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bits of a memory row into the shift register). All other address bits are neglected (AO-A?, 
A18-A23). As address decoding now has to be inhibited (AV'=1 ), the display memory also 
has to be selected (DCS') when DSP.GNT' is active (u11a). 

The signal T'/OE', that is input to the VRAMs, has two functions (see Figure 3.14). First, it 
selects either shift register transfer or random-access operation when RAS' falls; therefore, 
during a memory access of the display refresh controller, T'/OE' equals DSP.GNT', which is 
already low as RAS' falls. Second, if a random-access operation is performed, it functions as 
an output enable after CAS' falls. For this reason, it can then be identical to CAS' (u11b). 

RAS' --1 r- --1 r-
CAS' 

T'/OE' • ta .a 
• Dout --c=J-

(a) (b) 

Figure 3.14 VRAM (a) shift register transfer and (b) random access operation. 

The display control register is implemented with a 74ALS175 quad D-flip-flop (u12). The 
flip-flops are reset by a RESET' pulse. The address decoding is performed by half a PAL 16L8A 
(u7). The register is located at FFFAOO (hex). The meaning of the three write-only bits is as 
follows: 

Bit 0 0 Display Enable (initialized value) 
1 Display Disable 

Bit 1 0 A17=0 (initialized value) 
1 A17=1 

Bit 2 0 Normal Video (initialized value) 
1 Inverse Video 

DSP.EN set to O (bit 0 of the control register) prevents any display requests. Nevertheless, 
the display is refreshed with the content of the VRAM shifters which will no longer be 
loaded. The shifter input signal SI now defines the video data signal. In order to guarantee a 
blank screen, SI is connected to INV (bit 2 of the control register). In the inverse mode SI is 
set to 1 in order to get an inverted video data signal of 0. 

The design of a display refresh controller with a pixel frequency of 70 MHz requires special 
care. At a clock period of 14.3 ns gate delays of 5 ns are of considerable significance. The 
following provisions have been made: 

- all registers generating critical signals are clocked by the same clock signal (u22, u33, u24, 
u26) 

- synchronizers adjust different signal delays (u25, u26) 
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- all paths in a combinational circuit are of the same length (uO) 

3 .4 Disk Controller Board 

The Western Digital WD1002-05 disk controller board (29] contains a Winchester interface 
(Seagate ST506 compatible) and a floppy interface (Shugart SA450 compatible). The 
Controller holds all of the logic required for a variable sector length (up to 1 KBytes), ECC 
correction, data separation, and host interface circuitry. The latter consists mainly of an 8-bit 
bidirectional parallel bus and appropriate control signals. Programmed 10 is used to transfer 
sector data to and from an on-board sector buffer. Except for the board select signal DK.CS' 
and the interrupt request signal DK.INT, all signals of the host interface are "standard" 
memory bus signals. Additional circuitry for the signals DK.CS' (u57) and DK.INT (u63b) 
resides on the processor board. 

3 .5 Motherboard 

Physical extensibility is obtained by placing the circuitry on several boards which are 
connected by a backplane (motherboard). The Ceres motherboard offers slots for six boards 
interconnected with a common, parallel backplane bus. Three slots are occupied by the 
already explained standard boards. Packaging flexibility is provided by requiring that the 
physical card position on the motherboard has no effect on the functioning of the system. 
This is accomplished by avoiding the use of daisy chain signals, which would require that 
there be no empty slots between boards and by having all signals independent of the 
backplane position. To avoid floating values pullup resistors are provided for the address and 
data signals. The backplane bus contains the following lines: 

Address 
Data 
Control 

Data transfer 
Bus arbitration 
Cycle extension 
10 Devices 
Interrupts 
Clock 
Miscellaneous 

AO-A23 
00-031 

AV', BEO'-BE3', OS', DBE', R/W' 
REQO'-REQ3', GNTO'-GNT3', DSP.REQ', DSP.GNT', CLR.REQ' 
CWAIT', WAIT1 ', WAIT2' 
10.EN', IQ.RD', IO.WR', DK.CS', DK.I NT 
I NT4'-I NT7' 
CLK,FCLK 
RESET', RESET.IN', ROY, ILO', PAR.ERR', PAR.CLR', RFSH' 

The pin assignment of the bus lines is contained in appendix C.3. 
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4 Hardware Extensions 

The modular, extensible multiboard arrangement invites not only the addition of more 
memory but, in particular, hardware which extends the versatility of the Ceres computer. The 
memory bus provides all necessary signals to either add new bus master or bus slave 
devices. In Figure 4.1, bus interfaces for both types are proposed. Note that the slave must be 
"synchronous" in the sense that it is always available and does not provide a completion 
signal. 

Master Memory Bus 

REQ REQ' 

I I 
I I CLK 

I CLR.REQ' 

I 
GNT' I 

ROY I ROY 
I I 

Address Address 

AV' AV' 
I I 

I I 

Data 
I C> I 

<J 
Data 

BE' 1-----i--,~~ BE' 

C> 
R/W' .___. __ _, 1----r--1~ R/W' 

I 
I 

Memory Bus 

10.EN' 

AV' Dec. 

Ai..A17 

. I 
A2 .. A1-1 

C> Data 

I <J 
10.RD'I 

10.WR' I 
1111 

Figure 4.1 Interfaces for a bus master and a bus slave. 

Slave 

CS' 

I 
I I Address 

I 
Data 

I 
1111 I RD' 

I WR' 

The timing specification of a basic memory cycle is presented in Figure 42. Based on a 
processor clock period of 100 ns, the unit of value is the nanosecond. For a peripheral cycle, 
four wait states are inserted between T2 and T3. 

More information may be obtained from the circuit diagrams in appendix A. The pin 
assignments of the memory bus connectors are contained in appendix C.3. 
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Ti T1 T4 Ti 

1 T ~ <15 ::-.i <15 
~+--~~-r--~---r--~--.:c--~~-t-~~-...-~~~-1--1. I jr-------if---

~ < 15 !-+I < 15 ~,_<_1_5 __ _ 
L I J I J 
~ <15 ~ <15 T 1-+i_ <15 T 

1 ___ -t-,---~1 ~-t-~~~~~-t--"J T 
[-ll>i,_<_1_5 __ ~~--~~~i--~~+!-+t--;<15 

-+---~-r-~~-~-_,1__,J I l.___-+--
i ~<75 : : 

ROY 

Address, BE' ~ifi'.0; t!f;;;;;}:W'~k?:'f~ T T I 

Read Data 
l 1)20~ )10 I 

f~jff£'30/J: .:i"i:!,lff:@r~~~%%'.~A w,w~$$if%2W$~~ 

1-----'--~- <75 
AV' 

,__ __ _,_ _ _.._ ... < 75 1 : 
R/W' T 

-----+-----
T -----+----- T • -----+----- ~ > 25~ 1 I 

T 
WAIT' i T 

Figure 4.2 Timing specification of a basic memory cycle. 
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~ 
ALS573 
DO QO A23 

A22 .:::::: 01 Q1 
02 Q2 A21 -
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:::> 
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05 A2 82 scc.d4 A3 83 04 
scc.d3 A4 84 03 
scc.d2 AS 85 02 
scc.d1 AG 86 D1 
sec.do A7 87 DO 

DIR G' 

r/w' 
sec.cs• 

~ 
Oscillator 

CLK 

-'NC 
GMHz 

LFA' 

u61 083696 r - - --------------, 
TxDA 

rtc.d3 
rtc.d2 
rtc.d 
rte.do 

r/w' 
ATC.CS' 

Vee 

u28 

j~ 
OSW.CS' 
10.RD' 

ETH Zurich 

RxDA 
I 
i....Y2: 

- - - - - - --~ 
D+ 

0-

ALS645 
AO BO 03 

D2 A1 81 01 A2 82 
DO A3 83 

A4 84 
AS 85 
AG B6 
A7 B7 

DIR G' 

s2 27 
ALS541 
DO YO D7 

00 D1 Y1 DS D2 Y2 04 03 Y3 D:? D4 Y4 D2 DS vs 01 
06 VG DO 07 Y7 

GO' G1' 

NS.s32.cpu6.SIL 

sec, 
RTC, DIP-switch 

NA.4/B 

NA.5/9 

NA.1/3 

6/7 

!1.5{}_ 

8CC.d7 
Z8530 

TxOA TxOA 
e.cc.d6 D7 

Rx DA 
e.cc.dS 06 RxDA 
scc.d4 05 TRxCA' 

3.6964MHz 
scc.d3 D4 ATxCA' 

scc.d2 03 SYNCA't-
scc.d1 02 WREQA' 
sec.do 01 DTRA't-

ATSA DO RTSA' 
CTSA' LFA sec.cs• 

,..... 10.RD' cs• OCOA' 
10.WA' RD' 

,......., A3 WR' 
TxDB 

~ A2 A/B' TxOB 
Rx DB 

~ SCC.INT' DIC' Ax DB 

'1' INT' TAxCS' 
3.6864MHz 

L._ INTA' ATxCB' 
IEI SYNCB't-
IEO WREQB'~ 
PCLK DTA8' 

ATS8' RTSB 
Vee LFB vcc, CTSB' 

..fl'GNO DCDB' 

LFB' 

u64 r - - - - - - - - - - - -~ ... 
TxOB 

rtc.d3 
rtc.d2 
rtc.d1 
rte.do 

ATC.CS' 
10.RD' 
10.WR' 

~ 
3V 

Vee 

Configuration Register: 

DO: Diagnostic 
D1: FPU 
02: MMU 
D3: not used 
D4 .. D7: memory size 

Author: 

u66 
M3002 
03 SYNC' 
02 PULSE' 
01 BUSY' 
DO IAQ' 

cs• 
OE' 
R/W' 

VBB 
vcc Xln 
GNO Xout 

H. Eberle 

Ax DB 
I 

iJ.ss 

- - - - - - --~ 

ATC.INT' 

NB.4/8 

NB.519 

NB.1/3 

Date: 3.7.85 
REV. 3.12.85 
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M8.1 
M8.6 

M8.5 
M8.4 
MS.3 
M8.2 
M8.8 
MS.7 
MS.8 

~ 

c::>--~ 

,.-.. MXB 
.::::: MXA 
.::::: MYB 
.::::: MYA 
.::::: MBO' 
.::::: MB1' 
.:::::-MB2' ...__,. 

1.'.____., 

u54 · 
ALS244 
DO YO 
01 Y1 
02 Y2 
03 Y3 

DO~ 04 Y4 01 ';::-' 
05 vs 02 ...::-' 
D6 Y6 --07 Y7 

GO' G1' 

~L_, 

~ RX' 00' 
RY' 'O' Q1' -=--- S4 Q2' RS' 1--

,........,, A3 
S2 

Q3' 
~ Q4' 
,........ A2 

81 
QS' ..__, 
Q6' 
Q7' 

fff MOUSE.CS' 
,........ 10.RO' ..__, 

'1' 

elk 

ETH Zurich Mouse-Interface 

NS.s32.cpv7.SIL 

u55 
PAL16R8A 
XO -2 EX' 
X1 UX' 
YO 
Y1 

EV' 
UY' 

4A 

CK OE' 

""J 

t--

1----

717 

u20 
FT79 

CET' 
DO -100 01 "';:::' 

101 02 ""';::::: so 102 03 
....._, 

S1 103 04 ;:::::: 
104 05 ........... 105 06 .::::: 

Y99__ 106 07 .::::: vcc 107 . ......., 

..s-- GNO co I---; 
CK OE' 

.. JJ.-18 
FT79 

'--- CET' 100 
08 
09 "'--' 

101 010:::=:: so 102 
S1 103 

011 :::=:: 
012;:::: 

104 013-==:_ 
105 014.::::: 

Ys!L_ 106 015~ vcc 107 "'--' 

~ GND co 
CK OE' 

IRX' l ~ L 

l ~I u63d 

JL19 
FT79 

CET' 
DO ··-100 01 ~ 101 02 ~ so 102 03 :2; S1 103 04 

104 05 ;::::::. 
105 00 ~ 

Ys!L_ 106 07 ··:::::: vcc 107 "'--' 

~ GND co t--
CK OE' 

..JL l 
F779 

08 ........... '---- CET' 100 09 .::::: 
101 010~ so 102 011......., 

S1 103 012'-' 
104 013'-' 
105 014_,..:::::: 

Y9£_ 106 015;:::::: vcc 107 -GND co ..s--
CK OE' 

Author: 1.Noack/H.Eberle 

TRY' 

Date: 29.4.85 
REV. 3.12.85 



A.2 Memory Board 

u12 !J._4 

'O' 
OP8400 /10 15 .. 100 aB ~DO 

Arn29833 
dO 

bO 81 OB 

A19 BO 07 

· A1B RB Q6 

A17 R7 OS 

A1G RG Q4 

A1S RS 03 

A14 R4 02 

A13 R3 01 

A12 R2 QO 

A11 R1 

A10 RO 

A9 C8 

AB C7 

A7 C6 RAS3' 

AG cs RAS2' 

AS C4 RAS1' 

A4 C3 RASO' 

A3 C2 CAS' 

A2 C1 
co 

MCS' 

R/W' 
os• 

15 .. 100 CAS3' 

CAS2' 

CAS1' 

CASO' 

MCS' 

A23 

A22 

A21 

AV' 

~J2 

Lo J1 o--1-....---'b~O 

ETH Zurich 

NS.s32. mem1 .SIL 

DRAM Controller 
Bus Buffers 

AO BO 
a7 :::::::: 01 A1 B1 d1 
as :::::::: 02 A2 B2 d2 
a5 ~ 03 

A3 B3 d3 
84 - 04 A4 B4 d4 
83 OS 

AS BS dS 
82 - 06 AG 86 d6 
a1 :::=.. 07 A7 B7 d7 
ao 

~ 

.---' CLR' BP dpO 

....- ClK ERR' ~ 

OET'OER' 

u31 
R AS1' Am29833 

ASO' < 08 AO BO d8 
CAS' 09 A1 B1 d9 

010 
A2 B2 d10 

,__, 011 
A3 B3 d11 

~ 012 
A4 B4 d12 

........, 013 
AS BS d13 

:::::::: 014 A6 BG d14 
WE' :::::::: 015 A7 87 d15 

RFSH',_.., 
.........,. 

R 

~ 

CLR' do1 +-- BP 
~ CLK ERR' I--

OET'OER' 

v2I 
- 01S 

Am29S33 

AO BO d16 
017 A1 81 d17 

~ 018 
A2 B2 d18 

::::::. 010 A3 B3 d10 
::::::. 020 A4 B4 d20 
:::::::: 021 AS BS d21 
:::::::: 022 AS B6 d22 
- 023 A7 87 d23 .__, 

1K Vee 

~ CLR' BP dD2 

~ CLK ERR' I-

OET'OER' 

_II_] 
Am20833 

~ 024 AO BO d24 
:::::::: 025 A1 B1 d25 
:::::: 026 A2 82 d26 
".:::'." 027 d27 
';:::::: 028 A3 B3 

d28 A4 B4 
029 AS BS d29 
030 AG 86 d30 

::::::. 031 A7 B7 d31 ........, 
OS' 

uGc 
~ PAR.ClR' d~ CLR' BP -J J: '--' 

CLK ERR' PAR.ERR'.--
oer• 

OET'OER' 
u68 

,........ R/W' 

- ~I~· AL 
u6d 

,......... DBE' u6b ~ - _] ALS 32 
MCS' 32 

u13a 
L WAIT1' ~ 

~J4~~ 
'---' 

MCS' Voe ....., 

~~ WAIT2' -

L-.o' Voe 

1/2 

Author: H. Eberle Date: 8.4.85 
REV. 9.10.85 
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d24 .. d31, dp3 

vcc 
GND 

RAS' CAS' WE' 

RAS1' 
WE' 

vcc 
GND 

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

ETH Zurich 

/VS.s32.mem2.SJL 

Memory 

d16 .. d23, dp2 

9 x 41256 
AO DI 
A1 DO 
A2 
A3 
A4 
AS 
A6 
A7 vcc 
AS GND 
RAS'CAS' WE' 

DI 
DO 

vcc 
GND 

RAS'CAS' WE' 

212 

(2 x 32 x 256 KBit) 

d8 .. d15, dp1 d0 .. d7, dpO 

9 x 41256 9 x 41256 
AO AO DI 
A1 A1 DO 
A2 A2 
A3 A3 
A4 A4 
AS AS 
A6 AG 
A7 vcc A7 vcc 
AS GND AS GND 
RAS' CAS' WE' 

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

Author: H. Eberle Date: 29.3.85 
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B1 
BO 
R8 

A17 R7 
A16 R6 
A1S RS 
A14 
A13 

R4 
R3 

A12 
A11 

R2 
R1 

A10 RO 

A9 
ca 
C7 

A8 C6 
A7 cs 
A6 C4 
AS C3 
A4 C2 
A3 C1 
A2 co 
ocs· 
r/w' 
os• 

ETH Zurich 

A.3 Display Controller Board 

/19 

Q8 
Q7 
Q6 
QS 
Q4 
Q3 
Q2 
01 
QO 

RAS3' 
RAS2' 
RAS1' 
RASO' 

CAS' 

WE' 
M2 
M1 
MO 

RFl/O 

CAS3' 

CAS2' 

CAS1' 

CASO' 

NS.832.dp/1.SIL 

DRAM Controller 
Bus Buffers 

1S .. 100 
87 
86 
8S 
84 
83 
82 
81 
80 

RAS' 
CAS' 

WE' 
RFSH' 

J1 0--
8409 .¢. 

1K 
Vee 

1/4 

Author: 

u1 
ALS645 

d31 
AO BO d30 
A1 B1 d29 

d28 A2 B2 
A3 63 d27 

d26 A4 B4 

d2S AS BS 
A6 B6 d24 A7 67 

DIR G' 

u 
ALS645 

d23 
AO BO d22 A1 B1 d21 
A2 B2 

d20 
d19 A3 63 

d18 A4 B4 
A5 BS d17 
A6 B6 d16 
A7 B7 

DIR G' 

u 
ALS645 

d1S 
AO BO d14 A1 B1 

d13 
d12 A2 B2 

A3 B3 d11 
d10 

A4 B4 
AS BS 

d9 A6 66 
d8 A7 B7 

DIR G' 

u4 

ALS645 
d7 AO BO 
d6 
dS A1 B1 

d4 A2 B2 
A3 B3 

d3 A4 B4 
d2 AS BS 
d1 
dO 

A6 B6 
A7 B7 

G' 

N. Wirth 
H. Eberle 

37 

031 
030 
029 
028 
027 
026 
025 
024 

023 
022 
021 
020 
019 
018 
017 
016 

01S 
014 
D13 
012 
011 
010 
09 
DB 

07 
06 
OS 
04 
03 
02 
01 
DO 

Date: 27.8.85 
REV. 9.10.85 
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d0 .. d31 

d24 .. d31 d16 .. d23 
AO R7 

b3 b2... 
8 x 4161 ax 4161 

1-1 AO DI 1--1 1--1 AO DI 1--1 
l--A1 DO 
1-- A2 
1-- A3 SI 
1-- A4 so 
1-- AS SOE' 
l--1 A6 SCK 
'---I A7 T'/OE' 

vcc 
GND 

RAS'CAS' WE' 

RAS' I J WE' 
CAS3' 
CAS2' 
CAS1' 
CASO' 

SHOE' 
SLOE' 
T'/OE' 
SCK 
SI 

s0.s15 

ETH Zurich 

I---' l--IA1 DO r--
t----1 A2 
t----1 A3 SI 
1--1 A4 so 
t--1 AS SOE' 
t--1 A6 SCK 

t---, .____, A7 T'/OE' r-

~ vcc ~ 
1-J, GNOI-, 

RAS'CAS' WE' i 
I J 

sa .. s15 (s24-s31) 

15 .. 100 T'/OE' 

NS.s32.dp/2.SIL 

Display Memory 
(1x32 x 64 KBit) 

J 

s0 .. s7 

2/4 

d8 .. d1S 

bi 
8 x 4161 

1-- AO Oft--
1--A1 DO r-
1-- A2 
1-- A3 SI 
1-- A4 so 
1-- AS SOE' 
r- A6 SCK 
"- A7 T'/OE' t---, 

vcc ~ 
GND f-, 

RAS'CAS' WE' i 
I I 

(s16-s23) 

Author: 

T 

88 .. 815 

N. Wirth 
H. Eberle 

d0 .. d7 

bO.. 
8 x 4161 

1-- AO Oii--
l--A1 00 1--
1--1 A2 
1--1 A3 SI 
t--1 A4 so 
t--1 AS SOE' 
1--1 A6 SCK 
'--i A7 T'/OE' 1---

vcc ~ 
GNOri 

RAS'CAS' WE' 

] J 

s0 .. s7 

Date: 27.8.85 
REV. 13.6.86 



dl 
co 1-. 

~ 
BO HO 
81 H1 
B2 H2 
B3 H3 

ALS 

T-C EP163 
ET 

CL'CK LO' 

J 
L30 
co 

~ 
BO HO 
B1 H1 
B2 H2 
B3 H3 

ALS 
I-- EP163 ....__ 

ET 

CL'CK LO' 

l1· 

u20 

co I-

~ 
BO HO 
B1 H1 
82 H2 
B3 H3 

ALS 
1-- EP163 
'-- ET 

CL'CK LO' ., 
132 
co I-

I~ 
BO HO 
B1 H1 
B2 H2 
83 H3 

ALS 
1-- EP163 
'--- ET 

CL'CK LO' 

J 
J u19 

co 

I~ 
BO HO 
B1 H1 
82 H2 
B3 H3 

ALS 
1--- EP163 
'-- ET 

CL'CK LO' 

l1· 

l 
CCK 

ETH Zurich 

47 
SLOE' 

l .ihO) 
u31s u31b 

AL AL ;o 
h1 
h2 
h3 

u1B 

h4 

~ hS 
h6 
h7 

;+:-C 
Y£s._ 

vo 
v1 
v2 
v3 

'----

v4 
vs 
vG 
v7 

:Q:__ 

;+:-C 
Y£s._ 

vs 
v9 
v10 
V11 

NS.s32.dpt3.SIL 

Counters 

AO 27C64-200 

A1 
A2 
A3 
A4 QO 
AS Q1 
A6 Q2 
A7 Q3 
AS Q4 
A9 QS 
A10 Q6 
A11 Q71-
A12 
A13/NC 
A14/PGM' 
A15/VPP 

cs• OE' 

~ ~ 
HCLR' 

VCK 

!J2.t 
AO 27C64-200 

A1 
A2 
A3 
A4 QO 
AS Q1 
AS 02 
A7 Q3 
AS Q4 
A9 QS 
A10 Q6 
A11 Q7 
A12 
A13/NC 
A14/PGM' 
A15/VPP 

cs• OE' 

~ ~ 

VCLR' 

3/4 

47 
SHOE' 

u238 SHOE' 

l~s 
u2:3b 

CCI(• ALS 33 SCK 
08 ~ 

.'J$L_ 
F378 
DO QO HBLK 
01 Q1 HSYN' 
02 021---
03 031--
04 041--
05 QS BLK 

AS ~ 
08 

u34b 

HAQ 

u23c 

ALS ~~ 
08 

VRQ 

,.-J...-Ll22 
F378 
DO QO VBLK 

01 01 VSYN' 

02 021--1-
~ 

03 031--
04 Q4 
05 05 
CK CE' 

DCK SLD' 

L ~ 

Author: N. Wirth 
H. Eberle 

Date: 27.8.85 
REV. 21.5.86 
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' 

u-2_4 
F676 '1' 

'0' 
-"'---SI u2l u258 

s1S 
s14 DO AS163 CO 0------1 

s• 
SLO D 

s13 01 

si2 02 

sii 03 

siO 04 

s9 DS 

s8 D6 

s7 07 

s6 DB 

sS D9 

s4 DiO 

s3 011 

s2 012 

Si 013 

so 014 sou 
015 s...., T 

CS'CK LO 

DCK' lJ J 
SLO 

Layers for s0 .. s15 have 
to be as short as possible! (crosstalk) 

u 

'1' 
AS17S 
DO 00 

BLK 
00' 

01 Qi 

SOUT 
01' 

D2 02 

'1' 
02' 

D3 03 
03' 

CK CL 

u6 
ALS541 

a17 DO YO 
A17 

v9 A16 
va 01 Y1 A1S 
v7 02 Y2 A14 
v6 

03 Y3 A13 
vs 04 Y4 A12 
v4 05 YS A11 
v3 06 Y6 A10 

07 Y7 

GO' G1' 

u5 
ALS541 

DO YO 
A9 
AB 

'1' 01 Y1 R/W' 
02 Y2 
03 Y3 

AV' 
BE3' 04 Y4 BE2' 

OS YS BE1' 
D6 Y6 BED' 07 Y7 

GO' G1' 

OSP.GNT' 

NS.s32.dp/4.SIL 

uoa 

u 
Oscillator 

NC 

0 H 

'1' 

BO HO 
Bi H1 
B2 H2 
B3 H3 

EP 
ET 

CL'CK LD' 

Termination resistors (270/560) are 
provided for dck, DCK, DCK', SLD, SLD'. 

DO 

01 01 

02 02 

D3 03 

414 

ETH Zurich Shifter, Clock Generator, 
Address Buffer, Status Register 

Author: N. Wirth 
H. Eberle 

AS74 

c 
R'Q 

SLD' 

'1' 

CCI<' 

CCK 

DCK 

DCK' 

OSP.EN 
817 

INV 
INV' 

DO 0: Display Enable 
1: Display Disable 

01 0: A17..0 
1: A17·1 

02 0: normal video 
1: invers video 

Date: 27.8.85 
REV. 13.6.00 
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Resolution: 1024 x 800 

Horizontal timing (actual H-ROM addresses are 1 less} 
Fh • 52.08 kHz 
Fv • 62.15 Hz 
Fp • roMHz 

I I 

I I 

HBLK I I 
0 1024 1344 

I {64) (84) 

I I 

T T 

HSYN' I I 

I I 
0 1088 1152 I 

I (68) (72) I 

I I 

I I I 

HRQ I I 

T I 

I 1024 I 

I (64) I 

I I 

I 1: VCK I 

T 
I 1312 

I (82) 

I I 

I 

I 

HCLR' 1: 1: 
I 1328 

I (83) 

Vertical timing 

I I 

I I 

I -, I 

VBLK I I 

0 4 804 838 

I 

I 
I 

I 

' LJ VSYN' I 

I 
I 

805 810 

I 

I 

I I I I I I I I I I VRQ I 
I 
I 3 11 19 ... . .. 779 787 795 

I 

I 
I I VCLR' I 

I 837 
I 

I I 

I I 

NS.s32.dpltiming.SIL 

ETH Zurich Display Timing Author: H. Eberle Date: 4.2.88 
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B PAL Design Specifications 

This section contains the PAL design specifications. The function of the PAL devices is described by 

using the input format of the PALASM PAL assembler [24]. 

NS.PAL1D:Address Decoder (ROM &JO Devices) 

PAL20L8 

ADDRESS DECODER 

NS.PAL1 D 

IFI ETHZ 

A23 A22 A21 A20 A'l9 A18 A17 A16 A15 A14 A13 GND 

A12 A11 /IOPG1 /IOPGO /!OEN A10 A9 /SEL1 /SELO /ROMEN /AV VCC 

PAL DESIGN SPECIFICATION 

H.EBERLE 24/07 /85 

IF (VCC) ROMEN = AV*A23*A22*A21*A20*A19*/A18*/A17*/A16*/A1S*SEL1 *SELO 

+ AV*A23*A22*A21*A20ic·A19*/A18*/A17*/A16*SEL 1*/SELO 

+ AV*A23*A22*A21*A20*A19*/A18*/A17*/SEL 1 *SELO 

+ AV*A23*A22*A21iC-A20*A19*/A18*/SEL 1*/SELO 

IF (VCC) IOEN = AV*A23*A22*A21*A20*A19*A18 

IF (VCC) IOPGO = AV*A23*A22*A21*A20*A19*A18*A17*A16*A15*A14*A13*A12*A11*A10*A9 

IF (VCC) IOPG1 = AV*A23*A22*A21*A20*A19*A18*A17*A16*A15*A14*A13*A12*A11*A10*/A9 

NS.PAL28: Priority Encoder 

PAL 16L8 

PRIORITY ENCODER 

NS.PAL2 B 

IFI ETHZ 

NC /DSPREQ /REFREQ /REQO /REQ1 /REQ2 /REQ3 /CPUREQ NC GND 

NC /ANY /CPUGNT /GNT3 /GNT2 /GNT1 /GNTO /REFGNT /DSPGNT VCC 

PAL DESIGN SPECIFICATION 

H.EBERLE 18/06/84 

IF (VCC) ANY = DSPREQ + REFREQ + REQO + REQ1 + REQ2 + REQ3 + CPUREQ 

IF (VCC) DSPGNT = DSPREQ 

IF (VCC) REFGNT = /DSPREQ* REFREQ 

IF (VCC) GNTO = /DSPREQ*/REFREQ* REQO 

IF (VCC) GNT1 

IF (VCC) GNT2 
= /DSPREQ*/REFREQ*/REQO* REQ1 

= /DSPREQ*/REFREQ*/REQO*/REQ1 * REQ2 

IF (VCC) GNT3 = /DSPREQ*/REFREQ*/REQO*/REQ1 */REQ2* REQ3 

IF (VCC) CPUGNT = /DSPREQ*/REFREQ*/REQO*/REQ1*/REQ2*/REQ3 



NS.PAL3H1 & NS.PAL3K2: Arbiter FSM 

PAL1GR8 

MEMORY STATE MACHINE H1 

NS.PAL3 H1 
IFI ETHZ 

43 

PAL DESIGN SPECIFICATION 

H.EBERLE 04/06/86 

FCLK /ANY /PER /WAIT2 /WAIT1 /CWAIT NC NC CTTL GND 

/OE /03 /02 /01 /DO NC NC NC ROY VCC 

DO = /03*/02*/01 */DO*CTTL 

+ /D3*/D2*/D1*DO*ANY 

+ /03*/02*01 *DO*PER 
+ /D3*/02,x·D1 *DO*/PER*/WAIT2*/WAIT1 */CWAIT 
+ 03*/02*/DO 

+ 02*01*/DO 
+ /03*02*/01*00*/CWAIT 

02 = /D3*/D2*D1*DO*PER 

+ /03¥·/02*01 *DO*/PER*/WAIT2 

+ 02*/01*00 
+ 03*/02*01 ,x-00 

+ /03*02*01 

+ /03*/02*01 */DO 

+ D3*D2*D1 */DO 
/ROY = /03¥·/02*/01 

+ /03*/02,x-D'l-x-DO*PER 

+ /03*/02¥01 )fDO*/PER*WAIT2 

+ /03*/02*01 *D0->f/PER*/WAIT2i<·WAIT1 

+ /03*/02*01 *DO*/PER*/WAIT2*/WAIT1 *CWAIT 

+ 03 

+ /03*02*01 */DO 
+ /D3*D2*/D1-lf00-x-CWAIT 

PAL16R8 

MEMORY STATE MACHINE K2 
NS.PAL31<2 
IFI ETHZ 

01 = /03*/D2*/D1 *DO*ANY 

+ /D3*/D2*D1 *DO*/PER 

+ D3*/D2*DO 
+ /D2*D1 */DO 
+ /D3*D2idD1 

+ D3*D2*D1*/DO 

03 = /D3*/D2*01*DO*PER 

+ /D3*/D2*01*00*/PER*WAIT2 
+ D3*/01 

+ /D2*D1 */DO 
+ 03*D2*D1*/DO 

PAL DESIGN SPECIFICATION 

H.EBERLE 12/07/86 

FCLK /ANY /PER RD NC /DO /01 /02 /03 GND /OE NC G /IOWR /IORO /DS /DBE /CLEAR NC VCC 

/G = /D3*/02*/D1 *DO*ANY 
+ /02*01 
+ 03*/01 

+ /03*D2 
+ 03*02*01 ¥-/DO 

CLEAR= /D3*/D2*01 */DO 

IORO = D3*/D2*RD*PER 

+ /D3*D2*RD*PER 
IOWR = D3*/D2*/RO*PER 

+ /D3*D2*/RD*PER 

DBE = /D3*/D2*/D1*DO*/RD*ANY 
+ D3*/D1 */RD 
+ /02*01 */RD 
+ /03*02*/RO 

+ /D3*D2*D1 *DO 
+ /D3*D2*/D1 */DO 
+ /D34D2*D1 */DO 

OS = /D3*/D2*/D1*DO*RD*ANY 

+ /D3*/D2*D1 *DO 
+ D3*/D1 
+ D3*/D2 

+ /D3*D2 
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CWAIT' 

Zn Q3 .. 0 CTTL ANY' 

T1,1 0000 0 

1 

T1,2 0001 x 
x 

T2,1 0011 x 
x 
x 
x 
x 

T2,2 1101 x 
Tw4,1 1100 x 
Tw4,2 1000 x 
Tw3,1 1001 x 
Tw3,2 1010 x 
Tw2,1 1011 x 
Tw2,2 0110 x 
Tw1,1 0101 x 

x 
Tw1,2 0111 x 
T3,1 0100 x 
T3,2 0010 x 
T4,1 1110 x 
T4,2 1111 x 

Y1 = /( R/W'*/PER') 

Y2 = /(/R/W'*/PER') 

x 
x 
1 

0 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

PER' 

WAIT2' 
*/PER' 

/CWAIT' 

WAIT1' 
*/WAIT2' 
*/PER' 
+CWAIT' 
*/WAIT1' 
*/WAIT2' 
*/PER' 

(a) 

PER' WAIT2WA1T1'0NAIT' Zn+1 

x x x x T1,1 

x x x x T1,2 

x x x x T1,1 

x x x x T2,1 

0 x x x T2,2 

1 0 x x Tw3,2 

1 1 0 x Tw2,2 

1 1 1 0 Tw2,2 

1 1 1 1 Tw1,2 

x x x x Tw4,1 

x x x x Tw4,2 

x x x x Tw3,1 

x x x x Tw3,2 

x x x x Tw2,1 

x x x x Tw2,2 

x x x x Tw1,1 

x x x 0 Tw2,2 

x x x 1 Tw1,2 

x x x x T3,1 

x x x x T3,2 

x x x x T4,1 

x x x x T4,2 

x x x x T1,1 

(b) 

/CTTL 

03 .. 0 G 

0000 1 

0001 1 

0000 1 

0011 0 

1101 0 

1010 0 

0110 0 

0110 0 

0111 0 

1100 0 

1000 0 

1001 0 

1010 0 

1011 0 

0110 0 

0101 0 

0110 0 

0111 0 

0100 0 

0010 0 

1110 0 

1111 0 

0000 1 

/ANY' 

/CWAIT' 
*/WAIT1' 
*/WAIT2' 
*/PER' 

CLEAR' DBE' DS' ROY IORD' IOWR' 

1 1 1 0 1 1 

1 1 1 0 1 1 

1 1 1 0 1 1 

1 R/W' /R/W' 0 1 1 

1 0 0 0 1 1 

1 0 0 0 1 1 

1 0 0 0 1 1 

1 0 0 0 1 1 

1 0 0 1 1 1 

1 0 0 0 1 1 

1 0 0 0 1 1 

1 0 0 0 Y1 Y2 

1 0 0 0 Y1 Y2 

1 0 0 0 Y1 Y2 

1 0 0 0 Y1 Y2 

1 0 0 0 Y1 Y2 

1 0 0 0 Y1 Y2 

1 0 0 1 Y1 Y2 

1 0 0 1 Y1 Y2 

1 0 0 1 Y1 Y2 

0 0 1 1 1 1 
1 1 1 0 1 1 

1 1 1 0 1 1 

Figure 8.1 Bus control state diagram (a) and truth table (b). 



NS.PAL4A:Mouse Direction Discriminator 

PAL16R8 

MOUSE DIRECTION DISCRIMINATOR 

NS.PAL4 A 

IFI ETHZ 
CLK XO X1 YO Y1 NC NC NC NC GND 

/OE /UX /EX /UY /EY /Y1 N /YON /X1 N /XON VCC 

XON =XO 

X1 N = X1 

YON =YO 

Y1 N = Y1 

EX = /X1 N-JE-/X1*/XON* XO+ /X1 N*/X1* XON*/XO 

+ /X1 N* X1*/XON*/XO + /X1 N* X1* XON* XO 

+ X1 Ni<-/X1*/XON*/XO + X1 N*/X1* XON* XO 

+ X1 N* X1*/XON* XO+ X1 N* X1 * XON*/XO 

UX = XO*/X1 N + /XO*X1 N 

EY = /Y'I N*/Y1*/YON* YO+ /Y1 N*/Y1* YON*/YO 

+ /Y1 Ni<- Y1*/YON*/YO + /Y1 N* Y1* YON* YO 

+ Y1 N*/Y1*/YON*/YO + Y1 N*/Y1* YON* YO 

+ Y1 N* Y1 */YON* YO+ Y1 N* Y1* YON*/YO 

UY = YO*/Y1 N + /YO*Y1 N 

elk r L I 

XO 

XO' 

X1 

X1' 

UX' :/J;/. 

EX' 
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PAL DESIGN SPECIFICATION 

H.EBERLE 01/04/84 

Figure B.2 Timing diagram of the mouse interface. 
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NS.PAL6A: Display Control/er Address Decoder 

PAL16L8 

DISPLAY CONTROLLER ADDRESS DECODER 

NS.PAL6 A 

IFI ETHZ 
A23 A22 A21 A20 A19 A18 A17 A16 A15 GND 

/AV /DPSTAT A14A13A12A11 A10A9/MCSVCC 

IF (VCC) MCS 

NS.PAL78: Byte Enable & Other Glue Logic 

PAL16L8 

BYTE ENABLE & OTHER GLUE LOGIC 

NS.PAL? B 

IFI ETHZ 

PAL DESIGN SPECIFICATION 

H.EBERLE 10/12/85 

PAL DESIGN SPECIFICATION 

H.EBERLE 20/07186 

/CPUGNT /DBE A1 RD /MMUMAC /CPUBEO /CPUBE1 /CPUBE2 /CPUBE3 GND 

NC /BE3 /BE2 /BE1 /BED /R1 /R2 /GW /GD VCC 

IF (CPUGNT) BEO = MMUMAC*/A1 + /MMUMAC*CPUBEO +RD 

IF (CPUGNT) BE1 = MMUMAC*/A1 + /MMUMAC*CPUBE1 +RD 

IF ( CPUGNT) BE2 = MMUMAC* A1 + /MMUMAC*CPUBE2 +RD 

IF (CPUGNT) BE3 = MMUMAC* A1 + /MMUMAC*CPUBE3 +RD 

IF (VCC) GD 

IF (VCC) GW 
= CPUGNhDBE*/MMUMAC + CPUGNhDBE*/A1 

= CPUGNT*DBE*MMUMAC*A1 

; RD= R/W'; /R1 => r'/w; /R2 => r/w' 

IF (VCC) R1 =RD 

IF (VCC) R2 =/RD 



C Interface Connectors 

The computers interface to the environment consists of the following connectors: 

l<eyboard Interface 
Mouse Interface 

RS-485 Interfaces 
RS-232-C Interface 

Video Synchronization 
Video Data 

C.1 Processor Board 

Keyboard lntetface 

5-pin Audio-DIN connector 
9-pin female Cannon connector 

9-pin female Cannon connector 
25-pin female Cannon connector 
4-pin Audio-DIN connector 
BNC connector 

Pin Direction Mnemonic Signal Description 

1 NC No Connection 
2 I KB.RxD' Receive Data from Keyboard 

3 0 l<B.TxD' Transmit Data to Keyboard 
4 GND Ground 

5 Vee +SV Power 

Mouse I nteif ace 

Pin Direction Mnemonic Signal Description 

1 Vee +SV Power 

2 MYA Y Displacement 

3 MYB Y Displacement 

4 MXA X Displacement 

5 MXB X Displacement 
6 GND Ground 
7 MB1' Middle Switch 
8 MBO' Right Switch 

9 MB2' Left Switch 

RS-485 lntetfaces 

Pin Direction Mnemonic Signal Description 

1 GND Ground 
2 NC No Connection 
3 GND Ground 
4 1/0 D+ Noninverted Data 
5 1/0 0- Inverted Data 
6 NC No Connection 
7 NC No Connection 
8 1/0 D+ Noninverted Data (identical with pin 4) 

9 1/0 0- Inverted Data (identical with pin 5) 

47 
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RS-232-C /nteiface 

Pin Direction Mnemonic 

1 FGND 

2 0 TxD' 

3 I RxD' 

4 0 RTS 

5 I CTS 

6 DSR 

7 SGND 

8 DCD 

9-19 NC 

20 0 DTR 

21-25 NC 

C.2 Display Controller Board 

Video lnteiface 

Pin Direction Mnemonic 

1 0 HSYNC' 

2 GND 

3 NC 

4 0 VSYNC' 

Signal Descrietion 

Frame Ground 

Transmit Data 

Receive Data 

Request to Send 

Clear to Send 

Data Set Ready 

Signal Ground 

Data Carrier Detect 

No Connection 

Data Terminal Ready 

No Connection 

Signal Description 

Horizontal Synchronization 

Ground 

No Connection 

Vertical Synchronization 

A separate, shielded coax-cable is used for the video data signal. 

C.3 Motherboard 

Memory Bus 

Pin Mnemonic Signal Descrietion 

Aa1-Aa4 BEO'-BE3' Byte Enable 

Aas RFSH' Refresh 

Aa6 OS' Data Strobe 

Aa7 PAR.ERR' Parity Error 

Aa8 PAR.CLR' Parity Clear 

Aa9-Aa12 INT4'-INT7' Interrupt Request 
Aa13 NC No Connection 

Aa14 ILO' Interlocked Operation 
Aa15 CLR.REQ' Clear Request 
Aa16 DSP.REQ Display Request 
Aa17-Aa20 REQO'-REQ3' Request 
Aa21 DSP.GNT' Display Grant 
Aa22-Aa25 GNTO'-GNT3' Grant 
Aa26, Aa27 GND Ground 

Aa28 -SV -5V Power 
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Aa29 +12V +12V Power 

Aa30 -12V -12V Power 

Aa31, Aa32 +SV +SV Power 

Ab1-Ab32 GND Ground 

Ac1-Ac32 D0-031 Data 

Ba1,Ba2 +SV +SV Power 

Ba3 -12V -12V Power 

Ba4 +12V +12V Power 

Ba5 -5V -5V Power 

Ba6,Ba7 GND Ground 

Ba8 CWAIT' Continuous Wait 

Ba9 WAIT1' 1 Wait State 

Ba10 WAIT2' 2 Wait States 

Ba11 10.EN' 10 Enable 

Ba12 10.WR' 10 Write 

Ba13 IQ.RD' 10 Read 

Ba14 DK.CS' Disk Card Select 

Ba15 DK.INT Disk Interrupt Request 

Ba16-Ba19 NC No Connection 

Ba20 GND Ground 

Ba21 RESET' Reset 

Ba22 GND Ground 

Ba23 RESET.IN' Reset Input 

Ba24 GND Ground 

Ba25 CU< Clock (10 MHz) 

Ba26 GND Ground 

Ba27 FCLK Fast Clock (20 MHz) 

Ba28 GND Ground 

Ba29 ROY Ready 

Ba30 DBE' Data Buffer Enable 

Ba31 AV' Address Valid 

Ba32 R/W' Read/Write 

Bb1-Bb32 GND Ground 

Bc1-Bc24 AO-A23 Address 

Bc25-Bc32 (A24-A31) (Address) 

The Memory Bus uses DIN41612 connectors with 3x32 circuits. 

Disk Controller I nteiface 

Pin Mnemonic 

Memo~ Bus Disk Controller 

DO DALO 

3 01 DAL1 

5 D2 DAL2 

7 D3 DAL3 

9 D4 DAL4 

11 DS DALS 
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13 D6 DAL6 

15 D7 DAL7 

17 A2 AO 

19 A3 A1 

21 A4 A2 

23 Dl<.CS' CS' 

25 10.WR' WR' 

27 10.RD' RD' 

29 CWAIT NC 

31 R/W' NC 

33 DS' NC 

35 DK.INT INTRQ 
37 NC DRQ 

39 RESET' MR' 

All even numbered pins (2 through 40) are used as signal grounds. 

Floppy Power & Reset Connectors 

Mnemonic 

+12V 
GND 

+SV 
GND 
RST' 

Signal Description 

+12V Power 
Ground 
+SV Power 
Ground 

Reset Input 

The RST' signal is provided by an externally mounted reset switch. 

Power Connector 

Mnemonic 

PFD 
-12V 
+12V 
-sv 
NC 
GND 
GND 
GND 
+SV 
+5V 

Signal Description 

Power Fail Down (provided, but not used) 
-12V Power, 0.7A maximal current 
+12V Power, 5.0A maximal current 
-SV Power, 0.7A maximal current 
No Connection 
Ground 
Ground 
Ground 
+SV Power, 15.0A maximal current 
+SV Power 


