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BLOCK _DIAGRAM

’ _READ/WRITE.SUBSYSTEM

5 DATA HEADS

5 CHANNEL LSI R/W PREAMP

MFM RECORDING ON DISKS

PULSE SLIMMING |
MFM/NRZ CONVERSION IN LSI (-3)
READ PLO (-3)

MFM INTERFACE (-5)

SERVO_SUBSYSTEM

CLOSED LOOP SERVO SYSTEM
DEDICATED SERVO SURFACE - READ ONLY
8049 MICROPROCESSOR CONTROLS OPERATION

ANALOG RECOVERY CIRCUITRY IN ANALOG LSI
TWO MODES OF OPERATION
. POSITION - ON TRACK
VELOCITY - SEEKING

CRYSTAL CONTROLLED SPEED
DIGITAL SPEED CONTROL LOGIC IN LSIT
TWO PHASE SPINDLE MOTOR DRIVE

°
°
®
@ DIGITAL LOGIC IN LSI
°
°

SPINDLE MOTOR CONTROL

®
°
°
°

CURRENT LIMITING/LOCKED ROTOR PROTECTION

OTHER ELECTRONICS

®
®
9

DC/DC CONVERTER
VOLTAGE MONITOR

"PICK AND HOLD CIRCUITS
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! SERVO
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. '
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e e e R e e s o ]
sve : SRR
X [ ey
fro . VoL TAGE oc/pe
N ;
PREAWP K Meb 1 ToR CONVELTER
)
‘ v (8% 4 - - e o e b
DIsKS Y ROTARY
C::l'l———*--?; | ActoaTor
SPINOLE
© MoToR

24 PN

: COMMAND




—DRIVE SEL. I

READ/WRITE DATA TIMINGS

—HD SEL.

ﬂ‘
+MFM VALID
READ DATA

b 5 us MAX(HEAD SWITCHING)

—WRITE GATE

+MFMWRITE DATA
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— b—200natve

BITCELL

READ/
WRITE
RECOVERY



PC SPEC. NO. - SHEET | REV.

A | 77711124 22 | a

INTERFACE SPECIFICATION WREN-5

6.2.,1 -contd : | 3 R

NORMALIZED ' : l _ ' l S
DATA _ »

-
o
-
Q
-
(=]
-
-
—
o
-

MFM WRITE DATA ﬂ ﬂ_so-mo "sf—l | ﬂ ﬂ
' : b T e 15T e T —fe— T — ;

A ) . e T =200 ns TYPICAL FOR 5.0 MHz MFM DATA RATE.

i o LEADING EDGE OF WRITE DATA INITIATES WRITE TO MEDIA. -

| : @ RECOMMEND 12 ns EARLY OR 12 ns LATE WRITE PRECOMPEN-

1 ) SATION. FOR REQUIRED BIT PATTERNS.

i : WRITE DATA MUST OCCUR WITHIN 400 ns FROM LEADING EDGE

OF WRITE ENABLE.

T MUST EQUAL 200 ns * O,EZ(NOT INCLUDING WRITE COMPEN-
SATION) AND SHOULD BE A CRYSTAL CONTROLLED WRITE FREQUENCY
BY THE CONTROLLER.

NORMAL I ZED 1 I
DATA . |

MFM READ DATA r—[ ﬂ_ 25-50 ns{—l ﬂ r-l
ot o i —h o e T —f

o 5‘7
e T =200ns " FOR A 5.0 £ 0% MHz MPM WRITE DATA RATE. (Low G TERM  AVERA GE)
e LEADING EDGE OF READ DATA IS CONTROLLED EDGE.
o -READ DATA IS NOT VALID UNTIL 5 us FROM TRAILING EDGE
OF WRITE ENABLE OR UNTIL 5 us AFTER A HEAD CHANGE.

FIGURE 11. MFM DATA TIMING
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WRITE PRECOMPENSATION PATTERNS

0 ' T ' - '
I—.L n { ——
o~ 0 :
L—’wmts DATA LATE

;.v IfLOA

L white 0aTA eaRLY
v ) 0
1 Ly
L WRITE CLOCK LATE
o o 1
S ) I S
: A————— WRITE CLOCK EARLY

Writing should occur out of a shift ’ruqi:tor which is used to cbserve the
peuarn. “On time" represents a nominal delay. Early and Iats represent
less and more delay respectivaiy.

“A1” ADDRESS MARK BYTE

Bit Position
0 1 2 3 4 [ ] 7
cojcojcojcojcof{cojcplco
"AY” Data Bits 1 0 1 0 0 0 0 1
"AY” Clock Bits o [} o 0 ' 4] 1 0
Encoded patiern ! ]
with dropped ciock ﬂ . ﬂ__,_.ﬂ._...
Norma! encoded }
patiern without ! l ﬂ ] l ! l l I ’ ! |
dropped clock [o) D c c c 0
C = clock bit
D = data bit
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omoex || ILA N IDENTICAL SECTORS ..______._f : ' )

1 P | secTor = SECTOR %2 \ \ 'SECTOR a% | PRE, INDEX
S o , SN 7
 DATR PArTERN | 4E _A/ ‘ R \\\ \0 W I.. 47 e
I w ! . SN~ L =hSY%  foyi6 0= 9 »
e oF ByTEs 4 To /6 4 _ ' S~ o * a’/: /aja//a X 0. 015= 157 (Fohmnar
i / . \'\\\‘ +/:59), JoWié X203 T 313
be—<—— . ADDRESS AREA et “0ATA T~ —_—]
) 10 10 o | 1o [weITEl JATA DATA | DATA  [DATADATAMRITE
PLO SYNC AM FIELD |CRC |PAD [SALICE | 2L0 SINC | AM | FiELd [cRe PAd S;:L'EEE Is§
DATA PATTERN | - % AIFE x| 4 | oo 00 atFg | oxxx fxe feefae | 4
NO. OF BYTES 1! 2 3ms5 2 11 14 2 N 2 1 1 {Z\ -
, - ‘ To , .
| i /3
e : -—— L BYTES - e
& % For  HEAD SwiTeh AWD wriTE Jo READ RecoveRy . DRI

12 Fer T4/ ComppTIBILIT ¥
/6 Fod. ST S5046/579/2  CoOmWQATIBILITY

- - ‘e - (¥) 75 ¥ 62
/D e + o0.03L) * (04937L) BYITES {’;' ()7 #0008

e
o TOTAL TOLenamel ArTER FORMAT /5 -—/}?S.
® DurinG Foq mar weite (4 + 0003 LJ BY MR ITE DATA Po mENA WASTE DES
® 4 DYrEs /S FOR WRITE To ReAD RECOVERY, AND LATERFACE WRTE DA ° :

o FoR 25( BYre DATA FlI€LD_TSG /5 %
- 3%

5 ~ g &
-/.5% zv c; ;:T;is T flmuce TF WRITE Iia;(;:NQ
= 0% Z |3 BYIES rViRaCS LF wiﬂ.:otc;;‘aasmucs
*4S5% = 17 BYTES ,
Feot = 2/ GITES p— UAArﬂﬁchf M ::: ,L: ﬁ(;lm-f-j: ;i:l e
NOTES: 1. AL f’ATTERNS SHOWN IN THE VARIOUS FIELDS ARE IN HEX '

2. ALL "X's" REPRESENT VARIABLE FIELDS

3. FoRmAT Assumes +y,
"€ /% Dave
+0.25% Dnr,ve

d,
5% TortaL waure TOLE R Awces

SempLe 5 pgep
ELEC roantic s

20.25%  ConTriilER wane FREQUENTY JEIFCTRONICS - .
4, ID Fiecp Contairis Fedbry 550 0 CYLNDER, SECTOR, BDDP A", . ' %

MINI mum RECH mnz~0ED TRACK/SECTOR FORMAT

=i
ERA%]



‘ZS&6  VAripaTiOWS

312 BYTES :
ya . £ - o -» . . .
21;%)' ’ _D)?Tﬁ (27¢) " & ‘7 : Iﬁ; ~ . [ForRmAT~ NowminAL
o 307.3 Eauiv: Bvresc-/afo)‘*yy - D )
g { FoRmnT 159)
D ' 2 .
LE e Dnm (22 4 L 7 TD 372 X005 2 4.5 pyre:
o ( 3/2 BPres wrITTEN) P ‘ “(B/G Pre INOER GAP)
. . . . ’ ( -
l Zp oAarR (270) 4 1 77| LD w? mebfjszTg
L £- _’ y .
] J- . | ‘ @G-9.2)=4.7 ‘ (276 A.0157) = Y. 2
[ [ . : VR . -
y - : ' - URITE UPPATE
ara (176) I EEZIEY Wwe! S
2 l 52 - ’ . R S R)
. \ : . 717“1"9~1 0.3 » )
| | | S | l
o P
| I ka= 275
l-n{:———-————«— . 367 Eouiu. BYTES (+/i53) _] .
+ Y - '
P . DATA (27¢ v v 7 D FOR ™Ay c+/.57°)
’ J . ’ (4978
( 312 BYyYres wrirres) , : C Fsmn <7 ByZs:
v Lt PR
( IR | | , (mcmo EPvoer)
TD : 4 /3.2 p WARITE ‘;‘Z;”“E
L »/ i
) 4 y AR AN , g ( D‘Z\ =7
(. o ) (. e o s
ol e [ # 7Y v
e J [N - ) ¢
Io = a3 Byrés
 DAA T 276 Byres
Famar Isc =__ 13 B8yr¢s = 4 * (,63)(C2y4) = ¥ 1 83
312 Bgres



) PC SPEC. NO. SHEET| REV.
‘ A 77711124 -31
INTERFACE SPECIFICATION - WREN-5
7.3.1 -contd.
WRITE J MWRITE ey
DISK AT 156 1 v /AN | |m |seLice|xoo |oata Fieto | oara | oata |oata|oara fsuE] 1se |
: PLO SYNC| AM FIELD |CRC | PAD |AREA A PLO SYNC | AM | FIELD |CRC |PAD |wEAS| PO SEUC
T T 5 =
: 3 J108 8ITS D &Tslg;y 96 BITS 3 4. ,
o1 i o) M A 8yTES
- ] 1! I 1 1 1
1 [ ! | ¢ 1 !
INTERFACE 1 INVALIOH i) 19 [ i ! |
DATA (READ) 1 | s swac | Am | Frdto | cac ! INVALID DATA i i VALID
: ¥ 1 ! 1
0 2 BITS DELAY MAX ——i 2 81TS |
A I l. 10ELAY MAX | Hila -5 us wax
T. St 1 ;
vl ) 1 1
A . ] { |
) 1 : . 1 ] f 1 : :
F 1 , 6 BIT | EXAMPLE CONTROLLER
. ! é N : 1 : -r' :CABLE/DELRY !
s \
L WRITE b : 1 D ! .4
o | o] —
LR ] 1 : Tod be-402 NS | MAX DELAY ; P)
R } { i ] ‘"
{ T 2 <
] 1 ey DATA DATA | GATA |DATA | DATA /
T | INTERFACE i PLO SYNC M {n o | cre| a0 -
€ Joama(mite) ;| - £
; . : 1 I--- 104 BITS —=={ larme |
F == p—t20 K ' 18175
g (| rerov a0 ¢ : H = ! I MIN
|} seex compreTe l ]
+ || a0 sececte u ' :__ — '
. us
IHrosaer 1 4y |
M LINES STABLE | i1 STABLE [
. ] ] 1
] i -
A i 1 : :
T ] 1
A% : } | _ | 1 A '
1 ) [ ]
£ H ."... L. sxrnixumv_l .1'... ,.1" L Km’s OELAY _.1 e
i
E | mwTereace 5 —
o 0] T ]10 | 1D ] »RITE TATA T OATA | oar:  1OATA | DATA] WRITE
L | OATA (ReAD) R smcl an l FIELD lcnc PR s;ucsl bLo se | ln“m { cRe P:n"‘ SPLiCE 3
R i T
E | WwRITE !
A | GATE ! (FALSE)
0L !
t
13 i
N
¢
T

A\ THE 1D FIELD INCLUOES THE TRACK, HEAD, AND SECTOR LOCATION,

,-——

T

A - K=

AoTE!
THE

2 BITSC(mAx) From W
AFE& A PAT FIELD wriTé LPDATE PER THIS FPigure)

DATA FRIELD mAY B2 shiftéd up 7o

here DATA 15 STORED on THEMEDIA

Y BxT AocaTions

To ThHE RIGHT rnoThe MGos4 (/@ 2 B8rTs 0wl To $00 No2e

were CATE 7o RITe DATA DELAY Plus 2 BETS

DRIVES JNTER~AL WRITE PO PACA Trond DéLA}‘)

FIGURE 14. TYPICAL READ/WRITE TIMING
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e

9915 ~3  wREN FoR mAT

INDEX/SECTOR © FINED SECTOR: "N IDENTICAL SECTORS ' " secrom

12 8YTES ; : ’ o 2 ayTest [70,080)
- ADDRESS AREA ‘ - ' DATA AREA {—“ 315 s
156 Ieto 8YTE (zp) |. AOR PLO BYTE o DATA | ISG
SYNC SYNC ADDRESS | AOR PAD | wRITE | sy | svxc DATA | DATA PAD |
_ -+ | PATTERN | FIELD CRC SPLICE PATTERR| FIELD| CRC , ‘
16 BYTES |11 BYTES | 1 8YTE | 5 3YTES| 2 €YTES| 1 8YTE| 1 SYTE | 11 BYTES| L BYTE | 2 3YYsS | 1 8YTE| 16 8YTES

NOTES/ SECIOR PuUlLSES GEN ERRTED BY ConTra//ER A N>  DERIYED
FRom DRIVE SuPPLIED TNPEXAM Byre Clock, D Fi6LD

 RFTER SEcTon/TpeXy ,
' ,2"‘.’5‘5” SwiTCH 7O ReAp/ TWRITEY = ISHMS 9. Eqré‘ses
¢ WRITE 75 READ RECHV ERY = Jous = 6./()BYT

3, NO SPEED CAfs neau.p.ep

4, HRllows 3z sectons of 3-5"6 9ATA BYTES FPER aecrb&
70,082 . 3/5 BYTES/SECIva. Availeble ( 308 BYTES/55cT0R S Hown qbové)

32
79715 =5 ween FoamaT
. *
« INDEX e N IDENTICAL SECTORS o ‘ 70, 4/6 \
o — | : _ S 1 Byres )
j Ao miwAL i
POST IN - . coe THn
| PosL e DE?‘ SECTOR #1 SECTOR =2 \ \ SECTOR =% Peg Inoex
' . < / ' .
pATA PAMEA | o aE ...A \\\ L. 48—l
_ /- o ~
Wo. oF BYTES v n \\\ SPEED &AP
. ReAD  / ~ (o7 3/3
v EN
F o/é)/r/ \\\\ : 157 min Nomiaed )
l#————  ADDRESS AREA e TATA '
7 AREA
P
10 10 0 {190 | 15 [wmiTe| DaTx
PLO SYNC AM FIELD [CRC |PAD [SPLICE| PLO SYNC
DATA PATTERN o0 AIFE Xx | 4 | 00 co
) 0 0.0 /
NO. OF BYTES 11 %/3 2 3Ips 2 111 }".I 2 N 1 l 4=+ &, 03) s
' % " WRITE Tp QEAD
. L SYTES p ReCover? o)
: Plus roip
AP

WoTESS | ZD A Brrik  zp Am whieM contasws
. TLisCaL MISSIG CloCik . | »
v ; B47es
2. s HEAD Switch Ti READweNE = SMS =4 32_C93 .
weITE 75 READ agCoveay = Sus = 1Y) 89

3, SPEED GAPS ACQUIREE .

Y, Allows 32 sECTeRS oF 256 B3pPTES PER SECTOR )

mAX BYTES pRr sechia Available = (/o,%/6 —/6 -3/3)%32 = 3/5,
(306 76 312 Burey secron sHowd above)

===% >-52



" lﬂbé;—rn

i~

Duu} mn) &

ST 506

ST 412

WREN =5

TRACK FORMAT AS SHIPPED (ST 504 Anp '57-'_' 1’)2) :

2\s

A

SYNC
6X 4€ {13X00 AIIF
e

Repeated 32 times (314 Bytes) — — :

!
R
——— IDField ——|— Gap2—— j——— Data Fisld Gao3 ; Gip4
-, C s.c ¢ : ' ‘ :
Y|HIE|R|R << 3s2x
El‘- ID'C IC |c 3x00 haxo0 AIIFBl . 256 Data Ig lg ‘ 3xoo‘|sx4e’ 4
g ASVER ] Sy | Nominai
1D AM Lata AM o P
| o | |
BYTES
== : ByTes
. 2 12 13/3 : i 4Te
o 1791-011 3 R ppminl /o e Al
;Z lf’ | 279 X,02= 6 /e | faeheolz o7
. i 2179 x-03 = 3’-'7’@{ { /2% 0,976 A+ 02= 20g ’
2 tf 2.9 x.06= /GC.)'?D 2 8 f);;: 57 104 /b X033 3/3
5 Lo . . » P NU""VGQ' 7/6,‘:06:4;5
| sus = 3209 | 1% |
! v . o L0l8= /4
If ‘ ;,qs < 5v § & 107 | /0,916 X0 7
1o Sous =322 43157
. (/I) [ - ‘»ﬁh—ub\uﬂ :
{- ; armg yp.0lsz4L = .
D ' rH | ;
PAD enp e
+ X + :
wrvfsl g waiTE |
SPLCE ! i.5'4=u.1¢:4§'
: ! :
NOTES: 1. Nominal Track Capacity = 10416 Bytes

lo.

/

2. Total Data Bytes/Track = 256 x 32 = 8,192

3. Sector interleave factor is 4. Seauential ID Fields are sector numbered 0.8,
16,24,1,9,17,25.2,10, 18, 26....etc.

4. Data Fields contain the bit pattern 0000 as shipped

5. CRC Fire Code =x'&+x'3+xé+1

7. Bit5 of Head Byte reserved for numbering cylinders greater than 256

8it 8 of Head Byte reserved for numbering Cylinders greater than 512

Gap 3

Gap 3 ftollowing oach data fisld allows for the spindle spead variations. This
allows for the situation where 8 track has been forinatted while the disc 18 run-
ning faster than nonunel, than write updated with the disc running slower than
normal. Without this gap, or if it is too small, the sync bytes or iD fieid of the next
field of the next fisld could be over writtan. As shipped, the gap allows a £3%
wpoed variation (actual drive spac it 1%). Minimum gap is 8 bytes for 8 256 byte
record size.

Gap 4

Gep 4 is 8 spaed tolerance butfer for tha entira track, which is applicable in lull
tracx formatting operations to avoid overliow into tha wnidex sres. The format
operation which writes 1D fields begins with tha first encountered ndex and
continues o the next index. The actual bytes in Gap 4 depends on the exact
rotating speed during the format operation. s

Gep 1

Gap 1 is to provide for vari iz:dndex detection. As shipped. gap 1 is 18 bytes
long, but must he at least 12 bytes. Gap 1 isimmadiately followed by a sync fisid
precading the first 1D field.

Bit 7 of Head Byte ID Field equals 1 in a defective sector (Cylinder O is ervor free)

3-53
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R -
RO S U S - . . O .

A B - W - - o e waw - -~ — E .

SR B st e e s e s 3R )

%
'

20 PN DATA
DATA PWA . . SERNO  PWA
A it T
|
! [T R .
PREAMP PMA ' micRo- INIERFALE
) ' "] COMPUTER LoGlc
¢ 1]
'
. [}
ReAaQ |
foatine READ/ 1o 1¢ ' ‘
AMALOG C DIt TAL - [ SRR
: ) Mo 7ol
e . DPINE.
Dici 1AL ' -
MoToR
ConIRoL [}
Lo . f
e R b '
SERVO SERNO v 1 [ servo ) _-: N
e SFRVO
—  PREAMP ~—-—-{ RE CavERYX E\(:c:zb ' €EfRok NER
AMALOG ., AMAFIER AmAEER ]
: _ ]
| '
' '
E<"1) . !
PLo ! T ocshe ! B
- ! YWLTA"E 0c/pe - ' |
] ) MoN 1 TOR CONVERTER [ i
\ | - '
[ '
| L]
DisKS —_ ROTARY
! = I"- —- tffz_]:_:q ACTUATOR
SPINOLE .
novor

WREN -3
GENERAL BLOCK DIAGRAM

R _,,._...«_.J




-
Ed

+5

WRT COMP: 4 162 HEAD SELECT
30-N$S | o HEADS
WRT-ENABLE /L c ] =Y =P o0
it ik ] neay e
Of5=sv \ ——— T WRT-GATELL WRITE = Ho-2
JWRT-pATA'] 201532 VREDATAZL , WRT-DATAZL 1
J3-i0 WRT"CLK/P N "UNSF?-—':-ER/;!F/_L *PRE AMP‘———-QHD_q,
l§—¢ ~ -
WRT-CLK ¥’ ,WQRT-CURRBL?; [ lHEAD AMPE————3 3vo |
32 RT-INHIBIT/4b I B
WRT-CLK = READ LSI-WRT-FLT/-L Wf“*"’
Ome -13 LSt T (oéml*“‘éo”‘?,
| | AaUNIT-SELECTAL | 261532 185y == Ov |
3130 PWR-ON-RST/+L READ-PULSE oy DhC o~
"DATA/P 17 | ANALOG | Unarer T
JRO-SVO-CLK "y / ECL/ BRI
O3 ' TTL READ-PLO-0
Ro-svo CLK L) %LS%’I -
P RD‘NRZ‘/M,,» . READ-PLO-I
READ-DATA'™Y' A | FREQ| W-B./L
O "2 .
READ DATA ' §|
READ ENABLE/+'- ERE .-
TI-46 33,0, LATE /OFFSET-/- " REN DATA
R BLOCK DIAGRAM
EDDY MILANES 182

—




1%

NREIN o 0 ! ! ! o] I o) O A " | ‘ Q 0O o o
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‘WREN READ/WRITE HEAD PREAMP

'FIVE CHANNEL INTEGRATED CIRCUIT - SSI115.

7fMOUNTED ON ACTUATOR CLOSE TO DATA HEADS TO IMPROVE SIGNAL—

TO—NOISE RATIO.

v WRITE CURRENT PATHS TO DATA HEADS ARE KEPT SHORT TO MIN-

IMIZE WRITE-TO-SERVO CROSSTALK.
COMMON FLEX CABLE FOR READ/WRITE AND SERVO SIGNALS.

PREAMP HAS VERY LOW NOISE CHARACTERISTICS AND HIGH GAIN |
(26-52) . 200- 280 PV ow Grardny TR0

LOW LEVEL READ SIGNALS FROM THE HEADS ARE AMPLIFIED BEFORE
BEING SENT OUTSIDE THE SEALED CHAMBER.

<;w3(7xw£ t0-20 py

g
Forngin

o
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Y2 ~

(Gz-o9)

UNSAFE /-L

 WEAD SELECT-0/-L

(32-20)—
| 10

WRITE CURRENT ‘:

2 15 23

= WY RITE SELECTY .
| (32—423 ~ ([ 3 22

(32 -n)

(32-270,4 )

HEAD SELECT-1/-L

4 HEAD 2|
5§ CURRENT

' ' LECT-2/-L
B Gz oSt

(32 -16j

| (:2-14,\5,08} (&NO)
onta- N
Tz e
(x2 - 18 >‘
(32-9)—

Cjzj‘g‘\ S\NQ -HO -P
‘?"%\32—6
e

K

 SST L.l

20
(GND) . DRIVER
AND "
| AMPLIFIER '8
0.0}
ag T =11 \o
CH\P-ENA |0 K &My \S
Y
1 WS‘%“ 14
READ-DATA- P 12 3

-SVR

3INO -HWD -N

- SYQ-CT
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WREN-HEAD DRIVER AND AMPUFIER
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s i E T T e T S o i o

| .
| Lo WREN READ/WRITE PREAMPLIFIER PWA

: esl
SERVO SIGNAL PATH ) pin Bip Mt

{ LOW NOISE (0.8-1.1 nv/d’HZ), HIGH GAIN (25@)
' PREAMPLIFIER FOR SERVO SIGNAL AMPLIFICATION.

e 3 POLE LOW PASS LINEAR FILTER FOR HIGH FREQUENCY
' NOISE REJECTION. Vit Lt iic?

LR vt {:-A

RS SV
READ DATA SIGNAL PATH

® 3 POLE LOW PASS LINEAR PHASE FILTER FOR HIGH
'FREQUENCY NOISE REJECTION.

.: TRANSVERSAL FILTER FOR PULSE SLIMMING.

- SWITCHED GAIN PULSE SLIMMER. “?Q_“”Ji wk»~@V“”J”:

- OPTIMIZED SIGNAL AT INNER AND OUTER CYLINDERS.

| - SIGNAL CORRECTION FACTOR C GIVES ADDITIONAL SIGNAL
| , o - IMPROVEMENT. '

Fo gt

| WRITE DATA SIGNAL PATH

| © VARIABLE WRITE CURRENT AS A FUNCTION OF CYLINDER
| ADDRESS.

- OPTIMIZES WRITE PROCESS.

- CURRENT CHANGES EVERY 8 CYLINDERS.

- MICROPROCESSOR CONTROLLED.

- INNER RADIUS (CYL 656) - 50 M.A. PEAK-TO-PEAK.
OUTER RADIUS (CYL 0) - 65 M.A. PEAK-TO-PEAK.

® UNSAFE CIRCUITRY

- GUARANTEES DATA INTEGRITY.
- PREVENTS ACCIDENTAL DATA DESTRUCTION.




C—‘-—‘—S—\ RD- ANALOG-N /——OQQ NeES
J1-25) - e p<5q2 ]
A O - LOG-

Q1 -26) A \T‘ K

T WRT- DATA/-L | 1 - - | ' L
31-09 ) —QwriTE WRITE RD-DATA -N (75717 )
TTTTTWYRT CORRENT-LEY. [y F ’ CURY LAy T » ~
VREF 3q3 o .
¢ +5VR ' = o
W RITE CORRENT /—:—:0 ' I
L, 25 - 32.5MA (J2-99 )

| ———— FLT-RS T /-L > |
(V-1 ) — A) TTL
| V2
' LM

REF.
@‘I}TW UNSAFE/-L 7 |UNSAFE _
=/ .

F/F 1 y____

: o LST ~WRY-FLT /- o
GEDe e

YWRT- GATE /-~ '
T_‘__”'B ‘ RT- GATE /-

TEEEN OWRT - INRHIBT /4L
G- —
@\ 05 ) MLEAD_BLIV T O J-L

W RITE -SELECT/-L -
¥

U\

IV o0 HLhy SFLlraer | /-1
R
3V 14 HEAD SELUVCT o /- | o
= N SN0 - ANALOG ~ P , So.Mp-p
j‘r,'lfl_'__.J N 3 POoLE G <~ —(3 2-03 )
(31-0g)—So-aoe. L erEe Smzsg MO (FToe
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WREN PULSE SLIMMER
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HD 2¢ HD 2+ HD 2° MEDIA SSI

J3-06 J3-04 J3-32 SELECTED 115

0 0 0 TOP " BOTTOM 22,23
HEAD MEDIA :

6] (6] 1 BOTTOM ‘MIDDLE 20,21
HEAD MEDIA

o) T 0 TOB  MIDDLE 18, 19
HEAD MEDIA ]

0 T T BOTTOM TOD 16,17
HEAD MEDTA

T 0 0 TOD TOP 14,15
HEAD MEDIA

NOTE - A "1" CORRESPONDS TO O TO 0.4 VOLTS IN THE INTERFACE.

DURING READ AN INVALID HEAD SELECT INPUT CODES (5,6 AND 7)
HAVE THE EFFECT OF NO SELECTING ANY HEADS.

PRODUCED DURING A WRITE.

/

WREN HEAD-SELECT ENCODING

AN UNSAFE IS



WREN READ ANALOG DATA PATH FEATURES
. ‘ » 12 .....-..(,,'Ol-ﬁbmr/v
AUTOMATIC GAIN CONTROL IN THE READ PATH FOR EXTENDED
DYNAMIC RANGE TO COVER FOR LARGE INPUT SIGNAL VARIATIONS.

‘ACTIVE DIFFERENTIATOR WITH HIGH COMMON MODE REJECTION

BY THE USE OF THE 592 VIDEO AMPLIFIER.

' FIVE POLE LINEAR PHASE LOW PASS FILTER FOR HIGH FREQUENCY

NOISE REJECTION

LOW RESOLUTION PATH WITH A THREE POLE LINEAR PHASE FILTER.
THIS FILTER PROVIDES NEEDED MARGIN TO RECOVER SIGNALS .
FROM VERY HIGH RESOLUTION HEADS AND MEDIA DISTORTIONS TO

THE SIGNAL.

A NEW SINGLE 200 NSEC DELAY LINE IN THE HIGH RESOLUTION
PATH WITH 10 NANOSECONDS RESOLUTION.

A DUAL ECL COMPARATOR FOR ACCURATE ZERO CROSSING TIMING
AND NO NOISE INJECTION INTO THE ANALOG PATH.



WRT-G/Li' |
; b | GAIN AGC |

031 ' CIRCUIT s » | A
| U3q,U40 “W

LOwW RESOLUTIONU«? P’Qc |
RD-ANALOGP s ECL o131
733 5 POLE ]

= RD-ANALOG-N FILTER F/F|1a

o . P

|F/F |4

O

RD-PULSE-DATAH

WRE N DATA pWA

READ ANALOG
EDDY MILANES 1982




T ‘CEL7== 206.6 NSEC

18

¥

G e 1o 1 ole0eil s 0e0 el el e0e0s

'RD-ANALOG-P

AT -
" (ADVANCED IN \

TIME
De LAYED HIGH -\

REsog\)‘\'\ON ‘
AT V3T -V

I

- - N - - —— - — o ——
—— — — —— PR T R
-— P e ki e I

D dandien D N et

u31-15/u3e-
LovyY RESOLUTION
READ SIGVAL
-s
v37-2/032-10

AT \)737

AFTIT

55 nseC

RD-PULSE-DATA-P
SIGNAL AT
v22-3/U3-14

IF THEY WERE NOT TIED TOGE THER

%

WREN READ ANALOG WAVEFORM

d s




“WREN-3 READ PLO

ON BOARD PLO FOR IMPROVED DATA SEPARATION.

READ PLO

- IN CONSTANT FREQUENCY LOCK WITH SERVO PLO

THUS LOCKED WITH ACTUAL DISK SPEED.
- READ PLO FREQUENCY - 19,352 MHZ.
SERVO PLO FREQUENCY - 9,676 MHZ.

PLO CHARGE PUMP

USES MATCHED HIGH FREQUENCY TRANSISTORS
PNP - MD5000
NPN - CA3046

- BALANCED BY TEST SELECT RESISTOR DURING PWA TEST
- TO COMPENSATE FOR PART TOLERANCES.

- CHARGE PUMP GAIN INCREASED BY WIDE-BAND-ENABLE

CONTROL SIGNAL FOR QUICK PHASE LOCK-UP.

VOLTAGE CONTROLLED OSCILLATOR
- USES ECL L.C. OSCILLATOR I.C. (MC1648) FOR HIGH
SIDEBAND REJECTION

- INDUCTOR AND VARIABLE VOLTAGE CAPACITORS REDUCE
SENSITIVITY TO NOISE USUALLY ASSOCIATED WITH RC
OSCILLATORS.

LOOP FILTER

- COMPONENTS SELECTED FOR PROPER TRANSIENT RESPONSE
AND LOOP BANDWIDTH.
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—
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RD - FRE® - INC/AL , CA3046
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RD-PLO-ECL
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READ PLO
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. WREN READ/WRITE LSI CIRCUIT

FEATURES:

1.

.

- CONTAINS THE FOLLOWING LOGIC:

WRITE DATA SYNCHRONIZATION LOGIC
NRZ/MFM ENCODER '
WRITE PRECOMPENSATION LOGIC
WRITE FAULT DETECTOR |

- READ DATA PHASE/FREQ. DETECTORS
WIDEBAND DECODER
MFM/NRZ DECODER
INTERFACE CLOCK CONTROL

MINIMIZES PCB SPACE

® AVAILABLE IN 40-PIN DIP

AVAILABLE IN TWO VERSIONS

o IZL AND LSTTL TECHNOLOGIES

] TWO SEPARATE PART NUMBERS

OFFERS LOW POWER DISSIPATION

o I%L _o0.8 W

@ LSTTL - 0.90 W



RETIMED NRZ

ENABLE ON-TIME

OR

COMPENSATED |
>

IYE 2

FIGURE |

L]

i

WRITE DATA PHASE-B
NRZ DATA , PHASE#E? R —
SYNCHRONIZATION SHIFT REG.| —
' DELAY
SELECT
WRITE CLOCK prasE-a | _[—|_ "0
PHASE-A | 4 BITS | KT TEN-EARLY|
SHIFT REG.[ 1 L
\,/ _|\EARLY -DATA
EN-ON-TIME
. WRITE ENABLE
WRT GATE s ‘ __N\—=>] PHASE NRZ-MFM ON-TIME-DATA
SYNCHRONIZATION F/F > | '

» ENCODER é_ .4 EN-LATE_
| | TE-DA
SERVO PLO CLOCK I T AN |

| MFM :
“—=(pELAY LINE)
MFM ENCODER-COMPENSATOR

MFM DATA




' 207n5

LATE SHIFT | E4NLY SHIET

PaTTERN  PATTERN

 !°1¢ lojt 11101 1-010[ 1] 1_[-(9 } o’.j jc,g

/A A

A pparent Boad - back <k Ex

WRITE C(CLta|PENSATION PATTE2ANS
LATE <SH/FT —. O/// [ OO0

Ed4rLY SHifFT — (o, 0Ol




WRITE FAULT DETECTOR

‘A WRITE FAULT WILL BE GENERATED IF ANY OF THE FOLLOWING CONDITIONS

ARE TRUE DURING WRITE ENABLE:

DRIVE NOT READY
INVALID HEAD SELECTED

READ ENABLE ACTIVE

HEAD UNSAFE PRESENT

o



e e e o b 5

READ/WRITE LSI - READ CHANNEL

oz—'y

' ’ > ha
QRDPLL - I phase
‘ L > DETECTOR — R '_
N —— ] . —> FINC
XQRDPLO , 32 ) ' . <B B
' > FDEC
. 7
PRSE /FREQ. \
DETECTORS [
 SVOPLO >— 42 > | R J/
L READ CLOCK| MFM/NRZ : B
) PHASER ~ [——3 ——> READ NRZ
) (" ' . B - B
’ | | DECODER - : o
/
\
WIDEBAND - .
N ~ - I/0 CLOCK |
RD. EN, > "  DECODER | : ——> I/0 CLOCK
' CONTROL B




vxz—%‘

READ PLO — READ/WRITE OPERATION

EARLY = L
PTL /OC
LATE=L AND ‘
READ-PLO-O | F " READ - PLO
READ-PLO -] Div. A
BY 2
PHASE | _ ‘
RD PUL DATA-P DETECTOR ‘ v ¥
- * RD-FREQ-INC
_ _
MUX uP - CHARGE
: ; - PUMP . ,
LOOP '
pEAD-ENARLE=P| & ? FILTER |19-36
| veo
Lo-FrEQ-DEC |
FREQ ’
 SERVQ - PLO 5] DETECTOR
WIDE BAND ENABLE -/-L N




- A .
? : - DISK , : v v .
3 DATA PLO SYNC FIELD U - ~ DATA

R T o 7 \
Lo e ‘

- o osc ‘l.. 48 BITS ' |
. WBENBL [

| ~ RD PH ,
' LKD 0SC | L
‘» — L ' _ - -
. RD ) . N
 PLS DATA 7 v
RETIMED , | / Z / -
L ~ PLS DATA ’ . j\ —
( RoPHLKD ' nas |
0SC UP 1,1 A
| | N 2 AT
" RD PH LKD A | /
| 0SC DN

A PHASE PROPERLY
A READ PLO FAST

/3\ READ PLO SLOW

PHASE DETECTOR TIMING




 READ ENABLE/P|

DATA TRANSFER
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READ/WRITE INTERFACE

o 5 e O

- CUSTOMER SIGNALS TO DRIVE
®@ + MFM WRITE DATA

® - MFM WRITE DATA

DRIVE SIGNALS TO CUSTOMER
@ + MFM READ DATA
@ - MFM READ DATA

o DRIVE SELECTED
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) \ 10 +MFM READ D
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e o s

e BLOCK

SERVO SYSTEM

DIAGRAM

@ FUNCTIONAL DESCRIPTION

POSITION LOOP
OFFSET MODE
VELOCITY LOOP
" VELOCITY PROFILE
AUTO VELOCITY ADJUST

® . MICROCOMPUTER

@ SERVQ

® SERVO

® POWER

I/0 DIAGRAM

TYPICAL SEEK OPERATION
SERVO SURFACE FORMAT

DOWER ON/HEAD LOAD SEQUENCE

ANALOG RECOVERY

SERVO DIBIT PATTERN

SERVO ANALOG LSI

VELOCITY AND POSITION FEEDBACK

PLO
DIGITAL LSI

AMPLIFIER

SUMMING AMPLIFIER
NOTCH FILTER

POWER AMPLIFIER

SERVO DISABLE/ARM BIAS

0 i e 2




cg-P

INTERFAC
JELoa TV
7] coMmmManb
' GEMERATOR
I
VELOCITY
v FEELBACK
v - .
MIC ROCOMPYTER

ABD AQYILIARY
GIGITAL CaRCUITS

A

ERROR PowER
Amp AmpP
CURREMNT FECOBALK
PosiTiON
FEEDBACK
-
/

SERVO RECOVERY

TRACK CENTER [/
TRACK CROSSING
INFORMATION

WREN SCERrRVO

SYSTEM

ROTARY
PosITIONER




VELOCITY . VELOCITY COMMAND

7 AcTuAL vELocTy
| ¢/ i ) - |
“7 i . / : . \
¥ /

,,,,,

TIME

TYP\ CAL VELOCITY PROFILE

b X’
. ‘ Q,,,)
\g’if
- N



TRACK CROSSING

sTEP

LATCHED DIRECLTION

LATCHED RTZ

PLO Lock

- LTCHD GUARD BAND

DATA EBGONE

TRACK CENTER

SENSOR

Y V¥V VVYY

ResET

10

MHZ

cRYSTAL.__

N IDTERRVPT

| COUNTER

RESET

T8
-ALE

MOTOR. CLOCK 3.33:\?}2—

STEP SYMC L6 KHE

">

WGH VELOC1TY

78T VELOC 1Y commg}

TRACK XING RESET

> ) Ar

LOowW VELOCITY 5 S
FoRWAED | BEVERSC >
| SERVO ENAGLE >
thc; REALX >
/| GUARD BAMD BESET

K’ffﬂ’ PTO. RESET

A »
o>
>

_TIMER

 (FRoM NOLTACE MON rToR)

LIOREN MICROLOMPUTER INTERFACE

4-32




TYPICAL SEEK OPERATION

1. MICROCOMPUTER STARTS RECEIVING STEP PULSES.

2, UC GOES NOT READY.

‘3. UC SAMPLES DIRECTION LINE. | |
4. UC CALCULATES VELOCITY PROFILE. T

5. UC ISSUES VELOCITY COMMAND TO D/A coNVERTER; \\i?>
6. UC SEES TRACK CROSSING PULSE. i Mfégy
7. REPEAT STEPS 4-7 UNTIL LAST TRACK CROSSING DETECTEDA?MfMM
8. UC SWITCHES TO FINE (POSITION) MODE.

9. UC WAITS FOR STABLE TRACK CENTER INDICATION.

10. UC GOES READY,
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GLUARD BAND
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SERVO SORFACE FORMAT 5

b




- Y2 TRACK

ON YL

s TRACK

- SXNC [AGC GATE
- QUAD GATE

| ODD GATE

- EVEM GATE

-

! CODE GATE

SYNC/AGC GATE

WREN SERVO DIRIT PATTERN
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[ M VELOCITY AG REF ; - ‘ - - : SOy <cRvVo PANSE )
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— OETECT
"'—'J—-PE_A-&— 14
> DETECT
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> QETECT
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> CENTER
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AGC FILTER

- SERVO PULSE
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' WREN SERVO'RECOVERY LSI CIRCUIT

: . : oA
, . ' _ A Y
FEATURES: . . opg o .
o - 0 o &
: 9 WY V.
o WP ' o
- . , fr’/ {5 ,\’Y P‘P‘
1. CONTAINS THE FOLLOWING LOGIC: 7
@  INTERFACE CLOCK GENERATION &
'@ SERVO DATA GATE DECODERS ¢
@ SERVO PLL PHASE/FREQ. DETECTORS
@ SERVO PLL LOCK DETECTOR
e INDEX AND GUARD BAND DETECTORS
'® MICROPROCESSOR INTERFACE LOGIC
® MOTOR CONTROL LOGIC
2. MINIMIZES PCB SPACE
@ AVAILABLE IN 40 - PIN DIP
3. AVAILABLE IN TWO VERSIONS
. - & ABLE
e 1L AND CMOS TECHNOLOGIES \‘Ehfgﬂﬂtiﬁ)c¢ c
e TWO SEDPARATE PART NUMBERS (7
4. OFFERS LOW POWER DISSIPATION
e I°L - 1.25W
@ CMOS -  18mW v, '/ s of LFw
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WREN SERVO RECOVERY LSI

- EXCLUDING MOTOR CONTROL-

+ 16

it Ll

I e

()o’

SVOPLO __ 3605 KHZ
'9.68 MHZ 'COUNTER -
$ 12 OR #16 |_LSB 5, SVOCLK
COUNTER MSB . 806 KHZ
ENTRSL -« }r
5 COUNTER > EVENGT
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SERVO DATA DECODES

. +1'  SIGNIFIES SYNC BIT
10"  SIGNIFIES A MISSING SYNC BIT

INDEX DECODE: 1111001"

- 1 BIT OF 6 CORRECTABLE

GUARD BAND DECODE:  '101010°

GUARD BAND DROP: 1000000

SERVO PLL LOCK DECODE:  ‘111...1' (X128)

' SERVO PLL LOCK DROP: 10000




MICROPROCESSOR INTERFACE LOGIC

vSTEP LATCH - SYNCHRONIZES INCOMING STEP PULSES

WITH PP A.L.E. CLOCK.

DATA ZONE LATCH - SET EY INDEX, RESET BY GAURD BAND.

' GAURD BAND LATCH - SET BY GAURD BAND pP RESETS.

‘RTZ LATCH - SET BY PP, RESET BY GAURD BAND

A
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SPINDLE MOTOR AND CONTROL

BLOCK DIAGRAM

PRINCIPLES OF OPERATION
- TWO PHASE MOTOR

DIGITAL SPEED CONTROL IN LSIT
MOTOR DRIVE CIRCUIT
~ CONSTANT CURRENT

- CURRENT LIMITING
- LOCKED ROTOR PROTECTION
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HALL
EFFECT

SENSORS ~

©
2

WREN SPINDLE MOTOR
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WREN MOTOR CONTROL LOGIC

USES DIGITAL APPROACH

® CRYSTAL CONTROLLED
® FEEDBACK DERIVED FROM SERVO SIGNAL

'®  ALLOWS IMPLEMENTATION IN LSI CIRCUIT

INCORPORATED IN SERVO RECOVERY LSI

® UTILIZES 30% OF AVAILABLE SPACE

@ DECREASES IC COMPONENT COUNT FROM 18 TO 1

SPEED REGULATION - BETTER THAN 0.1% OF 3600 RPM

OPERATING RANGE - 7.4 VOLTS TO 15+ VOLTS

4-47
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. Table 1:

 DUTY CYCLE DECODES

" OF FULL-ON CONDITION
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CLOCK REF,

RUN CONDITION: ‘MOTOR TOO SLOW

SERVO FDBACK __|

Run/Inhibit —

SENSOR
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ToRgue
(IN-OZ)

KotTATION

}

PosimioN

f HALL EFFeect A HALL EFrEcT B

WALL EFFECT A

RALL EFFECT B

MALL EFFeCT SWITCHING




MOTOR START CONCERNS

o UNBALANCED TORQUE

o BRAKE ADJUSTMENTS



CHANGES TO WREN FOR THERMAL CONCERNS

o MOVED ACTUATOR MOUNTING SCREWS
CLOSER TOGETHER
S/N 155

o REPLACED SCREW WITH A PIN
S/N 262

o POLISHING GIMBLE
o 2.5 miL GIMBLE

S/N 155
REWORKED



