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Introduct ion

This manual covers the service information for the internaL hard
disk drive on the Tandy 1000 HD. Included in this manual is
information concerning the original main logic board used r./i th
the Tandy 1000 HD. If you are servicing a computer equipped with
the cost reduction main logic board, consult the addendum on
the cost reduction version of the Tandy 1000 (25-1000A) for
information on servicing this main logic board.
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Symbol Description RS Part No.

C1
(.)
c3 , 5-8 ,18
c4,14
c9 ,10clt
c72
c13,19,22-27
cr5
c16
cL1 ,20
c2L
c28
c29
c30-38
c39 - 4t
c42
c43
c44

cR1
cR2,3,5-l-3
cR4,5,f4,15

J4
,J5r8r9
J6
J7

K1

Ll ,2
t3
L4-7

Strap, Ground
Screw, Pan Hd, 2-56x1/ 4
Nut, Hex, Sma1l pattern, 2-56

Cap Chip, 33 PF, 58,tov. NPO
Cap Chip, I20 PF, 58, 50V, NPO
Cap Chip, 0.1 UF, +80-20E, 50V
Cap Chip, 390 PF, 58, t0V, NPO
Cap Chip, 18 PF, 58, 50V, NPO
Cap, 10MF, +208, 15V, Elect, RAD
Cap, 1UF, +208, 25V, RAD EIec
Cap Chip, 0.01- UF, +80-20*, 50V
Cap Chip, 270 PF,t 58, 50V, NPO
Cap Chip, 0.01 UF, 58. 50V, NPO
Cap, 2.2 uF, +208, 50V, RAD Elec
Cap Chip, 0.00I UF, 20*, 50V, Zsu
Cap, 47 MF, +10t, I6V, Elect, RAD
Cap,4.7 IlF, +20t, 16V, RAD Tant
Cap Chip, 0.01 UF, +80-208, 50V
Cap, 22 W, +202, 16V, Elect, RAD
Cap, 100PF, 5t 50V, X7R, RAD
Cap, 4 .7MF, +202, 35V, RAD Efec
Cap, 0.47 IJF, +20t, 50V, RAD EIec

Diode, IN4446
Diode, rN4002 Recti f ier
Diode, fN270

Conn, Rt Ang1e, Mal-e
Conn , Rt Angle , Ivlale
Conn, Rt Angle, Male
Conn, Rt Angle, Male

AHC-0l- 5 6
AHD-10 5 0
AHD-70]0

CC-lO6MDAP
CC-10 5MFAP

2x6l
lx 12 )
2x8 )
1x3 )

Rel- ay , DPDT

Inductor, 15 UH, 10t Axial
Inductor, 3.3 UH, l-08 Axial
Inductor, Ferrite VK200 10/3 t 3

cc-225wAP

CC-4 7 6 KDAP
CC-4 7 5MDTP

CC-2 2 5 MDAP
CC-lOlJJCP
CC-4 7 5MGAP
CC-4 7 4 MJAP

ADX-18 7 9
Dx-0206

AJ-4 0 51
AJ-10 5 0
AJ-IO 51
AJ-IO 4 9

AR-8007

ACA-f014
ACA- I3 84
ACA-8 28 2
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Symbol Description RS Part No.

Q1
01
Q2
Q3
9J
Q3
Q3
Q3
Q3
Q3
03
Q4

Rl,23 ,34
36 ,38

P.2,24 ,48
R3,5,9,10,

32,39 ,46 ,47 ,
49-55 ,69

R4
R6,19 ,20
R7,18
R8 ,26 ,28 ,

56,57 ,63
RlI
RI2 - t5
R16 ,17 ,35 ,

40 ,67
Rzl ,22 , 60 ,

6L t65 ,66
F.25 ,27 ,58

59 , 62 ,64
R29
R30
R31
R33
R37 ,41-
R42
R43
R44 , 45 ,68
R70 ,71
R72

Transistor , 2N4032
Insulator, Transistor Pad
Transistor, 2N4124 NPN
Transistor, TIP 105
Heat Sink, Plate
Insulating washer ' #4
Screr^r, 4-40x3/8 PH Flat HD

Insulator, Sil-Pad
Lock Washer, SpIit, #4
Nut, Hex, 4-40, small Pattern
Washer, Flat, #4
Transistor, 2N4L25

Res, Car 220 Ohm, 52, L/4W
Res, Car 330 Ohm, 5\, l/4W

Resr Car 4.7K Ohm, 58, 1,/4w ChiP
Res Chip, I80 Ohm, 52, l/AW
Res, Car 10 Ohm, 5t, 1,/4W ChiP
Res Chip, I30 ohm, 52, l/4w

Res Car, 100 Ohm, 5?^, L/AW
Res Chip, 5.IK ohm 5?^, l/4w
Res Chip, 316 Ohm, lZ, L/AW

Res, Car IK ohm, 52, 7/4w

Res Chip, 698 ohm, lz L/Aw

Res Chip, 510 Ohm, 5*, L/AW
Res , f80HM, 52, 2W

Pot, 50K Ohm, 10 Turn
Res , 154K, ].-Z, l/8W
Res Chip, I30K Ohm, 52, l/4w
Res, Car 470 Ohm, 52, l/AW
Res, 0.43 Ohm, 5t. 2W
Res chip, IoK ohm, 52, l/4w
Res Chip, 7.5K Ohm, 52, L/4w
Res, Car F I0 ohm, 52, L/2w
Res, Car F 220 Ohm, 52, 7/4W

MX-455I

AMX- 417 8
MX-4944

AHD -2 018

AHD-8335
AHD -7 2 89
AHD-8541
AMX-4330

ND-O149EEC
ND_O159EEC

ND-O247EEC
ND-Of44EEN
ND-O 281EEC
ND-O533BEN

ND-013 2EEC

ND-OI9 SEEC

ND-O 56 SBEN

ND-O I7 3EEN
N-O O 7 5EEH
AP-197 2
N-O 5 8I BBE
ND-O379EEN
ND-O169EEC
N-O 67 9 EHH
ND-O 2 81EEC
ND-O 2 6 6EEN
N-OO63EFC
N-014 9 EEC
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Symbol Descr iption RS Part No.

TPLt2,4-8

U1
U2
U3
u4
U5
U6
U1
U8
U9
ul1
uf2
u13
ul3
u14
ul5
u17
u18
UI9
ul9
u20

wf- 5
w9 -12
wlz , 14
w13 , 14
w15 ,16

Y1

MX-5181

AMx-3675
AMX-3683
Mx-3 80I
MX-4658
MX-4 55 2
Mx-5 85 7
MX-5856
MX-5854

AJ- 6 017
MX-4653
MX-5405

Mx-4943
AJ-7366

MX-4945

AJ-1052
AJ-4048
AJ-1056
AJ-10 5 3

MX-0080

Terminal , Tin

IC 74LS14 Motorola 14 Pin
Hybrid, i,og i c rI,210933
Hybrid, Logic I, 2L0932
ICr TTL NS7406 14 pin
rc, 7 438 14 Pin
TC, SN74LS74 N -14 Pin
IC, MC3486 Motorola f6 Pin
tc, 1L592, 8 Pin SOIC
IC, MC10116 Motorola 16 pin
IC MCl0l04 Motorola 16 Fin
IC 26LS3f NatI. Semi. f6 pin
Assy, 8048, Pgmrd Rev F
Socket, 40 Pin
IC, L293D SGS 16 PiN
rc, LM339N RCA 14 Pin
Hybrid, Spindle Drive, 210935
rc, M5l970L
Socket, Dip, 16 pin
Res Net ,220/330, 16 Pin Dip
Transistor, Array, QUAD , 6607

Conn, Rt Angle, Male (2x5)
Conn, Rt Angle 7 MaIe (2x4)
Programming Jumpe r s
Terminal , cold
Buss wire, Solid 24 AWG

Crystal , 5.89824 I4Hz
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Symbol Description RS Part No.

C1
c2,4 ,7 ,9 ,ll ,L3 ,L7 ,

31
c3,5,8,r0,
L2,r4 ,15 ,
16 ,28 ,
34 ,21

c5
c27
cI8
cl9 ,20
c22
c23
c24 , 25
c25
c29
c30
c32
UJJ

cRl
CR2

DL].

J1
Jzr5

Printed Circuit Board
Screw, 4-40 x L/4 uach PH Phil

Cap, TANT 4.7fif . 15V 20t

Cap, 0.0lmf , +808-20*, 50V

Cap, 0.1mf, +80-20 t, 50V
Cap, 2200pf, + I08, 50V
Cap, 68pf, 58 50V Cer N750
Cap, 47mf, 20* , 35Y
cap, 22mf, lov + 58-10*
Cap, 150 pf, 5t 50V
Cap, 4700pf, 58, 50V Cer
Cap, 180pf, 58 50V
Cap, 1000pf, 5t, 50V
Cap, 100pf, 5t 50V
Cap, 120pf, 58, 50V, AX
Cap, TANT 10mf, 208 25v
Cap, 1mf, TANT, 108 35v

Diode, IN414I
Diode, Tuning MVAMlo9

Delay tine, 96 NS 5TAP, DIP14

Conn., 34 Pin
Conn., 20 Pin

AHD 14 13

CC4 7 5MDTA

cF2219

cF22L2
cc222RJcA
cF22).3
CC4 7 6MGAP
cc226JcAA
cr'2302
CC4 7 2J,JCA
CC18l JJCA
cF2222
CCIOlJJCA
cF2299
CClO 6MFTA
CCl O 5 KGTA

DXo022
DXo392

MX5I 8 0

AJ10 24
AJl0 2 3
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wD1002s-wx2

SymboI Descr iption RS Part No.

Ll ,2,3 ,4

Qt,2 ,3

Rf
R2
R3
R4 ,7 ,27 ,19
R5
R8,6r11
R9
R10 ,16
R]3 ,14
Rl5 ,17
RI8
R20
R21
R22
R23
R24
R25
R26

SW1

U1
U2
U3
U4
U4
U5
u6,8
u7
U9
ul0
UIO

Ferrite bead
Inductor, 4.7uHf + It
Transistor r 2N39 0 4

Res, 27K Ohm 1/4W 53
Res, 100 Ohm, 1,/8w I8
Res , 4 87 ohm, 1,/8W 18
Res , 220 ohm, 1,/4w 58
Res, 330 ohm 1,/4w 5?
Res, I.2K Ohm, l/4w 5Z
Res, 680 Ohm, I,/4W 58
Res, 100 Ohm, 1/4W, 5t
Res, I0 Ohm, 5t, l/2W
Res, 470 Ohm 1,/4W 5t
Res, l.3M Ohm, 7/4W 5Z
Res, 4.7K Ohm l-/ 4w 5Z
Res, 750 ohm I,/8w + l-t
Res, 1.5K ohm L/1w; lz
Res, l-00K, Ohm 1,/8w 18
Res , 3.57K Ohm Lt
Res, Test select l/8w LZ
Resf 15K Ohm 1,/8W 18

Connector 8 Pin Dual row

IC, MC3486, Quad RS422 Line RCVR
IC, MC3487, Quad RS422 Line DRVR
rc, 74LS14, Hex rnv. W,/Schmitt Trig
IC, WD11C00-17 Rev. "Drl
Socket, chip Carrier, 68 Pin Solder Tail
Ic, 20L6 2K x 8 RAM (200NS)
IC, 74LS38 , Quad DuaI in NAND VOC
IC, 7 4LSO4 Hex Inverter
IC, WDf0C20 Read/Write Data Sep
IC, WD1010A-05 Winchester Controlfer
Socket, IC DIP 40 Pin

ACA1 O 1O

2N3904

NO3I6EEC
N 013 2 BBE
NO 810 BBE
NOI49EEC
N 015 9 EEC
NO 19 9 EEC
NO 18 3EEC
NO 13 2EEC
NO O5 3EFC
NO 15 9EEC
NO7 9 3EEC
N0 24 TEEC
NO ].8 5 BBE
NO 2O 6 BBE
NO 3 7l BBE
NOSO9BBE

NO 29 7 BBE

AJl0 13

AJ"1X57 7 2
MX67 9 0

MX 51 81
MX51 7 9
AJ10 4 7
Mx5I77
AMX4328
AMx3552
MX5 17 8
Mx2130
AJl046
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Symbol Description RS Part No.

u11
u12

IC, $iD1015 -14 Microcontroller Mask
fC, 74LS13, Dual 4 In NAND

w,/schmitt Trig
IC, 74L5260, Dual 5 in NOR
l-c, cusEom tsIos tjprom
Socket, IC, DIP 28 Pin
IC, 74L5244 Octal Driver, 3 State

Conn., Post header 3 Pin
Conn., Post header 2 Pin

Crystal , 10.000 Mhz

Res NThlK, 8 pin sip, 220/330 Ohm,
Res NTWK, 8 pin sip, 4.7K 2Z l/8W

2Z,L/ghl

MX3074

MX517 5
AMX4564
MX- 5181
A 1027
AMX3 8 64

AJI025

Mxl269

ARXOO3T
ARXO038

u13
u14
u14
u15 ,15

wl ,2r415,
6r7

w3

Y1

zl
z2

10
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Qty Description RS Part No-

1
1
1
1

t
1
1
1
1
1
I
1
1
1
I
1
1
I
1

Chas si s-Main
Support-Disk Drives
Panel-Option Board
Outline PCB Power Supply

S tuffed )

Outline PCB option Board
Outline PCB ROM Board
Case (RoM Cartridge )
Enclosure Power Supply
Panel Rear
Case Top
Button Reset, Eront
Button Reset, Rear
Cable Signal Floppy Disk
Cable AC in
Cable Switch (AC Power to
Cable Srditch ( AC Poider to
Fan
Speaker
Cable, Speaker

( 54w P. S .

Switch-Line )

Switch-NeutraI )

87 29 314
87 29313
87 29 3L2

8489073

87 29323

8719438
8719440
87t944r
8709447

8709 555
8709ss4
8790412
8490009

3I
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Symbol Descr iption RS Part No.

cl ,5 ,l\,L2 ,
14 ,r5 ,16 ,
17 ,2O ,21_ ,
28-39 ,47 -
50 ,52-51 ,
77 -8L ,84-
87 ,89-91 ,
93,95,98,
L02,106,
116 ,1r7 ,
r22 ,123 ,
L28

c6
c13 ,5r ,

82,L04
c!8,L9 ,22,

24,27 ,46,
92,96,97 ,
99

c25
c40-43
c44 , 45
c54A,118-

L2L
c76
c85A,107 ,

26
c88,109,

726
c94 ,lo0 ,

110 -1r- 5
c101,t-03
c10I

Main Logic T1000 HD PCB Rev. "A"

Capacitor 0.1 mfd 50v 80t Axial
Capacitor 0.022 mfd 50l63v l-0t

Capacitor 22 mfd. I6v +20 Axial

8709555A

8374104
8393225

83L622L

Capacitor
Capaci tor
C apac i tor
Capaci tor
C apaci tor
Capac i tor

capac i tor

Capaci tor
Capaci tor
Capaci tor
C apac i tor

8300204
8301r84
8300584
8303104

8301474
8384475

8316101

8304104

8302224
83L5227
8336I01

20 pfd 50v +80-20
180 pfd 50v 10E
68 pfd 50v fOt
0 .01 mfd 50v 20t

470 pfd 50v 10t
0 .47 mfd 50v 80/202

10 mf d l-5 v Axi al

0.f mfd 50v 808

2200 pfd 50V 10t
2.2 mfd 16v Lytic Axial
10 mfd IOv 208 TANT Radial

5Z
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Symbol Description RS Part No.

cL24
c)-25

CR1
CR6

85,6,8,9,
2A-22

PI

FBI

J2
J3,4
rJJ

J6
J7
J8,9,f0
Jl2

Jl3
Jl4
J14 B-R8l-

Q1
Q2
Q3

R1
R2,16,18,

24,29,
(2 7E

R3
R4

Capacitor I00
Capacitor 330

5 .3v TANT Rad ial
50v 58

( from Jl0 -B30

8337100
8301332

8150235
8r50148

8s29014

847 9034

8419014

85I9193
8519095
8519203
8519120
8s19191
85L9236

8519 235
85)-9245
8519 213
8396101

8100906
8190r04
8110904

8290000

8247 222
8240382

8207156

8207510

mfd
pfd

Diode 1N5235 6.8v
zener Diode 1N414I 75v

Staking Pins

Fuse, 0.25A Pj,co

Ferrite Bead

Connector, 2-prn
Connector, 6-pin
Connector, 8-pin
Connector, DuaI
Connector, 9-pin
Connector, Dual
Connector, 9-pin

Sub (Low Cost,
Connector, 9-pin
Connector, Dual
Capacitor, 10 mf

Straight Header
Dl ?\ndl6

17 -pin Straight Header
St. Frict. Lock

3I-pin Straight Card Edge
Rt. Angle Male "D"
Snap In)
Rt. Angle Eemale

RCA Phono Jack Rt. Angle
25V Lytic Non

to ground )

R5 ,8,12 ,
13

Transistor 2N39 0 6
Transistor VMOS VN 010 4 N3
Transistor 2N39 0 4

Resistor 0 ohm 1/4 watt 5t

Resistor 2.2K ohm l,/4 watt 5t
Resistor 82.5K ohm l/4 watt 5E

Resistor 560 ohm l/4 watt 58

Resistor I IvtEG ohm 1/4 watt 5?
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SymboI Description RS Part No.

R6,7 ,10 ,
)-t,14 ,21 ,
23 ,32 ,52 ,
68,69 ,
66A,67

R9
RL7 ,28,36,

37 ,40-45,
32A

R19
R2o ,26 ,27 ,

48 ,70 ,76,82 (1 from
to ground )

R25 ,35
R28A
R29 A, 75 A
R34 ,46 ,

47 ,72
R46A,47A
R54 , 65
R55
R55
R57
R58
R59
R60
R61
R62
R63
R54 ,80,81
R66,88
R73

RPl
RP2,3
RP4

Res i stor
Res i stor

Res i stor
Res i stor

u101-19
Res i stor
Res i stor
Res i stor
Res i s tor
Res i stor
Res i s tor
Res i stor
Res i stor
Res i stor
Res i stor
Resi stor
Res i stor
Res i stor
Res i stor
Res i stor
Res i stor
Res i s tor
Resi stor
Res i stor

Res i stor
Res i stor
Res i stor

10K ohm I,/4 viatt 5t
680K ohm 1/4 watt 5t

33 ohm l-l4 watt 58
3 3 0 ohm I,/4 watt 5 t

4.7K ohm 1/4 watt 5t
910 ohm I/4 watt 5t
27 ohm 1/4 watt 58
470 ohm 1,/4 watt 58

LK ohm I/4 watt 5E
47 ohm 1,/4 watt 58
580 ohm 1/4 watt 58
I.2K ohm I/4 vratt 5t
3.3K ohm 1/4 watt 5t
l- . 1K ohm 1/ 4 vratt 5 t
750 ohm I/4 watt 5t
270 ohm I/4 watt 5t
22 ohm 1/4 watt 5t
620 ohm I/4 watt 5t
75 ohm 1,/4 watt 5?
2.7K ohm 1/4 watt 5t
100K ohm l/4 watL 5Z
10 ohm 1/4 watt 5*
9.Ix ohm I/4 watt 5*

8207310
8207 468

8207033
8207I33

pak
pak
pak

10K ohm 8-pin sip
lK ohm 8-pin sip
10K ohm 10-pin sip

8207 247
820719L
8207 027
8207l-47

8207 zLO
8207 047
8207168
8207 2t2
8207 233
8207 211
s207 L7 5
8207127
8207 022
8207 )-62
8207 07 5
8207 227
8207 470
8207 010
8207 29L

829 23L0
8290272
8290010

)A
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Symbo I Descr ipt ion

Resistor pak 33 ohm 16-pin dip
Resistor pak 33 ohm 8-pin sip 1/8w
Resistor pak 4.7K ohm 8-pin sip
Resistor pak 2.2K ohm 8-pin sip

Switch, Reset

IC 74LS04 Hex Inverter

IC 74F04 Hex Inverter
IC 128K ROM
Socket 28-Pin DIP

IC 64K x l Dram I50NS

Socket 16-Pin DIP

aC 74Ls244 Octa1 Buf f er
Ic 74L5245 Tranceiver

Socket 20 -Pin DIP

IC 74F109 JK Elip Flop

IC 74L532 ouad 2-IN OR

LM339 Quad Comparato

IC 74LS08 ouad 2-IN AND
IC 7407 Hex Buffer

Capacitor 220 pfd 50v 10E

RS Part No.

RP5
RP6
RP7
RP8

sl-

ur,40,107,
109 , flI

u6,29 ,
58,44

U9
u9 , l-o
tJl-I ,12 ,25-
28,33,34,
48,49 ,54 ,
55,55-68

uLt,12 ,25-28 ,
33,34,48,49 ,
54,55,55-68,
96

uL3,18,42
43,59 ,50,
82 ,713

u14,52,97
u14,53,62,

97,103
ul5 ,l-6 ,

37 ,23,47
u]-7 ,5L ,87 |

93 ,98 ,l-l2
u19
u22,70,
78,Lt7

u24
U29-3 to

29 -7

8290044
8295033
8292246
8290039

8489065

8020004

80r5004
8040128
8s09007

8043665

8s09003

8020244
8020245

8509009

8 01510 9

8020032
80s0339

8020008
8000007

830I223
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Symbol Descr ipt ion RS PATI NO.

u30, 115
u 3l-
u35 ,56
u36 ,41 ,

57,67
u38
u39
u45
u45
u46 ,53 ,

80,103
u46
u50
u52
u52,76,88,

101,108
U58-pin 8
u63
u63
u64
u64
u69
u69
u7I ,99
v7 2-7 5
u76
u77
u79
u81
u83
u84
u85
u86
u88
u89
u90
u91

8020112
802016r
802037 4

3020373
801513 8
80t-5161
8040284
8s09022

8075153
8509024
802019s
804027 2

8s09002
8207068
8040259
850902s
8048088
8s09023
8040216
8s09011
802027 3
8025253
8079001
8020086
8020138
8010260
8020038
80000r5
80200r4
8020002
8040845
8020157
8020153
8020164

IC 74LS1l-2 J K Flip Flop
IC 74LSl-6IA Counter
IC 74LS374 FIip Flop

IC 74LS373 Octal Latch
IC 74F13I Multiplexer
IC 74F161 Counter
IC 8284A Clock cenerator
Socket l8-Pin DIP

rc 82s153
Socket 20-Pin DIP
IC 74LS195A Shift Regi ster
IC 8272 FDC

Socket 40-Pin DIP
Resistor 68 ohm 1/4 watt 5g
IC 8259A Interupt Controller
Socket 28-Pin DIP
IC 8088 CPU
Socket 40-Pin DIP
IC FDC92I6 Data Seperator
Socket 8-Pin DIP
IC 74L5273 Octal Flip Flop
IC 74A1,S253 Multiplexer
IC Semi-Custom Video Array
IC 74LS86 ouad 2-IN OR
IC 74LS138 Decoder
IC 745260 Dual 5-IN NOR
IC 74LS38 Quad 2-IN NAND Buffer
IC 7 416 Hex Inverter
IC 74LS14 Hex Inverter
IC 7 4LSO2 2-IN NOR
IC MCM5845
IC 74LSI57 Quad Mult iplexer
IC 74LS153 DuaI MuIt iplexer
IC 74LS164 Shift Register
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Symbol Descr iption RS Part No.

u92
v94 , 104,

r15
u96
u100 , 106
ul01
UIO 2
u10 5
ut0I
u 110
U1I4
u1l4
UlI8
U119

8020000

8020074
8040495
802017 4
8040255
8020005
8030529
8041087
8020r25
80402s3
8509001
8050386
8050358

8052805

8409006
8409039

VRl

Yl_
Y2

IC 74LS00 Quad 2-IN NAND

TC 7 4L574 Flip FLop
IC SN76496 Tone cenerator
IC 74LSl7 4 FIip Flop
IC 8255A-5 Program Interface.
IC 74LS05 Hex Inverter
rc 14529
IC Custom Gate Array, Printer
IC 74LSI25A Quad Buff er
IC 8253-5 Timer
Socket 24-Pin DIP
LM386N-I Audio Amp
r-,M3 5 8

Regulator 78L05 , ACP +5v

Crystal 8 lIhz (I8pf Loading Capacity)
Oscillator 28.63636 Mhz 50ppm
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NOTICE

This document, and the information contained herein, is copyright by Tandon Corporation and may not be
duplicated or reproduced, in whole or in part, without the prior written approval of Tandon Corporation.

This document is intended to provide the user with detailed information adequate for the efficient installation,
operation, and service of the equipment involvcd.

However, while every effort has been made to keep the information contained herein current and accurate as of
the date of publication, no guarantee is given or implied as to its accuracy.
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SECTION 1

GENERAL DESCRIPTION

INTRO DU CTIO N 1.3 MAJOR FEATURES

This manual provides useful information ro assist MICROPROCESSOR CONTROL
the customer rvhen incorporating the Tandon rigid
disk drive into a system' 

The TM252 drive features an onboard micropro-

Tandon Corporation's Tl\'I252 drive is a full cessor, providing five major funclions:

feature, 12.75 megabyre, one-half height,
5-ll4-inch, rigid disk clrii,e. It is a conrpacr aara l. Self -calibration on po\rer-up.

storage device containing tlvo 130-millimeter
plated aluminum recordiig platiers and four 2. Buflered seek tinring for improved access

recording heads rvithin a sealed housing. tlmes'

3. lmproved positioning u'ith reduced
h1.'stcresis.

1.1 SCOPE OF THE DOCUMENT - 
IJ::".,fi:1]1,r.',""'n"',* 

ror optimar

Section l of this manual contains a generar 5 Porver and track l'ault detection'

description of the disk drive. Section 2 contains
the product specilications. Section 3 provides in- DAISy CHAIN CApABILITy
formation on operation of the drive.

The drive provides the address selection and gating
functions necessary to daisy chain a marimum of
four units at the user's option. The last drive on

1.2 PURPOSE OF THE DRIVE the daisv chain terminates the interface. The ter-
minations are accomplishecl by a resistor array
plugged into a DIP socket.

The 5-ll4-inch disk drive is a rotating disk
memory device designed for random access data
storage and retrieval. Typical applications include INDUSTRY STANDARD INTERFACE
word processing systems, entry level COMPATIBILITY
microprocessor systems, intelligent calculators,
program storage, small business computer
systems, and any application in which low cost, The drive is compatible with controllers that use
random access data storage is required. an 5T506 industry standard interface.

l-l



AIR FILTRATION

A self-contained, recirculating air filtration system
supplies clean air through a 0.3-micron filter. A
secondarl absolute lilter is prorided to allorv
pressurc cqualization \\'ith thc ambient at-
mospherc without conramination. Thc entire
head-dis k -acLuator compartment is maintaincd at
a s)ighlly positive pressure to further cnsure an
ultraclcan environmcnt.

COMPACT SIZE

The reduced height ol thc drive occupies only one-
half thc mounting space required for a convcn-
tional drive.

1.4 FUNCTIONAL DESCRIPTION

The drive is fully self-contained, and requires no
operator intervention during normal opcration.
During the power-up scquence, the spinclle motor
reaches 3,600 RPM, and the positioning
mechanism recalibrates thc recording heads to
Track 0. At this time, a Rcady signal on rhe inrer-
lace indicates the drive is ready for operation.

The head is positioned over the desired track by
means of a four-phasc stepper motor,/band
assembly and its associated electronics. This posi-
tioner uses a one-step rotation to cause a one-track
radial movement. Subsequently, the recording
heads can be positioned over the desircd cylinders,
and the data can be reacl or written from the ap-
propriatc track by selecting the desired head.

Typically, the drive uscs MFM rvrite and read data
recording methods. Data recovery clcctronics in-
clude a low-level read amplifier, differentiator, a
zero-crossover detector, and digitizing circuits. No
data encoding or decoding feature is provided on
the drive.

The drive has the follorving sensor systems:

l An optical Track 0 switch senses when the
Head/Carriage Assembly is positioned at
Track 0.

2. An index sensor, \\'hich consists of a
magnetic pick-up and index hole posiLion-
ecl to provide an ana)og signal when an in-
dcx hole is detectcd.

1.5 PHYSICAL DESCRIPTION

A represcntative drive is shoryn in Figure l-1. The
drive contains 130 millimeter storage media that
rotate at 3,600 RP\I, Lrsin,e a direct drive,
brushless D. C. motor. The recordin.q is ac-
complishcd by non-contacl standard recording
heads that are moved by an open loop, precision
split band positioning clevice and stepper motor.

FIGURE 1.1
DISK DRIVE

The Head Disk Assembly is enclosed in a sealed
cast aluminum housing, which includes an air
filtration system to ensure a contamination-free
environment. The housing is shock mounted to a
metal frame that has threaded holes on the sides
and bottom for mounting the drive onto a chassis.
An optional snap-on front cover may be attached.

In addition, the drive inch-rdes the read/write and
control electronics, servo spindle control elec-
tronics, and an inder sensor.

t-2



SECTION 2

PRODUCT SPECI FICATIONS

INTRODUCTION

This section contains the mechanical and operational, reliability and environmental specifications for
rhe TM252 disk drives.

2.1 MECHANICAL SPECIFICATIONS

The mechanical and physical dimensions arc coniained in Figure 2-1.

2,2 ELECTRICAL AND OPERATIONAL SPECIFICATIONS

The electrical and operational specilications are containccl in Table 2-1. Tlpical starring
current requirenrents at nominal voltage are contained irr Ftgurc 2-2.

2.3 RELIABILITY SPECIFICATIONS

The reliability specifications a:'c contained in Table 2-2.

2,4 ENVIRONMENTAL SPECIFICATIONS

The environmental specilications are conlainccl in Table.2-3.

This product is rcc-ognizcd uncler [J. I. FMRT2, Conrponent-Data Proccssing Fquipnrcnt. Electroljc.

6F. Certiliecl.

Tffi-dEEcoRpoRAroN,cHArswoRrH,cALrFoRNrAel3rl
179050.001

REV. B
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0.06 ! 0.01 tN.
(1.6 ! 0.3 MM)

8.OO IN. I{AXIMUM
(203.2 r\4M)

1.69 = 0.01 iN.
(42.93 :t 0.3 lr.'l [4)

1.62 = 0.01 lN.
41.2 1 C.3 lr.'l [r)

+

o.25
(6.35

10.01 tN.
r: 0.3 l\41\4) 

>

1.87 = 0.02 lN.
(47.5 a 0.5 MM)

3.12 1 0.02 lN.
(79.2 a 0.5 [4M)

TAPPED I4OUNTING HOLES:
FOUR ON BOTTOM. FOUR ON
EACH SIDE 6.32 UNC x .31 lN.
(7.9 Ml1/!) DEEP, 8 PLACES,

5.88 1 0.01 lN.
(149.4 : 0.3 [!M)

5.75 1 .02 lN.
{146.1 :t 0.3 lM [4)

0.06 1 0.01 lN.

NOTE:

(1.6 r 0.3 MM)

WEIGHT IS 3.25 POUNDS, 1.47 KILOGRAMS, MAXIMUM.

FIGURE 2.1
DISK DRIVE OUTLIN E DRAWING

Teffi6 n coRpoBAroN, cHArswoBrH, calrFoRNra si311
179050.001

REV. B

0.86 i 0,02 lN.
(21.8 i 0.s [4M)

5.50 1 .02 lN.
(139.7 :t 0.5 [4lV])

0.39 i 0.01 lN.
(9.90 r 0.3 [4lvl)

_ra _ r&
-i -[* stoe vtew ;

BOTTOM VIEW

l
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ELECTRICAL AND
TABLE 2.1

OPERATIONAL SPECIFICATIONS

\,1cd ia

Number of Drsks

Tracks Per Inch

Spacing, track to track

Number C)f Cy'linders

Number Ol' Tracks

Drsk Speed

Average l,atency

Stari Time

Stop Timc

Seek Timc, track to track

Head Sett ling Time,
last track accessed

Average Acccss Timc.
including head settling
time, 3 millisecond
step rate

Average Access Time
Using Buffered Seck,
including head settiing time

Transfer Ratc

Hardcoated, 130 millimeter,
plated aluminum disk

2

345 TPI

2.9 milinches

306 cylinders

1,224 tracks

3,600RPMt1percent

8.33 milliseconds

15 seconds maximum

15 seconds maximum

3 milliseconds

l5 milliseconds

321 milirseconds

85 milliscconds

5 megabits per second

I a n d o n co*poRAnoN, cHArswo*rH, .ALTF.RNTA 91s1'r

179050.001
REV. B
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TABLE 2.1 (CONTTNUED)
ELECTBICAL AN D OPERATIONAL SPECIFICATIONS

Maximum Flur Reversal Density

Unformatted Capacity Per Drive

Unformatted Capacity Per Surface

Unformatted Capacity Per Track

9,090 FRPt

12.76 megabytes

3. l9 megabytes

10.4 kilobytes

POWER REQUIREMENTS

Stari Up: + 12 volts D. C., 2.0 amperes typical, 2.4 amperes maximum, not to exceed 12 seconds.

Running: + 12 volts D. C. + l0 percent, 1.4 amperes typical, 1.8 amperes maximum with no more
than 50 millivolts Periodic and Random Deviation (PARD).

+ 5 volts D. C. + 5 percent, 0.5 amperes typical, 0.8 amperes maximum running, with no
more than 50 millivolts PARD.

There are no restrictions in sequencing supplies on or off.

TffiEffi coRpoRAroN, cHArswoRrH, .ALTFoRNTA si3lr
179050.001
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FIGURE 2.2
TYPICAL STARTING CURRENTS
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TABLE 2.2
RELIABILITY SPECIFICATIONS

SOFT AND HARD READ ERROR RATES, EXCLUSIVE OF MEDIA DEFECTS

For data that has been verified previously as error free, and rvhen used in conjunction with a data separator
and phase lock loop of good design, the recoverable (soft) read error rate for any subsequent read operation
shall not exceed one error in I X 10"'bits transferred. A recoverable read error is an error that may be cor-
rected within five attcmpts to reread the data.

The nonrecoverable (hard) read eiror rates shall not exceed one error in I X 10'' bits transferreci. A
nonrecoverable read error is an error that may not be corrected within five attempts to reread data, providing
that the writing of the data previously has been verified as correct. The seek error rate is not to exceed one er-
ror in 1X 10'seeks.

MEDIA DEFECTS

Any defects on the media surface lvill be identiiied on a defect map provided with each drive. This defect
map will indicate the head number, track number, and number of bytes from index for each defect. Each
delect shall be no longer than 16 bits. More than one defect per track is to be counted as one delect. Cylinders
000 and 001 are guaranteed error free.

The defect map is offered as a guide only. The number of defects and thcir location can change due to
customer system variations such as data separators.

NOTE

Prior to shipment from the factory, the heads are parked at Cylinder 305. This must be done each time the
drive is to be relocated, and should be done prior to a po\yer shutdown sequence.

Maximum Allowable Defects 4 per surface, l0 per drive

Mean Time Betrveen Failures 11,000 power on hours (typical useage)

Mean Time To Repair 30 minutes

Component Design Life 5 years

Preventative Maintenance Not required

Teffion co'poRAroN, cHArswoRrH, .ALTFoRNTA er31 l
179050.001

REV. B
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TABLE 2.3
ENVIRONMENTAL SPECIFICATIONS

Ambient Temnerature 
]

Operating I 
o'a to 50'C' 39'F 10 122"I'

Nonoperatjng -40'C to 60'C, 40'F to 140'F

Temperar ure Graclien t

operating ] ,r"a per hour. 18"F pcr hour

Nonoperating Belorv that causing condensation

RelatiYe Humidity I 8-to-80 pcrcent, noncondcnsing

Rclarir c Humiditr Cradicnt 
]

Operating :0 nercent Per hour

Nonoperating j ne toti that causing condensation

N,laximum Wet Bulb Tempcrature L :o C. 78.8'F, *ithout condensation

flc\rrron

C)perating I Den'it-v Altitudc: '1-s7 to 3,050 meTers,
- 1,500 to 10,000 feet

I

Nonoperating '157 to 12.19-i nlcters'
1 .-500 to 40.000 lcct

Hcat Dissiparion ] 78 BTU per hour,22 5 \'atls

Ta n d o !1 conponrrtoN, cHArswoRrH, cALtFoRNIA e131'l

179050"001
REV. B
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TABLE 2-3 (CONTTNUED)
ENVIRONMENTAL SPECIFICATIONS

Vibration

Operating

Nonoperating

Shock

Operating

Nonoperating

The drive will operate with a read./write error
rate no greater than the specified limit while sub-
jected to vibration levels at 5 to 500 Hz of 0.5 G,
maximum, input. Dwell at resonant frequencies
for 30 minutes. Resonant frequencies are de-
fined as frequencies where 1.0 G or higher
inlout response is created.

A constant acceleration input may be applied
with the desired frequency swept, stopping at
resonant frequencies for 30 minutes. The drive
will meet specified error rates and have no addi-
tional media defects after vibraiton levels at 5 to
500 Hz of 2 G's, maximum, are applied in each
of the 3 mutually perpendicular axes, I axis at a
time.

The drive will operate with an error rate no
greater than the specified limit while a half sine
wave shock pulse of l0 G's with a duration of I I
milliseconds is applied in either direction, in
each of the 3 perpendicular axes, I axis at a time.

The drive will survive a series of 6 drops, I each
side, top and bottom, a minimum of 40 C's
squarewave shock pulse of l0 milliseconds
duration.

Taffi 6E co R po RA, o N, c H Arswo Rr H, cALr Fo R N rA sl 31 1

179050.001
REV. B
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SECTION 3

OPERATION

INTRODUCT!ON

This section contains information pertinent to the
handling, inspection, installation, and operation
of the TM252 drive.

3.1 UNPACKING THE DRIVE

Each drire is shipped in a prorective conlainer
which, when bulk packaged, minimizes the
possibility of damage during shipment.

The following procedure is recommended for un-
packing the drive.

1. Place the shipping container on a flat work
surface.

Visually examine the shipping container
for damage.

Cut the tape on rhe shipping container.

Remove the foam lid and pads from the
shipping container.

Remove the inner container.

Remove the drive from the inner con-
tainer.

7. Place the drive on a foam lined surface.

8. Notify the carrier immediately if any
damage is found.

CAUTION

Do not manuall! rotate the stepper
motor or spindle motor. Damage to
the heads and disk may result,

NOTE

The inside chamber of the drive is a
sealed compartment that must not be
opened.

When returning the drive to the service center,
park the heads at cylinder 305 (see page 2-6). Be
sure to use the prior steps in reverse order, and en-
sure the foam stiffeners are in the proper location,
with the cardboard dividers properly in place be-
tween the drives (see Figure 3-l).

3,2 PREINSTALLATION
CHECKOUT

Before applying power to the drive, inspect for the
following:

l. Ensure the lront panel is secure.

2. Ensure the circuit board is secure.

3. Ensure the connectors are firmly seated.

4. Ensure there is no debris or foreign
material between the frame and the
head/disk casting.

5. Ensure the head/disk housing can move
freely on the shock mounts of the frame.

6. Ensure the termination resistor pack and
jumper blocks are tirmly seated and in the
correct configuration.

3.3 MOUNTING THE DRIVE

The drive can be mounted in any vertical or
horizontal plane. Eight 6-32 tapped holes are pro-
vided for mounting: four on each side and four on

2.

-1.

4.

5.

6.

3-1



the bottom ofthe frame (see Figure 2-l). The drive
is manufactured with some critical internal
alignments that must be maintained. Hence, it is
important the mounting hardware does not in-
troduce significant stress on the drive.

Any mounting scheme in which the drive is part of
the structural rntegrity of the enclosure is not per-
mitted. Mounting schemes shouid allow for ad-
justable brackets cr incorporate resilient members
to accommodate tolerances.

DUST COVER

The design of an enclosure should incorporate a

means to prevent contamination from loose items,
e. 9., dust, lint, and paper chad since the drive
does not have a dust cover.

FREE AIR FLOW

When the drive is mounted so the components
have acccss to the free flow of air, normal convec-
tion cooling allows operation over the specified
temperature range (see Table 2-3).

CONFINED ENVIRONMENT

When the drive is mounted in a confined environ-
ment, air flow must be provided to maintain
specified air temperatures in the vicinity of the
motors and the circuit boards.

3.4 INTERFACE CONNECTORS

The electrical interface bclween the drive and the
host system is via three connectors. Jl provides
control signals for the drive (see Figure 3-2). J2
provides for the radial connection of read/write
data signals (see Figure 3-3). J3 provides for D. C.
power (see Figure 3-4).

Table 3-1 contains interface lines. The interface
description of the connectors, and the location of
each, is contained in this section.

J1/P1 CONNECTOR

Connection to Jl is through a thirty-lbur-pin cir-
cuit board connector. Figure 3-2 contains the
dimensions of this connector. The pins are
numbered I through 34. The recommended
mating connector for Pl is 3M ribbon connector
P/N 3463-0001, without ears. A key slot is provid-
ed between Pins 4 and 6.

J2lP2 CONNECTOR

Connection to J2 is through a 20-pin circuit board
connector. Figure 3-3 contains the dimensions of
this connector. The recommended mating connec-
tor for P2 is 3M ribbon connector P./N 3461-0001,
without ears. A key slot is provided between Pins 4
and 6.

J3/P3 CONNECTOR

D. C. power connector J3 is a four-pin AMP
Mate-N-Lok connector, P/N 350211-1, mounred
on the component side of the circuit board. The
recommended mating connector, P3, is AMP P/N
| -480424-0, utilizing AMP pins P/N 60619-4. J3
pins are labeled on the J3 connector (see Figure
3 4). J3 cabling must be l8 AWG, minimum.

GROUND CONNECTOR

A ground connector, located on the rear of the
head/disk assembly is Faston AMP P/N 61761-2.
The recommended mating connector is AMP P,/N
62187-1. To realize error rates (see Table 2-2), it
must be connected directly to the centrally located
system logic ground via an l8 AWG, minimum,
cable.
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0.400 =(10.2 !
0.010 tN.
0.2s MM)

0.400
t10.2

0.36 = O.OO4 lN.
ll to.gr = o. t MM)

ll

0.004 lN.
0.1 MM)

2

0.063 tN.
(1.6 MM)

0.050 rN. (1.27 tvtM)

0.100 tN. (2.54 MM)

1.775 r 0.010 lN.
(45.1 :t 0.25 MM)

FIGURE 3.2
J1 EDGE CONNECTOR DIMENSIONS

BOARO THICKNES
0.062 = 0.007 lN.

(1.59 MM r 0.18 MM)

0.036 !
(0.91 r -l

r: 0.010 lN.
! 0.25 MM)

BOARD THICKNESS
0.062 r 0.007 lN.

(',.59 MM ! 0.18 MM)

0.050 lN.(1.27 MM)

0.100 lN. (2.54 l\I lv!)

FIGURE 3.3
J2 EDGE CONNECTOR DIMENSIONS

0.010 tN.
0.25 MM)

eooo

1.075 a
127.3 !

FIGURE 3.4
J3 POWER CONNECTOR

0.45 tN. (11.4 MM)
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TABLE 3.1
DRIVE INTERFACE SIGNALS AND PIN ASSIGNMENTS

Conneclor

PI
I
I

I

I

34-Pin
Ribbon
Daisy
Chain

Interface
Pin Number

Signal Ground Signal Type t/o

I
I
I
o
o
o
I

I
o
o
I
I
I
I
I
I

Name of Signai

Spare
Spare
Write Gate
Seek Complete
Track 0
Fault
Head Select 2"
Reserved (To J2- 7)
Head Select 2'
lndex
Ready
Step
Drive Select 0
Drive Select I
Drive Select 2
Drive Select 3
Direction lnP1

2

4
6
8

l0
t2
t4
t6
l8
20
22

to
28
30
32
34

(1)
(3)
r 5)
(7)
(e)

(11)
( 13)
(15)
(17)
(1e)
(21)
(23)
(25 )
(27)
(2e)
(31)
(33)

P2

I

20-Pin
Ribbon
Radial

I

l

I
P2

I
3

5

1

9
lt
l3
t4
l5
l1
l8
l9

(2)
(4)
(6)
(8)

( l0)
(12)

rtol

<zol

S

S

o Drive Select
Spare
Reserved
Reserved (To J1- 16)
Spare
Ground
+ Write Data

- Write Data
Ground
+ Read Data
- Read Data
Ground

;
D

D
D

,
I

o

:

P3 l
4-Pin 2
Radial 3

P34

+ 12 volls D. C. In
+ 12 volts D. C. Return
+ 5 volts D. C. Return
+ 5 volts D. C. In

NOTES:
S = Single Ended
D : Differential
I : Drive Input
O = Drive Output

J-b
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3.5 INTERFACE LINE
DESCRIPTIONS

The interface for the TM252 drive is available in
one configuration. It is compatible with industry
standard drives. Compatibility is defined as using
the same pin assignment where the signal and
function are common. Table 3- I contains pin
assignments.

The interface may be connected in the radial or
daisy chain configuration (see Figures 3-5 and
3-6).

INPUT CONTROL SIGNALS

The input control signals are of two kinds: those
to be multiplexed in a multiple drive system and

those that do the multiplexing. The input control
signals to be multiplexed are: Reduced Write Cur-
rent, Write Gate, Head Select Line 20, Head Select
Line 2', Step, and Direction In. The multiplexing
signal is Drive Select 0, Drive Select 1, Drive Select
2 or Drive Select 3.

The input signals have the following electrical
specifications, as measured at the drive. Figure 3-7
illustrates the recommended circuit.

True: 0.0 volt D. C. to 0.4 volt D. C. at I =
- 40 milliamperes, marimum

False:2.5 volts D. C. to 5.25 volts D. C. at I =
250 microamperes, maximum (open) '

A1l input signals share a 220/330 ohm resistor
pack for line termination. Only the last drive in the
chain should have the resistor pack installed.
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IN PUT CONTBOL SIG NALS

J1 INPUT CONTROL SIGNALS

HOST CONTROLLER

J2 + READ OATA

J2 READ DATA

J2 + WRITE DATA

J2 WRITE DATA

J2 + READ DATA

J2 READ DATA

J2 + WBITE DATA

J2 - WRITE DATA

FIGURE 3.5
RADIAL CONFIGURATION
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J1 INPUT CONTROL SIGNALS

J2 + READ DATA

J2 + READ DATA

J2 READ DATA

J2 + WRITE DATA

J2 WNITE DATA

J2 _ READ DATA

J2 + WRITE DATA

J2 - WRITE DATA

FIGURE 3.6
DAISY CHAIN CONTROL LINES

3-9
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+ 5 VOLTS

330 0H rvrs

r__ 
?o Fr. MAXTMUM _- 220 OHMS

-=-

FIGURE 3,7
CONTROL SIGNAL/DRIVER RECEIVER CIRCUIT COMBINATION

WRITE GATE

The active state of this signal or logical zero level
enables write data to be written on the disk. The
inactive state of this signal enables the data to be
transferred from the drive. In addition, the inac-
tive state enables the step pulse to step the
readlwrite actuator.

HEAD SELECT LINES 20 AND 21

These two lines provide for the selection of each
read/write head in a binary coded sequence. Head
Select Line 2o is the leait sisnificant Iine. The
heads are numbered 0 througf, 3. When all Head
Select Iines are false, Head 0 is selected. Table 3-2
describes which head is selected for the head select
lines.

Head recovery time (head-to-head select, write-to-
read recovery, or read-to-write recovery) is 2.4
microseconds, maximum.

STEP

This interface line is a controi signal that causes
the read,/write heads to move with the direction of
motion defined by the Direction In line.

741S14 0A
EOUIVALENT

The access motjor-1 is initiarcC at the logical true-
to-logical faisc transition or the traiiing edge of
this signai puise. An1'change in thc L)ircction ln
line must be macle at leasl 100 nanoscconds bclore
the true-to-false ecige ol the steJr pulse. The quie-r-
cent stale ol this line shouicl be hcld logicalll false.

Tlrc rcad/iviitc head nroves ai tlre rate of the in-
corning stc1.r pulscs. Thc minimum iinrc bclucen
sLrccesrive steps is threc miliisr-conds, c\ccpt dur-
ing crecution of a bullerecl seeii. The rnininrum
pulse riidth is one microsecond. Figure 3 8 il-
lustratcs tl.rc step timiilg.

Table 3.2
HEAD SELECT LIN ES

Heatl Select Lines
2', 2'

Head Selected

I
I
0
0

I
0
I
0

0
I
2
3

-1- l0



OIRECTION IN

_ STEP

I I 3.0 MTLLTSECONDS I

I FD- M|N|MUM

! l-- 1.0 MrcRosEcoND I

I I MINIMUM

STEP LOGIC
EN E RG IZED

-J!5OO NANOSECONDS MAXIMUM

. SEEK COMPLETE

FIGURE 3.8
STEP MODE TIMING

BUFFERED SEEK

The buflered seek uses an onboard microprocessor that calculates the most eflicient seek algorithm for the user.
The user need only issue step pulses in accordance with the timing shown (see Figure 3-9). Step pulses are issued
in a l:l ratio to the cylinders moved. lf more pulses are issued than there are cylinders left to nrove, the heads
soft stop at the last cylinder.

The pulse repetition rate must not be less than five microseconds. The duty cycle may be varied, provided the
one microsecond minimums are met (see Figure 3-9).

1r\4tcRosEcoND

-l 
MTNTMUM 

f- 

iMrcRosEcoNDMrNrMUM 

--l

15 + 3

MILLISECONDS

5 MTCROSECONDS tVI NTM U rlr,
200 MlcRosEcoN DS MAXItll Ut\,t

FIGURE 3.9
BUFFERED SEEK STEP PULSES
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DIRECTION IN

This signal defines the direction of motion of the
read,/write head when the Step line is pulsed. An
open circuit or logical false defines the direction as

"out". If a pulse is applied to the Step Iine, the
read/write heads move away from the center of
the disk. If this line is true, the direction is defined
as "in", and the readlwrite heads move in toward
the center of the disk.

Seek Complete must be true prior to changing
directions and the application of additional step
pulses.

REDUCED WRITE CURRENT

The Reduced write Current input line is ter-
minated, but is not used in the TM252 drive. The
microprocessor automatically switches write
current.

DRIVE SELECT O THROUGH DRIVE SELECT 3

These control signals enable the selected drive's in-
put receivers and output drivers. When logically
false, the output drivers are open circuits and the
input receivers do not acknowledge signals
presented to them.

Selecting the appropriate jumper block at W9
through W12 determines which select line activates
the drive.

NOTE

Only one drive may be selected at a time.

OUTPUT CONTROL SIGNALS

The output control signals are driven with an open
collector output stage capable of sinking a max-
imum of 40 milliamperes in a true state, with a
maximum voltage of 0.4 volt measured at the

driver. When the line driver is in the false state, the
driver transistor is off, and the collector cutoff is a
maximum of 250 microamperes.

All Jl output lines are enabled by the respective
Drive Select lines.

SEEK COMPLETE

The Seek Complete signal goes true when the
read/write heacls have settled on the iinal track at
the end of a seek. Reading or writing should not be
attemptcd when Seek Complete is false.

Seek Complete goes false:

l. When a recalibration sequence is initiated
by the microprocessor at power on because
the read/write heads are not over Track 0.

2. 500 nanoseconds, rnaximum, after the
trailing edge of a step pulse or a series of
step pulses.

3. When power is momentarily lost, Seek
Complete is false when power is restored
and remains lalse until an automatic
recalibration is completed.

TRACK O

The Track 0 signal indicates a true state only when
the drive's readlwrite heads are positioned at
Track 0, the outermost data track.

FAULT

The Fault signal is used to indicate a condition ex-
ists in the drive that could cause improper writ ing
on the disk. When this line is true, further writing
is inhibited, as are other drive functions, until the
condition is corrected.

This condition is caused by either the + 12 volt or
+ 5 volt supply dropping below the specified
limits, and on power up until a successful
recalibration sequence is completed.

3-t2



IN DEX

The Index signal is providcd once each revolutiott,
16.7 milliseconds nominal, to indicate the beginn-
ing ol the track. Normally, this signal is lalse and
makes the transition to true to indicate Index. On-
ly the transition from logical false to logical true is
valid.

READY

When true, the Ready signal, together with Seek
Complete, indicates that the drive is ready to read,
write or seek, and the Lu O signals are valid. When
this line is false, all controller-initiated functions
are inhibited.

The typical time after power on for Ready to be
true is fifteen seconds. Track 0, Seek Complete,
and Ready come true sequentially during power on.

SELECT STATUS

A Status line is provided at the J2/P2 connector to
inform the host system of the selection status of
the drive.

The Drive Selected line is driven by a TTL open
collector drive (see Figure 3-7). This signal goes ac-
tive only rvhen the drive is programmed as Drive
X, X = 0, l, 2, or 3, by programming the shunt on
the drive, and the Drive Select X line at Jl,uPl is
actjvated by the host system.

DATA TRANSFER SIGNALS

All lines associated rvith the transfer of data be-
tween the drive and the host system are differential
in nature and may not be multiplexed. These lines
are provided at the J2/PZ connector on all drives.

Signal level are defined by RS-422A. Trvo pairs of
balanced lines are used for the transfer of data:
MFN,I write Data and MFM Read Data. Figure
3- 10 illustrates the driver/receiver combination us-
ed rvith the drive for data transfer signals.

HIGH
TRUE

HIGH
TRUE

l-- '*,,11Ir"' I
I rlar RTBBoN oR I

I 
rwrsrED PA|R CABLE 

I

FIGURE 3.10
DATA TRANSFER LINE DRIVER RECEIVER

+ SIGNAL

- SIGNAL

I

t

L-
1OO OHMSr

\

-4
26LSs1 0R

EOUIVALENT
261S32 0R

EOUIVALENT
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MFM WRITE DATA

This is a differcntial pair of lines that define the
flux transition to be written on the track. The tran-
sitiorr of the + MFM Write Data line going more
positive than thc - MFM Write Data line causes a
flux reversal on the track if Write Cate is active.
This signai must be driven Io an inacrire.,tate,
+ MFI\4 Write Data more negative rhan - MFNI
Write Data, by the host system when in a read
mode.

The delay from the leading edge of Write Gate to
the Write Data pulse is 400 nanoseconds, max-
imum.

Host controllers may implemcnt rvrite
precomnensation circuits rhat recognize uorsl
case patterns and adjust the write dala waveform.
Although a value cannot be specified for write
precompensation, Tandon suggests a value of l2
nanoseconds for systems using MFM double den
sity recording format starting at cyclinder 128.

MFM READ DATA

The data recovered by reading a prerecorded
track is transmitted to the hosr system via the dif-
ferential pair of MFM Read Data lines. The tran-
sition of the + MFM Read Data line going more
positive than the - MFM Read Data line
represents a flux reversal on thc track of the
selected head.

3.6 DRIVE ADDRESS AND
OPTION SELECTION

The drive address and option selection is deter-
mined by the programmable jumper blocks

located on the logic circuit board. If jumper con-
figurations are changed, porver should be cycled
oll and on, so that rhe microprocessor can
recognize the nerv con figuration.

The option programming guide is containcd in
Table 3-3.

3.7 SHIPPING PACK AND
HANDLING

Figures 3-l I through 3-13 provide basic informa-
tion on recommended design guidelines for
packaging systems.

From various drop tests conducted, it has been
established that drives sub.jected to shock loads in
excess of forty G's may be damaged and conse-
quently not meet published perforrnance
specifications for data reliability,, margins, and
function.

In order to avoid media or head damage, it is
recommended that:

l. Drive mounting designs incorporale 5ome
typc of shock dampening consideration.

2. Shipping cartons protect the drive within
the sysrem to withstand forty G's.

3. Individual drives are handled carefully,
e.g., receiving and in-process personnel are
property lrained, surface mats are uscd on
lvorking surfaces to prevent the possibility
of "handling shock, " and padding is plac-
ed on racks and carts.

Please emphasize the critical aspects of handling
these drives to all concerned people. ln addition,
Tandon provides technical assistance on packing
and handling to customers upon request.
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NOTES:

O : Omit
I = install

Table 3.3
OPTION PROGRAMMING GUIDE

Option
Jumper Function

Factory
Programmed,

User
Accessible

Usage

\\'15

\\r16

RT\\'7

wT\1'8

s4w9

s3\\' l0

s2w1l

s1\\:12

ui9

Drive Select

Inder

Read Tern.)inator

Write Terminator

Drivc Sclcct 4

Drive Selcct 3

Drive Select 2

Drive Select 1

Terminator Pack

I

I

I

o

O

o

I

I

I
I

Omit W15 for drive to-controller lines. cnabled
nhen dril e noL seiected"

Onrit w16 for inder to controller linc. cnabled
uhcn drivc not seiected.

Install only at thc cnd drive for daisy chain data.
InsLall in all drives lor radial data.

Install one of four plugs only.
to drive address

Plug corresponds

lnstall at thc end drivc onl.v lor claisy chain
control lines.
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SECTION 4

TROUBLESIIOOT ING GUIDE AND
REPLACEMENT PROCEDURE

INTRODU CfI ON

This section is deslgned to help locate and correct failures related
to the drive. Table 4-2 is a troubleshooting guide outlining the
prcblem, its possible cause, and the recommended action, T'his section
aiso contains parts removal, replacement, and adjustment procedures.

In all cases, the power supply voltages should be checked llefore
proceeriing.

4.1 TROUBLESHOOTlNG GUlDE

TEST EQUI PMENT

The foLiowing test equipment, or its equivalent, is recommended:

I. oscifloscope, Tektronix 465 -- vertical and horizontal
sensitivity plus three percen! specified accuracy -- with
thr:ee L0x probes, each wilh individual ground Ieads.

2. Counter Timer, Monsanto Model 100B.

3, Di-qitai Voltmeter (DVM), John FIuke Model 8OOA.

TEST POINTS

Table 4-1 contains each test point by function name. AI1 test points
referred to are on the lcoic board. Figure 4-1 illustrates their
iccat ion .

TABLE .i - 1
TEST POINTS

Test Pol nt Signal

TP4
TP2
TP 7
TP 8

Logic Ground
Index
Pulse Read Data
- Analog Read Data
+ Analog Read Data

4-l
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TABLE 4-2
TROUBLESHOOTING GUIDE

Problem Poss.ible Cause Recommended Action

No activity lamp. Not selected.

Lamp nol plugged in.

Lamp faulty.

Loqic board faulty,

Check for correct
drive select jumper.

CAeck Connector P-7,
if used.

Replace lamp.

Replace logic board 
"

No index. Not se lected.

Index sensor not
plugged in.

Index s ensor
misad j u sted .

Index sensor fauit.y.

Losic board faultv.

Check driye s e lecl
jumper.

Check Connector P-5.

Readjust lndex s ensor .

Replace sensor.

Replace Ioqic board,

No Track selected.

Track 0 sensor nol
plugged rn.

Track 0 s ens or
misadjusted.

Track 0 sensor fau I ly

Loqic board faulty.

Check drive select
jumper,

Check Connector P-9,

Readjust Track 0
sensor.

Replace Track 0 senso-r.

Replace logic board.

Drive not ready, Not selected.

No i,ndex.

No Track 0.

Motor not up to speed
or not turning.

Drive does not seek.
Drive does not
restore.

Check drive select

See "No index. "

See "No Track 0,"

See "Motor not up to
speed, not turning. "

See "Drive does not
seek or restore. "
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TABLE 4-2 (CONTINUED )
TROUBLESHOOTING GUlDE

Problem Poss i-ble Cause Recommended Action

D r.i ve does not
seek or restore.

Drive noL selected.

Stepper molor nct
plugged in.

Logic board fau lty .

Spi- nd 1e motor speed
misadjusted,

Stepper motor faulty.

Foreign cbJect j-:.lt e r -
fering with pos it ion-
ing arm or damper.

Check dr.i ve s el ect
jumper.

Check Connector P-8.

Replace logic board.

Readjust spi ndl e
motor's speed.

Retllrn to factory for

Remove fore i gn object .

Motor not up to
speed, not turning

Spindle motor not
plugged in,

Faulty logic board -
spindle motor circuit

Motor not up to

Mot,or f au lty ,

Check Connector P-4.

Replace Logic board,

Adjust spindle speed.

Return to factory fcr
Repair.

Does not read. selected.

Ileads not selected.

Head cable not
plugged in.

Logic board fau Ity
(see Figure 4-2),

Defective head.

Check drive seLect
j umper .

Check head select
interface I ines .

Check Connector P-6.

Replace logic board.

Return to factory f i:r
repair.

Does not read. Improper position.

Drive not readv.

See "Drive Coes not
seek or restore. "

see "Drive not ready. "



tl

lllt+

'Btr D8opour cAUsEo 8y MED|A oEFEcr

FIGURE 4_2
READ DATA WAVEFORMS 7 TPR + AND 8 TPR -

TABLE 4-2 ( CONTINUED )
TROUBLESHOOTING GUIDE

Problem Possible Cause Recommended Action
I)()es not write. Not Write Gate for

writing,

Not selected.

Heads not selected.

Head cable not
plugged in.

Logic board faulty.

Defective head.

Dr.ive not ready.

Check Write cate
interface 1ine.

Check drive s e Iect
jumper.

See "Does not read. "

Check Connector P-6,

Reblace logic board.

Return to factory for

See "Drive not readv.
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4,2 REPLACEMENT PROCEDURES

LOGIC CIRCUIT BOARD ASSEMBLY

Remova 1

To remove the Logic Circuit Board;

1. Remove the four screws that attach the circuit board to the
chassis.

2. Remove J6 vla the hole in the circuit board.

3. Remove the Connectors J4, J5, J7, and J8 from the cj.rcuit
board.

4. Sli-de the cj.rcuit board toward the side of t.he frame, and lift
up on the free sj-de of it.

Replacement

To replace the Logic Circuit Board Assembly, reverse Steps 1 through 4.

Speed Adjustment

To adjust the spindle speed using a digital counter:

1. Attach probe to TP 4,

2. Attach probe ground to frame,

3, Adjust speed control, R30, for a time period of 16,666
milliseconds, + 1*.

NOTE

Counter may read between 16,833 and 16.650 milliseconds.
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FRONT PANEL L. E. D, ASSEMBLY

. RemovaL

To remove the Front panel L.E.D. Assembly:

I. Remove the Logic Circuit Board.

2. Remove the L.E.D. Assembly by pressing the center of the Front
Panel L.E.D. Assembly with a blunt tool.

NOTE

Press from the inside to the outside of the panel

3. Remove the square retainer from the assembly,

Repla c ement

To replace this assembly, reverse Steps 1 through 3.

INDEX ASSEMBLY

Remova I

To remove the Index Assembly:

1. Remove the Logic Circuit Board.

2. Loosen the lock nut on the Index Assembly bracket.

3. Unscrew the lndex Assembly, and remove.

Replacement

To replace the Index Assembly, reverse Steps 1 through 3.

4-7



Ad j us tment

To adjust the Index Assembly:

1. Loosen the 3/8-inch locking nut.

2. Adjust the fndex Assembly between 0.006 to 0.008 inches from
the motor rotor.

3. Use a l-Qo megahertz or greater bandwidth oscilloscope.
4. Verify the A. C. signal as seen at U7, pin 14, is greater than

one voLt peak to peak (see pigure 4-3).

5. There must not be more than 100 mil,livotts peak ripple on the
base line.

VOLIAGE SCALE
1 VOLT PEn otvrsloN

I

TIME SCALE: 2 MILLISECONDS PER DIVISION
LOCATION U7-13

VOL'AGE SCAIE
l VOLT PEH 0lVrSrON

TIME SCALE: 5O MICROSECONDS PER DIVISION
LOCATION U7-I3

FIGURE 4-3
INDEX SENSOR
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FRONT PANEL

Removal

To remove the front panel

I. PuIl front panel array from frame by lifting up one edge.

2, Remove the snap-on front panel from the drive frame,

3, Disconnect the L.E.D. assembly from the Logic Circuit Board.

Replacement

To replace the front panel, connect the L.E.D, to the Logic Circuit
Board and snap on the panel over ttre drive frame.

FRAME ASSEMBLY

Remova I

To remove the Frame Assembly:

l. Remove the Logic Circuit Board.

2. Remove the three frame nuts and the six washers.

3, Remove the Frame Assembly.

RepI ac ement

To replace the Frame Assembly, reverse Steps 1 through 3.
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TRACK O SENSOB, ASSEMBLY

CAUT ION

Do not move the positioning mechanism or Track 0 siop,

Remova 1

To remove the Track 0 Sensor Assembly:

l. Remove the Logic Circuit Board.

2. Loosen the screws on the Track 0 Sensor Assembly mount.

3. Swing the mount clear, and remove the screv, that holds the
Track 0 Sensor Assembly.

Rep I acement

To replace the Track 0 Sensor Assembly, reverse Steps I through 3.

Ad justment

To adjust the Track 0 Sensor Assembly:

1. Loosen the screws.

2. Adjust the sensor so that it is 2.5 + l vo1t at U3, Pin 3,
while stepping out from Track 5 to T;ack 0. and the positioner
is on Track 2 plus or mj-nus one track,

3. Verify that U3, Pin 2, changes logic leve1 at Track 2, plus
or minus one track (see Fi-gure 4-4).

4-L0
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RECOMMENDED SPARE PARTS - TIN252

TRACK O ASSEMBLY

lNDEX SENSOR

LOGIC BOARD

BEZEL ASSEMBLY
( including L. E. D. )

LED ASSEMBLY

210939-00r

r87010-003

l8 7 490-001

187574-001

r87 571-00r

4-t2



It

7

ll'
r3

b

z

t5

l1

a

5

3

4

lo

I

551 t t7

vt2

H

--t
HDO

HD,

' uor P^Rr l
I oF FLEX I

Lssu!r,]

WUS - UN-SAFE WRITE
WDI - WRITE DATA IN
WC - WRITE CURRENT
HSO - HEAD SELECT O

HSl - HEAD SELECT I
RCT - REDUCE CURRENT
R/W - READ/WRITE
RDX - READ DATA ,'X "
RDY - READ DATA ,,Y "
V5 - VOLTAGE +5 VDC
V12 - VOLTAGE +I2 VDC
CD - CARRIER DETECT
VCT - VOLTAGE CENTER TAP
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FEATURES
. 5T506/541000 COMPATIBLE
. MULTIPLE SECTOR READIVVFITE

. UP TO sMBITS/SEC DATA RATE

. UNLIMITED SECTOB INTEHLEAVE

. AUTOMATIC FORMATTING

. CRC/ECC CAPABILITY WITH EXTERNAL ECC
G EN EBATOB/CH ECKEB

. PROGRAMtvtABLE FIETBIES

. VARIABLE SECTOB SIZE

. SINGLE + 5V SUPPLY

OESCRIPTION

The WSl010-05 is a MOS/LSI device which performs
the functions ol a Winchester Dlsk Controller/Formal
ter. lt is compatible with the Seagate ST506 and the
Shugart Associates SA1000 drives, as well as all other
511a" and 8" products utilizing the same type of inter-
face. On the host side. an 8-bit bi-directlonal bus
accepts all cornmands, data, and status bytes. The
Western Digital WD1000 series of board level control-
lers are software compatible with the wD1010-05.

Operating from a single 5 volt supply, the WD1010-05 is
implemented in NMOS silicon gate technology and is
available in a 40 pin dual-in-line package.

PIN OESIGNATION

ABCHITECTURE

The WD1010-05 Winchester Disk Controller provides
the necessary link between an 8-bit, parallel processor
and a Winchester disk drive. The WD'1010-05 may be
programmed to either automatically retry errors, or to
terminate the command. The internal architecture of
the WD10'10-05 is shown in Figure 1. lts major func-
tional blocks are:

PLA Controller
The PLA interprets commands and provides all control
functions. lt is synchronized with WCLK.

Magnitude Comparator
A 10 bit magnitude comparator is used for calculation
of drive step, direction, present and desired cylinder
position.

B-a-s

BCF

lNTRQ
NC

MR

BE

WE-

a5
AO

D7

D6

D5

D4

D3

D2

D]

DO

VSS

vcc
BCLK

RG

RD

BDBO
BFOY
DBUN
RWC

sc
TKOOO

INOEX

DFOY
STEP

DIBIN
WC LK

WG
ETGI!
TIiE
WD

40

39

38

37

36

34

33

32

31

30

29

28
27

26

2a

24

23

22

21

1

2

3

4

5

6

7

8

I
10

11

12

l3
14

i5
16

17

18

19

20
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PIN DESCRIPTION

PIN
NUMBER MNEMONIC SIGNAL NAME FUNETION

3

7

I

9
10
11

thru
19

20

21

22

zc

26

27

28

29

30

31

1

2

4

5

6

BCS

EM

INTRQ

NC

-IVR

FE

WE

c-

AO
A1
A2

07
th ru
DO

VSS

WD

tffiE
ETHE
WG

WCLK

DIBIN

STEP

DRDY

INDEX

WF

TKOOO

BUFFEF EOUN-NTER
HESET

INTEBFUPT FEOUEST

NO CONNECT

M_-ASTEF HES.ET-

B_EA-D ENAB,I-E-

\A/RITE- E-NA-B-IE

EFIFSffi
ADDRESS O-

ADDRESS 2

DATA 7
thru
DATA O

GROUND

WRITE DATA

IFE
EIFW
WRITE GATE

WRITE CLOCK

DIRECTION IN

STEP PULSE

DRIVE BEADY

INDEX PULSE

WBITE FAULT

TBACK OOO

Active low output used to enable readrng or writ-
ing o, the external sector buller.

Active low output that is strobed by the WD1010-
05 prior to read/qllg operations. This pin is
strobed whenever BCS changes state.

INTRQ is an output asserted upon completion of
a command and de-asserted when the slatus
Flegister is read or a new command is written into
the Command Register. This signal can be pro-
grammed to occur with BDRO and DRQ during
Read Command.

A logic low in this input will initialize all internal
logic.

Tristate bi-directional line used as an input lor
reading the task regisler and an output when the
WD1010-05 is reading the buffer.

Tristate bi-directional line used as an inpul lor
writing into the task register and as an output
when lhe WD1010-05 is writing to the butter.

A logic low on this input enables both WE and RE
signals.

These three inputs select the register to receive/
transmit data on D0-D7

8-bit tri-state bi-directional bus used tor transter of
commands, status, and data.

Ground

This output contains the MFM clock and data
pulses to be written on the disk.

Precompensation outputs used to delay the WO
pulses externally.

This output is set to a logic high belore writing is to
be perlormed on the disk.

4.34 or 5.0 MHz clock input used to derive all
internal write timing.

This output determines the direction the stepping
motorwill move the heads. High = in, Low = out.

This output generates a pulse for slepping the
drive motor.

This input must be at a logic high in order for com-
mands to execule-

A rising edge on this input informs the WD1010-05
when the index hole has been encountered.

An error input to the wD10l0-05 which indicates a
lault condition at the drive.

An input to the WD1010-05 which indicates posi-
tioning over track 000.
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PIN DESCRIPTION (Continued)

PIN
NUMBER MNEMONIC SIGNAL NAME FUNCTION

.)a

33

34

35

36

37

38

39

40

SC

RWC

DRUN

BRDY

BDRO

RD

RG

BCLK

vcc

SEEK CO[/PLETE

BEDUCED WRITE
CUBRENT

DATA RUN

BUFFER HEADY

BUFFER DATA
REOUEST

READ DATA

READ GATE

READ CLOCK

+ 5 VOLT

A rising edge on this input informs the WO1010-05
when head settling time has expired. ln the For.
mat Command it is used to extend the gap.

This output can be programmed to reduce write
current on a selected starting cylinder.

This input informs the WD1010-05 when a field of
one's or zeroes have been detected.

This rising edge is activated input is used to
inform the controller that the sector buffer is full or
empty.

BDRA and DBO (Bit 3 Status Registe0 are
asserted when the Buffer is to be read rrom or
written to, by the Host. BDRQ can be used by a
DMA controller or by the Host during Pro-
grammed l/O. DFQ must be polled by the Host if
used during programmed l/O.

Data input from the Drive. Both i,4FM clocks and
data pulses are entered on thrs pin.

This output is set to a logic high when data is
being inspected from the disk.

A nominal square wave clock input derived trom
the external data recovery circuits.

+5V

€
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CRC LOGIC

ORIVE
rFc

rFc

AE

we

INTRO

MF

CS

eZi
ERDY

BORO

E-cs

FO

STEP
DIFIIN

EAtrLT
TFTE

OADY

IKOOO
INDEX

SC

BG

DRUN

vcc 
-->VSS 

->
FIGURE 1.

WD1O1O BLOCK OIAGBAM
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CRC Logic
Generates and checks the cyclic redundancy check
characters appended to the lD and data Iields. The
polynomial is X16 + X12 + X5 + 1 .

MFM Encode/Decode
Encodes and decodes [,1FM data to be written/read
from the drive. The [/FM encoder operates from
WCLK; a clock having a frequency equivalent to the bit
rate. The MFM decode operates from RCLK; a bit rate
clock generaied from the external data separator.
BCLK and WCLK need not be synchronized.

AM Detect
The address mark detector checks the incoming data
stream for a unique missing clock patlern (Data = A1
hex, Clock = 0A hex) used in each lD and data field.

Host/Bufler IFC
This logic contains all of the necessary circuitry to com-
municate with the 8-bit host processor.

Drive IFC
This logic controls and monitors all lines f rom the drive,

with the exception ot read and write dala.

DRIVE INTERFACE

The drive side ot the WD1010-05 controller requires
three sections of external logic. These are buffers/
receivers, data separalor, and write precompensation,
Figure 2 illustrates a drive side inlertace.

The butler/receivers condition the control lines to be
driven down the cable to the drive. The control lines are
typically single-ended, resistor terminated TTL levels.
The data lines to and lrom the drive also require butfer-
inq, but are differential RS-422 levels. The interface
specification to the drive can be lound in the manufac-
turers'OEM manual, The WD1010-05 supplies TTL
compatible signals, and will interface to most bufferi
driver devices.

The data recovery circuits consist ot a phase-lock loop
data separator and associated components. The
WD1010-05 interacts wilh the data separator through
the DRUN and HG signals. The block diagram of the

RG
OFUN

a0
RCLK

w01010

EIFIY
l7iE
nwc

STEP
DIRIN

DBDY

TKOOO

INOEX

SC
WG FIGURE 2,

DRIVE INTERFACE BLOCK DIAGRAM

DRUN

BD

wD1010

FCLK

RG

FIGURE 3,
DATA RECOVERY CIBCUIT
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FtcuBE 4. (CONT.)
PPL CONTROL SEQUENCE FOR DATA FIELD

data separator circuit is shown in Figure 3. Read data
from the drive is presenled to the BD input of the
WD1010-05, the reference multiplexor, and a relrigger- \-.
able one shot. The read gate output will be low when
the WD1010-05 is not inspecting data. The PLL at ihis
time should remain locked to the rereronce clock.

When any Flead/Write command is initiated and a
search for address marks begins, the DBUN input is
examjned. The DFIUN one-shot is set lor slightly
greater than one bil time, allowing it to retrigger con-
stantly on a lield of ones and zeros. An internal counter
times oul to see that OBUN is high for 2 byte times.
Read gate is set by the WD1010-05, switching the data
separator to lock onto the incoming data stream. lI
DRUN falls priorto 7 bytestimes RG is lowered andthe
process is repeated. Read gate will remain aclive high
until a non-zero, non-address mark byte is detected. lt
then will lower read gate for 2 byle limes (to allow the
PLL to lock back on the relerence clock) and start the
DRUN search over again. ll an address mark is
detected, read gate will be held high and the command
will continue searching lor the proper lD field. This
sequence is shown in the flow chart o, Figure 4.

The write precllpensation logic is controlled by the
signals BWC, Early and Late. The cylinder in which the
RWC line becomes active is controlled by a register in
the Task File. lt can be used to turn on the precomp cir-
cuitry on a predetermined cylinder. lf the wrile precomp
register value is FF, then FIWC will always be low.

The signals Early and Late are used to tell the precomp
how much delay is required on the write data pulss
about to be sent. The amount of delay is determined
externally through a digilq!!elay line or equivalent cir-
cuitry. Since the signal Early occurs after the fact, write
dala should be delayed one interval when botlS-!
and Late are deasserted; two intervals when Late is
asserted; and no delay when Early is asserted. An
interval, lor example, is 12-15 ns. on the 5T506. Early or
Late will be active slightly ahead of the write data pulse;
Early and Late will never be asserted at the same time.
The EEI La-te signals tunction independently ol the
content of the RWC regisler.

Examples lor all lhree of the above circuits can be
tound in the WD1010 Application Note.

HOST INTEHFACE

The primary interlace between the host processor and
the WD1010-05 is through an 8-bit bidirectional bus.
This bus is used lo transmit/receive data lo both the
WD1010-05 and a sector buffer. The sector butfer is
constructed with either FIFO memory or static RAM
and a counter. Since the WD1010-05 will make the bus
aclive when accessing lhe sector buffer, a lransceiver
must be used to isolate the host during this time. Figure
5 shows a typical connection to a sector bufler imple'
mented with BAM memory. whenever the w01010-05
is not using the sector buffer, the BCS is deasserted.
This allows the host to access the WD1010's Task Fi16,

and to set up parameters prior to issuing a command. lt
also allows the host to access the RAM buffer. A \-'
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decoder is used to generate a chip select when AO-A2
are'000'; an unused address in the WD1010-05. A
binary counter is enabled whenever FiE or WE goes
active and incremented on the trailing edge oI the chip
select. This allows the host to access sequential bytes
within lhe BAM. The decoder also generates another
chip select when AO-A2 + '000'; allowing access to lhe
WD1010-05's internal registers while keeping the BAM
tri-stated.

During write sector commands, the processor sets up
data in the Task File and issues the command. The
WO10'10 then generates a status to inform the host it
may load the buffer with the data to be written. When
the counter reaches its maximum count, the BRDY sig-
nal is made active (by the "carry" out of the counter),
informing the WD1010-05 that the bufler is full. (BHDY
is a rising edge activated signal). The BCS is then
asserted, disconnecting:lle host through the trans-
ceivers, and the RE and WE lines become outputs from
the WD1010-05 to allow it access to the bufler. When
the WD1010-05 is done using the buffer, it disables

EdS which again allows host access to this local bus.
The read sector commands operate in a similar man-
ner, except the bulfer is loaded by the WD1010-05
instead o, the host.

Another control signal called BDRO can be connected
to a DMA controller in the Host, or can be polled by the
Host for programmed l/O. For furlher explanation, refer
to the description ol the individual commands and the
A.C. Timing Specitications. ln a read command; an
interrupt may be speciried to occur either at the end of
lhe command or when BDRO is activated. The INTRQ
is cleared either by reading the status register or by
writing a new command in the command register.
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HOST
PFOCESSOR

DAIA AUS I8)
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FIGURE 5.
HOST INTERFACE
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Az At AO READ WRITE

000
001
010
011
100
101
110
111

(Bus Tri-Stated)
Error Flags

Sector Count
Sector Number
Cylinder Low
Cyilnder H igh
SDH
Status Reg ister

(Bus Tri-Stat-6d)
Wrlte Precomp
Cy inder
Sector Count
Sector Number
Cylinder Low
Cylinder H igh
SDH
Command
Feg ister
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TASK FILE

The Task File is a bank of n ne registers used to hold
parameter information pe(aining to each command.
These registers and their addresses are:

NOTE: Begisters are nol Cleared by master reset
(Nr F).

ERROR REGISTES

This read-only register conta ns spec flc error starus
after the compLetion of a comrnand. These bits are
defined as follows:

76543210

Bit 7 - Bad Block Detect
This bit is set when an lD Iield has been encountered
that contains a bad block mark. Used for bad sector
mapping.

Bit 6 - CRC Data Field
This bit is set when a CRC error occurs in the data tield.
With Retry enabled, ten more attempts are made to
read the sector correctly. lf none of these attempts are
successful, the Error Status is set also (bit 0 in the Sta-
tus Begister). lf one of the attempts is successful, this
bit remains set to inform the Host that a marginal condi-
tion exists. However, the Error Status bit is not set. Even
if errors exist, the data can be read.

Bit 5 - Reserved
Not used; forced to a zero.

Bit 4 - lD Not Found
This bit is set to indicate that the correct cylinder, head,
sector number or sector size parameter could not be
found, orthat aCRC erroroccurredon the lDfield. This
bit is set on the tirst failure and remains set even it the
error is recovered on a Retry. When recovery is unsuc.
cessful, the Error Status bit is set also (bit 0 in the
Status Begister).

Bit 3 - Reserved
Not used: forced to a zero.

Bit2-AbortedCommand
This bit is set if a command was issued while the DRDY
is de-asserted orthe WF is asserted. The aborted com-
mand bitwillalso be set ilan undelined command code
is written into the command register, but an implied
seek will be executed.

Bit I - Track Zero Error
This bit is set only by the restore ccmmand. lt indicales
thai the TK000 has not gone actrve after the issuance of
1024 stepping pulses.

Bit 0 - Data Address Mark Not Found
Th is bit ls set during a read sector command if the data
address mark is not iound after the proper sector lD
is read.

WRITE PRECOMP CYLINDER

This register is used to define the cylinder number
where the RWC s to be asserted:

LIN MBEB - 4

The value 00-FF loaded lnto th s register is internally
mult olied by 4 to specily the actual cylinder where
RWC s asserted. Thus, a value of 0'1 hex \r/ill cause
RWC to aclivate on cylinder 4; 02 hex on cylinder 8. and
so on. Switching points are then 0, 4. 8, . . . The RWC
will be asserted when the present cylinder is equal lo 4
tlmes or more than the vaiue in thls reg ster. For exam-
ple, the 3T506 requlres precomp on cylinder 128 (80
hex) and above Therefore, the write precomp cyilnder
register should be loaded with 32 (20 hex).

A value of FF hex will always cause RWC to be low, no
matter what the cy inder number values are.

SECTOR COUNT

Thls register nolds the number of sectors that are to be
iransferred 1o the buffer

This register is used during a multiple sector E/W com-
mand. The written value is decremented after each
sector is transferred to the sector buffer A zero repre-
sents a 256 sector transfer, a 1 = one sector transfer,
etc. Th s register is a "don't care" when single sector
commands are spec f ed.

SECTOR NUMBER
Th s register holds the sector number of a desired
seciorl

During a multiple sector command, this regjster speci-
fies the first sector in the transler. lt is internally incre-
mented after each transfer of data to the sector butfer.
The sector number register may contain any value from
0 to 255.

CYLINDER NUMBEB LOW

This register holds the least signiricant 8"bits of the
desired cylinder number.

BB CRC ID AC TK DM

#

t,4



LS BYTE OF CYLINDEB NUMBEB

It rs used in conjunction with the cyi nder number high
register to speclfy a range 010 io 1023.

CYLINDEB NUMBER HIGH

This reg sler delines the iwc mcst sig n if icant bits of the
cylinder n umber desired:

76543210

6 5 SECTOR SIZE
0
0
1

1

0
1

0
1

256
1ll

1024
128

Both head n umber and sector size is compared agarnst
lhed sks lDlleld. Headselectanddriveselectl nesare
nol avarlable as outputs f rom the WD1010-05. and must
be generaled exrerral y i:igure 6 shows lhe iog c to
mp errienl these select lrnes

Bit 7, the extensron brl, is used to extend the data field
by seven bytes when using ECC codes. CRC is not
appended lo the end o{ the data ileld when EXT = 1;
the data field becomes "sector sze + 7' bytes long.
CBC is checked on the lD field regardless of the state of
ihe extension bit Note that the sector size bits are writ-

lnternal to the WD1010-05, is another pai!'of registers
that hold the actual position number where the B/W
heads are located. The cylinder number high and low
registers can be consrdered tLhe cylinder destination tor
seeks and other commands. After these commands
are executed, the internal cyl nder position registers'
contents are equal to the cylinder high/iow registers. lf
a drive number change is detected on a new command,
the WD1010 05 automatically reads an lD fieid to
update its internal cylinder position reglsters. This
affects all com mands except a Restore.

{0
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SDH BYTE

This reglster conta ns the desired sector size. drive nurnber and head number parameters. The format is:

2 '1 0 HEAD #
0
0
0
0
1

1

1

0
0
1

1

0
0
1

I

0
1

0
1

0
1

0
1

HSEL O

HSEL 1

HSEL 2
HSEL 3
HSEL 4
HSEL 5
HSEL 6
HSEL 7

ten to the lD dur ng a format command. The SDH byte
written nto the lD f ield is difierent that the SDH register
contents. The recorded SDH byte does not have the
drlve number written bu1 does have bad block mark
wrltten. The formai s:

X x X X X X (e) (B)

!
0
0
1

1

q
0
1

0
1

DFIVE #
DSEL 1

DSEL 2
DSEL 3
DSEL 4

BAD
BLOCK

SIZE
I

0 0 HEAD #

H
o
S
T

wE

A2

CS

OSEL 1

DSEL 2
DSEL 3
DSEL 4

FIGURE 6.
DRIVE/HEAD SELECT LOGIG
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STATUS BEGISTER

The status register is a read-only register which
informs lhe host ol certain events performed by the
WD'l010 as well as reporting status f rom the drive
control lines. The term INTBO, il set, will be cleared
when the stalus register is read. The format is:

76543210
BSY, RDY 

. 
WF ,SC DHO, - 

,CIP ' ERR

Bil 7- Busy
This bit is set whenever the WD1010-05 is accessing
the disk. Commands should not be loaded into the
command register while busy is set. Busy is made
active when a command is written into the WD1010-05
and is deactivated at the end of all commands except
the read sector. While executing a read sector com-
mand, busy is deactivated after the sector butfer has
been filled. When the BUSY bit is set, no other bits in
either the status or other registers are valid.

Bit 6 - Ready
This bit rellects the stale of DRDY.

Bit5-WriteFault
This bit reflects the state of the wF. whenever the wF
bit goes high, an interrupt will be generated.

Bit4-SeekComplete
This bil rellects the state of the SC. When a seek has
been initiated by a command, it will pause until the
seek is completed.

Bit3-DataRequest
This bit reflects the state of the BDRQ. lt is set when the
sector buffer should be loaded with data or read by the
host, depending upon the command. DRQ/BDRO
remains high until BRDY is sensed, indicating the oper-
ation is completed. The BBDQ signal can be used in
DMA interfacing or Programmed UO, while the DRQ bit
can be used only for programmed !/O transters.

Bit 2 - Reserved
Not used. This bit is always forced to a zero.

Bit 1 - Command in Progress
When this bit is set, a command is being executed and
a new command should not be loaded until reset.
Alihough a command may be executing, the sector
buffer is still available for access by the host. When the
WD1010 is not busy (bit 7 = 0) the status register may
be read. lf olher registers are read while ClP, the status
register contents are returned.

Bil 0 - Error
This bit indicates that a non-recoverable elror has
occurred. When the Host reads the status and rinds
this bit set, it must then read the Error Register to deter-
mine the type ol error. This bit is reset when a new com-
mand is written into the command register.

COMMAND REGISTER

This write-only register is loaded with desired
command:

COMMAND

The commands begins to execute immediately upon
loading. This register should not be loaded while the
Busy or CIP bits are set in the status register. The
INTRQ, il set, will be cleared by a write to lhe
command register

INSTRUCTION SET

The WD1010 will execute six commands. Prior to
loading the command registei the host must first set
up lhe task file with the proper information needed
lor the command. Except lor the command byte, the
other registers may be loaded in any order- Any
subsequent writes to the command regisler will be
ignored until execution is completed indicated by the
resetting of the CIP bit in the status register

COMMAND SUMMARY

R3.RO Rate Field

For 5 MHzWCLK:
R3-R0 = 0000 - =35ps.

0001 - .5 ms.
0010 - 1.0 ms.
0011 - 1.5 ms.
0100 - 2.0 ms.
0101 - 2.5 ms.
01 10 - 3.0 ms.
01 11 - 3.5 ms.
1000 - 4.0 ms.
1001 - 4.5 ms.
'1010 - 5.0 ms.
'1O11 - 5.5 ms.
1 100 - 6.0 ms.
1101 - 6.5 ms.
1110 - 7.0 ms.
1.11'l - 7.5 ms.

Bit 0, ("T") Read Sectoi Write Sector Commands

T = 0 Enable retries
T = l Disable retries

M = Multiple Sector Flag

M = 0 Transfer'1 secior
M = 1 Transfer multiple sectors

| = Interrupt Enable
0, lnterrupt at BDRQ time
1, lnterrupt at end of command

COMMAND 765 432 '1 0
RESTOBE
SEEK
READ SECTOR
WRITE SECTOR
SCAN ID
WBITE FORMAT

0 0 0 IR3R2R1 R0
0 '1 1 1 R3 R2 H1 RO

00101M07
00110M07
01000007
01010000
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issued and the W01010-05 waits for a rising edge on
the seek complete line belore issuing the next pulse. ll
10 index pulses are received without a rising edge ol
seek complete, the wD1010 will switch to sensing the
level of the SC line. lf after 1,024 stepping pulses, the
TK0O0 lines does not go active, the WD1010-05 will sel
the Track Zero error bit in the error register and termi-
nate wilh an INTBQ. An interrupl will also occur iI the
write laultgoes active orthe DRDY goes inactive during
execution.

The rate lield specilied (R3-RO) is stored in an internal
register for luture use in commandswith implied seeks.

SEEK COMMAND

Since except lor the SCAN lD all commands leature an
implied seek, the seek command is primarily used lor
overlap seek operations on multiple drives. The actual
step rate used is taken lrom the rate field, which is also
stored in an internal register tor luture use. lf DRDY
goes inactive or WF goes active, the command is termi-
nated and an INTBQ is generated.

The direction and number oI step pulses needed are
calculated by comparing lhe contents of the cylinder
register high/low to the cylinder position number stored
internally. After all steps have been issued, the inlernal
cylinder position register is updated and the command
is terminated. Seek complete is not checked at the
beginning or end ol the command.

lf an implied seek was performed, the WD'1010-05 will
wait until a rising edqe ol SC is received. lf 10 revolu-
tions occur before the rising edge of SC, the WD1010
will switch to level sensing ot SC.

READ SECTOR

The read seclor command is used to transfer one or
more sectors of data from the disk to the sector bulfer.
Upon receipt of this command, the WD1010-05 checks
the cylinder registers against its internal cylinder posi-
lion registerto see ifthey arethe same. lfnot, the direc-
tion and number ol steps calculation is perlormed and
seek takes place. lf an implied seek was performed, lhe
WD10'10-05 will search until a rising edge of seek com-
plete is received, Write Fault and DRDY lines are
checked throughout the command.
After seek complete is found to be true (with or without
an implied seek), the search tor an lD field occurs. The
WD1010-05 must tind an lD with the correct cylinder,
head, sector size, and CBC within 10 revolutions iI T bit
of command is zero, and within 2 revolutions if T = 1 ;

else the appropriale error bits will be set and the com-
mand terminated ilT = 1. Both the Read and Write sec-
tor commands feature a "simulated completion" to
ease programming. DRQ/BDRQ will be generated
upon detecting an error condition. This allows the
same program flow for successful o, unsuccesslul
completion of a command. ll T = 0, an automatic scan
lD is performed to obtain cylinder position intormation
and then, if necessary, a seek is perlormed. The search
lor lhe correct lD lield is continued for 10 more disk
rotations.

{
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RESTORE COMMANO

The restore command is usually used on a power-up
condition. The actual stepping rate used for the restore
is determined by Seek Complete time. A step pulse is
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SCAN ID
GET CYL fl

OR NOT
HEADY

DELAY
ACCOBD NG TO

RATE FIELD
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SCAN LD

GET CYL #

& NTEBNAL
CYL SAME

PULSE 6Ch
SET INTRO, AC

RESET BSY. C P, BCS SET NTBO.
BESET BUSY. CIP. BCS

.lf T bit of command = 1 then dashed path is taken after 2 index pulses.

l

l

I

NOTE'I

l



€g

o
o
Ur

INCREMENT SECTOR #
DECBEMENT SECTOR

COUNTDEACIIVATE BCS
PULSE 6CF

SET AORO
BESET BSY

- lI T bit of command
'*tf T bit oI command

1 then dashed path is taken.
1 lhen test is for 2 index pulses.
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PULSE EcF
RESET BSY CIP

DAM FOUND

INCBEMENT SECTOR #
OECREMENT SECTOR

COUNTDEACTIVATE BCS
PULSE B_CF

SET BDRO
RESET ASY

*lf T bit of command
'.lf T bit of command

1 then dashed path is taken.
1 then test is for 2 index pulses.





When the data address mark is found, the WD1010-05

ls ready to transfer daia io the burfer. After the sector
data has been traflsferred, the I ilag is checked. lf lhe I

ag is 0. the INTRC is made active coincident with
dDRQ. indicating a transfer of data rs required by the
hosi. lf i = 1, the INTRG will occur at the end of the
comm and (i. e., after the buffer is unloaded by the host).

An optional ful flag may be set for multip e sector trans-
fers. When M = 0, one sector s transferred and the
sector count reg ster ls ignored. When M = 1. multiple
sectors are enabied. After each seclor is iransferred,
ihe WD1010-05 decrements the sector count register
and ncrements the sector number regislet The nexi
logical sector will be iransferred, regardless of the

When M = 1 (Multiple Sector ReaO

interleave. Sectors are numbered at ,ormat time by a
byte in the lD field.

Forthe WD1010 to make multiple sectortransfers to the
bufier, the BRDY line must be toggled low to high lor
each sector. The sector translers will continue until the
sector count register equals zero. ll the sector count
register is non-zero (indicating more seclors are to be
transferred but the bulfer is full), BDRQ will be made
active and the host must unload the bul{er. Once this
occurs, the buffer will again be free to accept the next
sector in this multiple seclor read command.

{u
o
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1)

2)

3)
4)
5)
6)
7)
8)
9)
0)
i)

(1

(1

Host:
1 010:
1010:
1010:
'1010:

10.10:
Host:

Buffen
'1010:

1010:
1010:

Sets up pcramerers: issues read sector co'nma.ld.
St.ooes BeFi: ser BeS = o tOnt
Finds sector specified; transtei's data to buffer (by WE strobes).
Decrements sector count registeI lncrements sector number register
Strobes BCF; sets BCS = 1 (Off).
SEIS BDBQ = 1: DFQ fIAg = 1.

Beads out content of buifer (by FE strobes).
lndicates data has been transferred by asserting BRDY.
When BFDY is asserted, go to (11) f sector count = 0.
Go to Step (2).

Activates INTBQ.

WRITE SECTOR

The write sector comn"and s used io wr te one or more
sectors of data to the disk. Upon receipt of this com-
mand, the WD1010-05 checks the cyl nder registers
against ts internal cyiinder position register to see if
they are the same. lf not, the direct on and nurnber of
steps are calculated and a seek command iakes place.
Write fault and DRDY lines are checked throughout the
ccmmand.

After Seek complete is found to be true (with or without
an mplred seek), the BDRQ signal is nrade active and
the host proceeds to load the buffer. When the
WD10]0-05 senses the BRDY line going high, the lD
field with the specified cylinder head, and sector size ts
qearched for. Once found, the write gate signal is raised

- and the data is writien to the disk. lt is necessary to
resynchronize the write data due to the fact that a blt
cell can extend rrorn 295ns to 315ns during a write

cycle. If retries are disabled and if the lD f ield cannot be
found within 2 revolutions. the lD not found b t is set and
the command is iermrnated.

lf retrles are enabled. and the lD field cannot be found
wilhin 10 revolutions. an automatic scan lD and seek
commands are performed. The lD Not Found error bit 1s

set if the lD field is not found after 10 more revolutions.

During a muitiple sector write operation (M f lag = 1;,

the sector number s incremented and the sector count
register is decrementeC. lf the BRDY line is asserted
after the tirst sector is read out of the buffer, the
WD1010-05 will ,ontinue to read data out of the buffer
for the next sector. lf BRDY is inactive, the WD1010-05
will raise BRDQ and wait for the host to place more data
in the buffer

When M = 0 (Single Sector ReaO

( 1)
(2)
(3)
(4)
(5)
(6)
\7)
(8)
(e)
(10)

Host:
1010:
1010:
1 010:
1010:
1 010:
Hosl:
101C:
1 010:
Host:

Sets uD parameters; issues read sector command.
Strobes BeR-: sets EeS = 0 (On).
Finds sector specified; transfers data to buffer 1by WE strobes).
Strobes EeF; sets BCS-= 1 (Off).
SEIS BDBQ = 1; SEIS DRQ fIAg.
l+lhlr-lrh^^,O\
Reads cLr conle'rts of ouffe'1by strobrng R-E).

lryaits fcr BRDY then sets INTBQ = 1; End.
Sets INTFQ=1.
Feads out cortelts of ouffe'(by strob ng REt: End.
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NOTE'

NO YES

NO
YES

YES

_

YES

YES
NO

YES
YES

-lI retries disabled then dashed path is
taken after 2 index PUlses.

RESET lNTNO
ERRORS DRO
SET BSY, CIP

SCAN IO
GET CYL *

WRITE DATA
TO SECTOR

THEN OEASSERT WG
SET IO NOT FOUND

INTRO BESET 8SY CIP

INCREI\4ENT SECTOB
NUMBEF:DECBEMENT

SECTOR COUNT

OEACTIVATE BCS
PULSE 6C_F

ACTIVATE BDRO

246



ln summary then, the write sector operation is as follows:

1) Host: Sets up parameters; issues write sector command.
2) 1010: sers BDHA= 1. DRO flag- 1.

3) Host: Loads bufler with data (by WE strobes).
4) 1010: Waits for BRDY = low to high.
5) 1010: Finds specilied lD lield, write out sector
6) 1010: It M=0, then interrupt; End.
7) 1010: lncrements sector numbef decrements sector count.
8) 1010: lf sector count = 0, then interrupt; End.
9) 1010: Go to (2).

{
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SCAN ID

The scan l0 command is used to update the head, sec-
lor size, sector number and cylinder registers.

The ready and write lault lines are checked throughout
the command. When the lirst lD field is encountered,
the lD information is loaded into the SDH, cylinder, and
sector number registers. The internal cylinder position
register is also updated. lf a bad block is detected, the
bad block bit will also be set. CRC is checked and if
an error is found, the WD1010-05 will retry up lo 10
revolutions to find an errorjree lD field. There is no
implied seek with this command and the bulfer is lefl
undisturbed.

FORMAT

The format command ls used to format one track using
the task ,ile and the sector bufler. Ouring this com-
mand, the seclor buffer is used ror additional parame-
ter information instead oI sector data. Shown in Figure
7 is the contents of the sector bulfer for a 32 sector track
format with an interleave factor of two. Each sector
requires a two byte sequence. The lirst byte designates
whether a bad block mark is to be recorded in the sec-
tor's lD field. A 00 is normal; a 80 hex indicates a bad
block mark for that sector. ln the example of Figure Z
sector 04 will get a bad block mark recorded.

The second byte indicates lhe logical sector number to
be recorded. Using this scheme, sectors may be

recorded in any interleave factor desired. The remain-
ing memory in the sector buffer may be filled with any
value; its purpose is only to generate a BFOY to tell the
WD1010-05 to begin formatting the track.

An implied seek is also in eflect on this command. As in
olher commands, if the drive number has changed, an
lD field will be scanned for cylinder position information
before the implied seek is performed. lf no ID rield can
be read (because the track had been erased or
because an incompatible format had been used), an
IDNF error will result and lhe Format command will be
aborted. This can be avoided by issuing a Flestore
command belore formatting.

The sector count register is used to hold the total num-
ber of sectors to be formatted, while the sector number
register holds the number of bytes minus 3 to be used
for Gap 1 and Gap 3; for instance, if the seclor count
register value is 2 and the sector number register value
is 0, then 2 sectors are writien and 3 bytes ol4E hex are
written for Gap 1 and Gap 3. The data fields are filled
with FF hex, and CFIC is automatically generated and
appended. The sector extension bit of the SDH register
should not be set. After the last sector is written, 4E hex
is filled until index.

The Gap 3 value is determined by the drive motor
speed variation, data sector length, and the interleave
factor. The interleave factor is only important when 1:1

ADDB
DATA

01234567
00
08
10
18
20

30
38
40

:

,.

FO

00
00
80
00
00
00
00
00
FF

00
02
04
06
08
OA
OC
OE
FF

00
00
00
00
00
00
00
00
FF

10
't2
14
16
18
1A
1C
,1E

FF

:

00
00
00
00
00
00
00
00
FF

FF

01
03
05
07
09
OB
OD
OF
FF

00
00
00
00
00
00
00
00
FF

11

13
15
17
19
1B
10
1F
FF

FF FF FFFF FF FF FF

FIGURE 7.

FORMAT COMMAND BUFFER CONTENTS
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WF TE GAP 1

OF GAP 3

SE EK
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SECTOB
COU NT

=a

OFVE#
CHANGED

RESET \1]G. BCS
PULSE EeF
SET NTBO

FESEi BSY C P
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ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS

VCC with respect to VSS (Ground) .......... +7V
Max Voltage on any Pin wlth

respect to vss - 0.5v to + 7v
Operating Temperature .... . 0'Cto70'C
Storage Temperature ......... -55'Cto + 125"C

DC Operating Characteristics TA - 0"Cto70"C; VSS

NOTE:
Maximum limits indicate where permanent device
damage occurs. Continuous operation at these
limits is not intended and should be limited lo those
conditions specilied in the DC Electrical charac,
teristics.

= 0VVCC = +5V + .25V

ACTiming Characteristics TA = O.Cto7O.C; VSS = 0VVCC = +5V t.25V

HOST READ TIMING wDl010.05 wc 5 MHZ

SYMBOL CHARACTERISTIC MAX UNITS CONOITIONS

ltL

loL

vlH
vtL
voH
VoL
Vor-
lcc

vttt
vtL
TRS

ctN

Input Leakage

Output Leakage
(Tristate & Open Drain)

lnput High Voltage
lnput Low Voltage

Output High Voltage

Output Low Voltage

Output Low Voltage (Pins 21-23)

Supply Current

For Pins 25, 34, 37, 39:

lnput High Voltage
lnput Low Vollage
Rise and Fall Time
lnput Capacitance

2.0

2.4

4.6

r10
r10

0.8

0.4

0.45

2W

0.5

30

15

mA

pA

pA

NS

pF

VtN =.4 to VCC

Vour = .a to vcc

lO = - 19614

lO = 1.6 mA

lO = 4.8 mA See Note
All Outputs Open

.9V to 4.2V points

CS TBLDt
I

RE
l.a-Tne--+r

I

F-Lroo"--i -+l i+- reP6

o"0.,
HOST READ TIMING

SYMBOL CHARACTERISTIC Mii'l *'1p"x UNITS CONDITIONS

Tnse
TDAc
TRE

TDoH
Tt-t Lo
TRDR

TcsE

ADOR Setup to FE
Data Valid lrom FiE

Read Enable Pulse Width
Data Hold from FIE

ADDB, CE, Hold from FE
Bead Recovery Time

dS Setup To n-E

100

.4

20

0

300

0

375

10

2@

ns

NS

pS

ns

NS

NS

ns See Note I
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AO, A1, 42 STABLE

OATA MUST BE VALID

HOST WBITE TIMING

HOST WHITE TIMING WDIO-IO.O5

SYMBOL CHABACTERISTIC MIN MAX UNITS CONDITIONS

TsEw
TDS

Twe
TDH

TAHW

TwER

Tcnw

ADDR, eS setup toWE
Data Bus Setup toWE
Write Enable Pulse Width

Data Bus Hold f rom WE
ADDB Hold from WE

Write Recovery Time

CS ttotd time from We

0

.2

.2

10

30

1.0

0

10

10

10

I,lS

I.lS

pS

NS

ns

FS See Note 1

See Note I
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BUFFER READ TIMING

;<- 'l-lFE

BUFFER REAO TIMING (WBITE SECTOR CMD) WD1010-0s WC = 5 MHZ

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS

TBev
TnEe

TRDS

TRR

THr
THRE

RE Float to RE Valid

HEOutput Pulse Width
Data Setup to FIE

FE Repetition Rate

RE rtoat trom BeS
Data Hotd trom RE

15

300

140

1.2

0

400

'1.6

100

500

2.0

1m

NS

NS

ns

llS

ns

ns

cL = sopt
See Note 4

cL = 5opt
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READ DATA TIMING WD1O1O-05 WC = 5 MHZ

SYMBOL CHARACTERISTIC MIN TYP 11/lAX U NIT CON DITIONS

TRcP
Txt
rxz
THD

ToRtrt

TRCF

RCLK Pu se W dth
BD from RCLK Transit on

RD to BCLK Trans tion
RD Pu lse Width

DHUN Pulse Width
BCLK Frequency

95

0

2A

40

30

.254

2000

TBcP
TFCP

TRCP

5.25

ns

NS

ns

NS

NS

IMHZ

50% Duty Cycle

See Note 6

-4t'-+t L- rwrF\__

F-- rRB --------------l
BUFFER WBITE TIMING

BUFFER WRITE TIMING (READ SECTOR CMD) WD1010.05 WC = 5 MHZ

SYMBOL CHARACTERISTIC MIN ryP MAX UNIT CONDITIONS

TwEv
TWFB

TVWE

THV'/E

TRR

TWF

WE Float to WE Valid

WE Output Pulse W dth
Data Va id f rom WE

Data Hcld lrom WE

WE- Bepetition Bate

WE Float f rom BCS-

15

300

60

1.2

15

400

1.6

r00

500

150

2.0

100

NS

NS

ns

ns

/.rs

ns

cL = sopt
See Note 4

See Note 2

CL = 50pf
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STEP

IN DEX

MISCELLANEOUS TIMING

B.F M

MISCELLANEOUS TIMING

=I
o
?o(,l

NOTES:
'1. AC iiming measured at VOH = 2.0V VOL = 0.8V 6. Tp6p = TWCF t '150/0.

CL = SO pt. 7. zVlCLK t 50 ns.-
2. BasedonWCLK:5.OMHz. 8. RE may precede CS if CS plus RE meets the
3. 24 WCLK periods (4.8 1rsec at 5.0 MHz). TRE width.
4.2WCLK t 1o0ns. 9. WE may precede CS if CS plus BE meets the
5. To drive a DN,'lA coniroller BFDY must be >4 gs or TWE width.

a spurious BDRQ pulse may exist for up to 4 /..rs 10. Pins 21-23 should be loaded with a 1 K pullup
after rising edge of BRDY resistor.

MISCELLANEOUS TIMING

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS

.f no
TBC B

TSTP

TtDX

TMF
Fwc('05)
FHC(-05)

TBBY

TMHB

TvFtrv

BDFQ Reset from BRDY

Buffer Counter Reset Pu lse
width
Step Pulse Width
tndex Pulse Width
Master Feset Pu lse Width
Write Clock Frequency
Read Clock Frequency

BBDY PUIse Width
MF Trailing To Be R

MF Trailing To Host Write

40

1.4

500

24

.25

.25

800

t.o

6.4

1.6

8.4

5.0

5.0

3.2

200
1.8

8.7

5.25

5.25

6.4

ns

/rs

t{s
NS

WC
MHz

MHz

NS

fS
lS

See Note 2

See Note 2

See Note 3

50% Du'ty Cycle,

See Nole 6

See Note 5

See Note 2

See Note 2

BBDY

BDBO
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WRITE DATA TIMING WD1O1O.O5 WC = 5 MHZ

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS

TWC

Two

TwLe
TELw
Twcr

WCLK PUIse Width

Prepagation Delay WCLK
IO WD

WCLK to Leading Early/Late

WCLK to Trailing Early/Late

WCLK Frequency

95

10

10
'10

.250

2000

65

65

65

5.25

ns

ns

ns

ns

MHZ See Note 6

ln,ormalron lurnrshed by Wesiern Drgilal Corporalion is believed lo be accurcte a^d reliable. However, no responsibility i9 assum6d by Wost€rn Oigitat
Corporalion ior rls user nor lor any rn,/ingemenis ol palents or olher oghls ol lhird p6nies which may result lrom ils use. No license is grantod by
lmplrcalion or olherwrse under any palenl or palent nghts o, Weslern Drgrtal Corporation. Weslern 0igital Corporalaon resorves the right to change
specilicalions ai anylime wrlhoui notrce.
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WESTEEIV DIGITAL

WD1010 Application Notes

FLEXIBLE CONTROLLER MATES WITH POPULAR
WINCHESTER DRIVES

To take advantage oI the growing demand for Sea-
gate Technology{ype 51/1-in. Winchester disk drives
in personal computers, electronic work slations, and
small-business systems, designers need an appropri-
ate controller that is inexpensive. ln lacl, today's
designs must implement lhe control link between a
host CPU and a disk drive at far lower cost than the
drive itself. That requires a singlechip controller
rather than discrete, gatsarray-intensive circuits that
take up valuable board space in ever smaller compu-
ler equipment.

Such a device is now available in the lorm of an LSI
single-chip Winchester controller-f ormatter The chip
incorporales 80% of the circuitry required for Win'
chester control, eliminating between 50 and 75 SSI
and MSI devices used in earlier designs.

A controller that claims Seagate compatibility must
be sufliciently llexible to meet not only the com-
pany's original 5T506 specifications, bul also the
various deviations from them. The basic specifica-
tions include a data rate ot 5.0 Mbils/s and open-
collector outputs and differential signal inputs tor the
separate control and data interface cables. The
recording format is modified frequency modulation
(MFM), but more importantly, the slructure of the
format defines both specific address-mark bytes and
lD tields. These are fixed specifications, but manu'
Iacturers of Seagal+type drives sometimes make
other changes. For example, the track density on
high-capacity drives may be greater than that in the
original 5T506 specifications. Also, the number ol
sectors and bytes per sector on each cylinder can
vary according to the application. ln each case, a
compatible controller must be able to handle the
original specifications plus the devialions.
The 5T506 interface is a spinofl of the Shugart
Associales SA1000 drive, first introduced in 1979.
Two important dilterences between the interfaces are
the data rates and a timing.clock differential signal
on the SA1000. The latter operates at 4.34 Mbits/s vs
5 Mbits/s for the 5T506, bul the remaining signals
have enough similarity lo permit a single controller
design to run either an &in. SA1000 drive or the 5%-
in. ST506 drive. The advantage ol the WDt010 Win.
chester controller-formatter is that it works with
either and with other manufacturers' variations as
well-

Operation of the drive begins when a host processor
initiates a command after lirst loading a set ol inter.
nal task regisiers called the task file. lnrormation
such as cylindef secto[ and head number is written

to these registers, which are selected by address
lines. The memory-mapped register scheme allows
individual accesses to each register. Thus the host
need not waste valuable time reading all the registers
to obtain a specif ic parameter.

The WO1010, which comes in a 4Gpin OIR is run by
an internal microcontroller - a PLA (programmable
logic array) serving as a state machine (Fig. 1). This
logic controls the llow ol data throughout the chip,
recognizes and processes commands, and formats
the data.

WRITING AND BEADING DATA

During a write operation, patallel data is read trom the
data bus and written to a specilic sector But lirst the
cylinder and sector must be located on the requested
disk drive. The WD1010's micrccontroller accesses
its intemal cylinder-position data and compares it
with the requesled cylinder number. lf necessary a
seek is perlormed automatically to position the head
assembly over the desired cylinder
lf the drive requested is changed before a seek com-
mand is executed, the WD1010 enables its read logic
and searches for an lO tield on the currently selected
drive. Then it reads the cylinder number from the new
lD field and delermines whether to seek in or out to
find the requested cylinder. This socalled implied
seek is a feature oI all commands (see "Macro Com-
mands Provide Mulliple Options").

After the WDl0l0 f inds an lD field that matches the
cylinder, head, secto[ sector size and CRC (cyclic re
dundancy check) value, it writes a field of 0s and a
new address mark - later these two fields will be
used lor synchronization during a read operation. The
chip then reads parallel data in from the data bus,
serializes it, and converts it into the MFM format.
Next, a new CRC value is calculated for the incoming
data and is appended to the end ol the data field
(atter the last byte). lf the original command specilied
multiple sectors, the next logical sector must be
searched for and the process repeated. Atter the last
sector is wriiten, the WD1010 gives the bus back lo
the host and waits for the next command.

Although the chip does not generate an error correc-
tion signal, an optional command bit can be set lo
disable cyclic redundancy checks ol the data field.
The sector is extended by seven bytes to allow the
host to write its s&bit error detection and correction
code. Late[ during a read operation, these seven
bytes are transfened back to the host to permit it to
identify a syndrome and correct any enors thal wer€
encountered. For systems that require such opere
tions, the WD1014 enor detection and conection and

{
tr
o
c)

255

o rA



o
o

W01015 buffer controller chips are available. al the host. MFM data is entered on the BO pin along
{ Heading is simitar lo writing except that data is sent with a synchronous clock (RCLK) generated trom an
E, out on the data bus and writ-ten inio the sector buffer external data separator (Figure 2).

DATA BEGISTEB

HOST
INTEFFACE

PHASE LOCKED
LOOP INTERFACE

c,S

BCB

AF DY

BDRO

STEP BCLK
Dlac
EARLY
LATE
DRDY

TKOOO

INOEX
SC

BG

DBUN

Vcc --------->
Vss =->

The architecture ol the WD1o10 winchester confjflll.iolrrarter chip is designed to reduce a hosr proces.
sor"s overhead burden. An intemal microcontroller (PLA) manages data llou incoming commands, and
formatling.

Since the data rate is relatively high, the data separa-
tor must instruct the controller to lock on to the
incoming data stream only during a field of 1s and 0s.
A Data Run (DBUN) signal to the WD1010 indicates
such an occurrence. When DRUN is active. the
WD1010 counts off 16 bits - 2 byte times - sets the
Read Gate (RG) signal, and starts to search the data
stream for an address mark.

RD

DBUN

HG

wD1010

TO WD101l
DATA SFPAFATOR

Figure 2.
A separate lc - lhe w01012 - pertorms the data
separalion for the WD1010. The dala separalor sends
a DRUN signal to the conlroller when il encounters a
dala lield (1s and 0s).

IMPLEMENTING THE
PHECOMPENSATION ALGORITHM

ALREADY
SENT SENDING

TO BE
SENT

SHIFT
REQUIRED

X ,1

1 0 Early
X 0 1 I Late
0 0 0 1 Early
,i

0 0 0 Late

NOTE: All other patterns produce no shift.

256
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An address mark is a unique patlern of clock and
data bits that does not appear in any place that
normal MFM data appears. ll an address mark is not
detected within nine bytes or il a non{ pattern is de
tected within nine byies, BG is turned off and the
search repeated. since data tields within sectors can
contain 0s or all 1s, the DRUN algorithm is also trig-
gered in these cases. But the address mark will not
be detected, preventing erroneous data lrom being
transferred.

After the lD lield is compared and verified, a search
begins tor the address mark. Resynchronization oc-
curs and the data is transferred to an internal MFM-
toNRZ converter Data is then shifted through a
doublebuffered shilt register and placed on the data
bus for loading to the buffer. Eilher the cyclic redun'
dancy code at the end of the data field is checked or
the error detection and correction bytes are trans-
ferred in parallel to the host, depending on which
option is used. Then the host processor can read the
data from its local buffer

Like all magnetic recording media, Winchester disks
are not immune lo the elfects of bit shifts at high re'
cording densities. The WD1010 uses an algorithm
that informs external delay circuits when to shilt out-
going data. A register within the task file specifies
which cylinder receives reduced wrile current and if
precompensalion is needed. Typically, both occur on
the same cylinder about hall way down the disk
surface.

The W01010's precompensation signals are called
Earfy and Gie. Depending on the bit pattern leaving
the device, data will be shifted early, late, or not at all.
A WD'1011 dala separator implements the precom-
pensation delay network (Figure 3).

Since the Early signal and the current data (or clock)
bits leaving the WD1010 have already occurred, the
WD10l l performs no delay funclion on 

-afly. 
lt both

Early and Late are inactive, the WD1011 inserts a
12-ns delay; il only Late is active, it inserts a 24ns
delay The result is a i 12-ns shift of the data from its
nominal position. An inactive Reduced Write Current
(RWC) signal from the WD1010 disables the WD1011.
The WD10'10 then furnishes precompensation sig-
nals independent of current cylinder position.

INTERFACING WTH CABLES AND BUSES

The remaining function on the drive side is to provide
sufficient buflers to drive the cables between the
chip and the interface connectors. Singisended
open-collector signals are used for the control cable,
and dillerential receiver-drivers are used for the data
cable (Figure 4).. Each line must have such buffers,
since the controller is designed 10 drive one TTL load
on all inputs and outputs.

At a $Mbius data transfer rate to the host interface, a
byte of data must be read everl.6 rs - in 8-bit paral-
lel ,orm. Few microprocessors can access a port and
check status within this period. Consequently a
design objective ot the WD1010 is compatibility with
a programmed l/O environment, as well as the suP
port of off-line error detection and correction. Mor+
over, the chip can transfer multiple sectors on one
command. To achieve such performance within the
constraints of a 4Gpin package, the WD1010 relies on
a unique approach to the traditional peripheral
interface.

Three modes of communication can exist at the host
interface: between the host and the WD1010, be
tween the host and the buffe( and between the
WD1010 and the buffer For host-WD1010 commun-

{o
Jo
o

Figure 3.
Burtering circuits lrom the WD10l0 to the control cable (A) and the dala cable (B) musl be used becaus6 the col}
troller has a rather limited drive capabilily (one TTL load each on inpuls and ouiputs).

TO OFIVE INPUTS

+

INPUTS

COM l'/ON

FBO[,I DRIVE
OUTPUTS

DRIVE OUTPUTS

(A)

wD r 010

={> TO DBIVE

+
,rv_

51 51

FBOM-l; t-
+5V



ication the chip, like many microprocessors, talks ln host-buffer or WD'lOlGbufter communications
over an 8'bit bidirectional bus, pius Bead, Write and (Figure 6), when the chip reads orwrites to lhe buffei

{ chip select lines (Figure 5). Three address lines indeutter cnip serect?B_-sclline i. pJl"o'ro*lJltiJ
O access registers within the chip. signal should be used to disconnect the host data

o
Jo

c=

OBO OB7

HOST
PBOCESSOR

oo Dz

wDr010

BDRY

FCF

FE

WE

6-es

OATA BUS (8)

communicalions between a host and the wD1o10 ::grintfiecred wirh the static RAM and binary counter cir.
cuitry shown here. These devices form a sector burler lhal slores dala senl lrom lhe hosl or the c6ntroue( This
hadware handles both read and write operations on multiple seclors.

A varialion on ihe circuii ol Figure 6 uses a *rrllno'Hfi, buffer to reptace the counter.RAM circuitry. The
scteme worts well al high throughoul rates since the buller need not b€ lilled to lransler dala suppligd by th€
WD1010 lo lhe host

D86.0B7

HOST
PROCESSOR

AO

A2

es

oo'Dz

BCR

w01010

BORY

R-E

WE

ECS

DATA BUS 18)

worsro MR
DrR F|FO

gUFFEB
EMPTY

c-SB FULL
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bus and Read and Write lines from the WD1010. The
Read ( E) and Write @Fl) lines become outputs from
the WDl010 and are strobed as each byte is placed
on the bus.

The sector buffer in Figure 6 is implementeci with a

binary counter and a static HAM. With each RE or WE
slrobe, the counter is incremented so that the follow-
ing byte can be read from or writlen to the next
sequential location in the RAM. After all memory lG
cations are written lo, a carry signal from lhe counter
goes to the Bulfer Ready (BRD, line of the WD1010.
This signal inrorms the controller that the counter
has rolled over and that the buffer is either full or
empty, depending on the command.

During mulliple-sector transfers, the RAM can be as
large as the available sectors on each cylinder. The
conlroller conlinues to load the RAN4 with data when
a sector is being read. When no more memory is
available. BRDY signals the WD1010. The command
will then pause, wait for the host to dump the
memory and then begin filling the RAM again. This
scheme permits both read and write operations on
multiple sectors.

Signals for hostrnd buffer control include the Buffer
Counter Reset (BCR) line, which is pulsed when BCS
makes an active transition. BCF resets the binary
counler before a read or write operation. Since ad-
dress location 000 does not exist in the WDl0.10, a
decoder can be used to make this address location
enable the HAM and simulate a data register For
DNIA applications, the Buffer Data Request (BRDQ)
line is activated when data is available for host use.

Numerous other methods can be used with these
same control signals. For example, a firstin, first'ou1
bufter (Figure 7) can replace the counler-RAM. ln this
scheme, the host can dump data before the WD1010
fills the buf{er With sufficient throughput, the FIFO
buffer need not have the Storage capacity of an entire
seclor if the host can empty it quickly enough with a
burst mode. ln that case, the BRDY signal becomes
the OF function of the Empty and Full signals from
the FIFO buffer

MACRO COMMANDS PROVIDE MULTIPLE
OPTIONS

Each of lhe WD1010 Winchester controller-format-
tels six macro commands conlains several option
Ilags. These flags allow the selection of stepping
rates, multiple-sector lransfers, and interrupt timing.
The WD1010's task file contains additional options
thal are programmed before the command is actually
issued. The operations of each command are as
Iollows:

Reslore causes the read/write head assembly to
move to track 000. The stepping rate is determined by
the state ot Seek Complele (pin 32), which is acti-
vated by the drive to indicate its readiness. The step
ping rate specified in the Restore command is not
actually used but retained internally for an implied
seek later on.

Activation of a Seek causes a seek operation for any
desired cylinder The selected cylinder is loaded into
the cylinder register Then the controller decides
which way to seek and how many steps to use. The
Seek Complete line is not checked, making possible
overiapping seek operations on several drives.

The actual transfer of datafrom the WD1010 to sector
buffer is performed under the Read Sector command.
This command also causes a search for the specified
cylindet drive, head, and sector. lv'lultiple sectors are
specified and enabled through the sector count reg-
ister lt the multiple'option f lag is set, the number of
sectors specified are translerred to the bufler

Data in the sector bufler is written on the disk under
the Write Sector command. Like the Head Sector
command, it specif ies and enables multiple drives
through the sector count register

Both the Flead and Wrile Sector commands will retry
up to eight times before automatically performing a
reslore operation. Arter a restoration, the controller
seeks out the marginal sector and tries to determine
whether an error condilion was caused by a misposl-
tioning of the head or a problem in the actuator.

The Format command is used to initialize a track with
lD fields, gaps, and all inlormation necessary lor suts
sequent read and write operations. The sector buller
plays a unique role in this command, since it prG
vides information on error mapping and interleaving
rather than data from a sector The order in which
each sector is to be recorded is specified in the buf-
feI together with information indicating whether a
sector contains a bad block or an error ilag. Gap
sizes, number of sectors, and other informalion are
specified in lhe task file to allow further control over
the formal. By incremeniing the cylinder number reE-
isteI an entire surface can be formatted by accessing
jusl two registers.

M = Multiple Sector Flag

M = 0- transfer l sector
M = 1 - transfer muitiple sectors

I = lnterrupt Enable

| = 0 - lnterrupl at BDRO time
I = 1 - lnierrupt at end of command

€
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THER WD,IOlO'S MACRO COMMANDS

CODE

6 4 3 1 0

Res'lore 0 0 0 1 R3 R2 R1 R0

Seek 0 1 1 1 R3 R2 R,1 Bg

Bead Sector 0 0 1 0 1 M 0 0

Write Sector 0 0 1 1 0 t"4 0 0

Scan lD 0 1 0 0 0 0 0 0

Write Format 0 1 0 1 0 0 0 0
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A MULTIPLE.DRIVE SYSTEM

For multiple drivehead conf igurations, the WD.l010's
sector-drive-head (SDH) register is decoded at ad-
dress '110 to produce individual, latched drive-selec-
tion signals whenever the host wriles to this address
location. Binary head selectjon does not require a
separate decodeI since one is located at the drive.

When the WD1010 senses a change in drive numbei
it automatjcally reads a cylinder This takes place
before the execution of the current command. The
chip records the new cylinder number il has read and
stores it internally as a reference for future seek
operations on the current drive.

After the execution of any command, the WD1010 in-
forms the host processor of any errors encountered
during execution. On-board status and error registers
report error conditions and signal status from the
drive. To eliminate tedious error detection proce-

dures, the host processor need only check the error
bit in the slatus register to determine whether any
bils are set in the error register.

Bit 0 of the stalus register is set it any of 5 bits in the
&bit enor register are set - bit 0 establishes the logj-
cal OB of the status register Other error indicators in-
clude a Bad Block Detect bit, which is activated when
an lD field contains a bad block mark, and an lO Not
Found bil, which is set when the desired cylindet
head, secto( or size parameler is nol found alter 16
revolulions of the disk. The latter is also set it the
data address mark of the data field is incorrect when
a read is executed.

Dg

D1

O2

D3

D4

O5

O6

D7

WE

A2

-BCS

wD 1010

TO
DRIVE

HEAD SELECT O

HEAO SELECT 1

HEAO SELECT 2

DBIVE SELECT 1

DBIVE SELECI2

DBIVE SELECT 3

DBIVE SELECT 4

2 TO,4 LINE
DECODER

Figure 6.
FourWinchester drives can be conlrolled by lhe WDl010 using an exlemal lateh and a 2.lc4.line decoder lf lhe
drive being accessed changes, the controller perlorms an automatic read operation. ll rgcords the cylinder
number of lhe read lor tulure seeks.
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specli cal ons al anyl me wilhoul nor c€

260



wD1002s-wx2

Winchester

Disk Controller

OEM Manual

Document No.: 79-000029

2445 McCabe Way
I rvine, California 927 14

(714) 863-0503
(714) 863-0102

TWX 910-595-1139

July 1985



COPY R IGHT @ 1985 WESTE RN DIG ITAL CORP,
ALL R IGHTS RESERVED

This document ls protected by copyright, and contains informatlon proprletary to Western Digital Corp. Any copying,
adaptatlon, dlstribution, public perforrnance, or public dispiay of this documeni withoul the express wrillen consent of
Western Digital Corp. ls strictiy prohibited. The receipt cr possession of this document does not conve!'any r ghts to repro-
duce or dlstribute lts contents, or to manufacture, use, or sell anything that rnay describe, n v,/hole or in part, without the
specific written consent of Western Digital Corp.

ll



TABLE OF CONTENTS

SECTION 1 INTRODUCTION

1.1
1.2
1.3
1.4

Document Scope. . .

Description . . . . . . .

Featu res

.4.2 Address Decoding Logic .

.4.3 Conf igu rat ion Jumpers
1.4.4 Bios ROM

1-1

1-1
1-1

1.)

1.3
1,3
1-3
1.3

1-3
1.3
1-4
1-4
1.4

1.4.5 WD 1 1C00-17 Logic Array. . .

1 .4.6 WD'10C20 Winchester Data Separator and Write
Precompensation Device . .

Sector Buffer RAM. . .

WD1010A-05 Winchester Disk Controller. . . . . . .

WD 1015 Buffer Manager Control Processor . . . . .

Beset Log ic

1.4.7
1.4.8
1.4.9
1.4.10

SECTION2 SPECIFICATIONS

General .

E lectrical .

2.2.1 Host lnterf ace .

2.2.2 Drive lnterface
2.2.3 WD10C20....
2.2.4 Power...
Physical........
Environmental...

SECTION 3 INTERFACE CONNECTIONS

Organization.
Host lnterface .

Drive lnterface
3.3.1 Drive Control . . .

Drive Data Connector. ..

SECTION 4 INTERFACE TIMING
4.1 Tim ng..

SECTION 5 COMMAND DESCRIPTION

2.1
2.2

2.3
2.4

3.1
3.2
e?

.2-1

.2-1

. .t. I

. t-l

.2-1

.2-2

.3-1

. 3-1

.3-2
.A

.4-1

J.+

5.1 General . 5-1
5-25.2 l/O Port Description . . .

5.2.1 Port320......
5.2.2 Port321 ......
5.2.3 ?ort322......
5.2.4 Port323......

5-2
5-2
5-3
5-3
5-3
5-4
5-4

5.3
5.4

Command Block . . .

Test Drive Ready (Class 0, OP Code 00) . .

5.4.1 Possible Error Codes. .

It



. 5-4

. 5-4

E7
.58
tro
tro

5.6
5.7

5.5. Recalibrate (Class 0, OP Code 01).
5.5, 1 Possible Error Codes . . .

Read Status of Last Operation (Class 0, OP Code C3) . . . , . . .

Forma.r Drlve Starting at Desired Track (Class 0, OP Code 04)
5. L1 Poss,ole Error CoCes . , .

5.1 .2 lrterleaving
5.8 Verify Sectors (Class 0, OP Code 05) . .

5.8.1 Possible ErrorCodes..........
5.9 Format Track (Class 0. OP Code 06). . . .

5.10 Format Bad Track {Class 0. OP Code 07)
5.11 Read Sectors (Class 0, OP Code 08) . . . .

5.1 1.1 Possible Error Codes
5. 12 Write Sectors (Class 0, OP Code 0A) . . .

5.12.1 Possible Error Codes
5.13 Seek (Class 0, OP Code 0B).

5,9
tr,o

5.13.1 Possible Euor Codes.. ... ..

tro
RO
tro
tro
tro
tro

5-'1 0
510
5-1 0
510

5.14
5.1 5
5.16
5.17
5. 18

lnitia ize Drive Parameters {Class 0, OP Code 0C) . .

Read ECC Burst Error Length (Class 0, OP Code 0D) .

Head Sector Buffer (Class 0, OP Code 0E) . . . . . . .

Write Sec.tor Buffer (Class 0, OP Code 0F) . . . .

Execute Sector Euffer Diagnostic (C ass E, OP Code 00) . . . . . .

5.18.1 Possible Error Codes
5.19 Execute Drlve Diagnostic (Class E, OP Code 03).

5.19.1 Possible Error Codes
5.20 Ccntro ler Diagnostics (Ciass E, OP Code 04)

. 5-10

.510

. 5-10

.5-10

.5.10

5.20.3 Sector Bu i'er Test.
5.20.4 WD 1015 RAM Test.
5.20 5 WD'1015 ROM Tesl

. 5-1

.5-1

....6-1

....6-1

....6-1

.._.b I

.... b-I

....6i

....6-1

....6-3
,...6-3
..,,6-3
....6-3
..,.o-J

5,1
51

tr1
5-'1

5-1
5-1

5.20.6 Possib e Error Codes .. ....
5.21 Read Long (C ass E, OP Cocje 05) . . .

5.21.'l Possible Error Codes
5.22 Wtte Lonq (Class E, OP Cocje 06). . . .

5.22.1 Possible Error Codes

SECTION 6 THEORY OF OPERATION

,1

,1

1

1

1

b.i
6.2

G enera I

Buses..
6.2.1
6.1_ l
6.1_ 3
6.2.4
6.2.5

tost|nter.aceAddressBusA0thrc.sl.nr9,',
Host Interface Datai'Command Bus D0 through D7 . . . . .

WDi0025 WX2 lntraboard Com mand.,/Statu s Bus BD0 thi.ough BD7 .

WD10025 WX2 lntraboard Command,/Data Bus AD0 throuqh AD7. .

WD1002S-WX2 lntraboard Address Bus RA0 through 8A10. . . . .

tJ, J Bus Protocol
6.3. 1 Selecrion Phase.. .

6.3.2 Comma,ld PLase .. .

6.3.3 Da ta Pnase.
6.3.3.1 Programmed l/O Data Transfer.....
6.3.3.2 DL4A Data Transfer.

iv



6.4
6.5
b,b
a'7

6.8

6.9
6.10
6.1 1

.oz+
B ios R Ol\4

Co nfigu ration Jumpers , .

........6'4

........64

WD1 1 C00-17 Logic Array. 64
6.7.1 Status, Reed, and Wrlte Ports . . . ......... 6-4

6.'i.2 Sector Buffer BAM Addressing and Control ....64
....65

.,''.','65
WD 1015 Buffer i\4anager Control Processor
6.8 I Excep: on Fandl nq.

Sector Buffer.
WD 10104-05 Winchester Disk Controller .

WD10C20 Self-Adiu sting Data Separator
6.11.1 Clock Generator
6.'l 1.2 Write Precompensation Circuit . .

6.'l '1.3 Data Separato r

...,.....,..6-5
66

SECTION 7 INSTALLATION
1.1 Hardware and Software lnstallation
7.2 Jumper lnstallation and Locations
7.3 Bios ROM lnstallation.

....71



TABLE

1-1

LIST OF TABLES

TITLE

WD 1015 Description,

Host lnterface Connectcr {P1) P n Descript on .

Drive Contro Connector (J 1) Pin Description..
Drive Data Connectors - J2, J3 .

9osr I O cr B IOS Fedd - 'ni:q.
Dl\4A l O Redd Tim:ng. .. ..
Host l/O Wr:te Tlr: 19. .. .. ..
Dl\,4A I O Wr.te T mirg. ..

PAGE

..1.4

.3-1

. 3-3

. 3.5

.4-1

.4-2

.4-3

.4.4

7-1
72

4-1
4-2

4-4

5. I

52
5-2
5-4
5-6

31
11

3-3

5,1
trt
trc
54

Command Summary.
L/O Porl Descript ion s

HardwareStatus....
Stepping Rate Codes.
Controller Retu rned Error Codes

Jumper Seleciable Options (W1 through W5)
S\t 1 Jumper Block De5cr:pl.on.

71



FIGURE

11

4.1
42
43
44

51
tr, ')
E1
c-L.t

62

7.1
72

LIST OF ILLUSTRATIONS

TITLE

WD1002S WX2 Functiona B ock Diagram

losl I O or BIOS Fead T 1.r9. .

DtVIA I/O Read Timing
Host l/O Write Timing,
DMA l/O Write Timing -.. ...'...4'4

Command Block Description. . . . . . . ......53
Four Status Bytes . . . . . . . . . , . . . . 5'5
Format. .. ..5'7
17 Sectors with a 3.1 lnterleave .. ....... 5-8

WD1002S-WX2 Detailed Elock Diagram , . . . .6 2

..........73





SECTION I

INTRODUCTION
1.'l DOCUMENTSCOPE o WD1OC20V/INCHESTER DATASEPARATOR
This document provides the user with the informa- AND WRITE PRECOMPENSATION DEVICE

tion required to design related software drivers and o WD11C00 17 LOGIC ARRAY
interface connections for efficient use of the r DATA RATES Up TO S MBITS/SEC
WD'1002S-WX2 Winchester Disk Controller Board.
It is to the user's advantase to become familiar ' 99lll9!1yP.T.o 2 DRIvES uslNG

with the following related documents: SEAGATE TECHNoLOGY sr506

wD11C0o'17 Losic Array. . . Data Sheet ' s^9ll-olls-?Rlv.ES oF ANY

WDlOC20 Winchesrer Data Separator and CoNFIGURATIoN UP To 1024 CYLINDEFS

Write Precompensation Device . . . . . Data Sheet 1!q 1^6" 1{W-f lADS WITH THE WD1015 24

wD1010 05 winchester Disk oR 8 RAV HEADS WlrH THE WD1015 14

Controller .,.., Data Sheet r THE CONTBOLLED DRIVES NEED NOT BE
WD10'10 Winchester Disk OF THE SAI\IE CAPACITY OH

Controller App lication Note CONFIGURATION
WD10'15 Buffer Manager Control . EBFOB COBRECTTON ON DATA FTELDProcessor. . . . . . Data Sheet innOnS, CRC iD FIELD VERtFICATiON
5T-506 M icro Winchester Disk

tnrerface ......... 5T506 . 32BlT ECC POLYNOI\4IAL FOR ERBOR

SeagateTechnologyDETECT|oNANDCoRRECTloN
Scotts Valley, Cal. . READ AflD WRITE LONG COIVII\4ANDS FOR

CHECKING ERBOB COFRECTION
1.2 DESCRIPTION CIRCUITRY

The WD1002S-WX2 is a stand'alone, general o SELECTABLE AUTOMATIC REIRIES ON
purpose Winchester Disk Controller. The WD'10025 ALL ERFOHS
WX2 interfaces up to two Winchester Disk drives . AUTOMATIC RESTOEE AND FE.SEEK ON
and a Host Processor, e.g. an lBl\,4 XT. ALL SEEK ERROFS
The W;nchester interface conforms to the Seagate . AUTOMATIC FORIMATTING
Technology 5T506 interface. All necessary receivers . 512 ByTES pEF SECTORand drivers are included on the board. allowing
direct connection to the disk drive(s). . SECTOR INTERLEAVE CAPABILITY

A separate computer access port enables com- ' IVIULTIPLE SECTOH READS AND WRITES

munications between the Host and disk controller. . OVERLAPPED SEEK CAPABILITY ON
An 8-bit bi-directional bus and appropriate control BUFFERED STEP DRIVES
signals comprise this port. Disk read or write data, . SUppORTS llvlpLIED SEEKS ON ALL
status information, and command parameters are COnf fVfnrupS 

- -
transferred via this bus. An on-board data buffer
allows bus transfers to be executed independently . INTERNAL DIAGNOSTICS

of the drive's data transfer. r DMA TRANSFER CAPABILITY
The WD1002S-WX2 is based on a proprietary chip . SUPPORTS INTERRUPTS, INTERBUPT
set consisting of the WD1 lCOO-17, WD'10104-05, REOUESTS, AND Dl\4A BEOUEST SHARING
WD10C20, and WD1015. o TNCLUDES SOCKET FOR USER SUppLtED

1.3 FEATURES 2116,2132, OR 2764 ROr\4

. I BIT B|'D|RECTIoNAL BUS HosT ' Blos AVAILABLE

INTERFACE
. IBM XTWINCHESTER CONTROLLER

EMULATION, IBIV] PC HOST INTEBFACE

11



1.4 OPEBATION

This section provides an operational overview of
the wDl002s-wX2 winchester Disk controller.
For a detailed explanation, refer to Section 6
(Theory of Operation). As illustrated in Figure l-1,
the wD1002s-wx2 consists of the following
components:

B i-directional Control/Data Bus
Address Decoding Logic
Conf igu ration Switches
Basic Input/Output System (BIOS) ROM
wD 1 1C00-17
wD10c20
Sector Buffer RAM
wD1010A.05
wD1015
Reset Logic

1.4.1 BI-DIRECTIONAL CONTROL/DATA BUS

The 8-bit, bi-directional bus transmits addresses,
commands. data, and status information. This bus
links the WD1002S-WX2 to the Host. Specifically,
this bus transmits data between the Host and
Sector Euffer RAM.

1.4.2 ADDBESS DECODING LOGIC

The puspose of this logic is to decode a valid device
address from the Host.

1.4.3 CONFIGURATION JUMPERS

These jumpers conf igure the WD1002S-WX2 for
different disk drive capac ities.

1.4.4 B|OS ROM

The Host, after powering up, interrogates its ports
to determine what devices are connected. The Host
uses information supplied by the BIOS ROM to
perform an install operation. Then, during normal
operation, the BIOS operates much like a driver
that is resident in the Host's memory space. The
BIOS ROM is addressed at Host memory locations
C8000-CBFFF. The BIOS is addressed by the A0
through A19 bus. Outputs to the Host are via the
lntraboard Command/Status bus (BD0 through
BD7) and Host lnterface Data/Command bus (D0
through D7).

1.4.5 WD11COO-17

The WD11C00-17 incorporates several functions in
a single package. lmplementation of these functions
occurs by combining random logic and specialized
circuits. The WD11C00-17 contains the following
circu its:

Status ports
Read and write ports
Sector Buffer RAM addressing and control
ECC
Reset tim ing

The WDI1C00-'17 connects directly to the Host
lnterface Data/Command and lntraboard Com-
mand/Data (AD0-AD7) buses.

1.4.6 WDI0C20
The WD10C20 performs phase-locked loop data
synchronization on read data from the Winchester
drives. This device also conditions write data to be
recorded on the disk. The WD10C20 includes both
frequency and phase detection. Zero phase error
start"up circuitry eliminates problems due to
asymmetry. The WD10C20 requires no adiustments
and contains all data synchronization and write
precompensation circuitry in a single device.

1.4.7 SECTOR BUFFER RAM

The Sector Buffer RAM is a 2K x I RAM. The
Sector Buffer allows Host data transfers indepen-
dent of the actual drive data transfer rate. The
Sector Buffer temporarily stores the following
information:

Sector data during Read and Write Commands
Disk format information during a Format

Command
Drive characteristics during a Set Parameters

Command

1-2
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1.4.8 WD1010A-05

The primary f unction of the WD 1010A-05 is to
control data transfers between the disk and the
Sector Buffer. Data transfers take place after
the WD1015 Buffer [4anager Control Processor
positions the selected head over the desired track.
The WD10104-05 receives the parameters and
commands from the WD 1015 via the ADo through
AD7 bus. The WD'1010A'05 interprets the param-
eter or command, determines which sectors are
involved, and whether a read, write, or format
function is requ ired.

1.4.9 WD1015

The WD1015 manaqes and controis all commands
and comrnunications between the Host and
WD10104-05. The WD10'15 conrrols ECC and
CBC fu nctions.

There are two versions of the WD10l5. Table 'l-1
describes the differences between the two versions
of the WD1015. The acronym WD1015 refers to
both versions. When a specific reference is made to
a specific version, the appropriate acronym is used.

TABLE 1.1. WD1015 DESCBIPTION

1.4.10 RESET LOGIC

The Reset Logic inilializes the internai circuitry
of the WD1002S-WX2 during rhe power'up process
or a low voltage condition. The Feset Logic also
disables the !VBITE GATE signal. Disabling
WFTfE-EITE prevents writing spurious dara io
the disk drive during power up, power down cr a

low voltage cond ition.

FUNCTION wD 1015-14 wD 1015-24 R EMAR KS

Execut;on of au tomatic
self-test after Reset
command or power-up

Yes No

Supoorts 16 head s No Yes The WD1015-14 supports up to eight heads.
The WD10'15-14 uses the REDUCED WRITE
CLJRREI\T (RWC) slgnat. The WD1015'24
supports up to 16 heads. The WD1015-24
uses the RWC pin on J1 as HEAD SELECT 3
(EE3). nefer to Sections 3 and 7 for further
details.

3.5 seconds time-out on
single track steps

No Yes 3.5 seconds time-out a{lows removable/servo
drives time to create servo map. WD1015-14
a llows 1 second.

Bit 4 of opcode in
Command Co ntro I

Valid Don't care Refer to Section 5 for further details.

Step rates Refer to Section 5 for further deiails.

Format Bad Track Refer to Section 5 for further details.

1-4



SECTION II
SPECIFICAf,IONS

2.1 GENERAL

This section contains the overall specifications
for the WD l002S'WX2 Winchester Disk Controller,

2.2 ELECTRICAL

2.2.2 DRIVE INTERFACE
E ncod ing Method
Cy linders per Drive
Sectors per Track
Bytes per Sector
Heads

Drive Selects
Stepping Rates

Data Transfer Hate
Write Precomp Time
Sectoring
CRC Polynomial
ECC Polynom ial

Reciprocal ECC Polynom ial

lViscorrection Prob.
Non-detectio n Prob.
Correction Span
Max Cable Length:

Control (Total Da isy Chain)
Data (Radial-each)

2.2.3 WD10C20

Acqu isition Time
Capture Range
Bit Jitter Tolerance
Asymmetry Tolerance

2.2.4 POWER

Voltage
Cu rrent
Ripple
Vo ltage
Current

2.2.1 HOST INTERFACE
Type IBM PC

Max Cable Length Connects directly to Host motherboard with a

62 pin card edge connector

I\,4FM

up to 1024
17
5tl
8 with WD 1015-14
16 wirh wD 1015-24
2
7Opsec, 200psec, 3msec iWDl 01 5-14)
18 psec,30 psec,45psec, 60psec, 7Spsec,
210psec, 3msec (WD 1015-24)
5Mbits/sec {ST506)
12nsec
Soft
X16+X12+Xs +1
X32 + X28 + X26 + X19 +
x17+X10+X6 +X2 +1
X32 + X30 + X26 + X22 +
X15+Xl3+X6 +X4 +1
5 bit correction = < 1.6 E-5
< 2.3 E-1 0
Up to 1 1-bit burst

3 meters (10 ft. )

3 meters (10 ft.)

< or = 12.8ps
+ 2.2% to 1ns after 12.8ps acquisition
t 34ns (min. of 40 db after acquisition)
34ns {write precompensation turned off; as

measured over constant RCLK pattern)

5V 15%
0.8 amps max.
0.1 volts max., 25 mV typical
+12V !1O%
10 mA. max.
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PHYSICAL

Form factor
Length
width
Height {max. including board, components & leads)

ENV IRONM ENTAL
Ambient Temperatu re
R elative Humidity
Altitude
Air Flow
MTBF
MTTB

IBM PC
20.6 centimeters (8.1 inches)
9.78 centimeters (3.85 inches)
1.27 centimeters (0.50 inches)

0'C (32"F)to 55'c (131'F)
10% to 95% non-condensing
0 to 3000 meters (10,000 ft.)
100 lin ftlmin. at 0.5" from component surfaces.
10,000 PoH
30 Minutes
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SECTION III
INTERFACE CONNECTIONS

3,1 ORGANIZATION
The WD1002S-WX2 has four on-board connectors
for user application.

P1 Host interface: 62 pin IBM PC compatible
card edge connecto r.

J1 Drive control: 34 pin dual row header con
nector daisy-chained to two drives. The
control signals at the second drive from the
WD1002S'WX2 (no more than a total length
of 3 meters or 10 feet) are term inated with a

220 ohm resistor to +5V and a 330 ohm

resistor to ground.

J2, J3 Drive data: 20 pin dual row header con-
nectors, radially connected each to its own
drive.

3.2 HOST INTERFACE
Connector P1 pins A1 through A31 are on the
component side of the board and B1 through 831
are on the artwork side. Table 3-1 describes the
Host interface connector (P1) pin assignments and
fu nctions.

TABLE 3.1. HOST INTERFACE CONNECTOR (P1) PIN DESCRIPTION

PIN
NUMBER MNEMONIC SIGNAL NAME rio FUNCTION

A1

A2
thru
A9

A10

411

A12
thru
AJ'

B1

B2

o2

t34

B5
thru
B8

B9

810

811

D1
thru
DO

AEN

A19
thru
AO

GND

RST

+5VDC

tR02

+12VDC

GND

Not Connected

DATA 7
thru
DATA O

Not Connected

ADDRESS
ENAB LE

ADDHESS BUS
A19 thru A0

GROUND

RESET

+5V DC

INTERRUPT
REOUEST
LEVEL 2

Not Con nected

+12VDC

G ROUN D

Not Connected

r/0

o

I

I

8-Bit, tri-state, bi-directional bus. lt is used to
transmit data between the Host and Sector Buffer,
the Command Block to the WDi015, status and
drive configuration to the Host. The BIOS trans-
mits parameter information and commands to
the Host via this bus.

AEN is asserted during a DMA mode of operation
making the liO ports 320 hex thru 323 hex
inaccessible to the Host. Data transfers and intra-
bus control is initiated by asserting DICK3. tne
BIOS ROM can still be addressed via A0-A19.

A0 thru A9 are used during programmed l/O
mode of operation to address ports 320 hex thru
323 hex. They are inhibited during DMA by
AEN. A0 thru A19 addresses the BIOS ROM
regardless of the state of AEN.

When asserted, RST places the WD1002S-WX2
into its initial power-up state.

+5VDC

The WD 1002S-WX2 asserts I Bo2 to interrupt the
Host upon the completion of a command. Use of
lRO2 is jumper selectable. Use of I ROS is stan-
dard. Refer to Section 7 for further details on

iumper selectable options.

+12VDC
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TABLE 3.1. HOST INTERFACE CONNECTOR (Pl) PIN DESCRIPTION (CONT'D.)

PIN
NUMEER MNEMONIC SIGNAL NAME UA FUNCTION

812

8',l3

814

815

816

811
thru
822

824
th ru
828
B29

830

831

t,4 E i\4 R

CIw

toR-

DA.K.

D RO3

tR05

+5VDC

GND

tulEt\40RY
FEAD

]]a-WHITE

I/o B EAD

DMA
AakNOWLEDEE
CHA\NI E L 3

D]\4A FiEOUEST
CHANNEL3

Not Co n nected

INTERRUPT
REOUEST
LEVE L 5

Not Con n ected

+5VDC

Not Co n nected

GFOUND

I

I

I

o

o

The Host, to read the BIOS FOM p aces
dlrore:5 O'r A0 trrru A'9, ass.rrs \,4FMR
receives the data via D0 thru D7 data bus.

The Host or- DMA controlleT asseTts IOW when a

data byte is to be wr-;tten to the WD 1002S-WX2.

The Host or DMA contror;e. a::errs IOR wren
a data or status byte is to be read from the
WD i OO2S WX2,

The Dl\4A contro er asserts DACK3 in
to DFO3 sent by the WD10025 WX2.
enobles DMA datc t'ansfe' bypassing
iryhich was disabled by AEN.

WD10025 WX2 asserts DRO3 to inform the DMA
contro ier that data is available for transfer.

.[he 
WD10025 WX2 assei'rs lRO5 to inrerrupr the

Host !pon the completion of a command.

+5VDC

the
and

respon se

DACK3
port 320

3.3 DRIVE INTE B FACE

3,3.1 DBIVE CONTROL

Control signals are common to all drives and are
daisy'chained to the drives from a single connector,
J1. To terminate the ccntrol signals properly, the
Iast drive in the daisy-chain must have a 2201330
ohm resistor pack installed. Table 3 2 descrjbes the
drive control connector (Jl) pin assignments and
fu nctions.
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TABLE 3.2. DRIVE CONTROL CONNECTOR (J1} PIN DESCRIPTION

srG.
GND.

srG.
PIN MNEMONIC

SIGNAL
NAME r/o DESCR IPTION

1

3

5

7

I

11

13

15

11

19

2

10

12

14

4

6

8

tb

18

20

RWC/H53

FS'

WG

5U

\iw-

TKOOO

HSO

GND

HS1

iNDEX

REDUCE
WFTTE
OUEFENTTHEAD
SE LECT3

H EAD
SE LECTT

WFTItrGTTE

SEER
EOMPLETE-

TRACK OOO

WF]TE FAU LT

H€AD
SE LECT O

GROUND

Not Connected

HEAD
SE LE.T 1

INDEXTIISE

o

o

o

o

o

I

I

The WD1015-14 allows this pin to be used
as the HWe pin. The WD1015-24 uses this
pin as HS} Hefer to Section 7 for further
details. RWC is used by the drive to reduce
the write current on the inner cylinders.
This lessens the bit shift caused byihe
greater bit density on these cylinders. RWC
is asserted when the specified cylinder is

reached. HS3 is one of four Head Select
signals decoded by the drive to select one
of 16 R/W heads.

H52 is one of three {or four) Head Select
signals decoded by the drive to select one
of eight (or 16) R/W heads.

WG is asserted when valid data is to be
written. lt is used by the drive to enable
the write current to the head. WD1002S-
WX2 de asserts this signal when a WF is

detected. Circuitry is included to ensure
the output does not glitch during power
on, power down or power failure.

Sd informs the WD1OO2S-WX2 that the
selected head has reached the desired
cylinder and has stabilized. Since Se is not
checked after a Seek Command, overlapped
seeks are allowed.

The drive asserts this signal when the heads
are positioned over the outermost cylinder,
cylinder 0.

WF is asserted by the drive wlren a write
error occurs. The command in progress
aborts and no other command can be
executed while this signal is asserted.

FISO is one of three (or four) Head Select
signals decoded by the drive to select one
of eight (or 16) R/W heads.

FS-i is one of three (or four) Head Select
signals decoded by the drive to select one
of eight (or 16) B/W heads.

This signal indicates the start of a track.
It is used as a synchronization point during
formatting and as a time out mechanism
for retries. This signal pulses once for each
revolution of the disk.
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TABLE 3.2. DRTVE CONTROL CONNECTOR iJ1) prN DESCRtpTtON (CONT',D.)

SiG.
GND.

srG.
PIN MNEMONIC

SIGNAL
NAME r/o DESCRIPTION

21

1R

)o
thru
32

JJ

?2

28

onov

5 t Er

DSELO

DSEI l

DtRtN-

DR IVE B EADY

STE P PIJ LSE

DRIVE
SEIEETT

DRrvE-
S€LE-eil

Not Con nected

DlFEeTfor\r rN-

!

o

o

o

o

The drive asserts th is signal when the motor
is up to speed. No Read or Write com-
mands can be performed if this signal is

not asserted.

STEP, along with DTETN, positions rhe
heads to the desired cylinder. STEF purses
the stepping motor at the rate specified by
the SP bits in the Command Block and is
controlled by the WD1015. DlRlt\- spec.
ifies the dilection.
OSf t- O ls the decoded output of the SDH
Register within the WD1010A 05, larched
and sent to the drive by the WD 101 5 to
select drive 0.

OSeL t is the decoded output of the SDH
Register within the WD10'i04-05, latched
and sent to the drive by the WDl015 to
select drive 1.

DIR lN determ ines
heads take when
de-asserted = out.

the direction the R/W
stepped. Asserted = in,

3.4 DRIVE DATA CONNECTOB

The data is differential in nature and must be
connected to each drive with its own cable, drive 0
to J2 and drive 1 to J3. lt should be a flat ribbon
cable, or twisted pair, less than 3 meters ('10 f eet)
in length. The conneetor is a 20 pin vertical header
on 0.25 centimeter {0.1 inch) center. Table 3-3
describes the drive data connectors (J2 and J3)
pin assignments and fu nctions.
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TABLE 3"3. DRIVE DATA CONNECTORS _ J2, J3

SIG.
GND.

SIG.
PIN tlo SIGNAL NAME

2

4

6

11
1.)

15
1A

19
20

1

J

5

7

o

10

13
14

11
18

o
o

I

I

NC
GND

NC
GND

NC
GND

NC
GND

NC
NC

GND
GND

M F M Write
M F M Write

GND
GND

M FM Read
MFM Read

GND
GND

D ata
D ata

D ata
D ata
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SECTION IV
INTERFACE TIMING

4.1 TIMING

Timing diagrams are shown in Figures 4-l through for both cases. The processor executes l/O and
4 4 and their values are listed in Tables 4-1 through memory reads from the ports and the on-board
4 4 respectively. Since the Controller l/O ports B IOS ROIV, and writes to the ports, DIVIA is

can be accessed by either the Host system DMA used for data transfers between the data l/O port
Controller or the Host processor, timing is given and the Host RAI\4.

A19-A0,

AEII

ton, trrun

F.esr--'|-tor------+l F-tor',*{
D7-00

AOI]RESS III LL BE VALIT)

FIGURE 4-1 HOST I/O OR BIOS READ T]MING

TABLE 4.1 HOST I/O OR B1OS READ TII..IiNG

SYMBOL CHARACTERISTIC MIN. Mx.

tASt

tncc

tor

tottt

Address Setup Time

Address Access Time (B I0S )

Output Enable Ti me

Data Hold Time

50

250

175

N0TE: A'l 
'l units in Table 4-1 are in nsec.

4.1
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DRQ3

l0R

DATA I'IUST BE VAL ID

FIGURE 4-2 DMA I/O READ TIIIING

Table 4-2 DHA I/0 READ TII{ING

SYMBOL CHARACTER I STIC MI N. MAX .

tooRQ

tnsu

tDor

toH3

DRQ3 De-assert Delay

Read Setup Ti me

Data Output Enab I e

Data Hold Time

20

7

0

45

175

N0TE: All units in Table 4-2 are in nsec.
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A]9-A0,

AEN

ITT

D7-00

ADDRESS I.'ILL BE VAI IO

DATA I,J 1L L BE VALID

FIGURE 4-3 HOST I/O I.IRITE TII{IilG

TABLE 4.3 HOST I/O }IRITE TII,IING

S YMBOL CHARACTER I STIC MI N.

tnsuz

tllp

tosu

tDH2

Address Setup Time

l{ri te Pu'lse Time (I/0)

Data Setup Time

Data HoId Time

50

't00

50

0

N0TE: A'l I units in Table 4-3 are in nsec.
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DACK3

oRQ3

l0!l-

D7-DO

F++-IDDRQ2

l*- tos ----------{*- toro.-l

DATA IJILL BI VALID

FIGURE 4-4 DtiIA I/O I{RITE TII!{ING

TABLE 4-4 DI.IA I/O URITE TIITING

SYt,IBOL CHARACTER ISTI C MIN. r'tAx.

toonQ

txsu

tttp

tos

touq

DRq3 De-assert Del ay

tlrite Setup Time

llri te Pulse lJi dth

Data Setup Time

Data Hold Time

20

7

100

50

0

45

N0TE: All units in Table 4-4 are in nsec.
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SECTION V
COMMAND DESCRIPTION

5.1 GENERAL

This section provides a detailed description of the five are diagnostic. An explanation of how the
Command B ock forrnat and function of the i9 commands oertorrn their function is discussed in
commands supported by the WD 10025 WXZ. Section 6 Theory of Operation Table 5 1 ists a

Fourteen of the commands are operational and surnmary cf the commards.

TABLE 5.1 . COMMAIND SUMMARY

COM TVIAN D

PARAMETERS (Refer to Figure 5-1)

OP CODE DRV HD CYL SEC BLK/INT R1 R2 STEP

TEST DBIVE F EADY 00 n n n n n n n

fl ECALIB RATE 01 n n n n n n

R EAD STATUS OF
LAST OPEFATION

03 n n n n n n n

F O R IVIAT DfiIVE a4 DR V (INT) n

VE R IFY SECTO BS 05 V (BLK)

FO RIIAT TFACK 06 DR V (I NT) n

FORIVIAT BAD TRACK o1 V (INT) n

R EAD SECTO RS 08 V (BLK)

W R ITE SECTO RS OA V (BLK) n

SEEK OB DR n n

IN]TiALIZE DR]VE
PARAMETE RS

OC n n n n n n n

R EAD ECC BU RST
EF ROR LENGTH OD n n n n n n n

R EAD SECTOR BUFFER OE n n n n n n n n

WR ITE SECTO R BU F FE R OF n n n n n n n n

EXECUTE SECTOR
BUFFER DIAGNOSTIC EO n n n n n n n

EXECUTE DRIVE
DIAGNOSTIC E3 n n n n n

EXECUTE CONTRO LLE R

D IAG N OST IC
E4 n n n n n n n n

R EAD LONG E5 V (BLK) n

WB ITE LONG E6 V (BLK) n

LEGENEI:

V Must be a valiC parameter.
DR Not used but must be within a valid parameter range.
n Not usecj {should be 0 for future compatibility).
INT lnterleave
BLK Block Count
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5.2 I/O PORT DESCRIPTION

There are four contiguous l/O ports addressed
320 hexidecimal through 323 hexidecimal. Each
port is bi-directional. The functions of the l/O

ports are listed in Table
for all communication
Controller.

5-2. These ports are
between the Host

used
and

TABLE 5-2. UO PORT DESCRIPTIONS

ADDRESS READ PORT FUNCTION WRITE PORT FUNCTION

320
321

322
323

BEAD DATA
READ WDlOO2S WX2 HRDWR STATUS

READ DRIVE CONFIGURATION INFO

Not Used

WRITE DATA
WD 1OO2S.WX2 R ESET-

WD1OO2S.WX2 SELECT

WBITE DMA AND INTE R R UPT MASK
B EG ISTE R

*NOTE

The WD1015-14 automatically executes self-tests
after either a Reset command or upon power'up.
The WD1015-24 DOES NOT automatically
execute self-test after either a Reset command or
upon power'up. A WD B IOS performs an Execute
Controller Diagnostic command as part of the
install sequence after power'up regardless of the
version of WD 1015 on-board. lf the Host software
interrogates WD1015'24 after a Reset; the
WD1015-24 returns good status. The Host must
issue an Execute Controller Diagnostic command
to perform the WD1015-24 self-test.

5.2.1 PORT 320

This is a bi-directional path over which data,
commands, parameters, and status are passed.

5.2.2 PORT 321

The Host reads this port to interrogate the hard-
ware status. This status byte can be read at any
time, including command exeuction. The status
bits are identified in Table 5-3.

DRO DMA request bit. Assertion (set to 1)
signals the Host rhat the wD 1002s-wX2
is ready for a DMA transfer to take
place. The direction of the transfer is
defined by the l/O bit.

Busy bit. Assertion (set to i ) signals the
Host that the WD1002S-WX2 is busy
executing a command and is unable to
accept another command.

Control/Data. Tells the Host which type
of transfer the WD1002S-WX2 is expect-
ing. 0 = a command or status byte, 1 =
d ata.

lnput/Output. ldentifies the d irection
of transfers between the Host and
WD1002S-WX2. The terms input and
output are relative to the Host. 1 = input,
0 = output.
Bequest bit. A handshake signal for
data transfers between the Host and
WD1002S-WX2. The WD1002S-WX2
asserts (sets to 1) this bit when it is
ready for data to be transferred between
it and the Host. REO must be valid for
every byte transferred to the Host.

BSY

REO

The Host writes to this port to generate a MR
(Master Reset) on the WD 1002S'WX2. When
writing to this port, the data byte is ignored.

Reserting a WD1002S-WX2 with a WD1015-14
causes automatic execution of a self-test. Auto-
matic execution of self-test does not occur with
the WD1015-24. lf the Host software interrogates
WD1015-24 after a Reset; the WD1015'24 returns
good status. The Host must issue an execute
Controller Diagnostic command to perform the
WD1015-24 self-test.

C/D

tlo

d Not used.

lnterrupt Request. Assertion (set to 1)
signifies that an interrupt is pending.

TABLE 5-3. HARDWARE STATUS

BIT
7 6 5 4 3 2 1 0

d d rRo DRO BSY CID tlo REO

rRo
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5.2.3 PORT 322

Reading Port 322 returns a 4-bit drive configuration
code in bits 0 through 3. The two least significant
bits correspond to drive 1, the two most significant
bits to drive 0. The configuration of these bits is

established with jumpers on the controller at SW1.
Western Digital sets the configuration jumpers
to one. Section 7 shows how to set them up for a

specific drive.

The two bits associated with each drive is capable
of addressing one of four different configuration
tables. Both drives can address the same or dif-
ferent tables. The table required by the drive is

determined by its formatted capacity. Table 0 =
5MB, 1= 24M8,2 ='lsMB,3 = 10MB (default
table) with 62-000042-01 and 62-000042-'l 1 WD
BIOS. Table 0 = 20M8, Table 1= 10MB, Table
2 = 2OMB, Table 3 = 10M B (defau lt table) with
62-000042-12 WD BrOS.

The parameters established by these tables are:

Number of Cylinders
Number of Heads
The Starting Cylinder for BWC {Reduced Write

Cu rrent).
The Starting Cylinder for Write Precomp
Maximum Correctable Error Burst Length
Retries Allowed, Stable or lmmediate ECC

Correction, Step Rate.

Writing to port 322 selects the WD1002S-WX2,
sets the Eusy bit in the Status Register and prepares
it to receive a command. When writing to port
322, the data byte is ignored.

5.2.4 PORT 323

Reading this port has no function.
Writing to this port controls the enabling of the
interrupt and DMA request signals to the Host.
The bits in this port are defined as follows:

IROEN

DROEN

d

lnterrupt Request Enable. When asserted
(set to one), enables interrupts to the
Host.

DMA Request Enable. When asserted
(set to one), enables DMA requests to
the Host.

Not u sed.

5,3 COMMAND BLOCK

The Host f irst selects the WD 1 0025 WX2 by assert-
ing l/OW while at the same time addressing port
322 with the A0 through A19 address bus. The
WD1002S-WX2 then asserts the BSY {BUSY) bit
in the Status Register. The Host by asserting iTOR

and addressing port 321 reads the status, finding
REO asserted transmits the first byte of the six
byte Command Block to the WD1015. REQ is

de-asserted for the second byte of the Command
Block transfer. Assertion and de-assertion of REO
must occur for each byte transferred. Figure 5''l
defines the bytes within the Command Block,
Table 5-1 is a summary of the commands, Section
6 Theory of Operation explains the hand shake
between the Host and WD1002S-WX2 while load-
ing the Command Block in the WD1015.

FIGURE 5.1. COMMAND BLOCK DESCRIPTION

OP Code: Operation Code identifies the
type and function of the com-
mand. Bits 7, 6, and 5 designate
whether the command is oper-
ational (01 or diagnostic (E). Bits
4 through 0 select the function
of the command, i.e, Read,
Write, etc.

NOTE
The WD1015'24 firmware ignores bit four of byte
0 (op code).

D

Head Number

Drive number, selects one of two
drives zero or one,

Designates the head to be used
on the selected drive. O through'15. Selection of heads eight
through 15 requ ires WD10i5-24.

BITS

B YTE 7 6 5 41312l1l0
0 OP CODE
,]

0 0 D HEAD N UMBE R

2
CYLINDE R

NUI\IIBEB IVISB
SECTOR NUMBER

3 CYLINDE H NUMBEF LSB

4 BLOCK COUNT OR INTERLEAVE

5 o1 a2 0 O IO ISPISPISP

BIT

7 6 5 4 3 2 1 0

d d d d d d IROEN D ROEN
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Cylinder
Number
I\4SB and LSB

Sector Number

Block Count
or lnterieave

Designates the cylinder co nta in-
ing the sector(s) to be used by
the command. 0 Lhrough 1024.

Specifies the startlng sector used

by the command.

Block count specifies the number
of sectors to be used by a Read,
Write. Read Long, or Write Long
command. A block count of zero
equals 256 sectors. lnterleave is

used by the Format commands.
The maximum interleave is equal
to the secto rs'p er-trac k minus
one. (See Section 5.7.2 for an
exp lanatio n of interleav ing. )

General disk error retry disable
bit. R'i controls the retry for all
errors except a Data ECC error.
with R 1 asserted the wD 1002s-
WX2 makes no attempt to retry
an error operat;on. lnsLead it
aborts the command and sets the
appropriate status in the Status
Register. Because the disk is soft
sectored an lD field error maY
cause the WD 1002S-WX2 to
retry for two disk revolutions.
W;th R1 de-asserted, the WD
1002S'WX2 retries the operation
for ten disk revolutions before
aborting the command and set-
ting the status bit. ln the case of
an lD Not Found Error the
WD 1002S-WX2 does a restore 10

track zero and seeks back to the
desired track after the first ten
d isk revolutions and retries for ten
disk .evo lu t ions before aborting
and setting the error status.

ECC Error retry bit. With R2 = 1

an attempt is made to correct the
error on the f;rst syndrome. R2 =
0 rhere must be tvvo consecutive
like syndromes before an attempt
is made to correct the error.

The Step Code ls used to select
the rate at which step pulses are
;ssued to the drive. Table 5'4
defines the rates correspond ing
to each step pu lse code.

TABLE 5-4. STEPPING RATE CODES

BITS STEPPING RATES

2 1 0 wD1015 14 wD 101 5,24

0 0 0 3 msec. per step* 3 msec. per step*

0 0 1 3 msec. per step 45!sec. per step

0 1 0 3 msec. per step 60p sec. per step

0 1 1 3 msec. per step 18psec. per step

I 0 0 200psec. per step 21opsec. per step

0 1 7Opsec. per step 75psec, per step

1 1 0 3 msec. per step 30psec. per step
'!

1 3 msec. per step 1 8psec. per step
*This ls the preferred 3 msec. step code.

5.4 TEST DRIVE READY
(CLASS O, OP CODE OO)

This command selects the drive specified by the
D RV blt in the Command Block and interrogates
tfre DRDV, WF, and SC signals returned by that
drive. lf WF and SC are de asserted and DRDY
asserted, the command returns an error code of 00
No Error Detected.

5.4.1 POSSIBLE ERROR CODES

03 Write Fault 04 Drive Not Ready
08 Drive Stili Seek inq

5.5 RECALIBRATE
(CLASS O, OP CODE 01)

This command moves the Read/Write heads to
track 0. The SC signal from the drive controls the
stepping rate of this command. Therefore, this
command is slower than commands that imple-
ment the implied seek and make use of the step-
ping rate designated by rhe SP bits in the Com-
mand B lock.

NOTE
Timeout on each step during a Recalibrate com-
mand is 1 second with a WD1015-14. Timeout on
each step during a Recal;brate is 3.5 seconds with
a WD10'15-24. The 3.5 second timeout supports
rem ovable W inchesters.

5.5.1 POSSIBLE ERBOR CODES

03 Write Fault 04 Drive Not Fleady
06 Track Zero Not Found

R1

R2

SP
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5.6 READ STATUS OF LAST OPERATION
lCLASS O, OP CODE 03)

Upon termination of a command the WD10025-
WX2 develops a Command Completion Byte, de-

asserts the BSY bit, and if IHOEN had been

enabled, asserts IF05. If IROEN had not been
asserted, it is the responsibility of the Host to read
porr 321 ro determine that the wD1002s-wX2 is

no longer busy. Once the Host determines that a

command has terminated, it must read the Com-
mand Completion Byte to learn which drive has

terminated and whether an error had occurred.
To do this the Host reads port 320, The format of
the Command Completion Byte is as follows:

D = Number of the drive terminating. 0 = drive 0.
1 = drive '1. E = 1 if an erroT occurred.

lf the Command Completion Byte indicates the
occurrence of an error, issue a Read Status com-
mand for the drlve indicating the error. Perfor-
mance of a Read Status command before any
other command execution prevents loss of the
error status. When a Read Status of the last opera
tion is written ro port 320 the wD1002s-wx2
responds with four bytes of status as shown in
Figure 5-2.

AV Address valid bit. lndicates that the Head,
Cylinder, and Sector fields
are valid.

Error Codes are shown in Table 5-5.

All other bits are the same as those defined in the
Command B lock defin itions.

FIGUFIE 5.2. FOUR STATUS BYTES

Vy'hen an error cccurs during a mult ple sector data
transfer (read or write), thls comrnand returns the
address of the fai ing sector. lf the Read Status
comn:and rs issued after any of the format com
mands or the Verify Desire.i Sectors command,
the aiidress returned by the WD'10025 !!X2
pcints one sector beyond the last track formatted
or checKed, if there was no error. f there was an
error. then rhe address returned points to the track
in error.

BITS

BYTE 7 6 5 4 3 2 0

0 0 ERFOB CODE

1 0 0 D H EAD r\IUMBER

2
CYLINDER

NUI'ilBER IIISB
SECTOR NUI/BEE

3 CYL]NDER NUI!1BE B LSB

BIT

7 6 5 4 3 2 1 0

0 0 D 0 0 0 E 0

5-5



HEX
CODE DEFINITION

00
n,

03

o4

06

08

11

12

15

18

19

20

21

30

31

32

No error detected.

No 5e signal from the drive. The WD1002S-WX2 has not received a Se from the drive within
one second (3.5 seconds with WD10'15-24) following the last step pulse of a non-buffered
seek operation.

Write Fault signal received from the drive. This error is reported when the WD1002S-WX2
detects WF asserted by a drive either at the completion of a Sector Data Transfer or after
initially selecting a drive and the drive indicates ready.

Drive Not Ready. The WD1002S-WX2 reports this error when OnOy is not received from the
drive at the time selection is attempted, or is de-asserted after the drive has been selected.

Track O Not Found. This error is reported during a Recalibrate command if TR000 is not
received from the drive before stepping the ReadAvrite Heads 1024 steps.

Drive Still Seeking. This status is returned in response to a Test Drive Ready command when a

drive perform ing a buffered seek has not yet asserted SC.

Uncorrectable Data Error. The ECC logic detected an error burst greater than its correction
capabilities. The data in the Sector Buffer is not sent to the Host.

Data Address lvlark Not Found. The proper Sector lD was read by the drive but failed to detect
the Data Address Mark.

Seek Error. The desired Sector lD field could not be found on the selected track, or a CRC
error occurred on the lD field.

Correctable Data Error. An error occurred in the data field that was within the tolerance of
the ECC logic and was corrected. The data in the Sector Buffer is transmitted to the Host.
This status is set as a warning to the Host that a marginal condition may exist.

Track ls Flagged Bad. A sector had been encountered that has the Bad Block Mark set in the
lD Field. The Format Bad Track command records this bit in all sectors of the designated flag-
ging them all as bad. No retries are attempted in response to this error.

lnvalid Command. The WD1002S-WX2 has received a command with an invalid class or
op code, lnterleave Factor.

lllegal Sector Address. This error is asserted when a command attempts to address a sector
beyond the capacity of the drive. This could be at the time the command is issued, or in the
case of a multiple sector transfer, after the last available sector has been used.

Sector Buffer Error. An error occurred while performing Sector Buffer Diagnostics (Command
Code E0 and E4). A disk drive is not involved in this test.

Controller ROM checksum Error. A ROM checksum error was detected during the Controller
D iagnostic command (E4 ).

ECC Polynomial Error. During the Controller Diagnostic command (E4), the hardware ECC
generator (WD11C00-17) failed its test.

TABLE 5.5. CONTROLLEB RETURNED ERROB CODES
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5.7 FORMAT DRIVE STARTING AT DESIRED
I84CK (CLASS 0, OP CODE 04)

The WD1002S-WX2 first positions the Read/Write
heads to track zero. Then using the parameters
specified in the Command Block, positions the
heads to the desired track. Formatting always
starts with the first sector of the track, regardless
of the value of SEC. Even so, SEC must be within
the allowable limits. A sample of what is recorded
in each sector is shown in Figure 5-3. The data

recorded in the Data Field is defaulted to whatever
is In the Sector Buffer at the time. The logical
sector numbering is specified by the interleave
value (lNT) included in the Command Block. lf a
hard error occurs while formatting a track, the
WD1002S-WX2 stops the format operation and
retu rns an error code.

NOTES:

1 . GAP 1 and 3 length equals 22 bytes.

2. The decision to assert RG is made
2 bytes after the start of DRUN.

3. RG de.asserted:
. It DRUN does not last until A1
. When any part of lD does not match the one

expected.
. After CRC if correct lD has been read.

4. Write splice recorded on disk by asserting WG.

5. RG is suppressed until after write splice.

6. Not a proper A1 or F8, set DAM error.

z Sector size as stated in lD field, plus
four for ECC.

ID FIELO

IDENT

41 hex with
0A hex clock

Bits 1, 0 = Cylinder High
FE = 0-255 Cylinders
FF = 256-511 Cylinders
FC = 512-767 Cylinders
FD = 768-1023 Cylinders

Bits 0, 1, 2 = Head Number
Bits3,4 = 00
Bits 5, 6 = Sector Size (10)
Bit 7 = Bad Block Mark

Logical Sector Number

41 hex wrth 0A hex clock
Data Address Mark; Normal Clock
Data Field 512 Bytes

HEAD

Sec #

DATA FIELD

F8
USER

FIGURE 5.3. FORMAT

=rs.rL
arE

I

o

N
T

CL
YO E

o
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E
c

c

c

c

c
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3BYTES
00

12 SYIES
3

3BYTES 4E

*",.|o^', I

I

I

I

I

II
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03
06
21

n)
04
20

5.7.1 POSSIBLE ERROR CODES

No Seek Comple te
Disk Not R eady
lnva liC Com m and

Write Fau lt
Track Zero Not Found
lllegal Sector Add ress

5.7.2 INTERLEAVING

When physically sequential sectors on the disk are
to be read, each sector reaches the read//',/r'rlte head
before a read cr write operaticn can be set up. The
disk must then make a compLete rotation to prck
up the next sector. When an attempt is made io
reaci ali 17 sectors on a particular track, 17 rota-
tions or approximately one fourth of a second per
8K bytes are required. This performance can be
significantly improveC by inter eaving, a technlque
that allows the system to read or write more than
one sector per i-otat ion.

For a svstenlFqJ rng '€ss t.-]on Lwo seclo' I -nes

to process the data it has read and to set up for the
next read opera.tion, the second ogical sector is

physically placeci three seclors away from the first.
The controller can now read the second sector with
minimal de ay. This three to-one nterleave factor
allows a potentia reading of the entire rrack in
less than three rotations. ln the exampie given, the
throughput is increased by a factor of 5.6.

The sirnplest way to determine rhe optirnum inter
leave for any par.ticular system is through experi-
mentation. lf the system maintains its directories
or virtual memory-swapping areas in a certain place
on the disk, it sometimes makes sense to have more
then one interleave.

To simplify driver software. the WD10025 WX2
automaticaliy writes the loqicai sector number of
each sector in its lD f ie d. Figure 5-4 is an example
of an interleave table for a 17'sector track with 3:1
interieave. The WDl002S-WX2 accepts any inter-
leave value between zero and one iess than the
number of sectors per track. An interleave of zero
is automatically converted to one, and a value out
of range results in an error code 20, Invalid Com
mand Error.

FIGURE 5.4.
17 SECTORS WITH A 3:1 INTERLEAVE

5.8 VERTFY SECTOR_q (CLASS 0, OP CCDE 05)

This command reads from 1 to 256 sectors, as

specif ied by B rK in ihe Command B ock, begin-
ning ai ihe sector specified by HD CYL and SEC.
lf an error cccurs during a multiple sector read,
the heads remaln positloned at the track containing
the error. The Host then lssues a Read Status of
Last Disk Operation command to determine the
error code. To continue the operation, the Host
calculates the dlfference between the number of
sectors desireC and the number of sectors com-
pleted and issues another Seek command to access
the rema in ing sectors.

5.8.1 POSSiBLE ERROR CODES

l.lo Seek Compiete 03 Wrlte Fau lt
Drive Not Ready 06 Track Zero Not Found
Data Address I\4ark 15 Seek Error
Not Found 21 lllegal Disk Address

19 Track Flagged Bad

a2
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5.9 FORMAT TRACK {CLASS O, OP CODE 06)

This command is identical to the Format Drive
command, except that only the track specified by
the command is formatted. This command can be
used to clear the Bad Track Flag, or reformat
ind ividu al tracks.

5.10 FORMATBADTRACK
(CLASS O, OP CODE 07)

This command is the same as the Format Track
command. except that the Bad Track Flag is set
in the lD f ield.

5.11 READ SECTORS (CLASS O, OP CODE 08)

This command reads from 1 to 256 sectors as

specif ied by B LK in the Command Block, begin
ning at the sector defined by CYL SEC and Head.
An uncorrectable error during a multiple sector
read causes the operation to terminate at the error
sector. The Host then issues a Read Status of Last
Disk Operation command to determine the type of
error. To continue the operation. the Host cal
culates the difference bet, .en the number o{
sectors desired and the nL :r of sectors com'
pleted, then issues another Read command to
access the remaining sectors. Error code 06 can
only be asserted if the R1 bit = 0 and the lD Field
has not been read for '10 disk revolutions. This
causes the WD1002S.WX2 to recalibrate the heads
and seek back to the desired track. lf track zero
is not detected within '1024 steps. Error Code 06
is set, lf R1 = 1 the wD1002s'wx2 aborts the
command after a maximum of two disk revolutions,
therefore no attempt is made to position the heads
to track zero.

5.11.1 POSSIBLE EBROR CODES

No Seek Complete 03 Write Fault
Drive Not Ready 06 Track Zero Not Found
Uncorrectable ECC 12 Data Address Mark
Error Not Fou nd

'15 Seek Error l8 Correctable ECC Error
19 Track Flagged Bad 21 lllegal Sector Address

5.12 WRITE SECTORS
(CLASS O, OP CODE OA)

This command writes from 1 to 256 sectors as
specif ied by B LK in the Command Block. The
multiple sector transfer scheme works the same as

the Read command. Error code 06 can only be
asserted if the R1 bit is 0 and the lD Field has

not been read for 10 disk revolutions. This
causes the WD10025 WX2 to recalibrate the heads
and seek back to the desired track. lf track zero
is not detected within 1024 steps, Error Code 06
is set. lf R i is 1 the WD 1002S'WX2 aborts the
command on the first failure to read an lD Field,
therefore no attempt to posrtion the heads to track
zero is made.

5.12.1 POSSIBLE EBROR CODES

02 No Seek Complete 03 Write Fau lt
04 Drlve Not Ready 06 Track Zero Not Found
12 Data Address Mark 15 Seek Error

Not Found 21 llleqal Disk Address
19 Track Flagged Bad

5.13 SEEK (CLASS O. OP CODE OB)

This command selects the head and initiates a

seek to the track specified by HD and CYL in the
Command Block, The SC signal line is not sampled
to allow buffered seeks. The cylinder must be in
range. The drive must be formatted. Drives em-
ploying buffered steps can be issued step pulses at
a high speed freeing the WD10O2S-WX2 for other
operations. The WD1002S-WX2 does not wait for
the drive to complete the seek to return a Com-
mand Completion Status. lf the return status
shows no error, the seek was issued correctiy. lf
there is an error, the seek was not issued. After
transferring the status, another command can be
issued to either drive. lf the WD1002S-WX2
receives a command other than Test Drive Ready
for a drive that is still seeking, it asserts BSY and
waits for SC to be asserted before executing the
command. lf the command is a Test Drive Ready,
it executes and returns an 08 Drive Still Seeking
Error. The time-out for non-buffered seeks. For
buffered seeks, the WD1015 checks Se before a

Read or Write (next command).

The rate at which the Step Pulses are issued to the
drive is controlled by the SP bits in the Command
Block. The drive buffers these pulses and steps at
its own rate. This allows the WD'1002S-WX2 to
continue about its own business, possibly starting
the other drive seeking to a new track, without
havinq to wait for the SC from the first drive.
Refer to Table 5.4 for the available stepping rates.

5.13.1 POSSIBLE EBROR CODES

03 Write Fault 04 Drive Not Ready
15 Seek Error

o2
o4
1'1
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5.I4 INITIALIZE DRIVE PARAMETERS
(CLASS O, OP CODE OC)

The WD1002S-WX2 is capable of controlling two
drives with different formatted capacity. The BIOS
contains four Winchester parameter tables. The
configuration jumpers address the proper Win-
chester parameter table during the BIOS install
cycle at power up. Flefer to Section 7 for details on
these jumper settings. When the Host reads port
322 and discovers a change in drives, it issues this
command, followed by the 8'byte block of drive
parameters I isted below:

Maximum Number of Cylinders
(2 bytes, 1024 max.)

lvlaximum Number of Heads
(1 byte, I or 16 heads)

Starting Reduced Write Current Cylinder
(2 bytes. 1O24 max.)

Starting Write Precompensation Cy linder
(2 bytes, 'l 024 max. )

lvlaximum ECC Data Burst Length
(1 byte, 11 max. )

A typical set of parameters for a 1OMB drive is as
follows:

306 cylinders 4 heads
RWC at cylinder Write Precomp at cylinder

153 153
11-bit burst error length (Western Digital Corp.
recommends using a maximum ECC burst length
of five or less to ensure optimum integrity of
data recovered ).

For the exact parameters it is necessary to refer to
the specifications for the BIOS in use on the
specified board.

5.15 RE ERROR LENGTH

This command is only valid following a correctable
ECC error. lt transfers one byte indicating the
length of the error. The error length is determined
by counting the first through last bit in the error.

5.16 READ SECTOB BUFFER
(CLASS O. OP CODE OE)

This command transfers the 512 bytes of data
currently residing in the Sector Buffer to the Host.

5.17 WRITE SECTOR BUFFER
(CLASS O, OP CODE OF)

This command writes 51 2 bytes of data f rom the
Host into the WD1002S-WX2 Sector Buffer.

5.18 EXECUTE SECTOR BUFFER DIAGNOSTIC
(CLASS E, OP CODE OO)

This command executes a 9-pass test that uses a

9-byte pattern lO, 1,2, 4,8, 10,20, 40, and 80
hex) that is written to the Sector Buffer, then read
back. After each successful completion, the whole
pattern is shifted one byte position and repeated.

NOTE
The WD Format Drive Utility in the WD BIOS
executes this command before physical formatting
of the drive. Thus, the data fields are formatted
with this O, 1, 2, 4, 8, 1O, 20, 40, and 80 hex
Pattern.

5.18.1 POSSIBLE ERROR CODES

30 Data error.

5.19 EXECUTE DRIVE DIAGNOSTIC
(CLASS E, OP CODE 03)

This command tests both the drive and the drive-
to-WD1002S-WX2 interface. The WD 1002S-WX2
sends Recalibrate and Seek commands to the
selected drive and reads sector zero of each track
verifying both lD and data fields. The WD10025-
WX2 does not perform any write operations.

5.19.1 POSSIBLE ERROR CODES

No Seek Complete 03 Write Fault
Drive Not Ready 06 Track Zero Not Found
Data Address Mark 15 Seek Error
Not Fou nd

5.20 EXECUTE CONTROLLER DIAGNOSTICS
(CLASS E, OP CODE 04)

Eegardless of the version of the WD1015 on the
wD1002s-wx2, the wD'1002s.wx2 executes this
command when the Host issues a command code
of E4 hex to the CCB, The WD1015,14 auto-
matically executes this command after system
Reset (RST on connector P1 B2 asserted), write to
port 321 hex, or power'up. The WD1015-24 only
automatically executes this command when an
on-board WD BIOS performs an install sequence
after power-up.

Once started, this command continues to run un1,l
an error occurs, or the Host selects theWD10025-
WX2 by writing to pott 322. lf an error occurs
when this command has been started at power up,
an error code is output at pins 27, 28, and 29 ot
the wD 1015. These are the Head select 0, 1, and 2
signals and can be monitored at the Drive Control

02
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Connector J1 pins 14, 18, and 4. The error codes
generated under this condition are not the same as

those reported by a Read Status command.

1 - WD1O104-05 Error
2 - WD11C00-17 ECC Error
3 - Sector Buffer Error
4 - WD1015 RAM Error
5 - VVD 1015 FlOlVl Error

5.20.1 WD1010A-05 TEST

A pattern is written to and read from the
WD1O10A 05's Sector Count and Sector Number
Registers.

5.20.2 WD11C00-17 ECC TEST

The WD11C00-17 is enabled during the read por'
tion of the Sector Buffer Test, After the contents
of the Sector Buffer have been read. the ECC not 0
(pin 20) of theWD11C00-17 is monitored, it should
be asserted indicating non-zero Check Bytes. The
internal check pattern is then fed back into the
chip and pin 20 monitored again. This time it
should not be asserted, indicating a Check Byte
pattern of zero.

5.20.3 SECTOB BUFFER TEST

The hex pattern 00, 01, 02,04,08, 10,20,40,80
is written throughout the entire Sector Bufferand
then read to make sure it is correct. The entire
contents of the Sector Buffer is then shifted one
byte position and read again. This procedure is
repeated nine times verifying that every bit in the
Sector Buffer can be set and reset.

The WD11C00-17 is enabled during the read
functions to verify the operability of that device.

5.20.4 WD1O15 RAM TEST

This tests the 100 bytes of internal BANI in the
same manner as the Sector Buffer test.

5.20.5 WD1015 ROM TEST

This test verifies the ability to address and read all
2K bytes of internal ROM, using an add and rotate
algorithm to generate a single byte result. This
result is then compared with the Sumcheck located
in the last page of memory.

5.20.6 POSSIBLE ERROB CODES

30 Sector Buffer Error 31 ROIVI Sumcheck Error
32 ECC Error

5.21 READ LONG (CLASS E, OP CODE 05)

The Host first performs a normal Write command,
writing known data, that produces a predictable
ECC character, then performs a Headlong com,
mand. This command reads the data from the disk
without generating any ECC bytes of its own.
lnstead it reads the four ECC bytes from the disk,
as though reading data, resulting in 512 plus 4 for
a total of 516 bytes of data. The Host, knowing
what the data and ECC bytes are supposed to be,
can now determine whether any errors that have
occurred, are a result of a data or ECC failure.

5.21.1 POSSIBLE ERROR CODES

No Seek Complete 03 Wr;te Fau lt
Drive Not Ready 06 Track Zero Not Found
Data Address Mark 15 Seek Error
Not Found 21 lllegal Disk Address
Track Flagged Bad

5.22 WRITE LONG 1CLASS E, OP CODE 06)

After performing the Write normal/Readlong
routine to determine that the wD1002s-wX2 is
able to write data and generate correct ECC bytes,
the Host can execute a Writelong and Read normal
routine. This verifies the ability of the WD10025-
WX2 to read the data correctly and generate 4-zero
ECC bytes or if an error was forced, correct it.
The Writelong command does not generate ECC
bytes. instead the Host supplies them along with a

known data pattern. Then, performing a normal
Read command, the Host can determine whether
non-zero ECC bytes are caused by a Read failure
or ECC generation failure. (This procedure could
be performed prior to the Write normal/ Read long ).

5.22.1 POSSIBLE ERROR CODES

No Seek Complete 03 Write Fau lt
Drive Not Ready 06 Track Zero Not Found
Data Address Mark 15 Seek Error
Not Found 21 llleqal Disk Address
Track Flagged Bad
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SECTION VI
THEORY OF OPERATION

6.1 GENERAL

The WD1002S-WX2 Winchester Controller inter-
faces an IBM PC or lB i\,4-compat ible PC with a

maximum of two Seagate Technology 5T506
compatible disk drives. Western Digital bases the
WD10025 WX2 architecture on the WD10104-05
Winchester Disk Controller. WD1015-14 lWD1015-
24) Buffer l\4anager Control Processor, WD1 '1C00'

17 Logic Array, WD'1 0C20 Winchester Data Sep'
arator and Write Precompensation Device, and
BIOS ROtVl. Therefore, this theory of operation
focuses upon these devices. Figure 6-1 is a

functional block diagram of the WD10025 WX2.

6.2 BUSES

This section describes the five buses used by the
WD 1 0025 WX2. Two of the buses are extensions
of the Host data and address buses. The other three
buses are internal to the WD10025-WX2- All buses
transmlt either addresses, commands, data or status
information.

6.2.1 HOST INTERFACE ADDRESS BUS AO
THROUGH 419

The Host uses this bus during programmed l/O to
address the eight l/O ports 320 hexidecimal
through 327 hexidecimal, The Host also addresses
the Blos RoM with address c8000,c8FFF on this
bus.

6.2.2 HOST INTERFACE DATA/COMMAND
BUS DO THROUGH D7

This is a bi-dlrectional data bus linking the
WD1002S-WX2 to the Host. lt is used for the
transmittal of data between the Host and Sector
Buffer, the Command Control Block (CCB) to the
WD1015, and the drive configuration and status
to the Host.

6.2,3 WDlOO2S-WX2 INTRABOARD COMMAND/
STATUS BUS BDO THROUGH BD7

This is a read only bus connecting the B IOS FO[4
to D0 through D7, through a bus drivers controlled
by ROMEN. When the Host requests information
from the BIOS, the Host addresses the BIOS and
enables the bus drivers. Jhe information passes

from BDO BD7 to D0-D7. The information
transfer between the BIOS and Host follows
standard bus protocol.

6.2.4 \A/D1OO2S.WX2 INTRABOARD COMMAND/
STATUS BUS ADO THROUGH AD7

This is a bi directional bus linking the WD1015,
WD1010A-05, WD11C00-17. and Sector Buffer.
Data, commands, control information and status
all pass through this bus. This bus is linked to the
D0 through D7 bus by the WD 1 1C00-17.

6.2.5 WDlOO2S-WX2 INTRABOARD ADDRESS
BUS RAO THROUGH RAlO

Th is bus add resses the Sector Buffer and W Dl010A'
05 Task File, as well as signaling the WD1010A
05 that the end of the data field has been reached
and the ECC is starting. The Task File address is
preset into the WD 1 1 C00 1 7 Sector Address
Counter which in turn places it on the BA0
through RAl0 bus. The Task File address is eight
b its long.
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FIGURE 6-2, WD1OO2S"WX2 DETAILED BLOCK DIAGRAM

..'.., 
i

6.3 BUS PROTOCOL

The Host and WD1002S-WX2 protocol consists of
.the following bus phases:

Select
Command
Data
Completion

Normal execution occurs in the order listed above.

Depending upon the type of command being
executed, the Data phase does not always occur.
Also, depending upon the type of errors detected
by the WD1015 or WD1010,4-05, an immediate
skip to the Completion phase can occur. Execution
of the Completion phase always occurs regardless
of the command or error.

Jwprr rocatlur5 M0 fuicr0$_
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6.3.1 SELECTION PHASE

The Host selects this phase to start execution of a

command by the WD1002S-WX2. The WD11C00-
17 asserts EISY to acknowledge selection of the
WD1002S'WX2. The Host can sample BUSY by
reading port 321 hex. For power'up and at the end
of every command, the WD1002S,WX2 asserts the
hardware status bits required for proper handshake
as follows:

EISY
e (e/D)
| (i/o)
REO

When the Host reads the WD 1002S-WX2 hardware
status the WD 1 

'1C00 
1 7 complements BISY and

C/D and drives these signals onto the Host data
bus. Sections 5.2.1 through 5.2.4 describe the l/O
ports in detail.

6.3.2 COMMAND PHASE

Following the Selection phase, the Host sends the
six byte Command Control Block (CCB). Transfer
g!_!!e rqCq]lre ass_ertion of the hardware status bits,
BUSY, C (C/D), I (l/O), and REO. The WD11C00-
17 sends the CCB to page 0 of the Sector Buffer.
The WD1015 retrieves the CCB from the Sector
Buffer to execute the command. Once this phase
is entered, the only way the Host can abort com-
mand execution is by asserting RESET. The Host
can reissue commands when the WD1002S-WX2
de-asserts BtJ SY-. Section 5.3 describes the CCB
format.

6,3.3 DATA PHASE

After decoding a command and checking for any
illegal parameters, the WD1015 sets up the Host
for the Data phase depending upon whether the
WD1015 needs the data first to execute the com-
mand. Otherwise, the Data phase is entered, after
the command is executed by the WD1015, as in
the case of a Read Command. Assertion of D (e/D)
defines the Data phase. The state of the li0 signal
and the command determines the direction of the
data transfer. Assertion of I (l/0) indicates data
input to the Host. Assertion of 0 (l/0) indicates
data output from the Host.

6.3.3.1 Programmed l/O Data Transfer
The Host usually transfers commands and data in
programmed l/O mode except disk data transfers.
Disk data trans{ers can be either programmed l/O
or DN,'lA. To the WD1002S-WX2, both methods of
data transfer are identical except for the generation
of the handshake signals by the WD11C00-17.
The WD11C00-i7 does not generate the DRQ3
signal in programmed l/O mode. IOR and IOW
transfer the data when the WD1015 asserts the
hardware status bits.

The WD1002S'WX2 l/O ports reside in Host
memory address locations 320 hex through 323
hex. (The WD1002S-WX2 allows jumper selection
of the l/O port addresses. Refer to Section 7 for
further information.) All WD1002S WX2 port
accesses are made in programmed l/O mode.
Address enable (AEN) indicates Host control over
the buses and connects the l/O channel to the
WD1002S-WX2. A0 through A9 address the Host
memory locations. A0 and A1 select one of the
four ports. IOR and lO-W select the port function.
Depending upon the addressed port function, the
Host bus may not be used. Section 5.2 describes
the l/O ports and their functions. Section 4
describes interface timing for programmed l/O
data transfers.

6.3.3.2 DMA Data Transfer
The Host must configure the WD1002S'WX2 for
DMA mode before transfer data between the
Sector Buffer and Host. The Host writes to port
323 hex to enable DMA mode prior to issuing a

command. With DMA eanbled, no access of port
320 is required to transfer data. The Host can then
sense DR03 at the start of a byte transfer. Asser-
tion of DTeK3 by the Host causes the WD1 'ICOO-

17 to de-assert DBQ3. Data transfer between the
Sector Buffer and Host is then controlled by the
Host using iEW and iOE signals as in programmed
l/O mode. When DICR3 is de-asserted, DHO3 is

asserted by the WD1 1C00-17. This process repeats
until all the data is transferred. De-assertion of
REO signals the end of the DMA transfer. Section
4 describes interface timing for DMA data transfers.
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6.3.4 COMPLETION PHASE

The Host senses the Completion phase by sampling
lROs (lRO2 is a jumper selectable option. Refer
to Section 7.) or by polling the BUSY signal.
lRQ5 is available as a port 32,l status bit. The Host
totally controls lR05 by writing to port 323. The
WD 1 1C00-1 7 generates I ROS when the Host issues

the write to port 323. The Host must disable inter-
rupts before reading the Command Completion
byte from the WD1002S-WX2. lf the Host does
not disable the WD1002S-WX2 interrupts, then
the WD1002S-WX2 continuously interrupts the
Host. The completion code can be read by the
Host when the WD 1 1 C00 1 7 asserts the f ol owing
hardware status sig na ls:

ENSY
C (C/D)
t{t/0)
nEo

A completion code of zero indicates no erTor
occured. A non zero value indlcates occurrence of
an error during command execution. The Host can
obtain additlonal information about the error by
executing a Bead Status Command. ln this case,

the Data phase is implemented at command com-
pletion by the WD 1002S'WX2.

The WD10'15 makes the command completion
byte available to the Host at port 320 after com
mand completion. This byte contains the drive
number of the drive that completion status ls

valid and an error bit. Section 5.6 describes the
format of the command completion byte.

6.4 DEVICE ADDBESS DECODER

The Device Acidress Deocde' gene'.rtes BOIV
ENABLE (FOMEN) ANd bEVICE ADDBESS
CODE {DADD). RbMEN allows the Host to address
the BIOS ROM and enables the ROM Data Bus
Drivers to place the BIOS ROM information on
the Host lnterface Data/Command Bus. FIOMEN-
is derived from a valid BIOS address and MEMF.
OeOO is asserted when address 320 or 324 is
present on the address bus.

6.5 BIOS ROM

The BIOS ROM contains firmware driver routines
for Winchester disk control. These routines, when
installed, reside in Host memory space C8000 hex
through CBFFF hex. The BIOS routines are only
entered via software interrupts. lf your Host

operating system is designed to supply the Bt0S
ROIVI information, then the WD1002S.WX2
BIOS ROM is not required to operate the con.
troller.

6,6 CONFIGUBATION JUMPERS

These jumpers configure the WD1002S-WX2 for
different disk drive capacities. Pull-up resistors
internal to the WD11CCO 17 ncrmalLy tie the
OPTION C through 3 (OPO through OP3) signals
to +5V, lnstal ation of a junrper connects ihe
signal to ground. Section 7 describes the Con
figuration Jumper location and settings for disk
drive capacities.

6.7 WD11COO.17 LOGIC ARFAY
The WD 1 

'l C00 1 7 Logic Arra'y' incorporates
several functions in a single package. lmplementa
tion of these functions occurs by ccmtrlning
random loqic and specialized circuits. The
WD'1C00'7 co'tdi^" tl-e fo owing c,'r:. ts:

status ports
Read and wri.te ports
Sector Buffer RAIM addressing and control

Feset tim ing

The WD11C00 17 connects directly to the multi
plexed address/data bus, AD0 AD7.

6.7.1 STATUS. READ, AND WBITE PORTS

Sectlon 5.2 rjescribes these ports' fu nctlons.
Secrlon 6.3 describes the operation ot these ports.

6.7,2 SECTOR BUFFER RAI\4 ADDRESSING
AND CONTROL

A counter in the WD 1 1C00 17 generates RAM
ADDFESS 0 through I (RA0 through BA9).
The upper three address bits (R47, RA8, and
RA9) are resettabJe by the WD1015. This ailows
the WD1015 to address a range of 8 pages with
256 by-tes in each page. The address of any byte
withln a page can be set by the WD 1015 bv gener-
ating dummy FAM accesses to lncrement the
address counters to the proper address.

ln addition to addressing the Sector Buffer, the
upper three counter blts (RA8, HA9, ancj RA10)
are used to addi'ess the WD10104..05 Task File
when tlre Sector Buffer is not being used. A Sector
Buffer access ends when the Sector Br.:ffer is empty
or full. Therefore, the WD11C00 17 asserts RA10.
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Assertion of RA10 causes de,assertion of DRO3.
This informs ihe Host that the Sector Buffer ls

either empty or full, signals the end of the data
field, and indicates the start of the ECC field to
the wD11C00 17 ECC 1ogic.

Assertion of R43 when the Command bus phase
ends indicates to the WD1C15 placement of ihe
CCB in the Sector Buffer.

6.7.3 ECC CIRCUITRY
During a write operation, the W D 1010A.05 receives
the data f rom the sector Buf 'rer. The wD 1 1c00 17
generates and appends the four byte ECC to the
data stream. Proper placement of the ECC requlres
determ nation of the end of the data stream.
Assertion of FA10 by the WDI1C00 17 address
counter indicates RAM overflow and the end of
the data stream. After writing the ECC to the dlsk,
the wD'1 '1 C00-17 ECC circuitry supplies a1l zero
bytes to the AD0 through AD7 bus as ong as ECC
fu nction is selected.

Durinq a read operation, the ECC circuitry re
computes the ECC. Comparison of the previously
written ECC and computed ECC occurs at the end
of the data stream. (Assertion of RA10 indicates
end of the data stream.) The ECC circuitry records
the result of the comparison. Any additional
writes to the Sector Buffer are ignored. lf the result
of the comparison is non-zero, then the WD 1 

'1 C00
'17 asserts ECC NOT 0 signal. Assertion of ECC
\OT 0 erab es 'he WDl0l5 to dtrenpt error
co rrect ion.

For diagnostic purposes, during Writeiong and
Readlong commands the ECC generation and
checking is disab ed. A Writelong command causes
the WD1'1C00 l7 to accept any four bytes from
the Host, and stores the bytes internally, These
bytes are written to the dlsk unaitered. A Readlong
command causes the WD 1 1 C00 1 7 to accept th-"
four bytes written on the disk. These bytes are
passed to the Host unaltered. This allows the Host
to induce errors anywhere in the data streanr and
check for predictable results. Sections 5.21 and
5.22 desc ribe these cornmands.

During sector reads and writes, CHC error detec
tion capability is used for the LD. iields. The data
fie d on a hard disk uses error correction for a

single burst up to 11 bits in error. The bit cor'
rection span is user programmable. Use the 11 bit
correction span sparingly or only for diagnostic
purposes. Eleven bit error correction spans signifi-

canlly reduce error detection for multple error'
bursts A frve bit correctlon span 1s adequate for
m ost applications.

6,7.4 R ESET TIMING CIRCUITRY

For a reset, the WD'10023 \{X2 executes a power
up sequence to setup interna parameters and
inltiallzes the on-board clrcultrv prcperLy. The
WD 10025 WX2 oesi.Jr r6qlt res d t,r,nu.r wat.'t
reset pulse width of 15psec. The Feset Timing
circuitry provides a \rr'arm reset pulse of 1.35 msec.
For a co d start, ihe rnlnimum reset required pu se

width is 10 msec. The Reset Tim ng circuitry pro
vides a cold reset pulse of '128 msec.

To detect any power up dlagnostlc fa ures, the
1-lost should issue an Execute Controller Diagnostic
commanci if the WD10025 WX2 DOES NOT use

either a WD 1015 14 or a WD BIOS. The WD1015-
14 automatical y performs an Execute Contro ler
Diagnostic command after power up or a software
reset. A WD BIOS issues an Execute Conti'oller
Diagnostic command as part of the lnstall sequence
regartiless of the version of the WD 1015 on board.

6.8 WP1O15 BUFFER MANAGER C

PnpeEssaE
The WD1015 is a self contained CPU designed to
receive commands frorn the Host. Flrmware in
the WD10i5 iranslates the Host comrnand format
into the WD l010A 05 format. The WD1015
controls any programmable retries and data error
co rrect io n.

There are tlvo verslons of the WD1015 for the
WD10025 WXZ. The WD1015'14 supports up to
eigl^t l"eads. Tre WD1015.14 -ses the BEDLCED
WRITE eURRENT (RWe) slgnal. The WD10't 5 24
supports up to 16 heads. The WD 1015 24 uses the
RWe pin on J1 as EEIDSELEaT= (ESEI3).
The acronym WD1015 refers to both versions.
When a specific reference is made to a specific
version, the approprlate aci'onym is used.

The WD 1015 conti'o s the transfer of informaiion
within the WD10025 WX2 and malntains the
necessary copies of the WD1010A 05 Task Files.
The WD1015 accesses the CCB ln the Sector
Buffer. Pricr to the command being issued to the
WD1010A 05 by the WD1015, the drive and head
select information is set in a port atch for the
drive interface (DSE 10, DSE 11, and HSE L0
through HSEL3). The heads are stepped, if re-
quired, by the STEP signal and positioneC over the
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desired cylinder. The CCB is translated and issued

to the WD1010A'05, after observing the required
protocol. At the end of command execution, the
wD1010A-05 asserts wlNT. The WD1015 polls
WINT.

The WD10i5 controls multiple sector transfers
without the Host reissu ing the command. The
WD'1015 breaks all multiple sector transfers into
a series of single sector commands to the
WD10104-05. The WD 1015 provides head changes
and steps as required between WD10104,05 com-
mands until the block count is satisfied. There can
be many WD1010A-05 interrupts (WINT) for one
Host command. However, the WD1015 enables the
WDl1C00-17 to send only one interrupt to the
Host at the end of the transfer.

6.8.1 EXCEPTION HANDLING
No commands can be executed by the WD'1010A-
05 with DRDY- de-asserted, SC de-asserted, or WF
asserted. ln these cases, the WD10'15 aborts the
issued command. No attempts are made to recover
from these cond itions.

Before any data transfer can take place, the
WD1010A-05 attempts to read the LD. f ield of the
logical block address specified. lf any errors
are detected in this process, the WD10104-05
attempts to read the l.D. field until two index
pulses are detected. lf the l.D. field can not be
read, the WD'101 5 reissues the command once each
disk revolution for ten disk revolutions to recover
from the error. lf this is unsuccessful, the WDi 015
performs an Autorestore. The Autorestore re-
calibrates the selected logical unit and performs a

re seek to the logical block address specified. The
WD1010A-05 attemptr to read the l.D. field once
each disk revolution for ten disk revolutions. lf the
error is unrecoverable, the operation is terminated.
The error reported is the last error encountered,
assuming that the same error is responsible for any
attempted retries.

A similar operation is performed on all missing
Data Address Marks during a read operation. lf
the l.D. field can be read correctly, data transfer
between the Host and WD1010A-05 can take
place. For a write operation, the location of the
desired l.D. field is all that is required to write
data to the disk from the Sector Buffer. Multiple
sector transfers are broken into single sector
transfers as described in Section 6.8. For a read
operation, the data field is corrected, if possible,
before being transferred to the Host.

The WD1015 controls the operation of the
WDl i C00 17 ECC circuitry. During the transfer
of data from the Sector Buffer to the disk, the
WDl 1C00-17 computes a four byte ECC that is

appended to the end of the data transferred to
the WD1010A-05 and recorded on the disk.
During data transf eTs f rom the WD 10104-05 to
the Sector Buffer, the WD'l 1C00-17 uses the ECC
circuitry to validate the data. lf data is corrputed,
the WD1015 performs retries and correction. A
maximum of eight retries are attempted if two
consecutive syndromes do not match. Correction
is attempted only when two consecutive syn-
dromes match. lf the error is uncorrectable, the
operation is terminated.

All exception handling results in a loss of at least
one disk revolu tion.

6.9 SECTOR BUFFER

The Sector Buffer consists of a 2KB by 8 bit RAM
that is used to hold data or the CCB. Only the
lower 1KB of the HAM is actually used. Therefore,
the terms upper and lower in the succeeding para-
graph are relative to the lower l KB of the RAM.

The lower half of the RAM is used mainly for the
CCB, status and error information, and storage for
the ECC bytes. The eight bytes of drive character-
istics from the Host during an lnitialize Drive
Parameters command are also stored in page zero
of the BAM. The sector data is stored in the
upper half of the HAIVI. The Sector Buffer also
holds the information to be recorded on the disk
during a Format command in exactly the same way
as a sector of data written to the disk.

6.10 WDl01OA.O5 WINCHESTER DISK
CONTROL LE R

The WD10104-05 is a single chip device designed
for use with Seagate Technology 5T506 and other
compatible disk drives. All disk commands are
started by the WD'101 5 after the CCB has been
read and properly translated. The primary purpose
of the WD1010A-05 is to control data (this in-
cludes data separation for Read Data) transfer
between the disk and the Sector Buffer after the
WD1015 has positioned the selected head over the
desired track. The WD10l04-05 can position the
disk heads, but this capability is not used in the
design because the desired step rates are not
supported by the WD10104-05. Befer to the
WD1010-05 data sheet in the Western Digital
Storage Management Products Handbook for
further details on the WD1010A-05.
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6.11 WD10C20

The WD'10C20 interfaces the disk drive to the
other circuitry on the WD10025 WX2. The
WD10C20 contains two major circuits. These two
circuits are the Write Precompensation circuitry
and data synch ron ization.

6.11.1 CLOCK GENEHATOR

A 10 MHz fundamental frequency crystal is

required by the WD10C20. The crystal frequency
is used as a reference clock and then divided by
two for a WRITE CLOCK (WCLK) which is used
to produce MFM write data for the disk. These

clock sources are provided by the WD10C20.

The WD1015 uses the 5 MHz WCLK, provided by
the W010C20. giving an instruction cycle time of
3.0|.,rsec. lVost instructions execute in two cycles
or 6.0u sec.

6.11.2 WRITE PRECOMPENSATION CIRCUIT

The generation of M F M Write Data takes place in
the WD1010,4-05. The WD'10104-05 accepts a

byte of data and a WCLK to internally produce
MFIVI data. The 1VFM data is now totally com'
patible with the required format for transmission
to the disk vla line drivers with one exception.
Due to decreasing radius on the physical surface of
the disk, the inside tracks have less circumference
and therefore exhibit an increase in recording flux
density over the outside tracks. This increase in
flux density aggravates a problem known as

dynamic bit sh ift.
Dynamic bit shift comes about as a result of one
bit on the disk (a flux reversal) influencing an

adjacent bit, The result is to shift the leading edge
of both bits closer together or further apart than
oriqinally recorded. The net result is that enough
jitter is added to the data recorded on the inside
tracks to make them harder to recover without
error.

Write precompensation is used to reduce the effect
of dynamic bit shift on the recorded data. lt is a
method of predicting which direction a particular
bit is shifted and intentionally wrlting that bit out
of position in the opposite directlon from the
expected shift. This is performed by examining
two data bits: the last one written and the present
one to be written to the disk. A comparison of
these bits produces one of three signals: EARLY,
NOIVIINAL, or LATE. These signals are used with a

delay line (intervals of 12nsec) to cause the leading

edge of the data or clock bit to be written EAR LY,
LATE, or on Lime (NOMINAL).

The WD1015 enables or disables the generation of
these write precompensation signals by controlling
the LS signal. Assertion of LS enables write pre'
compensation. De assertion of LS disabies write
precompensation and the NOIVIINAL output is

asserted.

The WD 10C20 internal logic perf orms the write
p recom pensat ion. The MFM write pulses are
applied to internal logic. The WM F l\,4 output
depends upon the state of the three write pre-
compensation signals. From here, the data is con-
verted to a differential form and then transmitled
to the d isk drive.

6.1 1,3 DATA SEPARATOR

Data is recorded on the disks using MFM tech-
niques. This technique requires clock bits to be
recorded only when two successive data bits are
missing in the serial data stream. ln other words,
lf two successive dala bits are zeroes, then a clock
pulse is generated. A logical one data bit is re-
corded as a pulse and a logical zero is recorded as

not pulse. The fact that clock bits are not recoTded
with every data bit cell requires circuitry that can
remain in synchronization with data during the
absence of clock bits. Synchronous decoding of
l\4 F l\4 data streams requires the decoder circuitry to
synthesize clock bit timing when clocks are missing
and synchronize to clock bits when they are
present. This is accomplished by using a phase
locked oscillator employing an error amplifier and
filter to synchronize with and hold a specific phase
relationship to the data and clock bits in the data
stream. The phase lock occurs at the crystal
frequency, which in turn is used to synthesize a
clock called RCLK with a frequency one half ot
the crystal frequency. This synthesized clock is

used to separate data bits from clock bits by the
external logic for deserialization into bytes.

Refer to the WD10C20 Data Sheet for further
deta i ls,
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SECTION VII
INSTALLATION

7,1 HARDWARE AND SOFTWARE
II!STAL LATION

This section briefly describes installation of the

WD1002S'WX2 in an IBM PC or IBM'compatible
computer.

1. Ensure system power is off.
2. lnsert WD1002S-WX2 in computer chassis and

connect drive cables. (J'l = control cable,
J2 = drive 0 cable, J3 = drive 1 cable )

3. Power up the system.
4. lnsert IBM PCDOS 2.0 or IBIVI PCDOS 2.'l

d iskette.

CAUTION
Performing steps 5 through 9 destroys any data
presently on the d isk.

5. Load DEBUG utility by typlng "debug" and
E NTE R af ter the DOS prompt.

6. lnitiate the WX2FMT (format) program by
typing the following command line: -9=6966 5

7. Press "y" to begin formatting drive 0 (logical
drive C).

8. To iormat drive 1 or second drive in a daisy
chain, reload DEBUG utllity. Type "RAX" and
ENTER. Prompt returns "AX 0000". Type

"0103". ENTEH which defines reiative drive
number and lnterleave factor (01 = relative
drive numberj 03 = interleave factor). Type
"G=C800:5", ENTEF, and type "y" to begin
iormatting drive 1 (logicai drive D).

9. Run stanCard DOS utllities, FDISK and
FO R JV]AT.

7,2 JUIVIPE R INSTALLATION AND
!ocATroNS

The WD10C2S-WX2 is configured for the standard
lBl\l PCXT with jumper plugs installed at W3, W4,
anrj W6. No jumpers are required at W5 and Vy'7.

To change thd configuration, a jumper p ug can be
installed in the appropriate block. lnstallation of
jumpers on W5 and W7 requires carefu ly cutting
an etch and placing a jumper olug onto the
Jumpered posltion. To restore the standard setting,
move the jurrper plug to the Standard posltlon.
Table 7 1 describes ihese jumpers and options.
Table 1.2 describes the cirive configuration jumpers
and an iNTERFUPT REOUEST (lRQ) jumpei' in
SW1. Figu.e 7.1 rr,strdles Ite 'ocat'o'rs ol Wl
th rough W7 and SW1.

TABLE 7.1. JUI\4PER SELECTABLE OPTIONS (W1 THROUGH W5)

JUMPER FUNCTION PIN DESCRIPTION

Wl, W2

W3

W5

W6

Standard:
Jumpered

Standard:
J u m pered

Standa rd:
J u mpered

Standard:
J u m pered

Standard.
J u mpered

1.2
1-2
)?
1-2

12

1n

1-2

For Western Digital Manufacturing use only.

Closed by etch or jumper. Enables B IOS ROM.
Open. Disables B IOS ROM.

Selects primary port 320 hex.
Selects secondary port 324 hex, Requires custom BIOS.

NOTE
The WD'1002S-WX2 provides two sets of I/O ports. The primary port
addresses are 320 through 323 hex. The secondary port addresses are
324 through 327 hex. However, secondary ports on the WD1002S-WX2
are [Q] supported by any version DOS.

Selects 2732 or 2764 BIOS ROIV size.
Selects 2716 B IOS Rol\4 size. W5 pin 1-2 etch must be cut.

8 head configuration, RWC used.
16 head configuration, RWC 191 used, requires custom B IOS FOM and
wD 1015 24.

Selects IR05.
Selects lR02. SW1 position 8 must also be jumpered (closed) and W7
pin 1-2 etch must be cut.
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Btos
TABL E

FORMATTED
CAPACITY

POSITION
DRIVETYPE HEADS

NUMBER OF
CYLINDERS

PH E-COMP
RWC

12
DRIVE 1

34
DRIVE O

3

2

1

0

l OIVIB

1 sIV]B

26M B

5tll8

11

01

10

00

11

01

10

00

sT412 4
Seagate

sT419 6
Seagate

5820 8
Evotek

sT506 2
Seagate

306

306

375

306

0
N one

256
RWC = 128

0
None

0
None

wD Blos 62_000a42,12 (EPROM)

3

2

1

0

,lOMB

20t!1B

1 0t\18

20IVIB

11

01

10

00

1'l

01

10

00

sT412 4
Seagate

s1225 4
Seagate

3012 2
lVliniScribe

AH725 4
M icroscience

306

o tt

612

612

0
None
'128

N one

128
RWC = 128

None
None

TABLE 7.2. SWl JUMPER BLOCK DESCRIPTION

WD BIOS 62-000042-01 {ROM} or 62-000042-11 (EPROM)

Factory sets jumpers for BIOS Table 3. Position
5 of SWl select lRO5 (factory setting) or lRO2.
1 = lROs. 0 = lRO2. Positions 6, 7 , and 8 of SW1

are reserved.

LEGEND: 1 = no jumper installed, ties input to
+svdc. 0 = jumper installed, ties input
to grou nd.
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FIGURE 7.1. JUMPER LOCATIONS

7.3 BIOS ROM INSTALLATION
The WD10025 WX2 f irmware driver routines,
supplied by Western Digital Corporation, reside in
a 4KB x I bit EPROI\I. This BIOS ROM is avail.
able in three sizes as follows:

2716 2KBxSbit
2732 4KB x 8 bit (standard from the factory)
2764 SKBx8bit

The WD10025 WX2 provides a 28 pin DIP socket
for the BIOS ROM. This socket accomodates a

2732 or 2764 JEDEC EPROM. Fisure 7-2 illus-
trates the standard connections for lhe 2132 or
2764. These connections can be modified to
support a 2716. Perlorm the following steps to
modif y the standard connections:

1. Cut the etch between pads 'l and 2 on W5
2. Jumper pad 3 to pad 2
3. Wire pins 20 and 26 as shown.
4. Plug E|OS in rhe socket. Pin 1 of the 2716

BIOS should be in position 3 of the socket.

28
27
26

23
22
21
20

2
3

5
6
7
8
9

E4

VSS O E3(vCC)

FIGURE 7.2.
BIOS ROM SOCKET CONNECTIONS
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1. WDIO2O FEATURES

- Designed specifically for the industry standard wDlO1C/wD2O1O Ha!d Disk
Cont!ollers and sT505 type I,tinchester disk drives.

- Provides alI processinE of the sensitive read/urite data signals

- Highly stable LC type Voltage Controlled oscillator

- Self Adjusting VCo compensates for component, tempera!ure, volLage,
and aging variations

- Uses frequency detection on crystal reference and on the data
synchronization field to eli.minate 180 degree lock due to drive asymmetry,
and to eliminate harmonic Iock from write splices

- zero Phase startup for faste!, more predictabl.e lock acquisition

- Locks to crystal reference while idle

- Dual gain: high for faster acquisition
low for more jitter rejection whi).e tracking

- External pump current contrcl

- Integrated crystal oscillator circuit

- Inexpensi ve external components

- Will accomodate other data rates through selecticn of external components

- Available in 28-pin DIP or 28-pin QSM Leaded surface mount chip 
"urrr.,

- Lovr power CMOS design
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2. GENERAL DESCRIPTION

The wDI020 Read,/Write Channel is an LSI device implemented
in 3 micron high-speed cMos. It is sPecifically designed to be
compatible with the Western Digital wD10I0,/wD2010 series of Hard Disk
Controllers, and with disk drives conforming to the Popular sT505
interface standard. ID a typical aPPlication, it Perforns all of the
handJ,ing of the sensitive read/write signals betvreen a Hard Disk
controlle! and data drivers and receivers. Read data corresponds
to previous l,rite data, with added phase, frequency,
and write splice noise. The fundamental purpose of the wD1020
is to remove these gources of noise, and present a clean, digital
read signal to the Hard Disk Contro1ler.

The wDIo20 performs Phase-locked loop data synchronization
on read data from the drive. An on-board synch field
detector automatically switches the PLL from the stable
crysta] reference to the read data. The vCO is halted and restarted
in phase with the data to elininate initial acquisition in the wrong
frequency direction. Frequency-phase detection is used at the
beginning of the synch field
to quickly and reliably acquire lock to the data. Use of this technique
eliminates susceptibility to harmonics and asymmetry. The wD1020
then switches to phase-on1y detection to complete the phase acquisition
before the end of the synch fie1d, and to enable tracking of random
MFM read data. When svritching to phase detection, the WD1020 reduces the
error amplifier gain for better rejection of drive jitter. A precisely
aligned detector samples the data at the underlying data rate to
remove the phase jitter. The regenerated signal, along erith a
fixed-phase synchronous cIock, are output for the
Ha!d Disk controllerts digital circuits.

The wD1020 performs conditioning on write data to the drive.
MFM data from the Hard Disk controller is precisely clocked
with a signal at twice the data frequency to minimize digital phase noise.
If precompensation is enabled, early, nominal, and late taps on an external
delay line are multiplexed through matched delay paths to produce
synchronized, precompensated write data, which is sent directly to the
drive's write ci rcui ts.

The device has been designed to work at the 5 Mbit,/sec data rate
of the ST505 interface. Other data rates nay be accomodated through
selection of external conponents.
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3. P I NOUTS

ADJUST
GND

}IGATE
RGATE
WPCEN
LATE-

EARLY-
WDA?A

WCLK
XTALIN

XTALOUT
DRUN

DRUNRC
RMEM

128
227
326
a wDr020 25
524
623
7 28-PrN 22
8 DIP 2L
920
r0 19
11 18
t2 t7
13 16
1rl 15

I PUMP
vcoouT
VCOIN
PUMP
1/CC
RCLK
RDATA
TLATE
THALF!'IIN
TEARLYZP
DLYDR
TNOM I NAL
WMFM
TF ULLWI N

VCOIN

vcoouT

I PUMP

ADJUST

GND

WGATE

RGATE

DLYDR

TNOMINAL

WHPM

TFULLWIN

RMEM

DRUNRC

DRUN

26

)-7

28

25 24 23 22 2L 20 t9

wDI020

18

l1

16

15

28-PIN QSM 14

TT
HE
AA

RTLR
PRDLFL
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PCKAENP
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4. PIN DESCRIPTIONS

NOTE: Signals have the same pin numbers for both packages.

NAME I/O PIN# EUNCT I ON

RMFII I 14 MEM data received from the drive read circuits. Includes an
internal nominally {K ohm pullup resistor to allow
t!i-state multiplexing of drives' data receivers.

RDATA O 22 Detected and regenerated version of RMFM. Jitter has been
removed and pulses have been synchronized with RCLK.

RCLK O 23 VCOIN divided to half frequency. Tracks the base frequency
of RMrM during a read operationi otherwise tracks the
crystal frequencY.

DRUN O fZ The output of a frequency detector connected to the RMFM

read data. Itrs detection threshold is nominally
set to a period of ! 3/8 bit times.
short, high frequency periods cause it to go highi
long, low freguency periods cause it to go low.

DBUNRC I,/O 13 Connected to an external RC timing circuit for generati.ng DRUN

RGATE I 4 Read gate. Set high when the Controller intends to read.

WGATE I 3 Write gate. Set high when recording onto the disk.
WDATA I 8 write data. MFM data to be conditioned and sent out

through WMPM and written onto the disk.

EARLY- 1 7 Negative true inputs used to advance or delay write data
LATE- I 5 for write precompensa t i on.

WPCEN I 5 Write precompensation enable. When high, it enables
EARLY- ANd LATE-.

m,lFM I 16 write data sent to the drive write circuits.
Low when WGATE is low.

XTALIN I 10 Input/output pins for a crystal oscillator circuit. If
XTALOUT O II an external freguency source is desired, XTALIN

can be driven by a TTL output and XTALOUT left open.

wcl.x o 9 clock signal at one half the crysta] freguency.

DLYDR o 18 Delay line driver to external delay line.
TEARLYZP I 19 Delay tine tap for early precompensatedl Hrite data and for

tining the zero phase startup of the VCO.

TNOMINAL 1 17 Delay line tap for uncompensated write data.
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TLATE I

THALFWIN I

TFUI,LIVIN I

PUMP r/_O

vcorN t/o
vcoour o

ADJUST O

IPUMP I

Page I

2L Delay line tap for late precompensated write data,
20 Delay line tap for generating the enable phase delay

when in phase detection node.

15 Delay line tap for generating full window MFM pulses.

25 Charge pump output to the PLL filter. AIso a voltage
input to the self adjust sensing circuitry.

26 Input/output of the VCO gain Etage. VCOIN is clamped
27 low anil then released during zero phase startup.

1 Output pin for self calibration of the PLL.

28 An external resistor connected to this pin sets
the nagnitude of the charge pump current and the
ADJUST current.

GROUND

+5 Vol ts
GND

vcc

!2
724
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5. ORGANIZATION

A schematic showing the connections of external comPonents to
the wDlo20 is shown in Figure I. This circuit is rePresented functionally
by the block diagram of Figure 2.

The elements in the circuit are a Crystal Oscillator,
synchronization rield Detector, write Data Conditioner, Delay and
Pulse Eormer, Stee!in9 Cont!ol , Povrer-On Reset, Read Data Detector, and
Phase-Locked Loop, rrhich consists of a
Phase-Erequency Detector, Charge Pumps, Filte!, Voltage Controlled
Oscillator, zero Phase Startup Circuit, and Self-Adjustment Circuit.
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5.1 External Component Connections

FIGURE 1,
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5.3

5.3.1

CIRCUIT ELEMENTS

SYNCHRONIZATION FIELD DETECTOR

The purpose of this section is to detect the presence of a
synchronization field preceding an MPM field which the Hardl Di6k
Controller may wish to read.
The criterion used is pulse period discrimination on the RMFM read
data. The external resistor and eapacitor connected to the DRUNRC
pin are useal to set the nominal detection threshold of. L 3/S bit tirnes. If
the period betr.reen consecutive rising edges of RMFM is short with
respect to the threshoLd, then DRUN will go high, if long, then DRUN willgo Iow.

5.3.2 STEERING CONTROL

This logic controls the sequencing of events when the WD1020
is switching between read, write, and idle modes. llhen switching,
the Stee!ing Control disables the Phase-Frequency Detector and Charge
Pumps, switches the MUx source, invokes zero phase startup, and
selects the velocity lock mode of the Phase-Frequency Detector.
After the zero-phase startup is complete, the Phase-Frequency Detector
and Charge Pumps are enabled. If the device is in read or write
mode, then after four byte times the Steering Control switches to
phase detection.

5.3.3 PHASE-LOCKED LOOP (PLL )

5.3.3.1 PHASE-EREQUENCY DE?ECTOR

The Phase-Frequency Detector can be operated in two modes.
The velocity lock mode is used for acquisition when the PLL is
switched to read or write data, and is always used when the PLL
is following the reference crystal oscillato!. The second mode is
standald phase-only detection. The Steering Control logic switches
to this node when frequency acquisition is essentially complete
on data, and phase acquisition is nearly complete as neLl. Internal
delay paths have been carefully matched to minimize introduction
of a phase error due to switching. Phase-on1y mode must, of course,
be used to lock to the MFM following the synch field, since that
will contain the three MFM frequencies.

In either node, the Phase-Rreguency detector converts a
phase alifference between the VCO and input to a pulse width equal
to the phase difference. The polarity of the Phase error determines
whether a signal will be routed to the pump up o! dovrn circuitry in
the charge PumP sect i on.
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5.3.3.2 CHARGE PUMPS

This circuit converts the pulse widths receivedl from the
Phase-Frequency Detector to proportional amouDts of charge into or
out of the Filter. The gain of the Charge Pumps is set by the input
current on the IPUMP pin. This current is set by an exlernal
resistor connected to VCC.

5.3.3.3 FILTER

The Eil.ter converls the current pulses from the charge PumPs
to a voltage output to the VCO. It also performs the sample-and-hold
function necessary for an edge locked PLL, and also necessary during
the Zero Phase Startup Period. As can be seen in the topology of
Figure 1, one of the Filterrs caPacitor6 is also Part of the vcors
series resonant osc i I1a tor .

The Filter must be carefully designed to the sPecific
requiremgnts of acquisition time, capture range, and jitter rejection,
and r.rithin the context of its effect on VCO operation. Roughly
speaking, it functions to filter out high freguency signals due to
RMFM lead data jitter, while passing the low frequency signals associated
with the slovrly varying underlying frequency of RMFM.

5.3.3.4 VOLTAGE CONTROLLED OSCILLATOR (VCO)

The VCO is a series resonant LC oscillator. The active gain element
providing the energy to sustain oscillation is within the WDI020,
between the VCOIN and VCOOUT pins. The VCO is controlled and tuned with
an inexpensive varactor. The filter is connected to the anode of the
varactor, providing the voltage for loop oPeration of the PLL.
Note that higher voLtages at the VCO input corresPond to lower freguencies,
and vice-versa. The cathode of the varactor is connected to the
Self-Adjustment Circuit. The voltage bias on the cathode determines
the location of the vco's v-E characteristic curve. The bias is set
for a favorable voltage at the nominal frequency of the VCO.

5.3.3.5 ZERO PHASE STARTUP CIRCUIT

The Zero Phase Startup circuit is a set of logic and a clamp
on the VCOIN pin. When the WDI020 changes the PLL input signal,
the logic turns on the clamp for a minimum of one input data period.
The clamp stops the operation of the vCO oscillator gain stage and
renoves the AC energy from the passive VCO components. This Puts
the vco into a knorrn state, so that there is a predictable tirne
from release of the clamp until the first VCO edge reaches the
Phase Frequency Detector. So that this event can be made to coincide
with the arrival of a data pulse, the TEARLYZP tap of the delay line
is set erith respect to THALFWIN.
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5.3.3.5 SELF ADJUSTMENT CIRCUIT

The Self Adjustment Circuit tunes the VCO so that its nominaloutput frequency of th'ice the data rate hri1l correEpond to an inputvoltage favorable to the Chatge pumps. This voltaga is approximitely
half of VCC, and centers the capture raDge. An inteEnal comparator
connected to the PUMP pin detects whether the voltage lnto the vco
is above or below the threshold voltage, called VSENSE. The comparator
is sampled at a low frequency derived from the crystal; and the output
is used as the up./down control to a six-bit counter. At poerer-on,
this counter is set to half full scale. The least significant tvro bits
are for noise immunity only. The most significant four bits are
connected to a digital-to-ana109 converter (DAC), which controls the
current sinking ability of the ADJUST pin. Externally, a resistor to
+12 volts is connected to the ADJUST pin to convert the culrent to a
voltage. A large capacitor is also connected to the ADJUST pin to
heavily filter the DAC steps and transients. A largi value resistor
from the ADJUST pin to the cathode of the VCO varactor completes the
circuit. The Self Adjustnent Circuit functions to slowly keep the
VCOrs input voltage near the VSENSE level . It not only performs
compensation for component variations in the same way that a manual
adjustment wouId, but it also compensates for dynamic variations
such as temperature, voltage, and aging. Anothe! beneficial
characteristic of this circuit is heavy RC filtering of the
+I2 volt Eupply.

5.3.4 READ DATA DETECTOR

This circuit produees the signals RCLK and RDATA. RCLK is
a square erave at one half the VCO frequency. During data tracking,
the frequency of RCIK mirrors the slowly varying frequency of the
RMFM read data. RDATA is a regenerated form of RMFM, withjitter lemoved and one-haIf bit tirne pulse widths.
It is exactly synchronous with RCLK.
RCLK edges occur nominally in the center of RDATA pulses
to allow sufficient setup and hold time for the digital circuits
in the Hard Disk Controller that use these signals.

5.3.5 CRYSTAL OSCILLATOR

The Crystal Oscillator is designed to operate in theparallel resonant node, with an external crystal and two capacitors.It generates the WCLK signal used externally. InternalIy, variousdivisions of it are used by the write Data Eonditioner, ihe phase
Lockedl Loop, and the SeIf Adjustment Circuit.

when an externally generated clock is desired, the crystal
and capacitors are omitted. The XTALIU pin is connectedl to tieclock source, with XTALOUT left disconnected. Note that theinput levels of the XTALIN pin are not TTL, and must be guaranteed
by the clock source.
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5.3.6 WRITE DATA CONDITIONER

The Write Data Conditioner samples and precisely synchronizes
WDATA, EARLY-, and LATE- on the rising and falling edges of WCLK.
When WGATE is active, the synchronized WDATA is channeled throuqh the
MUx and passes through the DLYDR pin to the delay line. It. returns
to the WDIO2O through the TEARLYZP, TNOMIIIAL, and TLATE input Pins.
If WPCEN is low, then the TNOMINAL tap is seleeted and passed to the
WMFM outP{:t pin. If WPCEN is high, then the EARLY- and LATE- signals
will selEct lhe tnenlyzp- and TLATE inputs, resPectively. The
differential delay betvreen TEARLyZP and TNOMINAL at tbe delay line
defines the amount of early precompensation, and similarly, TNoMINAL
to TLATE defines the amount of late precompensation. The internal
paths used fo! muLtiplexing these three inputs use precisely matched
elements, and do not alter the amount of precompensation set by the
delay 1i ne.

When WGATE goes high, one of the initial MFM pulses is
supressed to create an interval of trro bit times. This ensures
that DRUN will 9o 1o$, at the beginning of a data synch fieLd, so that
zero phase staltup and velocity lock will be executed ProPerly.
when VIGATE goes low, H'IFM will be held 1ow.

5.3.7 DELAY AND PULSE FORMER

This section includes the external delay line and logic internal to th,
wDI020. In response to input rising edges it produces positive pulses slightl'
longer than one detection window, which is half of a bit time. The
taps are also used for vr!ite precompensation, zero-phase startup,
and defining the enable window for phase detection. Depending upon
the mode of operation, its input is RMFM read data,
synchroni zed WDATA, or WCLK.

5.3.8 POWER-ON RESET

This integrated function is used to reliably set flip-flops
to a predictable state during the application of VCC. It is used
by the steering Control and Self Adjustment sections.
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5. DC ELECTRICAL CHARACTER IST ICS

MAXIHUM RATINGS

VCC wlth respect to GRoUND +5.S volts
Max voltage on any pin with respect to GROUND, -0.5 to vCC + 0.5 voltjwith the exception of ADJUST
Hax voltage on ADJUST pin r,rith respect to GROUND -0.5 to +13.2 volts

DC OPERATING CHARACTERISTICS OVER Ta = 0 to 50 deg. Ci VCC = 4.75 to 5.25V

SYMBOL CHARACTERISTIC MIN TYP MAX UNIT CONDITIONS

INPUTS: TEARLYZP,TNOMINAL,TLATE,THALFWIN,TFULLWIN,RGATE,WGATE,
WPCEN .WDATA, EARLY- , LATE- , RMFM

VIH INPUT HIGH VOLTAGE 2.O V
VIL INPUT LOW VOLTAGE .8 V

INPUT3 XTAL I N
VIH INPUT HIGH VOLTAGE 3.0 V
VIL INPUT LOW VOLTAGE .8 V

INPUTS: TEARLYZP, TNOMI}IAL, TLATE, THALFWI N, TFULLWIN, RGATE,WGATE
lIN INPUT LEAKAGE CURRENT +/-IO uA VIN = GND TO VCC

INPUTS : WPCEN,WDATA, EARLY-,LATE-
IIH INPUT HIGH CURRENT +/-L0 uA VIH = 2.4 V
IIL INPUT LoW CURRENT -I.6 mA VIL = .4 v

INPUTS: XTAL I N

lIH INPUT HIGH CURRENT I25 uA VIH = 3.4 V
IIL INPUT LOW CURRENT -250 uA VIL = .4 V

INPUT 3 RMFM
IIH INPUT HIGH CURRENT 0 mA VIH = 2.4 V INTERNAL
IIL INPUT LOW CURRENT -2.5 mA VIL = .{ V PULLUP

RES I STOR
OUTPUTS : WCLK ,WM!'M , DLYDR , X?ALOUT
VOH OUTPUT HIGH VOLTAGE 2.4 V IoH = -1 mA
VOL OUTPUT LOW VOL?AGE .4 V IOL = { mA
TRISE RISE TIME .8 TO 2.0 V 10 nsec CL = 30 pf
TFALL FALL TIME 2.0 T0 .8 V 10 nsec CL = 30 pf

OUTPUTS:WCLK, RCLK, RDATA, DRUN
voH OUTPUT HIGH VOLTAGE 4.7 V IOH - -I00 uA
vOL OUTPUT LOW VoLTAGE .2 V IOL - 400 uA
TRISE RISE TIME .9 TO {.2 V 30 Dsec CL - 15 pf
TFALL FAIL TIME 4.2 TO .9 V
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MIN TYP MAX UNIT CONDITIONS

VS VSENSE THRESHOLD 2.4 V NorsIA ACOUISITION PUMP CURRENT +/-6 mA 3.57K on IPUMP NoTEIT TRACKING PUMP CURRENT +/-4.5 mA 3.57K on IPUMP NoTE
IJHX ADJUST MAX CURRENT .4 .6 1.0 mA 3.57K on IPUMP
IJMN ADJUST MIN CURREN? +/-L0 uA
ICC PowER SUPPLY CURRENT 110 rnA 3.57K on IPUMP, 5MHz

NOTE I: Dependi.ng upon the application, there are specific requirements
upon the pump currents and their reLationship to vsENsE. see
section 8. for requirements for 5 Mbit,/sec operation.
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7. TIMING CHARACTERI STICS

Timing on signals RDATA, RCLK, tlCLK, and DRUN are measured at the voltage
balfway between the 1010/20L0rs VIH e vIL: 2.55 volts.
All other signals measured fron the 1.4 V transitionB.

The follolring are tj.mings that are independent of the application of the
device. llore tj.nings are specified in the section on 5Mbit operation.

7.I DISK DRIVE READ DATA

SYMBOL CHARACTER]ST IC MIN MAX UNIT CONDITIONS

tI
t2

RMFM
RMFM

PULSE WIDTH HIGH
PULSE WIDTH LOW

20
20

- DSeC
- nsec

RMFy _/-\
l<-- t1--> l<------- r2 -- ---- >

WRITE PRECOMPENSATlON

I
I

SYMBOL CHARACTERISTIC MIN MAX UNIT CONDITIONS

20t3

t4

SETUP TIME: EITHER EDGE OF
EARLY-,LATE-, OR WDATA TO EITHER
EDGE OF WCLK

HOLD TIME: EITHER EDGE OF
EARLY-,LATE-, OR WDATA TO EITHER
EDGE OF WCLK

ns ec

nsec

wcl K -x-x-x
--tl=l<- 

- 
--rl

--> I t3 l<--
EARLY-

LATE-

WDATA

--> I t4 l.i3 t'--

t4 l<--
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}IIN MAX UNIT CONDITIONS

1.3 DRUN, RGATE, WGATE

SYMBOL CHARACTERISTIC

t5
t6
t1
t8

note
note

DRUN

RGATE

WGATE

RGATE

DRUN LOTI PULSE WIDTH
DRUN HIGH TO RGATE HIGH
RGATE LOW TO IIGATE HIGH
WGATE LOW TO RGATE HIGH

No requirement on DRUN pulse
Dur i ng Controller read.

I

7.4 DLYDR, TFULLWIN

SYMBOL CHARACTERIST IC

30 nsec
0 4 byte

20 nsec
20 nsec

r.ridth hi 9h.

note
times note

3
4

3:
4,

l<--t1

MIN MAX UN]T CONDIT]ONS

t9

TFULLWIN

DLYDR

DLYDR SHUTOFF TIME 12 24 nsec

l<-- te --> I
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8. APPLICATION SPECIFICATION !
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5 MBIT,/SEC, WDIOIO,/2OIO, ST5O6 DRIVE

This section details the speeif,ic requirements and performance
of the WD1020 in its most common application. The Hard Disk Controller
is a wDI010 or wD2010, the disk drive conforms to s?506, and the data
rate is 5Mbit/sec. The relevant schematic is the same as in
Figure 1. Eollowing are the component and perfolmance specifications.

8.1 EXTERNAL COMPONENT LIST

ITEM

L
2
3
4
5
6
7
I
9

l0
II
L2
13
l4
15
16
L1
I8
19
20
2L
22

QUANTITY

1
1
1
I
I
I
I
I
I
I
1
1
1
1
1
I
2
I
1
3
I
I

REE DES I GNATOR

D1
v1
cRl
L1
L2
R2
R5
R4
RI
R3
R7
a5
c3
CI
c2

c4,c5
L6
c5
c]0,cl2,c13
CII
c9

DESCRI PT ION

DELAY LINE 12,24,36.50,95 NSEC
CRYSTAL, I0 . 0 oMHZ
TUNING DIODE, MVAM1O9
INDUCTOR 4.7 UH, 5t
FERRITE BEAD
RESISTOR, 220
RESTSTOR, 750
REStSTOR, 1.5 K
RESISTOR, TAS*
RESISIOR, 3.5?K
RES lSTOR, 15.0K
RESISTOR, 10 0K
CAP 68PF 5OV
cAP 100PF 50V
CAP I2OPF sOV
cAP 150PF 50V
CAP 18OPF 5OV
cAP I000Pr' 50v
cAP 4700Pr' 50v
cAP .01MF 50V
CAP IMF lOV
cAP loMr 25V

L/Aw 5r
L/8w It
L/8w rt
L/8w It
L/8w tt
L /gtd lt
l/4w st
5t cER N750
5t CER NPO
5t CER NPO
5t CER NPO
53 CER NPO
5I CER NPO
5t CER NPO

+80/-201 cER
5Ot TANT
2Ot TANT

t Test And select. This resistorrs nominal value is 2.98K. In production,
the board is tested and the proper fixed resistor is installed.
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8.2 EXTERNALCOMPONENTSPECIFICATIONS

The foIloh,ing apply in addition to the plevious components 1ist.
In all cases, components must be compatible with the standard pC 1ayout
defined in section 8.3, and Western Digitalrs standards for rnanufaclurability.

8.2.1 RESTSTORS - lt

The lt resistors shall conform to MIL-R-10509, excePt that the
temperature tolerance shall not exceed +/- 100 PPm. Resistors are
It metaL film, 1.,/8 Watt.

8.2 "2 CAPACITORS - CERAMIC

The general capacitor specifications are described in sprague
Engineering Bulletin * 6249, titled I'PERTORMANCE CHARACTERTSTTCS - COG
(NPO) Temperature Compensating", a copy of which is attached.

8 "2.3 I NDUCTOR

Requirements: Value r 4.7 uH
Tolerance: + /-52
Sel f-lesonant freguency: >40 MHz
Q >40 e 10 MHz
DC resi stance <I.5 ohms
DC rated current >100 mA
Inductance change/tempelature (1t over the range 0-50 deg C

8.2.4 FERRITE BEAD

Fai.r-Rite p/n 21 43A02L22 or equivalent
Impedance at 10 MHz > 10 ohms
General impedance vs. frequency requirements, see Fair-Rite
catalog, figure 4 rrParallel Resistance, Reactance and Impedance
Per Air Core Inductance vs. Frequency", a copy of which is
attached

UESTEPIY D'OI7AI
CLASS
CODE

96

BASE NUMEER

000052

DASH BIN/ROM
cooE

RE

A
DCLC

scALE lSHr zl OF 30
.THIS INFOF,VATION IS CONFiDENT AL A ]D PFoPa]€lARY To wDc AND sHALL NoT BE FEPFoDUcED oE FUFTBER olScLosEoTo aNYoNE orFrEB TuaN wDC EMPLoyEES wrTirour \4BrrrEN AUTBbBTTA'toN FFoM wEsiEFN brctrar Conponaiio,l
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8.2.5 DELAY LI NE

Attached is WD drrg I 39-002005-00. The following specificati.ons
apply in addition to those in that document.
All timings rising edge to rising edge unless specified otherwise.

rhe following speeifications must be met over the ranges:
vcc = d.75 to 5.25 volts; T = 0 to 60 deg C

DELAY LINE

t2 2t 35 50 96
T]. T2 T3 T4 T5

ALL TIMES ARE IN NANOSECONDS

RISING EDGE TO RI S ING

IN

RISING EDGE TO RISING 
-EDGE DELAY INPUT PULSE WIDTH HIGH EDGE INPUT PERIOD

<-- Typical input
to tap de I ays
( nsec )

HIN MAXMIN MAX MIN MAX

IN to T4 57 53 104 IN TO T5 + 24
Tl to T4
Tl to T2
T2 to T3

150 600
r50 600
200 400
200 400
150 500

43 53 I04 rN TO T5 + 24
9 15 104 INTOT5+24
9 t5 I04 INTOT5+2{

IN tO T5 92 NOTE 1 IO4 IN TO T5 + 24

NOTE I: The IN to T5 delay determines the maximum input pulse r.,idth, as
can be seen above. When the maximum input pulse width high is applie
to the IN pin every I50 nsec, the output pulse width low at the
TI, T4, and T5 pins must be below .8 vol.ts for at least 5 nsec.
For instance, if the max delay from IN to T5 was 100 nsec, then
the max pulse width applied to the IN pin would be 124 nsec.
If the max delay is tighter, aay 97 nsec, then the puLse width
is 121 nsec, making it easier to meet the pulse width low
criteria. The output pulse $idth at T4 must be at least I04 nsec.
This reguirement does not apply to the other output taps.

Since the 1020ts delay increases with increasing temperature end
decreasing voltage, it is an advantage for the delay line to
have its delays decrease with increasing temperature and
decreasing vol tage.

YEATEEfl OIG'7AIco.Do4.//O4
CLASS
CODE

96

8AS€ NUMB ER

000052

DASA BINiBOM
coD r

BE

A
DLLC
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8.2.6 VARACTOR

Attached is wo dwg I 32-00100I-00. The following specifications
apply in addition to those in that document.

1. Varactor capacitance vs. voltage curves must fall lnto the
range shown in figure d of the varactor document.

2. The varactor curve must not exhibit any discontinuities; i.t
must be a snooth curve.

A minimum test is specified below:

1. VX = bias voltage at which the varactor capacitance

3. At a bias voltage of VX - 1.0 Volts, the
varactor capacitance VC must be in the range 98 pf

4. Test fi xture requirements:

.l uF
L0K ohms

=70pf
VoI ts

<= VC <= 150 pf

------,/\/\/\ /\/ - - +- -

_t'
---7\-

/ \ MVAM109

,/---+---\

FREQUENCY =

TEST FIXTURE

10MHz AMPLITUDE =

CAPACITANCE MUST BE <=

+

1 VOLT PEAK-TO-PEAK

2Pf

CAPAC I TANCE

SUPPLY

UESTERil D'OII'I
CLASS
CODE

OA

EASE NUMBER

000052

D ASH BIN/ROM
COD E

REV,

A
scALE lsHr 23 oF 30
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5.2.7 CRYSTAL

The crystal specification is contained in wD dwg * 33-000005-00,
a copy of which is attached.

8.3 STANDARD PC LAYOUT AND APPL]CATION RULES

The standard layout instructions are Presentfy being placed
in a document by Drafting. It t{ill be attached when ready.

ryESTEPty OtOrT2t
CLASS
cooE

96

BASE NUMBEF

000052

D ASH BIN'ROM
CODE

REV.

A
OCLC

scALE lsxr 2{ or 36
TI.IIS INFOR$ATION IS CONF IDENTIAL AND PROPBIETARY TO WOC AND SHALL NOT gT gTPAOOUCEO ON TUCTH€R OISCLOSEDTo aNYoNE orHER THAN woc EMpLoyEEs wrrsbur wnnr!N- iirifabaiznriorr 1Riirli tlEiEin -riicriqr ConpoFarroN
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8.4 PEREORMANCE SPEC I T'I CAT I ONS

The following specifications apply with external components
meeting their specifications, and over the folowing ranges:

VCC = 4.75 to 5.25 Volts with <= I00 mV ripple, 0 to 30 Khz

+L2 = 10.8 to 13.2 Volts with <= 200 mV ripple, 0 to 30 Khz

TemP = 0 to 50 degrees C

8.4.I PLL LOOP SPECIAICATIONS

Acquisition time ( 12.8 usec (I5 usec from DRUN high)

Capture range > +/- 2.2 Z ( +/- lt drive
+/- .l* crystal osc )

Jitter rejection > 40 db 0 2.5 MHz

Damping factor min .7 typ 1 max 1.4 Velocity Lock

min .5 typ .7 max I.1 phase Detectio

Kd Error Amplifier Gain min 3.75 mA Velocity Lock
(100 t duty cycle) typ 6 tnA operating lange

max 10 mA VSENSE +/- 1060 rnv

min 3 mA Phase Detection
typ 4.5 mA operating range
max 7,5 mA VSENSE +/- 950 rnv

Error Amplifier Balance Ratio max 2:l Phase Detection
operating rang e
vsENsE +/- 950 nv
Phase: +/- 5 to
+/_ 40 nsec

Ko VCO Gain min 4 typ 5 max 5 t per volt
Drive l,largin min +/- 16 nsee, lneluding defects

precompensation turned off

HESTEPil D'OIr'I
caP.

CLASS
CODE

96

BASE NUMB ER

000052

D ASH BIN/ROM
CODE

FEV

A
ocLc

scALE lsnr ZS oF 30
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s.4.1.2 FREoUENCY DETECTOR

DBUN nust be high in response to RMFM rising edge to rising
edge periods less than 250 nsec. DRUN nust be low for periods
gleater than 300 n6ec.

8.1I.I.3 CRYSTAL OSCILLATOR

the operational freguency must be within +rr- .lt of 10 HHz.
At power on, the time from vCC passing {.75 V until WCLK is xithin
specification must be no longer than 5 msec.

8.4.1.4 PHASE DE?ECTOR,/CHARGE PUMPS

8.4.I.4.1 PHASE DECISION POINTS

While in the phase detection mode, the phase dlifference
from null (zero pump current) to the decision points nust be
no less than +/- 40 nsec.

8.4.I.4.2 PHASE ERROR DUE TO PUMP II.IBALANCE

After acquisition has been completed, over the range
of voltages on the PUMP pin: VSENSE nominal +/- 950 nvr
and an fiMFM (test) signal with 0 to 40 nsec of asymmetry, the center
between the early and Late signals with respect to null will not \v.
be more than +/- 3 nsec from the null phase. This is a realistic
approximation of worst case phase error that can occur in drive data.
It can be measured from the ernpirical current vs. phase plots.

8.4.1.5 VCO GArN

over the vco input voLtage range: VSENSE nominal +/- 1050 mv,
the vco gain shall be rithin the range 4t to 5* per volt. There must
be no discontinuities in its characteristic v-F curve over the input
voltage lange.

,vEsrEEil ototrat
CLASS
CODE

96

EASE NUMB EB

000052

DASH BIN/ROM
cooE

FEV.

A
scALE lsur 26 oF 30
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8.4.2 TIMING SPECIFICATION

Tining on signals RDATA, RCLK, VICLK, and DRUN are $easured at the voltage
halfway betvreen the 1010,/2010's vIH & vrL: 2.55 volts.
AlI other slgnals measured from the 1.4 V transitions.

8.{.2.1 DISK DRIVE READ AND WRITE DATA, PULSE FORMING

SYMBOL CHARACTERIS?IC MIN MAX UNIT CONDITIONS

t1
t2
t3
t4
t5
t5

RMFM

l,l).1FM

THALEWI}l

RMFM PULSE WIDTH HIGH
RMFM PULSE WIDTH LOW
R},IFM PER I OD
WMFM PULSE WIDTH HIGH
THALFWIN PULSE WIDTH HIGH
THALFWIN PULSE WIDTH LOW

20 150 nsec
20 - nsec

I50 - nsec
I04 130 nsec
104 - nsec

5 - nsec any RMrM periodi .8V l eve

N/ESTEPfl D'GnflUcoe,
CLASS
cooE

95

IASE NUMAEB

000052

DASH B IN /HOM
coo E

REV

A
ocLc

scALE lsHr 21 oF 30
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8.4.2.2 lIRITE PRECOMPENSAT ION

SYMBOL CHARACTER I ST IC

Page 28

HIN MAX UNIT CONDlTIONS

t7

t8

t9

tL0

wl1FM

WMPM

WMEM

WCLX

WRITE PRECOMPENSATION DELTA

SETUP TIME: EITHER EDGE OF
EARLY-,LATE-, OR WDATA TO EITHER
EDGE OE' WCLK

WCLK PULSE WIDTH

WCLK FREQUENCY

9

20

15 nsec

- nsec

95 105 nsec

5 tBz +/- .L X

(EARLY- active)
(EARLY-, LATE- inactive)
(IATE- active)

I

I

-x-x-x-x-x-x-x
--rl t8-1"- - 

----:-l-E-T<---

I <-- 17-->

-x
EARLY-

LATE-

WDATA

WCLK

I I

/\_
I <------- r9 -------> l<I J-
I < - - - - - - - - - - - - - - - - - tru

t9 ------>
I

/\

uEsrEP^t orctTtl
CLASS
CODE

96

EASE NUMBEB

000052
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A
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_-.4.2.3 
DRUN, RGATE, WGA?E timing

SYMBOL CHARACTER I S?I C
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HIN I{AX UNIT CONDITIONS

tll DRUN LOW PULSE WIDTH 30 nsec note
tI2 DRUN HIGH TO RGATE HIGH O 32 bits DOtE
t13 WGATE HIGH TO IST ADR MARK BIT 92 - bits

note 3: No requilement on DRUN pulse width high.
note 4: During I0l0/2010 read.

li:t1151
\_/

l<------ tL2 ------->t

3
4

DRUN

WGATE

WDATA /\/\ \_1
Rising edge of the first bit of the at aaaress JrarX

UESTEPil OIGIT'I
CLASS
CODE

96 000052

oAsri BINlROM
COD E

REV,

A
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scALE lsnr 29 oF 30
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8.4.2.1 RCLK, RDATA t im ing

SYI,!BOL CHARACTERISTIC

Page 30

MIN MAX UNIT CONDITIONS

tI4
t15
tI6
r17
tI8
t19

93 108
93 108
93 108
93 ]08
30
30

RCLK HIGH PULSE WID?H
RCLK LOW PULSE WIDTH
RDATA HIGH PULSE IVIDTH
RDATA I,OW PULSE WIDTH
RCLK EDGE TO RDATA RISING EDGE
RDATA RISING EDGE TO RCLK EDGE

nsec
D See
nsec
nsec
nsec max
nsec nax

ln
1n

1S
ls

implicit
impJ.icit

t19 nir
tI8 mi:

t14 & t15 each define an UFM detection window. The
rising edge of RDATA tnust occur rrithin the proper window.

t14 + t15 = the current MEM bit ce1l time

| <--t14--> I <--r1s--> |

tr8--> I l<--
LIe--> I l<--

/\

/\/
<--t16--> l<--117--> I

l<--
t18--> It19-->

nlEsTEEIU Ototrrt
couDoa.rtop

C LASS
CODE

96

EASE NUMBE R

000052

DASH BIN/ROM
CODE

FIE V

A
DC LC

scALE lsxr 5o oF 30
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WESTERIY DIGITA L
C

WDl015 Buffer Manager Control Processor

oARoFo

FEATURES
. SINGLE +5V POWER SUPPLY

. CO[4PLETE BUFFER IV1ANAGEB

. PROGRAMMABLE SECIOR SIZES - 128,256,
512, OR 1024 BYTES

. ECC BURST ERROR CORRECTION UP rO 5
BITS ON HARD DISK DATA

. 8 BIT I,IULTIPLEXED ADDRESS/DATA UO BUS

. FLOPPY DISK COMMAND TRANSLATION

. SUPPORTS MOTOR ON OR HEAD LOAD
DRIVES

. SUPPOBTS 25o OR 500 KBS FLOPPIES

. BUFFERED SEEKS WITH FLOPPIES AND
WINCHESTERS

. 16 POPULAR STEPPING RATES AVAILABLE

. AUTOMATIC RETRIES ON ALL ERRORS WlrH
SIMULATED COMPLETION

. POWER'ON DIAGNOSTICS INCLUDED

. 10 [4HZ CLOCK RATE

. 40 PIN DIP PACKAGE

DESCRIPTION

The WD1015 is a complete Control Processor (CP)
that is used to handle all aspects of bulfer man-
agement. in conjunction with the EDS (WD1014)
device, for the Winchester/Floppy Controller board
WD1m2.05). lt executes all ol the commands used
by the W01002{5 and does all ol the control required
except for realtime processing, which is done by the
WD1014. Throughout this specification this device
will be referred to as lhe W01015, or BMAC (bufter
manager and controlle4, or simply as the CP (control
processo0. The WO1015 is programmed to contrcl
the transfer of information within the WFC and it
maintains the necessary copies of the task files (ISD
found on both drives. Host access to the WFC
causes the CP to access task lile inlormation in the
TSF after a command is issued. Depending on the
command, the CP will make the buller accessible to
the host or the WD1010 ot 2797 controllers. The CP
also controls the operation of the Error C,orrecting
logic. During the transler of data from the host to the
WD1010, the EDS monitors the data bus, if so en-

PIN DESIGNATION

abled, to compute a4 byte ECC which is appended to
the end ol data transferred to the WD'!0'10 and re
corded on the disk. During data translers from the
WD1010 to the hosl the CP uses the ECC to validate
the data. lf data is corrupted the CP envokes recovery
techniques such as retries and correction. A max.
imum of I retries are attempted if two consecutive
syndromes do not match. Correction is attempted
only if t$/o consecutive syndromes match. lt the error
is unconectable, the operation is terminated. The CP
is also used to handle data transfers fron to the SF
for the floppy disk conlrolle( which only uses CRC
check bytes lor its data fields. Two commands,
RESTORE and SEEK, are directly executed by the CP
rather than the WO2797 floppy disk controlle[ During
status reads by the host, the CP consolidates the nor.
malcompletion status trom the WD1010, theWD2797
and the current EDS status into a lorm consistant
with established WD1010 enor reporting. This con-
solkJated status is then presented to the host. Th€
WD1015 is fabricated using HMOS technology and is
available in a40 pin DIP paokage.

XTAL2
MB

TS15 BhOY
F6
DIF
ST€P
MOM

TST31

saeF

xorFo
INTHD

vcc2
TST25

tst2a
TSt23
15122

vss2

TST9

WE

DO

D1

o2
03
04
D5

D6

Vssr

l
2

3

3

6

s

9

10

12

r3

15

r6

16

t9
N

39

38

37

36

35

34
33

31

30

29
2A

27

26

2X

22

21

June, 1983



PIN DESCRIPTION

2 CFYSTAL 1

3 CRYSTAL 2

4 MASTER FESET

5 TESIs

6 FLOPPY DISK
INTERRUPT

7 vssz

B READ ENABLE

9 TESTg

1O WFITE

11 ADDRESS LATCH

12.19 DATA BUS

PIN
NUMBER

1

21-25

27

29

30

PIN NAME

WAKE.lJ P

SYMEOL

XTA L1

XTA L2

MR

TST5

II'TTFD

vss2

RE

FUNCTION

This lnput is used by the BMAC io poll a
command f.orn ihe hosl. The BUSY status brt is
sei mmeoiately except n case ol a WRITEi
FORMAT cornmand. ln that case IIAUP and
BLISY are sel on y afler the sector bLrfier has
been lilled by the host WAUP s reset when the
command has been executed.

O,le side ol crystal input for internai osclllatoI
Also inpul 1or exiernal source.

Other sde of crystaliexternal source npLrt.
Freq!ency shculd be 10 N,lHz

This i.put is useC to n iia!;ze the internal log c
of the prccessor:

Th s nput s to be left open bylhe user lnterna
pu Lrp - 300K ohm.

ln tiaies an interrupt f lnterrupt s enabied;
disabled on reset.

This input is to be lefi open by the user lnternaL
ou lup 10[4 ohm.

Ouiput strobe activaied dur ng a BLIS read Can
be used lo enab e daia onto ihe BUS from an ex-
terna Cevlce.

Th s cutput is eft open by the usel
Cutpul stiobe Cur ng a 8US wrjie. Used as write
strobe to an external device. Slgn fies that valid
data has been put on the BUS.

Thls output signal occurs once during each
instruction cycie. The negatlve edae of LAD
strobes address nto an external atch. used to
communicate lo the W01010. WD2797 and the
WD1014 chips.
-rue l/O bidirect onal BUS wh ch can be written
io o' 'eld srn'n'o_or\, ,s 1q BF WE,
strobes. Also contains the address and data
durng an externa acess to/from port devlces.
under contrcl oi LAD. HE, and WE.

Ground.

Unused pins to be left open by the user.

+ 5V dur ng operation.

Th s input s polled to sense an inte(upt from
the WDl010, indicatng completion of com-
mand issued to lt by the BMAC.

Ih s input is used to sense hard d sk operat on
when hiqh, and iloppy d sk ogerat on when ow
This lnput indicates that the R^,^/ heads oi the
selected floppy drive are pcsitioned over the
outerrnost cy nder

This input to the Bi\4AC is set high whenever a
seclor of data has been wrillen to or read fronl
the seclor buffer.

TSTg

WE-

GFOUND

IEST 21 25

vcc2
HARD DISK
NTEBRUPT

HARD D]SI(FLOPPY
DJSK

TRACK OO

SECTOR BUFFEB
EM PTY/ FULL

LAD

D7-DO

vssl
TST21.2s

vcc2
INTHD

gotro

TBOO

SBEF

2



PIN
NUMBER

31

PIN NAME SYMBOL

TSr3l
MOM

TEST31

MOTOR MODE

FUNCTION

Normally left open by the user
lnput used to select motor-on or head load
timings for floppies. This line should be left
open for motoron type drives such as the mini
floppies. A delay o, 1 second will be observed
before FMO is activated.

For head load type drives like the slandard floP
pies, this input should be grounded.lUelay of
40 mS, will be observed belore FllO is ac-
tivated, ihereby improving the overall per-
formance when accessing the floppies.

The STEP output is pulsed once for each
cylinder to be stepped on the lloppies. The step
pulse period is normally detennined by the step
ping rate selected. on a RESTORE for the floP
pies, howeve[ a stepping rate ot I mS, is used it
the specilied stepping rate is fasterthan 8 mS.

This output is used by lhe floppy drive to
determine the direction of a seek operation. A
low defines direction as out and a hlgh
specifies direction as in.

This output is used to turn the motor on, on all
floppy drives supponed by the WD1002 WFC
board. The drives must be contigured such that
the heads are loaded when this signal is ac-
tivated.

When the floppies are being accessed for the
first time. a delay as delerqlilqd by MOM, is
obseNed belore aclivating FMO. ilotor on rs
lurned off after - 3 seconds, if no further flop
py accesses are made.

This oulput signal indicates lhe sector buffer is
ready to be accessed by an external device
such as the WD1010.

This output status indicates to the host that the
BMAC has successlully corrected a data error
in the data buffer at least once. To determine if
more than one correclion has laken place dur'
ing a multisector read, each sector specified
must be reread by the host on an individual
basis.

Output status bit indicates that the BMAC
encountered an enor during the execution of a
command. The error reg, on the WFC board
must be .ead by the host to determine the type
of error that occurred.

This input indicates to the BMAC that the
W02797 has a byte of data available to be read
from the disk, or requires a byte of data to be
written to the lloppy disk.

l',4ain power supply. +5v +l-5'/.

33 STEP STEP

FMO

CORRD

EBR

vccl

34 DIRECTION

35 FLOPPY N-4OTOR.ON

36 BUFFER READY

37 CORRECTED DATA

DIR

BRDY

38 ERROR

39 DATA REOUEST

40 VCC1

DROFD

3



Package Diagrams
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1 .0 Introduction

The I'lDi015-14 is a complete control processor that is used to handle
buffer manaBement in conjunction with the ECC ( IrJDl 100- 13 ) and
winchester controller (WD1010) devices for the Winchester conLroller
board (}JD1002-HYP). It decodes and executes at1 of the SASI commands
used by the IiDl002-HYP and does aII of the control required. Throughout
this specification this device will be refered to as the HD1015-HYP, or
BMAC ( buffer manager and controller), or slmpl y as the CP ( control
processor).

The CP also perforns the operat j.on of Error Correction. During the
transfer of data from the host to the WD'l 010, the lID1100-13 monitors
the data bus, to compute a 4 byte ECC (if so enabled), which is
appended to the end of data transferred to the WD1010 and recorded on
the disk, During data transfers from the WDl010 to the host the CP uses
the ECC to validate the data. If data is corrupted the CP envokes
recovery techniques such as retries and correction. A maximum of 8
retries are attempted if two consecutive syndromes do not match.
Correction is aEtempted only if, two consecutive syndromes match when
an error ex j.sts. If the error is uncorrectable, the operation is
term inate d .

During status reporied back to lhe host,, ihe CP consolidates the normal
completion status from the !'ID1010 and the current ECC device status
into a form cons i stant wi th esiablished error reporting for SAS I
protocol . This consolidated status is then presented to the host, If an
error existed the host is required to send ihe requesf status command
to the controller.
The WDl0l5-14 is fabricated using HMOS technology, and is available in
a 40 pin DIP package,
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2.o Reference Documents

Page J

Descrlption / Title Document Num. / Source

1. I'tD1O02-HYP Engineering (producr) Specs. 61-03llll-0003

2. WD1o15-02 Source listing 29-000049-0120

3.0 WD1015-14 Features

I Single +5V poHer supply

r buffer manager

* 512 byte sectors
* ECC burst error correction up to 1'l bits
* SASI command translation
r Buffered seeks

I 6 step rales plus Seagate 1/2 sLeP

r Supports programmable retries on errors
r SeIf test diaBnostics included
| 5 MHZ clock rate
r Implied seeks on aII commands

* Supports overlapped s eeks

* Controls read/Hrite head selects
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4.0 Pinouts

Page 4

SASIDONE.

x1

AI

MR.

PUP

BUSY-

GND

RE-

(NC.)

HE.

ALE

DO

D1

D2

D3

D4

D5

D6

D7

GND

I.lD10i5-l4

vcc

W INT

ECCNOTO

TKOOO

(NC.)-

LLI.I

L / S/DLR/ WPC

c- /D

(NC. )

DSEL O

r /o-
HDSEL 2

HDSEL 1

HDSEL O

vcc

(Nc.)

LJLLU-

M ODE

I NEQ

S TEP

1

2

2

4

5

6

7

o

9

10

11

t<

t1

't 4

t)

16

tt

18

19

20

40

39

38

37

36

35

34

33

32

31

30

)o

28

27

26

25

24

23

tl

)1
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P in Description

SYMBOL NAME

SASIDONE SAS] DONE

MR- MASTER RESET

Page 5

FUNCTION

Indicates bhat the lasL SASI
bus operation j.s comp).ete and
precipitates an I REQ.

One side of crystal input for
i.nternal osci. lIaior. Also
inpu! for external source.

Other side of crystal/external
source input. Frequency
should be 5 MHz.

This input is used to init.
the inLernal logic of the
processor. The d iagnostic TEST
routine is also execuied.

This input, is pulled up
through a 1K resistor.
This input indicates that the
controller is busy

This j.nput shouLd be grounded
by the user in !he present
a ppL ication.
0uLput strobe aetivated during
a BUS read, Can be used to
enabl.e data onto the BUS from
an exfernal dev ice -

This out,put is to left open by
the user.

output, strobe durlng a BUS
write. Used as write strobe to
an exLernal device. Signifies
that valid data has been put
on the BUS.

This outpui signal oc curs
once during each lnstuction
cycIe. The negative edge of
ALE strobes address into an
external decode Iatch, used
to communicate to the HD1010,
WD1100-13, RAM and the state

4.1

P]N

1

2 X1 CRYSTAL 1

3 X2 CRYSTAL

PUP

GND

RE-

TST3

hrB-

ALE

PULL-UP

BUSY

G ROU ND

10

11

READ ENABLE

TEST 3

HRITE

ADDRESS LATCH
ENABLE

q

8
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Page 6

sequencer.

19-12 D7-D0 DATA BUS True I/a bidirecLional BUS
which can be written lo or
read synchronousl y using RE-,
WE-, sLrobes. AIso contai.ns
ihe address and d ata during an
external access Lolfrom porl
devices, under control. of ALE,
RE-, and WE-.

20 GND GROUND Ground.

STEP STEP This ouLDuL controls lhe step
pulses to !he Winchesler disk
drive.

IREQ INTERRUPT This ouLput i.ndicates LhaL the
REQUEST conLro]ler is ready fro bhe

next operaLion,

MODE MODE This oulput selecLs Lhe
diagnosLic Long mode of the
ECC device ( i,.JD1 100- 13 )

CSECC- ECC CHIP SELECT This output selecLs Lhe Ecc
devi.ce for opera!ion"
(wD1100-13)

21

22

)2

2\

25

26

27

28

29

30

31

32

TST4 TEST 4

VCC +5V

HDSEL O HEAD SELECT O

HDSEL 1 HEAD SELECT 1

HDSEL 2 HEADD SELECT 2

I/O- INPUT/OUTPUT

This inpuL is left open by the
user.

+5 volLs

This output selects head 0 of
the Winchester disk drive.

This ouput selects head I of
the Winchester disk drive.

Thi.s output selects head 2 of
the Winchester disk dri.ve.

This output is a SASI bus
signal that indicates
direction of transfer.

DSELo DRM SELECT 0 This output selects drive 0

TST5 TEST 5 This output is left open by
the user.

C- /D COMMAND/DATA This output is A SASI sj'8nal33
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34 L/ S/DIR/WPC LONG/SHORT
DIRECTION/

WRITE PORT
CONTROL

LL I. 1 CLEAR COUNTER

N.C. No connecLion

TKOOO TRACK O

ECCNOTO ECC NOT O

WINT WINCHESTER
INTERRUPT

+5VVCC

PaEe 7

which indicaLes type of daLa
to Lransfer. Command or DaLa.
bhe user.

This oulpuL is dual- function.
IL controls the direcLion of
head movemenL on tbe l{inches-
Ler di.sk drive and extends the
dala Lransfer four bYtes lor
ECC operation.

A high level at this oulput
wil-1 cLear the Iower Rarn
address counLer '

This output should be Ieft
open by the user.

This input set h18h indicaLe
Lhat the drive is aL !rack 0.

Thls inpul set high afler a

secior read, indicates an ECC
ei-ror has occurred.

A high leveI is provided to
Lhis input frcm !he HD1010
upon compietion of a ccrmmand '

Main power supply. +5Y */-

?<

36

2.1

3B

39

40
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5. 0 BlulA C Functional. Descriptlon

The WD1O15-14 mierocomputer contains t,he fol]oHing functi.ons in a singl!-
40 pin package :

8-bit -cPU

4f x I nOH Program l'lenory
256 x 8 RAM Data Memory
8-bit I/O DaLa / Address BUS
'I 9 Signal ControL Li nes
8-bit Tiner / EvenL Counter
I Lev el. Stack
2 Workin8 Register Banks

The lJD1015-14 was specifically designed to serve as a controJ. processor
for the (WD'l 002-HYP ) board . The j.nternal n0M program memory is
programmed to decode and execute SASI comnands.

The detailed internal architecture and the instruction set are described
in the CPU component specification indicated in the references.

5.1 Command E x ecut ion

When pcwer is first applied, the MR- input (pin 4), must be strobed to
ensure proper initialization of alI internal. logic . The BMAC is
continlously executing self test after POR and MR. WhiIe polling for
BUSY-. The BMAC will prepare Lo receive a command. After a command is
received this wilI actualLy start the six byte SASI command transfer
to the conLroller, 0nce aII six bytes have been transfered the state
BMAC sends SASID (SASIDoNE) to the Host. The BMAC then wiII extract
these six bytes from the RAM and decode and execute the command. once
the command has been executed the BMAC wiIl send the CompleLi.on siatus
byte and one byte of zeroes to the host, The BMAC wilI activate the
7-/O (Input-to the-host), C-/D (Command/Data) 1ines. For a detailed
description of the command flow refer to the source IistinS.
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5.2 Clock and Timing CircuiLs
\'/ Timlng generation for Lhe lltD1o15-'l 4 is completely s.e1f-contained wibh

the eicJption of a frequency reference which can be XTAL, inductor r or
externaL clock source. For the current applicationr a 5 MHZ crystal
derived clock frequency is used. Hence the cycle time for instruction
execution is 3.0 u.s. Most instruct ions requ ire 2 cycle times for
execution.

5.3 Master Reset

The MR- input provides a means for inj.tiallzation for !he
MR- must be held at ground (.5V) for at leasL 10 m.s. a
supply is within tolerance. 0nly 5 machine cycles are req
is already on and the oscillator has stabifized.

MR- performs the following functionsl

3. Sets program counter to zero.

4. Sets stack pointer to zero.

5. Sel,ects register bank 0.

6. Selects memory bank 0.

7. Sets BUS to hi.gh impedance state.

8. Sets all I/O lines to input Eode

9. Disables tlmer and external inierrupts.
10. Stops timer and clears timer flag.

processor
fter the
uired i.f

. The
power
poHer

11. Clears flags F0 and F1.

12. A1I internal registers are seb to their default values (see Iisting)
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V i A1l except MR-,X1,X2

For MR-, X1, X2

AI1 except MR-,X1,X2

For MR-, Xl, X2

Input Low VoI Lage

Input Low Voltage

Input High Voltage

Input High VoILage

OutDut Low VoI t aee
BUS.

Low Voltage

OutouE Low Vol t aeeAll.'other outputE

gusprt Hish voltase

OutouL Hiqh Voltase
RE ,. WE, LID, TST3-

OutDut Hish VoltaseAI1'other-outputs-

6.0 SPE C I FI CATION S

0, ? €LEC?RICAL CttARACrtRrsrtcs

ABSOLUTE MAXIMUM RATINGS

Ambj.enb Temperature under bias .,0o C to 7oo
Storage Temperature ....-650 C to +150o
Voltage on any pln with respect to V5g......-0.2 V to + ?.0
Power di.ssipation. . . 1.5 L,Jatt

NOTE 4: Maximum raLings indicate operation where permanenL devlce damage
may occur. Continuous operaLions at these limits is not inlended and
should be Iimited to Lhose condiLions specified in the DC electrical
character isties.
DC Electrical Characteristics TA = 0 deg. C to ZO deg. Q..

VCC = +5V +/- 101,, VSS = uv

+------+--- ------+-----+-----+-----+----+--------------------+
ISYMBOL I PARAMETER i MlN i TYP i MAX IUNIT| CONDITION i

C

C

IOL

IOL

IOL

IOL

I0H

= 2.0 mA

= 1.8 mA

= 1,0 nA

= 1,6 mA

= -400 uA

IOH = -100 uA

IOH =-40uA

OutDuL Low Vo 1t aee
RE,. HE, ALE, TSTJ

VIL

VIL 1

VIH

VIH 1

v0L

voL I

v0L2

vol,3

v0H

voH.l

voH2

-0.5

-0.5

2.0
2Q

0.8

0.6

VCC

vcc

.45

,q5

.45

,45

0u t Dut
TST)T

2.\

)lJ

2.U
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\-- DC Cnarac!er15!ica con!.

vcc

IIL

IILl

IOL

IDD

rcc +
IDD

Supply Voltage

Input Ieakage curr
WINT, TST2

l nDut leakase currpinb 21-24,27-38,7,5

0utDut Ieakace curr
BUS' Lo HI im!edance

VCC2 supply eurrent

Suppl y Current

Vg5 (V111 (V6 C

V5g+.45(V11,1(Vgg

Vg5+.45 < V11q (VgC

All outputs open

Iq

5

50

5.5

+ / -1A

-500

+ /-10

t0

110

v

uA

uA

UA

mA

mA

I

I
I
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6.2 AC ELECTRICAL CHARACTERISTICS

+------+---
rsyMBoL i prnauerE;-------i-il;-i-;;;-i-;;;-i;;;;i--;;;;;;;;;---------i

tcn t cycre Tioe
I

270

1 000

2050

TLL

tAL

ALE pulse width

Address setup to ALE

tLA iAddr. hold from ALE
Itnr, iRE-/WE- pulsewidth
I

tOW iData setup before WE
Itwo iData HoId afrer wE-
Iton 
iDaba hold from RE-
I

tno iRE- to data in
ItAW iAddr setup to WE-
I

tlo iAddr setup to data
I

tArc iAddr float to RE,WE
Iturc ier.E ro RE,wE
Itcl i RE, t.lE to ALE

3.0

530

490

160

1300

1 100

450

0

US

nS

nS

nS

nS

nS

nS

nS

nS

nS

nS

nS

nS

nS

1050

JOU

5?5

160

read ext. data

-r--+

lttt
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1. GENERAL DESCRIPTION

The WX2 Logic Array incorporates numerouS functions
in one j-leaded 68 pin surface mountable package. rt
was designed in an effort to cost reduce the
WD1002-WXz disk controller by combining random logic
and specialized circuits into one chip. The
following list shows the functions that have been
incorporated:

1 .1) Status Ports

1 .2 ) Read/Write Ports

I.3 ) Sector Buffer control

I . 4 ) oi sk I,/o Control

1.5) ECC

I .6 ) Reset Timing

The Array interfaces directly to the host data bus
via bi-directional high current bus drivers on the
D0-D7 pins and high current drivers on DRQ3, IRQ5
pins. Schmitt trigger inputs ensure noise reduction
on bus imput pins A0, A1 , DACK3-, IOR-, IO!l-, RESET.

3 micron C-I4OS technology provides for low power
consumption and high switching speed,

2. PART IDENTIFICATIoN

Western Digital Part Number is 52-003004-003

Western Digital ModeI Number is WDt1C00JT-17

Vendor part Number (Array Technology) is AT-DHS-1050

2.I RELATED DOCUMENTS

TTL schematic WX2 cate Array 58-000039

Detailed Schematic WX2 cate Array 68-000040

I
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1. PIN DESIGNATION

I

^^-^@ a(Ol\@Or-F I (J O

GND 1

D7
HD7
D6
RD6
D5
RD5
DU
RDU
D3
HD3
D2
RD2
DI
BDI
DO
BDO

l(,)l=ltrJOllrJ'<l
G CE CE CE E LrJL! (-) lr-J Ctr (n Ctr uJ CC J (rO
CC ctr cC cC CC F 3 cDcC CC J,-CC = CE (JCC

CU-O I I OCal, I I l.lJF(Oc.J-O I

oGG3Ctr l OO>CC=I]JO-O-LLO
Z. O=(JCtrCCLDE-(DOOOO-
(.3 H= o-l) F-lrJcE cD (r)cc

BR (5)
RR (U)
BR (3)
BR (2)
BR (I)
BR (O)

CLCT
C SECC-

hICLK
MODE

ECCNOTO
V+

RD 322-
DRCK3-

I OR-
D RDD-

REN

r2 5

l! 5

ts 5

rs <Monk I ng> s

tt \-, s

t6 s

t? <L1ne 2> s

l0 5

ro <Llne 3> s

?E 5

?r q

?2 rt

2! lt

?g tl

?5{
?6 -- - - ^q
?1 aa ?9 so ! t !? !3 lrr !5 35 3l !E !9 rG ql q-e q-3



4. PIN DESCRIPTION

P]N I
1

5-15

SYMBOL

RE-

BCS-

WE-

1[J1 Tes t

RAlO -
RAO

CLCT

Ram Aaldress

Clear: Count

Chip Select ECC

Write Clock

FUNCTfON

INPUT when BCS- is l-ow,
read strobe Biclirectional ,
for ECC function. OUTPUT
h,hen BCS- is high, follows
RD- Pin 61 .

INPUT active low when
vlD 1010 reads or lvrites
sector buffer, enables
RE- Pin l and WE- Pin 3
as inputs when Iow,
outputs when high.

INPUT when BCS- is 1ow,
write strobe for ECC
function Bidirectional,
oUTPUT when BCS- is high,
f o]lows wR- Pin 64.

INPUT active high, used
for test on1y, controls
state of internal RA10
(End of Data) during ECC
test. TEST=LOW DATA

TEST=HIGH END OF
DATA

( GENERATE ECC)

OUTPUTS active high,
address sector buffer
RAM and WD1010.

INPUT active high clears
lower RAM add.ress
counter outputs RA -RA7.

INPUT active low enables
the ECC function.

INPUT 5 MHz clock for
the ECC function.

PTN NAME

Read Enable

Buffer Chip
Select

Write Enable

I6

77

18

CSECC-

WCLK

2

3

4

3



PIN #

19

SYMBOL PIN

MODE Mod e

20 ECC NOT O ECC NOT ZERO

FUNCT ION

INPUT r"rhen high selects
normal mode of the ECC
function.
(i.e. check bytes are
generated after end of
data)

When low selects the
long mode and inhibits
the preset function of
the ECC logic.
(i.e. check bytes are not
generated after end of data
and logic passes check bytes
transparently from host to
di-sk)

OUTPUT active hi gh
indicates to blD 1015 that
an error has been
detected while compar i ng
the check bytes at the
end of the data stream
with the check bytes
generated internally.
INPUT supply voltage.

uu r PU'1' act rve row wnen
host reads status port
322.

INPUT active 1ow
acknowledges DMA request
3 (DRQ 3).

INPUT active low enabl-es
data onto the DO-D7
outputs r,,Jhen host wants
to read data or status.

INPUT active Iow when
address 320 or 324 is
present on the host
address bus.

2t

22

z5

,q DADD -

+5V DC

Read Port 322

Device Address
Cod e

VCC

RD322-

24

DACK3- DMA Ackno\^rledge 3

IOR r,/o Read

4



PIN #

26

SYMBOL PIN NA]'18

Address Enable

crou nd

Address Bit I

Adoress Bit 0

IOW- r,/o write

RAMWR- Rair, 'r^Jr i t e

32 i/o Control/Data

F UNCTI !N

INPUT active hi 9h
indicates thal-- the DMA
controller (Host ) has
control over. the Bus,
de-gates host pr oces sor
anci cther devices f rom
the I/O channel . Used to
enable Host to Dj-sk I/O
f unct i ons "

GROU ND

INPUT act.ive high when
host assorts Af to high
state, used to enabie
lios t. io D i sk I/O
functions.

I}JPUT active high when
host asserts A0 to high
state, used to enable
Host to Disk I,/O
f unctions.

INPUT active low strobe s
Ca'L a f rom the Data Bus
into i nr-er nal devices or
into the sector buffer
RAM when host performs a
write funct i on .

OUTPUT active low when
ej ther Host, WDf0i0 or
WD10l5 wanl to write to
the sector buffer RAM.

INPUT when Iow inoicalcs
that controller expects
either a command or
status block transfer,
when high indicates lhat
controfler expecLs a
data block tr:ansf er,
Used to enable Disk I/O
control secticn "

A1

27

28

AO29

30

3L



PIN I

33

SYMBOL PIN NA.I{E

DRQ3 DMA REQUEST 3

IRQ5 Interrupt
Request 5

BUSY - Busy

MR- Master Reset

RSTIME Reset Time

FUNCTION

OUTPUT active high
requests DMA service
from the Host, remains
high until DACK 3- goes
1ow. Asserted. when
controller is ready to
accept data or data is
ready to be read.

OUTPUT active high
signals to the Host that
service is required,
remains high until tlost
interrupt service
routine resets it.
Activated when
controller has completed
a disk operation.

OUTPUT active low
indicates that the Host
has selected the
controller and is about
to perform an I/o
operation, thus the
controller is busy and
can not accept another
command..

BIDIRECTIONAI, iNput
active low r^rhen external
po$rer up reset detects
dropping VCO leve1 ,
clears all internal
registers.
oUTPUT active 1ow when
Host either performs a
soft reset or a hardilrare
reset from the bus is
detected via the RESET
Pin-38.

INPU? threshold ad just
for the duration of the
MR- Pin 36 active low
time.

34

35

\v/

35

'17

6



PIN t SYMBOL PIN NAME

38 RESET RESET

FUNCT ION

INPUT active high when
Host performs a bus
reset, clears al-l
internal registers and
activates MR- Pin 35 to
activate 1ow.

39-42 OPO,L,2,3 Option O,!,2,3 INPUTS normally high via
internal puIl uP resistors,
can be activated 1ow bY
applying GND to the inPut.
Disk conf iguration readable
on on Data Bus bY Host via
status read to PotE 322.

oPo - D0
OPf - DI
oP2 - D2
oP3 - D3

43 l/O Input,/output INPUT controls direction
of internal data bus
buffer from Host' s Point
of view.
When High = Input to
Host, the ADX bus is
driven onto the Dx bus.

when Low = Output from
Host, the DX bus is
received and driven to
the ADx bus.

44, 46 ADo-AD7 Address,/Data Bus BTDTRECTToNAL BUS
carries Address informa-
tion to internal RAM
address counter and
control de-mu1tip1exer.
Carries data to and from
internal ECC function
ancl external Sector
Buffer RAI4.

48, 50
52, 54
56, 58

7



PIN

45
47
49
51

55
57
59

60

61

DO
DI
D2
D3
D4
D5
D6
D7

GND

RD-

SYMBOL PIN

cs10I0 - chip select l-010

FUNCT TO N

BIDTRECT]ONAL BUS
interfaces controller
to Host data bus.

GROU ND

INPUT active 1ow when
wD 1015 performs a read
operation,

OUT'PUT active Iow wherr
WD 1015 performs a read
or write operat i on "

TNPUT active high when
WDIO15 asserts ALE used
internally to select and
latch the co ntr ol
de-mult i plexer .

INPUT active Iow when
WD10l5 performs a wr ite
operation.

OUTPUT active high
indicates to the Host
thaI: the controller is
ready to accept data
from or transfer data to
the Host. Handshake
s ignal for transf ers
between Host and
Controller. The state of
this output is read on
D0 by the Host via a
status read to Port 321.

OUTPUT when aserted hi gh
it enabies 1ong,/shor t
mode when it is low it
indicates ro the 10I5
and to the Host that the
operation is complete.

Data Bus
Data Bus
Data Bus
Data Bus
Data Bus
DAIA BUS
Data Bus
Data Bus

GND

Reaal

0
1
2
3

4
5
6
1

62

63 ALE Address LaLch
Enable

wR- Write

Reque s t

I REQ Interrupt Request

64

65 REQ

66

8



\ . 67 LS./DrR,/wpc Long/short/ rNPUT when this signalv oirection/ is high during Host-
write Reduced Controfler transfer the

controller is in the
long mode ( Data
Transfer). When this
signal is 1ow during
Host-Controller transf er
the controller is in
short mod e ( corunand
Lransfer). During 1010 -
Disk operation thi s
signal provides
direction for head
movement and also
indicates thaL write
precompensation is
enabled when Iow.

68 RAMCS- RAM Chip Select OUTPUT active low
enables external Sector
Buffer RAM for
read/write operations by
Host, wD1015 or wDl010

5. AC,/DC Specification

Absolute maximmum ratings
te=[ppf:r:6itage lrangevr, (referenced to vss): -0.5 to

7 .0v
Input voltage range, all inputs: VSS - 0.5 to VDD+ 0.5v

Specif ied operating range
Vr" = Ovr voo = 5v 108 * 0 4TA 470" C

9



LP COND IT I ON MIN TYP MAX UNITS
vrl TTL Low Level

Input Voltage
Pins: l-,2 ,3 ,4 ,L6 ,
17 ,18 , rg ,25 ,32 t3g ,
40,4r,42,43 t44 t46 ,
48,50 ,52,54 t56 ,59,
6l ,63,64,66,67

0.8 VoIts

vrtt TTL Hiqh
Level I nput
VoI taqe

Pins: ( same as VIL) Volts

frt Schmitt
Threshold
Voltage Low

Pins: 23 ,24,26,28,
29,30,37 ,38,45,47 ,
49 ,51_,53 ,55 ,57 ,59

0.9 vol- t s

vrx

vttv

Schmitt
Threshold
(HI )

::"=' ::"*" ". 
"::'

0.35

)l Vol ts

Volt s

ror, l-ow Lev eI
Output
Current
Single Buf f er

Tri-state
Single Buf f er

Tri-state
Double Buf f er
Open Drain
N-ChanneI

Vo"=0 , 4v

Pins : 5 ,6 ,7 ,8 ,9 ,\0
L\ ,12 ,)"3 ,L4 ,L5 ,24 ,
22,31 ,35 ,62 ,65 ,68

Pins: 44 ,46 ,48 ,50 ,
52 t54 t56 t58

Pins: I ,3 t33 ,34 t45
47,49,5I,53,5s
eins: 36,37

5.0

r0 ,0

5.0

mA

mA

mA

mA

ron High Level
Outpu t
Current
Single Buf f er

Tr i - state
Single Buffer
Tri--state
lJoub 1e tsut t er

Vgn:2 .4V.

Pins: ( same as IOL)

Pins: (same as IO")

Pins: ( same as IOL)

-5 .0

10 .0

mA

mA

roo Supply
Current

15 mA

rt Input Leakage Vin=0 or 5 .5V 10 .0 UA

rz Tri-State
Leakaqe

Vo=0 or 5.5V 10 .0 10 UA
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PROPAGATTON DELAYS

From

IOW-
row-
row-
DO -D7

IOW-
row-
WE-
wE-

true
true
f al-s e
i nput s

t rue
false
true
false

To
EEcr,roto- var id
aoO - Ao7 val- id

fRQ5- true
IR05- false

DR03- true
DRQ3- false
DRQ3- f alse

REo true
REQ faIS C

RA3 stable
RA9 stable
RAI0 stable

BUSY- true
BUSY- false
BUSY- fafse

CS1010- true
CS10I0- false
I"tR- t rue
MR- true
MR- width
I,IR- width

ADo-AD7 high to low
ADo-AD7 Iow to high
ADO-AD7 float
ADO-AD7 STAbIE

D0 - D7 stable
D0 - D7 float
D0 - D7 stable

RA.MWR- tTuE
RAMWR- false
RAMWR- tTue
RAMWR- fAISE

Time(nS) comments
WCLK- +clk
RD- true

REQ +c1k
IOw- +clk

IREQ true
DACK3- true
RA3/RAI0 true

IREQ true
RA3/RAI0 true

RD-,/WR- +clk
RD-/riR- +clk
RD-,/WR- +CIK

IOW- true
IOR- true
RESET true

RD-/hlR- true
RD-,/WR- f alse

IOW- true
RESET TTUE
R=1 .3I4 C=22O0pf
R=12K C=2200pf

52 .5

16.0
1,) ?

]q ,
33.4

13 .0
9.0

44.6
49.0
59 .0

34.5
37 .0

2L.t
16 .4

39 .0
47 .0
1.42 mS

13.0 uS

47 .3
s3 .6
53,0
27 .r
50 .5
30 .0
27 .L

27 .0
27 .t
18.2
)) 1

only on bad ecc
reading out ecc

from clock to RA10
from clock to RA10
from clock to RA10

Write to porL 322
Read port 322

enable to val id
enable to val id
disable to float
thru prop delay

enable to valid
disable to float
thru prop delay

IOR- true
IOR- false
ADo-AD7 inputs

NOTE: This timing information is preliminary and wilI be updated
when the appropriate adjustment factors guaranteeing the timing over
the wafer process are available.
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From To Time(nS) Comments

RD-/WR- true RAMWR- true 34.2RD-,/WR- false RAr,rwR- false ,;'.,
WR- true WE- true 79.6
WR- f alse wE- fa.Ise 15. G

RD- true RE- true lg.2
RD- false RE- fafse 14 .3

IOR- true RD322- true 23.2
IOR- false RD322- false 18.]
IoR-/roW- true RAMCS- true 27.2
IOR-/IOW- false RAtr{CS- false 28.0

Legend:

nS = nanoseconds
uS = mi croseconds
mS = mill i seconds
signal- = low-true signal because of dash (-) fol1owing tabel+clk = delay is from cl-ock of flip-flop by rising edge ofthis signal
-cLk = delay is from clock of flip-flop by falling edge of

this signal
true = signal is asserted: l-ow if low-true, high if high-true
false = signal is de-asserted: high if low-true, low if

h i gh-true

t2



SETUP AND

Typical times (worst case
NOTE: This i.ncludes
times by 1.3

HOLD TIMES

times divided !y 1.3 )
divj.ding flip-f1op setup and hold

CIock to EF Data I nput Setup Ho 1d

IOW- D0 or DI data, create DMAEN- -0.6 1I.4

RD-,/WR- ADt - AD3 data, Ioad RAB - RA10 -I4.8 25.6

ALE AD5 - AD7 data, decoder 1 of I 7.7 3.5

roR- C/D- or r/o- data, cir BUSY 3.2 8.0

roR-/row C-/o or r/o- data, clock BUSY 5.6 7.2

RD-,/WR- ADo-AD7 data, byte to ECC reg. 0.3 10.9

WCLK RD-,/!iR- data, lst - 2nd ECC c1k 17.0 -5.8
WCLK frequency and symmetry
WCLK period = 200 nS +/- f0 nS
WCLK high time = 100 nS +/- 10 nS
WCLK 1o\^, time = 100 nS +/- 10 nS

Worst case 80 degree C times:

Data lnput
IOW- D0 or DI data, create DMAEN-

RD-,/WR- ADI - AD3 dAtA, lOAd RA8 - RA1O

ALE AD5 - AD7 data, decoder 1 of 8

IOR- C/D- or I,/O- data ,

IOR-,/IOW- C-/D or I/O- d.aLa,

RD-/Wn- AD0-AD7 data,

WCIJK RD-,/WR- dAtA,

WCLK frequency and symmetry
WCLK period = 200 nS +/- 70 nS
WCLK high time = l-00 nS +/- 10 nS
WCLK low time = 100 nS +/- I0 nS

Clock to EE S etup
_n o

-9 .4

r0 .1

4.2

7.2

0.5

22 .2

HOl.d

L4 ,9

33.0

3.9

9.8

8.8

13.5

-8.2

13



Setup and hold path: 1,2
Name of path: IOW- clock, D0 or Dl data, create DMAEN-

path fow- LH to FF clock inPut:
gat e
IP
STP
I1
I1
NA4
I1
r.l-
I1

0.4
2.0
2.t
2.6
3.4
1.8
22

1.8

output
tH
HL
LH
HL
LH
HL
LH
HL

del ay
0.4 +
1.8 + .2 * L =
1.8 + .3 * 1 =
1.6 + .2 * 5 =
3.1 + .3 * L =
1.6 + .2 * I =
1.8 + .3 * 5 =
1.5 + .2 * I =

total 17 .4 nS

path DI(0) or pr(1):
sleeE--qe IF- sele .I-!pc!
STP HL
12 LH

1.5 + .2 * I = 1.8
1.8 + .3 * 3 = 2.7

total 4 .5 nS

WC Setup time = l7 -4 - 4.5 = 12.9, a2.0 - f2.9 = -0.9 nS
WC Hold time = ).7.4 + 2.0 = 19.4, 19.4 - 4.5 = 14.9 nS

Typ Setup time = 13.4 - 3.5 = 9.9,9.3 - 9.9 = -0.6 nS
Typ Hold time = 13.4 + 1.5 = L4.9,14.9 - 3.5 = ]I .4 nS
***r.***r(r(**r(*r(********rrrr************r.rr**********************
Setup and hold path: 5
Name of path: RD-,/WR- clock, ADI - AD3 data, load

cntr RA8 - RA10

path Rp-/wR- HL to FF clock input:
gate output delay
IP HL
TTLIN LH
I]. HL
T2 LH
AD2N HL
II LH
NA2 HL
11 I,H
NA4 HL
I1 LH
I1 HL
12 LH
NA3 HL

total 42 .4 nS

0.4 + 0 = 0.4
8.3 + 0 = 8.3
1.6 + .2 * 1 = 1.8
I.8 + .3 * 4 = 3.0
4.7 + .3 * 1= 5.0
1.8 + .3 * 1 = 2.1
2.3 + .3 * 1 = 2.6
1.8 + .3 * 4 = 3.0
4.8 + .6 * l- = 5.4
1.8 + .3 * l- = 2.1
I.6+.2*2= 2.0
1.8 + .3 * 6 = 3.6
2.7 +.2* 2= 3.1

counted 3 for tristate
FET driver 2 ancls into
nor gate

-CS CNTR

t4



Comment: The above signal goes to the Preset and Clear
inputs of the FF. Thus, the only requirement is
that the ADl - AD3 signals be valid until end of
RD- or wR- at FF, plus hold time.

gate output delay
TTLrN Ht 8.3 + 0 = l-.8
12 LH 1.8 + .3 * 3 = 2.7

total I1.0 nS

WC Setup time = 42.4 - 11 .0 = 31 .4, 12.0 - 31 .4 = -19.4 nS
WC Hold time = 42.4 + 2.0 = 44.4, 44.4 - 1I.0 = 33.0 nS

Typ Setup time = 32.5 - 8.5 = 24.1t 9.3 - 24.1 = -14.8 nS
Typ Hold time = 32.5 + 1.5 = 34,1, 34.1 - 8.5 = 25.6 nS

************************************************************
Setup and hold path: 6
Name of path: ALE cl-ock, AD5 or AD7 data,

decoder l of 8

path ALE LH to FF clock input:
gate output delay
IP LH 0.4 + = 0.4
TTLIN HL 3.9+ 0*1= 3.9
Il- tH 1.8 + .3 * I = 2.1
IL HL 1.6 + .2 * 7 = 1.8

totaf 8.2 nS

path AD5 to AD7 to FF D input:
gate output delay
TTLIN HL 3.9+ 0*1= 3.9
12 LH 1.8+.3*3= 2.4

total 6.3 nS

wC Setup time = 8.2 - 6.3 = I.9, 12.0 - I.9 = 10.1 nS
WC Hold time = 8.2 + 2.0 = 10.2, 10,2 - 6.3 = 3.9 nS

Typ Setup time = 6.3 - 4.8 = 1.5, 9.2 - 1.5 = 7.7 nS
Typ Hold time = 6.3 + 2.0 = 8.3, 8.3 - 4.8 = 3,5 nS
*** rr * * * * * rr * * * * * ** * t * * * ** * * * * * * * * * * * * * * ** * * rr * * * * * * * * * * * * * * * t *
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Setup and hold path:
Name of path:

7,8
IOR- c1ock, c/D- or llo- data, clear BUSY
by IOR-

path IOR- LH to FF clock input:
gat e
IP
STP
I1
NA2
NA4
NA2
I2
I1

output
LH
HL
LH
HL
LH
EL
LH
HL

del ay
0.4 +
I.6 + .2 *
1.8 + .3 *
2.3 + .3 *
3.1 + .3 *
2.3 + .3 *
1.8 + .3 *
1.6 + .2 +,

0.4
1.8
)4.
)o
3.4
)o
3.6
1.8

= 0.4
a-?o
): )L
I = 1.8
1-ro

lotal 19 .2 nS

path C,/D- or I/O- to FF D input:
gate output delay
IP LH 0.4 + O

TTLIN HL 3.9 + O *
r1 LH 1.8 + .3 *
rI HL 1.6+.2*
NA2 LH 2.3 + .3 *

total 11 .4 nS

WC Setup time = I9.2 - 11 .4 = 7.8, l2.O - 7.8 = 4.2 nS
wC HoId time = ).9.2 + 2.0 = 2l .2, 2l .2 ' ll .4 = 9.8 nS

Typ Setup time = 14.8 - 8.8 = 5.0, 9.2 - 6.0 = 3.2 nS
Typ Hold time = 14.8 + 2.0 = 16.8, 16.8 - 8.8 = 8.0 nS
************************************************************
Setup and hold path: 9,10,I1 ,12
Name of path: roR-,/row- clock, c-/D or l/O- daLa,

generate polled DACC- to clock BUSY FF
generate DMA DACC- to clock BUSY FF

path IoR-/IOW- LH to FF clock input:
gate
IP
STP
I1
NA2
NA4
NA2
T2
I1

output delay
LH 0.4 +
HL 1.6+.2*l=
LH 1.8 + .3 * 2 =
HL 2.3 + .3 * 2 =
LH 3.I + .3 * 1 =
HL 2.3+.3*2=
LH 1.8 + .3 * 4 =
HL 1.5 + .2 * 2 =

0.4
1.8
2.4
2.9
3.4
2.9
2.4 -DACC +c1k
2.0 DACC -c1k

total 18 .2 nS
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Comment: Due to inverter to -clk input on FF, setup must be
2 nS earlier than the calculation result.

ath C-/D or l/o- to FF D input:
gate output delay
IP LH
TTLIN HL
I1 LH
II ITL
NA2 LH

IP I,H
TTLIN HL
I1 LH

0.4 + 0 = 0.4
3.9 + 0 * 2 = 3.9
1.8 + .3 * 2 = 2.4
l-.5 + .2 * I = 1.8
2.3+.3*2+ 2.9

total 11 .4 nS

WC Setup time = 18.2 - 1I .4 = 6.8, 14.0 - 6.8 = '7,2 nS
wC Hold time = 18.2 + 2.0 = 20.2,2O-2 - l7-4 = 8.8 nS

Typ Setup time = 14.0 - 8.8 = 5.2, lO.8 - 5.2 = 5.6 nS
Typ Hofd time = 14.0 + 2.0 = 16.0, 16.0 - 8.8 = 7.2 nS

*** * * * * * r! r. * * * * * * * * * * * * * * * * * * * * * * * * * * * * rr ** x * * * * * * * * * * * * * * * * * *
Setup and hold path: 15
Name of path! RD-,/WR- clock, AD0-AD7 data, within ECC

section

one important setup & hold time is the ADO-AD7 relationship
to the RD-,/WR- signal . Internal signal SHIFT is false at
this time.
path RD-,/WR- to FF clock inputs:
gate output delay

0.4 + 0 = 0.4
3.9 + 0 = 3.9
1-6 + .2 * 1 = 1.8
1.8 + .3 * L = 2.L
2.5 + 0 = 2.5
),.6 + .2 * | = 1.8
1.2 + 1.0 = 2.2 aI1ow 12 pF
3.9 + 0 = 3.9
1.8+.3*2= 2.4 REB/WEB
1.6 + .2 * I = 1.8
2-3+.3*]= 2.5
2.7+.2*l= 2.9
1.8+.3*1= 2.1 CLKEN
I.6 + .2 * 2 = 2.0 -SRCLK clocks all 32 FF's
l-.8 + .3 * 2 = 2.4 SRCLK clocks a1l 32 FFrs

T2 HL
TSD I.,,H

12 HL
FETS LH
TTLIN HI,
12 LH
I]. HL
NA2 LH
NA3 HI.J

13 LH
1-12 HL
II2 LH

total 34 .8 nS
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path AD0-AD7 to FF D input:
gate outpuL delay
TTLIN LH 8.3 + 0 =
tZ HL I.6 + .2 * 3 =
11 LH 1.8+.3*1=
NO2 HL 3.I+.2*L=
XNR LH 2.5 + .3 * 2 =
II HL I.6 + .2 * I =
XNR LH 2.5 + 0 =

o'l
2.2 ADr ( 0-7 )

2.L

3 .I estimate

total 23 .3 nS

wC Setup time = 34.8 - 23.3 = 11 .5, 12.0 - f1 .5 = 0.5 nS
wC HoId time = 34.8 + 2.0 = 36.8, 35.8 - 23.3 = 13.5 nS

Typ Setup time = 26.8 - 17 -9 = 8.9, 9.2 - 8.9 = 0.3 nS
Typ Hold time = 26 -g + 2.0 = 28.8,28.8 - 17.9 = L0.9 nS

** ** * * * * * * rr * ** * * * * * * * * * ** * * * * * * * * rr *** * * * * * * * * * * * * * * * * * * * * * * *
Setup and hold path: 16
Name of path: WCLK frequency and symmetry

WCLK frequency and symmetry need specification.
WCLK period = 200 nS +/- 10 nS

WCLK high time = 100 nS +/- 10 nS
WCLK Lor./ time = 100 nS +/- 10 nS

Setup and hold path: 17
Name of path: WCLK clock, RD-/I{R- data,

Synchronizing circuit, page 3, sect 28

This circuit is designed so that REB or WEB can be totally
asynchronous to the WCLK inpuL. For this reason, there is
no need to specify a timing relationship of REB or WEB to
WCLK. Holvever, in the Wx2 case, since WCLK clocks both the
1010 and the Dewey, operation is synchronous.

The setup and hold times are NOT REQUIREMENTS since any
relationship will work. Each byte will be handled by the
ECC section in 0.8 to I.0 uS. This falls welf within the
1.6 uS per byte transfer rate of the L010.
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path WCLK HL to FF clock input!
gate output delaY
IP HL 0.4 + = 0.4
TTLIN LH 8.3 + 0 * I = 8.3
11 HL I.6 + .2 * I = 1.8
11 LH 1.8 + .3 * L = 2.L +clk on FF
I1 HL 1.6 + .2 * I = 1,8 -c1k on FF

tot al- 14 . 4 nS

path RD-,/WR- to FF D input:
gate output delay
TTLIN HL 3.9 + 0 = 3.9
12 LH I.8 + .3 * I = 2.7 REB,/WEB
It HL 1.6+.2*l= I.8
NA2 LH 2.3+.3*1= 2.6
NA3 HL 2.7 + .2 * I = 2.9
13 LH 1.8 + .3 * I = 2.1 CLKEN
IL2 HL 1.6 + .2 * I = 1.8 -SRCLK
I\2 LH 1.8 + .3 * I = 2.L SRCLK
FF HL 5.0 + .3 * 1= 5.3 FF clk to Q out delay

total 24 .6 nS

wC Setup time = I4.4 - 24.6 = -10.2, 12.0 - (-f0.21 = 22.2 nS
wc Hold time = 14.4 + 2.0 = 16.4t 16.4 - 24.6 = -8.2nS

Typ Setup time = 11 .1 - 18.9 = -7.8, 9.2 - (-7.8) = 17.0 nS
Typ Hofd time = 11 .1 + 2.A = 13.1, 13.1 - I8.9 = -5.8 nS
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