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- all paths in a combinational circuit are of the same length (u0)

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 (ué3b)
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 AD-A23
Data D0-D31
Control
Data transfer AV', BEO'-BE3’, DS', DBE', R/W'
Bus arbitration REQO'-REQ3', GNTO'-GNT3', DSP.REQ’, DSP.GNT', CLR.REQ’
Cycle extension CWAIT', WAITT', WAIT2'
IO Devices 10.EN', I0.RD’, IO.WR’, DK.CS', DK.INT
Interrupts INT4'-INT7'
Clock CLK, FCLK
Miscellaneous RESET', RESET.IN', RDY, ILO', PAR.ERR', PAR.CLR', RFSH’

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



24

4 Hardware Extensions

The modular, extensible multiboard arrangement invites not only the addition of more
memoty 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 Memory Bus Slave
REQ l»—p Q'-————P-——| REQ' 10.EN' —>—7 |
l R < | AV'}—»—] Dec. | S’
) CLK ALAT7 b’ |
|

l
| L{E:-—«—, CLRREQ |
——<4— GNT' A2 Ai-1 —b—rt »— Address
l l .
RDY’—«-————@ ! rov I

R/W' lL—P——

> l
| | Data |—e>—r— /a»—| Data
Address = D A Address | Q |
V] Er— | Av | — .
| e | IO.RDI B - ] RD
| e I IOWR' —» >— WR'
Data =—4>—¢L— lz] A : Data
=
BE’ r——>—/— l> o I' BE'
B | R/W'
—

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

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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Figure 4.2 Timing specification of a basic memory cycle.
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A.1 Processor Board
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RTC, DIP-switch
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A3 A3 ——1A3 —A3
——{ A4 —taq —{Ad ——{A4
——]AS —as A5 A5
——A6 ——| A6 ——{A6 ——1A6
a7 vee e L {7 vee |—Yee a7 vee |—Yee a7 vee (—Yee
A8 GND t— —]as GND —— A8 GND —] a8 GND
RAS'CAS' WE' J; RAS'CAS' WE! 37 RAS'CAS' WE' Jy RAS'CAS' WE' —QL
RAST'
WE'
9 x 41256 9 x 41256 9 x 41256 9 x 41256
A0 Dt —1a0 2] —— A0 ot —— A0 DI
S— Do L—1A1 Do ——1 A1 Do fod A1 Do
—1A2 ] A2 a2 A2
—1A3 —— A3 —A3 —1a3
——a4 ——Aq A4 —A4
—{as —as ——AS ——As
—— a6 ——{a6 ——1A6 -—_A6
a7 vee |-Yee L a7 vee |—Yes a7 vee |--Yee a7 vee | VYee
L——ag GND L a8 GND L 1As GND —— t—— A8 GND
RAS'CAS' WE' % RAS'CAS' WE' 37 RAS'CAS' WE' J; RAS'CAS' WE* ;L
RASO'
WE'
CAST'
CAS2'
CAS1'
CASOY
NS.332.mem2.SIL 2/2
ETH Zurich Memory Author: H. Eberle Date: 29.3.85
(2 x 32 x 256 KBit)




A.3 Display Controller Board
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y8 1
DPB409 /18 ALS645
B a8l 15.100 gl A D
= ——— B—r p—Es
a7 1rs Qef———c5——98 a2 A2 B2 D20 ~
et R7 o] E———— T dz A3 B3 D28 >
L R6 Q4 ———24 a27 A4 D27
A15 — & 6 B4 =
T RS Q3 — < A5 BS D26 =
— a2 25 D25
o R4 Q2 — d A P
A 8 d24 6 86
o4 R3 [ed] — A7 B7 D24 —
Z 80
= R2 o p———rt—3=0 o
Tl R1 DIR
- RO
Q.Aﬁ_.._—-—‘g? u2
AB
Oy —¢6 RASS' |- s ALS845 "
O s
= SR B——r m—f8o
Sas o Rast. RAS! T A1 Bl B
A4 CAS' 0 A2 B2 =
f— 2 CAS' d : A3 B3 D20
o ct £ A4 Ba D1o =
< co 4z A5 BS 218
A6 B6 o
: cs 418 A7 87 D16 —
A Cv?nsv wE' —— WE' DR G'
BEY RESH'
RASIN' M2
——CASIN' M1 1 o—
R/’ MO +—, 8100 & ud
Vee : ALS645
= =L ele} RFI/O di5 D15
SR - A0 BO et
10F | 10F GN Vee d14 At Bl D14 —
GND g A2 B2 e
AV v K vee 11 A3 B3 D
e A4 B4 1~
dio A5 BS D10
@ A6 Be ® S
A7  B7 2
DIR_G’
80 2
B1 e
82 D4 -0
B3 B
B4 e
BS pe—o
B6 B
87 et
o
11a
DSP.GNT' v
= o DCs'
uZ u3td vise
o
PAL16L8A /W AL [?3\ WAL —
- A9.A23 1
AV DSP.CTRL' pcs' J4 Vec
o —_— o—
ADDRESS © o
DECODER
u15b
WAIT2"
6A
—OJS Vee
4K7
Display Bitmap:  E000CO - E3FFFF
(256 kB) vite
—-BRW .B /'
NS.832.dpl1.SIL 1/4
ETH Zurich DRAM Controller Author: N. Wirth Date: 27.8.85
Bus Buffers H. Eberle REV. £.10.85
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49,431
d24..d31 d16..d23 d8..d15 do..d7
80,87
2 1
8 x 4161 8 x 4161 8 x 4161 8 x 4161
——AC A f— ——1AQ D — —1 A0 01— —— A0 DA f—
— A1 DOf— — A1 DO §—-rd —1{A1 DOp—— A1 00—
F———1A2 — A2 —1A2 ——1A2
A3 SI +—— A3 S ——A3 St ——— A3 St
a4 so —— A4 s0 ——1Ad so —— A4 SO
a5 SOE* s SOE' a5 SOE' L 1as SOE'
— A6 SCK —— A6 SCK —— A6 SCK - AB SCK
L A7 T'/OE"| —-Y4 T OE"fmr—e—, i—A7 T/0E" L d AT T'/OE"]
vee vee vog §—Yee vee Voo vee —Yeeo
GND [— GND F— GND GND
RAS'CAS' WE' RL RAS'CAS' WE' é RAS'CAS' WE' F‘:L RAS'CAS' WE' 1
RAS'
WE!'
CAS3'
CAS2T
CASY
CAC‘ U
SHOE'
SLOE'
T/OE'
SCK
Si
20815 88.815 | (s24-331) 80..87 §(s16-323) 88..815 80..87
ullb
15.100 o, N
- T'/OE
u34d
NV AS sl
1008
NS.832.dpl2.Si. 2/4
ETH Zurich Display Memory Author: N. Wirth Date: 27.8.85
{1 x 32 x 64 KBit) H. Eberle REV. 13.6.86
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17
col—
BO  Ho| ho)
Bt H1 h1
B2  H2 h2
B3 Ha h3
ALS
" EP 163
ET
CL'CK LD
A4 Qo0 Do QO HBLK
AS Qt b1 Q1 HSYN' =
30 A8 Q2 D2 Q2
A7 Q3 D3 Q3
co ha A8 Q4 D4 Q4
BO HO! hS A9 asl D5 Q5 BLK
S e g )l
M v 7
83 sm ivd A a2 08
AL A13/NC u34b
EP163 %:MMPGM,
ET < A15/VPP HRQ
CL'CK LD" s of
w v 4
HCLR' u23c
ALS M
VCK 08
20
co
B0  Ho| el
81 H1 L
B2 H2 v
B3  H3 v VRQ
ALS
EP 163
ET
CL'CK LD
21
27C64-200
coL—” a
BO HO| v :12 22
g; :1 : Aa F87BQn VBLK
2 A4 Qo Do
B3 H3 Y AS Qi D1 Q1 VSYN'
ALS A6 Q2 D2 Q2
EP 163 A7 Q3 pa Q3
E A8 Q4 0; g;_
. A9 5 D
G cK LD] A10 Qsf CK CE'’
ol AT1 a7t
——1A12
jAteme
® ;,’cc A14/PGM' DCK| sLo
cor 8 ~EE—A15/VPP
2‘1’ :f v cs' _oF
B2 H2) vi0 47 J7
B3 M3 Vit v2ad usc
ALS &'3-3 AL
EP 163
ET
CL'CK LD
[
VCLR'
ceK
NS.s32.dpi3.SIL 3/4
ETH Zurich Counters Author: N. Wirth Date: 27.8.85
H. Eberle REV. 21.5.86
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24 w
F676
St u27 u258
00 AS163 CO 0¥ o SLD
D1 80 HO[- —
D2 a1 ik AS74
D3 B2  H2 —iC SLD
D4 B3 Hat-— RO
DS
D6 EP I .
> e "
Do CL'CK LD "e
D10 _J
D11 " 0
D12 D°Q [eony
s g:i AST4
d
s0 D1§ s SOouT ck ¢ g COK
CS'CK LD R
I
DCK'
Sip v3dc
AS DCK
o8
Layers for 80..815 have
1o be as short as possible! (crosstalk)
DCK!
Termination resistors (270/560) are
: ) .
. 2 e provided for dok, DCK, DCK', SLD, SLD'.
L_ipo o}
o'l voa
BLK D1 Q1
arl NV AS
SOUT iy o 10
Q22—
2 Jps Qap
Q3
1
ok cL INV AS
10
DCK y uob "r
"
utda [
DSP.EN Y - 1db
L
ALS
74
6 ¢ o DSP.REQ'
. ALS541 ; ]
2 Do Yo e
v Dt Y1 R
e D2 Y2 A
% D3 Y3 I
= D4 Y4 Ao
D5 Y5 £
v4 Alt
V3 b Y6 A1D
= o7 Y7 ol
.
Go'_a1r 12
ALS175
Do
ol
us Do [ ospen
ALS541 Ao =D o1 g:' a17
—po yvol—2——
e b1 vi—28 o B2 p2 Q2 INV
1 R/W g INVY
02 v2l—P Ql— NV
I AV’
D3 Y3|—aErD
D4  Yaf——pERcD
—os s
BET"
—o6 ve S0
S v
Go* G1' DO 0: Display Enable
1: Display Disable
DSP.GNT' D1 0 A17=0
1t A17=1
D2  0: normal video
1: invers video
NS.332.dpl4.SIL 4/4
ETH zuicn Shifter, Clock Generator, Author: N, Wirth Date:  27.8.85
Address Buffer, Status Register H. Eberle REV. 13.6.86
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Resolution: 1024 x 800

Horizontal timing (actual H-ROM addresses are 1 less) §C - gfg I-kl'zk
Fp = 70 MHz

1

! |
HBLK ] i

0 1024 1344

! 64 s

! t

j T

1
HSYN' , :

0 1088 1152 \

! 68 (72) i

]

! :
HRQ . | '

| 1024 N

1 (64} 1

! 1

! [}
veK ! '

T

\ 1312

| (82)

! 1

1

1

! T
HCLR ! 1

1

1 1328

i 83}

Vertical timing

! 1

! 1

! f
VBLK ! )

0 804 838

1 1

! 1

! 1

! 1

T T
VSYN' ! I l :

! 805 810 .

! t

! 1

! 1
o L L1 N ;

, 3 18 778 767 795 \

' '

' '

! 1
VCLR' : |

1 837

! 1

' '

NS.s32.dpliming.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 & 10 Devices)

PAL20LS PALDESIGN SPECIFICATION
ADDRESS DECODER H.EBERLE 24/07/85
NS.PAL1D

IFIETHZ

A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 GND
A12 A11 /IOPG1 /IOPGO /IOEN A10 A9 /SEL1 /SELO /ROMEN 7AV VCC

IF (VCC) ROMEN = AVxA23xA22xA21%xA20xA19%/A18x/A17%/A16%/A15xSEL1%SELO
+ AVxA23xA22xA21%A20xA19%/A18%/A17*x/A16xSELT*/SELO
+ AVxA23xA22xA21xA20%A19%/A18%/A17%/SELT1%SELO
+ AV%A23xA22xA21xA20%A19%/A18%/SEL1%/SELO
IF (VCC) IOEN = AV*A23%xA22xA21xA20xA19%A18
IF (VCC) IOPGO = AVxA23xA22xA21xA20xA19%xA18%A17xA16%A15%xA14xA135xA12xA11xA10x A9
IF (VCC) IOPGT = AVxA23xA22xA21#A20%A19%A18xA17xA16xA15%A14%xA13%A12xA11%xA10x/A9

NS.PAL2B: Priority Encoder

PAL16LE PAL DESIGN SPECIFICATION
PRIORITY ENCODER H.EBERLE 18/06/84
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

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

IF (VCC) REFGNT = /DSPREQ« REFREQ

IF (VCC) GNTO = /DSPREQx/REFREQx REQO

IF (VCC) GNT1 = /DSPREQx*/REFREQ#*/REQO* REQ1

IF (VCC) GNT2 = /DSPREQx/REFREQx=/REQO*/REQ1x REQ2

IF (VCC) GNT3 = /DSPREQx/REFREQx/REQO%/REQ1%/REQ2x REQ3

IF (VCC) CPUGNT = /DSPREQx/REFREQx»/REQO*/REQ1%/REQ2x/REQ3

H



NS.PAL3HT & NS.PAL3K2: Arbiter FSM

PAL1GR8
MEMORY STATE MACHINE H1
NS.PAL3 H1
IFIETHZ
FCLK /ANY /PER /WAIT2 /WAIT1 /CWAIT NC NC CTTLGND
/QE /D3 /D2 /D1 /DONC NC NC RDY vCC
DO  =/D3%/D2x/D1%/D0xCTTL D1
+ /D3%/D2%x/D1xD0xANY
+/D3%/D2xD1xD0OxPER
+ /D3%/D2xD1xD0%/PER*x/WAIT2x/WAIT1 x/CWAIT
+ D3%/D2x/DQ
+ D2xD1x/D0
+ /D3%xD2x/D1xD0x/CWAIT
D2 =/D3x/D2xD1xDO%PER D3
+ /D3%x/D2xD1xD0x/PER*/WAIT2
+ D2x/D1xD0
+ D3x/D2xD1xD0
+ /D3xD2xD1
+/D3%/D2xD1%/D0
+ D3xD2xD1x/D0
/RDY = /D3x/D2x/D1
+ /D3%/D2xD1xD0xPER
+ /D3x/D2xD1xD0x/PER*WAIT2
+ /D3%/D2xD1xD0x/PERx/WAIT2xWAIT1
+ /D3%/D2xD1xD0x/PER*/WAIT2x/WAIT1xCWAIT
+D3
+/D3xD2xD1%/D0
+ /D3xD2x/D1xD0OxCWAIT

PAL16RS

MEMORY STATE MACHINE K2
NS.PAL3 K2

IFI ETHZ
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PAL DESIGN SPECIFICATION
H.EBERLE 04/06/86

= /D3»/D2x/D1xD0OxANY
+/D3#/D2#D1xD0x/PER
+ D3%x/D2%D0

+ /D2xD1%/D0
+/D3xD2»/D1

+ D3xD2xD1x/D0

= /D3%/D2xD1xD0O*PER

+ /D3%/D2xD1xD0Ox/PER*WAIT2
+ D3x/D1

+/D2xD1%/D0

+ D3xD2xD1%x/D0

PAL DESIGN SPECIFICATION
H.EBERLE 12/07/86

FCLK /ANY /PER RD NC /D0 /D1 /D2 /D3 GND /OE NC G /IOWR /IORD /DS /DBE /CLEAR NC VCC

/G =/D3%/D2x/D1xD0OxANY

+/D2xD1

+ D3%/D1

+/D3xD2

+D3xD2xD1x/D0
CLEAR= /D3x/D2xD1%x/D0
IORD = D3%x/D2xRDx*PER

+ /D3xD2xRDx*PER DS
IOWR = D3x/D2x/RD*PER

+/D3xD2x/RD=PER

DBE

=/D3%/D2%/D1xD0x/RD*ANY
+ D3%/D1%/RD

+ /D2xD1%/RD

+ /D3xD2x/RD

+ /D3%D2xD1xD0O
+/D3xD2%/D1%/D0

+ /D3%/D2#D1%/D0
=/D3%/D2%x/D1%«D0O»RD*ANY
+ /D3%/D2xD1xD0

+ D3%/D1

+ D3»/D2

+/D3xD2



T
T2,2 fe— serr( | ma
I yCTTL) /ANY'
T™W34,1 PER' T1,2
1 SANY'
.
T™W 2.1
42y~ T2, JCWAIT'
T 4 */WAITT'
*/WAIT2'
WAITZ  |WAITT' */PER'
™ TWA1,2 _
34 |epEr WAITZ (P TW1,
T */PER’ T
+CWAIT'
TW3,2ke— x/WAIT1' T31
*/WAIT2'
1 */PER’ v
W21 13,2
™w2ke—m— T4
CWAIT' 7 7
/CWAIT'
TW1,1 J 142 b——
(a)
Zn Q3..0 CTTL ANY' PER' WAIT2WAIT1'CWAIT'| Zn+1  D3..0 G CLEAR' DBE" DS’ RDY IORD' IOWR"
T 0000 0 X X X X X ™A 0000 1 1 1 1 0 1 1
1 X X X X X T1,2 0001 1 1 1 1 0 1 1
T1,2 0001 X 1 X X X X ™A 0000 1 1 1 1 0 1 1
X 0 X X X X T2,1 0011 0 1 RAW' /RAW' O 1 1
121 0011 X X 0 X X X 12,2 1101 4] 1 0 0 0 1 1
X X 1 o] X X Tw3,2 1010 0 1 0 0 0 1 1
X X 1 1 0 X Tw2,2 0110 Q 1 0 0 0 1 1
X X 1 1 1 0 Tw2,2 0110 ] 1 0 0 0 1 1
X X 1 14 1 1 Twi,2 0111 [4] 14 0 0 1 1 1
12,2 1101 X X X X X X Tw4,1 1100 0 1 0 0 0 1 1
Twd,1 1100 X X X X X X Tw4,2 1000 0 1 0 0 0 1 1
Tw4,2 1000 X X X X X X w31 1001 0 1 0 0 0 Y1 Y2
Tw3,1 1001 X X X X X X T™ws3,2 1010 4] 1 0 0 0 Y1 Y2
Tw3,2 1010 X X X X X X Tw2,1 1011 0 1 0 4] V] Y1 Y2
Tw2,1 1011 X X X X X X Tw2,2 0110 0 1 0 0 0 Y4 Y2
Tw2,2 0110 X X X X X X w11 0101 0 1 0 0 0 Y1 Y2
Twl,1 0101 X X X X X 0 Tw2,2 0110 0 1 0 0 0 Y1 Y2
X X X X X 1 Tw1,2 0111 0 1 0 [4] 1 Y1 Y2
Twi1,2 0111 X X X X X X T31 0100 [} 1 0 0 1 Y1 Y2
31 0100 X X X X X X 13,2 0010 0 1 0 0 1 Y1 Y2
13,2 0010 X X X X X X T4,1 1110 0 0 0 1 1 1 1
14,1 1110 X X X X X X T4,2 1111 1] 1 1 1 0 1 1
14,2 1111 X X X X X X T1,1 0000 1 1 1 1 0 1 1
Y1 = /(R/W's/PER')
Y2 = /(/RAN'%/PER") (b)

Figure B.1 Bus control state diagram (a) and truth table (b).



NS.PAL4A: Mouse Direction Discriminator

PAL16RS

MOUSE DIRECTION DISCRIMINATOR

NS.PAL4 A

IFI ETHZ

CLK X0 X1Y0 Y1 NCNCNCNCGND

/OE /UX /EX /UY /EY /YIN /YON /X1N /XON VCC

XON
XN
YON
YN

EX

ux

Uy

= X0
= X1
=Y0
=Y1

= /XIN*/X1%/X0ONx% X0 + /XTNx/X1x XON=%/X0
+ /XIN* X1/ XON%/X0 + /XTN»% X1x XONx X0
+ XINx/X1%/XON%/X0 + XTN*x/X1% XONx X0
+ XTN* X1%/X0ON#* X0 + XTNx X1% XON*/X0

= X0x/X1IN + /X0=X1N

= /YIN#/Y1%x/YON* YO + /YIN*/Y1% YON*/YO
+/YIN% Y1%x/YON*/Y0 + /Y1IN% Y1% YONx YO
+ YIN%/Y1%/YON#/YO + YINx%/Y1% YON* YO
+ YIN*Y1x/YON% YO + YIN#* Y1% YON%/YQ
=Y0x/YIN + /YOxY1IN

e THUYUUUUYUUL mgud

n
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PAL DESIGN SPECIFICATION
H.EBERLE 01/04/84

JEguRE

g

L

X0

X0

X1

X1

ux'

EX'

] ]

77

Figure B.2 Timing diagram of the mouse interface.
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NS.PALGA: Display Controller Address Decoder

PAL16L8 PAL DESIGN SPECIFICATION
DISPLAY CONTROLLER ADDRESS DECODER H.EBERLE 10/12/85
NS.PALG A

IFI ETHZ

A23 A22 A21 A20 A19 A18 A17 A16 A15 GND
/AV /DPSTAT A14 A13 A12 A11 A10 A9 /MCS VCC

IF (VCC) MCS = AVxA23xA22xA21%x/A20%/A19%/A18
IF (VCC) DPSTAT = AVxA23xA22xA21%xA20xA19%A18%A17xA16%xA15%xA14%xA13%xA12%xA11%/A10%A9

NS.PAL78: Byte Enable & Other Glue Logic

PAL16L8 PAL DESIGN SPECIFICATION
BYTE ENABLE & OTHER GLUE LOGIC H.EBERLE 20/07/86
NS.PAL7 B

IFIETHZ

/CPUGNT /DBE A1 RD /MMUMAC /CPUBEO /CPUBE1 /CPUBE2 /CPUBE3 GND
NC /BE3 /BE2 /BE1 /BEO /R1 /R2 /GW /GD VCC

IF (CPUGNT) BEO = MMUMACx/A1 + /MMUMAC%CPUBEO + RD
IF (CPUGNT) BE1 = MMUMAC*/A1 + /MMUMACxCPUBE1 + RD
{F (CPUGNT) BE2 = MMUMACx A1+ /MMUMAC*CPUBE2 + RD
IF (CPUGNT) BE3 = MMUMAC* A1+ /MMUMAC*CPUBE3 + RD

IF (VCC) GD = CPUGNT*DBEx/MMUMAC + CPUGNT»DBE*/A1
IF (VCC) GW = CPUGNT*DBExMMUMACxA1

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

IF (VCC) R1 =RD

IF (VCC) R2 =/RD



C Interface Connectors
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The computers interface to the environment consists of the following connectors:

Keyboard Interface
Mouse Interface
RS-485 Interfaces
RS-232-C Interface
Video Synchronization
Video Data

C.1 Processor Board

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

Keyboard Interface
Pin Direction Mnemonic Signal Description
1 NC No Connection
2 | KB.RxD' Receive Data from Keyboard
3 o} KB.TxD' Transmit Data to Keyboard
4 GND Ground
5 Vce +5V Power
Mouse Interface
Pin Direction Mnemonic Signal Description
1 Vce +5V Power
2 | MYA Y Displacement
3 | MYB Y Displacement
4 | MXA X Displacement
5 1 MXB X Displacement
6 GND Ground
7 i MB1' Middle Switch
8 1 MBO' Right Switch
9 | MB2' Left Switch

RS-485 Interfaces

Pin

Direction Mnemonic

Signal Description

W oo NGB W N

GND
NC

170 D+

170 D-

170 D+
170 D-

Ground

No Connection

Ground

Noninverted Data

Inverted Data

No Connection

No Connection

Noninverted Data (identical with pin 4)
Inverted Data (identical with pin 5)
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RS-232-Clinterface

Pin Direction Mnemonic Signal Description

1 FGND Frame Ground

2 (0] TxD' Transmit Data

3 | RxD’ Receive Data

4 o] RTS Request to Send

5 | TS Clearto Send

6 I DSR Data Set Ready

7 SGND Signal Ground

8 | DCD Data Carrier Detect
9-19 NC No Connection

20 o) DTR Data Terminal Ready
21-25 NC No Connection

C.2 Display Controller Board

Video Intetface

Pin Direction Mnemonic

Signal Description

1 O HSYNC' Horizontal Synchronization
2 GND Ground

3 NC No Connection

4 o) VSYNC' Vertical Synchronization

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

C.3 Motherboard

Memory Bus
Pin Mnemonic Signal Description
Aa1l-Aa4 BEO'-BE3' Byte Enable
Aa5 RFSH’ Refresh
Aab6 DS’ Data Strobe
Aa7 PAR.ERR’ Parity Error
Aa8 PAR.CLR’' Parity Clear
Aa9-Aal2 INT4'-INT7' Interrupt Request
Aa13 NC No Connection
Aal4 ILo’ Interlocked Operation
Aa1l5 CLRREQ' Clear Request
Aal6 DSP.REQ Display Request
Aal17-Aa20 REQO'-REQ3' Request
Aa21 DSP.GNT' Display Grant
Aa22-Aa25 GNTO'-GNT3' Grant
Aa26, Aa27 GND Ground
Aa28 -5V -5V Power



Aa29
Aa30
Aa31, Aa32
Ab1-Ab32
Ac1-Ac32
Ba1, Ba2
Ba3

Ba4

Ba5

Baé6, Ba7
Ba8

Ba9

Ba10

Ba11

Ba12
Ba13
Ba14
Ba15
Ba16-Ba19
Ba20

Ba21

Ba22
Ba23
Ba24
Ba25
Ba26
Ba27
Ba28
Ba29
Ba30

Ba31

Ba32
Bb1-Bb32
Bc1-Bc24
Bc25-Bc32

+12V
-12V
+5V
GND
D0-D31
+5V
-12V
+12V
-5V
GND
CWAIT
WAITT'
WAIT2'
10.EN’
IO.WR'
1O.RD’
DK.CS'
DK.UINT
NC
GND
RESET'
GND
RESET.IN'
GND
CLK
GND
FCLK
GND
RDY
DBE'
AV'
R/W'
GND
AD0-A23
(A24-A31)
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+12V Power
-12V Power

+5V Power
Ground

Data

+5V Power

-12V Power
+12V Power

-5V Power
Ground
Continuous Wait
1 Wait State

2 Wait States

10 Enable

10 Write

10 Read

Disk Card Select
Disk Interrupt Request
No Connection
Ground

Reset

Ground

Reset Input
Ground

Clock (10 MHz)
Ground

Fast Clock (20 MHz)
Ground

Ready

Data Buffer Enable
Address Valid
Read/Write
Ground

Address
(Address)

The Memory Bus uses DIN41612 connectors with 3x32 circuits.

Disk Controller interface

Pin Mnemonic
Memory Bus Disk Controller

1 DO DALO
3 D1 DAL1
5 D2 DAL2
7 D3 DAL3
9 D4 DAL4
11 D5 DALS
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13
15
17
19
21
23
25
27
29
31
33
35
37
39

D6

D7

A2

A3

A4
DK.CS'
JO.WR'
|O.RD"
CWAIT
R/W'
DS’
DK.INT
NC
RESET'

DAL6
DAL?7
A0
A1
A2
cs
WR'
RD’
NC
NC
NC
INTRQ
DRQ
MR

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

Floppy Power & Reset Connectors

Mnemonic Signal Description
+12V +12V Power

GND Ground

+5V +5V Power

GND Ground

RST’ Reset Input

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

Power Connector
Mnemonic Signal Description
PFD Power Fail Down (provided, but not used)
-12v -12V Power, 0.7A maximal current
+12V +12V Power, 5.0A maximal current
-5V -5V Power, 0.7A maximal current
NC No Connection
GND Ground
GND Ground
GND Ground
+5V +5V Power, 15.0A maximal current

+5Vv

+5V Power



