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—-20:09
o[px 41256 9 x 41256 9 x 41256 9 x 41256
A0 ol '21 A0 DI A0 ol A0 Dt
Al pojd Al Al oo Al Do
—4% A2 A2 A2 A2
1a3 A3 A3 A3
1M A4 A A4
2las AS AS AS
AG A6 A6 A6
a7 vee |R¥ee A7 vee |Yes A7 vee f—Yes A7 vee e
-11Y GND A8 GND | A8 GND A8 GND
RAS'CAS' WE' RAS'CAS' WE' 37 RAS'CAS' WE' 37 RAS'CAS' WE' i
1) g =T 3
/  Rast
wE'
9 x 41256 9 x 41256 9 x 41256 9 x 41256
A0 Dl A0 oI A0 ol A0 oI
Al DO A1 DO At Do Al DO
A2 A2 A2 A2
A3 A3 A3 A3
A4 A4 A4 Ad
AS AS AS AS
A6 A6 A6 A6
A7 vee p—Yee A7 vee |—Yee A7 vee Yee A7 vee p—Yee
A8 GND A8 GND A8 GND A8 GND
RAS'CAS' WE' <L RAS'CAS' WE' J; RAS'CAS' WE' 3, RAS'CAS' WE' 37
RASO'
—WE'
CASS
—Casy
CAST'
CASO'
A
J
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A 14 'R'a' Q1 42 2 —4 8 d24 8 A7 a7 D24 —
Sai: CE [ N =0 7
Al g DIR G
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A 15 1ea RASO' |28 £ ¢k RASOL g 41a2 B DA S
Ad 72 = CAS' a0 . 75 DX
a3 161$2 CAS a1g 13 By
4 D18
Sz a1 FIE d e+ K5 TP
a7 22 [ R TLD—
r
MSEL 7 lo ) a6 AS BT o6
rw' 2560, werkee 6 4240 wer DIR_G’
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?t_ a10 d P - iE D10
@ ] 12 D9
@8 514 BT <=
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40,431
d24..d31 d16.423 da.d15 d0.d7
80,87
b2 1
.5 x4t ‘ .5 [Bx 4t ‘ .5 [x 48t ‘ . [exatet p
A0 DI 5 fa0 DI 5 1a0 D1 5 a0 o
;;; Al Do 16 ;4 Al Do 16 ;f Al Do 16 jy Al Do 16
12 {52 alz 1)% alz 12 |2 al 1Z |3 al
‘] Ad so 9 g A4 so 9 g Ad so 9 9 Ad 8o 9
8 4 E 8 d 8 2 ] 4 K]
> AS SOE > AS SOE ZHAS SOE! > AS SOE
Prs sck |2 A6 sc |2 Zas sck 2. Zas sex |2
11 1a7  T/OEE 1 1a7  T/0E'l! sz T/0E a7 T/oepE
10 Veo 10 _Vee 10_Vee 10 Vec
vee 2 Vee vee H2 Vee vee H9 Ve vee [HQ Vee
anp |2 ano |2 ano 2 anp 2
RAS'CAS' WE' l RAS'CAS' WE' -—J, RAS'CAS' WE' ;L RAS'CAS' WE' 37
s|17] s sl17] 5 s[17] 5 s[17] 5
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] oA
CAST
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]
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y#a
“  hot SLoE 5
ut7 l —
col1s v31a v31b -~ R
3lgo  Hopl4] (hO) 1{%:2 3{;&904 &2 ho Shag!
4 13 h
5 g; ﬂ; 72| h2 msuoé",
6lps  nal 11l _h3 v18
7 ALS 10 27C64-200 ccKr 2108
. EP163 A0 =
1 [70 5
ET g|A1 u33
CL'CK LD 7 g Fa7s
1| 2|9 am Qo 2100 Qop
S1as 1 1. 4 D1 Q1L
41 n6 Q2 6lp2 Q2|2
v30 37 st 11 D3 Q3 10
coL!5 2510 o I 13 |ps Qa7 .
3 14__ h4 24 17 4 as| 15 BLK
72 o KR 21|A° Q514 4 153
518} Mz e 231710 Q619 As )6 | LSKCEE
A P EERY o 211 arr 5 |os K
26
ALS A13/NC v34b
ZHer 163 -\%c—rz—?ma/r’ew R
ET Yee  1ips/vPP
CL'CK LD’ cs'  of
1| 2| 8] upr mé mé
HCLR' 9 y23c
a8\ 8 M
veK 10 los
v20
15
3 BO CH?, 14 vO0
EA O ) RER
5 82 H2 12 vz
6las ) KA I VRQ
S as
-5EP 163
ET
CL'CK LD
1] 2| o
v21
32 10 27C64-200
15 2 et
col!5_ A1
3lmo Hol 14 vi 8 A2 u22
#8 wEe—| £ 11 3 |ro7® ol 2 verk
g5z HeEe—| 3 oo Qo 7 aifs VSYN
83  Hal —| 51as Q12 flor aips DI
pd I 314 N 772 Bl
5{EP 163 A7 Q3 5123 B
Q412
ET A8 Q4% D4
2450 P 4 |ps Qs|’5
CL'CK LD 21 18 .
! a0 Qef 1o CK CE
1] 2| 23 1a11 Q7t
O 2 o] 1
{12
w18 wr [o|A13/NC
5 1 o DCK sL’
3 cotis s Yee  Tia1s/vep .
B0 HO v cs  oF
4 181 H1 ;‘Z "‘1’0
5 v
3 R K] ”J;- 22<L
s _as
51er 163
ET
CL'CK LD
1| 2| 8],
VCLR'
ccx
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u24

, . |Fe7e "
o 4], 4| y268
815 7 15 2§
814 8 3(1) 14 D  qlS__SLD
812 o |0 13 AS74
812 10 12 3
s 71 |03 c 6 __SLD'
D4 11 Q
810 3 R'
8 74 |05
88 15 |D6 1
L. 1 ]
Y, 16 |07 "
6 17 |08
G D9 e
85 18 10
=4 19 g}? u25b
87 20 v29 12 *
9 __cexr
52 21 g}g Oscillator P qf ==
8 22 lo1a AS74
s0 2018 goh6—sest squT o] 8 dex 1} oleccx
CS' CK LD R :
1\J72 5 "Ine 13|,1,
DCK' 70 MHz
5 u34c

Layers for s0..815 have
to be as short a8s possible! (crosstalk)

¢/ (i
Termination resistors (270/560) have to be /P
R provided for dck, DCK, DCK?, SLD, SLD". Sep! P 48
"'q Lz
BLK 5 > g' 7 box —pr A9
o Qe V' bek!  gto R
sout 12 10
D2 82' 1 ek 2 r@z
U 5
ol fI% gg't“ dek  pq6 s
CK CL' INV
s 1
DCK " vob ye l/é:?
2 yy—fec
‘I utda 10 uﬁf
DSPEN _ 2[CF Js &
ALS PR B
a ALS
@_—3c 6 11 14 DeP
u6 3 c A REQ'
. [aLssa1 R rY 2
a17 2|00 yolte__ a1z
Ve 3 17 A6 13
X2 ot v Ao
v 5102 V2[5 A . 202243
v6 6 1na valdd__A13_— ﬂap. 2,
0 Zlps ys{IS A2 S
vd Elps yeH2Z—AN —
V3 ol v A =
\J A
Go' G1 2
1| 18 ALSTTS
D04 2
o0 4 s
“ o1 5| OP—EN
SAssa | Yo D1 Q1 |5 8
2ipo  yoH2 A9 arf
w  Pot niRgo o221t 02 @2 77U
D2 Y2 S Q2
T 5]ps  va[2_AVW
I PN 7 B 5D
- - i’
{os  vsHI—EEE o
o128 YT Eer =
1 91p7  v7
~ | eo ar DO O Display Enable
T+e 1: Display Disable
DSP.SEL' DI OG:AI17:0 air-..
AT ok
D2 O: normal video
o 1: invers video
Unnded  pafes, Gu¥. : U126 uite,d ;i 12413 a 34, 41743
AS dong. 13742 Ado?  ailaccl e f ud3, s/fo u2é Yap )1/
ALS 32 wddc aALSSE  aif e, f uts, Ifo/11/{3
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oU.I00 ALS244
o "M",L' o D0 Yo ;‘1) o
S U D1 i O
e L D2 Y2 2o
ST DI V3 2o
O~ ATI03 D4 Y4 e
e D5 Y5 2o
e I D6 Y6 2o
O-MPU. D7 V7 o
GO G1'
MPU.DRD'
u2
DO ALSS74 MPU.I00
o D0 QO 100 —~
=u | —c
oL D2 Q Ml o
ol D3 Q3 MU o
o D4 Q4 LIt o
So6 v @ MPUIO6 =
o D6 Q6 M O
e D7 Q7 107 &
CK ocC'
MPU.DWR'
u3
o ALS574 o
ol Do QoL MELENTD o (mpu.cNTIO =WR)
o2 D1 Q1 O
o2 D2 Q2f—MPUCNTIZ =
ol D3 Q3|—MAFUCNIL =
ol D4 Q4 MPU.CNTLE =
=05 b5 Q5 MPU.CNTLS —
P D6 D6 Q6 M:L.C _,6 o
D07 07 Q7 MPU.CNTLY —
CK OoC
MPU.CWR'
Vee
4K7
o INTE' MPU.DSR' o
u4
[0.EN’ PAL16L8 MPU.DRD"
g A17 MPU.DWR'
CA 6 MPU.CWR'
A15
oL
o
=i
oM
oAl
o
A2
QdO.WR'
o 10.RD’
NS.midiSiL }
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PAL midi: 16L8; (* he 30-Nov-1987 #)
PIN

1: IOEN'; 2: A17; 3: A16; 4: A15; 5: A14; 6: A13; 7: A12; 8: A11; 9: A10; 11: A9; 13: A2; 14: IOWR'; 15:
IORD';

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

EQUATIONS
(* MPUDRD' FFEE000
MPUDWR' FFEE000
MPUCWR' FFEEQ02 x)
IF TRUE THEN ~MPUDRD' := ~IOEN'’ x A17 % A16 % A15 » A14 % A13 % ~A12 % A11 % A10 * A9 » ~A2 x ~IORD';
IF TRUE THEN ~MPUDWR' := ~IOEN’ % A17 % A16 x A15 x A14 % A13 % ~A12 % A11 % A10 * A9 % ~A2 % ~IOWR';
IF TRUE THEN ~MPUCWR' := ~IOEN'’ x A17 % Al16 + A15 + A14 % A13 % ~A12 % A11 % A10 * A9 » A2 x ~IOWR';
END midi.
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DATA IN

sS6

Data0 ALSS74 DO Vee
s o Qop— D29 >
e D1 Q1 DS 53

ata D2 Q2 D2 — v s' Na

Data3 D3 Q3 03 = c¢ D L IN READY

Datad D4 12 =
—-Datad  lps Q4 270 ALS wo
S oatas bs a5 D5 STR IN' 74 '

Datat be 6o 06 = < cnto C o —T SEL STAT*
— Data7 D7 Q7 D7 S E@O R’ :

1
CK oOC Vce .
t6
r5b
ALS574 E— J -
ooaas 5 D8 o5 B wac
Datag D = 12 s =
D1 Q1 o ALS tat0

Dataio D2 Q2 D10 74
Bataid D11 = C at
oo—2 . . ID3 Q3 lan QT

Data12 D4 Q4 D12 R

Datal3 DIz =

DS Q5 VR
Datal4 D14
DataiE D6 Ql—
D7 Q7b— D15 —
CK oC
STRIN'| |ENIN'
DATA OUT
ve
ALS574
— DO Do Qo Data0 voe

D1 D1 Q1 Datail = s5a
Soo b2 - Q2 Data2 s 15
=N — 2_S 3

o2 @2 Dotes p° o OUT READY
b4 ba  Qa Datad _ — ALs ! Statt
S5 as Datab _ — STR OUT* 74

D6 b6 Q6 Data6 Y QT
b7 D = '
ot D7 Q7 8(8_7_D R

CK 4
oC! Vce
wl |
ALS574 -

D8 I Date8 " our ac o
=0e b1 a1 Datag ! o1
e D2 Q2 Data10 — '

D
e 53 s Datat1 —ONT). | seL sTaT
—-Die D4 Q4 Data12 Py
=D DS Q5 Datals
=-Di4 D6 A Datals —

D15 Qe Datais
- D7 Q7 _‘_CD

CK oC'
STR OUT' EN oUT'
§L8138 Handshaking:
Q' STR ouT’
84 arr EN IN'
2'
e Y| e[ sELsTAT STR' L
o522 qul
A2 Qs ‘
o LN {31
83: - READY | 1
E'EE T
PL.CS' I EN' l I
oS Vee
A\
= v ¢
ACK 1 I
addresses:
DATA IN/OUT
STATUS (DO=IN READY, D1=0OUT ACK)
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15MHzClk

U2
co WCLK
B0 HO{
B1 Hy-
B2 HA
B3 i}
1 ALS163
15393 PUB—FF
Qo CL' CK LD’ BCLK
o a1 — I PUB
Oscillator Q ud3a
LK D3’ Q3 03 8 ALS LDSR’
CL cO HQO 00
B0 H a0 2764
e B1 H1 At
N u47
15MH2 B2 H A2
- B3  H3 A3 0‘51730
ALS163 A4 Qo 0 Qof
CKINH Ep AS Q1 D1 Q! Har MR
3] A6 Q2 8§ 8§ 43b
. . A7 a3t 3
CLUCK LD s A ba Qaf _
11 Teus A9 osf 405 asf L
A10 Qek CK CL
- A1 a7k T
A12 PUB
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H ' .
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A1 400 QOf
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=012 B2 H D2 Y2 T
{83 HJ D3 V3 e
8Ot D4 Y4 e
v D5 Y5 o
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cL LD’ D7 Y7 —_D
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114
cof
o DI; BO H
15 BT H1
b17 82 H2
= B3 H
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cu
ALS193
rosco
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uts u19
D18 o] A A18
575 BO H D0 YOf——rrt O
535 81 H1 D1 Y1 YT D
=00 B2 HI D2 Y2 BT
o B3  H3 D3 V3 25O
BO} D4 Y4———-K2-;-C>
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— D6 V6|
LW b7 Y7F
<] GO’ G1’
116
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B4 80 H
—-D23 81 H1
B2 HX}
83 Brci)s.
CLK T u20
= CUh i cra ALSEAT
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R’ 1 ..Q D6 Y6 U
CLR.REQ’ R D7 Y7 2o
l ] GO" G1°
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SELO Qv
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TDSR
2
“ASST3 u26
<:3§:) DO QO A
fa 53 D1 Q1 B
C)Zé D2 Q2 C
OF57 D3 Q3 D
I Ds Q4 €
o 5E DS Q5 F H
=(2 D6 Q6 ¢ Q
D7 Q7 H s166
K oC s
it s
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; PUB
ASSTA u27
Qgg DO QO A
CDZ1 D1 Q1 B
D2 Q2 c
D20
B3s D3 Q3 D
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= o7 Q7 H 5166
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= ) D2 Q2 C
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u30

A2 PAL1ELS (LD Adr + Start Pr) DSTO' . (FFF600)
> R5ATT {Ld Com = Send Com) DSTI  (FFF604)
10.EN” Address
2 Decoder (Get Pr Inform.) SRCO'_ (FFF600)
o {Get Pr Status) SRC1" (FFF604)
psto’
]% u3ta
D s Q PRNT
hLS74
VSYNC' N
AT
—, RESET" |
DST1’
I’ u3ib
%o CBsY
< hLS74
RC’ c
AT
|
PUB u42c
u33 __,—@c RC
PUB
| _u32a 0 S SCLKOUT
CBSY 5% g 81wl
B2 HZ
utb hLS74 B3 HA
13393 ¢ ol
Qo R EP ALS163
ik PUB—ET
l CL' CK LD
15MHzClk . (HCLK) ]
D3’ Q3 PUB
ct
1 u35
u34 ALSAT
SCIN DA A b0 Yo DO
SBSY DB H1 D1 Y1 :
H D2 Y2 Lo
ﬂ’ D3 VY3 =
{ D4 Y4 >
15164 s D5 Y5 2o
H D6 V6
H7 D7 V7 -
K CU GO’ G1’
u42f
SCLKIN N ] (Status)
SRCY’ puB I
SRSV
u36
) A
— 8
53 c PUB
i D {Command) l
3 E —h32b scout
o6 Eoan 5 O
57 G D" Q¢
P H 165 hLS74
s __1q ¢ of
DST1 A R
cxd ce’
SCLKOUT —‘{'_—‘I— GND
RESET’
= u3/
ALSHAT
REROY DO YO N
SBSY D1 Y1 >
VINH D2 Y2 o
Vg D3 ¥3 B
vae D5 V3 D53
VATD 2 D%
VAT De Y6 T
D7 V7 S
GO’ G1°
SRCO’ ]
4
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v Vertical timing '3544"

VSYNC' i

B -

@ N
" Horizontal timing 427

G 10010 1

wa O O O O O O 1 1

" B e T e O e ENOR S

- LTl

- UTTTUTTTUT T

. i

BCLK = 1.875MHz

Note: Actual ROM-addresses are one less.

ETH Zurich

File: CeresLBP.Timing1 Author: N.Wirth/I.Noack Date: 21.4.87
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O

37 Pin Plug (F)

37 Pin Plug (M)

r usa  p3f] 3.3k
VSYNC 06 = >N O————— 11 VSYNC
Vi
30 o—[_ Lo 30
u3% R4[:] 3.3K 4
PRNT 06 = 10 O———> 10 PRNT
v o—r_
29 l—ozs
u3Sc Rs[j 3.3K &
cBsy 06 L o 9 O————— 9 CBSY
v
28 o—,_l—o 28
u39d R6¢220 &
J;. 12 O—————> 12 CPRDY
31 o—J_-L—o 31 :
Controller- u39e | = L Printer-
Side — [ Side
SCLKOUT 06 o 8 O—— O 8 SAK
27 o—l—_-L—on
u39f 47_C> .
scout 06 o 7 7 SC
2 D—I__ |—<:>26 )
u40 , 6
VDO —E > 32 oO——> 32 VDO
v T <> 13 D—J_I-—D13 vDO
L 75114 -
B vee —
R7¢220 100 u3ga
ROY 4 Oeeee— 4 O~ — T e RDY
R9
23— I Lo 2 = ngaao “J; 01
vee
R10 [:]220 100 u3sb
BSY 6O———— O 6 & — LS SBSY
ri1 [J330 M2 L o L
25 25 c>—--—<5 czl
vee
R13 [:]330 2 u3se
K 8 O>—————— 8 O = T L SCLKIN
27c>—l Lo D—g R14 g”o C3$2200pF
vee
. R16 [jsso » u38d
P;‘i'('it:" Z 8¢ TOoO—m———— 7 O — 11‘2 SCIN —
rR17 Na70 R18 Corgtroller—
zso—] L—<-_->26 D——g? C4$2200pF Side
vee
R19 [:]220 100 u3ge
VSREQ 5 O—eee—— > 5 O = T - VSREQ
28 | Lo 5 = Rzogsao CS;‘; o1
u38f
100
PPRDY 3 OO 3 & =T L PPRDY"
R23
2 = | Lo = Rzzgaao csg-m
330 €7 75115
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| WD1002-05 Winchester/Floppy Controller

WESTERN DIGITAL
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“

FEATURES
« SINGLE +5V POWER SUPPLY.

. CONTROL FOR UP TO 3 WINCHESTER AND 4
FLOPPY DRIVES.

. ON BOARD DATA SEPARATOR AND WRITE
PRECOMPEPTISATION.

. 128, 256, 512; AND 1024 BYTE SECTOR SIZES.
+ PROGRAMMABLE 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

“he WD1002-05 Winchester-Floppy Controller (WFC)
s a stand-alone general purpose board designed to
~terface up to three 5% " Winchester hard disks and
.» to four 5%4" floppy disk drives. The WFC im-
c:ements all the fogic required for a variable length
ector (to 1K bytes), ECC correction, data separation
d host interface circuitry. The Winchester interface
+ based on the Seagate ST506 and the floppy in
‘»rlace on the Shugart SA450. All necessary buffers
d drivers/recéivers are on board.

~ommunication'to and from the Host is made viaa sep-
+'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,
s'atus information, and macrocommands are transfer-
"~d via this 8 bit bus. An on-board sector buffer allows
iata transfers to the Host computer at a rate indepen-
#ntof the drive transfer rate.

’.he WD1002-05 Controller board is based on the
*D1014 EDS idevice and 1015 Buffer Controller
levice, as well as the WD2797 Floppy Disc Controller
;"\d WD1010 Winchester Disk Controller chips. It is
orm factor compatible with most 514" Winchesters
7d may be directly mounted on the drive.

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 fioppy
and Winchester commands in identical format, con-
verting these parameters to the WD2797/WD 1010 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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Figure 1. - WD1002-05 BLOCK DIAGRAM

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 Westem Digital WD1000/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;

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

SIGNAL GROUN

2
4
6
8
10
12
14
16

18
20
22

O S e ———

24

Note: Grounds
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HOST INTERFACE CONNECTOR J5

SIGNAL GROUND | SIGNAL PIN SIGNAL NAME DESCRIPTION
’ 2 1 DALO 8-bit bi-directional Data Access Lines. These lines
4 3 DAL1 remain in a high-impedance state whenever the CS
6 5 DAL2 line is inactive.
8 7 DAL3

10 9 DAL4

12 1" DALS

14 13 DAL6

16 15 DAL7

18 17 AO These three Address Lines are used to select one of

20 19 A1l nine registers in the Task File or the Sector Buffer.

22 21 A2 They must remain stable during all read and write |
operations.

24 23 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.

26 25 WE When Write Enable is active along with CS, the
Host may read data to a selected register of the
WD1002-05.

28 27 RE When Read Enable is active along with CS, the Host

' may read data from a selected register of the
WD1002-05.

30 29 PullUp(PUP) |Used only when replacing WD1000 or- WD1001
with WD1002-05. Tied to a pull-up resistor.

32 31 Not

Connected

34 33 Not

Connected

36 35 INTRQ The Interrupt Request Line is activated whenever a
command has been completed. itis resetto the inac-
tive state when the Status Register is read, or a new
command is loaded via the DAL lines.

38 37 DRQ 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.

40 39 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 setto 7.5 mS, steppingrate for floppiesis
set to 40 mS, Write Precomp is set to cylinder 128
and Sector Count is set to 1. The DRQ and INTRQ
lines are reset. .

Note: Grounds

Alleven numbered pins (2 through 40) are to be used
as signal grounds. Power ground is available on J6,
pint.
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a b c
32 +5V GND Dat 32
31 +5v GND D30 31
30 -12v GND D29 30
29 +12v GND D28 29
28 -5V GND D27 28
7 GND GND D26 7
26 GND GND D25 28
25 SEL3' GND D24 25
24 SEL2' GND D23 24
23 SEL1' GND D22 23
22 SELO' GND D21 22
21 DSPSEL' GND D20 21
20 REQ3' GND D19 20
19 REQ2' GND D18 19
18 REQt’ GND D17 18
17 REQO* GND D16 17
ey 16 DSPREQ' GND D15 16
15 CLRREQ' GND D14 15
14 Lo’ GND D13 14
13 GND D12 13
12 INTT GND D11 12
1 INTE' GND D10 11
10 INTS’ GND D9 10
-] INT4' GND D8 9
8 PARCLR' GND D7 8
) 7 PARERR' GND D6 7
6 DS GND D5 6 o
5 RFSH' GND D4 5
4 BE3' GND D3 4
3 BE2' GND D2 3
2 BE1' GND D1 2
1 BEO" GND DO 1
32 R/W' GND A31 32
31 AV’ GND A0 31
30 DBE’ GND A29 30
29 RDY GND A28 29
28 GND GND A27 28
7 FCLK GND A26 7
26 GND GND A25 26
25 CLK GND A24 25
24 GND GND A3 24
23 RESET.IN' GND A22 23
22 GND GND A1 22
21 RESET' GND A20 21
20 GND GND A19 20
19 GND A18 19
18 GND A17 18
17 GND A6 17
) — 16 GND A15 16
15 DK.INT GND A14 15
14 DK.CS' GND A13 14
13 10.RD’ GND A12 13
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" 10.EN’ GND A10 "
10 WAIT2' GND A9 10
0 WAIT1* GND A8 9
8 CWAIT GND A7 8
7 GND GND A6 7
6 GND GND A5 6
5 -5v GND A4 5
4 +12v GND A3 4
3 -12v GND A2 3
2 +5V GND A1 2
1 +SV GND A0 1
a b o]
Pullup resistors are provided
for DO-D31, AO-A31.
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Ceres Part List
Boards:

Processor

Memory

Display Controller

Mother Board

Disk Controller (WD1002-5 WD

Cabinet:

Computer Schroff
Display _ Knirr
Power Supply X1125 4601 Boschert
Miscellaneous

1/0 Devices:

Display 177, 52kHz

Keyboard 83ST13-5E (US key layout) Honeywell
Mouse D83 ‘

Winchester ST4051 Seagate
Floppy TEAC FD-35F PS Teac

Stolz)

Rotronic
Kniirr CH
Kontron

Aschenbrenner
Honeywell CH
Depraz
Datacomp
Wenger

NS, /,07. o) &

1

22,
39:7.86



Processor-Board
ICs:

ul-6,48,49,53,65
u7 ‘
u8-ull
ul2
ul3,14
uls
ul6,21
ul7-20
u22

u23

u24

u2s
126,38
u27,29-32
u34

u3s

u3é
u37,39,62
u40
udl-44
uds5

udé

ud7

us0

u52

us4

us5
us56,57
158,63
us9

u60
u61,64
ué6é

Resistors:

R1,2,11,13,35-37
R3,10,12,14,29-31,
33,34,39
R4,7,15-17
R5,6,24-26,47
R18,21,22,28,45
R19,20,23,27,44
R40-43

T4ALS645
T4AS244
74ALS573
PAL20LSA
PAL16R8A
T4AS573
PAL16L8A
74F779

74AS74

NS32081 FPU
NS32032 CPU
NS32082 MMU
74AS04
74ALS541
74AS08

TL7705
NS32201 TCU
74ALS32
T4ALS74
27C64-150 ROM
7418393
74LS125 A
SCN2681ACIN40 UART
Z8530APS SCC
Am9519A-1 ICU
74ALS244
PAL16R8A-2
74ALS138

74 ALS04
75188/1488
75189/1489
DS3696N
M3002

10K

4K17
470
1K
560
270
00hm

TI

TI

TI
TI/NS/MMI
TI/NS/MMI
TI
TI/NS/MMI
Signetics/Fairchild
TI

NS

NS

NS

TI

TI

TI

TI

NS

TI

TI

Hitachi

TI

TI

Signetics
Zilog/AMD
AMD

TI
TI/NS/MMI
TI

TI
TI/Motorola
TI/Motorola
NS

MEM

Pt
(=]
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& N

Fabrimex

Fabrimex

Fabrimex
Fabr.,Fenner,Industrade
Fabr.,Fenner,Industrade
Fabrimex
Fabr.,Fenner,Industrade
*Signetics Utah
Fabrimex

=«Fenner

*Fenner

«Fenner

Fabrimex

Fabrimex

Fabrimex

Fabrimex

*Fenner

Fabrimex

Fabrimex
Fenner,Dimos
Fabrimex

Fabrimex

*«Philips

Moor,Kontron

Kontron

Fabrimex
Fabr.,Fenner,Industrade
Fabrimex

Fabrimex
Fabrimex,Omni Ray
Fabrimex,Omni Ray
Fenner

Moor



s1-3

Capacitors:

C1,4,?
C2

C3, div.
C5,8,9
C6,11
C7

C10
(u36)
(u7)

Diodes:

D1,2

X1
X2
X3
usl

Battary:
Bl
Jumpers:
u28

J1,24,11
J5-10

Heat Sinks:

u24
u36

Connectors:

8x4K7 SIP

1uF Tantalum

1nF disc or monolithic ceramic
100nF ' '

27pF

4.7pF

15pF

47uF Electrolyte

Q24.03 - Rogers
Q20.03 ; Rogers

1N4148

20MH:z

3.6864MHz

32.768kHz

6MHz Crystal Oscillator

Lithium Battery 6126 Varta

8xDIP Switch

Jumper
00hm

55357-3 AMP
DIP1495 Redpoint

5 way DIN Jack

9 way Canon Connector

25 way Canon Connector
DIN41612 Connector 3x32 circuits

- W

= N W

e

36

bt

‘Compona
Compona
Compona
Compona

ESD

Aumann
Summerer

Seyffer (004-190 052)



Sockets:

ul-11,13-16,21,27,

29-32,48,49,53-55,65 20 pin 0.3 Augat
ul2 24 pin 0.3” (16 + 8) Augat
u17-20,56,57,66 16 pin 0.3” Augat
u22,26,34,37-40,

45,46,58,59,60,62,63 14 pin 0.3” - Augat
123,36 24 pin 0.6” Augat
u24 68 pin 0.6” LHCC 55159-1 AMP
u25 48 pin 0.6” (24 +24) Augat
u35,61,64 8 pin 0.3” Augat
u41-44,52 28 pin0.6” Augat
u47,50 40 pin 0.6 Augat

O Eca:

O

4 Layer Double Eurocard (233.4 x 220 x 1.6)

27

b

N W =N

Fabrimex
Fabrimex
Fabrimex

Fabrimex
Fabrimex
Aumann
Fabrimex .
Fabrimex
Fabrimex
Fabrimex

ED,Photochemie



Memory Board

ICs:

ul3
0/0-0/31,
1/0-1/31,
0/dp0-0/dp3,
1/dp0-1/dp3

Resistors:

R1-R6

R7
u7/1-4,u11/1-8
u7/5-8

Capacitors:
C1
C2

C3,4,6
Cs5,7

Jumpers:
J1-J5,u9

Connectors:

Sockets:

ul-4
u5,6,8,13
ulo,
0/0-0/31,

Am29C833)

74AS1032

T4AS32

T4ALS04

74A1S138

DP8419 DRAM Controller
7415125

256k DRAM -120 (-150)

4K7
1K
22
33

1uF mulitlayer ceramic
1uF Tantalum

10uF Tantalum

100uF Electrolyte (radial)
220nF

100nF

00hm

AMD
TI

TI

TI

TI
NS
TI

DIN41612 Connector 3x32 circuits

24 pin 0.3” (16 +8)
14 pin 0.3”

Augat
Augat

[ S ST SR SN

72

12

L= -

Kontron

Fabrimex
Fabrimex
Fabrimex
Fabrimex
»Fenner

Fabrimex

Fabrimex
Fabrimex



1/0-1/31,
0/dp0-0/dp3,
1/dp0-1/dp3
ul2

PCB:

.16 pin 0.3” Augat

48 pin 0.6” (24 +24) Augat

4 Layer Double Eurocard (233.4 x 220 x 1.6)

73
1

1

Fabrimex
Fabrimex

ED,Photochemie



Display Controller Board

u n Aok
1u11;34

ul2

ul3

uld

uls
ul7,19,20,30,32
ul8,21
u22,33

u23

u24

u25

u26

u27

u28

u3l

s0-31

Resistors:

R1,3,4,7,12,13
R2
R8,10,16,17,19
R9,11,15,18,20
R14,ul0/5-7
R5,6,ul0/1-4,
ul6/1-8

Capacitors:

Cl
C2
C34

74AS10 TI
TAALS645 TI
TAALS541 TI
PAL16L8A TI/NS/MMI
DP8419 DRAM Controller NS

(DP8409 with 200ns VRAMs)

74AS1032 TI

74AS1008 TI
TAALS175 TI

TAALS32 TI

T4ALS74 TI

74LS125 TI
T4ALS163 TI
27C64-200 ROM Hitachi
T4F378 Signetics/Fairchild
TAALSO08 TI

T4F676 Signetics/Fairchild
TAAS74 TI

T4AS175 TI

T4AS163 TI

74AS04 TI

T4ALS04 TI

TMS4161-20/-15 VRAM

4K7
1K
270
560
33

47

1uF multilayer ceramic
1uF Tantalum

4TuF Electrolyte
100nF

TI

- N

P e b b e b = DN N e N

Fabrimex

Fabrimex

Fabrimex
Fabr.,Fenner,Industrade
*Fenner

Fabrimex
Fabrimex
Fabrimex
Fabrimex
Fabrimex
Fabrimex
Fabrimex
Fenner,Dimos
*Philips,Moor
Fabrimex
*+Philips,Moor
Fabrimex
Fabrimex
Fabrimex
Fabrimex
Fabrimex
Fabrimex



u29

Jumpers:

11.4,5

Connectors:

Sockets:

ul-7,s0-31

u8
u0,9,11,13-15,23,25,
28,29,31,34
ul2,17,19,20,22,26,
27,30,32,33

ul8,21

u24

PCB:

70MHz Crystal Oscillator NCT-070C70

00hm

DIN41612 Connector 3x32 circuits

Coax Jack 50 Ohm

Connector for SYNC signals.

20 pin 0.3” Augat
48 pin 0.6” (24 +24) Augat
14 pin 0.3” Augat
16 pin 0.3” : - Augat
28 pin 0.6” Augat
24 pin 0.6” Augat

4 Layer Double Eurocard (233.4 x 220 x 1.6)

1

203

[

39

12

10

Kraus (D)

Fabrimex
Fabrimex

Fabrimex
Fabrimex

Fabrimex
Fabrimex

ED,Photochemie



Motherboard

Resistors:
pl-8 8x4K7 SIP
Capacitors:
10uF Electrolyte
Connectors:
DIN41612 Header 3x32 circuits
C1 Edge Conn. SL10PA Weidmiiller
C4 Conn. 2x20 circuits SL2/53G 2x36
C2,3 Edge Conn. 1x5 circuits SL.3/53G 1x36
PCB:

4 Layer Board (160 x 278 x 3.2)

15

12

1 C.Geisser (123.556)
1(5/9) ESD (44748)
2(2/T) ESD (44762)



Reset Buttom,
Power Switch Lamp
w3 (4)
w8 (4) I I
c c2
W Floppy
Disk Drive
Motherboard
W4 (40) W5 (20
ca : Disk Controlier ) Winchester
Disk Drive
W6 (34)
Cc1
w2 (4) | I
W1 (10)
Power Supply
A\
wee Fan
Power
~ o Connector
220V AC
NS.caconn.DOK
E THzaricn Cable Connections Author  H.Eberle Date: 225686
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Vec d0..d31 a0.a31
u2 ul
10k | |R7 NS32532 CPU
NS32381 FPU 10 012 .
spe D31 D31 A31
pc__ lno , 510 514 Fi
o 110 spc D30 (2K g2 1 b0 30 1
4 T3 D29 29 A29
6 T3 F10 E H2
sT2 D28 D28 A28
st K9 Gi1 15 H
sT1 D27 D27 A27
St0 ks K4 516 I
_ sTO D26 D26 A26
DA L6 . 3 16 17
o DDIN D25 D25 A25
st A9 5] £14 3
Cik as_| KT D24 175 b6 | D2 - AN
CLK D23 D23 A23
H2 E15 ]
D22 D22 A22
62 Fi4 2
Vee B b2 15 ARG A g
2 NOE D20 £ 120 A20
A5 DT F15 N1
2.1 psy D19 2 { D19 A19
85 1 Fi6 N2
| PSO D18 D18 A18
3 G5 M3
o17 |2 G o1z m7 8
D16 |2 D16 Al6
7 HI5 R
15 |2 D15 A15
11 H16 N3
D14 D14 A4
E10 116 51
D13 D13 A13
G10 K16 R2
D12 D12 A12
H10 K15 NE
o1 (I - b1 A1
D10 76 1 p1o A10
7! 75 R3
D9 D9 A9
2 174 52
D8 D8 A8
Il MI5 R4
D7 D7 A7
HT Ni6 P5
D6 D6 A6
P2 M14 53
D5 D5 A5
F1 Ni5 R5
D4 D4 A4
2 Pi6 4
D3 &2 21 D3 A3
B2 R16 76
o2 [ D2 A2
3 516 S5
D1 D1 Al
o[22 P15 R6
Vcc H11 Do AD
vcc SDN332 (771 % R9 Spc’
GND  SDN532'Hi% £ son spc LR9___ Spc
3 FSSR' FSSR' F1 loinh
IOINH! o0
loDec' 515 .
IODEC
10k casec 2
Vcc A1l . RS
INVIC clo &
Vee 1811 INVDC'
R23 LB10 ) \Nvser  sTa |2 St4 Vee
€12 1 ciae sT3 (238 R4.9
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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)
nRFSH = INP(RFSH'’) RFSH = NOT(nRFSH)

‘nIoAcc = INP(IoAcc’) IoAcc = NOT(nIoAcc)

RefReq = SONF(RefReqgs, Clk, RefReqr, ClrRef, , )
IoRdy = SONF(IoRdys, Clk, IoRdyr, ClrIo, , )

r0 = NOTF(rOt, Clk, , )

r1 = NOTF(rit, Clk,

)

1

r2 = NOTF(r2t, Clk, , )

r3 = NOTF(r3t, Clk, , )

r4 = NOTF(r4t, Clk, , )

r5 = NOTF(xr5t, Clk, , )

r6 = NOTF(x6t, Clk, , )

10 = NOTF(i0t, Clk, ClrIo, )
it = NOTF(i1t, Clk, ClrIo, )
12 = NOTF(i2t, Clk, ClrIo, )
EQUATIONS:

ClrRef = RFSH;
ClrIo = ToAcc;

rot = vce;
rit = r0;
r2t = r0 & ri;

r3t = r0 & r1 & r2;

r4t = r0 & r1 & r2 & r3;

r5t = r0 & r1 & r2 & r3 & r4 & /x6;

r6t = r0 & rt & r2 & r3 & r4 & (x5 + xr6);
RefReqgs = r0 & r1 & r2 & r3 & r4 & /x5 & r6;
RefReqr = GND;
~iot = vce;

itt = 10;

i2t = 10 & i1;

IoRdys = 10 & i1 & i2;

IoRdyr = GND;

END$
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B Heeb

ETH Zuerich

8/6/88

1.0

A

EP600

Ceres2 Mouse Counterxr

OPTIONS: TURBO = OFF

PART: EP600

.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@8, D6@9Y,
p7@10, D8@15, D9@16, D10@17, D11@18

NETWORK :

Clk1 = INP(Clkl)

Clk2 = INP(C1lk2)

MA = INP(MA)

MB = INP(MB)

nWrite = INP(Write’) Write = NOT(nWrite)
nSel = INP(Sel’) Sel = NOT(nSel)
D0,D0 = TOTF(DOt, Clk1, Clr, , OutEn)
Dp1,D1 = TOTF(D1t, Clk1, Clr, , OutEn)
p2,D2 = TOTF(D2t, Clk1, Clr, , OutEn)
D3,D3 = TOTF(D3t, Clkl, Clr, , OutEn)
D4,D4 = TOTF(D4t, Clk1, Clr, , OutEn)
D5,D5 = TOTF(D5t, Clk1, Clr, , OutEn)
D6,D6 = TOTF(D6t, Clk1, Clr, , OutEn)
D7,DP7 = TOTF(D7t, Clk1, Clr, , OutEn)
D8,D8 = TOTF(D8t, 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(MA2d4, Clk2, , )

MB2 = NORF(MB2d4, Clk2, , )

EQUATIONS:

MA1d = MA;

MB1d4 = 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;

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

D6t = Up & DO & D1 & D2 & D3 D4 & D5 +
Down & /DO & /D1 & /D2 & /D3 & /D4 & /D5;

D7t = Up & DO & D1 & D2 & D3 D4 & D5 & D6 +

+
&
&
&
&
Down & /DO & /D1 & /D2 & /D3 & /D4 & /D5 & /D6;
DBt = Up & DO & D1 & D2 & D3 & D4 & D5 & D6 & D7 +
Down & /DO & /D1 & /D2 & /D3 & /DA & /D5 & /D6 & /D7;
D9t = Up & DO & D1 & D2 & D3 & D4 & D5 & D6 & D7 & D8 +
pown & /DO & /D1 & /D2 & /D3 & /D4 & /D5 & /D6 & /D7 & /DB;
DOt = Up & DO & D1 & D2 & D3 & D4 & D5 & D6 & D7 & D8 & D9 +
Down & /DO & /D1 & /D2 & /D3 & /D4 & /D5 & /D6 & /D7 & /D8 & /D9;
Di1t = Up & DO & D1- & D2 & D3 & D4 & D5 & D6 & D7 & D8 & D9 & D10 +
Down & /DO & /DV & /D2 & /D3 & /D4 & /D5 & /D6 & /D7 &

END$

8.1988

/D8 & /D9 & /D10;

bage
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Informatik ETH Zdrich

DK.ns532.prio.PAL 19. 8.1988

PAL priority: 16RS8;

(* NS32532 Priority Encoder B. Heeb, 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: RDY; 12: ~DBE;

EQUATIONS

DSPGNT

.

+ + 0

RFSH

.-

+ + 0

GNTO

+ + 0

GNT1

.

+ + 0

GNT2

.

+ + 0

GNT3

+ 4+

CpuGnt

+ 4+ 4+ 0

DBE :

+ o+ 4+ kN

RDY % DSPREQ
~DBE * CpuGnt * DSPREQ
DSPGNT * ~RDY;

RDY % RefReq % ~DSPREQ
~DBE * CpuGnt » RefReq * ~DSPREQ
RPSH * ~RDY % ~DSPGNT;

RDY * REQO » ~RefReq * ~DSPREQ
~DBE * CpuGnt % REQO # ~RefReq * ~DSPREQ
GNT0 % ~RDY * ~RFSH #* ~DSPGNT;

RDY % REQ1 % ~REQO * ~RefReq * ~DSPREQ
~DBE % CpuGnt * REQ1 % ~REQO * ~RefReq * ~DSPREQ
GNT1 * ~RDY % ~GNTQ % ~RFSH % ~DSPGNT;

RDY * REQ2 * ~REQ1 » ~REQO * ~RefReq * ~DSPREQ
~DBE * CpuGnt # REQ2 % ~REQ1 * ~REQO » ~RefReq x ~DSPREQ
GNT2 % ~RDY % ~GNT1 % ~GNTO % ~RFSH * ~DSPGNT;

RDY % REQ3 % ~REQ2 % ~REQ1 * ~REQO * ~RefReq * ~DSPREQ
~DBE * CpuGnt * REQ3 % ~REQ2 * ~REQ1 % ~REQO * ~RefReq % ~DSPREQ
GNT3 * ~RDY % ~GNT2 % ~GNT1 % ~GNTO * ~RFSH % ~DSPGNT;

RDY % ~REQ3 % ~REQ2 % ~REQ1 * ~REQO » ~RefReq * ~DSPREQ

~DBE * CpuGnt * ~REQ3 #* ~REQ2 * ~REQ1 * ~REQO * ~RefReq * ~DSPREQ
~RDY * DBE * ~GNT3 % ~GNT2 % ~GNT1 % ~GNTO * ~RFSH % ~DSPGNT
~RDY * ~CpuGnt * ~GNT3 * ~GNT2 % ~GNT1 % ~GNTO * ~RFSH * ~DSPGNT;

~RDY
~RDY
~RDY
~RDY
~RDY
~RDY
~RDY
~RDY

DSPGNT

RFSH

GNTO

GNT1

GNT2

GNT3

CpuReq * ~REQ3 % ~REQ2 % ~REQ1 * ~REQO * ~RefReq * ~DSPREQ
DBE; .

* % %k %k ok % ok

END priority.
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PAL Addr: 16L8;

(¥ N§32532 Address Co
PIN 1: ~CpuGnt;
2: Al16; 1
3: Al17; 1
4: A18; 1
5: ~HiAQ; 1
6: A24; 1

7: ~RESET; 1
8: ~ClrPar; 1
9: ~ClrBoot; 1
1
EQUATIONS
IF TRUE THEN IoSel :=

IF TRUE THEN boot :=
+

IF CpuGnt THEN AV :

+ 4+ n

IF TRUE THEN IOEN :=
+

IF TRUE THEN CLRPAR

IF TRUE THEN IoDec :=

+

IF TRUE THEN RomEn :=
+

END Addr.

ntrol Logic B. Heeb 10.6.88 *)

9: ~IoSel;
B8: ~boot;
7: ~AV;

6: ~WRITE;
5: ~IOEN;
4: ~CLRPAR;
3: ~IoDec;
2: ~RomEn;
1: ~IoInh;

A16 * A17 % A18 % A24 % HiAd + AV % ~IolInh;

RESET
boot * ~ClrBoot; (* RS Latch *)

~boot
WRITE
A24;

A18 % A24 » HiAd » AV # ~IoInh
~A16 * ~A17 * ~A18 * ~A24 % HiAd % AV % WRITE % ~IoInh;

:= ClrPar

+ RESET;

A18 * A24 x HiAd * AV
~A16 % ~A17 * ~A18 * ~A24 x HiAd * AV x WRITE;

~A16 * ~A17 % ~A18 %* ~A24 % HiAd % AV * ~RESET
CpuGnt * boot * ~A24 * ~WRITE;

page

1



O

o

Informatik ETH Zirich

PAL proc:

(*# NS32532 Processor Control Logic

PIN 1:
2:
3:
4:
5:
6:
7:
8:
9:
EQUATIONS
IF CpuGnt
IF CpuGnt
IF CpuGnt
IF CpuGnt
IF CpuGnt
IF CpuGnt

16L8;

~CpuGnt;

~be3; 19:
~be2; 18:
~bel; 17:
~bel; 16:
~ddin; 15:
~ilo; 14:
RDY; 13:
~DBE; 12:

11:

DK.ns532.proc.PAL

~ILO;
~BE3;
~BE2;
~BE1;
~BEQ;
~WRITE;
~CpuRdy;
~BuffEn;
Slave;

THEN BEO := be0 * DBE % ~RDY
+ ddin % DBE % ~RDY
+ BEO * RDY;

THEN BE1 := bel * DBE % ~RDY
+ ddin % DBE * ~RDY
+ BE1 % RDY;

THEN BE2 := be2 x DBE * ~RDY
+ ddin x DBE % ~RDY
+ BE2 * RDY;

THEN BE3 := be3 * DBE * ~RDY
+ ddin x DBE % ~RDY
+ BE3 * RDY;

THEN WRITE :=

~ddin * ~DBE

+ WRITE # DBE;

THEN ILO := ilo;

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

IF TRUE THEN BuffEn := CpuGnt % DBE;

END proc.

B. Heeb 9.6.88 *)

8.1988
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Informatik ETH 2Zidrich

PAL timing: 16RS8;

DK.ns532.time.PAL 19.

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

PIN 2:
3:
4:
5:
6:
7:
8:

(*
T1:
T2:
T3:
W10:
W9:
W8:
W7:
W6:
W5:
W4:
W3:
w2:
Wi:
T4:

~DBE; 19: ~IoAcc;
~WRITE; 18: RDY;
~IOEN; 17: ~DS;
~WAIT2; 16: ~IORD;
~WAITI1; 15: ~IOWR;
~CWAIT; 14: ~40;
~IoRdy; 13: ~di;

RD

(=)

N - R-E-N-E-N-N-N-E-- -]
MM ma b aamaaaaoh
KU AURR 22000000
om0 00,0200 =0

el = N = = T I N = R N o T o RN
S Em am a0 0O0O00O0O0ODOCON

EQUATIONS

ToAcc

~RDY :=

+ o+ 4+ 4

DS

+ 4+ + 4+ 0

IORD

+

IOWR

o+ 4+

ao

.

+ 4+ 4+ o+

al

T

a2

.-

+ 4+ 40

+ IoAcc * ~d2;

~dao0

ail

CWAIT
IORD * ~d2
IOWR * ~d2

~IORD * ~IOWR * WAIT!1 » ~d2
~IORD * ~IOWR % WAIT2 % ~d2
~IORD * ~IOWR % IOEN * ~d2;

~DS # ~RDY % DBE * ~IOEN
~DS % ~RDY % DBE % IoRdAy
DS % ~RDY # ~IOWR
DS % ~RDY % ~d0
DS ~RDY * di

DS % ~RDY # ~d2
DS * ~RDY % CWAIT;

* % %k ¥ ¥

DS * 40 » d1 * ~d2 x ~WRITE

IORD * DS # ~RDY;

DS % 40 * d1 * ~d2 x WRITE

IOWR # DS % ~RDY # ~A40
IOWR % DS * ~RDY * di
IOWR #* DS % ~RDY * ~d2
IOWR % DS » ~RDY % CWAIT;

~a0

~DS * ~DBE

~DS * IOEN % ~IoRdy
~IORD % ~IOWR % 40 x ~d1
~IORD % ~IOWR % 40 % ~di
d0 * ~d1 » d2 » CWAIT;

~d0 * ~ a1

dao * d1 % ~DS

a0 * 41 % IORD

d0 % 41 * IOWR

a0 » at # dz

~IORD % ~IOWR % 40 % ~di
~D8 * ~d1;

~IORD * ~IOWR * A0 % ~di
IORD * 40 * ~d1 x ~A2
IOWR * 40 % ~d1 % ~d2
d2 + DS x ~RDY;

~d2
~a2

~a2

IO = IORD + IOWR

:= ~IORD * ~IOWR * ~30 * ~d1 * ~daz

*

*

WAIT1 * ~IOEN
CWAIT % ~IOQEN

WAIT2 % ~IOEN

~IOEN

8.1988

bage

1
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END timing.
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Part# Typ Comments

ut ALS645

u2 ALS645

u3 ALS645

u4 ALS645

u5 ALS541

ué ALS5#1

u7 ALSS#1

ug PAL 20L8A

u9 8419

u10 AS1032

ul1 R-Pack 1-16:47/2-15:47/3-14:47/4-13:47/5-12:33/6-11:33/7-10:emp./8-9:33

ui2 AS08

u13 ALS175

ul4 ALS32

u1s ALS74

ul6 L5125

ul?7 R-Pack 8x47

ui8 ALS163

u19 27Ce64

u20 ALS163

u21 27Cé64

u22 AS374

u23 ALS645

u24 Bt431

u25 Bt454

u26 70MHz Osc.

u27 ALS163

u28 ALS163

u29 AS08

u30 ALS32

u31 10H116

u32 ALS163

u33 ALSO4

u34 ALS163

u3s ALS08

u3é empty

u37 ALS645

u3g ALS11

u39 ALS74

u40 ALS32

uf1 ALS27

u42 AS02

R1 1k 8419

R2 1k 8419

R3 4.7k ulé

R4 4.7k ul6

RS 47 SLOEO’

R6 47 SHOEQ'

R7 1k Pullup

R8 1k Pullup

R8 330 Termination CCK Vcc

R10 470 Termination CCK GND

R11 523 Bt454

R12 75 Termination Blue

R13 75 Termination Green

R14 75 Termination Red

R15 180 DCK

R16 270 DCK

R17 820 DCK

R18 200 Termination DCK' GND

R19 120 Termination DCK' Vcc

R20 200 Termination DCK GND

R21 120 Termination DCK Vcc

R22 470 Termination CCK' GND

R23 330 Termination CCK' Vcc

R24 47 SCKL

R25 47 SCKH

R26 47 SHOE1"

R27 47 SLOE1"

R28 33 T/0F

1 1uF 8419 Multilayer Ceramic

c2 1uF 8419 Tantalum

c3 47uF

c4 0.01uF Bt 454 Ceramic

Cc5 0.01uF Bt 454 Ceramic

cé 0.1uF Bt 454 Ceramic

Cc7 0.1uF Bt 454 Ceramic

Cc8 0.01uF Bt 454 Ceramic

(e 10uF Bt 454 Tantalum

c10 0.1uF Bt 454 Ceramic

n 8409/8419

J2 WAIT1'

3 WAIT2'

J4 Bt454 GND

8] ferrite bead Bt454 Vcc

NS.s32.cm7 SIL b l
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\'hnmomo‘ausua!yheldsotmtmex-axisisparaleltothomjornmoftheax'aofnnwm,buttheuser
can tind any position that Is comfortable. The Y-axis is perpendicuiar to the X-sxis.
ltrnnumborof15pubesmetoohighforstandardapp&caﬁom.ltcanboeasﬂydividodbthrdwaraor
software.

Precision optical wheeis with phototransistors and Schmitt trigger generate the signals.
Ont:nstandardmouse(P-J).4&'mcarrythepamoutofthommnwwmts-wkecauawhichabocarry
thesutusofthethreeMcms.thopowersvppty(ﬁvtto%)amthepowwggmlmm@mt Mouse
H-4, shifts the 7-bitNomtbnthrouwas-ﬁnecabhhcmmtheme.hwcombnhwm.
ANl signals are CMOS and TTL-LS compatible.

MOQUSE P-4

Standard connector on P-4 is 4 male 9-pin Canon tale olug
subminiature connectors (fig.3). An 80cm-long Canom 2 0F 9 connector ::": :;;' ¢ w0
9-wire cable Is provided. Z\ symsal on schematic 2 ﬁ ;Y{
€>O ; 2 9G
= The P-4 mouse schematic is given in figure 4, When (313 -
a key is depressed, the corresponding output is oo
active low. = Fig. 3 Standard P-4 plug
+sy A Canon DE-9pP:
{oen :
C“' " lsos 3.3k
or 4o run-rane N 6. i
A\ (>° pr _ﬁ G_Left switch
(index)
oPIw l D - 5

——A ™ Middle switch

Maximum load: two TTL-LS

—{ "}

-2\ D Right switch
/M

- Qﬁl.&o /\/ oA,SID

or 0 xa,

vert-blane

15;_1_]_——1__ blanc
Displacement x positive

Displacement
fo .
P x positive

wo L L )
Displacement y positive

SOURIS LP

w LI A

! qenEMA 29 3 3D

3

=

Fig. 4 P-4 schematic
APPLICATION NOTE

nterfacing the mouse [1-4 is sasy. The three switches can be directly read on a parafel port and scanned by software,
P handting by interrupt is required, a 3-input or gate can trigger an interrupt when any key Is depressed. Two
2-input exclusive OR gata plus two Hip-flops can trigger an interrupt each time a key is pressed or depressed

(see figure S).




1 To paralell

j  ort

The four puise lines control an
vp-down counter which can be
made by hardware, of programmed,
f made in hardware, the counter
will be read requiariy to uvpdate the
pomter on the screen. If made n
software, interrupts will occur each
time a putse is decoded.
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ol zi @l

Fig. S

1) forward (up count) 1

Interrupt
Request

IV Service

Examplesof key mtertace

dackward N

backward

forward ¢

Decoding of the puises can be
made with different schematics,
depending on the required

resoiution.

One puise per period

Fig.6 shows a simpie schematic,
which in most cases is quite
adequate with the number of puises
per millimetre provided by the

[}
!
!
b
|

Tus191 o S

# | |

mouse. Direction is defined from
the value of "b" at each positive
putse edge of "a", and a delayed
putse is generated for the vp—down
counters at each positive "a"
transition. <)

e . S

The delayed negative pulse is b
required with counters made of
puise-tripped master-siave
thp-flops like the 74LS180/191, N
With these counters, UP/DOWN
state must not be changed whie
the clock i3 active low.

Fig. 6
¢ the counter is updated by
an interrupt routine, two

fip—fiops provide the required

TRG tnterrupt recuest

Ocen
collector

3V Service

Simple P-4 interface
a) timing diagram

b) schematic with hardwars counter
c) schematic with interrupts and software counters

interface (fig.6¢c). In a
microprocessor system, &

> Oata d%us

better choice than the LS191
s a LS637, which provides 2

zJ

a three-state buffer and &8  &xay
latch (fig.7). An AND gate :::m
nhid the load of the register

when the register is read by

the microprocessor, in order

Fig. 7

to avoid any change of state
while reading.
A better approach is in most cases to use a programmabie

timer/counter ke the 8253, 6840 or 3513. Two channels have
to be used in order to simulate an up/down counter by

subtraction (fig. 8).

Two puises per period

Both puise edges of signal ''a’ can be used for an improved
resolution. The corresponding timing diagram and schematic
s gven in fig.8. In thes schematic, generation of delays and
pulses of adequate length rely on the mixing of CMQOS and
TTL-LS technology. ¥ afl CMOS technology must be used, or
¢ progmmmable timer hava to be used, additnrat “atavy must
b nrovided inse tha dot-ed shematic regws

~

A

v e )
To parallel port R
RQ

s

>

Microprocessor interface with

three-state up-down counters

Fig. 8

uP ounter

Microprocessor intarface with

programmable timer/counter




A purely synchronous sokstion with
clocked tip-flops for the generation
of delays 13 shown in figure 10, There
s a risk for metastable states, but
due to the rdther siow clock (100
kHz range, one can neglect this risk.
Loosing a puise every month is
scceptable with a mousea.

3. Four puises per period

The highest resolution is obtamned
with 4 pulses per period. The
synchronous schematic of fig. 11
generalizes the pravious scheme,
The LS174 or LS175 register (LS273
for two channels) generates delayed
puises which defines the count siots
(enable the counter) and the

direction, The truth table is given in
tig. 11b and assumes that the
synchronizing clock is fast enough to
never have two transitions in the
same siot. CMOS technology can be
uysed for lower power consumption,

A PROM can be used as shown in
fig. 11, but this increases the power
and the cost for the saving of a
single chip. A registered PROM or
PAL can save an additionaf circuit.
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Interface with 2 counts per puise

a) timing diagram

b) schematis for hardware counter

¢) schematic with interrupts and software counters.
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Fig. 10 Synchronous mterface with two counts per pulse
a) timing diagram
b) schematic with hardware counter
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MQUSE H-4

l-dow. H-4 has the same mechanical features as Mouse P-4, The
terence is that the 7 information bits are stored in & simple

:m register and shifted out serially. Two timing signals (CP for
dock putse and LD for load puise) define the shidt frequency and

|
be ved of new information every 8 or 7 clock puises,

he standard connector is afermale 9-pin Canon subminiature

lonnctor (Figure 13). An 80-cm long, S5-wire cable is provided.

he full schematic is given in Figure
's. & shouid be noticed that switches

Fig. 13

Standard H-4 piug

re not debounced. If a shift

||equency greater than 10 kHz is
red, there is some risk of transfer

eggd.

PPLICATION NOTE

I =K Za

ouse H-4 has been designed with
shift register interface for lowering
@ cost of cables. This will also
:xcrem the number of input pins

! a dedicated integrated circuit . 0P140 0PSSO

Canon 0€E-9P

' s
E}—{>¢:J
bunces. A lower frequency should : T o
' be used # very fast repositioning m——J fﬁ ’
G-

connector (female)
Xt
il

]

Mol ocomame
3 7 soritrve

sl acumene
t potittve

ierface which should be avaiabie

'm time soon.

| Fig. 14 H-4 schematic

lmfiansatlbn can be performed
th a shift register, and direction
!ptectlon can be performed

'Maneomlv.

|

Pure 15 shows the serial to parafel o <3<

I

e fa

Xy 1»

teriac~. An oscillator provides
e ()

;r 16 counter, while a wired in divide

shift pulses and a divide 1R

{latch)
(shift)

t

iy

! 8, genarates a load puise every

shift puises. The C-MOS 4034 shit cP |'E]__.<j‘,_1
orster s vary convenient for that

phcation. On the parallel output . 14584

yee P4 can be appled (Figure 5

12). The serial interface has a
ficant advantage if an interrupt
'ast be generated each time a
Ipal changes on the mouse.

es of the shift register, all the STl T T | 60KH By
1 -
hematics proposed for the paraliel ) ‘.ngr b —
. )

Fig. 15 Serial to parallel conversion
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Figure 16 shows how & XOR (Exchmve OR)
gate comperes the coming 8-bit stream with
the previous one. it a difference is
recognised, an interrupt occurs, Rt is cleared
while reading the register; software decodes
¥ It is a key or a direction puise. ¥ the
nterrupt latency may be higher than 8 clock
putses, it is possible to stop the shift clock
as long the interrupt is pending.

® Rt s too much time consuming to hendle
the mouse by interrupt detection, a
programmable timer can be used with some
additional logic, as shown n Figure 7. Two
shift registers allow to compare two
consecutive states, and from these signails,
some logic decodes the direction, puises and
any change in control keys.

JD. Nicoud, LAMHEPFL
To parallel port
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Fig. 16  Interrupt generation on any change of state
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Fig. 17 Full decoding with 4 puises per period and interrupt on any key pressed or depressed
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Price-list (January 1982)

Quantity of 1

Quantity of 2 470.-
Quantity of 5 440 .-
Quantity of 10 410.-
Quantity of 20 380.-
Quantity of 50 350.-

Warranty 1 yesr

DEPRAZ

S
A

430.~ (Swiss francs)

ETUDE ET FABRICATION DE COMPOSANTS

POUR LA MICROMECANIQUE
ET LELECTRONIQUE




