRUPT BUS DATA BUS ADDRESS BUS IpCONTROL BUS LOTAPCS 
Loisirs 
108105 
LOT IMOS . 

DASU , 
QA62 , 1 11 . 1 
QA77 

U10 V 

DE EGET 
LO STB 

??3 
IOA XY tone LOAPCS 

SEKS UCIEN 
UCZEN 
LOAPG 

SOTTO NC 
& CO 

* ?v USA 
VC 

XY 15 UOSTATUSO 
LA LENWATCH 
113 LCLAWATCH 
112 VOALGTW . 
IT LOFTCA 

10 LOFLG2W 
Sko TRPGSET 

17 . 1 LAPGCIA 

ON 
45D # 61 

46P Las 

ADCINT 
B LF . DETECTOR INTERFACE 

IST 

( P1 - 780 LADONT 
P1 - 23 . 000 ISRO 
P1 - 20COUTUIST 

42A ?? 
OPAST P1 - 77 ( OUTLPAST 
IOWATE111 - - P1 - 75 ( OUTLAW 

Bb UFEN 

P1 - 24COUTURO 
P1 - 79 ( OUTLAORI 
( P1 - 25COUTIADR2 
< P1 - BOCOUTMADR3 
P1 - 25COUTIADRA 

< P1 - 81 ( OUTLADAS 

38 
1 BUF Puss 
D10 D2 12 
9220 V 410 D20 2 1 

03 . 15 2010 025 010 020 04 14 010 02 D3 13 
110 22 
210 D2 

< P1 - 2800pro 
KP1 - 8300281 
KP1 - 290 / O D82 
( P1 - 840 / O DB3 
< P1 - 300 / 0084 
P1 - 4500rss 

( P1 - 31do 286 
( P1 - BQVOD87 

192 
06 72 919 027 

1976 

1445 
EN 
1 BUF 

180 . 1002 ( P1 - 320 / 03088 
09 17 Sa 029P1 - 870 / 0 / 089 D10 16 010020 ( P1 - 330070810 011 15 010 0206P1 - 88CVOX0811 012 14 P1 - 34 ( 100812 D13 13 < P1 - 894OD813 0124 125 10 D2 . P1 - 35 ( VORDB14 015 11 . 10 D2 , P1 - 90 ( VOXD815 

810 D206 
10 02 . 5 

FIG 3 . 51 



U . S . Patent Apr . 28 , 1987 Sheet 93 of 477 4 , 661 , 767 

J 

r 

D CLOCK GENERATOR AND SHUT - DOWN 
CL K8MHzc 7022B _ , + 5V TP3 

2 _ 10 CLK4MH27 
HH TMAZ 02MH7 
1878 

10500KIZ 
+ 5V 

???? LUIS | 
10 125KHz 
10 31 KHZ 

U6 + 5V 

OLI Natten 
( 256 L ' & SEC 

0426D4 , U7A + 5V 7 037D ] 142BV LIOPRST 
LCLRWATCH 
TRITATEM suc 

1 - 114 13011 P2 - 15 ( OUT ) tre zool ! 1960 PC1018 LSHON + 5Vsb - NC SNC 

- - - FIG 3 . 52 



CONTROL BUS ( TO SHEET 2 ) : ADDRESS BUS ( TO SHEET 2 ) DATA BUS _ ( TO SHEET 2 ) 
INTERRUPT ( TO SHEET 2 ) 

F INTERRUPT CONTROLLER • TP14 

le 

U . S . Patent Apr . 28 , 1987 

8 U740 

HMULBSY 
P2 - 95 ( IN ) 

Y P2 - 13 ( OUT ) LNMI . 

> R58 S1000 

+ 5V 

U20 120 

21 013 19EN2 

LINTWECTEN 
HMULBSY 

BUF D2 , D2 , 
D2 , 76 D2 , 

IOD2 IOD5 IOD6 IOD7 

Sheet 94 of 477 

þ 

4 , 661 , 767 

FIG 3 . 53A 



128 

NOTE 4 + 5V 

. 

> R47 IOK 

TP6 

+ 5V 

R44 

U9 

1000 

113 CASCADE EN 

LICIEN 

PAUSE 

LIOWREN 20 WRITE 
LIORDEN 30 READ RIPOD 260INT ACK 

16 _ 

27 COM 

CASCADE ODATA 

LINTVECTEN 

U . S . Patent Apr . 28 , 1987 

JIOAI 

+ 5V 3148 

INT CONT 
DOI 

ADCINT 

1 / 10 

IODO 

+ 5V 

DI D110 _ IODI D2 09 1002 

P2 - 5 ( IN ) LREFINT 

7 U19A 

HIOHPIB2 HIOHPIBI 

D3D 

1003 10D4 

Sheet 95 of 477 

D4VI 

+ 5V 1487 

D5? 

ISRQ HRPGINT HIOF PINT 

1005 1006 
6 

D60 15 D7 ? 
GINT 

LGINT 
P2 - 59 ( OUT ) 

4 

IOD7 

NC - 2 

LGINI 
14 

NOTE 4 
FIG 3 . 53B 

4 , 661 , 767 

? 



UIO 

NOTE 4 

+ 5V 
28 

RIP612 _ 

CASCADE EN 

LIOREN 

EN PAUSE . 5 NC 

LIOWRENZO WRITE LIORDEN 3 . PO READ 26dINT ACK 
COM CASCADE DATA 

U . S . Patent Apr . 28 , 1987 

LINTVECTEN IORI 

27 

16 . NC 

INT CONT 

poslODO 

LIOMPINT LIOSRQINT LVOSEC LIOMSNT + 5vit44B 

WN = 

D2 DH DIVI 
S9 IOD2 2018 10D3 17 

D4V 

TOD4 

Sheet 96 of 477 

NOTE 4 

2 - 69 ( IN ) LPFA 
2 - 60 ( IN ) L MBMINT 

o ?? 

6 1005 

D5V 
Den 15 TODO 
4 IOD7 17 LGINT 

GINTO D7VH 

TP2 

14 

R56 

4 , 661 , 767 

HTEST 

1000 

FIG 3 . 530 



U24 

+ 5V 
20 

CENT 

LIOSTATUSO LTAPE ERROR + 5V 

120 EN2 

U . S . Patent Apr . 28 , 1987 

TP7 

R49 > IOK 

BUF 
418 
DIY 

TOP VIEW 052 

LIDPMRINT LDAVJET . LIOPROINT 

DIV D2V DIVE D2VH 
15 

TODO IODI IOD2 IOD3 1004 1005 

NC 

TODO 

IOBAUDCLK 

JOD7 

Sheet 97 of 477 

1 . ADJUST 2 . INPUT 3 . OUTPUT 

4 , 661 , 767 

FIG 3 . 53D 



FIG 3 . 49 

I 

FIG 3 : 50A 

U . S . Patent Apr . 28 , 1987 

FIG 3 . 50B 

FIG 3 . 53A 

FIG 3 . 530 

FIG 3 . 51 

FIG 3 . 52 

FIG 3 . 500 

FIG 3 . 53B 

FIG 3 . 53D 

FIG 3 . 54 

3 . 55A 

FIG 3 . 57A 

FIG 3 . 57B 

FIG FIG | 3 . 58A | 3 . 58B 

Sheet 98 of 477 

3 . 56A 

3 . 55B 

FIG 3 . 560 

3 . 56B 

FIG 3 . 560 

3 . 55D 

FIG 3 . 570 

FIG 3 . 57D 

FIG FIG 3 . 580 | 3 . 580 

3 . 55C 

4 , 661 , 767 

FIG 3 . 59 



CONTROL AUS ( FROM SHEET ) 
ADDRESS BUS ( FROM SHEET I ) DATA BUS ( FROM SHEET 1 ) 

INTERRUPT BUS ( FROM SHEET 1 ) 

TG BEEPER AND CRT BLANK 

la 

U . S . Patent Apr . 28 , 1987 

U2B 

watu 

LIOPRST 

8 

ERT TIMINGI 
I 

+ 5V 

A17 

CRI AIO J2 
P2 . LA433 . 17 
+ CRT 

LIOFLGIW 

- 

T Fico 

1003 1004 IOD5 

E Qreeeee 

H000 

HCRTDSBL P2 - 70 ( OUT ) 

IOD6 

16 

LOD7 

19 

HTEST 

TPI 

Sheet 99 of 477 

FIG . 3 . 55A 

4 , 661 , 767 












































































































































































































































































































































































































































































































































































































































































































































































































