
Slave Processor Control 

u23 

CPU.ST1 22 
~U.STO 23 
CPU.SPC' 21 

NS32081 FPU 
16 

ST1 015~ 
STO 014~ 
SPC' 013~ 

TCU.RST' 15 
TCU.CTTL 14 ~ 

Vee 24 VCC 

&JaNDL 
~GNDB 

Timing Control 

AID-Bus (24/32) 

(ad0 .. ad23, d24 .. d31) 

012~ 
011~ 
010~ 
09 t-':---1 
oa.4.-
01 r4--
D6 ~ 
05~ 
04~ 
03~ 
02~ 
01~ 
DO~ 

1K IS Vee 
<:'"""' RESET.IN' _., r-- -

~ 
u35 

TL nos 
1 

Vref SENSE rl- R' 
._L RSTI' RSTO t-6 l)1K 

~Ct RSTO' 
5 t 

G.3 :::!::: C'i 
0.1uF r-r1uF 

Vee /!Zl?J 

10K.rir 4K7 ,,....u24.._ __ 

, tt ~ NS32032 CPU 
CPU.BE3 56 BE3' 031 ~ 
CPU.BE2' 57 BE2' D30 ~ 
CPU.BE1' 58 BE1, D.29 ~ 
CPU.BEO' 59 BEO' D2S ~ 
ICU.INT' 15 22 
CPU.NM!' 14 INT' 027 ~ 
CPU ILO' 13 NMI' 026 ~ 

. ILO' 025 "'"'==---
CPU.ST3 8 ST3 

024 
~ 

CPU.ST2 10 ST2 AD23~ 
CPU.ST1 11 ST1 AD22 ~ CPU.STO 12 STO AD21 ~ CPU.PF~ 7 29 
CPU.ODIN' 6 PFS' AD20 ~ 
CPU.ADS' 1 ODIN' AD19~ 
CPU.UIS' 68 ADS' AD18~ 
CPU.SPC' 65 UIS' AD17~ 
MMU.FL T' 64 AT'ISPC' AD16 ~ 
~U.HLDA' 55 DS'IFLT' AD15~ 
HOLD' 54 HLDA' AD14 ~ 

s HOLD' AD13 ~ 
MMU.R T' 63 RST'IABT' AD12~ 
CPU.ROY 53 ROY AD11 ~ 
TCU.PHl2 2 39 
TCU PHl1 3 PHl2 AD10 ~ 

. PHl1 AD9~ 

~RES ADS~ 
AD7~ 
AD6~ 
ADS~ 

----------50~eeG AD4~ ..... vee ____ __,,1,"-8-tVCC AD3 ~ 

c-t*::;~ l ~ GNDL AD2~ 
+ Cl [ 16 GNDB1 AD1 I : I 

1-- ~ GNDB2 ADO~ 1uF1nF v- ..._ ____ __. 

r; 
30pF "T" 20MHz 

IUo( 

f-i!J.i~ u$ 
470 I) R1 13 NS32201 TCU 23 

~XIN PER'~ 
XOUT C'NAIT'~ 

WAITS'~ 
~ODIN' WAIT4'~ 
~ADS' WAIT2'~ 7 

RSTI' WAIT1'~ TCU.RST' 
: RSTO' 

I-~ TCU.PHl2 10-IRDY WR' 
PHl2 RD' I-~ TCU.PHl1 11 
PHl1 14-TCU.FCLK 15 
FCLK 

RWEN' 1 
TCU.CTTL 16 CTTL 

DBE' ~17 TSO' 

Vee 24 VCC 

u25 

45 NS320B2 MMU 4114!!!_ ll.f 
MMU.ADS' ,,..;- INT' A24 I 4 -, ~ 
~-r.::U~~-r.T3:=--40.,.,......PAV' A23 1 
CPU.ST2 41 ST3 A22 ra-i 

l---:i:c~~:o----;,;...tST2 A21 r-----1 
--~~"'"·S~T.;...,1.___4.=2-ST1 A20 ~ 
t---CPU~"'"·:ST0=:--43~STO A19 ~ 

.z::Pl"'"~=::-:~':--;38~PfS' A18 ~ 

.z::Pl"'".~DD~l~N-'~38::::-tODIN9 A17~ 

.z::Pli":" . .,..,ADS~·~3:'::7,-tADS' A16 r?--, 

.z::Pl"'" . .,,.,ui::-:sr.:'-36:-::-1u1s• A015 ~ 
PU~ 35 9 

-~M-M;;..;U-,,.FL,_T'~_,33.._AT'/SPC' AD14 rro-i 
32 FLT' AD13~ 

Vee 

J4K7 

CPU HLDA' af -1 HLDAO' AD12 ~ 
HOLD' 30 HLDAI' AD11 ~ 
TCU.R~T' 29 HOLD' AD10 ru--
MMUBS__I' 34 RST' AOO ~ 
~ROY 28 ABT' ADS~ 
_!CU.PHl2 27 ROY AD7 ~ 
TCU.PHl1 26 PHl2 AD6 ~ 

PHl1 ADS~ 

Vee 48 VCC 

'1= 

TCU.RST' OJ10 

CPU.ADS' OJ20 

AD4~ 
AD3~ 
AD2~ 

AD1 I~ I 
ADQt-=-1 

MMU.RST' 

MMU.ADS' 

MMU.FLT' ~ MMU.MAC' 

t-11~""' 
Vee 

Vee Vee 
(25pF)=r=r 
Cl¢¢~ ~'-G_N_P ___ __. 

if 11
1K f.fl. '"41<7 

MMU.AOS' 6 CPU.NM!' 

4 

5 2/, /0. 0 

6 CPU.RE I 

CPU.SEL' 
3 CPU.ROY 

CLR.REQ' 2 ROY 

ETH Zurich 

NS.s32.cpu1.SIL 

MPS' ?r-oc. C..I V-~kr 
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u3 
ALS645 - 031 2 AO BO 18 d31 - 030 3 17 d30 

'--- 029 4 A1 B1 16 d29 
:::::. D28 5 A2 B2 15 d28 - 027 6 A3 B3 14 d27 

=- D.26 7 A4 B4 13 d.26 
-::::: 025 8 AS B5 12 d25 
'--- D24 9 A6 B6 

11 d24 A7 B7 
DIR G' 

1119 
u4 
ALS645 

'-

D23 2 AO BO 18 8Cl23 = 022 3 17 ad22 
~ D21 4 A1 81 16 ad21 
- D20 5 A2 B2 15 ad20 
~ D19 6 

A3 B3 14 ad19 A4 B4 
\ ~ D18 7 AS BS 13 ad18 
j ~ 017 8 A6 B6 12 ad17 

<:....- D16 9 11 ad16 
'--- A7 B7 

DIR G' 

1119 
us u1 
ALS645 ALS645 

- D1S 2 AO BO 18 ad1S c- 031 2 AO BO 18 ad1S 
'--- D14 3 17 ad14 c- 030 3 17 ad14 = D13 

A1 B1 ad13 4 A1 B1 16 ad13 4 A2 B2 16 c- D29 A2 B2 '--- D12 5 A3 B3 15 ad12 c- D28 5 
A3 B3 15 ad12 

'--- 011 6 
A4 B4 14 ad11 =- D27 6 A4 B4 

14 ad11 
'--- D10 7 13 ad10 c- D.26 7 13 ad10 
;::: D9 AS BS 8d9 8 AS B5 

12 8d9 8 A6 B6 12 D25 AG. B6 <:....- D8 9 11 ad8 - D24 9 11 8Cl8 
'--- A7 B7 '--- A7 B7 

DIR G' DIR G' 

1119 
u6 

1119 
u2 

ALS645 ALS645 
c- D7 2 AO BO 18 ad7 D23 2 AO BO 18 ad7 
:=::::: 06 3 17 ad6 ~ D22 3 17 ad6 
< OS 4 A1 B1 16 adS - D21 4 A1 B1 16 adS 
<:....- D4 5 A2 B2 15 ad4 :::::. D20 5 A2 62 15 ad4 
'--- D3 6 A3 83 14 ad3 '--- D19 6 A3 B3 14 ad3 
'--- 02 7 A4 B4 13 ad2 :::::.. D18 7 A4 B4 13 ad2 
'--- D1 8 AS 85 12 ad1 :::::.. D17 8 AS BS 12 ad1 
'--- DO 9 A6 B6 

11 ado :::::.. 016 9 A6 86 11 adO - A7 B7 A7 87 

\ DIR G' DIR G' 
) 

1119 1] 19 
r/w' 
GD' 
GW' 

NS.s32..cpu2.SIL 2/9 
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Vee 
illil ill 

41<7 ]s2 u27 

28 ALS541 
2 DO YO 

18 07 -.., 3 17 06 
-J 

- 01 Y1 -"" 4 16 OS = -.., 5 02 Y2 15 04 -J 
-.., 

6 03 Y3 14 03 -J 

-.., 7 04 Y4 13 02 
-J 

-.., 8 05 vs 12 01 
-J 

- l, 9 06 VG 11 DO -J 

- "" 07 Y7 -J 

u 

GO' G1' 

CF/BT.CS' 1J 19 j 
_.. IORD' -

Configuration Register: 

DO: eltemate-boct 'Irio.._.tkos He. 
01: FPU IJ 
02: MMU 
03: not used 
04 .. 07: memory size ,_ RESET' -

, 4 1u~ 
CF/BT.CS' 2 O S'q_L 

ALS 

~ 6 
08 

CPU.ILO' 

u38c •ct 
CPU.ODIN' 5 AS 6 

TCU.RST' 
• TCU.FCLK 

• TCU.CTTL 

CPU.SEL' 

u21 
CPU.SEL' 

., 
PAL16L8A 

DBE' 1 _JIJ_ = A1 ~ ll 
- R/W' f( ..£1.. 
~ MMU.M~ ~ 1.'-

CPU.SEO' "' ' CPU.BE1' }_ ' CPU.BE2' I t 
~U.BE3' " 7,f> II: 

• line termination 

u7 I.tr 

AS244 
2 DO YO 4 
0 01 Y1 

02 Y2 8 
D3 Y3 11 

13 04 Y4 

15 05 vs 
17 06 VG 

D7 Y7 
GO' G1' 

1 19 

GD' 
GW' 

r/w' 
r'/w 
BEO' -J 
BE1' .-
BE2' ,_ 
BE3';::; 

..--...IOWR' -

Clfv 
r.!E 

4 
2 

1 
1 
1 
1 
9 
7 
5 
3 

I.fl 
)470 

ILO' 
AV'~ 

RIW'_..... 
RESET';:::; 

FCLK ~ 
elk -
~K-

NS.s32.cpu3.SIL 3/9 

ETH Zurich --8Us=f3ttffers A cld tU4 Lolc Lt 

3 74 

c Q~ ...L.f--
R' 

~ 

. . . 

Author: 

*~y us 
ALS573 

~· DO QO A23 -~· A22 = ~· 
01 Q1 A21 ...J 
02 Q2 -

~· A20 = ~· 
03 Q3 

A19 = 8d18 
04 Q4 

A18 = 8d17 05 Q5 
A17 = 8d1G 06 Q6 A1G = 07 Q7 -J 

G OE' 

u37c 
CPU.SEL' 9 

JALS 8 
BOOT.UP70 ~ 32 c 

u9 
ALS573 

8d23 2 DO QO 19 A23 --:) 
8d22 3 

01 Q1 
18 A22 --:) 

8d21 4 17 A21 -= 8d20 5 02 Q2 16 A20 = ed19 6 03 Q3 
15 A19 = 04 Q4 

8d18 7 14 A18 = Bd17 8 05 Q5 
13 A17 = 8d1G 9 06 Q6 12 A1G -J 

07 Q7 --
G OE' 

11 1 

u37d 
BOOT.UP12 

:::l ALS 11 
CPU.SEL '13 32 

u10 
ALS573 

8d15 2 DO QO 19 A15 
ed14 3 18 A14 ;:::::: 
Bd13 4 01 Q1 17 A13 -
Bd12 5 02 Q2 16 A12 -03 Q3 
ed11 6 04 Q4 15 A11 ;:::::: 
ed10 7 05 Q5 14 A10 
8d9 8 06 Q6 13 A9 ;:::; 
ad8 9 

07 Q7 
12 AS -

) 
G OE' 

11 1 

u11 
ALS573 

ad7 2 DO QO 19 A7 -adG 3 
01 Q1 

18 AG = BdS 4 17 AS = Bd4 5 02 Q2 16 A4 = 8d3 6 03 Q3 
15 A3 = ad2 7 04 Q4 
14 A2 = ad1 8 05 Q5 13 A1 

_J 

adO 9 06 Q6 12 AO 
--:) 

07 Q7 "':::> 

) 
G OE' 

11 1 

MMU.ADS' 3 AL 4 

u26b 
CPU.SEL' 

H.Eberle Date: 3.7.85 j 
REV. 21.5.86 



' l 
'--' 

\ 
\ 
! 

Vee 

4K7 I Is~ 
u15 
AS573 

2. c- DSP.REQ' 2 DO QO 19 
REF.REQ' 3 01 Q1 18 ..1. 

--- REQO' 4 
02 Q2 

17 _tJ_ 
:...._ REQ1' 5 16 s 
~ REQ2' 6 03 Q3 15 -'-04 Q4 :...._ REQ3' 7 05 QS 

14 _"l_ 
<... CPU.RE_Q_' 8 

06 Q6 13 a_ 
~ 07 Q7 t-12 

G OE' 

11 4 
u13 _2_ ;l 1 PAL16RtA 

TCU.FCLK 
_,-... -PERI- _!eV.cc-41 :3 7i r R/W' _l/_ ARBITER :K 

FSM '~ ;a_ 

If- (I OE' 
~K'2.. ~ 

u14 g 
4!' DO'] 1 PAL16RjJA 

3"_ 
"" 01' '.'- qo2• 

ARBITER 4'1. 03' 

FSM ltJ 
- WAIT2' 'I r WAIT1' ,.. 

c- CWAIT' ' TCU.CTTL .!I f.f OE' 
.,~ 3H1 ~ 

u~ /lZ'I 
Vee 

ti,r 

u12 

u16 
PAL16l.8A 

M-~ Sit+' 13 
{t 

PRIORITY lk 
~ ENCODER 
I/~ 

'" ttl it11' 13 

28 ~ 

CLR.REQ' 
DBE'~ 
OS'~ 

IORD' ._j 

IOWR'~ -

?.</>' 
I 

ROY ----

DSP.SEL' 
RFSH' 
_SELO' 
SEL1' 
SEL2' 
_gl3' 

~SEL' 

ANY' 

~ ;::; 
~ 

~ 

~ 

~ 

r.J 
..,,/ 

J 

A9 .. A23 PAL20L8A 
!Z. \0 ROM.EN' 

ROM SIZE 
321<8 .. 2561<8 

' IJZ5 
2 "z.t. 
3 11u 
" na, 
s n1!J 

' AU .,. nn. 
r n-11. 
.!J I/Ir 
lo IU:/ 

'" Al3 
'~ fll1. 
,,, n-11 
-ti flfo 

AV' 

JS 
J6 

ljf 

ETH Zurich 

.,. PER'-
3 '~ DEV.PGO' 

ADDRESS If: DEV.PG1' 
so 2.1 DECODER S1 ~., 

4K7t.so ,_1_0 ___ _, 

Vee 

NS.s32.cpu4.SIL 

Bus Arbiter 
Adress-Decoder 

JS).~~ u62d -1. -tJ 
11 ICU.CS' 

AB 3 S4 
.L 

A7 2 S2 

c:::l~A;.;.:6=---...:....fS1 

4/9 
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u44 

c- A2 10 2764 
r' A3 9 

AO 27128 
-A4 8 

A1 27256 u32 
- AS 7 

A2 27512 
A3 ALS541 

;::::. A6 6 A4 QO 11 2 DO YO 18 DO -- A7 5 AS Q1 12 3 01 Y1 17 01 = ~AS 4 13 4 16 02 = ;::::. A9 3 A6 Q2 
15 5 02 Y2 15 03 -= A7 Q3 03 Y3 

~ A10 25 AS Q4 
16 6 04 Y4 14 04 = r A11 24 17 7 13 05 -

21 A9 QS 
18 8 05 vs 12 06 -,__ A12 A10 Q6 06 Y6 ~ A13 23 19 9 11 07 ~ 

,,_ A14 2 
A11 Q7 07 Y7 ~ 

c- A15 26 A12 GO' G1' 
27 

A13/NC 
A16 J7 0--, A14/PGM' 1 19 ~JS r-1 1 

~J9.tt A15/VPP 
..., 

t6I 110K cs• OE' 

u:l 221 Vee 

10 2764 
9 AO 27128 
8 

A1 27256 u31 
7 A2 27512 

A3 ALS541 
6 A4 QO 11 2 DO YO 18 08 -J 
5 AS Q1 12 3 01 Y1 17 09 -J 
4 A6 Q2 13 4 02 Y2 16 010 -J 
3 A7 Q3 15 5 03 Y3 15 011 

-J 
25 16 6 14 012 ;:; 
24 A8 Q4 17 7 04 Y4 13 013 
21 A9 Q5 

18 8 05 vs 12 014 ~ 
23 

A10 Q6 19 9 06 Y6 11 015 ~ 
2 

A11 Q7 07 Y7 ~ 

26 
A12 GO' G1' 

27 
A13/NC 

1 A14/PGM' 1 19 
A15/VPP 

cs• OE' 

u:l 221 
10 2764 
9 AO 27128 
8 

A1 27256 u30 
7 A2 27512 

A3 ALS541 
6 

A4 QO 11 2 DO YO 18 016 -5 12 3 17 017 = 4 AS Q1 
13 4 01 Y1 16 01S ~ 

3 A6 Q2 15 5 02 Y2 15 019 ~ A7 Q3 03 Y3 -= 25 16 6 14 020 ~ 
24 AS Q4 17 7 04 Y4 13 021 -=> 
21 A9 QS 

18 8 05 vs 12 022 ~ 
23 A10 Q6 19 9 06 Y6 11 023 ~ 

2 
A11 Q7 07 Y7 :.> 

26 
A12 GO' G1' 

27 
A13/NC 

1 
A14/PGM' 1 19 
A15/VPP 

) 
cs• OE' 

u:l 221 

ROM.EN' 
0

J 10 

10 2764 
9 

AO 27128 
8 A1 27256 u29 
7 A2 27512 

A3 ALS541 
6 

A4 QO 11 2 DO YO 18 024 -5 12 3 17 025 = 4 AS Q1 
13 4 01 Y1 16 026 ~ 

3 A6 Q2 
15 5 02 Y2 15 027 ;:; 

25 A7 Q3 
16 6 03 Y3 14 028 

24 A8 Q4 17 7 04 Y4 13 029 -
21 A9 Q5 

18 8 05 vs 12 030 ~ u46c 23 
A10 Q6 19 8 06 Y6 11 031 ~ 

2 A11 Q7 07 Y7 ~ 
9 L 8 WAIT1' - A12 GO' G1' 

:o~ - 26 A13/NC 
27 

1 19 lr•/w 1 
A14/PGM' 

~Vee 
A15/VPP 

..., cs• OE' 

) 
4K7 

ROM.:J 
221 
~n~ JALS 11 

DBE' 4t.W 32 
<...--

NS.s32.cpu5.SIL 5/9 
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\._ 

) 

2. 

lcu.d7 
lcu.dG 
icu.dS 
icu.d4 
icu.d3 
icu.d2 
icu.d1 
lcu.dO 

r/w' 
ICU_,gr 

IO~l)I 
'fll¥W 

uart.d7 
uart.dG 
uart.dS 
uart.d4 
uart.d3 
uart.d2 
uart.d1 
uart.dO 

r/w' 
UART.CS' 

TxDA 

KB.3 Cl KB.RxD' 

0 

+12V 01" 
-12V 

u53 
ALS645 

2 AO 80 
18 

3 17 
4 A1 81 16 
5 A2 82 15 
6 A3 83 14 
7 

A4 84 13 
AS 85 

8 AG BG 
12 

9 11 
A7 87 

DIR G' 

1J 19 

u62B 

u48 
ALS645 

2 AO 80 18 
3 A1 81 

17 
4 16 A2 82 5 15 
6 A3 83 14 A4 84 7 

AS 85 
13 

8 12 
9 

AG 86 11 
A7 87 

DIR G' 

1119 

u588 

1~2 

3~4 
u58b 

u59 

75188 
AO YO' 
A1 
81 Y1' 
A2 
82 Y2' 
A3 
83 Y3' 

Vee+ 
Vee-
GND 

07 
06 -J 

05 -J 

04 -J 

03 => 
02 -J 

'""J 
01 

'""J 
DO ;::::; 

) 

u62b 

6 !cu.cs' 

lcu.lnta' 

07 
~ 

06 :::::::=. 
05 -J 
~ 

04 :::::::=. 
03 ;::::; 
02 

'""J 
01 :::::::=. 
DO -J 

'""J 

) 
~ KB.4 ~ 

~ 
KB.1 '1 

KB.TxD' C> KB.2 3 

RxDA 

3 V24.2 

6 V24.4· 

8 V24.20 

11 

F-mme+.GND 
: V24.1 

l SiaoafaNo V24.7 

6/9 

ETH Zurich 

NS.s32.cpuG.SIL 

ICU 
5er.tal=P6ft 

u52 83 

'I 
Am9519A-1 

lcu.d7 
07 IR7 lcu.dG 

icu.dS 06 IR6 

icu.d4 05 IRS 

lcu.d3 04 IR4 

icu.d2 03 IR3 

icu.d1 #o 02 IR2 

icu.dO ,,, 01 IR1 
DO IRO 

cs• RIP' 
RD' EO 
WR' El 
CID' 
PAUSE' 

.f1-
GINT vcc lcu.lnta' '2' INTA' GND 

9 ICU.INT' 

TClJ.CTTL 11 
8 

u47 
SC2681 

c:=>-"='A.,_5 ____ -::-t A3 

C:::>-':'A~4-----'iH A2 
C:::>-':'A~3----~ A1 
C:::>-'-'A;;;;;.2 ____ ~ AO 

_ __,;;..ua;;;..;;rt..;;;;d;;;;.;7,,..._ __ ~ 
07 uart.dG 

_ __,;;..ua;;;..;;rt.;;;;.d;;;;.;5:----~ 06 
_ __,;;..ua;;;..;;rt..;;;;d;;;.;4:;----~ 05 
--ua_rt..,...d..,..3,,_ __ ,,,_ 04 
--ua-rt"'"".d...,..2..---~ 03 
--ua_rt..,...d...,...1.,..----~ 02 
--ua_rt..,...d..,..O..---~o1 ________ _..... ...... DO 

UART.CS' 
IORD' 
IOWR' 
RESET 
UART.INT' 

u26e 

.'.D\l 
W9.INT' 

Cl RESET' J.f -~ • ./o RESET 

./J ~fZ 
x1 .ti ~ If 3.6864MHz 

tJ.r 
u60 
75189 

RxDB 3 YO' AO 1 

CTSB' 6 co 1-2 
Y1' A1 4 

5 
!I>Q_ 8 YZ' 

C1 ""1o 
A2 9 

.!Q._2 11 C2 1-13 
Y3' A3 

C3 1-12 

Author: H.Eberle 

4K7 

INT7' 
INTG' 
INTS' RTC.INT' 
INT4' KB.INT' 
INT3' ~"9.INT' 
INT2' UART.INT' 
INT1' SCC.INT' 
INTO' UART.CIT 

TxDA 
RxDA 
TxDB 
RxDB 

x1 

~SpFC"f 
c::::iX2 .L¢ 

SpFU 
3.6864MHz 

r---

)101< 
l!.l1 

RxOl'""J V24.3 

CTS~ V24.S 

DCD'""J V24.8 

DSR'""J V24.6 

Date: 3.7.85 
REV. 21.5.86 

J 

,JJ 

J_ 
~ 
-\ 

..JJ 

....;.. 

" 

J 



I 

u49 USO 
ALS645 

18 07 scc.d7 2 
BO 

,...... 
3 AO 17 D6 -:::::; scc.d6 B1 4 A1 16 OS -:::::; scc.dS 

A2 B2 --5 15 04 scc.d4 
A3 B3 

scc.d3 6 A4 B4 
14 03 ~ 

7 13 02 ;::::::... scc.d2 AS BS 8 12 01 ;::::::... scc.d1 AG BG 9 11 DO ;::::::... sec.do 
A7 B7 -

DIR G' 

r/w' 
1J 19 

sec.es' 

) 
Z8530 

15 TxDA scc.d7 4 
TxDA 37 07 13 RxOA scc.d6 

06 RxDA 14 scc.dS 3 
05 TRxCA' t-12 3.6864MHz scc.d4 38 RTxCA' scc.d3 2 04 11 
03 SYNCA' t-10 scc.d2 39 
02 WREQA' t-16 scc.d1 1 
01 DTRA' t-17 RTSA' sec.do 40 
DO RTSA' 18 LFA' 

33 CTSA' 
t-19 sec.cs• 

CS' DCDA' ,...... IORD' 36 
RD' ;:::=.. IOWR' 35 
WR' TxDB ;:::=.. A3 34 
A/B' TxDB 

25 
~A2 32 27 RxDB 

5 DIC' RxDB 
t-~ - SU.INT' 

INT' TRxCB' 3.6864MHz u51 '1' 8 
INTA' RTxCB' 28 

--L+ 29 Oscillator IEI SYNCS' t-31 
~- IEO WREQB' t-24 

CLK 
8 20 

PCLK DTR8' t-23 RTSB' RTSB' Vee 9 vcc CTSB' 22 LF8 

- NC #-GND DCDB' r-21 

6MHz 

LFA' LFB' 

u61 .3 r-- 0$3696 --------------, ~~ ----------~-. 
' I I 

TxDA 91 
I 

I 
RxOA TxDB 9: 

I 
:1vcc 

I 

~ ,- - - - - - - -
RTSA' 5 

u65 
ALS645 

rte.d3 2 18 03 
AO BO rte.d2 3 17 02 

rte.d1 4 A1 B1 16 01 
A2 B2 rte.do 5 15 DO 
A3 83 6 
A4 B4 14 

7 13 
8 AS BS 

12 
9 A6 B6 11 

A7 87 

DIR G' 

1 19 

r/w' 
RT . ' Vee. 

~119$1<> 
ll1ttt.Sul 

3a.Je.J' '"°"· 
ASo'I ec2' Q. 1f uJI a, l-

1 
d. 

Ls11s 
CAif' a

1
cl 

AL.sot uSl c,cl, e.1f 1 u6.3 t.,f 

ETH Zurich 

NS.s32.cpulf..SIL 

SCC,RTC 

NA.4/8 RTSB' 9 

NA.519 

NA.113 

u66 

~ rte.d3 /2 
ff 03 rte.d2 
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d24 •• d31, dp3 d1G •• d23, dp2 

RAS1' 
WE' 

RASO' 
WE' 
CA ' 
CAS2' 
CAS1' 
CASO' 

DI 
DO 

vcc 
GND 

RAS'CAS' WE' 

'I 1r 3 

DI 
DO 

vcc 
GND 

RAS'CAS' WE' 

ETH Zurich 

DI 
DO 

vcc 
GND 

RAS'CAS' WE' 

NS.s32.mem2.S/L 

Memory 

9 x 41256 
AO 
A1 
A2. 
A3 
A4 
AS 
AG 
A7 
A8 

(2 x 32 x 256 KBit) 

DI 
DO 

vcc 
GND 

d8..d15, dp1 d0 .• d7, dpO 

9x 41256 
AO DI 
A1 DO 
A2. 
A3 
A4 
AS 
AG 
A7 vcc vcc 
AS GND GND 
RAS'CAS' WE' RAS'CAS' WE' 

DI DI 
DO DO 

vcc vcc 
GND GND 

RAS'CAS' WE' RAS'CAS' WE' 
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26 
DP8400/.f~ 

1-33 
o../6 In '11 

~ 
B1 Q8 ,15..13_ 87 
BO Q7 

34 
24 R8 Q6 35 1 ~ 86 

- A17 22 R7 QS 
37 ' u 85 

- A16 20 
R6 Q4 39 r .fl 84 

- A15 18 RS Q3 40 • -"3 83 
=: A14 16 41 _ 3 ,, _ a2 :=. A13 14 R4 Q2 42 .Z._ "'" 81 
(,,__. A12 11 R3 Q1 43 .t..-"" 80 
- A11 9 R2 QO 

(,,__. A10 7 R1 
(,,__. 

25_, 
RO 

- A9. 
ca 23 
C7 (,,__. AS 21 t-31 

(,,__. A7 19 C6 RAS3' 

(,,__. A6 17 cs RAS2' t-30 a-!3 3~.tL 
C4 RAS1' t-29 

(,,__. AS 15 
C3 RASO' 

28 A __...I! RASO' 
(,,__. A4 12 32 - CAS' 
~A3 10 C2 CAS' 

~ A2 8 C1 
co 

MSEL' 47 cs• 35.tt.. 
r/w' 

...g.., ADS 44 & ~41 WE' 45 
WIN' WE' 

OS' 48 
RASIN' M2 

5 - RFSH' -(,,__. 
4 -

u1 
.n.. ALS645 

d31 2 AO BO 18 031 
d30 3 17 030 
d29 4 A1 81 16 029 
d28 5 A2 B2 15 028 
d27 6 A3 B3 14 027 
d26 7 A4 B4 13 026 
d25 8 AS BS 12 025 
d24 9 A6 B6 11 024 A7 87 

DIR G' 

1 19 

u2 
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d23 2 AO BO 18 023 
d22 3 17 022 
d21 4 A1 81 16 021 
d20 5 A2 B2 15 020 
d19 6 A3 B3 14 019 
d18 7 A4 B4 13 018 
d17 8 AS BS 12 017 
d16 9 A6 B6 11 016 A7 87 

DIR G' 

1 19 
~ ~~ CASIN' M1 

tL ~ 
Q. 

i--1-., RIC' MO u3 
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Cf: ~L 36 t-46 ~ = ~ vcc RFl/O 
1uF 1uF 38 GND 
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.:;, ~ 

A9 .. A23 
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u7 OSP.SEL' 
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DSP.Sffi'r 
ADDRESS cnu' 
DECODER 

t1"1 
1123 , 

6A nz.z i 
~lt s 
bl.o I/ 

EOOOOO - E3FFFF 
'1fJ S' 

(256 kB) IU8' 
11"1- 1 
/Hf, I 
/l<f( 3 
Cri:J 1o 

NS.s32.nl.dpN .SIL 

DRAM Controller 
Bus Buffers 
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Vee 

1K 

2o 
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"' <I ,, ,, 
4( 

'j 
<fl. 
4<1 

Vee 

MSEL' 

ve..c. 
HtEI . .' 
~'J 
1110 ,,,.., 
flfl 
t11a 
fl.fl/ r,r1u. 
l)tf. ltl+.11 

AV' 

1/4 

ALS645 
d15 2 AO BO 18 015 
d14 3 17 014 
d13 4 A1 81 16 013 
d12 5 A2 B2 15 012 
d11 6 A3 B3 14 011 
d10 7 A4 B4 13 010 
d9 8 AS BS 12 09 
d8 9 A6 B6 11 08 A7 87 

DIR G' 

1 19 

u4 
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d7 2 AO BO 18 07 
d6 3 17 06 
dS 4 A1 81 16 05 
d4 5 A2 B2 15 04 
d3 6 A3 B3 14 03 
d2 7 A4 B4 13 02 
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dO 9 AG 86 11 DO A7 87 
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r/w' 9 
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d24 •• d31 d16 •. d23 
e0A7 

b3_ b2.. 
ax 4161 ax 4161 

~ AO DI 4 ~ AO DI 4 

~ A1 DO : 16 ~ A1 DO 
116 I 

~ A2 1 ~ A2 1 ~ A3 SI ~ A3 SI 
~ A4 so 19 ~ A4 so 19 

~ AS SOE' 3 ~ AS SOE' 3 
7 A6 SCK 2 7 A6 SCK 2 

: 11 : A7 T'/OE' 18 t-tr A7 T'/OE' 18 
~ 

ycc,~ ycc,~ 
GND~ GND~ 

RAS' CAS' WE' RAS'CAS' WE' 

RASO' 

6117 5 6117 5 

WE' 

' -- j ~A_fil' 
CAS2' 
CAS1' 
CASO' 

hQ .SJLOE' 
hO' .::>L.OE' 

T'/OE' 
SCK 
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U{o 3Sft.. 

CAS' 5 

I 
j 
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7 
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6117 5 
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hS '21 A10 Q6 ._1s 4 CKCE' 
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26 A13/NC u34b 
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A15/VPP 

cs• OE' 

.ro~ 22J; 
HCLR' 

VCK 

vO 
v1 
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v3 
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9 
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24 A9 QS 17 14 OS QS ._1s 
21 ._1s 
23 

A10 Q6 CKCE' 
A11 Q7 ._19 

'O' 2 9 1 
26 
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u24 
F676 

'O' 4 
s1S -=-t- SI 

s14 8 DO 

s13 9 01 

s12 10 02 

s11 11 03 

s10 13 D4 

s9 14 OS 

s8 15 06 

s7 16 07 

s6 17 08 
s5 18 D9 

s4 19 010 

s3 20 011 

s2 21 012 

81 22 013 

sO 23 014 6 -coul 
01S So 
CS'CKLD 

OCK' 
l215 

SLD 

Layers for s0 .. s1S have 
to be as short as possible! (crosstalk) 

'1'4 

BLK 5 

~12 

~.1'3 

817 
v9 
va 
Vj" 
v6 
vs 
v4 
v3 

'1' 
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7 
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Q1' 

02 Q2 
Q2' 
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10 
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2 DO YO 
3 
4 01 Y1 

5 02 Y2 

6 03 Y3 
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9 
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07 Y7 
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1 19 
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01 Y1 
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03 V3 
04 Y4 
OS vs 
06 Y6 
07 Y7 

GO' G1' 

OSP.SEL' 1 19 

INV' 

INV 

18 A17 
17 A16 
16 A1S 
15 A14 
14 A13 
13 A12 
12 A11 
11 A10 

18 A9 
17 AS 
16 R/W' 
15 AV' 
14 BE3' 
13 BE2' 
12 BE1' 
11 BEO' 

S<nff 

u08 

5 Sl..D 

Mr14 
3 

C 6 Sl..D' 
R'Q 

'1' 1 2 9 
u29 

9 CCK• 
Oscillator 

CLK 8 dck CCK 

NC 

70MHz 
u34c 

8 DCK 

u28b 
3 A 4 DCK' 

Termination resistors (270/500) have to be 
pup 

provided for dck, DCK, DCK', Sl..O, Sl..0'. SUJ' /!.11-
DC/!. /l.I 
&CK.' I.la 
p~ di 
dclt- tUfl 

l/lt.'1-
.,_~~~--'::µ...j~~P~ 

DSP.EN 

M 6 8 DSP.RE ' 

CLR.REQ' 

OSP.SEL' 2 
pu.f': 

CLK 

u12 

DO 4 ALS17S 2 DO QO 
3 DSP.EN QO' 

01 5 01 Q1 7 817 

Q1' 6 
02 12 10 INV 02 Q2 

11 INV' 
00 13 

Q2' 
15 00 Q3 

Q3' 14 

cn"..L CKCL 

OSP.STM'4 

DO 0: Display Enable 
1: Display Disable 

01 O:A17.0 an·,,.. 

plt:1st... 
IUI 
1!3 
/l.ll 

ll0Zo 
tUr 

/.ll.1 L.f.3 

1: A17•1 C, IJ- ~ .• 

02 0: normal video 

Ut.w.J~ _pkl I .&.rt.: 
1: lnvers video 

,, fl.C" ull"c
1
d '11 : u11

1 
~J/13 u3'1141Jlj 

AS ,f:J~g_. li:Z~~:) A.to9' lilt t:t,e.,el,e,I ~./J, <J/lo ult, 4~'/lf-11/IJ 
A!.S .SZ. "''3,c: ltt.Sti.J. qJ{ t-,f '-"'i 'J/lo/-12/l.3 

NS.s32.ni.dpl4.SIL 4/4 

ETH Zurich Shifter, Clock generator, Author: N. Wirth 
H. Eberle 

Date: 27.8.85 
Address Buffer, Status Register REV. 13.6.86 

-I 



0 

0 

ETH Zurich 
NS.midi.SIL 

u1 

Al5244 
<=:>-'M~PU;;;;..;·.:..;:10;;..;;0'------4 DO VO _____ D"'""O-C> 
<-:>-'M~PU;;;;..;·.:..;:I0'-:'1---4 D1 V1 D1 C> 
C::>-'M:,:.,:;,.PU:::.:·~10::.;2'---t D2 V2 D2 C> 
C::>-'M:,:.,:;,.PU:::,:·~10~3;___-t D3 V3 D3 C> 
C::>-'M:,:.,:;,.PU:::.:·~10~4,___-t D4 V4 D4 C> 
C::>-'M:,:.,:;,.PU:::.:·~10?:5,___-t DS VS DSC> 
C::>-'M:,:.,:;,.PU:::.:·~10~6:----t D6 V6 D6 C> 
C::>-'M:..:..:.:....PU:;:.:·~10;:.:,7 __ -t D7 V7 D7 C> 

MPU.DRD' 

C""' DO r D1 
~D2 

~D3 
~D4 
~DS 
~D6 
~D7 -

MPU.DWR' 

'°' DO 
~D1 
~D2 
~D3 
~D4 

~DS 
C""' D6 
FD7 

MPU.CWR' 

O INT6' 

GO' G1' 

u2 

Al5574 
DO QO 
D1 Q1 
D2 Q2 
D3 Q3 
D4 Q4 
DS QS 
D6 Q6 
Dl Ql 
CK OC' 

MPU.100 
MPU.101 
MPU.102 
MPU.103 
MPU.104 
MPU.105 
MPU.106 
MPU.107 

C> 
C> 
C> 
C> 
C> 
C> 
C> 
C> 

J L 
u3 

AL5574 
DO QO 
D1 Q1 
D2 Q2 
D3 Q3 
D4 Q4 
DS QS 
D6 Q6 
D7 Q7 

CK OC' 

J 
v 

u4 

MPU.CNTLO 
MPU.CNTL1 
MPU.CNTL2 
MPU.CNTL3 
MPU.CNTL4 
MPU.CNTLS 
MPU.CNTL6 
MPU.CNTL7 

4K7 

C> (MPU.CNTLO =WR') 
C> 
C> 
C> 
C> 
C> 
C> 
C> 

r MPU.DSR' C> 

MPU.DRD' 
MPU.DWR' 
MPU.CWR' 

Midi Host Interface Author: H.Eberle Date: 30.11.87 



PAL midi: 16L8; (* he 30-Nov-1987 *) 

PIN 
1 : IOEN 1 

; 2 : A 1 7; 3 : A 1 6; 4 : A 1 5; 5: A 1 4; 6 : A 1 3; 7 : A 1 2; 8: A 11 ; 9 : A 1 0; 11 : A9; 1 3 : A2; 1 4 : IOWR 1 
; 1 5 : 

IORD'; 

17: MPUCWR'; 18: MPUDWR'; 19: MPUDRD'; 

EQUATIONS 

(* MPUDRD' 
MPUDWR' 
MPUCWR' 

FFEEOOO 
FFEEOOO 
FFEE002 *) 

IF TRUE THEN -MPUDRD' := -IOEN' * A17 * A16 * A15 * A14 * A13 * -A12 * A11 * A10 * A9 * -A2 * -IORD'; 
IF TRUE THEN -MPUDWR' := -IOEN' * A17 * A16 * A15 * A14 * A13 * -A12 * A11 * A10 * A9 * -A2 * -IOWR'; 
IF TRUE THEN -MPUCWR' := -IOEN' * A17 * A16 * A15 * A14 * A13 * -A12 * A11 * A10 * A9 * A2 * -IOWR'; 

END midi. 

0 

0 



DATA IN 
s6 

ALS574 
Datao DO 00 DO -;:::.. Data1 D1 01 D1 -

:::::: Data2 02 02 02 -
:::::: Data3 03 03 03 -:::::: Data4 D4 04 D4 -r Data5 D5 05 D5 :::::: 
c- Data6 D6 Q6 D6 -
~Data? D? Q? 07 "--" 

"--" 

CK OC' 

t6 I I 
ALS574 

~ DataB DO QO 08 -< Oata9 01 Q1 09 :::::: 
~ Data10 02 Q2 010 :::::: 
~ Data11 03 03 011 :::::: 
c Data12 04 04 012 :::::: 
r Data13 05 05 013 :::::: 
- Data14 06 Q6 014 :::::: 
~ Data15 07 07 015 -"--" 

IN ACK 
Sta to 

CK OC' 

STA IN'I I EN IN' 

DATA OUT 
) u6 

ALS574 

STA OUT' 

cc.--.::>--:::D07------1DO 00.,.._ ___ ,;:;D.=cat.:.:a:.::;O-<_'.'"""'"') 
cc-::>--:::0~1 ____ 4 D1 01 .,__ ___ ,;:;D=at.:.:a~1-<~'.'"""'"')~ 
<=>-=D~2----4D2 02t----~O=at~a2==--<-=:>~ 
~c---::>--:::D~3 ____ 4 D3 03 .,.._ ___ ,;:;D=at.:.:a:.::;3-<_c--:> 
cc--::>--:::D~4 ____ 404 04 i-----D~a~t~a~4-<~-;~ 
cc--::>--:::D~S----405 05.,.._ ___ ,;:;D=at.:.:a~S-<.--.:-=>~ 
C~::>--:D6:-:;-----tD6 Q61-----=D~a~ta~6,__::::::c=:i 
C<"-"::>-~D~7-----;D7 071----~D~a~ta~?,__~c::>::> 

CK OC' 

v6] ] 
ALS574 

RESET' 

cc--:::>--::D~B-----t DO 001----.,:D:.:::a.;::ta:;B:-..c::>::> 
cc=>--=00""'91""'0-----1D1 01 i-----=Oo:.:::a.;::ta::::9~-c:-=>=> 
CL-=>--=0~1~1-----fD2 Q2t-----==at~a~10~~::> 
c:>-::~-----fD3 03 1----.,:D:.:::a~ta~1~1--c::>=> 
cr:::>--:D,..;.1::::-2-----1D4 04 t----.::D.:::.at~a~1:;.2-<-~::> 
cZ::::>--:g~~.;. 4

3-----f 05 QS1----.,;g:.::::.;::~=:..;~.:;!-=c::>~ 
C<:::>-~:------106 06t-----:;=.;:~-c:j~ 
cZ::::>-~D~1~5-----fD? O?t----=D.:::.at=a~15~::::"=~J 

CK OC' 

STROUT'' -r EN OUT' 

) 
vs Handshaking: 

ALS138 STA OUT' 00' 

S4 
Q1' 

EN IN' 02' sm• --L_I 
Q3' SEL STAT' 

S2 + 04' 
A2 05' 

S1 06' READY 
07' 

t E'E E' 

Pl.CS' EN' ~ 
DS' t 

ACK 

addresses: 

DATA IN/OUT 
STATUS (DO=IN READY, 01 :OUT ACK) 

NS.s32.pi.SIL 

ETH Zurich Parallel Interface Author: H.Eberle Date: 4.7.85 



u1a 
L5393 

Q01-
uO 01t-
Oscillator 

Q2 

CLK ._...._ D3' 03t-

CL 

-1NC 

15MHz 

CKINH 

BD' 

VSRfil 

Vee 

R1 Q1k 

PUB 

ETHzurich 

15MHzClk 

u2 

co WCLK 

r-- BO He\-
I- B1 Hh-
I- B2 HlJ.-

~ B3 H* 
ALS163 

PUB--C EP 
ET 
Cl' CK LO' BCLK 

T 11 PUB r u43a 

LiJ us ~ 
LDSR' 

H~ co .....__ 
...--I BO w-i AO 2764 

~ B1 H1 A1 
~ B2 H.,i Al u47 

~LS174 

~ 
B3 H'll A3 

ALS163 M QO ~ DO QO 
t-.J HQ1 

f.----1 EP A5 Q1 ~ D1 Q1 MR 

f--1 ET A6 Q2 1-- D2 Q2 w CL' CK LD' ......---1 A7 Q3 I- - 03 Q3 
LS 

l T hue 
.---I AS Q4 I- -1 D4 Q4 

00 ..--I A9 QS I- 05 QS 
~ A10 Q6 I- CK CL' 
~ A11 Q71- T u4 
~ A12 

C01- ..7 ~ A13/NC PUB 

...--I BO Hq 1-------l 

Fl 
A14/PGM' 

~ B1 H1 A15/VPP 
1-- B2 Hlj 

~ 
B3 H~ cs· OE' 

ALS163 
PUB 9 L....-- EP 

I......-- ET 
Cl' CK LO' 

u44a TT PUB 
I 

~ 
CKINH 

2 
LS 

PUB 

[,0 J.~oa 
VSYNC 

us l ALS f.LS74 

OS c 
R'Q 

VSYNC' 
co ~ 

r-- BO Hfl u46b L-r-
I- 81 H1 
I- B2 H? 

~ 
83 H3 1----+-

ALS163 
EP \fQ_2 ET V_Q_O 
CL' CK LO' 

u9 
l J 1 PUB 

u47 

"---- AO 2764 ~LS174 

A1 ~DO Q01-
Ub A2 ~ 01 Q1 

co .__ A3 ~ 02 021- ' 
r-1 BO H" A4 QO ._...... 03 Q3 .._. 

'~ V_Q_1 
1-i B1 H1 AS Q1 ._...... D4 Q4 
I- B2 H2 A6 Q2 ._...... 05 QS t---t-' ~10b 
~ 

B3 H:?i A7 Q31- CK CL' 
ALS163 AS Q41- T ~O q_ I--- EP A9 Q51-

PUB I--- ET A10 Q61- ~LS74 
CL' CK LD' .----1 A11 Q7 ~c 

R'Q 
VINH' 

A12 
T J 1 PUB ~ A13/NC 

A14/PGM' 

Lil: A1S/VPP PUB 

co PUB cs· OE' 

t 
BO HO 1---1 
B1 H1 
B2 H? 
B3 H~ 

ALS163 
~ EP 

VA11 

L....--.1 ET ~1]_ 
Yfi.2_ 

CL' CK LO' _V_M_ 
I T T PUB 

T 

CeresLBP.Counters Author: N.Wirth/1.Noack Date: 23.4.87 

CeresLBP1.SIL 

1 
f 
7 



Cl 

u11 u17 
CO~ ALS541 

c::->-><:D_,..2------------------t BO H\.--t---------1 DO YO t----TA.;r-2 -c::>-=> 
cc_::>-JI~~T--------------------iB1 H1 01 Y11----2.,_1..,__.l~C=>:> 
~~1 ~-
cC::>-~~------------------f 62 H°'.'' 02 Y2 1-----T,~.,._<::::>e:>~ 
cC-::>-_Q_i.:::...::.._-----------------tB3 H:- 03 Y31----:.r·'-'~-c:>J 

BO D4 Y4 t----!_,,~'-"1b _ _..--..c-::::> 
?._ ;::::: 

.-------tCU ALS 1 o3 05 YS t----T.., o;,-.-..'="e=>:> 
~ CD - 06 Y6 t----'-r~,.._;2e=>:> 

CL LO' ~ 07 Y7 t-----'-;.;;;_C-=> 

~ J GO' G1' 
--:o~s~r=o·--------------+--r-------' D 

t!lI 
COi--, 

-c::~D~6--------------+--t--+-~BO HO.__._-+----' 
c::;::::~o.,,,..7 _____________ -+--t--+-~ 61 H1i-----1,__ __ _,, 

c::;::::>-><-0~8--------------+--t--+-~62 H~~--+-----' 
c::->-lY;:;.~.::_--------------1t-+-i----iB3 H~~--+-----~ 
- so ... 

.__CU ALS1 !?3 
1'5'06' CD 

CL LD' 

¢ J 
u}I u18 

co 1-- AIS541 
C::,........,.>-i':-0710~-------------+-+--t--,BO Hrl1..+---+---------tOO Y01---......:..;.A+10:;;....c:::> 
C-::>-,;;:071..;.-1-------------t-t-+---t 61 H1 01 Y1 l---:.rA~11;,...c:>-
cc::->-i':'D712~-------------+-+--t--, B2 H~ 02 Y21----:.r~1~-c:>:> 
c_::>-;:;.0-'-13:;._ ____________ -+-+--t---:, B 3 H:::.: 03 Y3 1-----.;.,.;.A-r~ ,_.§c:::>~ 

BO f- D4 Y4 t----TAi.,..,ll...,_;:::c:::>:> 
~ccuoALS193 05 Y5 1 ~ 
roBj 06 Y6 1----1:.rl_I'""'c:>-~ CL LO' r--- 07 Y7 1---......:....:~_c:>J 

~ J GO' G1' 
I-------' p 

uJ:4 
COr-, 

c-:::J-~0~14.,.._ ____________ -+--t--+---160 HnL11--+----' 
;--C_::>-Q~ff.,._ ____________ -+-+--t--,B1 H1t-----i----" 
cc-::>-~07lo~----------------<t-+-+----iB2 HLJ-~--+-----' 
cc-::>-=0-'-1~7---------------1t-+-+----iB3 H~::lt---+------' 

so ... 
.__CU ALS1Q"' 
P01fj CD ~:i 

CL LO' 

¢ J 
u19 

co\_- ALS541 
C::>-i':'DT18~-------------+-+--t--,BO HrlL---+----------400 YOt----TA~18~,........c:::::> 
c::-~o..;,;19~-------------+-+--t--,B1 H1 01 Y1 t---TA~19,_.-c:::::>=> 
c-::>-Q~lO~-------------+-+---t--, 62 H?i 02 Y2 t---_A'Ti~lW'r---c:::::> 
c-::>-Q~~~1'--------------i-t--t---tB3 H~ 03 Y31----i:.r§-:~~1;,...c:>_:> 

BO ._ D4 Y4 1----~:.rlT~~~C:>-:> 
...__,CCDUALS193 05 Y5 ~ 
roBj .., 06 Y6 

U CL LO' _, o7 Y7 

~ I GO' G1' 
I-------' D 

u].£ 
co 

c-:::J-~0~2~2-------------t-+--t---iBO Ho.__._ ___ __, 
C;::::::::J-=0=2~3-------------t-+--t---i B1 H1i-------" L.., 

MR 

CLK 

u21a PUB u21b PUB 

D S, ol .... 0--1---10 S • o).. 
rLS74 ~LS74 WCLK r 1 

f 
B2 H2 
B3 H~ 

BO 

.__ ~gALS193 
~CL LD' 

¢ J 
_...;....._..;,,..;;;.------tC Q ... 

R• ~ c Qi------. 
R' 

CLR.REQ' I T 
~ ~0-_..__ ____ _.__ _ __, 

SELO' u45a 
<.. 

u20 
ALS'.:>41 

PUB- DO YO 
r- 01 Y1 
t-- 02 Y2 
t-- 03 Y3 
t-- 04 Y4 
t-- 05 Y5 
f- 06 Y6 
t-- 07 Y7 

GO' G1' 

~7 p 

ETHzorich CeresLBP.AddrCntr Author: N.Wirth/1.Noack 

Ceres LB P2.SI L 

RIVI',--.. 
AO _,....--.. 

;:::: 
-:r ;:::: 
:U' ,_... 

1 -
:2 --:> 
:j' ;::::; 

R filO' '""J 

Date: 23.4.87 
2 
f 

7 



BCLK 
LDSR' 

u22 
Al5574 

_....D31 DO QO ;:::::oj(J D1 Q1 ;:::::o].9 D2 Q2 
;:::::028 D3 Q3 
;:::::027 D4 Q4 
~02b D5 Q5 
;:::::022 D6 Q6 --:oL4 D7 Q7 -

CK OC' 

~1 

u23 
Al5574 

c 

D23 DO QO 
~022 01 Q1 
~021 02 Q2 
~020 03 Q3 
;:::.019 D4 Q4 
L-:o-rn: 05 Q5 
~D1_I 06 Q6 
~01~ 07 Q7 ~ 

CK OC' 

LJ~ 

u24 
ALS574 

015 DO QO 
-014 
;:::::013 

01 Q1 
02 Q2 

'-'.0_11 03 Q3 
;:::::011 D4 Q4 
;::::010 05 Q5 
;:::::09 06 Q6 
<-08 07 Q7 

CK OC' 

LJ~ 

u25 
ALS574 

<-07 DO QO 
~ 01 Q1 

;:::D_2_ 02 Q2 
,.......04 03 Q3 
.::::::::"D3 D4 Q4 
L-:02 05 Q5 
:::::'.'01 06 Q6 -oo 07 Q7 ..__, 

CK OC' 

u45b i 
,.......SELO' ..__, j ALS 
....--..DS' .A 32 l -

ETHzurich Ceres LBP .Da taS hi ft 
Ceres LB P3.SI l 

u26 

A 
B 
c 
D 
E 
F 
G QH ._._ 
H LS166 

1 s1 
SL 1 CKCL'CE' 

I 1.~ 
PUB 

u27 

A 
B 
c 
0 
E 
F 
G QH ~ 

H LS166 

L--1 SI 
SL 

CK CL' CE' 

I J.~ 
PUB 

u28 

A 
B 
c 
0 
E 
F 
G QH 1--

H LS166 

L--1 SI 
SL 

CK CL' CE' 

I l~ 
PUB 

u29 

A 
B 
c 
D 
E 
F VDO QH G 

H LS166 

L--. SI 
SL 

CK Cl' CE' 

I I~ 
PUB 

Author: N.Wirth/1.Noack Date: 27.3.87 
3 
f 
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DSTO' 

VSYNC 

RESET 

DST1' 

u30 

PAL16L8 

Address 
Decoder 

D S u31 b 

LS74 

(LO Adr +Start Pr) 

-.:..R~c~·------------------,( 
R'Q 

CBSY 

QO 

Q1 

Q2 

PUB 

u33 

BO 
B1 
B2 
B3 

EP ALS163 
ET 
CL' CK LO' 

_1"'""5_M_H_z_C_I k __ ---t 03• 03._ __ ..___-+-_(""'H..;...C;;.;;L"'"'K;..;..) __ -if--' 

PUB 
CL 

u35 
u34 ATI"541 

SCIN DA Hd DO YO 
SBSY DB H1 01 Y1 

HJI 02 Y2 
H~ 03 Y3 
Hdi 04 Y4 

LS164 HS 05 YS 
Hhi 06 Y6 
H71 07 Y7 

u42f 
CK CL' GO' G1' 

SCLKIN L T (Status) y 
SRC1' PUB 

2:B2:Y 
u~ 

,.-.. DO A 
:::::: D1 B 
:::::: D2 c 
:::::: D~ D (Command) PUB 
:::::: ::Q:4 E u32b :::::: 155: F ALS c 
:::::: Db QH D Q 02 G 
- DI 

H LS165 f,LS74 -
,......--., SI c 

R'Q DST1' SL 

CK Q{_• CE' 
...__,__ 

l I l GND 
SCLKOUT l 

KES1T - ujl_ 
ALS541 

PPR DY' DO YO 
ROY 01 'r'1 
SBSY 
VINH' 02 Y2 

03 Y3 VA8 D4 Y4 
VA9 05 YS 
VA10 06 Y6 VA11 07 Y7 

GO' G1' 

SRCO' l J 

ETH Zlirich CeresLBP.Status Author: N.Wirth/1.Noack 

CeresLBP4.SIL 

DSTO' 

SRCO' 

PRNT 

CBSY 

RC' 

SCLKOUT 

oo_ 
]I1~ 
02::; 
3~ 
).1~ 
~ 
)~ 

=> 

SCOUT 

DO,.......,. 
]I1 .:=:: 
02~ 

:::::: 
)-'. :::::: 
)' .:=:: 

:>,....... --

( FFF600) 
( FFF604) 

( FFF600) 
( FFF604) 

Date: 23.4.87 
4 
f 
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0 

'1' Vertical timing '3544' 

OSTO' 

PRNT 

VSREQ 

BD 

BD' 

VSYNC' 

VINH' 

VQ1 

'3543' 
·10~·-t---------------------+-----------1 

VQ2 

CLKINH 

VQO 

'1' Horizontal timing '427' 

'2' '15' '16' '17' '18' '159' '160' '161' '169' '170' '425' '426' 

__ I l _ Jlfl _ Jlfl _ Jlfl _ JUl _ JUl _ JUl _ JUl _ JlfL _ JlfL _ JUl _ 
16Counts : 

1 1 

-~-rr_rr_rr_rr_rr_rr_n_n_rr_ 

--+---- - _r- --L _ _r- l_ _ _r- L _ ---,.---~-....-
___.!- -L _ _I -L _ _r -L _ ---.------r-----+--

Lf ____ Lf ___ lf _ 

BCLK = 1.875MHz 

Note: Actual ROM-addresses are one less. 

ETH ZUrich File: CeresLBP.Timing1 Author: N.Wirth/1.Noack Date: 21.4.87 

CeresLBP5.SIL 
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c 

C' 

Controller
Side 

Printer
Side 

VCC 37 Pin Plug ( F) 37 Pin Plug ( M) 

u39a R30 3.3K i i 
_____ _,~ VCc C> 11 ~ 11 VSYNC 

~ ~ 30 c:>-' l-c:> 30 

VSYNC 

~ R4y 3.3K ¢ 

---------1~ VCC C> 10 c:>---<:::> 10 PRNT 

~ ~29~~29 
PRNT 

CBSY -------t~OuG
3

9c R5y 3.3K ¢ 
· · - c:::> 9 c:>---<:::> 9 CBSY 

vcc r--1 
~ ~ 28 c:>-' l-c:> 28 

r---~~0u6
39d R6y220 ~ 

I ~ - C> 12 c:>---<:::> 12 CPROY 

¢ ~31~31 
------~-------------c:::> 8 C>----C) 8 SCLK 

~27~27 
SCLKOUT 

------~ = 7 C>----C) 7 SC 

~26~~26 
SCOUT 

VOO ::.:--'-------------~:::::::::>32 c:>---<:::> 32 VOO 

:>--..-------------~:::::::::>13 ~13 VOO 

ROY 4 c:>---<:::> 4 

23~~23~ 

SBSY 6 c:>---<:::> 6 

25 ~ 25 c:::>--¢ 

SCLK 8 c:>---<:::> 8 

27~~27~ 

SC 7 c:>---<:::> 7 

26~26~ 

PPROY 3 c:>---<:::> 3 CJ--------g-----1~1--j_....----~ 
r--1 R22 330 R23(6 T .01 ~ 

22 c::>---1 Le> 22 ~ ¢ 

BO 21 c:>---<:::> 21 

BO 2~ 2 c:::>--

i t 
37 Pin Plug (M) 37 Pin Plug ( F) 

R24 

330 Cl 75115 

.001 

.001 

vcc 

ROY 

SBSY 

SCLKIN 

SCIN 

VSREQ 

PP ROY' 

BO' 

ETH Zurich CeresLBP.lnOut Author: N.Wirth/1.Noack Date: 23.4.87 

CeresLBP6.SIL 

Printer
Side 

Controller
Side 
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0 

0 

HCLK 

DST1' 

CBSY 

EN/ET 

RC' 

SCLKOUT 

SCOUT 

Command out 

5.Bit 

Printer in 

Status in 

SBSY _J 

Printer out 

SCLKIN~~
Controller in 

Status 

SCIN 

6.Bit 

6.Bit 7.Bit 

7.Bit 
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0 

0 

Vertical timing 

counter stopped 

OSTO' 

PRNT' 

VSREO' 

VINH' 

BO' 

CKINH 

V.01 

V.00 

MR 
LOSR' 

Horizontal timing 

BO' u 

counter active 

u u 
n 

0 

counter active 

r-
u 

counter slopped _. 

WCLK ~UlJlflfUl ~t'it\:f=:::@imtrn:'i'fmimftf::f::ft/:':m:mrn=:ff:f:::f:ftf:::f/t\:t}f:fif:\:~ Lflflil'-t-_ 
H.01 Lf lJL -Ul.__-+-~-

p ri n t lines 

~L -Ul~~-H.00 

LOSA' LIU 
I-

H.00 

I- header lines 

H.01 

H.02 

0 
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0 

0 

~ 
QO 

01 

cor-
so HO 
91 H1 
92 H2 
93 H3 

vcc 
-r-EPLS163 

LET 

CL'CKLD' 

BCLK 

WCLK 

.--_ __.1 T 
Osz. 021---+--~----'------4----' 

15MHz f- 03' 03 

CL 

CKINH 

ETHzorich 

LDSR' 

MR 

BO ~~f-1--4------'---1 AO 2732 I r-R-JJ 
B1 H1 A1 ool-J i 

B2 H2 A2 011----1----------

B3 H3 ~~ g~r~ 
t:j ~~ LS163 -::::::====~ ~~ g~ 

CL' CK LO' --::::= ~~ ~ 
1----1-----'T 1 ...- A9 

1- A10 

.--.-
co 

BO HOf-----' 
91 H1~ 
B2 H2 
B3 H31------' 

t=~~LS163 
Cl'CKLD' 
TT T 

....__ __ __,T T vcc 

COt-
BO HO'i---1-----. 

.., B1 H1 .___._ __ 
B2 H2·1----1--. 
B3 H3!--i-

1- A11 
VPP PO' 

L.BD' 

VINH 
vcc 
~EPLS163 

L- ET 

CL'CK LO 

..--+----'r J 
...._ A1 001--

'--- A2 01 t--r-------a 

.____ AO 2732 PR_N_T --DJ.cl 
CO I--, l...---. A3 02 

BO HO A4 03 
B1 H11-----1:-------1 AS 04 
B2 H2 A6 05 
B3 H3 A7 06 

~~~LS163 
CL'CK LD' 

1---1----'T 1 
---co 
BO H0.-
81 H1 

,....--. AS 07 
...---- A9 

.---- A10 
.--- A11 

VPP PD' 

82 H21------' 
83 H31------' 

t=;~~LS163 
Cl'CI< LO' 
TI T 

..__ _ __,T T vcc 

Fife: CeresLBP1 .SIL Author: N. Wirth Date: 
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0 

BUSCLK 

0 WCLK 

ETHzorich 

02 
03 
04 
OS 

::::: ::::: 
~ 

'--' 

BO 
81 
B2 
B3 

co I-
HO 
H1 
H2 
H3 

BO 
INCA-gg LS193 

LS74 

c Q 
R' INCA 

OS 

020 
021 

TO' 

-::::: ::::: ::::: 
'--" 

-::::: ::::: ::::: 
'--" 

-=--~ ::::: 
'--' 

~ ::::: ::::: 
'--' 

c Q 
R' 

File: CeresLBP2.SIL 

~ 
co 1-. 

BO HO 
B1 H1 
B2 H2 
B3 H3 

BO 
'- gg LS193 

CL LO' 

~ T 
co I--, 

BO HO 
B1 H1 
B2 H2 
B3 H3 

BO 
'-~ LS193 

CL LO' 

~ T 
co I--

BO HO 
B1 H1 
B2 H2 
B3 H3 

BO 
L--

~ LS193 

CL LO' 

~ T 
co 

BO HO 
B1 H1 
B2 H2 
B3 H3 

BO 
'-~ LS193 

CL LO' 

~ 1 

Author: 

LS244 

00 YO 
01 Y1 
02 Y2 
03 Y3 
04 Y4 
OS vs 

.....---- 06 V6 
.-- 07 Y7 

GO G1 

w 

LS244 

00 YO 
01 Y1 
02 Y2 
03 Y3 
04 Y4 
OS YS 

.-06 Y6 
......--- 07 Y7 

GO G1 

p 

LS244 

00 YO 
01 Y1 
02 Y2 
03 Y3 

~ _;:::::: -
~ 
~ :::: 
~ 
~ 
~ 

_,.........,. 
;:::::: 
;:::::: 
;:::::: 
;:::::: 
;:::::: ---

~ ::::: 
~ 
_:::::::: 

A2 
A3 
A4 
AS 

.--- 04 Y4 
;:::::: 
-~ A22 

A23 I- OS YS -1-- 06 Y6 
I- 07 Y7 

GO G1 

7 p 
vcc LS244 

00 YO 1-----c::::> R/W' 
01 Y1 AO 
02 Y2 A1 
03 Y3 AV' 
04 Y4 BEO' 
05 VS BE1' 
06 Y6 BE2' 
07 Y7 BE3' 

GO G1 

PR.REQ' 

N. Wirth Date: 25.8.86 



BCLK 
LOSR' 

""1:S374 ....--
DO ~ DO 00 A 
~ 01 01 B :::::. 02 02 c :::::. 03 03 0 :::::. 04 04 E 
~ OS OS F 
~ 06 00 G OH !---..., 
';::::: 07 07 H LS100 
..___,. 

CK oc• 
ITTSI I- SL 

CK CL' CE 

~vl"J 
~ 

'--' DO 00 A 

'--' 01 01 B 
02 02 c 

0 
- 03 03 D 
~ 04 04 E 
~ OS OS F ~ 

06 00 G OH 1--, 
:::::: 07 07 H LS166 '-' 

LIT '--SI 
I-+-- SL 

CKCL'CE 

~vl~ 
I 

LS374 

- DO 00 A 
'::::::'.' 01 01 B 
'::::::'.' 02 02 c ::::::. 03 03 0 ::::::. 04 04 E ::::::. OS as F :::::. 06 00 G OH 1--

- 07 07 H LS100 '-.I 

UT ,____; SI 
r-+- SL 

CK ct.'CE 

1-=r J""J 
LS374 

~ DO 00 A :::::: 01 01 B 
'::::::'.' 02 02 c :::::: 03 03 0 
'::::::'.' 04 04 E 
'::::::'.' OS as F v 
';::"-' 06 00 G OH 1---

031 = 07 07 H LS166 '---" 

DO 

0 
PR.SEL 

CK oc· ,____; SI 
~ SL 

CK CL'CE~ 

~ OS' 

ETHzorich File: CeresLBP3.SIL Author: N. Wirth Date: 25.8.86 



A3 
A2 

IOWR' 

IORO' 

OSTO' 

0 L.80' 

SRC1' 

OST1' 

SBSY' 

RESET' 

0 SCLK' 

SRC1' 

ETH Zurich 

vcc 

470 

330 

22 

.CXl22 .l_ 

~ 

LS393 

QO 

CL 

01 

02 

PRINT 

PANT' 

CBSY' 

OSTO' LO edr & start PR 
OST1' Send Comd 
OST2' 
OST3' 

SACO' Get status O 
SRC1' Get pr status 
SRC2' 
SRC3' 

LS244 

PPROY 00 YO 
ROY' 01 Y1 
SBSY' 02 Y2 
CBSY' 03 Y3 

04 Y4t-
05 YS 
06 Y6 
07 Y7 

GO G1 

TsR:' 

06 

LS200 QO 

0001------- 00 
DQ1 01 
002 02 
003 03 
004 04 

1--4----'---------~R' 

L' 005 05 
006 06 
007 07 

CKG1'G2'0 

File: CeresLBP4.SIL Author: N. Wirth 
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01 
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0 

0 

PANT' 

CBSY' 

CPR DY 

VDO 

37 PIN PLUG vcc 

--~-{>~~0_3.3K~------~ 
BERG CONNECTOR 

vcc 

--~-{>~~0_3.3-K~~~--~ 

VSYNC' • VSREQ' 

BERG CONNECTOR ~PIN PLUG 

i= 14 
100 C> 

~--~-----~330--<= ± .O, ,,_ ____ ROY' 

100 C> i
~ 14 

:_--~------+-330---i:= t ~' ,,_ ____ SBSY' 

c::::i---------~1--~--t>----- PPRDY 

~ 330 ±m 
75115 

330 

c:::J>--------+----i:~ I C>------ SCLK' i= 14 

470 t .0022 

ETH Zurich CeresLBP6.Sll Author: N.Wirth Date: 25.8.86 



Laser printer interface 

2048 dots per line video clock • 1.8 MHz 

2G40 linC3 per pago 128 words per nne 
54(J(j720 dots per page 32 lines (4006 words} In bu"cr {band) 

DATA (64) VIDEO ....... -....... .. 1.F'RtNr ....... ..._ ADR (18) l.STATREQ' ::: .....- l.F/NPAUSE ::: Memory Interface l.PAPFEED ::: Printer 
l.LASERON :: 

LL PR.REQ l.LAMPTST -= "" PR.SEL _ .. .. 
CLRREQ --= I.TOP' 
STROBE :: I.BO' 

LL R/W' 
--.. I.ST~ 

~ 64/1()9 I""' I.READY 
0 

i"' l.PRINTEND 

IOADR ~ ~ + + 
100..K' __, ,._ BUS (1G} 

INTREQ' 

, .. 

Processor 

c 
10 Destinations 

408: Paper feed 

418: Buffer address 

428: Printer commB.nd 

438: Fetch printer status 

IOSources 

408: lntorlace status 

418: Printer status 

ETH Zurich L.overview Author: N.Wirth Date: 27.9.81 



0 

AK1 
AK2 
AL1 
AL2 

AN1 
AN2 
AP1 
AP2 

AR1 
AR2 
AS1 
AS2 

AU1 
AU2 
AV1 
AV2 

BM2 

BUSO 
BUS1 
BUS2 
BUS3 

BUS4 
BUSS 
BUSS 
BUS7 

BUSS 
BUS9 
BUS10 
BUS11 

BUS12 
BUS13 
BUS14 
BUS15 

815 

COf--, 
C>--------1 BO HO-------
c=:::::>-------~ 81 H1 -------
c_:::::>-------~ B2 H21-----l'----
C->--------I B3 H3-----

80 
-----icu 

81 
LS244 

-CO LS193 .__ __ _, 00 YO 1-------C::>-.> 

VCC CL LO' 

J l 
814 

COf--

.__ __ __, 01 Y1 1-------c:> 
.__ ___ __, 02 Y2 t-------_c=:::>_, 

'-------~ 03 Y3 l-------C::>.> 
-----~ 04 Y4t--------c:::::::::>~ 
____ __, os vs 1-------c-::::>~ 
.----~ 06 Y6 t--------C::>~ 

----107 Y7 t--------c:>~ 

GO G1 

c_::>---+--+--+--~ BO 
C:>---+---4-1----181 
<C-:::::>----+-+-+-~ B2 
<C-:::::>----+-+-+-~83 

HOi.--+----' 
H1_---l,_ _ __. T T 
H21---1------J 
H3i.--+-------' 

B01-
...____cu 
--co LS193 

VCC a. LO' 

J l 
813 

co\.-
c:_>---+---4-.:1----1 so HOi.--+-----
<<-::::::=>---+-+-+-~ 81 H1 r.---i.-----
c=.->---+---f-+----1 82 H2----l-----
C..__.>---+-1-l----I B3 H3---i.---

B01- 82 
LS244 

...____CU LS193 -co '---~--' 00 YO 1-------C::::>-
VCC CL LO' 

~ 1 
812 

co 

.___.-_.. 01 Y11-------e::::>
'-----'--" 02 Y2t-------e::::>-

'-----~--' 03 Y3 t-------C::::>-
----~--1 04 Y41-------e::::> 
---+---1 05 YS t-------::::::c::> 

--.-i.---1 06 Y61-------c:::>-
-~--' 07 Y71-------c:::>-

GO G1 

cc-::>----+-+--+---t BO 
<C-=>----+-+-+-4 81 
cc-::>----+-+-+--t 82 
cc-::>----+-+-+-4 83 

HOi.-----' 
H1------' 
H21--------J 
H3i.--------' 

l l 

'---CU 
-co 

B01-

LS193 

VCC a. LO' 

J l 
LS08 

DST.-.PR1 ---+---'-------------']~,_ ro--1-----.-------1 

INCADR _...___----1 ~ ~ J:U-U =.., 

LSOO 

LS04 c9a c14c S' 3b :ttc 

D Q 

LSOO 

CLRREQ 

PR.SEL' c==>---------,.i--c:::----~l 
; 

~~ 
c~11b __ ___, Y 

LS04 

ETH Zurich L.MemAdr Author: N.Wirth 

UAD2 Dl.1 
UAD3 DL2 
UAD4 DN1 
UADS DN2 
UAD6 DP1 
UAD7 DP2 
MAD8 DR1 
MA09 DR2 

MAD10 DS1 
MAD11 DS2 
MAD12 DU1 
MAD13 DU2 
MAD14 DV1 
UAD15 DV2 
MAD16 DK1 
MAD17 DK2 

PR.RECl AJ2 

R/W DF2 

64/1'7 DE2 

Date: 10.12.81 



0 

Address decoding c7ll 

LS139 
QO'-------- OST-PRO 

8£2 IOADRO BE2 c=>--------------------.,....---1$2 01' DST-PR1 
BF2 IOADRt BF2 S1 02' DST.PR2 

CE2 DST =100 CE2 c:::J-----a 
A£2 IOCLK' AE2 c:::J--r---0 
CJ2 BANK-4 CJ2 c:::J--+--r--0 

BUSO 
BUS1 
BUS2 
BUS3 

DST:PR2 

READY 
PRE ND 

status and int.request 

E' 03' DST-PR3 

c7b 

LS139 QO•,._ _______ SRC..J>RO 

S2 01' SRCaPR1 
"----tS1 02' 

d14 
LS174 

DO QO 

01 01 
02 02 
03 03 

., 04 04t-

., 05 0St-
CK CL' 

J I vcc 

E' 03' 

811 
LS244 

DO YO 
01 Y1 
02 Y2 
03 Y3 
04 Y4 
OS Y5 
06 Y6 
07 Y7 

GO G1 

LS02 

FINPAUSE 
PAPFEED 
LASER ON 
LAMPTCST 

BUSO 
BUS1 
BUS2 
BUS3 
BUS4 
BUSS 
BUS5 
BUS7 

;•t..l(END---+--------------~--t------1 

SRC-PRO -----'--------<• 
DST-PR1~---------<Y 

TOP 

DST-PRO -------i 

vcc 

ETH. Zurich L.statuso 

LSOS 

c 0 
R' 

vcc 

Author: N.Wirth/l.Noack 

INTREQ' BT2 

PRINT 
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0 

c 

DSTaPR3 

SRc-PRO 

STATUS' 

STATUS 

SRC-PR1 

ETH Zurich 

Vee 

1MHz r-
Vee L_ 

c38 

0
81

0 

LS74 

c a 
R' 

J -"' 
08 

d16b 

Vee 

c3b 

D S'O.-

LS74 

c 
R'O 

'--r-' 

~ 
Vt 

d9 

DA HO 
DB H1 

H2 
H3 

LS164 H4 
HS 
H6 
H7 

CK Cl' 

~ J 
Vlcc l d7 

DA HO 
1 DB H1 

H2 
H3 

LS164 H4 
H5 
H6 
H7 

CK Cl' 
L__J J 

L.status1 

c2a 
LS393 

001-

d15a 011-

FC 021-

RNG y 03' 03 t--

c Cl 

LS124 J 
c 

G' c2b 

I LS393 
001-
01 

021-
..__ 03' 03 t-

CL 

I 

C18 
LS393 

001-
01 t-, 

021-

'---1 03' 031-
Cl 

J 

d10 
LS240 

00 YO _@IT 1~ 

01 Y1 
02 Y2 
03 Y3 
04 Y4 
OS Y5 
06 YS 
07 Y7 

GO G1 

l 
dB 

LS240 

00 YO 
01 Y1 
D2 Y2 
03 Y3 
04 Y4 
OS vs 
06 VG ]EIIT 1_I 

~ 07 Y7 

GO G1 

~ 
l 

Author: N. Wirth/I.Noack 

~A 
~A 

~A 

~A 
-A 
-A 
-A 
-A 

STATREQ 

K1 BUSO 
K2 BUS1 
L1 BUS2 
L2 BUS3 
N1 BUS4 
N2 BUSS 
P1 BUS6 
P2 BUS7 

-J A 
-A 

:> A 

R1 BUSS 
R2 BUS9 
S1 BUS10 
S2 BUS11 
K1 BUS12 
U2 BUS13 
V1 BUS14 
V2 BUS15 

-J A 
-J A 
-J A 
=...,,A 
~A 

Date: 10.12.81 



V<X' BACKPLANE 37PfN PLUG BERG CONNECTOR 

0 LAMPTEST~~~~~~ 

~ 
0 3.3K 

11 l.PRINr c:::> AB2c::>----c:> 24 c::>----c:> 

V<X' r'~ 12 

~ 
Q a3K 

13 l.STAmEcr c:::> AD2c::>----c:> 25 c:::>----<=> 

V<X' . r·~ 14 

[??,; 0 3.3K 
15 l.FINPAUSE' c:::> AM2<=>---C:::> 2G c:::>----<=> 

V<X' rs~ 16 

~ 
0 3.3K 

c:::> BB2c:::>----<=> 27 c:::>----<=> 17 l.PAPFEED' 

vcc r·o~ 18 

~ 
Q a3K 

7 I.LASER Off c:::> BD2c:::>----<=> 22 c:::>----<=> 

V<X' rs~ 8 

Q 8:,: 
3.3K 

c:::> CB2c:::>---c:> 23 c:::>----<=> 9 l.LAMPTEST' 

r·~ 10 

PRINT 

FINPAUSE 

PAPFEED 

VIDEO CM2c:::>----<=> 20 c:::>----<=> 3 l.V1DE<Y 

~CT2~21~ 4 l.V1D£0 

BERG CONNECTOR 37PIN PLUG 

I.READ~ 27 c::>----c:> 32 C>----C) CD2 

28 ~~13 
~ 

I.TOP' 33 c::>----c:> 35 C>----C) DB2 

34 ~~16 
~ CJ 

l.PRINTENIY 31 c::>----c:> 34 c:>---c:> DD2 

32 ~15~ 

I.STATUS' 29 c::>----c:> 33 C>----C) DJ2 

3:J ~~14 
~ 

75115 
3:xJ 

I.BO' 37 c::>----c:> 36 C>----C) 

38 ~~37~DT2 

ETH Zurich L.connectors Author: N.Wirth Date: 4.1.82 



Disk Interface 

AC1 
DO 1 DO - 01 3 AC2 ~ 02 5 01 

AC3 ~ 03 7 02 
AC4 03 
ACS c-- 04 9 04 
AC6 

_... 05 11 05 
AC7 :::::: 06 13 06 
ACS :::::: 07 15 07 -

I BC3 _..._ A2 17 AO 
BC4 - A3 19 

A1 - A4 21 
BC5 - A2 

l~ 
BA14 ~ wa.cs• 23 CS' 

IOWR' 25 
WE' BA12 ~ IQRO' 27 
RE' BA13 - R/W' 31 ~ 
RN/' BA32 ~OS' 33 AA6 ~ OS' 

_..._ CWAIT' 29 ! 

BAB -'.ll'l. WAIT' 

BA15 ~ WQ.INT 35 INTRQ 

BA21 ~ RESET' 39 MR' 

i 

NS.s32.wd.SIL 

ETH Zurich WD1002-lnterface Author. H.Eberle Date: 29.8.85 
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0 

0 

1sumed by Western Di;" 
No license Is grantee : 

;erves the right to cw:· 

Printed 1
'' •• 

WESTERN DIGITAL 
c 0 R P 0 R A T I 0 N 

WD1002-05 Winchester/Floppy Controller 

FEATURES 
SINGLE + 5V POWER SUPPLY. 

CONTROL FOR UP TO 3 WINCHESTER AND 4 
FLOPPY DRIVES. 

ON BOARD DATA SEPARATOR AND WRITE 
PRECOMPE~SATION. 

128, 256, 512J AND 1024 BYTE SECTOR SIZES. 

PROGRAMM~BLE SECTOR SIZES TO 1K. 

, AUTOMATIC ;TRACK FORMATTING ON HARD 
AND FLOPPY DISKS. 

, MULTIPLE SECTOR OPERATIONS. 

, 5 BIT SINGLE BURST ERROR CORRECTION ON 
WINCHESTER. 

• CRC GENERATION/VERIFICATION ON ID 
FIELDS. 

• 5 MBIT DATA TRANSFER RATE. 

• ECC DIAGNOSTIC COMMANDS (READ LONG & 
WRITE LONG). 

DESCRIPTION 

·r1e WD1002-05 Winchester-Floppy Controller (WFC) 
., a stand-alone general purpose board designed to 
'<terface up to three 51/4" Winchester hard disks and 
. ;) to four 51/4" floppy disk drives. The WFC im
: •ements all the logic required for a variable length 
-:·ct or (to 1 K bytes), ECC correction, data separation 
nd host interface circuitry. The Winchester interface 
·. based on the Seagate ST506 and the floppy in
"~rface on the Shugart SA450. All necessary buffers 
1·1d drivers/receivers are on board. 

·:ornmunication:to and from the Host is made via a sep
:1·ate computer :access port. This port consists mainly 
' an 8 bit bi-directional bus and appropriate control 

~.gnals. All data to be written to or read from the disk, 
~!atus informati~m. and macrocommands are transfer
·•·d via this 8 bi~ bus. An on-board sector buffer allows 
=ata transfers to the Host computer at a rate indepen
!M1t of the drive transfer rate. 

rrie WD1002-0S Controller board is based on the 
ND1014 EDS ;device and 1015 Buffer Controller 
1'!·,.1ce, as well as the WD2797 Floppy Disc Controller 
·1'•d WD1010 Winchester Disk Controller chips. It is 
';rm factor compatible with most 51/4" Winchesters 
nd may be directly mounted on the drive. 

399 

ARCHITECTURE 
The Block Diagram of the WD1002-05 is shown in 
Figure 1. The heart of the system is the WD1015 
Buffer/Controller, which generates and processes all 
data and control lines, along with the WD1014 EDS 
that generates all control signals that cannot be 
handled in real time by the WD1015. 

Commands, parameters, and data are entered via the 
Host Interface Logic. The WD1015 accepts both floppy 
and Winchester commands in identical format, con
verting these parameters to the WD2797/WD1010 pro
tocol. Data is read from the selected drive and 
transferred to the Sector Buffer. If an error in the data 
field has been encountered, the WD1015 will instruct 
one of the controllers to perform retries automatically. 
In the case of an access on a Winchester drive, the 
WD1014 ECC device is enabled and error correction 
procedures invoked. Error Correction may be disabled 
via software from the Host to allow "CRC-only" format
ted Winchester drives to be used in the system. Data 
Separation and Write Precompensation Logic is 
onboard for Winchester transfers, while the WD2797 
Floppy Controller provides an integrated Data Separa
tor and adjustable write precomp. After the sector 
buffer is full, the WD1015 informs the Host Interface 
Logic that data may be read by the Host. The use of an 
on-board sector buffer provides both transparent error 
correction and data transfers to the Host that are inde- . 
pendent of drive transfer rates. 
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0 
HOST INTERFACE 

The WD1002-05 has been designed to interface to a 
Host processor via a parallel port or CPU bus con
figurations. The specific signals are compatible with 
the Western Digital WD10JO/WD1001 series of 
Winchester-only controller boards. With the inclusion 
of the WD1015, the previous WAIT signal is no longer 
necessary but has been provided for compatibility; 

~~,,~-~~ .• ~.t~ .. ---="'"~~~.,.,.,......,......,~.......,.,,..... • ...,.,,.......,_...,.....,.-.~. 
~·-~·,;;· '~ ~..:. . .. 

~·.r '•. ' 

400 

status information is always available to the Host for 
monitoring command progress. When the Busy bit is 
set, no other status bits are valid. 

The Host Interface connector (J5) consists of an 8-bit 
bi-directional bus, three address lines, and read and 
write signals. All functions within the WD1002-05 are 
initiated by the Host Interface. 

HOST INTERFACE C 

SIGNAL GROUND 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

l Note: Grounds 
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HOST INTERFACE CONNECTOR JS 

s IGNAL GROUND SIGNAL PIN 
-

2 1 
4 3 
6 5 
8 7 

10 9 
12 11 
14 13 
16 15 

18 17 
20 19 
22 21 

24 23 

26 25 

28 27 

-
30 29 

32 31 

34 33 

36 35 

38 37 

40 39 

Note: Grounds 

~ 
c ..... 

SIGNAL NAME DESCRIPTION 8 
N 
6 
(11 

DALO 8-bit bi-directional Data Access Lines. These lines 
DAL1 remain in a high-impedance state whenever the CS 
DAL2 line is inactive. 
DAL3 
DAL4 
DALS 
DAL6 
DAL7 

AO These three Address Lines are used to select one of 
A1 nine registers in the Task File or the Sector Buffer. 
A2 They must remain stable during all read and write _ 

operations. 

cs When Card Select is active along with RE or WE, 
Data is read or written via the DAL bus. CS must 
make a transition for each byte read from or written 
to the Task File. 

WE When Write Enable is active along with CS, the 
Host may read data to a selected register of the 
WD1002-05. 

RE When Read Enable is active along with CS, the Host 
may read data from a selected register of the 
WD1002-05. 

Pull-Up (PUP) .Used only when replacing WD1000 or WD1001 
with WD1002-05. Tied to a pull-up resistor. 

Not 
Connected 

Not 
Connected 

INTRO The Interrupt Request Line is activated whenever a 
command has been completed. It is reset to the inac-
tive state when the Status Register is read, or a new 
command is loaded via the DAL lines. 

ORO The Data Request line is activated whenever the 
Sector Buffer contains data to be read by the Host, 
or is awaiting data to be loaded by the host. This line 
is reset whenever the buffer has been exhausted or 
filled by the Host. 

MR The Master Reset line initializes all internal logic on 
the WD1002-05. Sector Number, Cylinder Number 
and SDH are cleared, stepping rate for Winchester 
devices are set to 7.5 mS, stepping rate for floppies is 
set to 40 mS, Write Precomp is set to cylinder 128 
and Sector Count is set to 1. The DAO and INTRO 
lines are reset. 

All even numbered pins (2 through 40) are to be used 
as signal grounds. Power ground is available on J6, 
pin 1. 

401 
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0 

DO 
01 
02 
03 
04 
OS 
06 
07 

R/W' 

OS' 

A4 
A3 
A2 

SEL' 

CLK 
INT' 
RST' 

....-- STB1' 

co~ 

ABO - BO HO AO 
- B1 H1 
- B2 H2 

AB3 - B3 H3 
BO 

.---" gg LS193 2K x 8 RAM 

CL LO' 
Lj_ 

C01-, 
AB4 -H f-H BO HO 

-H f-+-, 81 H1 
-H f-+- 82 H2 

AB7 -H f-+- B3 H3 
BO 

'- gg LS193 

CL LO' 

1---=f L..+-

L co 
f-+- BO HO 

I- B1 L---i I-+-' H1 
82 H2 A10 
B3 H3 

BO 

1.....gg LS193 WE' 

CL LO' 07 OE' CS 

i::::=.___J 

LS64S 
,...-.._ AO BO 
.:=:::::. A1 B1 :::::::::- A2 B2 
.:=:::::. A3 B3 

::::::: A4 B4 
AS BS 

~ A6 B6 ::::::: A7 B7 ~ 

DIR G 

~ 
l i 

LS125 
'---' 

~ LS125 
~ 
~ 

H>- c LS139 v: QO' 
,...-.._ S2 Q1' I--' '---' 

'---' S1 Q2' 

c:>--l E' 
Q3' 

~ ~ L[>-
I 

DIP 

~ 

~ 

HDC9224 

DBO 

087 

R/W' 

OS' 

OMAR 

ACK 

CS' 
ECCTM' DCLK 

CID' CLK 

0 

ETHzorich File: HDC1 .SIL Author: N. Wirth 

ABO I--
I---
I--
t--
t--
I--
I--

AB7 I---

INT H> 
DIP H>rC>-

RST' 

CLK 
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0 

0 

HDC9224 

ABO 

AB7 

S1 
so 

STB' 

WGATE 
WDATA 
LATE 
EARLY 

DCLK 
CLK 

RCLK 

LS574 
DO QO 
D1 01 
02 Q2 

-103 03 
r-----104 041---------. 

-105 05 
-1D6 Q6 
-107 07 

CK OC' 

.-=i- ~ 
ST506 

DISK CONN. 

LS574 ~ ,__ DR SEL 1 LS240 
1-----1------if-lDO QO t-- HOO WRT FL Tl-- DO YO t-
1-----1----if-lD1 01 t- HD1 READY t- D1 Y1 t-

D2 02 Vt- HD2 D2 Y2t-
l-----+---lHD3 03 t- HD3 ,..-. 03 Y3 t-
l-----'----+--ID4 041-----1 t- STEP TRKOOO t--t-- D4 Y4 t-
1---------i1-1DS 05 t- DIR SEEK Ca--+-- DS YSl--
1---------i1-106 Q6 1--- LOW CUR IDX 1--t-- 06 Y6l--
1-------if-lD7 07 r--i 1--- WGATE t--- D7 Y7t--

CK OC' GO G1 

~ 
LS139 

QO' 
t--- S2 

Q1'~ t---S1 02'1--

E' 03' 

~ STB1' 

MFM MFM ] 
WOATA ROATAi----i--u-.....~ 

__... 
:_: 

WO OUT t----__: .-------__: .. 
XDL DELAY 

DLY30 ""'-
--.. LINE 

DLY40 ::_ 
DLYSO; 

HDDS9226 

10MHz ... --"" X1 PMPUP' __: FILTER 
PMPDN' vco -1 X2 4XVCO ~ 

.. 
~ 

..... 

ABO 

AB7 

~g~~~ ... RDIN • ... 

l 
CLK 
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0 

0 

HDC9224 

LS574 
FLOPPY 

.---------100 QOI- SD 
.-------101 Q11------------1 MON 

.-------1D2 Q2 S SEL READY t----• 
..------lD3 Q3 WRPROt----~ 

.------1D4 04t--------. .---I STEP 
.---- D5 Q5 DRSEL TRKOOO l-

g~ ~t- r-;:=: ~~ATE SEE~D~c:=-
CK OC' r-1 WDATA RDAT4-

.-=r ~ 
LS574 7406 DR SEL1 rcS54o-

ABO 1--_._1-+-+-1-1---+.-iDO QO 1-- HOO WRT FLT DO YO 
l---'-+-t-l-+--l--ID1 Q1 t- HD1 READY D1 Y1 

HD2 L---1 D2 Y2 
HD3 .---1 D3 Y3 
STEP TRKOOO 04 Y4 
DIR SEEK Cq D5 Y5 
LOW CUR IDX 06 Y6 

D2 02t--{> 
1----~1--1---+-1D3 03t-
i-----'--+---+-ID4 Q4t- 1--"""'-il-l--t-I 
1-----....... --+.-1D5 Q5t- 1----''-+--t-I 
1--------+.-i06 06t-

AB7 D7 Q7 ...- WGATE 1--1 07 Y7 
CK OC' r- GO G1 
~ ._____. ST506 7 y 

.--
.----

... 
~ 

WGATE 1----------__.,-4--_..., 
WDATA1-------------'--'..., 

t .... LATE 
EARLY 1-------------..., 

DISK CONN. 

~MFM MFM~ 
~ WDATA RDAT~I 

'-, 

WO OUT I---' 
.-----

XOL .. DELAY 

gt~~~ 
LINE 

DLYSO ... 

HDOS9226 
CLK 

~ X1 
10MHz 1 

-X2 

RCLK 
ROAT A 

RCLK 1<1...._t---+--t-------. 
RDATA 1<1~t---+--t-------. 
RGATE1---t-+------l+-+-..----"'..., 

~~~ oxU 
X2 
X3 

LS153 
'-t-1 YO 

r-+-1 ~~ OYf---' 
_,y3 

PM PUP' FILTER 
PMPDN' ~ vco 
4XVCO ~ 

r--+ 
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ROH.-t-----------------' 
.,s2 
-1S1 FDC9216 

EX' EY' 

~ 
~:_-:_-:_~J.~-=--=-~:.-:_-:_-:_-:_-:_-:_-:_-:_-:_-=: ~gt~ A g~ t----- SD 

DRSEL1' ---~ 

r- ABO 
r-
r-
r-
r-
I-
r-
r- AB? 
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RESET' 
MR' <..--

-1 WAIT' 

10.WR' 
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IC.RD' RE' <..--
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WO.CS' cs• <..--

_oo 
DALO' = 01 

- 02 DAL1' 

<..-- 03 DAL2' 
<..-- 04 DAL3' 

<..-- 05 DAL4' 
<..-- 06 DALS' 

<..-- 07 DAL6' 
<..-- DAL7' 

A2 AO <..-- A3 
<..-- A4 A1 

A2 
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<..-- INTRO 

c ) 
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u7 u12 

15 
ALS19i:o ~ ~ 

ABO BO HO 3 AO 
1 81 H1 2 ::i I 

10 B2 H2 6 -r z 
9 7 y 

AB3 83 H3 3 

5 
BO ... 13 

~ cu 
co 2K x 8 RAM 

CL LO' 

14 11 

us 

15 
ALS19i:o ..11-

AB4 BO HO 3 \I q 
1 81 H1 2 3 

~ 
10 82 H2 6 '2. c. 

AB7 9 83 H3 7 ~ :J 

5 
80 •. .13 

·1'4 cu 
CD 

CL LD' 

14 11 

u9 
ALS19i:o t-12 

'--'---'-'1=5__. BO HOi-3----_1"""!'--f 8 
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14' ~B3 H3t- 7 
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u19 
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WE' 
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u11 

00 <c-:::>----..:.=:~-i. AO BO i-.;,.:18::---+-+------+-+-+--+-+-+-+--'--~~-'----1~~ OBO 
01 r- A1 81 17 41 • 

4 16 4• ' 
02 cc-:::>-----:

5
-i A2 82 

15 
' t 

03 r-
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HOC9224 

ABO 
2 

I j_ 
! _io 

~ A4 
~ !oL 
r A~ 

c. A~ 

AB7 Ar 

1
R13 

S1 
so ~ 

p. 

STB' 
W_ 

WGATE fl 

WDATA 
_Q 

LATE ~ 
EARLY li 

Giil. 
-y,, 

['(~ll 
DMACLK ....-

() 

RCLK .... ~ 
RDATA

1 ~~o 
"".11.i. AGATE 

DRSEL1' 

ETHzorich 

ALS574 ~ J 
N 

+1tcsi FLOPPY 
2 DO 00 19 
3 01 Q1 18 _1.._ {~ 

M off 
4 02 Q2 17 ~ S SEL! READY 

J_'t 
5 03 Q3~ e-{>- ly_ 1 DCHR1 WRPRC LZ1_ 
6 04 Q4~ \t -r;; 

STEP OCH• 1 
7 OS QS~ " 1L DRSEL fTRKOOO' .K 
8 06 061--!3 ~ DIR' 
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1
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4 D2 Q2 17 _s_j G. ~ 02' .. ~ 02 Y2 ~'1 
5 03 Q3 16 3- {> ~ \ 
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'f D p 

u16 's ~ .. '\O l 
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~t 
A 
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'L ~ W~A.Tf: 2. ~~ 

u14b ... 
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..i;. EA.fl..~ OLY30 ... .i~ 

4l. .. LINE ... 
DLY40 ~2l 
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~ 

10MHz DLYSO ~11e 
« 

.!I .... 
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Vee 

~laooD 
CLK ' j_ zi,;+_.. 

X1 PM PUP' n _.. 
ALTER - 7' ![.J...t't'•,... K ::: '" ~.Ar X2 

PMPDN ...JI 
- ... vco 

. ,bu,~ 4XVCO .... 
~ 1:,. 4 

RCLK 
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RDATA
1 

~ 

RDIN ... ~-. 
I ~4_.. U,AiE: 

.... 

u17 GJ --
~XO AS153 
~X1 OX 7 
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~ 
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YO 
11 Y1 ~ 1~_. Y2 OY 
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.... -
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a b c 

r-

32 +5V GNO 031 32 
31 +5V GNO 030 31 
30 -12V GNO 029 30 
29 +12V GNO 028 29 
28 -5V GNO 027 28 
27 GNO GNO 026 27 
26 GNO GNO 025 26 
25 SEL3' GNO 024 25 
24 SEL2' GNO 023 24 
23 SEL1' GNO 022 23 
22 SELO' GNO 021 22 
21 OSP.SEL' GNO 020 21 
20 REQ3' GNO 019 20 
19 REQ2' GNO 018 19 
18 REQ1' GND 017 18 
17 REQO' GNO 016 17 

A = 16 OSP.REQ' GNO 015 16 
15 CLR.REQ' GNO 014 15 
14 ILC' GNO 013 14 
13 GNO 012 13 
12 INT7' GNO 011 12 
11 INT6' GNO 010 11 
10 INTS' GND 09 10 
9 INT4' GNO 08 9 

\_ ) 8 PAR.CLR' GNO 07 8 
7 PAR.ERR' GND 06 7 
6 OS' GND 05 6 flff~IW' 
5 RFSH' GNO 04 5 
4 BE3' GND 03 4 
3 BE2' GNO 02 3 
2 BE1' GNO 01 2 
1 BEO' GND DO 1 

'--

r-

32 RIW' GND A31 32 
31 AV' GND A30 31 
30 DBE' GND A29 30 
29 ROY GND A28 29 
28 GND GND A27 28 
27 FCLK GND A26 27 
26 GND GND A25 26 
25 CLK GND A24 25 
24 GNO GND A.23 24 
23 RESET.IN' GND A22 23 
22 GNO GNO A21 22 
21 RESET' GNO A20 21 
20 GNO GNO A19 20 
19 GND A18 19 
18 GND A17 18 
17 GNO A16 17 

) 8 :::::: 16 GNO A15 16 
15 DK.INT GND A14 15 
14 DK.CS' GND A13 14 
13 IC.RD' GND A12 13 
12 IC.WR' GND A11 12 
11 IC.EN' GNO A10 11 
10 WAIT2' GND AO 10 
9 WAIT1' GND AB 9 
8 CWAIT' GND A7 8 
7 GNO GNO AG 7 
6 GNO GND AS 6 
5 -5V GND A4 5 
4 +12V GND A3 4 
3 -12V GNO A2 3 
2 +5V GND A1 2 
1 +5V GND AO 1 

'--

a b c 

Pullup resistors ere provided 
for 00-031, AO-A31. 

NS.832.Pinout.SIL 
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) 

16 MB 

10 Devices 

ROM 

Co--(c.'VS"" !},·X)·L :{!\.., 

c.~ Die~.;,_ ... 

II..\. nr.. VIDEO RAM 

12 MB 
t--

BMB 
1--

4MB t--

RAM 

OMB 

NS.s32.MemMap.SIL 

ETH Zurich Memory Map 

FFFFFF H 
FCOOOO H 
FBFFFF H 
FBOOOO H 

f+''rt:rn.\ 
tt'' crvoo 1..1 

Gt' F~~~ It 
-t;4'ooo~ It 
E3FFFF H 
EOOOOO H 

COOOOO H 
BFFFFF H 

800000 H 
7FFFFF H 

400000 H 
3FFFFF H 

200000 H 
1FFFFF H 

000000 H 

FFFFFF H 

FFFFOO H 
FFFEFF H 

ICU 

FFFEOO H 

CF/BT.FF 
FFFDCO H 

sec 
FFFOaO H 

DUA RT 
FFF040 H 

Mouse 
FFFDOO H 

FFFCCO H 

RTC 
FFFCBO H 

PCLR FFFC40 H 

Disk Interface 
FFFCOO H 

I I 

I I 

I I 

I DSP.CTRL' I 

I I 

I I 
I I 

I - - - - - _J - FFFAOO H 

C..\)£1-" fffSoo ( Sv--a.t.t 
v.·~ Ccr~ 

t_, "DP t=t:Hoo 

\)51'. c.1'lL ff 'F ttoo (~~!h's 
'D ~'P QAC fff loo 

1)SY1. Cl~$ r"ff 000 

1\ 'ft: E Eo o 

Basic Configuration: 

2 MByte RAM 
256 KByte Video RAM 
32..256 KByte ROM 

Author: H.Eberle Date: 17.6.85 
REV. 11.10.86 
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() 

Ceres Part List 

Boards: 

Processor 
Memory 
Display Controller 
Mother Board 
Disk Controller 

Cabinet: 

Computer 
Display 
Power Supply 
Miscellaneous 

1/0 Devices: 

Display 
Keyboard 
Mouse 
Winchester 
Floppy 

(WD1002-5 

XL125 4601 

17", 52kHz 

WD 

Schroff 
Knllrr 
Boschert 

83ST13-5E {US key layout) Honeywell 
D83 
ST4051 
TEAC FD-35F PS 

Seagate 
Teac 

Stolz) 

Rotronlc 
KnUrrCH 
Kontron 

Aschenbrenner 
Honeywell CH 
Depraz 
Datacomp 
Wenger 

N..:;,. fU-? . .UOIL 

1 

t?.J. 
Jlr.1.86 



2 

Processor· Board 

I Cs: 

ul-6,48,49,53,65 74ALS645 TI 10 Fabrlmex 
u7 74AS244 TI 1 Fabrlmex 
u8-ull· 74ALS573 TI 4 Fabrlmex 
u12 PAL20L8A Tl/NS/MMI 1 Fabr.,Fenner,lndustrade 
ul3,14 PAL16R8A Tl/NS/MMI 2 Fabr.,Fenner,I ndustrade 
u15 74AS573 TI 1 Fabrlmex 
u16,21 PAL16L8A Tl/NS/MMI 2 Fabr.,Fenner,I ndustrade 
u17-20 74F779 Signetlcs/Falrchild 4 •Signetlcs Utah 
u22 74AS74 TI 1 Fabrlmex 
u23 NS32081FPU NS 1 •Fenner 
u24 NS32032CPU NS 1 •Fenner 

0 u25 NS32082MMU NS 1 •Fenner 
u26,38 74AS04 TI 2 Fabrlmex 
u27,29-32 74ALS541 TI s Fabrlmex 
u34 74AS08 TI 1 Fabrlmex 
u35 TL7705 TI 1 Fabrlmex 
u36 NS32201 TCU NS 1 •Fenner 
u37,39,62 74ALS32 TI 3 Fabrlmex 
u40 74ALS74 TI 1 Fabrlmex 
u41-44 27C64-150 ROM Hitachi 4 Fenner,Dimos 
u45 74LS393 TI 1 Fabrlmex 
u46 74LS125 TI 1 Fabrlmex 
u47 SCN2681AC1N40 UART Signetlcs 1 •Philips 
u50 Z8S30APs sec Zilog/AMD 1 Moor,Kontron 
u52 Am9519A-1 ICU AMO 1 Kontron 
u54 74ALS244 TI 1 Fabrlmex 
u55 PAL16R8A-2 Tl/NS/MMI 1 Fabr .,Fenner,Industrade 

() u56,57 74ALS138 TI 2 Fabrlmex 
u58,63 74ALS04 TI 2 Fabrlmex 
u59 75188/1488 Tl/Motorola 1 Fabrlmex.Omnl Ray 
u60 75189/1489 Tl/Motorola 1 Fabrimex.Omnl Ray 
u61,"64 DS3696N NS 2 Fenner 
u66 M3002 MEM 1 Moor 

Resistors: 

Rl,2,11,13,35-37 !OK 7 
R3,10,12,14,29-31, 
33,34,39 4K7 10 
R4,7,15-17 470 s 
RS,6,24-26,47 lK 6 
RlB,21,22,28,45 560 5 
R19,20,23,27 ,44 270 s 
R40-43 OOhm 4 



3 



4 

Sockets: 

ul -11,13-16,21,27, 
29-32,48,49,53-55,65 20 pin 0.3" Augat 27 Fabrimex 
u12 24 pin 0.3" (16 + 8) Augat 1 Fabrimex 
ul 7 -20,56,57 ,66 16 pin 0.3" Augat 7 Fabrimex 
u22,26,34,37-40, 
45,46,58,59,60,62,63 14 pin 0.3" Augat 14 Fabrimex 
u23,36 24 pin 0.6" Augat 2 Fabrimex 
u24 68 pin 0.6" LHCC 55159-1 AMP 1 Aumann 
u25 48 pin 0.6" (24 + 24) Augat 1 Fabrimex 
u35,61,64 8 pin 0.3" Augat 3 Fabrimex 
u41-44,52 28 pin 0.6" Augat 5 Fabrimex 
u47,50 40 pin 0.6" Augat 2 Fabrimex 

0 PCB: 

4 Layer Double Eurocard (233.4 x 220 x 1.6} 1 ED,Photochemie 

0 
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Memory Board 

!Cs: 

ul-u4 Am29C833} AMD 4 Kontron 

us 74AS1032 TI 1 Fabrimex 

u6 74AS32 TI 1 Fabrimex 

u8 74ALS04 TI 1 Fabrimex 

ulO 74ALS138 TI 1 Fabrimex 

u12 DP8419 DRAM Controller NS 1 •Fenner 
u13 74LS125 TI 1 Fabrimex 
0/0-0/31, 
1/0-1/31, 
0/dp0-0/dp3, 
11 dp0-1/ dp3 256k DRAM -120 (-150} div. 72 div. 

0 
Resistors: 

Rl-R6 4K7 6 
R7 lK 1 
u7 /1-4, ull/1-8 22 12 
u7/5-8 33 4 

Capacitors: 

Cl luF mulitlayer ceramic 1 
C2 luF Tantalum 1 
C3,4,6 lOuF Tantalum 3 
C5,7 lOOuF Electrolyte (radial} 2 

220nF 72 

0 lOOnF 9 

Jumpers: 

Jl-J5,u9 OOhm 6 

Connectors: 

DIN41612 Connector 3x32 circuits 2 

Sockets: 

ul-4 24 pin 0.3" (16 + 8} Augat 4 Fabrimex 
u5,6,8,13 14 pin 0.3" Augat 4 Fabrimex 
ulO, 
0/0-0/31, 



0 

0 

1/0-1/31, 
01 dp0-0/ dp3, 
l/dp0-l/dp3 
u12 

16 pin 0.3" 
48 pin 0.6n (24 + 24) 

Aug at 

Augat 

4 Layer Double Eurocard (233.4 x 220 x 1.6) 

73 
1 

1 

Fabrlmex 
Fabrlmex 

ED,Photochemle 

6 
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Display Controller Board 

I Cs: 

uO 74AS10 TI 1 Fabrlmex 
ul-4 74ALS645 TI 4 Fabrlmex 
u5,6 74ALS541 TI 2 Fabrimex 
u7 PAL16L8A TI/NS/MMI 1 Fabr.,Fenner,Industrade 
u8 DP8419 DRAM Controller NS 1 •Fenner 

(DP8409 with 200ns VRAMs) 
u9 1,-111\ Mo~ 74AS1032 TI 1 Fabrlmex 
!J.}1,34 74AS1008 TI 2 Fabrimex 
u12 74ALS175 TI 1 Fabrlmex 
u13 74ALS32 TI 1 Fabrlmex 
u14 74ALS74 TI 1 Fabrimex 

0 u15 74LS125 TI 1 Fabrlmex 
ul 7 ,19,20,30,32 74ALS163 TI 5 Fabrlmex 
u18,21 27C64-200 ROM Hitachi 2 Fenner,Dimos 
u22,33 74F378 Signetics/Fairchild 2 •Philips,Moor 
u23 74ALS08 TI 1 Fabrlmex 
u24 74F676 Slgnetics/Fairchild 1 •Phillps,Moor 
u25 74AS74 TI 1 Fabrlmex 
u26 74AS175 TI 1 Fabrimex 
u27 74AS163 TI 1 Fabrlmex 
u28 74AS04 TI 1 Fabrlmex 
u31 74ALS04 TI 1 Fabrlmex 
s0-31 TMS4161-20/-15 VRAM TI 32 Fabrlmex 

Resistors: 

0 
Rl,3,4,7,12,13 4K7 6 
R2 lK 1 
R8,10,16,17 ,19 270 5 
R9,11,15,18,20 560 5 
Rl4,ul0/5-7 33 4 
R5,6,ul0/l-4, 
ul6/l-8 47 14 

Capacitors: 

Cl luF multilayer ceramic 1 
C2 luF Tantalum 1 
C3,4 4 7uF Electrolyte 2 

lOOnF 63 

Cn:stals: 
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u29 70MHz Crystal Oscillator NCT-o70C70 1 Kraus(D) 

Jumpers: 

Jl,4,5 OOhm 2(3) 

Connectors: 

DIN41612 Connector 3x32 circuits 2 
Coax Jack 50 Ohm 1 
Connector for SYNC signals 1 

Sockets: 

0 ul-7,s0-31 20 pin 0.3" Augat 39 Fabrlmex 
u8 48 pin 0.6" (24 + 24) Augat 1 Fabrlmex 
u0,9,ll,13-15,23,25, 
28,29,31,34 14 pin 0.3" Augat 12 Fabrlmex 
ul2,l 7 ,19,20,22,26, 
27 ,30,32,33 16 pin 0.3" Augat 10 Fabrlmex 
ul8,21 28 pin 0.6" Augat 2 Fabrlmex 
u24 24 pin 0.6" Augat 1 Fabrlmex 

PCB: 

4 Layer Double Eurocard (233.4 x 220 x 1.6} 1 ED,Photochemle 

0 
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Motherboard 

Resistors: 

rpl-8 8x4K7 SIP 8 

Capacitors: 

lOuF Electrolyte 15 

Connectors: 

DIN41612 Header 3x32 circuits 12 
Cl Edge Conn. SLlOP A Weidmilller 1 C.Geisser (123.556) 

0 C4 Conn. 2x20 circuits SL2/53G 2x36 1 (5/9) E.sD (44748) 
C2,3 Edge Conn. lx5 circuits SL3/53G lx36 2(217) ESD(44762) 

PCB: 

4 Layer Board (160 x 278 x 3.2) 1 

0 



(' ) 

;----
) 

Reset Buttom, 
Power Switch Lamp 

wa (4) 

C1 

Motherboard 

C1 

W1 (10) 

Power Supply 

1 
C2 

C4 

NS.caconn.DOK 

W3(4) 

W4 (40) 

W2(4) 

W9(3) 

ETHzorich Cable Connections 

Disk Controller 

Fan 

Power 
Connector 
220 V AC 

I 

Author: 

W7 (34) 

i--

W5(20) 

wa (34) 

H.Eberle 

1 

Floppy 

Disk Drive 

Winchester 

Disk Drive 

J 

Date: 22.5.86 
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CLK 
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8a16 <-BYTE' 

PAR.ERR' ,.. 12 
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u3 

Oscillator 

CLK 
8 

40MHz 

1 - NC 

ETH Zurich 
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010 814 

030 
E11 C14 

029 
F10 815 

D2B 
G11 C15 

027 
K4 816 

026 
l3 C16 

025 
l2 E14 

024 
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023 
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022 
G2 F14 

021 
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A3 516 
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ns532.cpu1 .SIL 

Processor Cluster 

aO a31 .. 
u1 

NS32532 CPU 
G2 

031 A31 
F1 030 A30 
G1 

029 A29 H2 
D2B A2B 

H1 
027 A27 

11 
026 A26 

12 
025 A25 

13 
024 A24 

K2 
023 A23 

l1 
022 A22 

l2 
021 A21 

M1 
020 A20 

N1 
019 A19 

N2 
D1B A1B 

M3 
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N3 
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51 
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52 
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55 
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BW1 BMr 7fo QJ_uRea' <......, St4 11 
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BIN' 
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Author: B. Heeb 

Vee 
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Processor 
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u4b 
AS244 

11 3 
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11 9 

15 5 

19 
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BE2' ~ 11 
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15 BEO' -.J 
14 R/W' '> 
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DIR G' 

1J 19 

nsS32.epu2.SIL 

Reset-Logic, Buffers 

u23 
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Al.517S 2 Rst' 
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3 Reset 
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QO' 
7 D1 Q1 
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Int' 12 
Q1' 
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Author: B. Heeb 

A31 
A30 
A29 
A28 
A27 
A26 
A25 
A24 

A23 
A22 
A21 
A20 
A19 
A18 
A17 
A16 

A1S 
A14 
A13 
A12 
A11 
A10 
A9 
AS 

A7 
A6 
AS 
A4 
A3 
A2 
A1 
AO 

Date: 

-::> ;::::: 
-...:> 
~ :=:.. ::> 
~ 

~ ,..::.. 
::> 
~ 

-;::-
;::-
;::-
-J -;::' 
-...:> - _, ;:::::: 
-...:> 

"J :=:... -> ,.......... 

;::-
;::::: 
-...:> 
"J :=:... ....:> 

~ 
.~ ::> 
~ 

;::-
;::-
-J -_, 
;:=: 
-...:> 

Bc32 
Bc31 
Bc30 
Bc29 
Bc28 
Bc27 
Bc26 
Bc25 

Bc24 
Bc23 
Bc22 
Bc21 
Bc20 
Bc19 
Bc18 
Bc17 

Bc16 
Bc15 
Bc14 
Bc13 
Bc12 
Bc11 
Bc10 
Bc9 

Bc8 
Bel 
Bc6 
Bc5 
Bc4 
Bc3 
Bc2 
Bc1 

10.6.88 



c 

c 

Vee 

41<7 RA1 u7 I~ 
__ ...:.1-l PAL16R8B l-1':-.::9:--------..:D~S:..:.P.:,:.G::,N;.,.;T'~-c:>:> Aa21 

Aa16CC-=>-.;:D;.::S~P.~R.:;,;~:s..'--.....&.++lf4++---+--......:2"-I 18 RFSH' ;::::. Aa5 
_-_ .... R_ef_R-~.· ____ __..1-++++-----1-----3;.....i l-1~7:------------------~G~N=ro~·-;:::.c:>:> Aa22 

Aa17 - REGO' 4 1-1.;,.;;6,,__ _______________ .;;;:;G"""N,;,,T1;..,'--~ Aa23 
Aa18c::_)....;:R~EQ~:1 • ________ --114++----1-----5:!....1 Priority 1-1.:,..5:----------------.:;;:G.;.:N,,;,:T2;;:.,'--c:> Aa24 
Aa19 "':::: REQ2' 6 PAL 1-1.;,.,4;.-------------.,,,-.;:;:G~N:..:.;T3:;..'--c:>~ Aa25 
Aa20 ;=: REQ3' 7 1-1.:..:3;._ ______________ ~(Ql=u.;:;:G.:.:.nt'=----

_-____ Q>._1uR'""e'""-q'' ________ ..._ _ _.__-..:8;.....i l-1':-=2:--:::-::---------'D=BE=-'--c:> Ba30 

Ba29 ~ ROY 9 '-------'~ ~ 
Clk 

u8 
1K I I R15 .. 17 ...__...:..1-i PAL16R8B 

Ba30 r-' DBE' 2 
- rlw' 3 

Ba11 - 10.EN' 4 
Ba1oc<=::::>-.:..W:..:.A.!!IT.:.:2._'------4-1--------5:!....1 Timing 
Ba9 ~ WAIT1' 6 PAL 
Ba8 ~ CWAIT' 7 

<-- loRdv' 8 

u21 

19 
18 
17 
16 
15 

u19 

loAee' 
RDY .- Ba29 

DS' ~ Aa6 
10.RD' ~ Ba13 
10.WR' =? Ba12 

CLR.REO' ~ Aa15 

EP600 
Ref Re 
lo Rd 

ALS138 
15 QO' 

Bc11 A10 3 
54 

Q1' 14 
c::~.:..::..---~ Q2' 13 

..-..,;PC"'"lk;.;..._ ____ ...._. CLK
1 

Bc10 A9 2 52 
Q3' ..,.1 ... 2....__"""C"'-lrB"'"o'""o..;;,..t' __ 

c:::>-'-;;;;....----=--1 Q4' ..,.1...,1-___ o.,...sw......-.se .... 1· __ 

Aa5 RFSH' 
loAce' 

2 
11 

Counter 
PAL 

14 INP 
23 

1/0 

Bc9 c=> .... A""8----.:.....:i QS' ..,.1_o ____ c"'-lrP.._a.,..r' __ 
51 QG' ~9;;--_-...:.:.ln:..::tA~e:.:;.k' __ 

Q7' 7 
E' EE' 

Ba13c-~IO::::.·:.:..;R~D-' ___ _...... 

Bc12c->-'-'A~11~------' 

u20 

ALS1 ~o· 15 DK.CS' Ba14 
Bc15 A14 3 54 Q1' ._.1_4_,__ .... 1c""u_s_e,,_1· __ 

13 CLK2 

u22c 

~ 

ns532.epu3.SIL 

ETH Zurich Arbiter, Ref. Counter 

Addr. Decoder 

c-:)....:...:.:..:...---~ Q2' ._.1....,3_,__ .... R .... Tc.-s_e __ 1·--
Bc14 c:::>-~A.:...n!.--__ _..:;2~52 03 • ._.1...,2 __ ..... M'"""o=us'"'"e"'"Se...._I' __ 

Q
4

' t-1_1 ____ u""a""'rtS-e ...... 1· __ 
Bc13 -~A:.:.;12:;;...._ ___ :.......i QS' '""'1._o ___ s""'c.;;;cs..,e ...... 1· __ 

... 51 Q6' 9 
Q7' 7 

E' EE' 

Bc16C:::>-'-'A~15"--------' 

Author: B. Heeb 

Vee 

Date: 10.6.88 



RA2 41<7 u31 u32 
Am9S19A-1 ALS64S 

INT7' 25 
IR7 D7 4 2 AO BO 18 D7 Ac8 

INT6' 24 5 3 17 D6 Ac7 
INTS' I RTClnt' 23 IR6 D6 

6 4 A1 B1 16 DS Ac6 
INT4' I KBlnt' 22 IRS DS 7 5 A2 B2 

15 D4 Ac5 
Ba15 21 

IR4 D4 
8 6 A3 B3 14 D3 Ac4 

Uartlnt' 20 IR3 D3 
9 7 A4 B4 

13 D2 Ad 
SCClnt' 19 

IR2 D2 
10 8 

AS BS 
12 D1 Ac2 

Timerlnt' 18 IR1 D1 11 9 
A6 B6 

11 DO Ac1 IRO DO Al B7 

Vee R20 41<7 
12 DIR G' 

ICUSel' 1 RIP' 
16 

Ba13 10.RD' 3 cs· EO r/w' 1 19 

Ba12 10.WR' 2 
RD' 

Bd A2 27 WR' 
Int' 

15 C/D' GINT 
PAUSE' 

lntAek' 26 INTA' vcc 13 El GND 

u35a u35b 

RA3 6 
2 

u33 

52 ALSS41 
2 

DO YO 
18 D7 Ac8 

3 17 D6 Ac7 
4 D1 Y1 

16 DS Ac6 Vee 
5 D2 Y2 

15 D4 Ac5 c 6 D3 Y3 14 D3 Ac4 
7 D4 Y4 

13 D2 Ad 41<7 R22 
8 DS YS 

12 D1 Ac2 
9 

D6 Y6 
11 DO Ac1 3 D8 Ac9 D7 Y7 0 GO' G1' 

DSWSel' 1 19 

~KB.5 

~KB.4 

u22a u22b 

KB.2 KB.RxD' 4 KB.TxD' KB.3 

D1 
+12V 

u27 
SC2692 

31 
RxDA TxDA 30 

V24.3 10 11 V24.2 RxDB TxDB 

V24.6 6 OP? 
IP6 OP6 
IPS OPS KB Int' V24.4 
IP4 OP4 V24.5 8 Timerlnt' 

0 
IP3 OP3 
IP2 OP2 
IP1 OP1 V24.8 11 IPO OPO V24.20 

AS 6 
A3 INT 21 Uartlnt' 

V24.1~ A4 5 
A3 3 A2 40 Vee A1 vcc 

V247 SGND A2 1 20 u28 
AO GND 02 

ALS64S 
Uart5el' 35 cs· D7 

19 2 AO BO 18 D7 Ac8 
Ba13 10.RD' 9 22 3 17 D6 Ac7 
Ba12 IQ.WR' 8 RD' D6 18 4 A1 81 16 DS Ac6 

V24.13~ Reset 34 
WR' DS 23 5 A2 B2 15 D4 Ac5 RESET D4 

17 6 
A3 B3 

14 D3 Ac4 
32 D3 24 7 

A4 84 13 D2 Ad 
V24.9 ~Ba4 

1SpF X1 D2 16 8 AS BS 12 D1 Ac2 

rl 33 D1 25 9 A6 B6 11 DO Ac1 X2 DO A7 B7 

V24.10~8a3 SpF DIR G' 

C3 1 19 r/w' 
3.6864-MHz 

UartX 

nsS32.epu4.SIL 

ETH Zurich ICU I DSW I UART Author: B. Heeb Date: 10.6.88 



u39 
ZBS30 

c ~ Rx.DA TxDA 
~ CTSA' RTSA' 
12- DCDA' DTRA' 

UartClk 
11-. SYN CA' REQA' 
12 RTxCA' TRxCA' 

27 Rx.DB TxDB 
R- CTSB' RTSB' 
~ DCDB' DTRB' 
~ SYN CB' REQB' 

u40 
~ RTxCB' TRxCB' 

Oscillator HI 8 INTA' INT I 7 IEI IEO 
CU< 8 PClk 20 PCU< 

Bc4,......... A3 34 
Bc3 A2 32 A/B' D7 

DIC' DG 
- NC 

L... SCCSel' 33 CS' DS 
Ba13 - 10.RD' 36 RD' D4 Ba12~ 10.WR' 35 WR' D3 -

GM Hz Vee 9 
D2 

vcc D1 
~ GND DO 

c 
u38 

81 3V M3002 
Vee 

S .. 40pF C5 + I VBB D3 12 

D2 11 
Vee I Xin D1 10 

9 Xout DO 

4 1S 
RTCSel' 7 

SYNC' PULSE' 14 
Ba13 10.RD' 6 

CS' BUSY' 

Ba12 10.WR' 5 OE' 13 R/W' IRQ' 

nsS32.epuS.SIL 

ETH Zurich sec, RTC 

~ 
17 
16 

~ 
~ 

25 
23 
24 

~ 
i-12. 

5 

i£-
4 
37 
3 
38 
2 
39 
1 
40 

u41 
r-------------553~0 

I I 

4 I I 
I ·~ :::J __L 1 

I i....--o I 
I 18 
I I 5 
I - - - I- - - - I- - I- - - - - - - -

~ 
7 6 2 

11 

0 D+ =:> 

D- ==> 
NA. 

NA. 

Vee 

418 

519 

~NA k 
26 

6 

113 

100n 

u42 
r - - - - - - - - - - - - - 553G9s• 
I I 

4 I I 
T ·~--5 :::J _J_ 1 
I v9 I 
I 18 
I I 5 
I - - - I- - - - t- - I- - - - - - - -

~ 
7 6 2 

LS 

2 D+--
D- =:> 

Vee 

NB 418 

519 NB 

~N81 SCClnt' k 
u37 27 

ALS64S a 2 18 D7 ~Ac8 

13 

3 AO BO DG 100n 
A1 B1 17 ~Ac7 

4 A2 B2 16 DS ;:::; Ac6 
5 A3 B3 15 D4 '°=; Ac5 
6 

A4 B4 14 D3 --:; Ac4 
7 13 D2 ~~~~ 8 

A5 BS 
12 D1 

9 
AG BG DO A7 B7 11 ;::::: Ac1 

~ 

DIR G' 

r/w' 
1119 

u36 
R28 . .31 1K ALS64S 

AO BO 
18 D7 Ac8 

A1 B1 
17 DG Ac7 

A2 B2 
16 DS Ac6 

A3 B3 
15 D4 Ac5 

A4 B4 
14 D3 Ac4 

AS BS 13 D2 Ac3 

AG BG 
12 D1 Ac2 
11 DO Ac1 A7 B7 

DIR G' 

RTClnt' 

Author: B. Heeb Date: 10.6.88 



Ba30 DBE' 

MS.2 
MS.3 

MS.1 

MS.6 

MS.8 
MS7 
MS.9 

Ba13 

Rom En' 

PClk 

MouseSel' 

r/w' 

-MYA 
;::: MYB 

~ 

<=>--i, 

-.MBO' 
~MB1' 

MB2' 

-10.RD' 
~ 

ETH Zurich 

u24 

Bc1 
AO 

2164 
Bc2 2864 
Bc3 

A1 21128 u26 
Bc4 

A2 21256 AL.5645 
Bc5 

A3 21512 11 2 18 DO Ac1 
Bc6 

A4 QO 12 3 
AO BO 

17 D1 Ac2 
Bel 

AS Q1 13 4 
A1 B1 

16 D2 Ac3 
Bc8 

A6 Q2 15 5 A2 B2 15 D3 Ac4 
Bc9 

Al Q3 16 6 
A3 B3 

14 D4 Ac5 
Bc10 

AS Q4 17 7 A4 B4 13 DS Ac6 
Bc11 

A9 QS 18 8 
AS BS 

12 D6 Acl 
Bc12 

A10 Q6 19 9 
A6 B6 11 Dl Ac8 

Bc13 
A11 Ql Al Bl 
A12 DIR G' 
A13/NC 
A14/PGM' 1 19 
A15/VPP 

CS' OE' 
17~Ba9 

20 

8 

u43 
EP600 

3 D16 ~ Ac17 
4 D1l Ac18 

t-1- 5 D18 -.J Ac19 
CLK1 

6 D19 -.J Ac20 
D20 -.J Ac21 

Mouse 
7 
8 D21 ~ Ac22 PAL 

2 9 D22 ;::; Ac23 
11 10 D23 ;::::::: Ac24 
14 INP 1/0 15 D24 :> Ac25 

1-r-ll- 16 D25........., Ac26 
17 D26 ~ Ac27 
18 D2l - Ac28 

t-4'! 
-.J 

.....11- CLK2 ~ 
.4? 
t-1-2 

u34 
AL.5541 

2 
DO YO 

18 D12 Ac13 
3 17 D13 -.J Ac14 
4 

D1 Y1 
16 D14 - Ac15 

.....--+ D2 Y2 
15 D15 ~ Ac16 D3 Y3 

t--4- D4 Y4 
14 D28 ;:::; Ac29 

~ DS YS 
13 D29 ;:::; Ac30 

~ D6 Y6 12 D30 -:> Ac31 

i-----2--1 11 D31 - Ac32 
Dl Y7 -.J 

GO' G1' v 
1J 191 

ns532.cpu6.SIL 

Boot- ROM 
Mouse - Decoder 

22 

u45c 

8 

MS.4 C- MXA 
MS.5 r MXB 

Author: 

18~Ba10 

~~6 __ __:;:,BYT.:....:...::E_' -C:::> Ba16 

u44 
EP600 

~ CLK1 

Mouse 

2 
PAL 

11 
14 INP 1/0 

~ 

....11., CLK2 

B. Heeb 

3 
4 
5 
6 
7 
8 
9 
10 
15 
16 
17 
18 

t-4'! 
.4~ 
.4? 
t-1-2 

Date: 

DO 
-.J D1 

D2 -.J 

D3 -.J 

D4 
~ ;::::::: 

DS ....J 
~ 

D6 ;::::::: 
Dl ....J 

-J 
DB 
D9 -.J 

D10 ':::::? 
D11 ~ 

.....J 

Ac1 
Ac2 
Ac3 
Ac4 
Ac5 
Ac6 
Ac7 
Ac8 
Ac9 
Ac10 
Ac11 
Ac12 

10.6.88 



0 

0 

Informatik ETH Zurich 

B Heeb 
ETH Zuerich 
8/6/88 
1. 0 
A 

EP600 
Ceres2 IO Timer 

OPTIONS: TURBO OFF 

PART: EP600 

INPUTS: RFSH'@2, IoAcc'@11, Clk 

OUTPUTS: RefReq@3, IoRdy@4 

NETWORK: 
Clk = INP(Clk) 

DK.TIMER.ADP 

nRFSH INP(RFSH') RFSH = NOT(nRFSH) 
nioAcc INP(IoAcc') IoAcc = NOT(nioAcc) 
RefReq SONF(RefReqs, Clk, RefReqr, ClrRef, 
IoRdy SONF(IoRdys, Clk, IoRdyr, Clrio, , ) 
rO NOTF (rot, Clk, ) 
r1 NOTF(r1t, Clk, ) 
r2 NOTF ( r2t, Clk, ) 
r3 NOTF(r3t, Clk, ) 
r4 NOTF ( r4t, Clk, ) 
rs NOTF(rSt, Clk, ) 
r6 NOTF(r6t, Clk, ) 
iO NOTF(iOt, Clk, Clrio, 
i1 NOTF(i1t, Clk, Clrio, 
i2 NOTF(i2t, Clk, Clrio, 

EQUATIONS: 
ClrRef = RFSH; 
Clrio = IoAcc; 
rot VCC; 
r1t rO; 
r2t ro & r1; 
r3t ro & r1 & r2; 
r4t ro & r1 & r2 & r3; 
rSt rO & r1 & r2 & r3 & r4 & /r6; 
r6t rO & r1 & r2 & r3 & r4 & (rS + r6); 
RefReqs = rO & r1 & r2 & r3 & r4 & /rS & r6; 
RefReqr = GND; 

. iOt VCC; 
i1t = iO; 
i2t = iO & i 1; 
IoRdys iO & i1 & i2; 
IoRdyr GND; 

END$ 
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Informatik ETH Zurich 

B Reeb 
ETH zuerich 
B/6/BB 
1. 0 
A 
EP600 
Ceres2 Mouse Counter 

OPTIONS: TURBO = OFF 

PART: EP600 

DK.MOUSE.ADP 

INPUTS: Clk1@1, Clk2@13, MA@2, MB@11, Write'@14, Sel'@23 

OUTPUTS: D0@3, D1@4, D2@5, D3@6, D4@7, D5@B, D6@9, 
D7@10, DB@15, D9@16, D10@17, D11@1B 

NETWORK: 
Clk1 = INP(Clk1) 
Clk2 = INP(Clk2) 
MA = INP(MA) 
MB = INP(MB) 
nWrite = INP(Write') Write= NOT(nWrite) 
nSel INP(Sel') Sel = NOT(nSel) 
DO,DO TOTF(DOt, Clk1, Clr, OutEn) 
D1,D1 TOTF(D1t, Clk1, Clr, OutEn) 
D2,D2 TOTF(D2t, Clk1, Clr, OutEn) 
D3,D3 TOTF(D3t, Clk1, Clr, OutEn) 
D4,D4 TOTF(D4t, Clk1, Clr, OutEn) 
D5,D5 TOTF(D5t, Clk1, Clr, OutEn) 
D6,D6 TOTF(D6t, Clk1, Clr, OutEn) 
D7,D7 TOTF(D7t, Clk1, Clr, OutEn) 
DB,DB TOTF(DBt, Clk2, Clr, OutEn) 
D9,D9 TOTF(D9t, Clk2, Clr, OutEn) 
D10,D10 = TOTF(D10t, Clk2, Clr, , OutEn) 
D11,D11 = TOTF(D11t, Clk2, Clr, , OutEn) 
MA1 NORF(MA1d, Clk2, ) 
MB1 NORF(MB1d, Clk2, ) 
MA2 NORF(MA2d, Clk2, ) 
MB2 NORF(MB2d, Clk2, ) 

EQUATIONS: 
MA1d MA; 
MB1d MB; 
MA2d MA1; 
MB2d MB1; 
Up MA1 & MA2 & /MB1 & MB2 + MA1 & /MA2 & MB1 & MB2 + 

/MA1 & MA2 & /MB1 & /MB2 + /MA1 & /MA2 & MB1 & /MB2; 
Down MA1 & MA2 & MB1 & /MB2 + /MA1 & MA2 & MB1 & MB2 + 

MA1 & /MA2 & /MB1 & /MB2 + /MA1 & /MA2 & /MB1 & MB2; 
OutEn /Write & Sel; 
Clr Write & Sel; 
DOt Up + Down; 
D1t Up & DO + Down & /DO; 
D2t Up & DO & D1 + Down & /DO & /D1; 
D3t Up & DO & D1 & D2 + Down & /DO & /D1 & /D2; 
D4t Up & DO & D1 & D2 & D3 + Down & /DO & /D1 & /D2 & /D3; 

19. B.19BB 

D5t Up & DO & D1 & D2 & D3 & D4 + Down & /DO & /D1 & /D2 & /D3 & /D4; 
D6t Up & DO & D1 & D2 & D3 & D4 & DS + 

Down & /DO & /D1 & /D2 & /D3 & /D4 & /D5; 
D7t Up & DO & D1 & D2 & D3 & D4 & DS & D6 + 

Down & /DO & /D1 & /D2 & /D3 & /D4 & /DS & /D6; 
DBt Up & DO & D1 & D2 & D3 & D4 & DS & D6 & D7 + 

Down & /DO & /D1 & /D2 & /D3 & /D4 & /D5 & /D6 & /D7; 
D9t Up & DO & D1 & D2 & D3 & D4 & DS & D6 & D7 & DB + 

Down & /DO & /D1 & /D2 & /D3 & /D4 & /DS & /D6 & /D7 & /DB; 
D10t Up & DO & D1 & D2 & D3 & D4 & DS & D6 & D7 & DB & D9 + 

Down & /DO & /D1 & /D2 & /D3 & /D4 & /D5 & /D6 & /D7 & /DB & /D9; 
D11t Up & DO & D1 & D2 & D3 & D4 & DS & D6 & D7 & DB & D9 & D10 + 

Down & /DO & /D1 & /D2 & /D3 & /D4 & /DS & /D6 & /D7 & /DB & /D9 & /D10; 

END$ 
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Informatik ETH Zurich DK.ns532.prio.PAL 19. 8.1988 

PAL priority: 16R8; 

(* NS32532 Priority Encoder B. Beeb, 8.3.88 *) 

PIN 2: -DSPREQ; 19: -DSPGNT; 
3: -RefReq; 18: -RFSH; 
4: -REQO; 17: -GNTO; 
5: -REQ1; 16: -GNT1; 
6: -REQ2; 15: -GNT2; 
7: -REQ3; 14: -GNT3; 
8: -cpuReq; 13: -cpuGnt; 
9: ROY; 12: -DBE; 

EQUATIONS 

DSPGNT := ROY * DSPREQ 
+ -DBE * CpuGnt * DSPREQ 
+ DSPGNT * -ROY; 

RFSH := ROY * RefReq * -DSPREQ 

GNTO 

GNT1 

GNT2 

GNT3 

CpuGnt 

DBE 

+ -DBE * CpuGnt * RefReq * -DSPREQ 
+ RFSH * -ROY * -DSPGNT; 

:= ROY * REQO * -RefReq * -DSPREQ 
+ -DBE * CpuGnt * REQO * -RefReq * -DSPREQ 
+ GNTO * -ROY * -RFSH * -DSPGNT; 

:= ROY * REQ1 * -REQO * -RefReq * -DSPREQ 
+ -DBE * CpuGnt * REQ1 * -REQO * -RefReq * -DSPREQ 
+ GNT1 * -RDY * -GNTO * -RFSH * -DSPGNT; 

:= ROY * REQ2 * -REQ1 * -REQO * -RefReq * -DSPREQ 
+ -DBE * CpuGnt * REQ2 * -REQ1 * -REQO * -RefReq * -DSPREQ 
+ GNT2 * -ROY * -GNT1 * -GNTO * -RFSH * -DSPGNT; 

:= ROY * REQ3 * -REQ2 * -REQ1 * -REQO * -RefReq * -DSPREQ 
+ -DBE * CpuGnt * REQ3 * -REQ2 * -REQ1 * -REQO * -RefReq * -DSPREQ 
+ GNT3 * -ROY * -GNT2 * -GNT1 * -GNTO * -RFSH * -DSPGNT; 

:= ROY * -REQ3 * -REQ2 * -REQ1 * -REQO * -RefReq * -DSPREQ 
+ -DBE * CpuGnt * -REQ3 * -REQ2 * -REQ1 * -REQO * -RefReq * -DSPREQ 
+ -ROY * DBE * -GNT3 * -GNT2 * -GNT1 * -GNTO * -RFSH * -DSPGNT 
+ -RDY * -cpuGnt * -GNT3 * -GNT2 * -GNT1 * -GNTO * -RFSH * -DSPGNT; 

: = -ROY * DSPGNT 
+ -ROY * RFSH 
+ -ROY * GNTO 
+ -ROY * GNT1 
+ -ROY * GNT2 
+ -ROY * GNT3 
+ -ROY * CpuReq * -REQ3 * -REQ2 * -REQ1 * -REQO * -RefReq * -DSPREQ 
+ -ROY * DBE; 

END priority. 
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Informatik ETH Zurich DK.ns532.addr.PAL 

PAL Addr: 16L8; 

(* NS32532 Address Control Logic B. Heeb 10.6.88 *) 

PIN 1 : -CpuGnt; 
2: A16; 19: -IoSel; 
3: A17; 18: -boot; 
4: A18; 17: -AV; 
5: -HiAd; 16: -WRITE; 
6: A24; 15: -IOEN; 
7: -RESET; 14: -CLRPAR; 
8: -ClrPar; 13: -Io Dec; 
9: -ClrBoot; 12: -RomEn; 

11 : -Ioinh; 

EQUATIONS 

IF TRUE THEN IoSel := A16 * A17 * A18 * A24 * HiAd *AV* -Ioinh; 

IF TRUE THEN boot := RESET 
+ boot * -ClrBoot; 

IF CpuGnt THEN AV := -boot 
+ WRITE 
+ A24; 

(* RS Latch *) 

IF TRUE THEN IOEN := A18 * A24 * HiAd * AV * -Ioinh 

19. 8.1988 

+ -A16 * -A17 * -A18 * -A24 * HiAd * AV* WRITE * -Ioinh; 

IF TRUE THEN CLRPAR := ClrPar 
+ RESET; 

IF TRUE THEN IoDec := A18 * A24 * HiAd *AV 
+ -A16 * -A17 * -A18 * -A24 * HiAd * AV * WRITE; 

IF TRUE THEN RomEn := -A16 * -A17 * -A18 * -A24 * HiAd *AV* -RESET 
+ CpuGnt * boot * -A24 * -WRITE; 

END Addr. 
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Informatik ETH Zurich DK.ns532.proc.PAL 

PAL proc: 16L8; 

(* NS32532 Processor Control Logic B. Heeb 9.6.88 *) 

PIN 1: -CpuGnt; 
2: -be3; 19: -ILO; 
3: -be2; 18: -BE3; 
4: -be1; 17: -BE2; 
5: -beO; 16: -BE1; 
6: -ddin; 15: -BEO; 
7: -ilo; 14: -WRITE; 
8: ROY; 13: -CpuRdy; 
9: -DBE; 12: -BuffEn; 

11 : Slave; 

EQUATIONS 

IF CpuGnt THEN BEO := beO * DBE * -ROY 
+ ddin * DBE * -ROY 
+ BEO * ROY; 

IF CpuGnt THEN BE1 := be1 * DBE * -ROY 
+ ddin * DBE * -ROY 
+ BE1 * ROY; 

IF CpuGnt THEN BE2 := be2 * DBE * -ROY 
+ ddin * DBE * -ROY 
+ BE2 * ROY; 

IF CpuGnt THEN BE3 := be3 * DBE * -ROY 
+ ddin * DBE * -ROY 
+ BE3 * ROY; 

IF CpuGnt THEN WRITE := -ddin * -DBE 
+ WRITE * DBE; 

IF CpuGnt THEN ILO := ilo; 

IF TRUE THEN CpuRdy := RDY * CpuGnt 
+ Slave; 

IF TRUE THEN BuffEn := CpuGnt * DBE; 

END proc. 
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Informatik ETH Zurich DK.ns532.time.PAL 

PAL timing: 16R8; 

(* NS32532 20MHz Bus Timing State Machine B. Heeb, 10.2.88 *) 

PIN 2: -DBE; 19: -IoAcc; 
3: -WRITE; 18: ROY; 
4: -IOEN; 17: -DS; 
5: -WAIT2; 16: -IORD; 
6: -WAIT1; 15: -IOWR; 
7: -CWAIT; 14: -dO; 
8: -IoRdy; 13: -d1 i 

12: -d2; 

(* ROY DS IO dO d1 d2 IO IORD + IOWR 
T1: 0 0 0 1 1 0 
T2: 0 1 0 0 1 0 
T3: 0 1 0 1 0 0 
W10: 0 1 0 0 0 0 
W9: 0 0 1 1 0 
W8: 0 1 0 0 0 
W7: 0 1 1 0 
W6: 0 1 0 0 
W5: 0 1 1 0 0 
W4: 0 1 0 0 1 
W3: 0 x 1 1 1 
W2: 0 x 0 1 
W1: 0 x 1 0 
T4: 1 x 0 0 *) 

EQUATIONS 

IoAcc := -IORD * -IOWR * -dO * -d1 * -d2 
+ IoAcc * -d2; 

-RDY := -dO 
+ d1 
+ CWAIT 
+ IORD * -d2 
+ IOWR * -d2 
+ -IORD * -IOWR * WAIT1 * -d2 
+ -IORD * -IOWR * WAIT2 * -d2 
+ -IORD * -IOWR * IOEN * -d2; 

OS := -DS * -ROY * DBE * -IOEN 
+ -os * -ROY * DBE * IoRdy 
+ OS * -ROY * -IOWR 
+ OS * -ROY * -do 
+ OS * -ROY * d1 
+ OS * -ROY * -d2 
+ OS * -ROY * CWAIT; 

IORD := OS * dO * d1 * -d2 * -WRITE 
+ IORD * OS * -ROY; 

IOWR := OS * dO * d1 * -d2 * WRITE 
+ IOWR * OS * -ROY * -dO 
+ IOWR * OS * -ROY * d1 
+ IOWR * OS * -ROY * -d2 
+ IOWR * OS * -ROY * CWAIT; 

dO := -dO 
+ -DS * -DBE 
+ -DS * IOEN * -IoRdy 
+ -IORD * -IOWR * dO * -d1 * -d2 * WAIT1 * -IOEN 
+ -IORD * -IOWR * dO * -d1 * -d2 * CWAIT * -IOEN 
+ dO * -d1 * d2 * CWAIT; 

d1 := -do * - d1 
+ dO * d1 * -DS 
+ dO * d1 * IORD 
+ dO * d1 * IOWR 
+ dO * d1 * d2 
+ -IORD * -IOWR * dO * -d1 * -d2 * WAIT2 

+ -os * -d1; 

d2 := -IORD * -IOWR * dO * -d1 * -d2 * -IOEN 
+ IORD * dO * -d1 * -d2 
+ IOWR * dO * -d1 * -d2 
+ d2 * OS * -ROY; 

* -IOEN 
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END timing. 
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4 11 CAS2' 

2 13 CAS1' 

12 CASO' 

1S .. 100 

8 

-R3 
-R11 
_R10 
_R9 
_RS 
-Rl 
_R6 

R5 
_R4 
-R2 

_R12 
-R13 
-R14 
-R15 

R1 .......... 

--1K 
ul 

7 

PAL20LBA 
bclk 
boet' 
boer' 
MCS' 

A31 10 

a9 
aB 
al 
a6 
aS 
a4 
a3 
a2 
a1 
ao 

RAS3' 
RAS2' 
RAS1'. 
RASO' 

CAS' 

WE' 
RFSH'-

'--"' 

Vee 

Bc32 A30 9 PAL20LBA 
Bc31 

10 ....__ ___ _. 

4kl 

5 ul 

Vee 
Bc30 
Bc29 
Bc28 
Bc21 
Bc26 
Bc25 
Bc24 
Bc23 
Ba31 
Aa6 
Ba32 
Ba30 

N5s32.mem4.PIN SIL 

A29 8 
A2B 7 
All 6 
A26 5 
A25 4 
A24 3 
A23 2 
A22 1 
AV' 14 
DS' 23 
R/W' 13 
DBE' 11 
J1 21 
J2 20 

1/2 

DRAM Controller 
Bus Buffers 

Zurich 

Aa5 

18 
19 
22 
17 
16 
15 

Ac1 
Ac2 
Ac3 
Ac4 
Ac5 
Ac6 
Acl 
Ac8 

Ac9 
Ac10 
Ac11 
Ac12 
Ac13 
Ac14 
Ac15 
Ac16 

Ac17 
Ac18 
Ac19 
Ac20 
Ac21 
Ac22 
Ac23 
Ac24 

Ac25 
Ac26 
Ac27 
Ac28 
Ac29 
Ac30 
Ac31 
Ac32 

Aa8 

bclk 
boet' 
boer' 
MCS' 

WAIT1' 
WAIT2' 

Vee 
GND 

Author: 

<"") DO 
<"") D1 
<"") D2 
CJ D3 
<"") D4 
<"") DS 
<"") D6 
<"") Dl 

c-- DB 
CJ D9 
CJ D10 
<"") D11 
<"") D12 
<"") D13 
<"") D14 
<"") D15 

<""'"" D16 
,.......... D1l 
,.......... D1B 
<""'"" D19 
<""'"" D20 
<""'"" D21 
<""'"" D22 
r-D23 

<""'"" 024 
c-- D2S 
~ D26 
CJ D2l 
rl D2B 
<"") D29 
<"") D30 
<""'"" D31 

<""'"" PAR.CLR' 
bclk 

boet' 
boer' 

Ba9 
Ba10 

B.Heeb 
I.Noack 

u4 

Am29B33 
2 

AO BO 23 do 
3 

A1 B1 22 d1 
4 A2 B2 21 d2 
5 

A3 B3 20 d3 
6 

A4 B4 19 d4 
7 

A5 BS 18 d5 
8 

A6 B6 17 d6 
9 Al Bl 16 dl 

r-U- CLR' BP 15 d_Q_O 

A CLK ERR' i-1Q.. 
OET' OER' 

14 l 
u3 l 
Am29B33 

2 
AO BO 23 dB 

3 
A1 B1 22 d9 

4 A2 B2 21 d10 
5 

A3 B3 20 d11 
6 

A4 B4 19 d12 
7 

A5 BS 18 d13 
8 

A6 B6 17 d14 
9 Al Bl 16 d15 

~ CLR' BP 15 dp1 

~ CLK ERR' ~ 
OET' OER' 

141 u2 1 
Am29B33 

2 
AO BO 23 d16 

3 
A1 B1 22 d1l 

4 A2 B2 21 d18 
5 

A3 B3 20 d19 
6 

A4 B4 19 d20 
7 

AS BS 18 d21 
8 

A6 B6 17 d22 
9 Al Bl 16 d23 

t-U- CLR' BP 15 QQ.2 

t1L CLK ERR' i-1Q.. 
OET' OER' 

14] 
u1 j 
Am29B33 

2 AO BO 23 d24 
3 

A1 B1 22 d25 
4 A2 B2 21 d26 
5 

A3 B3 20 d27 
6 

A4 B4 19 d2B 
7 

A5 BS 18 d29 
8 

A6 B6 17 d30 
9 Al Bl 16 d31 

11 CLR' BP 15 d_Q_3 
13 lrLK ERR' 10 PAR.ERR' => Aal 

OET' OER' 

14 J 1J 

Date: 17 .3.88 



d24 .. d31, dp3 

() RAS3' 
RAS2' 
WE' 

RAS1' 
RASO' 
WE' 
CAS3' 
CAS2' 
CAS1' 
CASO' 

() 

Zurich 

d16 .. d23, dp2 

N5.s32.mem5.PIN SIL 2/2 

Memory 
(2*32*1 MBit) 

Author: 

d8 .. d15, dp1 

H.Eberle 
I.Noack 

d0 .. d7, dpO 

Date: 3.3.88 



u9 u1 

DP8409 /19 S*4l ALS64S 

B1 QS 33 d31 2 AO BO 18 031 
Ac32 

Bc19 BO Ql 34 8 9 al d30 3 A1 
17 030 

35 7 10 a6 d29 4 B1 16 029 Ac31 

A1l RS Q6 37 6 11 as d2S 5 A2 B2 
15 

Ac30 
Bc18 Rl QS A3 B3 

02S 
Ac29 

Bc17 
A16 

R6 Q4 
39 5 12 a4 d27 6 14 027 

A1S 40 4 13 a3 d26 7 A4 B4 
13 026 Ac28 

Bc16 RS Q3 A14 41 3 14 a2 d2S 8 
AS BS 

12 02S Ac27 
Bc15 A13 R4 Q2 

42 2 15 a1 d24 A6 B6 Ac26 
Bc14 R3 Q1 

9 11 024 
A12 43 1 16 ao Al B7 Ac25 

Bc13 A11 R2 QO DIR G' 
Bc12 A10 R1 

u17 
Bc11 RO 1 19 

A9 cs 
u2 

Bc10 C7 
Bc9 

AS C6 RAS3' 31 ALS64S 

Bc8 
Al cs RAS2' 30 

8 u11 9 
d23 2 18 023 

A6 29 RAS1' d22 3 AO BO 
17 022 Ac24 

Bel C4 RAS1' 
AS 28 5 12 RASO' d21 4 

A1 B1 16 021 Ac23 
Bc6 C3 RASO' A2 B2 Ac22 

A4 32 CAS' d20 5 15 020 
Bc5 A3 C2 CAS' 

2*33 d19 6 
A3 B3 14 

Ac21 
Bc4 C1 A4 B4 019 

A2 d1S 7 13 01S Ac20 
Bc3 co A5 BS Ac19 d17 8 12 017 

DCS' d16 9 
A6 B6 

11 016 Ac18 
CS' u11 A7 B7 Ac17 

win' ADS 
6 

33 DIR G' 

OS' 
WIN' WE' 

Aa6 RASIN' M2 Aa5 1 19 
CASIN' M1 u3 
RIC' MO Vee ALS64S 

vcc RFl/O d1S 2 AO BO 
18 01S 

Ac16 

() 1uF GNO 
d14 3 A1 B1 

17 014 
Ac15 Vee d13 4 16 013 

GND d12 5 A2 B2 15 D12 Ac14 
1K Vee d11 6 A3 B3 14 D11 Ac13 

d10 7 
A4 B4 

13 D10 Ac12 
R2 d9 8 

AS BS 
12 D9 Ac11 

dS 9 
A6 B6 11 D8 Ac10 
Al Bl Ac9 

CAS3' DIR G' 

Aa4 1 19 

u4 

15 CAS2' ALS64S 
d7 2 AO BO 

18 Ol 
Ac8 

Aa3 d6 3 17 06 
dS 4 

A1 B1 
16 DS Ac7 

d4 5 A2 B2 15 04 Ac6 

14 CAS1' d3 6 
A3 B3 

14 03 Ac5 

d2 7 
A4 B4 

13 D2 Ac4 
Aa2 AS BS Ac3 d1 8 12 D1 

do 9 
A6 B6 11 DO Ac2 
Al Bl Ac1 

13 CASO' DIR G' 

Aa1 1 19 

rlw' 
win' 

Ba30 

() Aa22 
GNTO' 

DCS' 
u8 

PAL20L8A 
A9 .. A23 MSEL' 

~ 
A30,A31 

Ba31 
DSP.CTRL' . 

AV' ADDRESS DSP.DAC' 
Ba32 s 

DECODER DSP.CRS' 

r'/w 

rlw' 9 Ba9 

A23 Vee 

-i:: 
A22 A31 
A21 MSEL' 4K7 

Display Bitmap: E80000 ... EFFFFF 
A20 A30 
A19 A9 

(S12kB) A18 A10 
A1l A11 

Ba10 

DSP.CTRL': FFF400 A16 DSP.CTRL' 
DSP.DAC.': FFF200 A1S DSP.DAC' 
DSP.CRS.': FFFOOO DSP.CRS' 

A12 
4K7 

AV' 

N5.s32.cm1 .PINSIL 115 

Zurich DRAM Control! er Author: H. Eberle Date: 14.9.87 
Bus Buffers I.Noack Rev.: 11.2.88 



c 

r1or111 

d24 .. d31 
::10 .. ::i· 

d24l,d28l 

vcc 

SO' 
OEO' 

RA 
SH 
SL OEO' 

~ 
~ 
~ 
t4 
f4 
~ 9 
I 13 

12 

f-

2x41264 DO 
AO D1 
A1 D2 
A2 D3 
A3 so A4 
AS 

S1 

A6 S2 

A7 
S3 

SOE' 
vcc SCK 
GND T/OE' 

RAS'CASWE' 

8118 7 

d24H,d28H 
2x41264 DO 

t-1 AO D1 
t-1 A1 D2 
1--1 A2 D3 
1--1 A3 so 
1--1 A4 
1--1 AS S1 

1--1 A6 
S2 

'---1 A7 S3 

vcc SOE' 
vcc SCK 

~ 
GND T/OE' 

RAS'CASWE' 

RAS1' I 
WE' 

CAS3' 
CAS2' 
CAS1' 
CASO' 

SHOE1' 
SLOE1' 

SCKH' 
T'/OE' 
SCKL' 

s0 .. s1S 

Ba29 c:r.:~-~-oi 
Aa6 
Aa22 C:)"-"';.;..;..;.."-r--'"-o! 

CAS' 

Zurich 

~ 6 
r.;9 
t2() 
~ 

2 
3 

22 
23 

21 
1 

~I-

t-1 
t-1 
t-1 
t-' 

I----, 

1---1 

s8 .. s1S 

d16 .. d23 

d16l,d20l 
2x41264 

DO 
i-- AO D1 
I---- A1 D2 
t-- A2 D3 
I---- A3 so t-- A4 
I---- AS S1 

I---- A6 S2 

1---- A7 S3 

VC.£_, SOE' 
vcc SCK 

~ 
GND T/OE' 

RAS'CASWE' 

l 

d16H,d20H 
2x41264 DO 

r--1 AO D1 
r--1 A1 D2 
r--1 A2 D3 
t---1 A3 so 
r--1 A4 
~ AS 

S1 

1---1 A6 S2 

'---I A7 S3 

VC.f_, 
SOE' 

vcc SCK 

~ 
GND T/OE' 

RAS'CASWE' 

I 
l 

(s24-s31) 

N5.s32.cm2.PIN SIL 

DisRlay Memory 
( 2x32x64KBit) 

1--1 
1--1 
1--1 
1--

l--ll-1 

1--
1--
1--
1--

1---

1---

s0 .. s7 

215 

d8 .. d1S 

d8l,d12L 
2x41264 

DO 1--1 
I---- AO D1 1--1 
1--- A1 D2 1--
1--- A2 D3 1--
1--- A3 so 1--- A4 
1--- AS S1 

1--- A6 S2 

1--- A7 S3 

VC.f..., 
SOE' 

vcc SCK 

~ 
GND T/OE' t--1-

RAS'CASWE' 

J 

d8H,d12H 
2x41264 DO t-

t---1 AO D1 t-
t---1 A1 D2 t-
t---1 A2 D3 t-
t---1 A3 so 
~ A4 
~ AS S1 

~ A6 S2 

'---1 A7 S3 

VC.f..., 
SOE' 1---

vcc SCK 

~ 
GND T/OE' 1---

RAS'CASWE' 

J 
l 

(s16-s23) s8 .. s1S 

SHOE' 

13 

'1' 
10 

SLOE' 9 

Author: 
H. Eberle 
I.Noack 

d0 .. d7 

dOL,d4l 
2x41264 DO 1--1 

r--1 AO D1 1--1 
1---1 A1 D2 1--
r--1 A2 D3 t-1 
1---1 A3 so 
r--1 A4 
I---- AS S1 
,._ A6 S2 

I---- A7 S3 

VC.£_, SOE' 
vcc SCK 

~ 
GND T/OE' t--1-

RAS'CASWE' 

J 
~OH,d4H 

2x41264 DO 1--
t--- AO D1 1--
t--- A1 D2 1--
t--- A2 D3 I--
r-- A3 so r-- A4 
1---- AS S1 

1--- A6 S2 

'---1 A7 S3 

VC.£_, SOE' l----1 
vcc SCK 

~ 
GND r/OE' ~ 

RAS'CASWE' 

J 

s0 .. s7 

Date: 14.9.87 
Rev.: 11.2.88 



CCK 

() 

() 

u18 

,..2...; BO 
~B1 
i-2.-. B2 

6 
*'B3 

l ALS 

I..Jit ~ 163 

co ... 15 
HO 14 
H1 13 

H21-12 
H31-11 

CL' CK LD' 

'1' 1 2 9 

u27 

,...1.. BO 
~B1 
~B2 

6 
~B3 

l ALS 
,1, r;0 EP 163 

ET 

co~ 
HO 14 
H1 13 
H2 12 
H3 11 

CL' CK LD' 

1 2 9 

u32 

SLOE' 
SHOE' 

ROMCLK 

u33a 5 r-'{38b 

1---...,1-1 ALS;~~e>-=2 __ _._ ___________ -+LU-~ ALS \ 6 '!l4 SCKL 

4 11 1s:100 
CCK' 

13 38a 

---------------------~--..!1_.ALS 12 R
25 

SCKH 
c=IJ11 J -
,- L_.../' 15 .. 100 

u19 
10 27C64-200 

9 
AO 

8 A1 
7 A2 

A3 
.----------!:6~A4 

5 
4 AS 

-----...:3 ..... A6 
------"'-1A7 

QO 1 HBLK' 
Q1 .. 2=-----1.-.HSYNC' 
Q2 rJ.-.!IB..G 
Q3~ 
Q4r4-
Q5 7 
Q6 8 

'1' 
4 u39a 

t-2- D S' q._.5..__ __ ___,:;:;B:.:,LK.:...' 

!\LS 74 
3 

L-~ c Q'l-
R' 

1 
'1' 

....1- BO 
~B1 
.,2,... B2 

co ... 15 
HO~ 
H1 13 
H2 12 

A As 
~A9 

'O' J21_A10 
~i-li-A11 

~A12 
~t'_ ~ A13/NC 
~A14/PGM' 
Vee 1 A15/VPP 

Q7 r-9 

AS 3 
L....~u29a 

CS.HSYNC' 

6 
~B3 H3 11 

l ALS 
1--:;(j""' EP 163 
~ET 

CL' CK LD' 

1 2 9 

u20 

j 
co 

BO HO 
B1 H1 
B2 H2 
B3 H3 

7 ALS 

i--w EP 163 
~ ET 

CL' CK LD' 

1 2 9 

u34 

,...1.. 
co 

BO HO 
...4.. B1 H1 
.....4. B2 H2 

6 B3 H3 ~ ALS 7 
I 10 

EP 163 
ET 
CL' CK LD' 

1 2 9 

u28 

co 

Ji 
BO HO 
B1 H1 
B2 H2 
B3 H3 

ALS 
~ EP 163 

L-1Q_ ET 
CL' CK LD' 

~ 
14 
13 
12 
11 

...u-
14 
13 
12 
11 

15 
14 
13 
12 
11 

1 2 9l1· 

ROMCLK 

Zurich 

vO 
v1 
v2 
v3 

v4 
vs 
v6 
vl 

v8 
v9 
v10 
v11 

...... 2 OS 

cs· OE' 
AS374 SYNC u22 ~b , 

~DO QOJ..L 6 
.__ ____ ___;4~01 Q1~ 
.--------:...7-102 Q2 6 SYNC' 

L-f-+-----...:8~ 03 Q3 ......... 9---· 
'---+-t-----__:.1.:;..3-1 04 Q4 i-U- 9 

---t--t------1.:..,4~ 05 QS~ ALS 8 Mlill. 
------'1~7-1 06 Q6 16 10 OS 

......-----'1..::.8--iDl q7._1..2 u35c 

CK OC' 

11] ;r 
ROMCLK ~ 

HCLR' 

u21 

.__ __ 1:.::0~ 27C64-200 
.__ __ ..::.9-iAO 

8 A1 
7 A2 l .__ __ __:._.A3 

.__ ___ ....::6_.A4 

5 A5 
'------...:4-iA6 

3 
25 Al 
24 AS 
21 A9 

23 
A10 

'O' 2 A11 
....::__-=-IA12 

~A13/NC 
'1' I H A14/PGM' 
Vee 1 A15/VPP 

1 VBLK' 
QO 2 VSYNC' 
Q1 3 VRQ Q2 ~-.-.;.;:.----1 
Q3 ""'5"-------' 
Q4 6 
QS 7 
Q6 8 
Ql 9 

cs· OE' 

VCLR' 

VCK 

N5s32.cm3.PIN Sil 

Counters 
315 

Author: H. Eberle 
I.Noack 

Date: 14.9.87 
Rev.: 11.2.SB 



() 

() 

OS 

Aa6 

Bc3 
Bc4 

Aa22 

DCK' 
DCK 
BLK' 
SYNC' 

23 l 
SYNC' 

so 28 
POA 

s1 22 
s2 18 P1A 

s3 14 
P2A 
P3A 

s4 27 
POB 

sS 21 
P1 B 

s6 17 
s7 13 

P2B 
P3B 

s8 26 
POC 

s9 20 
s10 16 P1C 

s11 12 P2C 
P3C 

s12 25 
POD 

s13 19 
s14 15 

P1D 

s1S 11 P2D 
P3D 

OLA _,.._ 32 
OLA 

OLB ~ 31 
OLB 

OLC ~ 30 
OLC 

OLD ~ 29 
OLD -...,-

l CE' 

44 

u14c 
P.DAC' 9 

Tennination resistors (120/200) are 
provided for DCK' and DCK 

24133 ~ 34 u25 13 CCK' 

BLK' CLK CLK' 
2 

39 CCK 
LDOUT 

IOR 
4 VIDEOR ~ 

5 (incl. SYNCl 
IOG VIDEOG ~ 

Bt4S4 
R13 

IOB 
6 VIDEOB ~ 

R14 

~R11 R12 I I I FSADJF 3*7S Ohm 

~6 I )S23 Ohm 
..!l. fl C6 fl C9 L1 

VM 3: c4 ff 9 l_ J:" -
GND 

T 
7,37,38 ~ 

-...,- -...,-

8 [8 u37 J4 
COMP 

ALS64S 
40 9 1 DO 

ADO AO BO 41 8 2 01 ....J 
AD1 A1 B1 42 7 3 02 ....J 
AD2 A2 B2 43 6 4 03 ....J 
AD3 A3 B3 

~ 5 
....J 

R/W' co C1 
A4 B4 

f-4-- AS BS 
6 

1 2 3 r-+ A6 B6 
7 

i2. A7 B7 
8 

·o· DIR G' 

Vee 

Tennination resistors (330/470) are 

provided for CCK' and CCK 

GND 

Ac1 
Ac2 
Ac3 
Ac4 

1 19 J 
JALS 8 

r-DS' 32 
10 

r/w' 
<""'"" A2 Vee 
~A3 

180 10H116 
u26 

~ 
DCK' 

Oscillator DCK 
270 

ul 8 
4 ::2 

CLK 
ALSS41 

·o· 2 
DO YO 

18 820 
VBB 

v9 3 
01 Y1 

17 A18 
R17 (Pin11) 

vs 4 16 A17 
Bc19 NC 

v7 5 
02 Y2 15 A16 

Bc18 
03 Y3 Bc17 

70MHz 
v6 6 14 A1S 
vs 7 04 Y4 13 A14 

Bc16 
OS YS 

u13 
v4 8 12 A13 

Bc1S 

v3 9 
06 Y6 11 A12 

Bc14 DO 4 ALS17S 
2 

07 Y7 Bc13 Ac1 DO QO 
QO' 3 DSP.EN 

GO' G1' 01 5 7 Ac2 01 Q1 
1 19 Q1' 6 

u6 Ac3 
02 12 02 Q2 10 

ALS541 Q2' 11 

v2 18 A11 Ac4 
03 13 03 Q3 15 

v1 
DO YO 

17 A10 
Bc12 14 

01 Y1 16 Bc11 
Q3' 

02 Y2 A9 
Bc10 

CK CL' 
15 AS 

DSP.CTRL' 
03 Y3 14 A7 

Bc9 
D4 Y4 Bc8 
DS YS 

13 A6 
Bel 

Ba12 

D6 Y6 
12 AS Bc6 11 A4 

07 Y7 Bc5 Ba21 
RESIT 

GO' G1' 
1 19 '1' 

u5 
'1' 

ALSS41 

DO YO 
18 A3 

Bc4 
DSP.EN 

17 A2 
'1' 

D1 Y1 16 R/W' 
Bc3 

D2 Y2 15 AV' 
Ba32 

03 Y3 Ba31 
MR 3 

04 Y4 
14 BE3' 

6 11 
RE O' 

13 BE2' 
Aa4 Aa17 

DS YS 12 BE1' 
Aa3 

D6 Y6 11 BEO' 
Aa2 

D7 Y7 Aa1 Aa15 13 
3 

GO' G1' 
1 19 

Aa22 

GNTO' 
Ba25 

N5.s32.cm4.PIN SIL 415 H. Eberle 
Zurich RAMDAC,Clock Author: Date: 14.9.87 

Address Buffer I.Noack Rev.: 11.2.88 



CCK 

CS.VSYNC' 

CS.HSYNC' 

u24 3 2 1 

HS' VS' CLK 

Vee 
24 Vee 

u23 Bt431 i-!W. ALS645 GND 

* Ac1 c-- DO 2 
AO BO 

18 4 
-:::::::::: D1 3 17 5 DO 

Ac2 ~ D2 A1 B1 D1 OLA 
21 OLA 

Ac3 ~ D3 
4 

A2 B2 
16 6 20 OLB D2 OLB 

Ac4 ~ D4 
5 

A3 B3 
15 7 19 OLC D3 OLC 

Ac5 ~ DS 
6 

A4 B4 14 8 18 OLD D4 OLD 7 13 9 Ac6 ~ 06 8 A5 BS DS OLE 
Acl ~ D7 

A6 B6 
12 10 

D6 
Ac8 9 

A7 B7 
11 11 

~ - D7 OE' 

DIR G' 

() r'/w 1J 19 co C1 R/W' CE' 

Bc3 - A2 
15116 14 13 -

Bc4 r- A3 -rlw' 

DSP.CRS' 1_,... J ALS 3 

Aa6 - OS' 2 32 - .-- u30a 

c ) 

N5s32.cm5.PIN SIL 5/5 H.Eberle 
Zurich File: Cursor-Chip Author: Date: 14.9.87 

I.Noack Rev.: 11.2.88 



u12d u16c 

~ 
~10 

Vee 

u30d 

() 
u35a u35b 

f&f& 

() 

NS.s32.cm6.PIN SIL 

Zurich Free Gates 

u16d 

~ 
~13 

Vee 

u38c 

Author: 

u29c 

~ 

H. Eberle 
I.Noack 

u41a 

u29d 

Date: 24.2.88 



Part# Typ Comments 
u1 ALS64S 
u2 ALS64S 
u3 ALS64S 
u4 ALS64S 
us ALSS41 
u6 ALSS41 
u7 ALSS41 
uB PAL20LBA 
u9 B419 
u10 AS1032 
u11 R-Pack 1-16:47 /2-1S:47 /3-14:47 /4-13:47 /S-12:33/6-11 :33/7-10:emp./B-9:33 
u12 ASOB 
u13 ALS17S 
u14 ALS32 
u1S ALS74 
u16 LS12S 
u17 R-Pack B*47 
u1B ALS163 
u19 27C64 
u20 ALS163 
u21 27C64 
u22 AS374 
u23 ALS64S 
u24 Bt431 
u2S Bt4S4 
u26 70MHz Osc. 
u27 ALS163 
u2B ALS163 
u29 ASOB 

c ) u30 ALS32 
u31 10H116 
u32 ALS163 
u33 ALS04 
u34 ALS163 
u3S A LS OB 
u36 empty 
u37 ALS64S 
u3B ALS11 
u39 ALS74 
u40 ALS32 
u41 ALS27 
u42 AS02 

R1 1k B419 
R2 1k B419 
R3 4.7k u16 
R4 4.7k u16 
RS 47 SLOEO' 
R6 47 SHOEO' 
R7 1k Pullup 
RB 1k Pull up 
RB 330 Termination CCK Vee 
R10 470 Termination CCK GND 
R11 S23 Bt4S4 
R12 7S Termination Blue 
R13 7S Termination Green 
R14 7S Termination Red 
R1S 1BO DCK 
R16 270 DCK 
R17 B20 DCK 
R1B 200 Termination DCK' GND 

) R19 120 Termination DCK' Vee 
R20 200 Termination DCK GND 
R21 120 Termination DCK Vee 

c 
R22 470 Termination CCK' GND 
R23 330 Termination CCK' Vee 
R24 47 SCKL 
R25 47 SCKH 
R26 47 SHOE1' 
R27 47 SLOE1' 
R2B 33 T/OE' 

C1 1uF B419 Multilayer Ceramic 
C2 1uF B419 Tantalum 
C3 47uF 
C4 0.01uF Bt 4S4 Ceramic 
cs 0.01uF Bt 454 Ceramic 
C6 0.1uF Bt454 Ceramic 
C7 0.1uF Bt 4S4 Ceramic 
CB 0.01uF Bt454 Ceramic 
C9 10uF Bt454 Tantalum 
C10 0.1uF Bt 4S4 Ceramic 

J1 B409/B419 
J2 WAIT1' 
J3 WAIT2' 
J4 Bt4S4 GND 

L1 ferrite bead Bt4S4 Vee 

N5s32.cml Sil 

H. Eberle Zurich Part-List Author: Date: 1.3.88 
I.Noack 
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The mouee is usoal'f he4d ~ that the X-axis is parale4 to the ma ;or • x1:s of the a xis of the wrist, but the tmK' 

can find any posrtion tMt ls comfortat»e. The Y-axis ls perpendicutar to the X-axis. 

r the runber of 1 S pubM Pet' mm Is too htoh f"Of' standard appffeattons, It can be ~ divided by hardware or 
toft"w'aA. 

Preemon opttcal ~ with phototraMistors and Schmftt tr!Qoer QeMAte the siQnals. 

On the standard ~ CP-4), 4 lines carry the pubes out of the mouse thrOUQh 4 9-wire cabM wntch abo carry 

the statu:s of the three sw;tches, the power 3upptf C +5V :J: 10%) and the power and ~ return line (GNO). ~ 
~, stilts the 7-bft intonna tlon throoi.;ti A 5-fine ca bte including the poo.tef' StJPPfv. Powet" consumption is 40 mA. 
An siQnajs are CMOS and TTL -lS co1np4tibte. 

MOUSE P-4 

standard connector on P-4 Is a mal9 9-pin canon 
submfrriature connectors Cftg. 3). An 80cm-tono 

9-wire cabie Is provided. 

The P-4 moose 9Chefretlc Is ~ In figure -4. When 

a key is depressed, the correspondtOQ output is 

actPle low. 

l
tnt 

noir 
bn'" -1.ku•c 

__J,J 

Maxi111J111 load: two TTL-LS 

. . vert- b/a"c 

n Cl"°" Z OE 9, COMeC tor 

6 S,-01 on sdl ... t1c 

' J 

or.::;;;;Jo 0 0 0 0 

' 4 
Flg. 3 

Lsos-

Kilt olu9 

Front vltw 

P1n I •SY 5 \JfO 
2 12 7 ?r 
J y1 8 ~ 

ll2 9 t; 
ll1 

Standard P-4 ptug 

t::::::i. Canon DE-9P· 

~ Left switch 
{index) 

x:,L_r--i_J--i_ & 
Displacement x pos1t1ve t b/o"c 

Displacement 
x positive I 

Displacement y positive 

APP1,ICA T)()N NQTE 

j LAM ii.._ _~_o_u_r?_' s_4_P __ _ 

: EPf=·L : 
I 
I 

FifJ. 4 

nterla~ the mouse p4 ~ easy. The thr~ 3Wltches can be directly r&ad on a ~rl~ port and scanned by '°ftware. 

r ha~ by Interrupt is r~uir&d, a 3-lnput or gate can tr~r an interrupt when arrv key Is depre,,&d. Two 

2-input e X'Clu,ive OR Q<!to plu., tw11 flip-flops can trk;x;jer an interrupt each time a key is pressed or depre!!e-d 

(!ee flqure 5). 



TM four pulse llnea control an 

up-down counter wMch can be 

m9d9 by herdware, or proorarrmed. 

r made in harctware, the counter 

wtl be read r~ to update the 

painter on the screen. If made 11 

~re. merrupts wll ocetJr 4M<:h 

time a pube is decoded. 

- ~ -

,.---------- l To p.an 1t 11 

: =b---=o--f>-; - Im;, 
~ Sen1c1 

Flg. 5 ExampleSof key interface 

Decodtno of the pulses can be 

made with dtfferent schematk:.s, 

depending on the required 

t"MOtutk>n. 

1) _____ '0_~_._~_(u_o_c~_nt_l ___________ t>•_c_kw_~ ___ ..___'_o~_~ __ ._,._~_c~r.a-~~-

I l 

JX; ________ ;,_ ___ L..LJ _ _, r---:=======~====~=w_:~~ .. -.-----~~-· 
a t, I I 

One outse oer period 

AQ. s shows a simpte schemsttc, 

which in most cases is qutte 

9deQuate with the rurber .of pulses 

per mtlllmetre provided by the 

mouse. DtrecUon ts def tned tr om 

the value of "b" st each positive 

put9e edQe of "a", and a deWied 
pube Is oenerated for the up-down 

counters at each posittve "a" 

transition. 

b) 

c) 

0 

r , 
I ' 

7'LS191 

- ---~----

The delayed negative pulse Is 

required with counters made of 

pulse-tripped master-slave 

tttp-flops Hke the 74LS190/191. 

With these counters. UP/DOWN 
state must not be chanoed whKe 

the clock ts active low. 

---------------lW 

r the counter Is updated by 

an interrupt routine, two 

tip-flops provide the required 

interface (fig. Sc). In a 

mtcroprocessor system, a 
better chok:e than the LS 191 

is a LS697, which provides 

a three-state buffer and a ~ 

z' 

----<ll>---

&atch (fkJ. 7). An ANO gate qNd 

nli> the k>8d of the reqi:ster 

when the register i3 read by 

the m+croproce"°r, in Of'der 

to avoid any change of state 

while readinQ. 

counter 

Fig. 6 

A better approach i5 in most cases to ~ a programmable 

timer/counter hke ~ 8253, 5840 or 9513. Two channe~ have 

to be used in order to !imulate an up/down counter by 

subtraction (fig. 0). 

Two pubes per ~ 

Both pube edges of s1QMI "a" c.!n t>e use<l for an improve<l 

resolution. The correspondtng timmg dla'Jram and schematic 

i:s CJIV0n in fig. 8. In t~ SC~l'Mtlc, ge~ratlon of delays and 

pulses of adequate len<;Jth rety on the rl'fxing of CMOS and 

TTL-LS te<:hnology. If aR CMOS technology ~ ~ ~oo. or 

I prn<Jr.!irT"<"r'la~ timer MV«\ to be ~ed. addit"""""' ... ..,., .. ..,!'! must 

t;-~ pro,..'de<l in~:~4' th~ &->~·~ .5hematlc ret]l(.11 · \ 

To parallel ;>art 
---RQ 

~ Intert"\lpt ~Ht 

Slmpje P-4 interface 
a) timing d~gram 
b) schematic wtth haraware counter 
c) schematk: with interrupts and software counters 

O.t.1 ~s 

i 
i 

UP -a. 

Fig. 7 Microprocessor interlace wrth 

thr~state up-®wn counters 

•JP------ •.P :ounte,. 

; I _; 

'? I : .. - - - : 3ZSJ 

Cl' -----' ....,.;;:-. :Lc:l 

·-----.,, 

Fiq. 8 MlcroproceS3or interface wrth 

programmable timer/counter 
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A puretr synchronoua M>tutk:>n wrth 

dodred ,_,...~ tor the gener.tk>f1 

of dMyt ts shown In ~ , 0. There 

'9 a mtc for metastable statM, but 

due to the rather sioW ctock (100 

kHz ranoe. one can~ this rist(. 

LoosinQ a pulse every month Is 

acceptat*t with a rnouM. 

3. Four ~ Q!! ?!!!1od 

The htQhest resoluUon is obtained 

with 4 pulses per period. The 

synchronous schematic of f~. 11 

oeneraHzes the previous scheme. 

The LS174 Of' LS175 r90i:rter (lS273 

for two cha.nnets) generates de4ayed 

pubes which defines ttle count stats 

(enable the counter) and th• 

drectk>n. The truth table !S given In 
fig. 11 b and assumes that the 
synchrontzing ck>ck is fa.st eno..qi to 

never have two transrtions In the 

same stat. CMOS t~ can be 

used for lower power consumption. 

A ~M can be used u shown in 

fig. 11. but this increases the power 
and the cost for the savtno of a 

slrl(Jie chip. A registered PROM or 

PAL can save an addlUonaf circuit. 

'J-· '~ ... \ • ... 

1-councitr 

ll' f D 
.. o----' .. 
,, 00--
,.00--~ •' -:::io--_.. 

y-count..-

~ ... -•• , ~1\..---

c
·~ ::t:-:::::= 
.... , ... j, 

-;:'"'"''' 
I :t' :~' 

T . ...cc 

Elli Zut'cl\ l ~ou1e inurf1ce "IJ!F\01'"'. 'I Wir11\ Oau: '· 10 e I 
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o.) 

L!._J 
' I 

• ---f\ 
I I 
'I 

UP 

u:-u 
I I. I I I 

lt 

I 
u 
I 

b) -{>-- 1•m .»-- 74LS86 
c:) 

b---------¥1 

~---G-~_Q_; 
> 30 ns .. ~. ·I uo >7.511"• 

1) 

Fig. 9 

d.' __J 

a• __ __, 

c.P 

' I 
... - l ., 'r, . ~ ;' 

Fig. 10 

•) 

.. __J 

~ ------
Interface with 2 counts per pulse 
al tlmtn<J diagram 
b) 3Chemati3 for hardware counter 
c) schematic with interrupts and software counters. 

b---------~ 
d.-----------' 

Synchronous tnterf ace wtth two counts per pulse 
a) timing di8oram 
b) schemat.ic with hardware counter 

i ·' 
.. 
b' 

b" 

UP 

I 1 I z I 
b) b" :>' 4 ... I E ~JP' 

0 0 0 0 0 
0 ) 0 1 0 
0 0 1 0 l l 
0 0 1 1 0 -
0 1 0 0 I 1 
0 1 0 1 -
0 1 1 0 -
') 1 1 1 1 0 
I J ') 0 l ') 

I ;) ') l 
I ) I J 
1 ) I 1 j 1 

I 1 ;) J ') 

6 .1 5 

l l .1 I t t 
I 1 1 ') I 0 Fig. 11 Synchronou~ interface wrth four count! per pul~ 
I : I 1 J 

:- ' 

a) tlminQ diagram 
b) truth tabMt 
C) ~C!')A~tlc 

r" t. r ·1 ' ! ' 

,. ., ., 
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MOUSE H-4 

o.. ~ hU the smnw mecnarical fNturet as~ P-4. The 
1
,.., .. enc• i9 that the 7 lntormaUon bib are stOfed in • stmpte 
1twtt reQtster and mfted out seriallV. Two tlminQ sir;plls CCP for 
1:toa pube and LO for load pube) define the stilt fn!quency and 
I . 
he bed of new information every 8 or 7 ck>ek pubes. 

I jhe standerd connector is af&male 9-ptn Canon subminiature 

Oftl9Ctor CFiaure 13). An 80-em long, 5-.ire cat>te is provided. 

I 
he ~ !Chematk: is· giYef1 ... Figure 

:4. I 5hould be notk:ed that switchet 
re not debounced. If a shift 

;~ greater than 1 o kHz is 

~ thent is '°me risk of transfer 
1:xn:es. A lowet' fTequency sho~ 
1
Jt be used I very tut repositioninQ 

expected. 

r'O 
?PUCATJON NOTE 

I~~ has been designed with 

1st.ft register interface for lowering 

re cost of cables. This will also 

'~ the number of input pins 
1
1 a dedicated integrated circuit 
I 
:ortaee whtch sh<>tJld be available 

Canon OE·9P 

connector (feniale) 

14021 

OP140 OP550 

FtQ. 13 Standard H-4 pfuQ 

Q 

1.me tme soon. 

laseriaA.atlOn can be performed 
1itt. a shift r~lster, and direction 
1ttectlon can be performed 
1
:TUtaneousty. 

FlQ. 14 H-4 5Chematlc 

lpur• 15 shows th<t serial to parallel 
I 

1t'r;:~cO~ An oscillator provides 
11~ shift pulses and a divide 
1
t 16 counter, White a wired in diYide 
I ' 8, generates a k>ad pulse every 

lshlt ~es. The C-MOS ~4 sNft 
I QIS!&f' ts very co11Yentent tor that 
1rPICatton. On the parallel output 
1es of the shift register. all the ' 
I 
l'let'M tics proposed for the para I~ 

1~ P4 can b4t app!Ntd <Flour• 5 
112). The serial interface has a 

p:"licant advantage if an interrupt 

1,st be generated each time a 
I tnaJ changes on the ~e. 

Fig. 15 Serial to paral~ conver~ion 

LO 

D 

CP 

;; ii ~ ~ 1-. "• h 

lil-

(shift) 14094 

. -' 

Ot\T 

+n 

oe. 

ANTS 



FIQtre 16 shows hOW a XOR CE~ QA) 

oat• comper-u the co"*1Q &-bl streem w1th 
the previous one. It a difference Is 

recootltMd, an Interrupt. ocan. It II cleered 

whie reedlnQ the r~er: 90ftware decodes 

If It Is a key or a direction pulse. If the 

ntemJPt latency may be ~ than 8 dock 

pubes. it is po~ to st~ the sNft ck>cic 

a.s k>OQ the Interrupt is pending. 

f It Is too rruet\ ttme consun*1g to handle 

the mouse by interrupt detection, a 

pro0"'8rrrnable ti'net can be u3ed wth ~ 

addiUonal 1oQic, as shOwn 11 F;gur& 7. Two 

shitt reoisten allow to compare two 

comecutlve states, and from these siQnals, 

some l()(Jk: decodes the directJon. pulses and 

any cnanoe in control keys. 

LO 

• 7 -

: 212 

STOP I - - - - - - - -

Ag. 16 Interrupt generation on any cnanoe of state 

c.O JD. Nieoud, LAMl-EPFt 

LO 

CP 

Cloct ( Z.rt 

To~n~ .-------------
R ~ ~ 

7'LS164 
7((164 

I I 

Proqr~blt 

t1mtr 

9513 

Fig. 17 Fun decoding with 4 pubes pet° period and interrupt on any key pressed or depressed 

-r.O.!-..----------------------------------------------------------------------------------~ 
~ ... 

Price-I~ (January 198 2) 

Quant tty of 1 

Quantity of 2 

Quantity of 5 

Quantity of 10 

Quantity of 20 

Quantity of SO 

Warranty 1 year 

490.- (Swiss francs) 

470.-

«0.-

410.-
380.-

350.-

DI DEPRAZ s 
A 

l:TUDE ET FABRICATION DE COMPOSANTS 
POUR LA MICROMECANIQUE 
ET L'tLECTRONIOUE 


