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SECTION 1 TECHNICAL DESCRIPTION






CHLPTER 1
INTROBUGTION

1.1 GEMNERAL DESCRIPTION

The RLELARLEZ Disk Drive iz a random access mass storage device.
foth drives utilize a removable, single platter tap-toading disk
sartridge. - The RLBR cartridge provides flve millfian bytea of
starage, and the RLAIK cartridge will held ten million bBytes. Up
to fouf ALAL or RLAZ Disk Drives may ke wsed per controller to
provide up to 48 milllon kytes aof stdrage for PDP-8, PLP-11, and
L5I-11 computer system appllcations,

The RLEFL/RLEZ Dlsk Drive [Fiqure 1-1].15 pounted an slides and is
96,6 em (18.5 Ind high, 63.5 cm (25 in} deep [compatible in width
te a 13 inch RETMA rackl and weighs 34 kg (75 lbs).

Operating contrels and indlcators plus a remevahle air Fil-ur are
lacated at kElhe EFroant of the dreive. hooess tn Fhe carkeckdge IS

. provided by a lift-up covar lncorporating a safetby interlock. All

sepvicing ean be achieved Erem the top of the drive ar front or
tear of the corpnrate cablinet.

RLA1/RLA2 niak Drives are ghipped from the factocy as 115 vac/60

Hertz unlts. Field change  to 238 Vac/3%@ or 4@ 1Herkz is
accamplished by reversing -either of two tGtearminal block covers

located exterpally at the rear of che dreive. | Thie line -cord plug

may be cut -and replaced with an applicable 238 Vac line plum. The

BLBE1/BLG2 Disk Drelve is UL listed apd ©SA certified,

_Intérluchs.ar& provided  where  the potential. exlsts for damage to

thae driue; media, opeEratces, oF gerTvice personnel .

'The RLEL/ALOZ Disk Drive provides high fleld performance and

malmtatnability, . The drive is deslgned for easy removal and
replacement of logle and slectromechanical subassemblies to result
in anp average replacement Elme of not mbre than 15 miBputes.
Special taols and alignment packs ar Elxtures are not reguired Eor
pr—site malntenance. Only twe adjustments are reguired -under

napinal service conditisns. cAll legic madules are. placed so that

they may be accessed without the use of extenders.

1.1.1 Servo—-In—Data Concept _ o .

Key to the performance of  the RLOL/RLAZ 1s the 'serve-in-data
concept . The concept allows the derivatien of head poesltioning
and  track ocounting {infermaticn Erocm pulses imbedded within the
data track. Each read/write -head seekind to & desirpad Erack

_becomes itE own serve transducer, Dots ktracks rcould conceivably

be iomated within & band anywhere on the recerdable disk surface
as long asthe posltloner dogs net run sut of Erawvel limits. =Since
the hesds seek and canter on data tracks, enviroomentAal problems
related to  mechanical 4drift and Etolerances become practleally
nonexlstenkt. Precise head aligmment rtegulring the uwse of apecial
flxtures 1z unnecessary.

1/1-1
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Figura 1-} Typical bisk Drive
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1.1.2 Starage Medlium

The ALEIE or RLAZK Disk Cartridoge [& & wmedifled 5448 type
removable . top-loading, sirgle placter caruridge with 2686 discrete
daia tracks an sach of the two recarding surfaces, Thae rcartridoe
armature plate contalns 4F mgector =lons, defining 4@ seckors per
teack. Cerwo Infermation (servo-in-data' frem whiech sectar and
track determlnatlons are made 1s prerdonrded onm the cartridge @8t
the factory and cahnot be reformatbsd -in the field, Bad sectbor
infoermation is contained on the last data track.

RLAIE and ERLAZE <Carbridges wsre Intended as a means o daka
Interchamnge between computer systems. Cata written on one RLEL
Cisk Drlwve wiil ke readahle en any other BLAL drlve, and the same
iz truc fior any two RLEZ2 drives, pravided that hoth drives have
been nroperly maintalned and that khe cgmputer  aystcems  anid
conttollers are compatible with rteapect ne  word leagthe, Wote,
aowever , that an RLATK cartridge cannob be used on an RLAZ drive,
not cin an RLEZY cartridge be wused on an RLOL Jrive. wWhila eitker
cartridge will physlcally fit into either drive, the resoles of
using the wrong cartrldge are unpredictable, The cartridge . arc
color keyved and laheled tm help prevent incoreest use. -

1.1.3 Mechanical Partltioning
Flguee 1-2 shows lgcaitlam of the majer dri ve subassembiies and air

flow throunh the dr ivn chassis.

1.1.3.1 hir Flow System — The RLAL/RLA? Cisk Drive is designed
Eo achieve maximum protection aof the beadsdlsk Interface ewven in a
contaminated epvironment, The air F[low system (Figure 1-2) is
separated inio a recirculatlng eclaan ale supply and a eooling air
supply, The cooling alr i= drawn in through Lhe bezal and is
axheusted out  the rear «f the deive by & mulfin  [fan, THhe
reclreulating glean air is moved thereough the dust sysiem by an
Impeller atcached t» the spindle dreive mater, Aefore the <lean
alr 13 reelrculated to the disk rcartcldyge, the dun:.qy tem roytoes
it thecugh a high efficiency [ilter and a heat exchanger. Tha

. heat exchanger is cooled by the ccollng air =supply.

F.1,32.2 fir Filter — The absclubte alr filter is 3 sell-contained
throwaway unit. Bacause aof the twe alr systems, teplacement of
the absvlute Eliter 1s oply regquired on a vearly basis,

1.1.2.3 Poslticnar Assembly - The positiancer assembly consists
of a carriage, servo motor wlith capstan and tension cable, linecar
tachameter, head lead cam, and bome switch. The magnetis
read/write heads are mounted an- the carriage. Fiqure 1-1
illeserates the principle components of the peslticonetr assembly.
The pusiticner subplate can be moved laterally Eo align head
access radlally to the diak. o
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1.1.3.4 spindle Assembly - The Spindle Azsembly comprizes a
housing, the  rotating carkridge interface hub, the spindle ground
button, and the drive belt, Figure X-4 szshows tha =Spindle
hsgembly.

The sectoer transducer maunts and aligns itself on the spindle
hougsing. . .

The dis% cartridge incte:faces the spindle wia a <one lopacsd in
the cenrar af the =spindle, a 4,8 cm {&,5 ia} diameter stabilizing
hub, and a hald-down magnet. ' :

Lolo3.5 Brush Drive Assembly - The HLAL1/2LA2 Disk Crive has
maokar-driven eleaning Srushes . (refer to Figure 1=-5) whick
automrtically sweep across the disk surfaces sach time the splndle
drive moter 1s startod. The brush cyelé must. Be completed and the
brushes retracted before the heads will load, Tn order ta prevent
damage to the readswrite heads and. cartridge, Che cartridge aoccess
cover remains interlocked sSov that the carvtridge cannct be removed
fn Ehe event that the broushes fall to reburm ta kbhelr home
pesition. The brush holder aszembly i a field replaceahbhle epnit.

1.1.3.6 Raad/Write Heads - Zach head (Flgure 1-6) 1& made uvp.of
a8 magnetic o<ore structare mounted In oa ceramie slider pad and Is
aupported ovn oan arm, Each head 15 alsco groevided with a Elaxible
cable that terminates with a connector, Wharn bath heads are
lnaded "and positicned with the disk rotating a2t 2489 | 2% rpm,
each. head iz supporied by a boundary. layer of alr approsimately 59
micrainches thick., The "ugp" head iz used far reading and wrlting
data on the battom surface (surface 1} of the disk and the "down"
head iz wsed for reading and writing data on the top surface
fsurface 1) of the disk, Rach head i3 loaded and untoaded from
the rotating ﬂisk by, the force of a cam against the 34 deqrec ramp

~in the head arm.

The heads aperate at 4.1 wmegafluex-teversals per second madlinun
using the Mcdifled Frejuency Modulation (MFM} method for encoding
ot duecodlng data., This corresponds to a maximum density of 3T7ZE
bits per Inch orn the Ibnetr tragk (krack 255, décimall.

1.1.3.7 Read/Write Board - Thir readfwrile board is contained in
8 subchaszis to ppévide shielding for. the logic.

1.1.3.48 Power Panel - The ‘removable rear panel of the deive
contains a muffin tvpe fan, 1/9 connectors, an ac circpeit breaker;
an NRFT filter,  the apindle mobar capacitor, the ac  terminal
assembly bBlack - and the. ac seeve moddale chasslis, FRoefer Lo Filgure
1=-T. The ac gircult breaker provides power ONSIEE contrel for the
drive and is nermally left in the OH position,

I/l=h
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1.1.3.5 faatrol Panel ~ The operator's contral panel 15 logated
gt the front of the &riva,  The followlng push onspush oflf
alternating action switches and indicaters are lacacted an the
drive vontral panel (Figure L-B]:

W Guns2cad swikbeh with LOAD indicator

@ Unit Belect switech with BEATY indicator

- FRULT indicatar

% Wrile FrgtPﬂE switoh wheih WAITE PﬁﬂTEEt irdicator

Hun/Mond Switch with oAl Indleator
Thi=z push anfpesh off alkernatiog action gWwitan, whan
danrassed, ensrgizes khe spindle motor providing the following
conditions have been met:

- The Jisk cartridge Mnas baen instal Led

@ The cartridge proetection ceover is in plavce and Lhe
carsridge access covet Is clesed and latched

w All ac and de wdltages arte within speclfizations

" The readrswrlte hwads are home

= The brushe=s =re Lomg
Whan this swltoh s released {(dspressed a second time), the
spindle drive notor is deenergized 1f the read/write heads are
not  loaded. If the heads are lasaded, they are retracted
hefare the zpindle Arive moter 15 deensrgized. In che event
of a maln gowar interrupt and suhzequent powsr resteratlon,
the drive will eycle up again if che awiteh Is depressed aince
it contzins mechanpical memory,
~he LOAT zoable Iadicator is illuminabted whenevetr:

] The spindle 1z swoppad

- The readfwrite heads are home

& The bkrnzhes ara home

¥ Th: spiadl= drive motoer 15 at rest

1/1-11
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Flgure 1-8 2Ceontrol banel
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unit Select (8, 1, 2, 31 Switchk. with READY Indicakaor

The unit select switch is a cam aperated switch which 13
actuated by inserting a numbered, selectively cammed bhotton.
The switsh ceontacks are bipary encoded so bhs drive intecfacs
loggle recognizes the matchlng controller generated drlive
address oode and the correzpending wcnit select number (@, I, =
= M

The rumbered ‘indicater, when 1lit, indicates a drive AEACY
coendition, This condition exists when:

" Tha spindlec 1 up to speed
" The brushes are home
& The read/write heads are loaded

a The heads are detented on & specific Lrack

FAILT Indlicaknr

The FRULT indicatsr 1s 1it whHersever the following faul:r aor
error conditions develop in the dlsk drive:

* Drive Selegt Error

o Gosk Time Out Errar

- Write cUrreﬂﬁ in Heads Durlnag Seckor Timwae Errot
o Lozsa SE Eystﬂﬁ Clock

* Write TProtect. Error

¥ Write Data Error

o Spln Ercor

WAITE PRITect Swltch and Indieatar

Thiz alternating action puwsh onfpush off sSwitsh, when de-
preszed, sets the drive in write pratect mode whether ar net
cthe Write Sate line 15 assacted - [refer to interface Lline
descriprions). IE the iwrite Gate line 15 assorted when WRITE
PAOTest 15 on, the drive will generate a-Write Gate arcrol
twhich will Yight PRULT) . The wrlte protoct mede will be
immedlately removsd upon releases of the switch.

1/1-13



1.1.4 Drive Elactroanics Partitioning
A large percentage of the drive elaetronics is conkained &n the
drive lagic pedula,. Additional electronics are on these modoles:

] The de servo modulsa
- The ac servo madyle
& The rezd/write mndule

This design coencept enhances the medule-sSwap malnkenance
FPhilosopay.

The drive legic module, mounted fnslde the rear cover at the top
oE the drive, 13 a =1vgle hex-sized board, The rear cover can he
detazhed and positioned wertically on the rear edge of the base
plake, Lefer to Figure-1-%,

Opening the rear cover expnses the read/write module and the de
gerve module, FRoth the readfwribte module and do serve oodule —an
be placed on their sides to allow easy acoess. to the positicner
assenuly, module chips and tesr points. Refer to Figure 1-9, The
ac serve module is lnratEu an the removible power pancl. Bater tao
Figure 1-9. .

l.1.4.1 Driva Leglie Module = The dflUL logic moadule prowvideas the
dreilve with the following functiona;:

. Inktetrface to the controller wvia a 46 pin ?0-reounted
connector And fFlart ribban cable .

& Interfare enabling and econtral cireuirks
L7 Sbate cantraol legic (lvadsrun segquencing)
» Geek controel and track counting logic
+ Davice command/status raglster
- Positigner veloclty cormmand generation
» Disk drive motor sﬁee& contrael
] Brrar detection and staktus dakca gﬁneratiﬁn
» Servo data detectian lngié
l.k.4.2 DT Herve Module - The de serve module montainsg the

positicner szevo amplifier snd de veoltage regulators. The wvaltage
requlators are mounted on 3 U=-shaped heat sink which facez dewn
into the <ooling air chamber', This module alse =Serves a
mechanical Eunctien In that it seals. s portlon of the comiing air
gystem from the cl=3n air system,
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1.1.4.3. AT Berwvo Modoule - The ac scrve module provides the
follewing functions:

a Coabtroel fircwits for the brush mokor
d cantrol circuits Efor the zpindle drive matar
» faver salenold drive circuik
1.1.4.4 Read/write Hodule - The functlons gprovided by the

read, write moduele atroe:

» Sarvo and read daza preanslificr, Cilcers, differannliateor
ard llmiter

" Hoad =alection
r Write drivars and wrl-e cirrent zensing
» WEite orror Sensing

1.1.5 Documentation ) )
Tahle 1=1 lists rhe docunsnts that will be availahle to Zescribe
the RLELSRLUE Gunhsystem,

Hard . copy Us¢er Soccomertazizin  corslascing o the RALALASRLAZ -Dlsx
Suboyskem User's Juide [wrich conrairs apsratinsn and insza TatToer
—. = T T . N

ifEatmatian] Witl anip with sazh sehaystem.

Table 1=]

mitle

ELV.. Cootcrollear Y=chnical
Jescrintien Manual

BLl1l Concraller Teckrical
Descripticsn Manua.

RLAA 2nnikes Contratlert
Technloal Manual

LAl a2 Freverntive WMaintenanoe
Fracedores :

£1.31 ITllustrated Parts Ireazdowh
ALAF :llusifat&ﬂ rParts Bresadow

RLELSRLCZ Clak Suboystan User's
cuide

TLALRLOZ Pociet Seryios Guids

Migrzfiche
Humker

EF-RL¥w_.-TD

HE-09L1° -TD

EP-ORLAR-THY

BE-030339-9M

EP-AAYLIE-IP

Ep-ddala-1IF

[

NAh

1/1-L¢E

RLEL/RLAZ Subsysten Decumentation

Eard Copy
Humbar

EX¥-RLV11-TO
RE-A5L11-70
E¥-GRI,sA-0Y

E¥x—-RLELIZ-F4
Be—-ARl&1-TK

Ex-A3_32-[ 2

BE-RLOLI-US



1.2 SUBSYSTEM SFECTFICATIONS

This sectisn provides the followlng specificatalon for the RLEL
and RLEEZ Disk Bubsystem:

L Table 1-2: RLA1/NLB: Disk DRrive Physical anpd
Envirornmental Bpecifications

] Takle 1-3: ILA1ARLAZ Nizk briwe Dperatinnal
Speclficacions

" Taple 1-4: LA K /RLEZK Dlsk Cartridga Operational
fpaclflcations : _
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Tabhle 1-2

Width
epth
Height
Welght
Maunting

Bawit Sources

Input Powsr
Power Farctar

Starting Currant

Power Caord and Connechar:

Catety

Inter _.ovk=s

FLA1 pisk Drive Physical and Environmental

Speclifications

Compatible wltn 1Y% inch AETMA rach
3.5 om {23 in) %“ehind bezel
8.5 om {1A.5 in}

34 kg {75 1hs)

The drive mounts on chassin glidoen,

3R-127 vac {47.5-53 Hz)
1RA-254 Voo [47.5-a3 HzZ)
rManually Selszlablel

2BA watts maxloun at 1.3 Vaco, 53 H=z
Greater than 8.80

L5oanps ML maxinuan
9 VansdFL5-F 3 Ha

Lar

3
£
S.d amps BME meyimuam
13T vao/47.5-65 Hs
LAR oanps RS maxlaun
138 vac/47.3-83 Ha

Pt

2.5 amps RME maximum
B 354 Yacla7.5-r3 Kz

B omessoed lime cord compatinle with the
drive woperating wveltage and the RAL
Fowet Conkrol ot 120 vac 1s abktechaeo
£ the drive.

The power cord is 2,74 m (3 fz)
and the plug iz MEMA 5-1G5FP.

oy
The 233 Vac plug toe e attachec to high
valtage drives L[s HEMA F-1EP,

The ALALSRLIAZ Tisk Drive Is UL listed
anid (A cerrhifisd,.

Interlocks are uwied whoro poteantial

existe Lot dJamage to drlve, media,
operalors of servlice parsonnal,
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Tenpecature/Homldity

Altitune

Shock

Yibration

Cperating:
lennerature. 17 (ER? F) be ig®
1a4” Fr

Derate Temporaturs 5,9% CALBES m [l.EG
c/ledd £t

Aclative Humidity: 10% to 31% with
maximum wet  bulb ?3 A 1 and

minimum dew point 20 O (367 T .

HnnnDperating:

s
”emperdttre =44
(151™

¢ {-46% B} to 657 C
Ralavive Hemidity: 13% to 95%
pparating: 2448 m [6,FIF £} maximum.

Non=Dperating: 9.1 km (38,880 £}
matimum.

ppecating: Half sine shock pulse of 18
Cpk and 18 +3 mse2c duratlsn appiled
once 1n either dicection of Lhree

orihagonal axcs {3 pulses totall.

Hon-Operating: Half =zine shock pulses
of 44 dpk and 38 +1@ ms durallon
perpendicular Lz each of =i packaje
surEaces,

UDwerakting:

7]

Sinusaeidal wibracian i tate
octaveSalnd

e
b
ou

S-5d Ha G,.RAZ" DA
SE-500 HE A,25 Gpk
RER-3% Hz 4,25 Gpk
S@-% Hz g.Eda" e

Non-Operating:

Yertisal Axilz Excitatlon - l.48 Srm=a
overall from .13 ta 384 Uz, Pawar
speckral demsity 2,829 giHz from 14 to
LA Hz wikh E de/octave rolleff from
La-100 HE.

141-1%2



Attitbpde

Hest Diszipation

Loraltudinal and Lareral huls
Exvitation = F.BR Gyrmz Overall Ffrom 1E
o Z390 Hz. Fawer specbrzl depsity
H.BY? ogsHz from 13 = 53 Hz wibti &
Al oorave rollaff trzm 53 to 244 1=z,

Tie drive will operats in an ambient
armzsphere of lepss kEhan & millien
particles A.% misrone or latger . per
cuhic foot of air. The drive io
inteaded ko run in a light industry (or
cleaner] environwenk,

Maximum pitch: +5 degrees

Maximum roll: +5 degrees

Gde BTUhaur maxioum

IAl-2a



Table 1--3 BLE1/RLEZ Disk Brive Operational Specifications

Ganaral

Transfer Rarke Git Ttateg

funkbuffered wvalues).

Latensy

Seek Time

SEarkSStop Time

Data Formakt

Linear bit density: 147 bilts/mm {3725
bitsSind at irnermost track

16 bit words par scctor: 1295
vunbsr of sectors: sl track

Track dznslbw: i.gfmm (1z%/1inY far
RLALK, 9.8/0m [(25Q/1n) for RLAZH

Wumber af recerding tracks: 25E/surface
for RLA1K, Sl2/surface for HLAZK

Numoer of surfaces: 2

Formztted capaclity [megabytesl: 5.3 for
RLUIE, 1.4 for RLE2K :

Encoding method: MPM

4.1 megebits/sec +1%

Bit Cell wWidth: 244 nsec +1%

Werds (18 bit): 256 kilowordessec +1%

Hntat{anai Freguency: 24383 rpo +B.25%

average latency:r 12.5 msec :H.;E%

Maximum lateﬁcy 20,8 msec +A.25%

Average seek time 85 maeg max [BS
tracks for ELEL,
1ZE tracke for

RLB2)

one oylinder trazk 5 msSec max
scek tima '

Maximum sesk time 184 msec max
: i£594 LracHis Far
ALHLI, 5Sl2 Lkracks

far ALAZ)
Head awltch Eima 4 maec
start time: 45 seronds
Srop time: 11 secaonds

Refar to Figure 1=10
TAl=21
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Figure 1-18

Data Format

SECTOR M (825 s N SECTOR N + 7 (BES pal -
-y [ SECTOR PULSE = 2.5 ws)
[ i
) |
sv | ®81 | HDR | POt [ PAZ DA TA, PO =y | PR | HoR | #p1 | PRZ Bars, | FOZ
i
"-\-.___\___\__‘-\-L I__--"" \
: T
WORD 1 | WORD 2 WORD S e
_ . Ty
SEC- | H ) - .
Tom || CYUmMDER Qg ALLOS HEADER CRE 128 DATA WORDS DATA
5 . CAc
o EAT 14 15 o
SYWO 1 aIT _E
FR1 & PRJ
FREAMBLES 47 "0 BITS 1
P 3 WOAGS
IWDRGS HOR 3
_ PO 1
PCY & PDE e PRZ d
FOSTAMEALES 60T 5178 I NATA 129
e —— H
1 WORD Fo2 ' -
i S0 WORDS
g -
SERVO DATA - G250 ud
eI



Table 1-4

operating
Envitronmant

Storage

Dimensicns
Nartridgal

Maximum Sp2ed

Track Geocmetry

RLOLK/ALEZK Disk Cartridge Specifications

The cactrldge will uperate ln air ghnap rgm—
perature lies between 44°% ¢ te 48% C (40
ta 124 1 at a relative numidity of § to
aF%. The wet hu'% reading shall net exceed
¢ [78° F', Hefare a partridge is placed
ints operation, it shall be conditioned
wlthin its cover for & minimum of twe hours
in the =mame environment as that in which the
dlzx drive is operatlng.” The above speci-
tflaed range rdoés oot neceesarlly apply to Lhe
disk drive.

The Eurtr}dqe mist De sStored gb a rempora-

ture an1rnnm¢n5 hatween, - 447 ¢ ta 457 O
(-aB” F to 154" F3. The wet bulhb reading
not exceeding 29% C (85" F). For wet bdxb

temperatures hetwean 0.56% 0 apa 29° C [33
F and #5° F} . the disk cartridge shall be
able to withstand a relative humidlty [(non-
candensing) of A to APk, The stray magnetic
Figld intenszlty =Shall raot exceed S
oerskbeds.

Fxetermal Diameter

The extsrnal diacetar of the top cover s
34,35 cm [15.1 Iw}.

The external diameter of the protection
cover 1z 17.83 com {14.58 in}.

The external helght of the cartridge when

resting on its bottom surfare 1s &.1% cno
(2,44 in].

The rotating parﬁs of the dizk aactridge are
capakle of withstandlng the effect of dtress
st the zpe=d af 2,539 rev/min. :

Humbar of Tracks — There arg 256 dilscrete
copcenkric tracks per data surface for the
ELALK, 512 tracks per data zsurface for the

) HTHHEKI
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TAenrificatian
of Dhata Trachks

Data Track Ideptlificvatlon - Data <rack iden—
Yt1ficaticn 1is a thrze digit decimal numher
(g - 25%, ALH1#, @BE - 511, ELAZ2K) khat
numbers data tracks conaecotively starking
at the outsrmost data track of sach data
aurface,

Cata Surface Identificsticn — The data sur-
faces are nombered B oand 1 starting with the
uppermost Surface and correspanding with the
head numbers. ' '

Cylinder hAdress = A owlinder is defined asz
the gata trarvks on the data surface with =
conmon date track [dentitiecatciosn,

Caka Track Addrezs - A 14-hit ward, whare
bBlts 8 - & defire 3 kipary sector number,
bir 4 defines s=zurface, and hitz 7 = 1
define a Wipary cylinder addrcas. Thi
lnfermaklon 1s In word 3§ 2f =2zch secktorp!
header.

i n

5
o«
b
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. CHAPTER 2
SYSTEM-LEVEL DESCRIPTION

2.1 RLALIRLA2 MASS STODRAGE ESUBEYSTEM

The ALAL/RLEZ Mass Htorage Suhsystem consists af up bto four deives
inh a daisy-chaln configuration, and & conkrmller (RL11, RLV11 or
RLEARD . addi~innai drives, if reguired, necessitate a second
centraller. Figure Z-1 illustrates A wvpleal sehsystem.

2.2 DISK CARTAIDGE FORMAT
Flgure 2-7 shows servo, header, 5ecbor and data formatting for. the

.RLALEK/RLAZIY Disk carktridge.

Serve and header information tor cach sector is prerecorded ak bhe
factory and cannot he modliled or réwritten in the fielgd.
hecidental eoverwriting or destruction of the serve information is
prevented oy legle within the drive. '

‘Fach RLBLK disk recording surface has a rotal of 256 data tracks

fnumbered ©® to 255} and each RLAZE surface has 312 rtacks
(numbered 8 to 5113. Thus, thara are 256 cylinders <n an RLALE

martridge and 512 eclinders on an RLAZK.

2.2.1 Data Format

Each track on the recarding surface is dlvided 1nte 4@
equal-length =zecters which ate Eurther subpdivided inte £ields.
The mix fields in each sectar contain a total of 148 wards of 16

.bkits each. one hundred twenty eight of the 140 words contain
L data.

Header Preamble {PR1l} - These three wozds pracede the header
infForoatlon and contain 47 "3 bits Eollowed by 3 marker 1" (Eyne
Bit] *n indica=e the start of valld infarmation.

Beader -~ This Fleld contains three words of 16 bita each. The
firat word Identifies khe diskx surface {upper or lower), the
cylinder address {1 of 256, RLAL: 1 of 512, ALBZ}, apd the sector
address (1 of 48). . '

The seecond header wopd ig all @s. The third word is the header
FRC word. This check word is prececorded an the track, as are the
sther two header words. Durlng 3 rtead operation, the header Is
checked for arrors. LF ane is detected, an error flag is raised.

Header Postsmble {P0Ol} - Thie fleld contains 16 "B" bits. Ik
separates the haasder and data fields o ailow for mechanical
telerancss between drlves.

Data Preamble [PR2] - This field containsg 47 =B" bits followed by

a marker ™1™ {Sync BLt] to indicake the skart of the data field
and 1z written in conjuncbion wikth the data,

T/2-1
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FaN CONTROL
1 uwiT
AL11
K—
ALBA

CLU/DRIVE INTERFALE

</

UNIBUS
OMNIBUS
0-8US

READ DATA,
STATUS

SECTOA PULSES

GET STATUS
SEEK
WRITE DATA

:) IDAIVE Ol

—

IDAINE 2}

¢:> (ERIVE 31

0||0]0]|0

CEADCT

Flgures 2-1 'Typical RLA]l ARLP. Mass Storage Susystem
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Data = This Field aczommedates a black of 128 16-kit data words
(2848 bits}l followsd by a la=hit data CRO waord, Wher wrlitlng
data, 2 data CRC word is generated by the controller and appended
ta the 12B-wnrd daks blogk. The contents of the CRC word wary
wlth the contents of the data block. When reading the data from
the driwe, the data lock and CRC word are checked .in the
contreller. DJetection of a data reading errdr tesults Iin A data

CRC flag.

Data Postamble {PD?] -~ This Field conzists of 16 “a® bles. Write
current 1s turned aff at the end of this Eleld so thab dalka TRC
informatlan will net be destroyed.

2,22 cervo Data

2.2.2,1 Introdection — One of the features of the sarve-in-data
deaign approach for krack counbing and cartiage p051flun1ng 15 the
fact that it shares readf/write heads and circuicry. Thls 1is
different from I1BM 33316 technology which, in general, raguires a
dedicated Zerve head and serve track. While 333Q=-cype sarvo
informarion is monitored contipuousiy as the dlsk is spinning, the
RLOT or BLEZ anly takes servo samples {muech -like snapshots) daring
cach seciot pulse.

The seevs data bursts are prerevorded on the disk surface durlng a
pertain time period within the sector puols ‘The sector pulse 1z
gancrated by a separate magnatic transducer maunted an the spladle
whick schnses each of the 4@ sector 3lots in the cartrldge armalure
plata, ' ' '

Eince the vartrldas disk spins at 2498 rpm and khero are @@ sector
slots, the drive. takes Harvo uampleq for -positioning and track
counkting everv BI5 mirrosfseconds.

2.2.2.2 Modes f Operation — While the heads are flylng, the

drive operates In either of two modes:
* Velsciky lseek and track counting) mode, or
. Fogitioen {track foilewing) made

In velocity mode, the delve logic .counts track crossipgs by wsing
sprvo intormation recotded an the disk surface and canverting this
information 1inte binary format. | This informacion is wsed in-
conjonction with carriage velaciby {(scnsed Dy the tachometat) teo
decrement a track difference counter and wltimacely to fonticl one
yelocity of the positicner. This process ls described in Paraqranh
2.2.2.4,

The ﬂrlve Jdoes pot enter posiktion mode untll the track difterence
counketr has heen decramented (while the drlve 1s in velnc1ry mode )
to zapo, In pozitloning mode, the drive locks an te che requiced
track. Position mode pperation is describee inp Paragraph 2.7%. 2.5,

142 =d



2,2.2.3 Cenefratlon of Serva Signals - Theoere are two bursts of
gerwe data that are prerecorded on the disk surface duriog a
soctor pulse.  They are identified as servoe samples 51 and 52 and
are aperoaximately 15 microsecends In length. Eash servo zsample is
made up o@f Lwo SgQuUare wawve oomponents, 5 and 5 til.e., E1 and
El: 52 and S2}. These gcompanents are offset rvadially by 094
innches or half a data track, They are also 156 degrees out of
vhaze [(spe Filgure 2-3). : .

If 'Lhe readfwrite head is centered directly ever the centerline of
the S and § components a pure sine wave (588 duty coycle)l {5 sutput
Erci the head. Sze Figute 2-4A. If the head is moved slightly oft
center, & wave shape with greater than a 58% duty oycole resulks
fi.e., more 5 than 5 l= eensad or wice-versa)l. This Iz shown in
Figqure 2-4B. :

Eccause tha 52 samples are 130 degrees out of phase fram the 51
sanples, a perfect sine wave (from 31) will alternate with an
lonperfect wave (Erom S2) as the head detects alternatlng 51 and 52
samples. See Figure 2-4a.

S2,2.2.14 ¥Yelocity Mode Operation - As =stated hefore, the servo
information is converked te binacy format as park of the copbrel
pravess for the paesitioner veloclty. The flest park of thiz pro-
ces55 1s the Integration of the compozite 5 gnd 5 =signal, The
lategraction 1s shewn graphically 1n Flgure 2-5, When the head is

~on a Zata track centerline, the 51 - 51 signal wilil be a perfect

sine wawve, The integral of this, 'a =signal called El, 1s the
sawtoobthed wave shown below it., With the head still an the data
track centerline, the 52 - 82 signal is not a perfect sine wave,
and itz integral therefore, will not be a perfeck sawtookth wave.

Eather, it will be the Jjagged lime shown in Flgure 2-5. This

aignal is callied RZ.

The conversion of Bl and EZ tp bipary format is simple. If E1 or
EZ2 1s a poerfect sawkooth, it Is converted to a digital 3; 1f it iz
ot a8 pecfect sawtosth, it Decomes a digital 1. The Longie first
samples 21 and a Flip-flop sets or resets depending on whather EL
lz @ er 1, The same thing happens to £2. These two values become
the signals 8l Held and EZ2 Held as a new Bl and B new EZ2 are
detormined.

Thesre four sigrals [(El, El 0Oeld, TZ and EZ Helid] are pack of an
addreszs ko tha Count AMM,  Another bit of the ROM sddress comes
frem & 2igna: Indlcating the direction of head motion (slgn
forward] and the reoemalning thres bits: come from tha wvaloolty

signal Efrom the reransdocer {atter conversion te digital form).
The output of this ROM goes to the {ount OOM Decoder, which 1=
uged ko decrement the track difference councer.

Efi-D
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2,2,2.5 Position Mode = The drive enters this mocde of sparation
wher Ehe count in the track differenca oocunter is zera, indicating
that the head is owver the centerline of tne desired data track,
At this poinmk, the 51 = 51 composite signal will ke a perfect slne
wavz, and ita integral, El, will be the sawtooth wave shown in
Figure 2~5. The average of the 1 signal will be zero, and the
logles wlll senod a zere slqnal [positioner sfignal) te the
positicener, indlcacing that the positianer should noet mowve, If
the head drifts ¢ff the cenkterline, the signal El will no lsnger
be a sawtooth wave and wili oo longer average oul to gere, Thus,
poslitlaorer signal will be an analag walue that represents kthe
errer [the amount the head Is away frob the daka track centercllineg]
in the pogitioner, and thiszs signal will move the positicner so the
head returns to the centerline,

when positisner atgnal is pomlnally =ero far 7.5 milliseconds
(128%), indicating the head has lecked an the cenkerline, the
slgnal READY T2 ASW will he asserted, =o that the drive can read
ODr write, .

2.2.2.6 Guard Band - The Servo butsts are net only used for
locating data tracks. & speclal [ormat at the far nuter and Car
innet fermatter tracks is used ke ldantiéy "Inner™ and  "puofter”
guardbands. A absence of 5. burste and the recording of
contigusus kracks of 5. Zursts identlfles the "ouker guard band®
ot the porkbion of the recording surface cicesest to the edge of the
disk. an absonca af 51 hursts and the recording of coptiguaous
tracks mf 5., bursts identifies the "lonar guard band®" or thao
pottion %he recording surface closest to the spindie. Sae
Filgure 32— E. :

2.2.3 MFM Encaodipng and Precompensation

The disk drive utllizes a . Medified Freguentcy Modulation (MFM)
encoding technigue to magnetlcally record digital data on the disk
gurfaces (Figure 2-T7), With this technigu=, =each lopoglcal one
produces a flux reversal in the cenkter aof its hit cell, Twa
sungessive logical zeros produce a flux reversal 1n a bit cell
coentalning a lcgleal zerg f&tlﬂWIHQ a lagiral one, This method of
tecotding has the advantage of puttling &t Jlesast one [lux reversal
on the disk for every twe bit cells, theraby maklng 1t fecasible te
use phase-locked loop hechnigues to form a self-sleocking data
Fecav¥ery system. Fhase-locked loap clrcultr; maintains & consktant
bit denzity desplte minar wariations in disk spsed.

One of the problems associated with megnetic recaording 1s a
phenomenaon called peak shift, whereln flur reversals writtamn an
the disk tend to repel one another. Because aof thls, the flux
rovarsals appeatr displaced from where they were written, This can
cause sattaern-senslolve deta cecovery nrobhlems.
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Figur B 2-7

ModiEled Froeguency Modolation [(MFM) Encoding



To offset the deleterious effect of peak shift, precompensakion
lagic 12 ipcluded in the sontrsller. This lagic displaees cerktain
encoded data pulses by 15 ns In one directien ar the athier hefore
they are written an the disk so ehat the peak zhift phernomenon
displares the flux reversals wrltten on the dAisk fo the desired
pasitlons,

To determine if an encoded data pulse is to be displaced [rom Iv
neminal positien, the felliowlow cwele may be nsed: A puleéc w_ 11 b
preshifted only if:

L. It is bounded on one side by a Fm[ﬁe that is rat more
thar 1 kit cell awsesy; and

2. It 1Is bBounded on Ehe ather =ide by & pulsa bhas is

greater than 1 bit oell away (for sxample, 1.5 or 2 bil
calls awavyl. ' '

The direction ¢f the preshift deopends om the cambinatinsn of ones
and zetros that procede andfor follow the it o be preshifred,

The centtoller precompenszation alaorithn is only concerned with
the four cepditions illustrated in Figure Z2-8, Arny ather
combinacion of serial dsta bhits decs hot cegulre preshifring, The
algoclthm copsists of contincously examining . a’4-blk pattern (the
blk bto be written in the current interwal; Ehe hit o he written
next; and tha twe lmmediately preceding bits] and, based on that
patrern, eithar leaving the pouize to be weltten in its neninal
position or advancing owr delaying th2 polse by 15 naneseconds.

Thus, for the bit partern 1BAE z=hown in Figure 2-A, the third bit
must be preshlifted 15 nanoseconds to the right (delayed) te
compensace far a peak shift to the lefe. For the bit pattern
FEAL, the third blt must be preshifted 13 nanoseconds to the left
(pdvanced) te compensate for a peak shift to the right, and =o
forth.

2.2.4 BEad Sector Flle
The Bad Sector File is a list of all bad sertors Souvnd on oan ALALR
oK _HLHEH Disk Cartreidge, The ile also sterez the ofactridoge
serlal number. This infermatlen is used hy the operating systen
to avoid allacating uger 2ata ko 2 had scctor.
The criterla for determining that a sgator is bad are as follows:
[ [nakilikty to rzad a sectar header
» 1% consecutlve read/write errves withio one sector.
Thie file 15 recorded on surface "1% gf the last f{innermos®e)

¢ylinder. This track gontains 4B secters of 128 words each. 'The
contents of the £ile are shown in Figure 2-9.

I1/4-12



PAECEDING BITS BITTO MEXT
]2 It
OISPLACEMENT BY ANRITTEN
PRECOMPENSATION : a a o
DELAY PS5 s—y—rFRAE
IWRITE LATE|
o+ a a 1
ADYANCE ' FRE=——=P%
{WRITE EARLY)
1 1 0
ADYANCE P AE e P
{WRITE EARLY)
o 1 {
DELAY ¥ Pg BHE]
[WRITE LATE '
TIME ~—=
NOTES: '

[y P3 e DIRECTION OF PEAK SHIFT,
FRE » DIRECTION OF PAESHIFT TQ COMPENESATE FOIR FEAK S HIFT.

(2] SHADED AAEE = DONT SARE

LI-ifi4

‘Figure 2=8 MFM Precompensation
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CHAPTER 3

INTERFACE=LEVEL DESCHIPTION

3,1 Controller/Drive Interface Line Doscriptions

Thrn Control Jnit/Drive Intectiace Bus comprises twelve Sifferential
signal lines and one single ended power £all lina, Figure 3-1.
shows fthe Control Unic/Drive Interface Lioes, A maxiliuom of faur
RLA1l andfor RLAEZ 0isk Obrives may he dJdaisy-chained te the
controller via this hua. :

Crivez are selected by means of two hinary encoded seleckt lines.
The =selected drive indlecatess that it is ready to receive commands
by assarting the Drive Heady line.

Woen the drive i= ready, Sesk, Head Salect and HResad Status
commands can be teansmitted seriaily, Crive startuz iz cransmiibed
ko Lthe conkersller as a serial word when reguestes hy Zne Sat
Sktatus Comeprand. .

Read ar write data 15 enceded in serial MFM formak.

During the absence of any command and whapewar the 4isk drive i=s
selecked anpd readw, it is transmitting serial rgad gata to the

controller.,

Table 3-1 describes the Drive -Bus Interface Lines in derail.
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Tatle
Elignal MWame
Drive Sclacre ©,

Nriwve Select 1
(DR SEL B, DR SEL 1)

Writce Gate
[WR GATE)

Welite Data
{RW CATA]

Syvatem Clock
{S¥S CLEK]

Drive Command
(DR CHD)

3-1

Brive Bus Interface Lines
Funoticn

These kEwe lines s<lect one of Eour 215k
drivas. The drive must be selected SEE
ns i}Ei bafaore a Write 3Sate ar Serial
Oriwve command word is sent tn the drive.
ane drive iz always selected even cthough
tne rconttoller 15 idle, Only Ene
s2lected drive A=Serts I: b
drive-co—cantraller iaterface lines, and
these lines are walld 549 nanoeseconds
after the grive has been selacted. A
gdrive will inhibic transmission of a
partial secior pulse {f it iz sgelected
while iks sector pulse is asserted,

This Llinme gnables the write olrzuite in
the sezlected drive. It must be assarktad
&t the =ztart of Preamble PRZ, and mustk
pracede the €irst bit of write dakta by O
to 256 nanosaconds, Write Cate must not
be agserted during a seccor mlse; other-
Wwigse, a Write Gxkte Error will be aszerted
by kthe drive (bit 103 of =zratus word) and
aoperation terminated. Writa Gate is
Tempved at the end of Poaskamble POZ (A ko
2150 npangaeconda).

This line coptaina the serial data, en-
coded in Medified Frequeney Modulatlcon
(MI'M] pulse forom, that is ra be writren
oni the Jdisk.

This clock shifts the Drive Command wWord
ko the <relve and alse operates the disk
Mobat SErvo. Clock fregquency iz 4.1
Megabits/seconé +E,.1%,

This 1ine is uyged to Lransfor control and
cylinder addresa difference information
serially tm the drive, It i3 enablad
Auring Beek, Cet Status or commandsa.

1/3-13



Power Fail
(PWE FAIL}

Orive Ready

Etatus Claok
(STLTUE LK 1

Eectar Pulse

Thiz zifgnal i3 received by all drivos at
all times, regardiess of whick drive s
selected. When the subsysten is Eirst
powaced up, Powet Fall is negeted high.
If AC power in Ethe contreller is
subsegquently lost or sut of tolerance,.
Power Fail <3 aaserted low, in which case
the driwves unload heaZs and coycle down.
Retutn <f power causes Fhe drives to
cvale up and Load bheads ower trtack 9.

When asserced high, thlis signal indicates
that the selacted head is serntezez on ths
krazk, and the drive is ready to recsive
a  ocomméand. The signal goes lopw: 11}
after the lest bit af a cylinder address
differance ward has hean shifted to the
selected drive; 27 when a nmnew head
seleckt is transtered ta the drive, ewven
though the address Hifferencs ls  zaro;
and (1) when there is an 3ddress
rdifferance of zero and no heagd =elect
change iz shif<el to tha drive,

"Drive ready will go low when s drive

EFrarl oDCUESR. Thote are two excaprians

. to this. The £first iz when an attempt

has bheen made ro wWrite onm a write
protected drive, Tn thHat case, rnly
driva erraor w!ll be asderted high. The
gecond  exception iz that whenever the
bheads are loaded, [er whatever ceason,
the wolume check kit will be =et and

drive error will be assarkted high,

This waleovk is the Syatem flock delayed
through drive logic apd returned to thea
contrnller whe & siatus  word is

requasted. The oiock is turned cn 1o
sync wikth the first kit <f the status
word and remains In svnc until: (11 a

rew [Orive Cormand warker i=: received at
Ehe input o the drive commend  shift
reglster, ar  fan Lthe driva Ty
de—selacted.

Thiz A20 mircrosecond pulse is aszerted
high [52C PL5:; and corurs avery 625
mictosecond +1%, 4@ tlmes per disx
tevalution. When & driwve is inicialiw
celected, 1% musk wai+* until the next
fFoll secter pulse 1z detes:es hefore
camding ol =] SECtOT pulsze to Lna
contrallar,

I/3=¢



R=ad Cach
(RD DATA]

Grive Freor
DR pDAR}

The sector fulse rTeceived by tChe
contraller is generatad by a magretlc
reluctance sensor. ‘The leading edye of
the secpor pulse has a toleranze of +13
microsecnnd relative to the rtecorded
Aata. This tolerance ia reguirted [or
head gap 4and posltioncet aligrnmentl
ralative ta the sechtoer oulse.

Tihig line rransfers MFM encoded data Licom
the drive read clreuits to the conp-
Lrellar. Cuting the ahbhsence of aay
commatd and whenever a Arive is selectad
and Driwe Ready ia asserted, Read Data
appears an this line. ' :

Tha Jdrive sensee the amplitude of the
header prearhle and sends Read Data aver
the FRead Cata line . 2.5 +8.5 micresecend
dewnstream from where the presmble
actually satarts,

Fnr reading headers, the WFD loop 15

" phaselocked with the arrival of Read Cata

after Lke end of the =z2ctor pulse.

For the data  preamble, the VFO locks 22
read pulses after the header CRI fo avold
trznemitting arroncous sync pulses Lo the
clock et the kransitioen behkween Lthe
pra-recaraad Fesder and the darz
pruamibla. TWetectbipn af whe preambkle
macker conmences after the %PG has had
time to phasc loeck.

This sigral is asserted high on certain
drive eriors. Any atbempt toe write oo a
write protected drive alsSo causes Lhis
aignal o bhe asserted hkigh, Azmerting
Oriva EBrror causes blts 14 and 15 of the
C5 feglster to be seC. The particular
error lrvolved can then be determined by
intftiating a Gat Status command  and
reading bits 18, 11, 12, l4, and 15 of
the zstatus ward. :

I1/3-5
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The Drive Erroe lateh can be rezet by
1, Manuval dizk poewer down/power up

2. Batripg bit 3 of the serial Drive
Commangd [(bit 3 of the Cisk Address
reqisger durlng a Ges Staktus sonmanrd]

2, Remowing the Welte leck capditicn wiao
the drive front panel,

3.2 DRIVE CDMMAND WIRD
Figure 2-2 shows the Drive Jommand Word configuration,

The drive command woid iz sent to the dreive serially over the
drive ogmmand 1ine, Afker the drive has received a command woed
{16 hit=] without the Get Status bik seat, the cvlinder difference
addregs {5 leaded inte a oylinder difference counter and the head
gelect kit 13 lateved 1n a separate rejister. The drive
ipmediately drops Delvea Ready for a minimum of E.5 milliszazonds,
This delay allows the selectzd head te reposition in caszse the
cylinder diEference address was zare and ohly a maw head solace
bit was =ent. By eylinder difference count ather than zera
czuses the head to move to a different ktrack lacarion indiIcated by
the sount and the sign kit (bit 2). A3 sson as the selected besd
teaches the new cylinder location, .the .5 millizeconds Limeaul 1s
agalm inltiatsd:. The selected head mu3t stay positioned within a
tkolerance hand gduring the timeoukb. Only then, and at the end of
the 6.5 millisecands peried, will Drive Heady agaln be asserked
high. & Seek Timaeaout ertar (hit 12 of status word) will scour IE
ehe Belescted head falls to lock back on a track withip 1.5
seconds. Thie is the method by which the drive 18 commanded ko do
& sealk. .

Marker [Hync) = Wheén received at the drive, the Marker 2lv chables
the drive command shift reglster ko receive the drive command.

"When the mMmarker bBit has cghlfted te the end of the AdArive scommand

shift reglseet, it indicates that the drive has received the full
cammend word. ' :

Get Status - When the drive regelives the Zet Scatus hit, it knows
Ehat the =gnkraller iz eequesting the drive to send Ibks status.
It will ithen =hift the Adrive Stabkus word ko tha conkraller. Rite
15:84 aE the command are ignored during this operaktion.

Slgn - The Sigqn bit indicates the Jirection In which the head=z
will meve., & one in the sign cosition moves the heads toward the
spindle {i{,e,, ta & higher cylinder address]; a zeco moves the
heads away from the splndle.

I/S3-6



Reset = When azaerted, the Raset kit clears all error sense blts
in the Jdrive, IE the error comdition that =et the arror sense
bits Mas heen removed, the grreor sense bits will remain cleared.,
However, if the errer conditien persists, the error sense biGs
will remaln set after the appropriate timacut.

Hzad Select - When this bit i5.cleared, the Lkead osh the upger
surface of the dizsk is zelected (head 63, When this bkit is =setk,
the head aon the lawer =urface of the disk is selected {head 1].

Cylinder nddress Differznse — The cylinder sddress diffsrence 1s
the magnpitude of the programmed ssek {(i.e., the nomber of tracks
the headz ars to wmovel. Transmission of zare differeanca and 0o
change in head =eleckien should be avoided, since & 6,3 m=sc
tipesutr will aocecur kafara the drive agaln bhecomes ready. The
ralatienship betwaan the Bystem Jleock and the brive Command bkifs
iz shown in Flgure "3-3, 1f the Reset hit ([bik 3) is asserted
together wikh the Get Statvs bit, (Rit 1) the drive will Ffirst
raeset ail drive egrer latehes and then send status back te tha
cantroller,

3.3 GET STATUS COMMAND AMD RESPOMSE

In responsSe to & Get Status comaand, -the. doive enables SGtatus
Clock and sends the status word (Flgure 3-47 te the contrellar wvia
the S5tseus line. This function =an be performed even though Drive
Ready 18 not present [(i.e., durling. powar up or a seak). Contenks
af the status word are as listed In Table 3-2 and placed into the
Mulci=Purnose Register (MPR) of the controllet.
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Figure 3=-3 Relationship Between System Clock
and Drive Command word Bits
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Bit(s)

.Bits @=2

ai¢ 3

Bit 4

BiL &

Bit &

Bit 7

Bit 9

Tehle 3-2 Trive Status Word

Functlan

These kics define the state of the drive:

aTc 5TB STA

B & a Load Cartridge State

@ & 1 Gpin Up

2 1 - B Brush Cycle

a 1 1 Load Heads

1 A a Seek-Track Ccunting.

1 a8 1 Eeeh—;inear Mede (Lock On) .
1 1. B Unload Heads

1 1“ 1 Epln Dawn

Brush Home (BH). Agserted high when. the brushes ars
not over the dizsk.

Heads Dut (HQ)., Aaserted high when the heade are aver
the disk, and low when positloner i3 refracked to home
position, .

Cover Open (20}. Aaserted high whem the cover is upeﬁ
ar the Zust cever Is not in place,

Head Selected (HF)., JIdentifles the currently sel ected
head. This . hit 1s gero to ipdicate the uwpper head
(head @7, : :

_Eeserved. Must ke a zero.

Drive Select Eeror (DSE].  hsserted high by drive that
Eirst senses a nultiple seleckt.

Volume Check [VI). When high 1t indlcates the heads
have been unloaded since khe last drive dialegua.

1/3-11



Bit 12

‘Bip li-

Bit iz

Rit 12

Bit 14

Bit 15

Welte Gake Breor  (WEZ)., Imdizates that tha drive
gepnsad & Write Gate when kEhe Secbar Pulse was asserted.
Asserted Wigh if the Write Gakte remains agserted at the
arrival of “hs neMt Zector pulsse, or afker A?5 micro-—
secondz have £lapsed slnoe the previeus ssckcr pulse,
If Wrize Gate 1z asterted durinng the Seoter Fulse, the
drive wilill negate the Woike Gare, and set an error
£lag. .

.Spin Error [SPEY. Indigates the zspiadle &id npot reach
speed in 48 seconds or iz averspeeding by x15 micra-o
seconds per. %25 microseconds seckor.

Saak Time Out {SET2!, Indicates the heads: did nob come
on rrack in the reguired rime during & fSeex Caommand (1%
seconds] or  have gone off track (no ssek) for 1.3
gaecand=. '

Drive Write Locked. +This is interpreted In twoe ways:

1. Starus bit, indicates to the systen usar that the
gglaected Arive ls 1o Write Lock SkEatus [WLS),

2. An Attempt to write on a wilke protected drive
(prtotected via front panel. sSwitch]l causes the
Drive Error line to get asserted high. Sinoe
Drive @Acsdy will nov drep for this particular
errar, +the controller mavy Feport a2 Write Lock
Etror at. that Instant. From - & subseguent Got
Status command, the diagnoestic may werify thab, In
fact, the drive was Write Locked.

Head Current Errnr'iHCE]. . Indicates wrikte curccnl Was
dertected in the heads even though Wrlte Gate wazs not

asserted.

Write Datka. Error  (WDE). Indicates Writes Gake was

aszerted hut no trarnzlitions were detected on the Write
Dace lipe.

1/3-12



CHAPTER 4
FUHETIﬂHhL DESCRIPTIOHN

4.1 DEVICE UPERATIONS : :

The R(LA1/RLAZ DIisk Drive can be functionally divided inky two
Aifferent &reas: internal Eunctioens (or lrcernal machine cweles)
and external functions (or responzes o cnntrnller commands; . The
internal machine oyelas are listed bhelow, : :

Load Cartridge
Spin Up

Bruzh -

Load Heads
Sopk

Lock COn

nlaad Heads
Spin Down

The Four external functiorns or gontroller commands thak the drive
functionaliv reacts to are Get Skatus, Seek, Read Data anc Write
Cata. The ather . canttroller coomands are Invisikle to rhe Digk
Drive and are functionally handled in the contraller.

4.2 TWTERHMAL MACHINE CYCLES

The RLAL/MLBZ Disk Drive, wence power is applied, will ke In cne
and only ane af the aeight marhines states listed above at aoy
Lime. Thiz is accomplished by Eha Brate Contrel Logic, and
primarily by Ethe state ROM, This device monitors internal

conditiognsE and extarnal inputs to contral the state of the driwve,

The stake ROM contrels the seguencing throwugh the stakes ag well
25 protecting the drive daring errot coenditiona,. The responges to
aertor conditions and drive - faiiures are explained in the
description of each cyele,

Functional bklock diagrams and timing diagrams are presented oo
shaw what happens in earh cyele and during the trapsition into and
agut of each covcle. Fach funpction block 15 treated as & "hlacx
box". Contral signals and data paths are emphasized to show thelir
relaticnship tz the device operatlions. Petails of the "klack
bowee" ara found in Chapter 5, The functienal block diagrams and
timing diagrams= us¢ signal mnemonics and Field Maintenance Print
bet references.

Figure 4-1 ia a block diagram of the RLALSRLAZ Disk Drive, The
detailed logic haz been broken down - inta functicnal blacks and is

keyed to the structure of the RLAL and RALEZ Frint Hets. The Drive

Logic Madule, whilch represents most eof the drive electronics,

comprises the arcas 1r the bhlock diagram that are listed below.

Erate Control Logic (DLLY

Veloeity Command Status’ Data Control LﬂqlE [CL2)
Count Leogle (OL3)

Disk Speed Control Legic (DLE)

Ereor Loglic {DLE]

* b B & B

I/4-1



. Interface Logie (DLB and DLS)
L] Integrator Legic (DLT)

The remalning drive electreonics are contained an ;h& Sepatate
modules listed below.

e Servo and Power Supply Moduole
AT Serve Medole

Read fWrite Board

Framnt Panel Boatd

s p kW
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Tha slectromechanical assembllies and subassemblifes listed below
are represented by the detailed blerpk diagram.

s Paslbiener Assembly

+ Tachometér Signal

* Héadfwfrte Heads

; Eqsitiﬁnerlbriva Motor
s Gpindle Asseﬁb1y

v .Spinﬂle Drive Mator

- Crive Mokar Capacitor

- Sectaor Transﬂuce; .

. Brush Motor:
- Cartridge Acocess Cowver ankinq solenoid

" All drive gponkrol. 51qha15, data paths and connectsr pio. numbears
are defined by the detalled hlach diaqram

4,2,1 Powar Up .

Fower Up I=s nat c¢n31ﬂeraﬂ here acs a machine BEatm, but is traated
az 8 special ‘sEitwation, as well as & conpvenient entry inte the
machine cycl&'dascriptinna; Hhen'pbwar iz applied tn the drive
the signal Power [On Reseét is generated, Thisz "signal resets
internal funztionz and therefore goes teo much of ehe circuicry.
At thiz time- the machine s forced. ro. a2 special case af the “Epin
Down®™ =tate. {Ses Figure 4-~16 of Spin Down.l While in this seate
the spinﬂla is. .energized -hut ln brake mode {(hurmning slowly) and
watting for the disk stepped timer to bime oubt. HNotice the LOAD
Light 1s:-awt. yet energized (by LOAD CART EN (H)}3. When the timer
times put (after approximately 15 seconds), kransition inteo the
Load Cartridge cycle sheuld happen, B detailed exp1a1hat1an &k

Load Cartrxdqa is fﬂund in Paragraph 4.2. 2.

4.2.2 - Lnaﬂ Cﬂ[trldge Cycle —~ Figure 4-2 Is a functisnal diagram
showing control signals and data paths which are enabled during
the Load Cartridge eyele of Deviece Startup. Figure 4=3 i a -
timing diagram which. shaws the seguence sf avents which start and
end this cycle, _
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These are the preconditions for the Lpad Cartelidge cycle.

* The Cartridge Access Cover Snlenoid has sensed that the
~covec is open and the RUW switch has not been depressed

. The bruzhes are in the home .position

% The Read/Mrite heads ara home

- Mo =ecters ate heing detecked (1,e., the spindle is
stopped) . ’

1f thoge conditinons have heen mek, the LJOAD ipdiéator on the
Cantroel Papel will Ba {1luminated,

Wnen the cartridge is lipaded and tha cover s closed, the next
cygle Ffor Deviece Start uwp is "spin-up". This ayele is started by
depressing the RUN pushbuottaon. ' .

It is possible that the controllér may be requesting status during.
this oycle. In this case, the drive state bits (A, B, sbnd GC)
would signlfy EE ar "load czctpidae”. :

£,2.3 Splnup Cyele — Flgure 4-4 is & functianal diagram showlng
conteral signals and data paths which are enebled during the Spinup
cycle of Device Startup. Figure .4=5% is a timing diagrcam which
shows the sequonce of évents which start and end this cyele.

These are the pracnndit{ans for the spin-up oyola.

L] The cartridge must- be. leosaded with dost oover im place and
the cover closed :

. " The b:LEhEg mist Pe ip the home poasition
# ° The heads must be in the home positian
" The disk"must be stopped

. The drive must ba Selecked

I£ these conditions have been met, the spinup oycle will begin
when the RUW switch ia depressed. At this time, Start Drive Motor
fL] will be asserted. Powar will e applied to the Spindle Drive
Motor and [t will kegln te ratate the spindle. As the disk turns,
Ehe sedtor slots locakted on the sartridge armature plate will be
spnsed by the szecter transducer. Az each sector =lgt- is sensed,
Ehe Sector Detecked {L) sigonal will be assertad. As zspon 85 tha
time between sector pulses ls between 5%4 and 624 mileroseconds,
khe disk speed control loglc (DLd) will send Disk On Speed [L)] to
Lhe State Control Loglo (DL1]. This signal begins -Brush cCycle,

[A1-7
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ST IS

1.2.4 Brush Cycle — Figure 4-6 iz a functicnal diagram showing

conkrsl signals and data paths which are enshled doriny the Brush
Cycle of Device Startup. Figure 4=7 is a timing Aiagram whish
shows the sequance of events which start and znd this ecyale,

The brush cycle is entered when the disk speed canmtrol (DL4)

datects the spindle is up to speed. When the drive is in the

Brush cycle,. the following condikclons exisk.

& This- disk is spinning up to speed ({(Centrol Circuit
. activa)
- The brush drive is enargized (brushes sweepiné aut over
the disk). :

The cycle is provided to allow the brushes to clean any debris
that may b# out on. the disk. surface prior to lopading hesds. The
next cycle after Brush Cycle is Loed Heade and rhe kransition
occurs when the brushes retwrn to the heme position, The signal

‘Brush Home 5W (L) resets the Brush lateh farcing the =tate RCM

change.

4,2.5 Load Beads Cycle - Figure 4-8 is a functienal diagram

6howing control signals and data paths which are ackive durfng the

Load Heade Cycle of device seartap. Figure 4-9 iz a timing
diagram showing the sequence of events which start end snd bhis
cycla, ) .

These are the preconditions for the Load Heads cycle.

The cover must be closed

The ha2adz must be home

Tha hrushes must be home and have completed z brush cycle
Ma drive errors are sensed

The disk must be on speed

a8 dar

As sgon 8% the brush cycle is conpleted, the drive pegins the Load
Heads Cycle. The ESktakte Conkrol Logic (DL1) sends g birary
velocity command {1#) to the DC Serve Eogic which, io tuern,
inftiates - 2 g8ix ips velocity command to the pogitioner drive
maEar .

L/A9-1E
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The Stata Control Logic alss predices the conteal signals listed
helow,

a Directian Parward (L) which instructs the positianer to.
move the hoads toward khe spindle '

» Velociky Mode (L) winlch inatructs the OO Servo Loglic to
sorett a4 veloocibty command . '

» Bruzt Track Count {L) which clears the track counter

e Load Ieads (L) iz sent to the Errar Legie (DLS) ta

produce Wolume Check (H} which signifies thak the
carbridge may have Deen Changecd

The reazd/write hemsds are drciven off the head loading ramp at sinx
ips and out over the head loading portien of the disk =urface.
The Jdrive anters the zaek ovsle as soon. as the heads leave their
home pasitiaon. ' .

4,2.6 Guard Asnd Saek Cyocle -~ Figure 4-18 15 & Iunctional
disagiam showing contrel signals and data paths which are active
during the Guard fank Seek cycle of device startop. Figure 4-11

iz a kiming diagram. showing the zequence of events which-start and
end thiz cyole.

Thess are the presondltions for the Guard Band Seek cycls.

The cowver muskt be closed

The brushes must pe hona .
The heads most be leaded and moving
Mo drive errors are being senged

Tha disk must be upr to sposd

As zoon a3 the heads leavo their home position, the drive enkers
seak mode. Howawvay, 1t must determins 1f it Is performing a.
nermal or a gquard band seak, -

As the read/write heads move across the head loading zene af the
disk and inke the outer guard band, the preformabted merve data is
genged. This prefoces the =signal Anplitude Sepnscr -(H)] which
simpiy acknoewledges that some form eof data is bkedny read., Serve
Data 1, Servo Pate 2 and Aamplitude Sensct {B) ar= sent to ths
Integrakor Logie [DLT) where they are processed and deceded inte
seyvo sample signals Bl and EZ. . '

The Integratar Logic determines that only one of the two guArd
Lband =zcnes iIs belng crossed due-to the special prerecordad servo
burst {ormat |refer to Paregraph 2,2,3) and produces Guard Band
(H} .

1/9-1%
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aoain, due to the =spegial serws format, the sigpal REL Held i

produced . This gignzl, in conjuncstion wikh Guard Band (E), 5llouws
the State Copkrel Legic o determine that the positicner iﬁ
erossing the sutber Guard Band.

Bt this time, the Velocity Command changes ke a oinary AL, The
Velocity Sontrel Legic (BL2Y reduces the previows Lead EBeads
velorlbty command of =ix ips o chree ips.

4.2, 7% Lotk an [Devite Ready) - Figure- 4-12 i= & fuicbianal
disgram =howing the contrsl  =ignals and data paths wnilch are
2otive during the Lotk I Track § oyele of DMewvice Starbop. igure
4-13% is & timing diagram =showing the s=seguence nf ewvents which
start and erd this cycle. '

These are the precenditions- for Ehe Lock On Track € cyole.

» The cowver must ke closed
- Tha I::rushea. must be hamea

a The hesds must ke lsoaded and Eraveling across the auter
guard band .

L He drive arrars are being sensed
& The disk musk be an spaod

While the positioner is traveling acrass the guter Guardkband zone,
the read/wrlite heads are only detecting S5, serva bursts, due to
the guard bend servs format. A= sonn as bursks are deteclad,
the intergrator logic (DL?) determines that the positioner is no
longer within the guardbapnd and cawses the gignal Guardband () to
ge low. . This, ia burn, causes Trask Count = @ {H) to be enabled
which aklows the State Contrel Logic (GL1) te change from Velagity
Mode to Posgiktion Mode. '

The s8ignal Positlon Mode [L] instrucks the OO Serve Logic ts begin
accepting  incremenmtal positioningy =signals Eram the Integrator
Loegie and- to leck en te the negative slope of the positioner

,siqnal._

At the same time, a ready te resddswrite timeout is set which
allows 6,5 millisecends for the posltianer to sectle inte place on
data track #. After the 6.5 millisacond timeput, the sigrnal Feady
to Read/Write (%) iz’ enabled. Thig signal illumipates the Ready
Lamp on the Control Panel and eends Drive Aeady and Read Data to
the controllar. '

Tha drive  i= now ready to receive econtroller write and seek
Somnmands .
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4,72.B uUnload Beads
Figure 4=14 I= a fupctional diagram showing rconteol gignals and
Adatas paths which are active during the Dnload Heads cysie and the

emerqgency rebtract function.

Figure 4-15 is a timing dlagram which shaws the sedquencs of evants
which oocour ducing these device operatloens.

These are the preconditions for the Unlaad Heads cycl=z.

» The ceover must be clowed

» The brushes must be home

* The dizk must be on speed

] The positioner {s to travel toward the home position.

The Unload Heads cycle is initlarved by depressing the AUN switch
sn & drive that was ready {up to Speed, on track, no Errors atc.] .
Depressing the RUN switech immediately forces a stata RUM Change.
The State Conkrol Leglis. sends & binary velocity command of 11 te -
the DC Servo Logic which initiates A 15 ips welocity command Lo
drive the positicner towards the home pasition and tell it i=
completely off the disk surface. When the posltiener teaches the
howe positian, transitien inte 5pin Dawh cycle oCrCuce,

The errcr conditions below will cauee the wositioner te unlead the
read/wrike heads under c¢onteol of the Scate Cantrol Logle (D1 as -

desceribed above.

. The drive senses Write Gate and Eector Pulse
gimultanesusly [Status Word, Bit 16} .

. The drive sepnses Write Carrent withouwt Wrlite Gate
asserted (Stakua Word, Blt 145, or pasition Lhresheld
during write gate ' .

™ Ha *rancsitians are detected on the Write Data Line bukt
Write Gate is ssserted (Status Word, Bitr 15).

Im the event of an ac power failure, the poesitioner Will
immediately unload the read/write heads by discharging a capacitor
imto tha DC #ervo Moter coatiol clreuitry.

4.2.9 5Spin Dowh .
Flgure 4-16 is a functional diagram showlng conkrel  signals and

data paths which are enabled during the Sspin Down Cycle, Figure
£=19 is a timing diagram which shows the sedquence of events which

start and and this cycle,

T/4-21
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These are the opresconditicns for the Splirn Down ovole.

& Brushes must be home

- Caver mist ha cla=ad

* Fuit zwlitech npoust nok be depreszed
- Heads musk ba boma.

The transitiar inte Bpin Down <ycle is made when the positioner
reaches home position. The Btare Contrel Legic then disebles Ehe
velocity command to the OO Serve Logiz and enakles the brake
signal to the AC Szrve Logic, The speed detection cizeuits of the
Bisk Epzed Jentrel Logic detect the spindle has stopped  and
initiates a 1% sgecond timeout. When Lhe timer %imes out the
transitian in Load Cartridge state occurs and disables the hraka
=igpal.

4.2 EXTEANAL DRIVE FUNCTIONS

To cempleately understand the functiornalizy of the drive regquires a
knawledge of the rezponiEcs bto khe cammands from the controller.
The four responses or functlons the drive peaiform are Gut Status,
seek, Read Dakts and Write Data. The three commands WNO=0F, Teod
Data Without Illcader Check and Write Check du nathing more fhan
read data. The functisnal differences are perfarmed 1o the
controller. . .

Functional block diagrams and flow charts ate usoed ko show Ehae
telationship of <ontrel sSignals and daka paths to the device
opeératicns. They utilizme s8ignal mbemoniss and Pield pMaintenance
Print Zet Neferences.

4.3.1 Get Skatus

Figure 4-1% is5 a functienal diagram showing contrel signals and
data paths which are active when Lthe drive receives a Gt Status
Command From the Controller and returns a Drive Status Word.

The drive receives the command word from the controller &= =shown
In Figure &£=19,

Ta perform a Set Staktus beth the Marker and Gek Status bits must
be set in the Drive Command Word. The Reser kit i3 oprtionsal.
When sek 1k gauses all drive errot latches to ke resek ance,
before loading the diive status register. The signal Resetr Brrar
Latches (L) Erom DL2 perfarms this functicn. When reset, it does
not reaet the drive crror latches., When the Get Status and Marker
bits are decoded the remalning bits 15:94 are ignored.

I/4-26
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The cCommand Word and Gystem clock are first recelvea by the
interface Logic [(PLS) and then sent to the Status and Coankrol
Lagfie {0L2Z). The command is then decoded, and Bince it iz a Get
gtatus Command, the status clock Jgata 15 enebled, Any drive
ertors, including status bics A, B, and ¢ from the State Conittol
Logic (DL1), are returned ta the Interface Logqlc where they are
tranamitted to the contreller in sync with the Status Clock.

Mote that this function can be performed even if the drive Lls not
Teady.

Fefer to Faragraph 3.3 far a detalled definitisn of the Drive
Etatis Word ceontenkts.

4.3.2 Sesk .

Figura 4-28 is 3 functional diagram showing contral signals and
dats paths which are active when the drive recdeives a Seck Command
from the controiler.

Figure 4-21 shows the Drive Command word during a seek as it Is
recalved by the Interface Legic (DLE). HWote that the absence of
the Get Status bit denckss that the command s indeed 3 sceek.

The serlal command word i8 sent ko Status and Control Legic (DLZ)
As toan as the Marker hit is aenzed, this legic realizes that &
has the entire Lh bHit ward.

d
-
—

The following precendirisns must be met ‘befeore the seek iz
Inltiated.

r The brushes are In the Home oesitisn

. The heads are loaded
- The drive 15 in RUN mode, i.=.,

* Tha drive is selected

- The interface is enabled

. Powar is OF
™ Mo dArive errors are bBeing dakected
L The disk iz up to sSpeed

[/4=27
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A3 =oon as bhe Marker, Stgn idlrection) and Track Cifference bils
have besn decoded by the Track Cifference Counter {OL2), an
initial velocity command i= sent te the K Servo Logic. The State
Control Logic is in Seek f(or Position) Mode. Bervo sanples for
the Read /Wrike Login and welocity Ffeedback from the Fositioner
Tachemrkar are uwsad by the Counk Logic {DL3Y b decrement the
Track Difference Caunkter. 7% the &istance to the rarget track
decreases, the velgocity command alse decreases. &= =oon as the
teack difference counter has counted down te zere, the signal
Track Caint = F (3] iz enchled.

The #idnal Pogiklon Mede ([} instructs the IX' Begrvo Logic to
accept incremental positienlnyg signals [eom the Integrstor Logic
(DLT}! and toe lock an the negative or posiltive slope [desending
upon the direction of the =seek] oF the positloner sigral.

ht the =same time, a feady ko Aead firite timeovnk iz sat which
allows .5 millisecands for the poslitioner to gsetkle into place an
khe designated track. After the .5 milliszsecend timeou-=, the
signal Ready ta EReadsWwrite £L) 15 enabled. This =signal
illumipaktes the READY lamp <n Lthe Control Pansel and sends Drive
Aeady and Read Gata to the controller.

4.3.3 Read Data . : )
Figure 4-22Z is a funcrtiaonal diagram ‘shaowirng control signals and
data path=s which are active during Read bata.
The preconditions=s for reading wollz date arelisted helow,
» The drive has been seleckted Dy the contecl-er
» Heads are loocked on a data tracky [elibther track B

immediately following a Guars RBand Seek, or tha track
number specified) during a previous seek

» Ho drive errgrs are being sensed
» The spindle 15 on spoed
» The B.5 millisecond Ready to Read/Welte timeout cyocle has

bheen completed, which ncours:

- Afker the last bit of a eylinder address Aifference
word has heen shifted ko the =selactes drive

- Wheén & new read/write head has heen =selected, even
thouglk the dilferenzse address [ar a scek iz zero

* Whern a seek diftecence address is zero and no chango
in head sclection has occurred.
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When theae $recanditions have becen met, Modified PFreguency
Modulation (MFM} encoeded read dJdata {see  Paragrapbh #.2,3) is
transferred £rom the drive to the controller wia the Read Daks
interface line. Ttote that whenever & drive i gelected there is
somn@  form of infermabtion on Ekis 1ine, Only whan the above
conditlons ara met wiil legitimake daka be ctransferred ta tha
cantroller, '

The fectar Pulse iz transmitted to the controller by the drive: tg
signify the bogioning of a seckor. The beginning of the secktor
LUige cotcesponds with kEhe sensing oE the seckar slot cn the
martridge armature by the =ector ilransdurcer. The anfd -of seckor
prise signifles the end of servao datz.

After delaction of the servoe infoermalicon and the header preamhle,
read daca goes kba the controller. .

In order tg tead hezaders, the contrellsr 9270 locn is ponase-lookes
with read data afecer Ehe end of Ehe drive oeclor nulse.
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4.3.4 Wrike Data
Figure 4-23 i5 5 funciional diagram showing contral signals apd
data paths which ara active during Write Data.

Thesa ate the preconditions reguired for Writc Data.
a Tbé drive has besn selected by the controllsc
™ Heads ars locked on to & data track {elther track 3
iomediately follewling a Juard Band Seek, orf Lthe track
rumber specified) during a previous Sesk

@ Ho drive arrors are being sensed

Y The 4.5 millisecond Read ta Read/Write timesct cwsle has
oeen fompleted, which oocurs

) Afrer the Iast hit of a cylinder address difference
wotd has been shifted to the sel=zcbed d-iva

" Whee a now Reod/Weite head has beesn zelecbed even
though the differense addaress far a Beek 18 Zera

" Whan a seek difiference addresa is zero and no change
in hzad seleckion nas gocurred

® The end of the drive EBector Pulse has been detected
& A Header Campare has been detected by the cenkbraller
¥ Tha Header CRC checks

When these conditions have heen met; and the Write Gate 1ine has
been asserted, Modified Fregquency Modularcien (MFM) encoded Wrike
Data {(zee Paragrapn £.2.3) is transferred from the controller to
the drive via the Write Data interface lirne.

The write data stream contaips the thres data preamble words (47
bitsz of zerns and the Marker Bit), 128 datz words, the datse CRC
word, asnd the daca oratamble word (16 bics of =zeras).

The Write Gate enables wrike clipcuolts in the driwve. It must he
asserted at thz stacrt of the Data Preambkle (PR2). The actusl data
to bhe written will occur 16, bit perlods after the Headar CRC;
i.#., B8fter the Header Postamble.

The contrel wunikt transmits write pulses which are compensated ko

reduce -peak-sbift introduced by the recording process {refer to
Paragrapbh 2.2.3 arn MFM Encoding and Precaompensation}.
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CHAPTER 5
UNIT-LEVEL DESCRIPITON

5.1 DRIVE L3EIC MODULE THEODEY 0OF OFERATION
nls =section desecribes in detaill the apersction of Lhe Drive Lagic
Module.

For :implici'y the Drive Modolse Inq1c has been breken down intao
the forctlanal greas listed holow,

r Skate Control Lagic (Sheet CLL =f the Field Mainbenance
"Print Sekg

o Valoclby Comrand and Statue Dabta Conteol Logic ([:L2)
L Counk Logic (DLE]

¥ Ciox Speed Control Logic [IPLE)

& Fcror Logic (DLS

& Interface Logic (ULa, NOLE)

™ [ntegrator Legic iDLTJ,

5.1.1 Etate Conkrel Legic (DLLD

The 8State Contrnl Logic (3hoawn on Sheet DL]1 of Ehs Field
Matntenance Print Scby 1s the portion of the Drive Logic Module
which both monltors and ocontrols drive Start Up fanctions such as
Spinup, Brusk Cyrcle, Load Heads, eto. It comprises twa Read-Only
Merories {(ROMs}, the State ROM and the Seek Conbroel BOM, & Stake
Counter, the Brush Cyclie Latech, and the cenktrsl pan=l LOAC lamp
driver. ' '

5.1.1.1 State ROM — The State RBOM is a 256 X 4 Rit Fragrammahle
Eead-Coly Memoty. Its gurpase iz to gensrate a four- bibt binary
encoded (BCD) word which denotes drive =skatus and provides contrel
for other decisien-mzking logic within the dArive., Tfs ocutpess are
listed belaw. L

- Stakns Bit A
. Status Blt B
L Staktus Bic ©
. Time Ot Command

The sktatws hits A, 9. and o are sent ko tha Statbe Contrel Lagic
[DL2} * where they are used ko make up the Drive Status Word
resulbing froam & <codtreoller Get Status CJommand., They are alen
used a3 -inputs ko the Heek Conbrel ROM and the Btace ROM Cerceoder,

[/5-1



The Time Out Command signal is sent ta the Errar Logic {DLS) where
tt is used to stark the Seek Errar Timer far moving positicner
functions {i.e., Load Hesds, Seck, and Unisad Beads).

The addrcss intuts to the State BOM are derived from eight signels
which sense drive conditions at any given time. These address
bitg comprise the follawing:

» Brush HWome Swikch

L Heads Home Cake

" Run

L 2 Error State Comem and
L] Digk 0m Speead

a Disk Stopped

- Track Count & 3

¥ Grush Cvele Latch.

The State Conbtroel ROM i: prepragrammed (burncd-iIind at the factorwy
2u that speciflc address combinaticns yield specific output words.,
Filoure 3-1 shows the addresszing scheme for the State Zontral ROM,
The walue "1% Jsnotes & "terue" input oo output, The walue ME"
denotes a "false" input or cukput. The waloe *¥" danotes a "don't
care”™ sitwation.

S.1.1.2 State ROM Decodar - The State RIM Decader is an SW74432
ECD=-to=Lecimal Decodar. It decpdes the State ROM outout [statoes
bits A, %, and <) and provides an oukput cerresponding Lo the
drive secate. Figure 5-2 shows the decoding sScheme.

2.1.1.3 Seek Contrel ROM — The Seek Control ROM is a 256 % 4 3it
Frogrammahle Read-Only Memory. Ite purpoase is to provide the
Velacity Command Control Logic [DLZ?) with information pertaining
te positioner location and drive status, Tts oubtputs are listed
belaw.

. Ditegction Forward
¥ Velosiky Commands 1 ang 2
| Fepset Track Coumnt.

Veloctiy Commands 1 and 2 &re sent to the Weloclty Command anpd
EﬂntrallLﬂqic iDL2} where they used address bits for the Velocity
ROM. These commands apply only when tha Positioner is in Velaocity

Mode. Flgure 5-3 shaws the deceding For Velocity Commands ! and
2,
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The address input £ the Sesk Contrgl ROM are derived Lram aight
sigqnale which =zense drive and positioper conditions at any given
time. These address bits consists of th= signals helow,

-, Bratus Gits A, B, abnd o

. Guard Band

v E1l Held (Frevious El Serve Data Sample)
L] EZ Held (Frevious EZ Servo Daca Sample)
" Sign Forwacd (Directian)

- Seek Tim=out Error [(Dizables a Heak)

The Seek Contrel ROM  is preprogrammaed at the facoctory =so tnat
spe=lfle address coembinations yield speciflic oukput worpda. Figure
F=d shows Ethe addressing scheme for the Secek Control RIOM. The
value "1™ denotes a "true" input ar oubtput. The value "6% denoktes
a "false" blnpukt eor oukput.  The valus X" Jdenokes B "don't care”
slitustion.

2.1.1.4 Brush Cyzle Latcsh — The Brush Cycle Lateh monitors and
centtols the Brush Prive Assembly, I+ also provildes sn address
input to the State Control ROM,

Inouk:
Set s Powatr On Hesebk (LY or
Load Ca[t:idge.ﬂtate fL1 Eracmn
the State Control ROM
Feget = Brush Homa Switch (L}.
Qutput:
Brush Cyzle Latch (H).
Wnen the Bruosh Cycle Lateh le =et, the State Conkrol ACH starks
the 8Brush Oycle, This preoduces khe Signal druesh Cyele (L] which
enetaizes the brush drive motor. As the brushes move out 2ver the
disk, rhe Signal Brush Heme Swikch (L) guoes high, resetting the
ratah. The Skate Conktesl RIM remains in che Brush Cyocle Seate
until tha brughkes, driven by a @am, return to their heme position.

The combinatlien oE the signals Brush Home SBwiteh (L) and Bruzh

Cycle Letch reset causes the =tate ROM to advance toe the Load
Heads Z2take.
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5.1.2 Veloolty Command and Status Data Caontrol Logic (NL2)

The Velocity Command and Status Cata Contrel Logis Is the poctiaon
of the Nrive Logis Moddle whisk receives the Drive Command Werd
from the ecentraller, dacoedes khe Track D1tference Doent  and
Cirecclon for sosk purposes, and Adovelosps Lhe necozsary wvelooliy
commnrand to dreive the pozibtioner.

If the Command Word is dacoded as & CGut Status Cammand, wris loglc
collacke drive status and error ‘nformation to maks cp “he COrive
Statuad Word, whish 13 transmicled ta che Zontrolloec in syno With
the Hiatus Clock.

This logls conprises khe gcitcultbey listed bDelow.

a Device Cammand/Status Hegiater, Shift/Leoad, and Clear
GEtes
- Marker PFlip-Flop apt Latch
Y “rack Cifference Countet &nd [oad Latch
L] Hesd SelectSSign Bit Eolding Register
s Load Hegisters Gate
L Get-Et;tuE Latecn
a Fesel Erraor Latches Gate
- Track Count = 3 Sate
[ Znat:le Tinecus Gate
. Welnoley RCM
5.1.2.1 Device CommandsBtatuz Raglster - The Lewlce

Command/Stztus Register is 2 sixtesn it register that oay be
aperated in two medes, shilL or lodd. Thia register opercaces In
lead mode enly after 1t has decodsd a2 Get Status Qommand from the
controller., Otherwise, it opeErates in 5hift Made, rllowipg the
drive command to ripple thkrouough onder control ol thoe sysben clock

angd the Markar. flig=Flap.

Mormally, the Marker bit 1s hob Fallowed By a Get Statns hit. T
thate ie ro Gek Status bit, the Command Register i=s oleared on the
Ehird ktransitlon of khe system clack. Thnls iz done Eo ensure thazt
other pulses in the Drive Command are not misteaken as marker hits
&% the commang i= shifted through.

Figure 5-5 shows Crive Jommand and Status Conftrel Tioing.
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5.1.2.2 Marker Flip—Flop =~ The Marker £lip-flop is uwsed to
detect the Marker hibt; the firsr hir in 23 Aeviece ‘command ward.
when sat, it aignifies that the zrbire 16 hit command is nrecenkt
in the Nrlve Command/Staktus Register.

Tnpul
Data = ferial Command Wﬁ%ﬁ from Drive Command/Status
Register
Tlack = Svstem Cleck {(H), Load Track Difference Counter.
Output =
e = Marker Bit (H) to Marker Latch.

5.1,2.3 Marker Latch -~ When set, the Marker Lateh sigrifies that
the Marker £lip-flop has sensed the markery 21t and that the Sevice
cakmand wotrd is avallable for deceding.

Inpuk:
feE = Marker Flip-Flaop (H), Clock [(nedgative-goino
adge)
Resat = Heaxit {flock Transitlan.
CuLput:

« If Cet Btatus, set Clear Flip-Flop, lnéd holding tegisters

 If Get StAtus, set Shifksioad Gate.

3.1.2.4  Clear Latch - The purpese of the Clear Lateh is kta clear
all bits in the Device Command/Status register s that they will
not appear as Markee Bits,

Inpuk:

Data = Marker lLatch (i)

Clack = 3rd half of System Cleck Cycle going law,
UDutpuk :

o w ZTlear [L].

1/5-18



0.1,.2.5% Load Regiaters Gate = During 4 bormal command (l.e.,. Gt
Gtatus), Lne Load Megisters Cate allows the Head Select/Sign Bit
Holdlng register and the Track TGifference Counter bo be loaded
wilh daka from tbe Cevice Comnand/Status vregister. DQata 13 loaded
when the Marker Latch iz zcb.

Tnput:
Jet Skalus, Marker Latch (L.
GUEpUL
- Load Reglisters (H).
e 1.7%.6 Ehift/Load Gate = During a'narmél command  [1.e., G2k

Status), the cutpur from the Shift/Load Gate is high, which allows
the Drive Copmand word to shift through the Device Command/Skakbus
regiskter.

Input:

Get Status (L), T output of Command Register, Marker
Lazeh (L) . .
Cutpuak: .
Shift/Load (L} %o Cenmand register and Gat Status Lacch.
5.1.2.7 Get Status TLatch — The Geb Status 1atch.iu st when a

Get Status Command is detected and the Shift/Load Gate requests
Load, Ik zslso epahles the Scatws Clock Gate,

Ihot s

Shift/Load ‘o)

sek
Reset = ¥ewt Drive Command.
Qutput:
Epghle Scatus Clack Gate {H) .
5.1.2.8 Statwg Clock Gate — The oukbput of the Status Cleock Gate
iz =ent to the Interfave Logic (DLEY te enable the Status Cloek
for transmission of the Drive Status Ward to the Scontroller.
5.1.2.9  Track Difference Counter = During a device command
{e,0.; Get ‘SBtatus), the Track Difference Counter is loaded with
the Track Difference walue desiansted by the controller,
Qutpuits from bthe counter ara Gsed as address input to the velncity'

ROM which determines the positiancor velocity.

I/5-11



The rcounter is decremenkted one count {or teack) at a tlme by the
Coutit Legle (DL3) .

Load Enakle is gprovided by the Track Difference {pun%er Load
Latch.

H.1.2.148 Track Nifference Counter Load Latoh — This leten allaows
the Trackh Diffcrence Counter to oo loaded with the difference
Aaddress derived from the Cewvice Command Word.,

Loadirng of the Track Difference Counrer is disabklied 1if ‘ts
cantenkts ace nobk ejual te zerca. Thi= preventsr loading new =meek
informarion into the Coventer while a seek is being perfotrmed,

Input :
LN = Load Hegistﬁr Ernable (i}, Syétﬂm Clock going
bhigh
HEEEE. = Barrow [L].
Dutpot:

Load Track Difference Caunter (L], EFnakle Time Ot Gale
Enable Cevice Command/Status Register Clock.

5.1.2,11 Head Selecks/Sign BiE Heoldling Reglster - This register
holds Head Select arpd Pogfikiener direction daca Erom the Devicae
Command Ward. Loading is enabled- by the Load Register Gace at the
game kime rhat the Track Differense Counter Load Lateh is =et. It
is cleared by Power On FRasat o when the dreive iz in the load
carkeidge state.

Input:
ﬁata = Haad B (L}
| Sign Farward {H]
Cleck = Load Reglsters [ﬁ};
DuLpar ;
Data = Heéd Gelect H_iL]_

Sign Farward (H).

5.1.2,12 Track Count = @ Gakte — The outpub from thls gate [Track
count * @ (H)13 indicates cthat the Track Difference Counter has
been decremented to zerc and that the positioner should be on the
track spacified by a4 previcus seeX. This prevents tha Cownt Legis
from attempting to decrement the Rifference Counter any furthar.
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£.1.7.13 Res=t Erroc Latches Gate — Wnen Ehe Resst bit is sensad
during a Get Status dercde of the Drive Command Word or a Fower On
Tezat is recelved from the coatroller, the ocuokput from this gate
is sant to the Interfsee Logic (DLE} and the Error Logic (DLO) to
raset Dfive Srrar Latches.

Inputs:

Resotbt 2ic MY or Marcker (LY arnd Yowar n Rest (LY (Criva
Command Wardl .

Db put g
keset Trror Lakches (L.

S.1.2.14 Yelocity BOM - The Velorcity ROM 1= a 286 X 4 Bik
Pregramaable Read-Only Meomsry. ItE puripose is to generate Linary
encoded  curcsat lewels: to drive the positioner servo. The
comhinatien 22X 30M ookpul  {curyent lewels) is A sguarce foob
funcklon of the track dicference valiur presented by t=he track
difference counkber e addeess kics B fhreugh F oang MEL and MEZ.
In addition, the Sinary equivalent of the welacity rcommands Eor
Load Hesds, Unlead, Guardband and Off as generated by the Stute

-

EOM (DL1] are anitered as addeess epits S5 oand d.

Figure §5-7 is & simpiitled logic diagram showing the generation of
the serveoc welacity command. Tabkl®d S5-1 shows Ebe ROM addresaing
soheme and rezulting binary enccded output=,

Any AZM cutput, when nigh, allows cutrent ke flew thecugh Jdisde
D5, Combinatorial =seleckion of the ROM ouotpuks is derived fraom

tragk diffsarenge inputs. The Dbinary encaded oubputs are  then
addazd, determiring toktal drive current and Lthe corresconding
velosity <ommand . The serias diodes reduce leakage current,
allowing accurate law velority command levels, Current output

from D5 iz fed directly ko the ipput ef the servoe sunming
amplifier (W, Servo Logic Module). .

5.1.3 Count Logle {FLIT — The Count Loegic comprises Lhe E1 &nd
E2 Gervo Sample Holding flip-flops, Tachometer Feedback welocity
Level Detectars and the Count ROM and its associated logic.

5.1.3.1 Count ROM - The Count ROM is 3 206 ¥ 4 Bit Programmable
Farad-Only Memorw., Ite purponse 1= tn decrement the Trarkx
Difference Counter (NL2Z) by wvaluss of B, 1, 2 or 3. Figure 5-7 i=s
g simplifisd logic- diagram showing Ehe caunt KOM and ks
assuziated lagic,
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Veloeplty ROM Addrescing
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The elgqht address blts (A, Etheough A5} provide sddress-word
information which determine ainary vetputs @, throogh &, (4=3, .1,
Informatian contained in the bitez A, through A, 1s-as [ollows:™

. velowcity Hange ﬂAE, Ay hEJ

™ Previgus and prasenkt ScEve samples Hl alrsd EE thjr A4r j5'=5,r
fup

™ Dirteckion EA?J

The Counz RIM Bdfiress hivs anad the count algorithm erc deflined io
Figure 3—-7. - wnole chat =he Count ROM microcoding I8 permanently
burned in at the fackory and is not field prngraMmublg.

The Count ROK cutzubk wWword (B, through ﬂdl I3 programmed =o Chat
“he I51%/) ¢hiw counks o until” cverflow oocours fﬂﬁ gaes law) . The
0 outpit {least sigaificant bit) prevides the cdunt palscs which
deccemnent khe Track Rifference Counter (DL23).

5.1.3.2 £l Held Flip-Flap - This {lip-flop skores the previous
21 aprvyo samgle. Whep the drive iz in velprity mpde, the E1l Ha1ld
Flip-flep iz used te determine whether the positioner 15 crossing
tha Inne: orf auter guard kand.

T :

Data El sample froco OLY
Clork = Zector time (L} from DLa.
Onntpuk:
0 = hiddress Bit O {Aﬁ} of the Count HDH

rddeess Bik 2 (A

|

2! of the HSeek Contrel ROM
Tabhle 5-2 is & truth takle which deflnes Count ROM address hits A
Ehrough Ao, Thoese kit values are darived Erom all possihle
combinatiens of present and previcous serva samples {E, and E,}.

=

=

Table b-3 iz a truth table whlch defines counl ROM address biks A
Elreugh AL, These nit wvalwes are dwerived Erom Gistance anf
tachometer” veloclby tEheesholds Suring €25 mictosecond serveo sample
periods.

Table 5-4 is the complete Count HOK map and algorithm.
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Table 5-2  Track Count ws. Servo Samples and Dlirection

PREVIDUS PRESENT FORWARD BACKWARD
DES El B2 B2l B2 MILE CHKT MILS CHT MILE OHT MILS CHT
A a & 3 | d-4 ] 12-28 2 E-4 A 12-20 2
1 4] a a L d—8 1 15-4 3 a-1n 2A-32 3
2 il R 1 ol a-16 2 Ag—3& 9 -2 g 1n-24 2
3 4] a 1 1 =12 1 29-28 3 4-12 1 . - Fd-240 3
1 B L8 3 @ald 1 24-32 3 p-3 1 16-24d 3
) ki i a 1 A-4 3 12=20 = q-4 ] 12=28 2
f 4] 1 1 [t -'1—.12 l- 20-26 1 4-12 2p=28 1
7 4] 1 1 1 E-8 H 16-24 2 H-l0 2 24-32 &
B 1 a B B i-H = 1g=2q 2 2=15 2z ad-37 4
9 L a & 1 d=12 1 ZA=g8 3 d-12 1 2d=28 3
14 1 r: 1 1] -4 A 12-28 2 i —d A 12=20 2
11 i 3 1 1 B-14 1 24-32 3 4-H 1 1n-23 3
12 1 1 g a £~-12 1 Zo-2% 3 4-12 i 2e-281 3
11 : 1 A 1 g-16 2 2d4-37 4 A-A g 16-24 2
14 1 1 1 0 -2 1 16-24 3 S-1f 24-32 3
15 ; ] 1 1 B4 B 12-26 2 B-q 12-28 2
Table 5-3 DisLance and Yelocity Thresholds

Index Distance’ Velaocity Yelocity Lavel Datectors

i X (MILS]) ¥ (ips) A2 Al AE

1 5 {20's) 12,5 8 s 1

2 12 (30' =) 19,2 g 1 1

3 ig fe'=) 25,6 1 1 )

1 720 (30's) 32,0 M. A

Is&=-14



PLA
D
=H

a7

12

W0

SERVD
PREVIOQUS
By £
Ab AR
] #
A 1
1 &
1 1
ﬁ 1
d 1
1 a
1 1

WOTES: [l1

(2}

(3]

=
o=
—

Tabie 5-1 Count ROM Map

CAMPLES VELOOTITY SENSE LEVELS {1} VEL
PRESENT (Bar Ay, Ag) THEESH
E, B, A '

bt JENY (2) >V, 12) (2} (2),04) ¥
ad mn3 PG pgt  @1e  erf  1ge 191 118 11?
g @ A991, 1141, 114l, 1lel, 1161,

(3=

vigl, 1.e:, - 1lel W.
'1111, 1111, 1111, iirl, 1111, 1113, 1111, . 1311 V7 (i}
goEl, 204}, RGEL, 1i@l, 11®l, 1181, 1i8l,  11RL v,
1111, 111%, 1111, 11tk, 1111, 1111, 1ill,  L@11 Wi(4]
11il, 1131, 111, 1811, 1pll, 1¥ll, 1pil, 1@l w5
@gWl, 1181, 1181, Ligl, L1&1, 1181, 1181, 1161 ¥
111, 1111, 111Ll, 1:il, 1rii, 1iili, 1ell, 1all Uj

Ll
d —

=

i 1181, 11@%, 1141, 116t, ll@l, 11d1, 1l1l@1, LLEl Vj (3]
a 1:g:, 1141, 1181, li¢l, 1i§l, 1191, 1laLl, 1LBL ¥, (%)
11tl, 1i11, 1l:ll, 1111, 1ill, 11131, 1111, I1r1 vy
@By 1AL, 1imil, 1181, 1141, 131, lieél, 1ipY w3
111, L1111, 11%1, 14131, 2931, 1811, a1y, 1611 w;
i111, 1111, 11:1, 1111, 1111, 1ill 1@11, 1ALl Vg
pE@l, 3441, E@El, 1Ll#!, 11@1, 1141, 1191, 119l v
1111, 11z1, 1111, 111%, %111, 11ti, 1111, 1111 vqtjk
1 gpdl, li@1, 11@i, 1181, 1141, 1141, 1191, 1191 v,
g Pg@l, 1181, -1@Ll,. 1lul, 1141, 1i@él, 1131, 1191 Wy
1111, 17:i1l, 1111 1well, 1411, L&L1l, idl1l, 141 W2
1141, ligl, 1191, 1let, il14l, Ligl, 1191, 1141 ?qlﬂﬁ
1111, 111:, Lll1, li1l, 11ii, 111, 1@11, 181Y ¥q

*1]1, 111, 1111, 111%, %111, 1:3i1, 1111, 1l vd{ij
amgl, 11@1, 1181, ii¢l, 11A1, 11&:, 1141, 1141 .
1111, :l11, 1111, 1111, 3111:, 1111 1911, 1311 3

1 AgAl, eP@l, @91, :i@l, 1181, 11k, 1181, 1lB: v

5] do@l, Qeal1. eesl, 118k, 181, 116Ll, 1161, 11@1 Vp
1111, i171%, 1111, 1:l1, 111il, l1EXi, 1411, 141L Uj
pA¥Wl, l1@l, 1141, llei, il4di, i@k, 1191, 1181 W,
1111, 1111, 1ill, 1311, 1111, 1113, 1111,  111% Wy (3}
1111, 1111, 3111, 111%, 111, 11it, 1@11l, 1611 v-
111, l1@1, il@l, 1:i@l, 1181, 1161, 1181, 1141 ¥, (3]
1ili, 1111, 1111, 1Pl1, 1@ll, 1811, lall,  1ail v,

1 We¢l, 1181, LlPl, 1igl, 1181, 11@1, 1181, 1181 V]

v, = 12,8 ips; Vo = 19.2 ips; V5 ® 25.6 Lpg; W, = 32 ips
These address combinations should net occur, Velosity sance
levelrn increment @@L, B11, 1ll.

Vl i) W

2 3
Detection lesvel ¥, = 32 ips is impnrtant for moves in axeons
of six cuadranlks ?HE,J ips! .-

Address 118 interprekued as 111 (Majority Legic).
1/65-19



.1.3.3 EZ2 Held Flip-Flop - This flip-flop :=ores “he previous
E< =esvo sample. wWhen the drive 15 in pesitisner, or "Lack oOr"
mode, the £2 Held flio-flop iz used rto determine Lhe slop. ofF the
Lack On bit (A af the Seek Control 2OM = DLy, '

Input:
Cata = B2 samngplie EFrom DLY
Clooy Eeutnr-timel[ﬂj rfrom CLd) nr Bortow (MY {Zpom
DL, indicaking a acw address in the Eraci
difference cournter)
Set = Inner Guagd dand [Guard Dand (L) © EL Hald]
Roset = Cuter Guard Band [Guacd Rand {K) ° ELl Held (4:].
Oukbput:
i = Address Bisw 0 iASi of tha Count ROM
") =~ Address Aic 0 Iﬁu] of the Seek CZontrol RIM O(DLL).
3.1,3.4 Yelocity Level Detectors — These three comparatoers are

used to canvert the velociiy feedback signal from the peositisner
tachometer to three binary encaded sddress inpucs to the Szunt
o,

The welecity inpet sigral is fivst rectifled =y a full-wave
rectifier and rthen discribabted ta the level detectars.

Input: Refar to Takle 6-3.
Outzut: Refer te Takloe 5-3.
2.1.3.5 Dizable Count 2 ELatkch = The Dizsble Couns 2 latch
prevents extraneaus noisza and gliteches from zausing phe LE1ST
counkar to count "2® before It has coonled "IN
5.1.4 Digk Spead Control Logiec [(DL4]
Thi= portioen oE the Drive Logic Msdule centains the [ollaowing
functional elements:

# Sector Deterctichn Timar

» Dizk 0n Speed Latch

# Sector Time Latcoh

e Disk Qverspeed atch

* Cantrol Spinup Cate

« Timer and Latch Reset Flip-Flaop
I1/5-2@



Figure 5-8 15 a timinrg diagram £or sector detecCion and spindle
speed contral.

5,1.4,1 Sector Detection Timer — Rfter the Seclor Pulse has heen
detected, the Sector Detection Timer rcounts down Syslem otack
prlses to peowide tlming reference for the spindle speed lalbchos.
Ik s teset by the Timer and Latch Hesert fne-Shot.

5.1.4.2 zisk oOn Speed Latch — If khe time betweeon Sector folses
iz between 5794 and 639 wmicroseconds, this lateh 15 et Iks
pubput is sen: ks the 5State Control Legic (DL1} ko ipdicate that
the dlsk is on speed.

c.1.4.3 Sartatr Time Lateh - This lakesh Iz sak By She Ssotar
Pulse and remains ser for 92,5 microseconds. Its output, Sector
mime (L} iz sent to the Count Legle (DL3), the Errcr Logle {CLS),
an the Integrator Legle (PL7) ko indicate that a Secter haso been
detected, Thiz latch is reset by the Timer and Laktch Roesat
Dne-5hoet.

H.1.4.4 £031 HMicraosecand Lateh - When this lateh outpubs Eoe
signal 593 microseconds LT (L) as brue during & secktor pulse, a
fdigk over-speed indiecation is produced, i,e, the time between
sactor pulses was lezs than or egual te 583 picreseccnds. This=
condition sets the 3Splo Ercor flip-flop f(on LLS), as well az a hLit
in the Drive Status Word.

E.1.4.5 Contral Speed Up Gate - The signal Contrel Speedup (L}
is generated when the time oetweden seckor pulses I3 langer than
625 microseconds, indicetling that the speed of the Spindle Drive
Mator is toe slow. This gate is disabied by Disk on Speed or the
Spin Down command frem the State Contral Logic (DL1}.  Captrol
Epeed up is sent to the AC Servo Module where it provides mote ac
powetr to the Drive Motor.

S.1.4.6 Timer and Latch Reset Flip-Flap - This flip—flwy is
eggentially a opne-shot producing 4 cone clock adycle pulsze which
Tesets the Sectar Detection Timer and Speed Lateches, Ix is =et
when the =zero crossing of the Raw Sector Pulse [from the
Sectar Transducet] 15 detected ag the gignal Sector Cetected (L)
goes high. '
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Figutre 3-8 Sector Detection and E'pgeﬁ Control Timing



5.1.5 Error Legle {DLS] = The erinc logic portion of the drive
laogic module contains the logle elemaenks listed belaw.

& D[Disk Stopped Timer
@ Dizk ZSpinugp Timer aﬁd Frraor Latch
» Write Protect Netection and Eerar Latch
L Cloek EBrrot Detacthar
. # Write Gate Ergor Flip-Flop
5.1.5,.1 Disk Stopped Timer — IE the drive I8 hrot in spinup stats

(from tihe Skate Control ROM), the DHak Stopped Timer will timeodt

15 seocnds after the last Secter Paulse is detected, generating the
signal Disk Stopped (L). This signal 1z sent to the AC EServo
Module o disable the Spindle Drive Motor.

E.1.5.2 pisk - Spinup Tiwmer and Erver Latohk — The Disk Gpinup
Timer is started hy the Spinup command from the State Conkrcl RCH
IDLly.  LE the Spinup Ceomand i3 net temoved [i.e2,, disk is nol up
to spead) within 39 seconds, the Spinvp Ertor Latch and Zpin Rrror
Flip-flop will be set. :

.1.5.3 Write Prokect D;teﬁtiﬁn' and EBrror Latch — 2 Write

Protect conditisn is sensed when the Wrike Protect switch eon the
control wanel is Sepressed.  If thls conditicn exists, one lag of

the Write Protect Erecoar Latch s enabled. | If Write Gate Erom the
Controlloer is detected, the Error Latch is set, producing the
Signal Write Protect Ereor (L).

5.1.5,4 Clock Errotr Datector = Continuous System Clock pulaes
“keep capacitars C,, or L., of the Clack Error Detector discharged.
If rhe Clock pulseés shoeuwld stop, ope or both of these capacitars
will echarge up and cause 8 high level a2t the inverter., This will
preduce the mignal Clock Erroc (L),

5.1.5.5 Write Gate Error Flip—Flop - If Write Gate from the
controlier is epahled Auring Sector Time, the Write Gate Error
Flip~Flap is set. This produces kthe signal Write Carte Error (L} .
which prewents pverwriting of prerecorded sarwvo and header data,
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is a -9 wolt  =ignal from <the ecoeptraller which zerforms tL

3.1.&€ . Intecface Logic (DLE and DLBY =« The Intarface iagioc
perbtion wf Lthe Drive Lodic Module contains tha lpgic clewmeonTs
Listed elaw. .

" Inter face Line Fecoivetrs
. Interface Line Drivecs
a Nihe Recaivor Powsr Supply
- Meiripla Or {ua ée;eftlpn Error Debestor,
. Dpive Gelect Togic
> infﬁrface Bnabla/Disable Lﬁgiﬂ.
. PALLT Lamp Dyiver |
- READY Tamnp bDriver
5.1.5.1 - Sectnr Eﬂlse Detectar. — The raw. Seotor . puLSE,

originatiny from the Sector Lelector, 15 an analeg signat. The
Sector Pulse Detectar shapss the analog sighal into & Sfeare wavs
otk logiz pulse nrodusing the signal Sectar Detecked [L).  Refer Lo
Fidute 5-8. This signal is waed to gensrate the (25 microtccond
timenut For the Spead Contrel Logic (DL4). ' '

G.l1.6.2 Enable/Disakle ¥nterface Contrals — Powsr On Reaert (1)
1 Lo

Functlieonz listed bulnw.

. HKeeps the drive desslecied from the iaterlace bus §£ 0O

© - power 1s not withim tolezarces : : '

- When do powsr camas’ ap ko koleranee, the zslgnal ansures

" khat all drive latches, flip—ftieps; and countersz have
been cleared pricy to devies sbartus :

If the =ilqnal &7 LD (L) from rthe contreller is enakled, ;hu'drlv&
interEave bus. is disabled. .
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5.1.7 Integratar Legic (DLT) _

The Integrator Logic portion of the Drive Logic Module praﬂUﬂFa
the =1 and E2 fervn Sansle signals, and Positioner signal, and the
feady to Read/Write sigmnal. The logic elements used  bo produse
theos 2ignals are lictked below.

L] k1l and 22 Serwo Sample Generatiosn amd Inkegration Logls

. Garvo Data Latch

. Tntegrate Circwit Enables/Risahle Latches

a Servo Cata Cycle Counter

] Tntegrate Enable Flip-Flop

° FL/E2 Integrator Selector

. El and B2 Tntegraktors and Euiarity Detectors

. Guard Band Debector

. Positicner Signal and Ready to Read/Write Sigﬁal Longic

» Sample one-shok and Driver

a Fositian Siqnal Sample and Hold Clropil

» Positiovn Hull Cekoctor

. Retrigger Disable Latch

» Ready to B/ Timeoot.
5,1.7.1 El and E2 Serva Sample Genperatlon and Integration -
Sarvn Data, gepmerated by the ReadsWrite Logic as Serve Data 1 and
2y 1L ﬁistr1hut@d to the Integraktoer Logic by the Serve Data Lateh.
integration Circu1t Enable/Disable Latches ~ Thesa twWg lakches are
wsed ko enable the integration logic during. secktor time and to
disable the irtegration logle after two integrations (Bl and E2%

have heen periormed,

The second lakeh most be sar before the first lateh is sen. The
ficst latch must be reset before the second latch is set agaln.

Tha second latch is set by Sectar. Time {L) and Amplitude Sansor
{1, which m&ans ne data has been sensed as yet by the Read Logic.
A3 soon as data is sensed, Aamplitude Senser (L) Iz enasbled. This
allows in*egraticns te be performed, The firsc latch then <ounks
two integratisns and resets. The sécond latsh will disallow any

fFurther integrations until the nexkt secter time.
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Serve Data Cycle Start Flip-Flap — This [lip-£flop iz set when the
Ihteqration Circuitb is enabled and zllows Lhe Servo Deba Oyele
Counker te be loaded. :

Ee:va'nata Cyele Counter — Thiz courter 1z issd bo ocodnt Bhe ten
and 5, serve data pulses which are te be integratsd by sither
rﬂp El arf E2 Intaegrators,

Integrate Enable Flip<Flaop - As soon as Serva Data .pulses arce
sensed by the Serve Dela Latch and the Bervo Data Cycle Counker
bhas started ceunting the pulses, the Inteqrate Enahle flip—<lep 13
set, This enables - either the El or EZ Integrators, depending upon
whizh has been selected by Lhe EL/AEZ Intograter Sclactor
flip-flop. :

Figure 5~9 i3 3 set of scope waveforms showing: the Barve Data a:s
sensed by the RAaad Leogic, the ocukput from the Serve Data Latch,
the Integrate Enable [lip-flop and the resultbtlng outpuk of the
integrator. ) '

EL/E2 Integrator Selector — As &, ot 5, Servo sampie bursts are
deteated, the E1/E2 Integrator Elfp—flnp teggles, selecting eitcher
the EI or E2Z Integrator cifrcuits. This flip-flop is held rescye if
Sectaf Time {8 not being sensed. o '

El and E2Z Integrators — Ten serve data pulses arée integrated by
this logle o produce =ither El or EZ sample signals, deponding
uporn which iaktegrator was selacted by the ELFEZ Intearatar
Selector. Figure 5-12 shows intedqrabiens perfoermed on setvo
pulses of 50% and 753% duty eycles, respectively.

Flgure 5-11 shows an entire cperatiosn oycle of the E1 and K2 fServo
Sample Genevatnr and -Integratlion legic.

Guard Band Detacksr Flip-¥Ylop - If the Guard Band flip-flep
detects that only ono inteqgration has -been performed bacauss only
one set of serve samples was detected this €lip—flep iz set. The
special zervo format for the Goacd hand zones on the disk zur face
cornprlses contigquous Sl hutst=s and an ab=senta of SE hufst5_fnr the
aguter oGuardband or <éntiguous B bursts and an absence of’ 51
bursts for the Inner Guardband. " :

If nnly one integration is performed during Sectar Tiee [i.=.,
only one of che E BT 5., sample bursts ls dekected) the Guardband
Datecbol fllp flup i3 se % TE. two inteqratlons arcs perfﬂrmed the
[llp*flmp is reset, indicating Guurdhand

5.1.7.2 Fagiticner Signal and Ready fto R/W Signal Legic -

Sample One Shot and Driver — The Sample. dne-5hoe i= ser during RE1
time by the EIFEZ Integrator EBelestor. The Zample Driver provided
gampie timing pulses Yo -the Posltion Signal Sample and Hold

circuitb,
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Position Slgnal Sample and Beld Circult — The Position Signal is.
prodosed by combining the =sample 2ignal timling pul=ses from the
sanple ane-shot driver and the amplitude of the Innegrated E1
Serve Signal.

Position Moll Detector - The Positiener Hull Detestor senses bhe
emplitude ofF Che Position Signal.  wWhen it reaches & lewel rargirg
from +3.5% to -3.6 wolbs, an enaizle signal is sent ko the Retrigger.
Disable Latch. : '

Ready to -Resad/Write Timer - When the Rerrigger Disable Latch ts
set, & 6.5 millisecond :imeqgut occurs, - The lateh is zet by the
enable signal from the Pasition %gll Détector and the Signal
Enable Timgout (L) from the Velocity Contrel Legie [DL2}. PFigure
=12 I8 3 set of scope wavefn:ms Ehuwlng Ehe generation of the
Heady tc Read /Write =ignalk.

5.2 pC SERVE AND POWER HDDULE
The DS Servo and Powsr Module provides regulated de volbades far
the drive and serve amplifiar contrel for the positioner.

“The pﬁWﬂI pnrtlnn uf the module contains the follawing elements:

‘e 48 volt, =B .yolt, and +5 welrt NC Regulators

#  +5 volk Reference Source

» Underﬁult&q: Cektactar

* +5 volb dizakle and Smergoency Bekract Control
& . Dvaervolbage Crowbar

. Invart/Non~Invert Secnscrs

The Servo Amplifier portien of the Mzdule rontains the following
alepents:

. velﬁciLyHPﬁsifinper Mode Selection Switches -
L Invert/Non~Invert Selectinp Conkrel

* summing Amplifier

. Pawer amplifier

- Tachometer ameplificr

] Motor Cutrrept Seﬁsinﬁ Kesistor
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5.2.1 Voltage Regqulators
Inputs to the +8B, -8, and +5 wvolkb regqulators is provided by the
*11.% volt power supply which is located an the drive power panel.

The % amp pice fuse proteccs the drive logic in the event of a
shorvt within the +% velkb roqulaktor.

5,2,2 Overvaltage Crowhar

If the 5 weit requlater fails {8 welt level Increases tis 6.5
volesa), the Overvolbage Orowbar provigces corrent limitbing
protection, : :

£.2.3 #5 Wolt Disahle and Emergency Retract

[f the teadfwrlke heads are loaded and & 5 wolt undervoelbage
conditian is detecegsd, the signa: Howme Drive is crsbles. This
signal is fad directly to the DL Serve Summing Amplifier and
eesults in an emctgancy retraction of the positicner at a wvelocitby
of 1% ips. . . ' '

5.2.4 Undervoltage Detector : :

If this circuis dekestz a2 +5 walt undarvaoltage conditian, the
eignals Power tm Reset (1) and DO Low (i) are goncrated. Power o
Reset LY iz uzed to o olesr all device resizbters and legis i tie
event of a momentary power failore ocr during device startop,

5.2.5 Invert/Non~invert Selection Control _ )
The firectiosn signal frowm tlie Htate Senkteel Logic (DLLY 15 senszed
by the Inverk/sMon-Iinvert Jdetectors [(Shect L), Thae signal  Non

“Ipwert (L] allaws the positionver Lo he driven forward [towacz thce

spindie] . The signal Invertc (L) allows the positioner ko be deive
Backward [away [rom the spindlel.

5.2.6 Velaclty/Positioner Mode Selection Swikches

The positioner iz in Velacity HMode except when ibE 15 locked on a
data track ([(Fesitienor Mode). The signal Velacity Mode (L) Fram
the State Control ROM (DLYY enables the Velsciky Ceolmand [rom the
Velecity ROM 6{RL2} ko drive %he pesitloner during seaks, Llpad
head stabt=s, ekEsc. The signal Posikisner HMode (L} enables tThe
Pozitioner Signal to drive the positioner 1In one-half Etrack
increments when it is locked on .a predetermined data erack.

£.2.7 Tachoemeter Amplifier

The Tachocmeker Amplifier produces tne Velaocity Signal fram the
posltioner welgeity feedback =ignal, The Tachometer Velaciby
signal is sent to the Counkt Logid (DL3AY wWhere it i3 Jdecoded  inla
three velocity levels for address inputs to the Count ADM.
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5.3 READN/WRITE MADLULE
The Read/Write Module coneains the loagic elements Fieted below.

e Head Selection and Steering Logic
. Write Rpable fFlip-flop

P Write Dakta flic—flap

m  Write Eurrent_ﬂmurﬁﬂ and Switch

» Write Currenkt Deivers

. Weite Data Eeror Detector

a {furrent in Heads Detectat

* Head Amplifiex

. EEED-EEDESlng éetectnfs,

) Servo and Read Date Pulse ﬁetentgra
. amplitude Sens=ar Level Detectars
. Féli-Time_ﬂe:eqtﬂr

. Fick-Time Detector

5.2.1 Head Selectlion and Steerlpg CQirceibt-

The signal Head Select Zero {L) enables the Head Select @ Gate and
disables Head 1 by pulling its center tap ta ground. This allaws
Read Data sensed by Head P to be zent to the Read Preamplifier
(sheet 2} wig 5tee;ing diodes Dll anod Dl3‘

If Head Select Zero is high, thé center tap of Head @ Is grounded
and TRead Data Erom head 1 is sent to the Read Preamplifier wvia
steering diodes Dli and Dyg-

Dzring & wrike operation, the conbination of Write Sate (L1 and
Head Eelert Zero is used bo epnable the Write Head Zern Gate or the

Write Head 1 Sate, It head 8 is selected, transisters 0, and Qg
are turned on. IE head 1 iz selected, transistors 35 ané Q, are
turned on. ’ .

The steering netwark for head o cémprlsea diades D B' 11, and

During a wrike pperation, write current is feﬂ to "head 48
f%ém ke l=F Current Oriyers {QE and Q 1" wvia sgteering diodes Do and

Dg-
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The steering nelwork Lor heod LI comprlscs dlodes G ) Dy g and
314. LDurine a write operation, write current 13 Fe tn head -1
[tom the Currenl Urivers (Q, and Q) wvia stesring diodes Ly and
L

5,3,2 Write Current Scurce and Drivers

The write currenk sodrce gencraktes 3@ milliamperes of currenkt for
Lhe Write TCurceat Crivers. The Sigral weite Sate () enables the
Write Current Switch. Write daka from the Write LOata flip-flap
swltrhes the Write Curcant Driveors ;1 and QE*

5.3.3 Write Data Flip-Flop

.The Write ‘Data fliz-flop i=s held resetk by the Write Hpakle

Elip=£flop patll tie Lirst write dats: pulse froim the conkroller i3
sensed in condunction with Wrile Gato.

L.3.4 Writae Frrar Debteotor
The =sigpal Write Daka Erfrror Pulse (L) is generated when Write Gats
LY is enabkled and no Weite Cota 12 debtected,

£.3.5 Curcent in Heads Dekeckar .

The signa® Cwurrent in Heads (L} is sent kack ta the Error Lagic
IOLEY wheres it 15 compared with the Signal Wrike Gate, If there
is write current (lowing in the heads and no Yirite Gate is
detectei, a Current In Heads Errar is gencrabed.

5.3.56 Read Bupliflier Circuits
The Read Rhmplifier portion of the Read/Write Module comprisas the
elements 1isted halow.

» & Read Preamplifier whlﬁh ampllfiea the raw oukpot from
the selected head

» A differantiatar (L and ﬂHj which converts the raw
analoy read signals to pulsed waveforms

L A filter metwork {L. 31 l'-'_,Jr' ':'15r and FIE] whisn L.EMOV &3
noise [roem the read lebE : - '

5.3.7. fero Cressing Detectors

The Zere Cressing Detactors mReparate the filtered read pulses ihko
sgpa:ute pniRe wraing whizh are then shaped by RAD networks u-?,
Rre and C_., RSL, -
he 33

5.3.8 AEmplitude Sensor

The Amplltude Hansar Level Dekecters, the Pick-gime Detectar, and
Fall-time Dstector gengtrate the daka pulse envelope signal
Amplituds Sensar (H). This singnal ldentlfLPq Ehe 3, and 5., Serve
Data Pulses and thae Hezder Data. 1 -
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5.4 AC SEEVQ MODULE .
The AC Bervo Module provides the funckiogns listed below,

L Control aof- the cartridge Access Daor Solencld which
prevents opening the door until the disk has =stopped
rotatineg .

2 Grush drive motor conkrol

@ Epindle dreive motor conkrol

5.4,1 Cartridge Access Dpor S5olencid

Whett the Btete Control Logic (DL1) is iA the Lesd Cartridge: Szte,
the signal Load Careridge Enable (HY is generated. Thiz s=signal
turnos aoff ELransistor J which, 1n . turn, produces the s5ignzl
Soleneid Drive (H).  The acceszs door may be cpened at this time.
Whern the RUN pushbutton Is depressed, Load Cartridge Enable goes
iow, Bnergizing the soleneid and lacking the access dose.

5,.4,2 Erush Drive Motor Conbrol :

When the State Control Logic (DL1) is in the Brush Cycle State,
the signal Brush Cyele (L} I8 generated. This zlgnal energizes
the Brush Moter Relay Kl which applies ac hot to the Brush Mator.
wWhen the Brush Motor has made one complete revolutian, sweeping
vhe cam-driven Pbrushes acrosa the disk surface, Ehe Brush Home
Switch i3 again closed, The Staté Control Logice disaables Brush
Cyele (L} which deenergizes the 3rush Motor Relay,

5.4.3 spindle Drive Motor Control :
The® Spindle Drive Motor 1s controlled by the AC Serva Module
durlng the three states of the State Control ROM listed below,

* Splnop
" Conttralled Speed (RUN mode)
#  EBpin down .

5.4.2.1 Spinup State — After the cartridge has been lcoaded, the
cartridge access daor has been closed, and the RUNW switech has heen
depres=sed, the State Contrel ROM goes into tha Spinup State. As
the disk turns, the sector slots located on the cartridge armature
are sensed by tha sector transducer, The disk speed is cheecked by
counting tha number of Cleck Fulses hetween sector pulses. If the
digk speed control logic determines that the spindle spead is too
low {more than 64F microseconds hetweenh Sector pulses), the Signal
Control Speed Up (L) enables the photo coupler E2 which switches
an R/L network inte the S5CR drive circuit. Thi® provides FO% of
the available. ac power to the spindle motor. Az soon as the
spindle speed reaches the point where rhe time hetween sSector
pulses is 63% rmicroseconds, the Disk Speed Control Logic [(DL4)
gqoeneratez . the signal Disk m Speed (L] . '
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5.4.3.2 Controlled Speed State - The AC Servo Module 1s In the
cofitrolled speed stzte when the time hetween zactor pulses ranges
from 649 £o 593 mpicrozeconds,.

Wnen Ethe Erime bBebtween sector pulses r=aches 023 .microsevands,
Comtrol Speed Up is digsablied. This allows another RBSL netwark to
e switeched inko the SOR drive cireoult and provides 28% 2f the
avgilabla ac powoer ko the drive matoc.

5.4.3.3. Bpin Down State — If the State Conteol ROM goes into the
Epin Down Skate, it generates the signal Brake [L). 2rake (L]
enckJizes Relay KE and enables photocowpler El to provide a
half-wave dynamlc brake signal te tEhe motoer, : '
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CHAPTER 1
INTRODUCTION

This chapkter deEinez the maintenance philosephy and acgualints the
reader with the atructure of this portion of the manual. It
Aefines the reguired rescurces avallabhle ko correctly maintaln the
RLBL/BLE2 Tisk Subsystem. The maintenance cantrols and indlcators

gre also dlscussed here.

1,1 MAINTARINABILITY FEATURES

The fsllowing paragraphs summarize the HRLEL/ALAZ Hardware
Malnktepance Flan. The manwal otganization 15 ecntlined and an
overview of the warious troubleshooting téchniques 1s discussed.
A listing of Field Replaceable Unita (FRUs) Is also gliwen.

1.1.1 Hardwars Malntenance Flan

Serviceabllity has been a majer econsideraticn in the design of the
RLEL1/ALEZ2Z Disk Subsyztem. A large portion of the drive
glactronins has been incorporated on one leogle modula, the drive
logic board. The remaining electronics exist on the read/write
module, dec servo module, ac servo module and the frent panel,

21l electremechanical subassemblies and - leglc modules can  be
replaced in an average time of twenty minutes. Thia replacement
capability is accomplished without the ald of speclal alignment
Fixrures or tools. Thesa designed-in featores readlly permit a
malntenance philosaphy &f module or subassembly swap-out. There-
fore, the troublesheoting strategy 1& tp Isolate the falling
madule or subassembly and replace it.

1.1.2 Additicnal Documentatlen

Table 1-1 liz+s the hardware ﬂa:umeﬁtatlnn that will ke awvailable
to support the RLAY/0Z2 Bizk Jubsystem.
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Tahln i-1

MHam

AL1l Coentraller Technical
Descriptiaen Manuzal

RLwll Cnatroller Teuknicél
Hanual

BRLEA Cmnibus Controller
Technical Manizal

RLP1 Disk Driva Illustrated
Farrts Breakdown

RLpz2 Disk Drive Illustrated

Parts Breakdown

REA1/ALEL Preventlive
Maintenance Procedures

RLE1/RLAZ Packe: Service Guide

RLEL/RLA? Dlsk Subsysten
Usar's Guide

FLA1 62 Documentation

Microfiche
uambe o

EF-FRL13i-TD

EF-RL¥11-TD

Er-GRLBA-TH

EP-BBALG-1P

FP-AEGLE~IF

EP-AdB0A-PM

TNSA

" W/A
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Hard Copy
Numbek

E¥-@AL1l-TC

EE-RLVI1I-FE

ER-OALAA-TM

E¥-@RLAL-IF .
RK-ERLE2-1H

EK-RLOL2-FM

EK-ALB1Z-PG

EX-RLA1Z-UG



1.1.3 Fleld Replaceable Units

Table 1-2 1z a list of RLALSRLAZ Flalid Replacsable Onits

Scme af the FRU's contaln componants that are zasily
repalred

For example, a lamp may be replaced on tha

replaced. Irn thase caszes, an FRU nmnay be

replaced.

or & Floo Euse replaced on the DO Servo module.
bagad

replace or rapalr aod FRU should ba
congideratlions as part availabllity, eto.

(FRU'8) .

ohecked and
instead of
front panel

The decizsien to

ml Such

local

SEome ¢f the FRUQ are interchangeable between bthe R1P]1 and RLAZ2 and

some are not.

Tabkle 1-2

The following FRUs are downward-compatible only.

The intepchangeanility 18 indicated inm Table 1-Z2.

FRAO Part Wumbarsz and Interchangeabllity

The RLEZ modules

can be wused on either drive with just a jumper change.

gpindle can he used on either Arive.

RLAL Part
FRAI Numbart
Read/¥Write Module Gd—11844
D Serve Module G4-1185H
Template for DC Secvo 74-1R%588
Drlve Logle Modole ([DLM) 54=12175
Spinctle Ta-12128

The following FAUs are the same for hoth drives.

The RLEZ

RLAZ Part

Hamber

54-13530
54-13534
T4-2Q8Z6
24-1353L
24-14A25
PE-1R114

FRLI

5 amp fuse (I Servo]
AL Serwg Maodule
Front PFanel

Front Panel Lamp [(GE 73)
Sector Transducer
Pusitioner

Brusgsh Driva Assembly
Brush Assembly
Eplodle//Blowser Motor
Epindle Drive Bel:
Spindle Ground Brush
Tonarse Filter
Absoclute Filter

I1/0 Terminator .

I11/1-3

RLALSRZ Part MNumber

12-@5747-00
54-11848
S54-11846 .
12=12716=-41
TE=-12137
TE=13117
TE-12112
7H-167 26
TE-12114
12=-1%3659
T4-15254
T4-152897
12-13697-313
TR=12293-89

(early;
{lakter]



Table l=2 FRU Part Numbers and Interchangeabillcy

FRU _ FLRAY/@? Part HNumbet

Powoy Panal Ta-1213F
a Termlnator Block ) | _ '
[voltage selactiosn) Td=1nB52=A1A

m OCircuit Breaker ’ - 17=14360~-02
#« Line Filter 12-1287T-3§
¢ leckifiar ' 11-1A451-96
#« transformer. _ . 16-13897-80
s Cap, 66,908 uF for + WVunreg 1P-1353-20
# Cap, 26,088 uF far - Wunreg 18-13531 =0
# Cap, for spindie matar - 1@-131032-0¢8
]

MufEln fan ) lE-EEAEH—Bl_

The following FRUs are not interchangeable between an RLE]1 and an
RLAZ.

_ RLPl Part RLA2 Parct
FEU "~ HWumber Mumber
Upper Head : - T4-17178B-41 JE-15R37-01
Lower Head 74-17178- 54 ¥ +p-15637-80

1.,1.4 Recormended Spare Parts Llst
Table 1-3 =haws the Recommended Spare Parca List,

Table 1-3 Recommended Spare Parts List

Branch Spares
Part Number Dazcriptlon Stocked Klt
TE-12130 Power Manal ¥ H
54=-11844 Fead/Write Module (RLA1 ofly) ¥ ¥
Ed-12626 Read/Write Module (RALA1, RLAZ) ¥ Y
54-11845 Fraont Pansl Board ¥ ¥
E4-11EA48 A Saryo Maodula T ')
54-11854 X Szrvoe Module (RLE]1 only} ¥ Y
H4-13534 oS Servo Moadule (ALB1,. RLEZ) T ¥
R4-12)75 Drive Logle Medule ([RLE81 only) ¥ ¥
54-14425 Drive Logle Module (RLO1, RLAZ) Y ¥
FE=-121@7 Front .Fanel Cable | M
FE=121d8 Harness Power Panel H M
TE=-12189 Line Cabkle ¥ H
TE=-1211m Muffin Fan Cable W "M
TE-12112 Brush Drive Aszembly ¥ o ¥
TE-12114 . Disk Motor Assembly ¥ H
TA=12117 . Positioner Assembly ¥ N
Téd-1211%2 Rear Cowver H N
TO-12126¢ fpindlée Assembly {RLEL only} ¥ H

¥ W

TR=151186 Hpindle Assembly (RALHL, RLAZ)
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Tabla 1-2 Recommended Spare Parts List {Cant.)
Branth Spares
Part Number Description Stocked Eit

TA-12123 Cable Logic - H M
TA-12126 Brush/Door Harness H N
TA-16852=B1A Terminal Block Assembly Y N
TA=12138 Pasltionsr Harness N o)
TR=-12137 Transduser bssembly Y ¥
TP-12139=-F1 Read/Write Cable M M
TA=12139-82 AC Servp Cable H N
Te=1214R BC Power Harcness N N .
Th=12142 Powar Harness H |
12-13369 Drive Belt i ¥
Td=15297 Prefilter Y b
12z-13497-913 Abgnlute Filter ¥ N
T4-171TR-98 Head "A" Up (RL&1} ¥ ¥
T4-17172-41 Head "A™ Down [(RLEL1) ¥ by
7R-15637 ‘Head "A" Op (RLAZ] ¥ - Y
TA-15630 Head "A™ Down (RLE2) ¥ Y
RLAIE-DC Cartridge [RLELl) ¥ H
ELA2R-DC Cartridge {RLOZY ¥ H
T8-12293 Terminator ¥ N
TE=121239-910 . DT Serwvo (Cable M N
Td-15231 Gasket, Blower ~ ¥ H
12-pedpi-al Fanh _ ¥ N
12-1436Q-82 Circuit Breaker | H

1.2 EDFTHAHE RESQURCES

1.2.1 Diagnostics ' . :
The variouz diagnostics avallable fnr RLB=-A, RL!l1l &nd RALV1l-basad
54h3¥5tems area descrihad in AppEndix B, Paragraph E.A, 'Cnnfiﬂen:&
Teatlng )

1.2.2 Diagnostlc Bupervisor

All of the dlagnostics run under the Dlagnnstic Superviseor. Whan
one of the diagnpstics le called up, the Supsrvisor asks. a zerles
of gueations that epnable the operator to set varlous parameters
govarning the specific dlagnestie, The varleus commends the
Supervisor will accapt are summacized In the follewing paragraphs.
{(Questions whoze anzswers are eelf-evident are not explalined hers.)

l.2.2.1 Hardocora Qnastions = Several of the guestisong that the
Superviser will ask do not have slmple yes or no Enswers, Thess
include the questlons explalned below.

The Buperviser will display the statement "TYPE TWO CHARACTER FOUR
SECONDS APART" when no cleck iz on the system. ‘The system will
then subdivide the spacing fer unse az a cleck,. The Eour second
Intarval should be as accurate as possible,
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e

The pronpt "DE-CH" 15 reqguesting one of eslaven supervisor
"commands®, which are listed in Table 1-4.

COMMAMD

aTh

RES

PFRO

DS

BRO

PRI

Tabls 1-4

Diagnostic Bupervisgr Commands

DESCRIPTION .

STart diagnestic’ and then produce

‘gquestlons. for generation of the

diagnostic parameter tables (P
tables). '

REStart diagnostic at the point
following the hardware gquestions.
The "p" tables set up by the G5TA
command will be used.

CONtlnue the diagnestic at the

beglnning of the subroutine that was

being exscuted when the diagnestie
was halted by an arror or control
il ' '

FROcerd testing with the diagnostic
at the starting addrazss of the
aubroutine’ £folleowlng the one that
caused the error report,

DI&play the hardware "P" tahblasa for
41l the driwves under test,

DROp the desired unlts from belng
Ltested, "UNITS", in. this aase,
refers to the "P" table units, not
necesgarily the dewice wnit numbers.
The  DIS command will <give the
operator the drive unic number.

ADD units’ back into the testing
gequence after they had been dropped
by cthe DRC command. -

PRInt any performance or statistical

tebhles aocumulated by tha
Al agneostio. "
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Tahle 1-4 Diagnostle Supervisor Commands {Cont)
COMMRED " DESCRIPTION

FLE FLAgs cemmand = The aurrent setting
of all the flagz s=et up uonder the.
ETh coammand are prilpted oot for
ipzpeciion. .

L Zaro FLage command = &kl current
flags sget by the ST copoand are
cleared by this command,

| Crzate Core Image command - This
command enables a BIC f£fils to be
created on these diagrnostics Lo he
run under the " X¥DE medla. (Gza
ligting for direcrtions.]

Frooram Parameter Changes - Type Ian any cembina;inn' oE  the
parameters Yiseed in Table 1-5 to affect the Indicated commandd,

Taple 1-5% Command Faramcters
COMMAND ' PARAMETER

BETh DE=C>5TA/TESETS: {1nsert test numbers
dezired from the tezt lists in the
individual dlagnostie 1iscinas; e.9.
1:2Z means tests 1 and 2, or l=5:3-10@
means tests 1 throuwgh 5 and 8
throogh 1@.)

D5-C»STh/TESTS : 6/PASE: (Inserc the
number of passes the dlagnestic
should take before haltiogd

DE=C>»S5TA/TESTS 16 /PASE: 2/FLAGS
{insart any of rthese mnomanic(3s)
representing 3 program flag{s) ):

HOE — Halt On Erroc

LOE - Loop Om Error

TER - Inhibit Brror Repett
IBE - Inhibkit Baznic Errny

reporting

IXE = Inhiblt oXtended Error
reparting

PRI = PRInt neszages on line
printer

PHT = Pri¥Mt Tast numhers as
they #re bheing execuoted

[1/1-1



Table 1-5 Comrmand Parametece {Cont)

COMMAND

ETA [cont)

RES

TOM
'PROQ
DRO
. IS
| ADD
BRI
FLA
2FL

CCI

PARAMETER

BOE - Bell On Error

UAM — Bvpaas manoal
intervanticn tests

ISR = Enhibit Btati=ztical
Reports

IDR - Irhibic DRopping of
units

DS-C»8TA/TESTS 6 /PRS5: 2/FLAGS : IEH:
PHT:B0E:IDHAEQOP: (in=sert a number
egqualiing the paszs intervals at
whileh. the End OF Pass message will
ba printed; e.d. every ather pass,
evary third pass, astc.)

For example, utiliging all the
possible parameter changes, tha SThA
compand would look like this:

DE-CaBTA/TESTS : 6,/ PASS : 2/FLAGStIER:
PNT:BOE:IDR/EQP;: 3

Ysa TEETS, PASS; FLAGS andfsor UNITS
to be tested; e.g. DE-CHRES/TESTH:6
AUNITS:? i(this will run snly test &
on the device speclified in “F" table
13

Use PASS or FLAGE only

Use FLAGS only

lse UNITS enly

Ose UNITE only

‘Uge UNITE conly

Mo varlationsz
Mo wariatisns
Mo wvariations

Use TESTZ, PASE or FLAGS
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1.2.7.5 C(onsole Controls - There aré theee console contrels that
can ke used to affect a running diagneztie, They are all typed by
holding dewn the “CONTROLY key while typlng the speciftic lettec.

conkrol YC® cawnses testlpg te eo2asr and a tetlin ta the start
N>} .

Conttal "I casses defanlt values to be %aken in any of the three
operator dialogues.,

Contro)l "0 causes a supresslon of typeouts for the remainder of
the diagnostic or until ancther control "0" 1s typed.

1.2.2.31 tHardware Questions - It 1 durlng the hardware guestion

rtion &f the Supervissr that the “P" (parzmeter] tables are
fulile. There is ane “D" table Far every unit Lo be testad, Alse,
“UNITS5® partalns te the ®F*" table Rumber. not the device unlt
number . If there is doubt as ko which urit nomber has  been
aszlgned co which drive, the DIE command (see Table 1-12) will
supply the necezsary information. .

1.2.2.3 Software Question - The gquestion “CHANGE SW(L)7" asks if
any of the gcFbtware parsmeters are te be changed. A " will
cause the progeen ko ask various Juestiong, For more datpil refar
bt the individusl program document., '

1.3 MAYHTENANMCE OOMTROLS AND INDICATORS
Figures l-1 and 1=-2 shew all RLEI/RLE2Z Disk Drive zentrels and
indicatcre. :

1.3.1 Pewer OH/OFF Circuit Breaker

When the ac powsr plug 15 ipzerted inke 2 1157238 Vac, S4/60 H=
autlet; ac power is epplled to the rezr panal clrcocult braaker on
the drive, When the clvrcuit breaker iz turned on, ao powsr Is
applied to the drilve and the hlower moter 13 enArglzcd.

1.3.2 Power Terwlnal Block Assembly
The ERLOL/RLAZ Diak Drive operates within ftwo ac line wvoltage

ranges at either 5@ or &0 HE:

- 9@ - 137 Vac
" 8@ = 264 Maco

These voltage ranges may be manuwally selected by changipng the
position of kthe terminal hlock assembly covers located at the rear
¢gf the drive, Hefer to Plguare 1=2.
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LOAD SWITCH
AND INDICATOR

UNIT SELECT PLUG
AND REARY INDICATCR rl,

FALLT
INDICATOR

WRITE PROTECT SWITCH

INDICATOR
AND INDIC S

Filgures 1-1 RLP1/RLAZ Disk Driva Controls and Indlcerers
(Front Panal)
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TI-1/11

PO CASLE
MCABLE k)

TEAMINATOR

PCHIRA AL VY
LIME WOHL TAGE
TeAMIMAE BLOCK —-—
COVER

- . CARLE “OuUT"
HOYEIR VOLTS ' ey

TEAMIMAL . /
BLOCK COVER

r,-‘ AL LINECORD
CIRCLNT BREAKER : '

Lie 8 |70, 1

Figurs 1-2 RLILSRLEZ Disk Drive Controls and Indicators
{Rear Panel)



1.2.31 PRun/Stop Switech with LOAD Indicator

This puah onfpush off =witch, when depressed, encrgizes he
spindle motor providing ali of the following conditions have been
mek :

» The disk carkridge has been lnstalled

* The carlridgqe peotective cowver 15 In place and the
cAartridge access door is olosed

* Rl ar and do valtanes are within specifications
» The read wrlte heags sre In the home position (retracted)
» The brushes are in the brush home position

Wharn the run/stop switch [s released, the spindle drive moter is
deenergized 1f the read write heads are noc loaded, IE the heads
are loaded, they Aro lmmediately retracted and the spindle driwve
motor is then deenergized. In the event of 8 maln power intcrrupt
and subseguent oower restoratlon, the drive will reeyele up If the
switch Is in the depressed szakte slnoe 1t containg mechanical
mEmaE .

The LOAD enable indicator is illumimnated whensver all of these
conditions have beon mei:

The spindla ls stopped

The read/write hersds are home

The brushes are home

The spindle drive motar 18 not energized

lad.d Unit Eelact (@, 1, 2, 3} Switch with READY Indicator

The unlt select switch is a cam operated switeh which is actuated
by ingserting a numbered, cammed SHutton, The swiltch eontacks are
Eirary enceoded =n the drive interface loglc recognizes tha
matching controller generated drive address eode and the
corresponding unit select nomber (@, 1, 2, or 3%,

The _anhered irndicatoer, when lie, {ndlmates a drive READY
condition. This econdition exlsts when a1l of these conditions
have heap me*:

3 The readfwrite neads are loaded
] The heads ate detented on a specific track
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1.3.5 FAULT Indicator
The FAULT indicacer is 1it whenzaver any »f the Fallewlng faulk or
error condltions develoy In the disk drive:

Driwve Bulect Erpor

Spek Time QuUt Errer

Write Current in Heads during Secter Time Error
Loss of System Clock

Write Protect Brror

Write hData Error

SEpln Error

e g E a2

1.3.6 MWRITE Pia(Tect Switch and Indicator

when thls switeh 15 poshed In, it wilil leek in the depressed
poEition and the drive will be write protected, TIf the drive is
writing as the swiktch is pushed in, FAULT will light. When the
gwiteh is pushed again, releasing it from the despressed atake, the
drlve will no longetr e write protected.
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CHAPTER 2
REMOVAL AND REPLACEMENT FROCEDURES

Z.X THTROLITETION :

This chapter describes the removal and replacement procedures for
the wvarfows Fleld Replaceabla Palts {FRUS; In the RLE]1 and HRL@2
Disk Jirlwes. The Elow chart Ia Figure 2-1 illustrates the
sequence of FRV removal. For pzoample, to remove the spindle, the
Cartridge Access Cover moest be removed. Thiz iz followsd by Lhe
Fleld Eervire Accaess Cover, thoe Spindle Access CQover and the belft
fram the s=pipdle pulley. The PFPAUE are generally treplaced in
Faversse order oI remowval. '

The number in each oval of Figures 2=-1 is tha paragraph that
describes the removs]l and replacement for that particular FRU.

Most of tha reemoval and replacement procedures in thiz chapier
soentain referencea te carlier paragraphs, This drive is sipple
enough that the FE should nok have te refer back to these othar
paragravhs orce he has had seome cxperience on the drive, The flow
chart =an =efve a8 a quick reminder, if necessary,

2.2 FROMT ZEIEL AREA
2.2.1 Frunt Be=zel
Ta remove the front bezel:
1. Turn CB1 {recar panel) off end extend drive from cabinet,

L2 Locate and remgve the Phlllips head scerews as shown in
Fiqure 2-2.

. CAIPTT 0N
When removlng the last screw, hold the
front Legel =¢ that the begel will nat
strain the frent panel switch- cable.,

3. Discornnect the front panel beard cable. Hotz the
srientacicn of the colored stripe on the rcakle,

" Ta replace the front bezel:

1. Cennect the Zront panel board cable

2. Lozate the taﬁ mounting heles in  the Iront bezel and
Align them with the top mouwtityg hoeles in the drive frame
{Figure z-23.

3. Secure the front bezel with the Fiilips . head sScrews,
finger—-tight only.

d, Slide the drive into +the ¢abipnet and align the frent
hegzel for rnorrect side-to-side clearanse,
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G Extend the drive [rom the gebinet and tighten the
Fhillips head screws securely.

A, Blide the drilye kRack i1inta the cabinet,
2.43.2 PFrefilter
To remove the prefii;er:

1. Remove the frant bezel {Paragraph z2.2.1%.

2. Aemawe the peefilbter located atn the rilght front side of
the drive {Figure 2-3).

To raplacse thoe prefiltar:

l. Inskall the prefliter in the recess located on the right
front side of tnse d4rive, direcgtly over tha four air.
chambar tubes (Figure 2=2]).

2a Beplace bthe front he Re] (Faragraph 2.2:1].

2.2.3 Abzolute Flireer
Toe remaove the aksoiute filter:

1. Remove the front bezol (Pacagraph 2.2.1),

. Locata the two plenum: springs acd  two Plenum cover
iatches as shown in Flgure Z=3.

2. Lifr one of the plenum latches. wnlla. halding plenom
epring, sgqueege the latch and remove latch fram bkrackek.

lﬁ. Ramoye plenum spring.
5. FHepeat for the otner plenum latch and spring.

6, The plenum cover may new be removed by polling the caver
forward. fThis allews access to the £llter ([Figure 2-4).

T Dse a acrewdriver (of one of the plenum s2prings]) to pry
the left side =f the filter out slightly before moving
the right side., The filter can then ke removed by

roceing 1t Erop slde to side until 1% slidea free.

HNaTE )
Mewer painstzll a uzad absclpte filter.

IT/2-4
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|

4.

3

&.
T

3.2.4

. To replace the absolute [1lter:

Insert a3 new absolute filter into the ale doot cavity
locataed aon the- left front side of the drlve. Be sure the
Filter is firmly seated against ita gasket, It may hbe
necessary to use A plenum spring te pry the filter into
place,

tlace clear plastic plenum cover.over the absolute filter
z2urk that the cover Seats on the gasket.

Install a plenum spring by inserting {t3 bottom tang inko
the slst provided and retsting the spring souch that it
fits inside the plenum spring latch bracket {Flgura 2-3).

While pressing the plenpum spring firmly against the
plenum cower, Insart the plenum latch by aguaszing the
latch and plasing the latch intc the holes of the plenum
lateh kracker., Hes Pigure 2-3.

Push the plenum latch intd the "lecked® pasltion,

Repaat the precese for the other plebum spring and lakah,

Replace the front bezel (Paragiaph 2.2.1)-

Front Panel Board

Tp repuove the Erent panel board:

L.

2.

Remowve the front berel (Paragraph 2.2,1).

‘Logcate the sorews holding the front panel board to tha

Erant beazeml (Figurea ?~58) and remove them.

Te replace the Eront panal board:

1.

d.

Secure the front panel board to the frent bezel (FPlgure
2=51h.

Eeplace the front bezal (Paragraph 2.2.1].

2.2.5 Bllde Bailsz

To rpemove the s5lide rails:

1.

Turn CBY off ([rear panel) 2nd extend tha drive to its
second set of stops by releasing the aslide extensmlaon

release catches on both slides. See Flgure 2-6. Ramove
the 1/0 cableg and unplug the ac line cord.

incate end remove the twe screws securing the dll?ﬂ ta
earh slide as shawn in Figure 2-6 (detail}.
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SR N

G

tacate the leeklng lateh on each drive rail. (Ses Figure
2-f.] Actuate them by pulling each latch away from the
drive and 1ifting &t the same time to remove khe drive

from the slides.

) HARHING )
The drive welghs 24 kg (7% 1b). Use
care when iIlfting the drive.

The =lide rails may now be removed easily by removing the
four screws en either side that hald the tails in place.

To teplace the slide rails:

1.

2.

4.

Secure the =2lide rails ko the =ide qf the drive, uslng
faur screwq onn each rail.

Extend both slides fully and p]ace the drive pntoe . the
slides. Ensure khe locking latch engages an each side

(Figure 2z-G}.

cecure the frant allde s=crews first, then adjust the
slide pﬂﬂltlnn Ea . qa:n access Lo the rear BEOrauws, cee

Figure 2-6.

Push the driwve into the'nabinet and reconnect the ac line
sord and I/0 cablaez. Turn CBl back on.

2.2 RCCESS COVERG

24341

Fleld Sarvice Access Covar

To open the Field Bervice Bocess Caver:

1.

2

Turn ©CBl1 off [(rear panel) and extand the drive from the -
cabinet . - - ' :

locate and remove the caprtive screws in the cover as

~shown In Figurﬁ_z—?p

Lift the cover up zlightly and rotate kackward. HRest khe
cover on the rear flange of the baseplate, using the
holding bracket {(Flgure 2-7).

To remove the Fleld Sarvice horess Cover:

1.

Remave all cables connected Lo the Driva Logle Module
{Figure 2-8} noting the orientation vf the colored stripe
on aach cakle.

Lift cover off the holding bracket and set aside,

II/2-18
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To raplace the Field Service Access Cover:

1.

2.3.2

Flace the cower on the rear flange of the baseplate
{Flgure 2-T].

Aeconnect all cabies to the Drive Ekogic Module.

Lift the cover slightly, retate it. forward and place it
leke position, The Carteidage Access. Cover is held In
place by the front edge of the Fleld Egervice Access
Cover .

Tighten the capbive Icrews,

Tfurn CB} on and s1ide the drive back Llatoe the cavinst.

Cartrldyge Access Cover

Toe remove the Cartridge Access Cover:

1.
.

F

4.

opets the Field Service Accass Cover [(Faragraph, 2.3.10.

Lifr the rear part aof the Cartridge Access CoWVer
aporo¥limately Lwo inches., .

Push backwerds ot the cover latch mechanism. The fovoer
will pop up in frent. -

Lift eover stralght up eoff the bassplate. The spring-
loadad cover arms will. ansp to khe rearward poesition.

Te raplace the Cartridge Access Towver:

1.

£

3.

4,

3.

Pull the spring-loaded covar arms forward 8o that they
are parallel te the cover.

Guide the cover arms in the rollers provided on the
Casting . '

Fosition the cever aver the drive baseplate and lewey the
front edga until it engages the latch at the tep front
1lp of the drive bazeplate,

lowar rear adge to the baseplate.

flose the Fleld Service Access Cnvér'tParagrﬂph 2.3.10.

2.4 BRUSH AREA

Zadel

Brush Drive

Ta remove the bhrosh drlve:

1.

pemasve the Flald Sarvice Aoroess Cover (Paragraph 2.3.1).

IT/2=13



T.

8.

Remove the Cartrldge Rocess Cover (Paragraph 2. 3. 2]1.
Lucate the DL Serve Module [sae Flgure 2-3 feor locatiaon).

Remocwea the fsur sorews s@curing the plastic tenmplate and
module to the baseplate. .

Lifr the madule atraight up and place it in the haseplsates
glots [Figure Z2- 9]. .

- locate the brush motar . BEScmbly (Eee Flgure - 2-14) and
remove Lthe Phillips  head screwa located at the - thrae
corners of tha assembly, ' ' .
petach the keyed cable connector (Fiagure 2-91 .

‘Lift the brush motor assembly straighe uﬁ.

Te replace cthe brush drive:

1.

2.4,2

Flagze tha brush motor asssambly aver 1ts mﬂuntlng surface
and plug in .the keyed :anlé ronnacteor,

[nserk tha brosh metor aﬂsambly ints cavity apd securs
with three Phillips head screws,

Replace the OC Ear?ﬁ_ﬁeﬂule.
'Repléce the Cartrldge Access Cowver [Paragraph 2.3.27.

Replace the Field Bervice Access Cover (Paragraph Z.3.1%.

'Bruah"T195 

The brush tips and brush holder arms are replaced &85 One unlt To
remove khe arms (and tips!: .

B

2.

3.

Remove the bhrush drive assembly (Paragraph 2.4.2}.

invert brush motor assembly and placé';nr work aurface.
Remove retalning ring and flatwasher (Flgure Z-113.

Carefuliy 1ift on brush drive link agsembly at. end
ponnecklng brush halder &ssembly, then pivet llik
aagambly out of the way.

CHOTION
Tos much force wmay break the plastic
Iocating dowelsz.

Slide brush holder off mounting chaf:.

IT/2-14
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To replace the brush armms {(and “ips):

1. Elide new brush hcldsr arms onto mounting shaft (Flgure

3-11).

2. Install flatwasner and retaining ring as shown in Figqure
2-11.

3. Replace brush Jrive link assembly ooto bhrush holder dewel

&2 shown in Flgurs 2-11.
4. feplace the brush drive [Paragraph 2.4.11).
2.5 MDODULES
2.5.1 AC Bervo Hﬂﬁule
To remove the AC Servo Medule:
1. Unplug the ac power sard.
2a open the Field Service Access Cover {Paragraph 2,3,1).

3. Laocake the AC Serve Maodule (Flgure 2-8)3. Femaye The
caver (Figure 2-12) and disconneck all the cables,

NOTE
The cover holddown tabs wmay have to be
bent cut of the way in order te 1lift the
module saver.,

4, Unplug all the cabkles and 1lift the module out of tha
driwve,

Te ceplace the AC Servo Module:
1. 51ide the module into place.
2. Connect all the cables and replarce the cover.
3. Replage the Field Eerviece Access Cover (Paragraph 2.3.1).
4. . Raplace the ac power cord.
3.5.2 DC Servo Module
To remgve the DT Sarve Module:
1. Unrluz the ac power cord,
2. Open the Field Eervice Aocess Cover {(Paragraph 2.3.1).

kP Locate the DT Servo Module [Figure Z2-85).
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9.

S

Femove khe Eour screws securing the plaskic template and

madule te the baseplate.

Lift the module and disconneck ail the cabkles.,

To repiace bho DT Serve Modules

1.

T.

3.

£

aoa

5.

2.5.3

Tonnect all cables to the modules.,
Flace the woodule back inte the hasaplate.,

Lay Ekhe plastic template Into posikon on
module and securc it with ithe four screws,

HOTE

If the DC Setve Module being replaced iz
the "eld® modvole (Parc Wo. S4-11538),
uza the *old® Eemplate {(Part No.
T74=12588). TIf the module belng replaced
iz a3 "ney"™ modole {Part Wo. 54-135314),
it must be covered with a different
tepplate (Patt Mo, TE--Z9B26) .

Lop at

the

Raplace the Flell Scrvice Acgess Cover {faradraph 2.3.1;.

Reolace the as powsr cord.

Drive Logic Module

To remowve the Drive Lngi: Module:

3.

Open the Fleld Secvice Access Cover {Paragraph 2.3.1).

Femowe all cables connectad ko the Drive

(FPigure 2-8). Be sure Lo note the erientstion of

stripe an sach cable.

Logis Moduole

the

Rzmowve the Philliﬁs Lead screws holding the madule to khe

gover, and rifr 2ot the sodule.

To replace the TNrive Logic Madole:

1.

2.

3.

2.5.4

Fanlace the module inside the Field Service AfZess Covar
and secure the moduls with the Fhillips hesd screws.

Reconoeck the cables to the moduls.

Close the Field Service hocess Cowver [Paragraph 2.3:110.

Readfwrite Module

T3 ramaove kEhe Read Werlte MModwle:

l.

Remove the disk cartridge (if ocne 15 in place) .
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2,

1a.

HOTE

The Read/¥rite "Rssewbly” conslsts of
the Head/Write Module and sevesral paris
surreunding the modele, cCnly the medule
itself should be replaced. If the
module 15 ordared by Part Mo, 54-116844
{PLE1)Y or Dart No. 54-132%36 [RALAL ot
RLEZ}, the aszembly will not come with
1t.

Aemove Lhe Field Bervice Acmess Cover [Faracraph 2.3.1)
Remogve khe Cartrldge Access {owsr (FPAragraph Z.3.2).
Logste the Read/Write Modole assembly (Figure 2-8}).

Lift the assembly wup, rotate it "teward the DO Serve
Madule and rest it on the baseplate locating pins (Figure
2=13).

Discgnnect the AW head csbles froem the asgembly.

BEemove the top &aver of the assembly ([Flgure 2Z-14) by
caraefully prying back the four plastice lecking Eaks and
liftipg the cover. This is easliy accomplished by prying
one ktab at a time and 11fting the cover slightly at each
COENet . '

Remove the front piece of the assembly (Figure 2-14).

Remeve the moduls cable.

5lide the module ogut of the pan [Figure 2-14}%,

To replace the Read/Write Moduole:

1.

2.

=lide the module into the.pan [Figure 2=14}).
Reconnect the cable. to bthe Read/Write Module.
Aeplace the Eront piene of the assembly.

Eehiace the Lop cover af the assembly by pushing dewn on
the ecpver unkil the four plastic tabs secure the cover.

Gecotnect the cables Lo the assembly (Figure 2-13).
Flace the assembly hack inte the baseplate,
Rerplace the Cartridge Acpess Covar tPafaqraph 2.3.3).

Feplace the Fisld EBervice Ascess Cowver (Paragraph 2.3:.1).
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2.6 SPINDLE RREA

2.%8.1 Belt From Spindle Pulley

To remove the belt from the spindle pulley:
1. Remowve the Splndle Acoess Cover {see Figure 2-1910.
Z. 5lip Dbelt off Lhe spindle pulley.

To replace the belt on the spindle pulley:

1. 5lide the drive bel:t on the puiley snd rotate the splndle
su that the polley will draz the belt onte itselE.

2. Eeplace the Gpindle Access Cover,
2.6.2 Spipdle Ground Button
To Femowe Ehe apiagle grouond bubion:
1. hemowe the Spindie Access Zover [(See Figure 2-157).

2. lsing Figure 2-16 as a quoide, pull! doewn on the ground
brush strap enough Ea allow the ground brush ta drop,

To replace the spindle ground button:

1. Pull <down o on the grouwnd brush seoring just encuygn ko
insert Eha ground Drush [Figure 2=158).

2 Fotate the spindle several timaes to ensure L£irm seating
- and tg chask that tbe spindle does not bind.

3. Replace the Sspindle Access Covar [See Figure 2-15%),
2.6.3 Epindle -
To remove the spindle:
L. Remowve the Field Service Access Cover [Faragraph 2+3.1].
.38 Femove the Carcridge Access Cover (Paragraph 2.3.Z2}).

3. Remove The belt from the spindle pulliey [Paragraphk
2.6.1%. )

4. Demeove the twe mcrews holding the sector transducer to
the cpindle [(Figure 2-17).

5. Remova the cable clamp (one screw) holding the sector
tranzducer cable to the spindle (Figure 2-1T7].

£. Lift the spindle stralght vp ouk of the baseplate,
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Te replace kEne spindle:

1.

5.

Insact the s3plindle into 1the haﬁepléte. Position the
spindle so that the lacating pin fits inte the recez= in
the spindle assembly, '

Sacuce the spindle to the baseplatre witﬁ three Fhillips
head screws.

Replace the belt on the pulley (PAragraph 2.4.17).
Replace the Cartridowe Access Cover {Paragrapk 2.3.2%.

leplace the Field Scrvice Access Cover (Paragraph 2.3, 13,

2.8,.4 Sector Transducer

To remove the sZector transducer:

Lon

Z.

Remove the Field Service Access Cover (Faragtaph 2.2.1).
Remove “he Cartrldge Access Cover (Paragqraph 2.3.2).

Remove the two screws heldlng the Eransducer S - the
apindle [Figure 2-17).

Reémave the gcrew holding the transducer cable clarp ko
the spindle (Figqure 2-17).

Remowve the sorew holding the transducer ground lug to the
hazeplate,

Remove the three ather.cable clamp screws.

Unplug the cable fres the Drive Logle Module, noting the
orientatfon of the stripe on the cable.,

Remave the transducer eable, noting the péth af cable
couling. : .

Toc replace the sector transducer:

1.

d.

Route the rransducer cable fn the drive fﬂllawinj the

Eath ol removal,

Replace the tuafee scTRWS in  the cable clampe and.
reinitall Irnte tne bascplate.

Réplace the screw holding the  transducer geound lug te
the baseplate (Figqure 2-17).

Avplace the screw holding Ehe transducer cable clamp to
the splndle [(Figure 2-171.
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5.

B .
' 7.

T.1

.

24

1.

Replace the twe screws hslding the transducer te the
gpindle (Figure 2-17101.

-,

Foplace the Cartridge Access Cover (Paragraph 2.3.2]).

Replace the Field Serviee Access Cover (Paragraph 2.3.1}.

2.7 POSITICHEE ARER
2. Postionevr

To remove the poesitioner:

Remove cthe Field Bervice Access Cover (Paragraph Z2.3.1).
Remowe the Carcridge Access Cover (Paragqraph 2.3.2).
Remove the I Serve Module (Paragraph 2.5.2).

Remove the Read/Wrlte Module assembly (Farageaph 2.5.4,
Steps | through I}. :

Remove the herd cables from the moadule assembly (Figure
2=13]).

Remove the slx serews holding the peslitionsr Eo Ehe
baseplate {(Figure Z=18).

Lift the positiener up and out of the drive area.

HOTE
Tha Read/Wrice heads are not part of the
pastlaner assembly. Thus, they will

have to bs removéd from the old poasi-
tioner and attached to the new onz, The
head rcemoval and raplacement procedure
iz described lp Paragraph 2.7.32.

To replage the posicioner:

Flace the pesitloner back Inte the baseplate of tha
drive,

HOTE :
The postioner ls fragile. Do not drop
it into placa. Lower 1t agently.

Secure the oositioner to the baseplate with the siz
Phillips-head screws (Figure 2-1B).

Replace the head cahles inte the madule asgembly (Flgure -
2-13%.

Replace the LC Serve Module {Paragraph Z.5.2).
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.

Replace the Read/Write Module assembly (Paragrapn’ 2.5.4).
Leplace the Caetridge Access Cover (Paragraph 2.3.%}.
Replace the Fleld sarvice Ascazz Caver (Faragraph £.3.1}%.

ferform the Pousltiesner Radial Alignment (Chapter 3,
Paragranh 3.5).

2.7.% Fead/Write Heads

Te remove the Read/Write heads:

1.

B

Remowe the Field Service Access Laver {Paragraph 2.3.1}.
Remowe the Cartridge Access Cowver (Paragraph 2.3.2).
Remove the Read/Wrlte Module assembly {Peragraph 2.5-4).

Disconnect the head cables from the medele assembly
[Figure Z=13}%. .

Use & 3/32" Allen wrench to loosen the captive head
retaining screw and carefully =lide the head forward, ouk
of the pnsitiqner assembly {Figure 2-1593.

CAOTION
o not allow the head belng removed to
bump or drag on the other head during
the procedure,

Repeat For the other head.

To repi&ce the FRead/Wriks heads:

1.

Inzert the lowar haad inko the positloner frame such
that:

s ‘The locating pln (Figure 2-19) is in the recess of
the teailatack of the head

o The tailstack fite into tha carrlage assembly

o The wsarner of the head fite dinto the plastic
extension

Slide tH= h=ad to the rear of the drive so that the head
is up agaipst the locating pin,
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f.

1g.

uzing the 3/32" Allen wtench, anug the holddown screw bo
secure the head in plarce.

CAUTION _
The screw iz beipng tightened  Into an
alvminum casting. e not overtighten
this screw and no damage will occur to
the threads ln the casting. ' '

tneeck =he upper head into the pesltioncer frame, baing
careful nob btg strlke the lower head.

Secure with the holddown screw..

Recaonnoect the head cables ints the Read/Write Module
cannecters (Figure 2-13}. The lower head cable (J3] is
ingerted inte the connecter teo the left of the upper head
rable copnectop. The J3 connecktat ia the one eloser ro
the rear of the drive.

Aeplace the Read/Write module assembly (Paragraph 2.353.14).
Replace the Cartridge Access Cover {Paragraph 2.3.2].
Replane the Field Service Access Cowver {Faragraph Z.3.1].

ParForm the Read/Write head aligrment [Paragraph 3.6].

2.8 REAR PAMNEL AREA

Z.8.1]

Power Supply

To remove the power sopply:

" Bemave tke drive froem the =lide rails.iEaragrgph 2.2.5;

Steps 1 through 3).

Remove the Fisld Sarvice Acecess Caver {Paragraph 2.3.17.
nemove the Cartridge Access Cover (Paragraph 2.3.2).
ﬁemnve the AC Serve Module (Paragraph 2.5.1).

Remoye the DC Servo Modula (Paragraph i,EqE, Stepas 1
through 4.

Flace the D Serve Madule on lts edge in the mounting
slots provided (Flgure 2-9] and disconnect cable J1.

0isconnect brush motor drlve cable from lts coonector
[Figure 2-11}. ’ '
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.. At the redr ovf the drive, remgve the six nourtlng screws
{Flgure 2-20}.

: CAUTION
The pawer panel assembly wlll swing oub
away Erom the drive after the last screw
is removed. Therefore, the power supply
panel should pe held firmly 4o place
until the last screw is removed.
To replace the power panel assembly:

1. Slide the rear panel assembly inte the rear of the drive,
ensuring thal:

- The top edge of the panel fits under the rear casting
flange (see Figure 2-21, callout F13

i The bottom edge of the panel fits owver the bottom pan
of the drive [see Figure 2-21, callout #2)

é. Wnile holding the panel fifmly, stare the twe bhottom
gsorews So- that the panel- will ke Leld in place For the
temaloning four screws.

X. Recanﬁeet J1 of the DC Berve hgdule.

d. ﬁeﬂnnnect.tﬁe brush motsr drive cable {Figurﬂ.i-ﬁj.

5. | Aeplace the OC Serve Module {Paragfaph 2.5.2).

8. Replace the AC Servo Module (Paragraph i.ﬁ.l],

T Replace the Cartridge Accsess Cover (Paragraph 2.3.2).

E.- ﬁeplaue the Field Service Acaesé Cover (PRragraph 2.3.1).

3. . Replace the drive inte the cablnet (Paragraph 2.2.5).

2.8.2 Spindle Drive Balt
To remove the spindle drive kbelt:
1. Hemowve the power =supply [(Paragraph 2.8.1),

L Remove the balt from the apindle pulley (Figure 2-15).

3. Remsva the drive moter tensliob spring from the motor
howaing (Figure 2-237,

4. Pull belt our thrGUgH the hack of the drive.
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To replace the spindle drive belt:

1. Ensure the drive moebtor housing is as far forward in the
grive as it will go.

2. Blip helt under hevusing {around tha drive motor pullE{}
and 8lide the bkaelt In the directica of the splndle
oulley.

-3 From the accezs in thes bottom of the drive, siip the belt
onke the spindls pulley.

4, Ensure the belt s =t111 an the moter housing pullevy.

R S5lide drive mobtor housing a5 far te the rear of the drive
as it will go, and reinstall the tension spring.

G Rotete Lhe apindle several times to posltion the belk en
the selfi-centering pulleys and check_fur binding andfar

twises in the belt.

T The kelt sheuld have proper tenhslen as applied by thoe
tenslon spring.,  Flgure 2-23 lllustrates the proper helt
tensian. -

% . Reinstall the power supply panel (Paragroaph 2.8.10.

2,8.3 Fower Sopply Fan
To remove the power supply fam:

1. Hemowa the pawer supply (Paragraph 2.8.1).

Z. Digcepnect the agc plug ts the fan.

i. Remowve thao four scraws and nubks holding the fan in placa.
The kotEom Ewe nuts can be accessed with an open—end
wrensh ot A palt of leng-nosed pliers.

Ta replace the power supply fan:

¥. Place the fan in place with the ac scoket leocated on the

top and the aitcflow direcstion arrow pelnting ko the rear

af the aszembly.

p Reinstall the four snrews securing the [an and finger
gquard .

3 Beinstall the powsr eupply {P2ragraph 2.8.1).
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2.8.4 Circuit Brezker
To cemcve The gircuit breaker:
1. Remewe the power supply {Paragraph 2.8.10.

| 2. Locate the eclrouit breaker (Flgure 2-24) and mark the
i witrea going to khe four breaker terminals.

i. Remowe kthe four wlres on the breaker aszembhly.

d, Sguesze on the Fpour plastic holding tabs [{two an the top
of the hreaker and two on the bottam) to ralease khe
breaker fram the panel [(Figure 2-24}.

B Slide the breaker out the panel, toward the rear.

Te replace the circwit breaker:

1. Siide the breaker inte the powsr supply panel, ensuring
toar “he "JFF" positien 18 dewn.

2. Beconnest the wires gnjng ta the breagkar, as markesd when
recoved.
3. Relnstall tha power supply panel {Peragreph 2.86.10.

2.8.5 BSyindle Drive Motor
f To remove thz spindle drive motor:
1. Remocve the power supply (Paragraph 2.8.1).

| 2. Roinowe the Zrive motor tension spring from the potar
Bousing (Flgura 2-Z8%.

3. Lemove the twp drive mobtor mounting screws froo the
standoffs [(Figure 2-25910.

4. 51Ide the drive motor hpousing forward =iightly and 1ifc
the assembly up approximately one-half inch.

E. Drive belt showuld bava fallen cff:; 1f not, remove if.
A, Glide drlive motor out of the drive.

To replace the spindle drive motor:

i 1, Check to =seae If the Jrive belt 1z =2till on the zpindle
E pulley. If not, replace 1k,

2. From the back of the drive, pull zn khe bslt ta take away
Ehe slack, :
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o

1.

11,

12.

Silp the helt'ﬁnta_the drive matar pullay.

sing Figure 2-25, reipstall drive motar ints the raar of
the drive, neting that;: -

» Tat (B) fitsz voder bhracket (L}

) Blower hnusiﬁq mounting pads Eit aver the atandoffs
L Celirin spacers are sklll on the standoffs

Check that kelt did not ceme off the motor pelley.

Tf the belt is still on, check to see £ It aame off the
spindle pulley., If belt is off, replece on the pulley.

Attach the grive motor tension &pring te Che - mator
hgusing (Figure 2-217, '

Install mounting hardware on drive metoer howsing,. using
Figure Z-15 a8 a guidz,

rull Backward on the drive motor housing to apply tension
to the belt, Tensisn 2pring showld hold motor in place.

Rotate spindle saveral times to pasitian belt on Ehe
crownead Eelf—centering_ﬁullays,

The beslt should bave proper tenslon as applied hy the
tendion sapring, Figure 2-23 1{llustrates gproper bele
tenslan, : -

-Beinstall the powser supply panel fPafagraph Z2.Be1) .
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CHAPTER 2
CHECKE, ADJUSTMENTS AND ALICHMENTE

3.1 INTREOIMECTION )

Many of the checks, adjustments and allgnments described in this
chapter deal with the Drive Logic Module ([DEM), Becausze there atre
threa different wversleons of the DBLM, 1t i3 necessary ko first
identify the particular type of module on the drive being
serviced. The three versiona ara shown in Flgure 3-1.

. Version 1 (Part MNo. 54-1217%} can he identified by the
Fack that tha twe Berg connectors in the lower right hang
of the medule point down, which the other two along the
bottom row point up. This board will only nperate in an
RLE1.

» Version 2 {Part Ho, 54=-13%31) has all four coennectors in
the bottom raw pelpting ovpe, 33 in Figure 3J-1. This
module will function in an R1A1 ar an ELAZ.

o Yergion 3 {Part Wo, 54=-14025) has the same arrangement of
Berg connectors as Yersion 2, but 1k alss has test luys
[shown Lo Figure 3-1) thst are not on either of the gther
twa modoles.

The service Jumpers used in Ehese checks and adjustments are
listed In Tahle 3-1.

Table 2=1 Service Jumpers for Drive Logle Mudule

DEFEAT '
COVER DEFEAT DEFEAT EELECT
VERSTON CWITCH POE SIG ZE TO HEAD 1
1 E33-3 to .TPR tm BErL7—6 fo -
R33-7 TEl=-E E17-7
2 E5d-12 to TPL to E14-8 to -
E54=7 TP1-4 Bla=-7
3 TF19 to TEZ2E to TEZ3 to Tr2l to
TPZH TD2A TE24 TP22

In the rcourse of performing some of ‘the alignments, it is=
necesgary to select Head 1 and khep later resalect Head 8. The
mebeods Eor accomplishing thlz ara shown jn Takle 3-2.
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Table 3-2 HMethode for Selecting Hzeds

DM WERGIOW 1 QR &

POP=11 Load DERELZHX ar CZRLIXX and

tun head alignmenk

WRITE PFROTect =wlitch in = Head

i1, aut = Head a4

PDP -5 Lowd AIRLBXX or AJALHEX and

tun head alignment

DLF VERSION 3

Jumper TB2ZL ta 22
routine., = Head 1
Mo jumper = Head @

Same a1 above
rtouwtinge.

WRITE PROTEcE switch in = He#r

1, aut = Head A

HOTE

If diagnastics are not available, toggle
in the appropriakte progranm Fhown 1In

ppendlx C.

3.2 VOLTASE CHECES
The DC fHervo mpduie Lamplate
the Eollowing woltages.

Valtage

+r
M
+55n
+hY
-8

indicates valtage ftest points. Check

Limitgs

+14V to +1BV
-14¥ £o -18Y
+4.85Y to +5,.35V
+7.7% to +8,3V
-7.7V ta —-8.3Y

Tha resulakots on the DI Berve module are not addjustahble. If a

yvoltage 15 out of tolerance,

khe Eaulty FRU should k2 replaced.

The +5Y <can be killed by & Blewn pice fuse, a thermal switch en
tha DC Serve heat zink, an overvelcage crowbar, or & hoie switch
on the peelticoner not closed during power up.

3.3 SECTOR TRANSLUCER OUTEUT CHECKH
This check wverifies a correct oubkput of the sector transduocer.

A aequelred Toels:

i. Cacillioscope with prahbe
2. [CIF clip.
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E. Chack :

1.

2.

3.

Remove hobh top cowver assemblles,

Irstall cartridge.

Cafrar the cever Lnterlock [Tahle 3-1}.

Deprass LOAD swltch.

While wsiting for the beads ko lead ontoe the pack,
set wp the escillescope  {syne  laketnal negeative-
goingi .

verslon 1 of PLM: Fiace pasillescope probe on ER, pin
H.

Verslon 2 of CLM: Place nsolllescope probe on TP14.
Vversion 1 of DLM: Place ogscillascope prohe on TF14.

The =ignal displayed on the osclllascepe should be
2imilae to that shown in Figure 3=3. The peak output
aof the negative portion of tha waveform should be
between BE.ISVP and 1.5Vp.

NOTE
The wave form must be negative—gelng
firat.

3.4 SECTOR PUOLEE TIMING CHECK )
This is & gheck of the szector pulse width and repetitioen rate.
The repetikion rake iz a functien of splodlie speed.

A. Bagqulired Tools:

Cecillozzopan With probe.

Fi. Check:

1.

2.

3.

£,

Femove bobbh top cover assemblies.
Cefear ocover interlock [(Takle 3-11%.
Install cartridge.

Pepress LOAD swicch.

version 1 of DIM: Place the prtobe an TPY.
Verseicn 2 of RLM: Place the probe on TPLL.

Verslon 3 of DIM: Placce the probke on TFRLI.
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K. Sct  the osulllescope te Sync inkernal, negatlve-

qoing. The =signal displeryed on the oscilloscape
sShould be the =same as in Figure 3-3. Sector pulse
width should he ®2.% microseconds. Correck disk

spee:d ranges from 594 microseconds to R
microseconds, with 6§24 belpg the desliered oafm, The
sector pulses showuld be stable at some time period

withln that range.
i.5 POSITIOHMER RADTAL ALTGHNMEMT .
This adjuskment assures that the =servo burst {as read by hthe
readswrite heads! aeccur In the proper tlme relaticn to the sector
puilses from the cartridge hubk. It alss enabkles the taachnleian o
absarve how styaight the carriage motion {8 aver the length af
travel; and alse acts a3 a check far head skew. '
A, Toaols Beguired:

L. {scillescops with twe probes

2. Twy Flat-blade screwdrivers

3. ¢me Fnillips head screwdriver

4a. One DIP <lip, one plp-to-pin jumper. and gnre test
lead, or .

ib. Two. pin—-to-pln jumpers and twoe DIF clips
:5. Diagnostic liseed in Table 31-2.
B, Pnsitiﬂnﬂr AMigomaent Check:
1. Remove both top cnver assembl;eh.
2. Defeat FO3 851G, SKETQ and cover interlaock {Tahl& =

3. Place the Read/Write module beox assembly vp and out
of the way of the carrlajge asgembly.

4.7 Install cartridge.
5. Depress LDAD swiktch.
. Walt far heads to 1gad enta the pac k.

7. Disable serve drive to the carriage by dlscnnnert1ng
the in-line connecter {Figuore 3-4).

&. Salect Head I (Table 3—2].

9. DPlace the Chanpel B ns¢i11ﬂ5cnpe probe on TPZ [(daba)
¢f the BRead/Write module and Chanmel & ground on TR3.
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ida.
18k,

182,

1a.

Yersion 1 of DLM: Place Channel A& probe an TPY [(SEC
TTME! and Cheannel A grownd on 2ny  =signal ground
[(TFL--TPI).

Version 2 of DLM: Place Channel & probe oo Tell [(SEC
TIME]} an<d Chanpne: B ground on any  sS$ignal grouad
(T21L-7F4) . :

version 3 of DLM: Flace Channel 2 prochke on TR1L (2RO
TIHME} 2&nd Charmnel G ground on any  Signal ground
(T2 -TE8),

et the oscilloscope to 8yne inteérnal, negatrive-going
an Channel 2 angd chserve Lne waveliorm ghown in ligure
3_5-& ’

_ NOTE
51 abd 52 servn bursts may not appear in
the poslitivesnegatlwve proporticns shown
in Pigure 3-%, depending upen which
track the head i= centered on.

Measire the time hetween the negative-qgoing edoe of
the sector pulss and the heginning of the 51 sérvo
ourst when the poesitionsr is at Cylinder @. decord
thi=z walue.

Ezleck Head R [Table 3=2).
Repeat Step 12 faor Head F. Hecord this value.

[t the difference hetween rthese twg wvalues is greaiter
than ZFix microsoconds, rceplace Heed A {see Chagtsr 2)
and go back to BLep 14, I elther of the two walues
talls cubteide of the 15 + 3 micrssecand speclfica-
Lind, perfoim the alignment procedure (Iart < below.
Otherwlse, continue.

Menuwallly pove fhe carrlage teo tht last data track
[Lcack 255 on an RLAY o track 511 on &an RUg?yY. A=
Hzad 8 enters the inner guard bend, &1 disappears.
Mowe the positioner hack vptil S1 appesrs.

Megasure the kimé& Defween the negetlve-goling edue of
the =egtor pulse and the bheglnning of the S1 servo
burst when Ethe posltianer is at the last cylinder.

It zhould be 15 + I nlerocsesconds. If =8, thue chook
is gompleta, Otherwlse perform the adjustssnt (Part
Gy below.
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3.6

Positloner Alilgoment-

1.

Uzing Figuee 2.5 a3 a guide, lacake the six largest
Philllps screws on kne positioner Caseplate,

X .
Lqﬁagn fhit do not  remowve] the siw sorews helding
down the posicionect.

Take tne twe flat-klade s=crewdrivers and fasert kthem
inta the adjusting slaks an the peositioner,

Move the positioner assembly against the right Rand
slda of the drive [toward the Raady/wWrite module!

Manually move the carriage to its approxlmate cunter
aZ travel . :

U=ing the twe flat-blade screwdriver=sz in the
adjusting slets, =ziide the posltigner kaszsplake
unkil the 15 + 1 microsecond specificatlen bebween
the £f£all cf the sector pulse and the risa af the 331
gervo burst can be met. (Se2s Figuro 4=5).

ROTE
Equal pressure must be exerted on the
screwdrivers when sllding the positioner
Ec ensure that the ba=eplate I3 kept
straight.

Tlghten the =iy retaining screws in small increments,

Check ths 15 4 3 micreseconds speclflecation for Head
8 alL track E and the last Crack. If the hkeazd is
within Ehe sSpecificztieon, the check 1Is eempleta,
Otherwize, repeat the adjustment {Part C)} abave,

HEAD ALIGHMENT

Thie procedors wlll ensoure that the two heads are {n line with
gach other rto cubk dawn on the servo tracking rtime when switching

heads.

. WOTE
The Posltioner Radia) Alignment (Para-
graph 3.5%) showld be done before
attempting the head allgnment, se that
any head skew that may be present will
ba detactad BEFORE the head alignment.
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Begquires Toonls:

Tscllloszove with three probes
2. 332" 2llen wrench
3. Flht—ﬁlade anrawiriver

Ja. e IIFP @

lip
falllgateor o

he pin-to-wln jumper and ohe tKest lsad
h,oor

ih. Two pln-to-pin jumpers and twe TIF clips
%, Dlagnostic listed in Table 3-Z.

MOTE
Ho aligomeznt cartldge 15 reguired.

Allgnmenk Check:
1. EBemove both tep cover assemblies.

Defrpak SHETC znd FPOS S5IG (Tabkle 2-17.

-1
.

HCTE
Thase Jumpers ehnable tha diagnastic
routine Lta work by disabling the Ss=ek
Timeaout Error,

3. Defeat cover Iinteciock {Table 2-1).

4. Plara the Read/ /write module box assembly up and aub
o the way ¢f the carriage assemblry,

5. Instali cartridge.
. Depress the LOAD switch.
7. Wait Eor the besds co load antoe the pack.

8. Disable serve drive ko the carriage by disconnectling
the =ervo in-line gonnagtor {Figure 3-4).

5. Selpck Head. 1 {Table 3-=2),.

1. Place the Channel A cscillescope probe on TR2 of the
Read/wWrite module {Serve Oatay and Channsl A ground
‘on the kesk point ground {TP3) of this moduie.

lla. Version 1 of GCLM: Place the Channel B probe on ELL

#ln 7 (Position Slgnal) and external sync probe on
TF% (EZEC TIME). .
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c.

l1lb.

11c.

12.

13.

14.

15.

146.

17.

Head

Verslon 2 ef DLM: PFlace the Tharmel B prokbe on TELA
fPesition Slgnal} and external syne pecbe on TRLD
[(ZRC TIME) .

Versien 3 ol CLM: Place tbhe Chamnel 2 prabe on TPLG
(Foaition Signal) and exkernal syne probe on TELL
(RED TIME).

set khe wvaclllescope te synz internal, nezative-going
and chscecwe thie wayefarm shwon in Flguere 3-7.

WOTE
51 and 82 serwvo bursts may not appear in
the same wpositive/negative proportions
shewty Ifn Flgure 2-7 depepndlng upen
whieh track the head is cesntered on.

Manually positien the carriage toe track A by
coserving bthe S]1/E2 serve burst weveforms. Move ihe
positiener in teverse {(away Erom spindle) until =7
disappears [as in Figure 3-3), the carriage is lo the
vuter guard Dand area. Mowe the positioner slowly
forward (toward Lbe spindle) uatil 52 raappears.

Move the peoslitisner until the Paosition Signal
{Channel B) aues to ground potential. The he=agd iz
nocw on the centsrline of data track 4.

Select flead @ {Table 3-21.

The Tositlorn Zigmal (Channel B) shouold be wikhin 4.5
voits of the Positier Slgnal presented by head *.  IF
it iz pot, perform Lthe head aligqrmerl described
elow,

Slowly move the cartiage In revarse [awsy from Ehe
spindle; . The B2 dakta burst should decreasa in
amplitude and finally diseppear. Sro Figure 3-9.
The Pogilion Blgmal (Chanmnael B) sheuld alsoc hawve
maved In bhe regative dircctlen and stopped. I the
signal did not eteop, but instesd reversod direction
and vontinued {as the carclage continued mowving) then
more data tracks were crossed. Therefore, Head A was
not on teack B, necessitaklng a head azignoaent
tdescribed belowd.,

Alignment

Using the 3/32" BAllen wrench, loosen the Head @
tetaining screw and slide the head te the rear
againskt lts stop.

Eelect flead 1 {Tahle 2=273.
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T

1A,

Marually position thee carriage to ftrack @ by
okserving the 51052 buarst waveforms, When 52
disappears (as in Figure 3-8}, the carriage 1 in the
outer guarc Eand area. Move the positioner slowly
forward until 52 reappears and the Fositlen Blgnal
reacnes around.

S lect Head @,

HOTE
While perfoarming steps &5 and & ([(whlch
follow}, be sure that the carriage dres
net move.

insers & flat-blade zorewdriver betwaen the tailsokaolk”
nl Head @ and the rear stop.

While helding the sarriage, vse the screwdriver te
mows RFeRad B ofeorward chlil the 52 8Scrvwo LurPst
reappears and the Mowsitlon Signal reaches ground.

Tighten the head retaining screw with the 2732" Alien
wrench., Do nob owetr bighbien the screw.
CAUTION

If the retaining acrew is overtlighened,
the threads on the aluminum frame may be
damaged. )

Geleck Head 1 (Tabkle 3-27.

The next few 2teps chesk toc see Khat the heads have
heen properly dligned. Begin this chneck by manually
pesitioning the carrliage to track €. &5 before, :this
Iz doen by observing the 51752 serwo burst waveforms.
When 52 disappears, as shown in Figute 3-8, =the
carriage i5 once agein in the cuter guard band area.
Mowe kEhe poszitionmer elowly forward until 52
TEAPUERELS.

Maowe the pogsitionct unkil the Posttion Signrnal
(Channal B] goes o greund potential. The head is
now on the centerline of data track 2.

Salect Head dA.

The Positlon Signal (Chennel BY showld be within ©.5
velts of the Fogltien Eilgnal presented by Head 1. I
it 15 not, thie head alignment procedurs sust he
repoated.
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1.7

L3,

Aftar observing that the positlen signals from each
head are within E.5 vwolts of wach other, rcheck to see

that both heads were aligned owver crack E. First,
mvee the carrlage slowly in reverse. If Head & was
aver  track A, then the 52 data will dectease in
amplicude and finally disappear. Sea Figure 3-4d.
Alsg, rhe Position Signal [(Channe? BY should have
moved In the negative direcrien and stopped. IL the

signal did not step, but instead reversed direclich
and zonkipued (45 the carriage continued moving) then
mote data tracks were crossed.  Therefore, Head @ was
ot an track @, neces=sitating a head zligrmant
ttepeat this procedure) .

READ STIGHNAL AMPLITUDE CHECK

This check compares the amplitudes of the tead =2ignal CErom each
Aead/Welite head agalnst the daea in the engimeering specificatian,

A.

Required Tools:

1.

Uscilloscope with three probes:

2a. One DIF ¢llp, one pin-to-pin jumper and ope test lead
(alligacor clip), or

Ab. Two pin-te-pin jumperé'and ;Hu DEEF clips

d. Diagrnostic liasted in Tahlé d-2.

_ChE:k:

1. PFemove both bop cover assemblies,

éf Defeat SKTO, PUS EIG and cover interlock [Table 3-19.

3. Flace thé Fead/Write module box azgembly up and out
of the wiy on the carriage assembhly.

q. Inata;l cartridge.

D« lDepross the LoAD Switeh.

B. Wait Ior the heads te load.

7. bizable the serva Jdrive to the Earriﬂqﬁ. b
dizsconnecting the in-line connector.

#.  Place the Channel A wvsellloscope gsrobe on TPZ of the
Hedd/Wrike module (Serve DRatal.

Ba. Vereion 1 oF DLM: Place Channal B Froebke oo EL11 pin 7

(Fositlon 3ignal) and place the externzl Syno probe
an TPY [Secesyr Tlme),

II/3-18



St

Oz,

l&.
1l

13,

13.

14,

15.

1lh,

17.
1&.

14,

Version 2 of BiM: Place Channel B probe on TPRLS
(Pasitien Signal) and place the external sync proba
on TPl1l (Sector Time) .

Vaersian 3 of LDLM: Place Channel B probe con TP1S
(Poslbtion Z2ignal} and place the exterrnal syne prohe
o TRLY (Sector Time). '

Set khe EEEiIgﬂEGGFE te sync internal; negative-going
aind obzerve the waveform shown In Figure 3--7. .

Move the positioner forward unkil the 51 servs burst
iozes amplitude and floally disappear=s.

full the positiuner back slowly until the 51 sarvao
hurkst returns., This will be the last data track on
the disk (frack 255 on &n RLP1, track 511 en an
BLE@2) .

Carefully move the poslticmer unkil! 1t i omn the

reack centerline. This iz donz by obseeving tha
Channal B signal which 1s the Igtegrated Position
siqnal. Ik will be ak a ground reference when an

track (eee Flgurae 373},

Meaaure and reeord the amplitude of the $1 burst for
bath heads [see Tahla 3«2 ko select haads) while on
“his track centerline {ae indicated by the asterisk
In Flgure 3-7. Ensure that the positicner does nct
moy & fram the track centeariine.

The lower of the two amplitudes should ba no lass
than 432 mw,

Reposition the carriage to track @ by reversing the
tarriage until 532 disappears (outer guard band) and
the forward until 52 reappears,

ressure and reserd the amplitude aof both haads,
Table 3-2 explalvs how to selact heads.

The amplitude of the 21 burst on track P should be
leas thans 2,78 wvalts.

Replaze either or both heads that do not meak the
specifications.

I1/3=-149



NOTE

If both heads fall o meet the specifi-
catien, 1t is possible that the Read/
Wrike module is bad. Replace the module
{see Chapter 2] and repeat the proce-
dure. If a head Is replaced, it must be
aligned (se¢e Paragraph 3.6}. The radial
alighment mug L alse be checked
iParagraph 3.5}1.

3.1 SPINLLE RUNOUT CHECK

ExcesElve cunout in the spliadle assembly or cartridge can cause

severe tracking problenms for the posicioning systen.

will determine whether:

1. Funsut exlats gr. doss not cxistk
2. Runaut is in the cartridge
3. Runont L[s in the spindle,

A Roguirad Taols:
1. Lecilloseowe with prabe angd ground Leads
2. DJIP clip
3. Jumper
9. Several kest cartridges
E. Tuncut. LCheck :

L. Hemave Lotk bop cover assemblies.

This check

2. Flace the TRead /Writc ﬁndule box assembly op and cut

af the way of the varrliage asmembly,
3+ Defeab cover interiock (Takle 2-17,
1. In=tall carcridge.
5. [Depreas LDALRD swiktch.

9. Walz for beads t» load onto the pecx.

7. Disable serwo drive to the carriage by disconnecting

“he in-line ecorpector [Flgure 3i-4}.

4. Versliop 1 of CLM: Place Chavnel 2 escillescope prohe
an Ell pin ? (Pesition Signal) and place Chanoel A

rognd on TPT {fIntogroatoer Groondd .
3

§b. Vrsipn Z of CLM: Place Channel & 0521 1llascepe probo
o TrP1h [Pgsition Slgnal) and place Channel A ground

an TP (Inteycator Sround).
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Be. Versian 3 of OLM: TPlace Channel A pselillescope prabio
an TPI5 (Position Higmall and place Channel A ground
o TR (Inkegrator Graund) .

. B¢t khe oscillescape to svne inkernal, negative-going
and observe Lhe waveform iIn Flgure 3-9.

1@, The waveform representing runout shouid be measured
aymmebkrically about the fground reference.

11, The amplitude of the rupeut sheuld bhe ne greater than
158 mv.

12, If ithe specificarion cannot be met, runout exlszsts and
another  <carbridoge 3 needed ta dekernmine if the
cunout exists in the cartrldge &r the splndie.

_ . HOTE :
[deally, the oscilloscope will display a
nearly straight line of dots.

E3, Ta ronflrm & ssating problem, re-seat the cartridge
and repeat the runout check. IE Lthe runout is within

specifleation, the problem has been solwed. IE the
turaus is still out of specificatiocn, conltipune wikth
Atep L4

14, Spindle and cartreldge are still suspect, 5o install a
sacond cartridge and repeat check. If runouk 5 now
within the specification, the figsk cartridge is kad,
If the rwunoet check fails once more, sssume thiat the
splndle bearings are bad and replace the spindle
azzembly.

3.9 POZITION SIGHAL GAIN CHECE

Insufficient ampiitude of the Fositian Signzl e@cund result fn the
cdrriage not being abie to held itself on Erack, resulting in read
errors and possible seek crrors. Too high an amplitude could
rasult im a Jitter” which, ip tum, emits a vibrating-typs n-oise
from the eareciage that may generate seek timeouwt errors., '

A. Aeguirad Tools;

l. Oscilloscope with probe and ground leads
2+ Lne DIP clip, ane pln-to-plo jumper.

g. Gain Check:
1. FRemowe both tap cover assembllies.

#. Place the Resd/Write module box asssmbly wp and oot
of the way of the varrlage assembly.

II/3-22



5.

T

BHa .

ab.

ga.

Defzat cover interlaock (Table 3=13.
Install cartridge.

Capress LOAD switeh.

Wait far heads Lo lead onto Ehe pack.

Dizaklae serwo dedive to the carriags by disconnecting
the in-line oonnecter [(Figure 3-4).

Verzlon 1 sf DLM: Flace Channel A sscilloszeope probe
en BEll wpin 7 (Pezsitblon Bignal) and place Chapnel A
ground an TF? (Integraktor Ground].

Version 2 &6f DLM: Place Channel A escllloscope probe
an TPlS (Positlon &ignal) and placse Channel & ground
att TPE ([Integrator Ground). '

Version 3 of RLM: Flace Channel A ascllloscope probe
an TP1S (Posltion Eignal] and place Chanrnel & ground
on TPS (Integraker Ground].

Obzerve the waveforim In Figure 3-16({a) while manually
maving Ghe carriage back and farth,

Measure the peak-to-peak deviation of th=2 Pasitfon
Glgnal amplitude about the grownd rcefercnce. It
should hHe 3.7 + B.7T volks,

HOTE .
L. TE thesze cmplikudes ara not withip
tolerance, the haad load cperation
would most 1ikely fault.

2. [Look at the zsrve data waveformn at
TP? of the Read/Wrlite moedule for a
smoath sinuscidal waveforwm, ae In
Figure 3-1€(h). If zemething like
Figure 3-id{c) la se=sn, the head
azimuth angls Iz wrong. In this
caze, renlaca kha Read/Write head.

3. If thae head azlmuth is good, then

check to s&s I{f the +BVde vwoliages
are owt of tolerarncz ({Pacragraph
3.E) .
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3.1 TACHCMETER AC WOYSE PICE-OP {HRECE - . : .
This precedurs checks the amcunt of noeise heing plieked up by the
tachometar,

hard =imw

[f tha noise ls eicessive, the positlorner will have a

bolding onto a track signal. In this case, the NRERDY

1ight mayvy flicker,

Ao

Required fools:

}. Oscillossope with probe and ground leads

2. [DIPF clip :

3. Jumper .

Chesks

1. ®#femove baoth tap vever assemblies.

2, Flace the ReadswWrite module up and out of the way of
the carrlage assembly.

3. Deferat cowver -interlock [Table 3-1;.

4, Tnstall carzeldyge.

L, Deprezs LoD switeh.

6., Wait for heads to lsad onko Lhe 2Eck.

7. Disabkle servo drive to the carriage by disconnecting
the in-line connector [(Figure 3-49.

#. Set the nscitlns:qpe.[aync internally} as follows:

a. ©Channel A prube should be an TPl of the LC Serve
Module [Summing Ampl .,

L. Channe) A ground should be on TP11 of the DBC
Sarva Mcodule (Bignal Ground).

4, Fach drive's zumming amplifier output at this polnt
will 1look slightly different, but it sheould be
Gimilalr to the waveform =zZhown 1o Flgure 3-11.

L. The signal scen showld have a peak-to-paak value of
Ao more than 639 mw.
11 1¥f Lne signal 1is auE of teolerance, the DT Servo

module eould be bad or the drive moter may bBe too
noisy, feplace the module, and 1f that Goe3  hot
salve the prohlem, replaces the drive motor (see
Chapter 2. '
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3.11. VYELQCITY PROFILE CHECK - .

By causing the posltivher teo pecform .an os¢illatlng ssek, the
yelocity profile eman be  checked for duration, amplitude and
waveshape,

&,

Required Tools:

ozcilloscipe with prebe and ground lesds

1.

2. Toggle-in oscillating seek program [Appendix C

i, DIr clip

1. Jumper.

Cheack:

1. PFamove both top cover assenblles.

2. Install gcartridge.

3., [Cufeabt taop cover intﬁrlnck [Tablé i-1).

£, Deprass LOAD switch.

5. Wait for heads tp Isad onto the pack.

&. .Using the as:iLiéEfné program shewn 1n Appendix C,
cause an osclllating. geek from track @ to Erack 255
{RLA1] or track 511 (RL&62}.

Ta. Version 1 <FE DIM: Flace the Chanbhel &2 oscillescape
probe ap TP1Z, place the Channel 2 groond on any of
the DLM ground points (TPl through TPS are ground]
and place the external trigger on E38 pin 12 (SKEGN
FWD} . ' . _

Th. Vearslen 2 &F DLM: Place the Channel A p3cillascope
probe on TPH, place Channel A ground on any of the
DLM ground test polints [TPL through TP4 Are. ground)
and place the external trigger on B25 gin 12 {SIGH
FWD) - ' , :

Te. Yerzien 3 of DLM: Flace the Channel A oacilloscops
probe on TPO, plage the Channel A grguhd_un any ok
the DLM ground peints (TPL through TF4 are ground)
and place the external trigger on EZ5 pin 12 {SIGN
FWD) . : - _ :

. Sekt tke ss2lllioscone te syne ilaternal; positive-

" gelny and observe the wavefzrm shwon in Figure 3-112.
The pesk amplitude of the waveform sheould be betwesn

1.8 and 5.4 wvolts.
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.12

e possible

The meximum seek time should be between 2@ and BE
milliseconds,

Observe the tralling edge of the wavelorn {EBS
indigated Hy an asterizk In Figoure 3-12), There
shauld ke a slight "stepping™ sleope, If tha opbserved
elepe hes spixkes In it, the positiaoner noeds
teelacing as [k is pobt Pelling smeothly.

If the other specifications {(Lm Steps ¢ and 1@)
canoot be meat, the DIC Serfvo moduie 1z provwably at
Faunle. :

SERYD DRIVE MOTOR CURRENT CHECK

cause of seek errars is axcessive drive nokor

currenc . This check will determine if there iz too much current.
. Fequited Tools:

E. Oscillescope with probes and érﬁunﬂ leads

2. Toggle in oscillating seek program [Appendlx 23

k! DIF clip

4, Jumper.

B. Chack:

1. Remowve both top cover assemblies,

#. Defeat top cover interlock (Table 3-1).

J. Instcall cartridoe.

4. Depress LOAD switcoh.

5. Wolt for heads to load onto the pack,

B  Uszlng ke ﬁscillatinq saek program lisrced in Appeéendix
L, wause an wsacllilating sBeek from track @ be track
255 (RLEL) ar track 511 {RLRAZ).

T Place Channel A gecillgscops prnhe on TPl pE kthe OO
Earye module,

Ba, vérsinn 1 of DLM: Flace the external trigger on B8
pin 12 [(SIGH WD) .

Bl YVetrsion 2 aof DLM: Place the axk=rnal trigger on EZ25
pin 12 [SIGH FWL).

8c. Version 1 of DLM: Place the external trigger aon E25
eln 12 S5IGH FWD . :

9. Chserve the waﬁﬂfnrm shawe .In Figure 3=-113.
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10.

Measure the points galled out in the Elqure apd
compare them te the followlng:

£l should be between 73 and 784 my,
#2 and f3 should be less than or egqual to 548 mv.

Failure to meet sSpaplifleations requires replacement
of khea posltiopersdrive motor assambly (described in
ChEPtE[ 2; *

3.13 ACCESE TIME CHECK .
The Access time is checked by performing asclllating esesks and
observing the Position Signai and "Ready to ReadsWriteR.

. Raqulred Tocls:

Dscilluscmpe with probes and ground leads

1.

2. Toggle-in oscillating seek program [Appendix C})

i. DIP clip

4. Jumper,

B. Check :
1. FRemove beth top vover assemblies,
2. Defeat the top cover intarleck (Table 3-11.

3. Install cartridge.

4. Eepress LOAD switch.

5. Walt for heads to lozd onto the pack,

6. Using the ascillating seek program shown in Appendix
C, lssue @ orfe track =scek,

Ta. Version 1 of DLM: Place Channel A oszcllloecope prove
on E25 pin 12 (Ready to Read Write].

7b. Version 2 of DLM: Flace Channel A ogscillescope probe
on TFle (Ready bto Read/Wrikel.

70. Version 3 of DIM: Placa Channal A Eabillnscnpe probe |
on TP16 [Ready to Read/Write}.

4. oObserve tha waveborm depicted 1In Flgure 3-14.

9. Measure the time the "Ready to Read/Write* signal Is

iow, It should be Jleas than or egual te 18 milli-
seconds. : .
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18.

1r.

12.

Issue a seek ftom Erack F to Crack BS (RLA1} or track
17e¢ [(RLO2) and eheck to ses that "Ready Eo Read/
Write®™ is low for =lightly less tham B5 milllseconds,
See Figure 3-15.

I=sue & seek from track B Eg track 255 {ALFEl) or
track 51! (RLE2) and check bo esee that "RAeady to
Reads Writeﬁ 15 _lﬂw Eor Elightliy 1less than 199
milllseconds, See Flgure 3-16.

IT the specilflications are not met, the DM could be
gt fault, or the positioner 1tself may be binding due
ta exceasive Efrictlien. ({See Paragraph 3-12.)
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a.l RLI1/ALYV11l ACDRESSABLE REGIETERS

Address
[sotal)

TTa40@

7794p2

774484

TT4406

APPEHUDIX A
REGISTEH SUMMARY

Table A—f Controller Addressable Registers

Tvpe Register
{read/writa}l Name/Mneamonlic

AW Captral ESkatus {{8)
R/W Buz Address {EBA}
R pisk Address (DA
W Muleipurpose (MP)

Basiir Fopcotioa

Indiaates drive r-ceady

conditiong decodes
Adrive commands and
prowvides overdll

contral funciiens and
grror indicationes.

ndicaces MBIy
loratiow itovolwed in
Zata transfer during &
normal read oarf write
gperation.

(1) Holdszs disk address
Auring a data transtfer
such as HAead or Wrike;
or {2Y holds the deive
coemnand Ward €£or  a
Sesk caommand; <o (3]
holde the drive com=
mand word for & Get
Ebatus cnmmatd

{1} Functions &5 wWoid
counter when cransfer=
ring read/write data
between Unibops anirl
drivea; or (Z] acks as
srarage buffar when
reading deiwe sStatus;
or [3] steores header
information from con-
troller silo when axe-—
cuting = read header
commsnd .



A.l.1

Cantrol Status Regisker

CONTROL STAYUS AEGISTER (CSAL

15 v 1% 1% 1 Lo az  od L L) 0y 04 [T al (uly|
] |
EAR | DE | Mxmi| E2 | E1 Ef ; Je1 | 0&o |CADYE 1 [BAYT?|Oace| FZ F1 io |DROY
B | i
L o e — N
ACAD CIMLY HE&DMAWWRITE EEﬁE
<2 il
Bitl(s} Name FunrkEiok
B Driwve Raady {(DRNDY)  When =et, this kit indicAates that
the seisctad drlve 15 ready fo
receive @ Sammand , Thae hit 13
cleared when a SBeek cperation 1
iniitiaked and Sebt when the Desak
oheration is conpleted.
1-3 Fungwion Code Theze bits are =et by solbware Lo
indicate Tthe command to Be cxzecuted.
Fz Fl1  FB Coooand ootal
Cods
H 4 A Mo Op (RL1Z) aor B
Meink. (RLVIL)
o] 4 1 Wrikye Chenk 1
a 1 [ ek Status 2
[ 1 1 Seaex 3
1 ] A Reard Hesdor a
1 d 1 Write Data F
i 1 a Read [Data B
L 1 1 Rerad Caca Withosut 7
Hoader Cherk
Caormand executicn requires that hit
T aiContreller Feadyl be cleared by
saftware . Morers transfoerred inko
kit 7 ofFf the ONB can ke considered
as a 4o bie.
LI Bus Addreces Thne two mast significant bus addrass

Extension EBits

(BALG,

2217

bBits, Fkead and written as data nits
d and &% aof the €5 register but
considered as address bits 15 and 17
of the bus address register.




Bit(s)

14

11

Hame

:nchrupt
Erable [IE}

Contreller Ready
{ CRDY]

Drive Zelaect
(DE@, BE21)

Opcration
Inconplete [(OPI)

Data CRC (DCRO)
oI

Haader CRE{ (HCRCH
ar '

Write Check {WCE)

Funckiaon

when this kit is set by software,
conkroller 12 allowed to Intercupt
the processor at. the normal command
or crkror Lermlpation.

When eleared by software,. this o bic
indicates that the ocommzand in hits
1-3 is to he exscuked. When =set,
this bit indicstes the cantraller i=s
ready to accept another command.

Theee bits determine which driye
will communicate with Ehe contreller
via the drive bos,

When  set, this bit  indicates that
the current command was 70t Coh-
Platerd within 249 ms.

If oPI  ([(bit 1A) is eleared and this
Bit is set, a ORC errar has gocurred
wheh reading the data {DCRCY.

Tf 0PI {%it 18] is set and bit 11 is
alse set, the CRC error nas ocourred
on the header (HCRC).

Tf OFI (bhit 1@} is c¢leared and hit
11 is get and the functien ecommand
was' a8 Write Check, &8 Write Check
error (WCE) has ocoourred.



Eit[=s) Wame Function

1z Cukta Lats (LT Tnig hit is set during a Write when
ot the =ils is empty but the word cocunt
Header HWot Found kes not  wyelk reached ®ero  [(meaning
(HNEFY " Lhat Lhe bus requeal was ignored for
toa leng) .  The 0PI kBit will not he
Set.

This bBit will bhe set during a read
when the s5ile iz fell f(meaning thab
the word heing vead could not enter
the =ilc and the buz reguest has
been igrnored for too long]l. The OFI-
bit will pnot be zet.

when thizs hit and 0PI are ooeth get,
a ZPR m2 timeout occurred while the
conkroller was searching for the
@orrect sector to read or write (no
header compare — HHF).

Errur Sum@Bary

. Bits
Error . 1z 11 1R
oOFI i 5! 1
Read Data
CRC 1] 1 &
Write CTheck a 1 &
Header CRC a 1 1
‘ata Late 1 ] Fi
Header HNot
Found 1 d 1
13. Neti—Exfstant Thiz Bit iz z2¢bk Wwheh the addressed
Memory (MXM) memory does not respond within the

proper time Erame during a direct
memory azcess {DMA) data trapsfer.

xd Crive Error (DE) This bit 15 tied directly to the DE
interface 1line. When =zebk, it
indigates that the seslected drive
has flagged an srrar. IThe d@ourge
of the error can be detarmined by

cexecuting & Get Status command.}

DE can be cleared py execuring a Get
ftatus command with bit 3 of khe CA
regqlster scl.



Bit(s) - Neame Function

15 Composite Errol when set, this bit indicates

one or more of the errer bBits

will be initiated.
B.).2 Bus Address Reglstar

EUS ADDRESS REGISTER {BAR)
15 14 13 12 11 1 (k| as oz ¥ 05 0. 03 e

that
ibiLs
1a-14) is zet. Tf the 1B bit (hRit &
gf 0£S8) is sget and &8N eFral OTCULS
fwhich s=etz kit Ti, an intecrupt

L Qo
F'.‘.ﬂn.'l_E A4 | BATA E-.'!l.12| BATT Il.ﬂ.'-ﬂl BALD | BAE | BAT | BAR | BAR B;,;.q_ a3 | man E:ﬁ.'l ] a
| ; i . i
N :
T B —
READ/W AITE o
Eit(=) Hame _ Function
B—15 BAA thru BALS These bhits point te Ethe Unibus
address that data is= tag be

transfarred toffrom. Hormally a

mematy address, BR1G anpd 8A17 ar in
the CS5R bBits 4 and 5. :

a.1.3 Disk Addrese Register

£.1.3.1 Disk address hegister buring a Seek Command

DAR DLIRING EEEH COMMAN D

15 14 13 12 1! W puw O BFT 06 O D4 o3 0T o1 0D
1 ! -
CFs | 5F7 | OFG | DFS | OF4 | oF3 | oE2 | &F1 { DFD [ I HS a OIR 0 1
o2 1

Bit(=] Hame Furnctian
B - - Must be a 1.
i3 - Muse be a f.

A-D



Bltig)

2

S-t

7-13

Hame

Cicection (DIR)

Haad Salecl [(HS)

Dylinder Address
Diffrrence
CF Ak: gf

Function

This bit indigates the diveeticno tn
which & Seerk is to take place. WoeDl
the kit iz s=set, the headd mowvEe
toward the sgpindle (te a higher
cylinder addraszzj. When the hit is
cleared, +he heads move away Lrom
the spindle (to = laower <ylinder
addressl. The actupal distanve movaed
depends an the coylindor &Gdress
difference [(kits 7-=157. '

must he a A.

Indicates which head (disk surfece]
iz selected. A2 one indicates the
lower nead: & Zevra, the upper Lhead.

Eeserwved.

ndicztes  the number af cylinders
Eke heads are to move on 4 seek.

A.1.3.2 PpPisk Address Reyister During. Read or Write Data Command

DAR DURING REARING OR WRITING DATA COMMANDS

16 14 13 | 1% 1? 168 0g 0y T It 0I5 0 a3 a2 e a0
Cas FAT] GAT | CAS| CA4 | CaJ | cAZ | GATKCAQ | KB | Sas gaa | 543 | saz | 841 540
I
e il
Rit(s) Name Function
F—5 Gantor Aldrecss rAress af one of the 44 sectors on
oh AR: PR a track. .

E. - Head Salect [HE) [pdicares whichk head {disk Eﬁffacu]
is to be selected. & one indicates
the ‘laower head; a -zero, Lhe upper
head, The correcl track [head and
cylirder) must he pPrevicusly
zelected by a Boek.

T-15% Cylinder Address dddress cf the eylinders keing

Ch AB:RA

accesEead.




£.1.3.3 Disk Addresz Reglister During a2 Get Ststus Command

0AR DURIMG GET STATUS COMMAND

1k 14 13 12 11 i U 03 oy G 5 4 03 03 a1 Qg
w L4 ¥ X L} X i4 k4 o u} | a RET a 1 1
CZ-2037
Bitf{a) Hame Futirt ion
a - Must bBe A 1.
1 Gok Status. (95) Must be & 1, indigating to the drive

that the =atatus ward is n©eing
requested. At ‘the campletion of the
det Btatus cemmand, the dArive status
word 18 read irto the coantrgller
Multipurpose (MP) register.

z — Must be a @, .

3 Reset (35T} ' Whern this bit {= set, the driwve
clears 1ts error regizter bhefora
gending a status wotrd to  the
control far.,

4-7 - Must be a @.

a=15 - Hot used during & Get Status.

A.1.4 Multipurpose Reglster

A.l.4.1 Multipurpose Register During a Get Status Command

MPA AFFER GET STATUS COMMAND
16 T 13 12 " 10 a o8 o7 (] gl [ (12 1 al an

WOE | CHE! wi |5KTO[ SPE |WGE| ve | osE | DT HS co HO | Bd | STC | 5TB | 574

2
i

LE-2;



Brt(a)

B—2

1

11

Hame

State CrA

ST C:A

Erusk Home (BH)

Heads Cut (MO}

Cowver {Opaen [(CO}
Head Eelect (HE)
hrive Type (COT)

Deive Selest Errer
(DSE)

VYolume Check (W)

Write Gate Etrer
(WEE D

Epin Error (SPE)

Furnotlen

Theza bits deflne the skate of the
drive.

c B A

1] s @ [pad Cartecldge

1) @ L Spin Up

B 1 d Brusn CTy=le

] 1 1 Load Heads )

1 a | Sepgk (Track Counting)

1 A 1 Lock O (Keeping on
track}

1 1 A Unload Peads

1 ! L Spin Down

et when the bBrushes are nome.

Cet whewm the hegds are awver the
digk.

Set. when the cartridge access nover
iz open or the dust cowver 15 nol 10
Flace.

Indicates the carrently selected
head, A zere {ndicates the uapper
head; a one, the lowsr head.

A zZere indicates an BLP1; & ane, an
RLAZ.

Eet when & multiple drive =electian
iz detected,

S5et when & rcarkrldge 1Is span-up.
Cleared by execution of & Get Status
command with Bit 3 aaserted.

Set during Wecilte GCate 1f one ot
more aof the folleowing conditiaons

LOCUT .

o. Defve 18 nok “Ready to Read/
Write®

o Drive 18 Write Protectad

¢ Sectar pulse 18 occurring

o Drive has ancther error

Set when spindle has not reached
speed in the regulred time during
spin-up of when swpindle spesd 15 too
high.

A8



Bit{sz) Hamz Functicon

1z Beak Time Cut St whepn the heads d¢ net come an
ISKETO] Erack in the required time during a
Eeek cemmand or when YHeady tao
Read/Write® iz lost while the drive
iz In posikcion [(lack=ch} mode.

13 Write Lock (WL Gok when the drive iz wWrite
rrotected.
11 Current Head Error &et if write curtent 1s  detected

CCHED in the heads when Weitbe Gate 1s ot
: aaaerkted,
15 Write Cata Error Get if Write Gate is asserted but
[(WLE) e Yransiticons 2re heing derected on
. the Wrlte Daia lire.

A.l.4.2 Multipurpese Register During & Read Header Command

MPR AFTER READ AEADER COMMAND
15 1 13 12 B 1a a2 a8 a? a6 0% a4 a3 [P a aad

1
Cag ! ca7 | cas | CAS | Caa | CAS | CAZ | CA&T1 | CAO [ HS | SAE | Sad | 5A3 | SAZ 5#.115-"@

16 14 13 12 1t 14 (i) 04 o7 (] LT A L k) a3 oM Qo

TEROES

156 id 13 1z -1 W gF Qa8 o7 8§ 05 04 3. B 4t an

[ CAC

.11

Bit (s} Naim e Functlon

-5 ShA:BRE5 Secktor Ahddress

kR HS ' Aead Select — Upper head a #, lower
head = 1

T=15 CAA:CAE Cylinder Address



2.1.4.3 Multipurpese Register During Read/Write Pata Commands

MPR DURING READ/WRITE COMMANDS FOR WORD COUNT
15 4. 13 12 L 10 a3 0A o7 (] 5 (oL a% 0z a1 ao

1 H :
1 R | 1 iwciziwcnwcm Wwio | Woe '-'-'C?IWCE WER [ WC4 | WCI | WE2 | wi | Woa

3-8
Bit (&) Hame Function
a-12 Word Count fontains  khe two's complement - of
WC I2:80 . Fatasl oumber of werds Eo be trans-
Eerred.
13-15 . MiisL D@ ones.

MP Register Frogramming Note = The
RLAL/RLPAZ Dlisk Drlwe will not da spiral
resdfwrites. If data iz te be
rransferred past the end of the last
seotor of a track, it 183 hecessary to
bresk up the eperation inte the following
steps. ' '

. Program the Jdats transfer to
terminate at the end «f the last sector
nf thea erack. .

2. Program a seek to the next tr:ar.'_'kt
Thizs can be elther a head swiktch te Ehe
"other surface but same cylinder or a head
switch and move to the next cylinder.

3. Frogeram the darca transfer te conkinue

at the etart of the first sectar .at the
next track.

h-18



Aol | pr.e-A ADDRESSMRBLE HEGISTERS

QCTAL CODE *

BEEd

fhdl

E6@2

TRERAI

G684
BEES
5607
6610
hE1l

ER12
f613

bEld

5615
6617

Tahlae A-Z2

MNEMONIC .

RLOC

RLHMA
RLCA

RLCo

RLESR

REER
RRWC
RACH

RACH

RHREA

AR5l

HLSE

RLE-A Tostruction 5et

FUNMCTION

Clear centroller, all registers, AC
and flegs. (Do not use Lo berminats
a disk functian.]

zkip on functlaon done, then elear if
sgk Lo a one

Foad Break MA Regqlster from AT Arll
Load Command Registery A from AC @:I1

Load Cammand. Regluskter B from AC
P:11, execube command

togd Sectar Address Register from AC
A:5

Load Word ©Cgunt Hegister Erom  AC
M:1ll

Fead Error hkegister inte AC 8, 1, 2,
18, 11

Read Word Counk Reglster into AC
fi:ll c

Bead Command Register A into AC Eill
Read Command Register B into AC B:11

Read Sector Addrese Reglster inte AC
B:5 . '

Read a{isa ward ints AC E:11

8kip on composiktes erroer, then clear
1E sat to a one

tajrernabe Jdevice gode, 62 and 63



A.2.1

Command Registsar A

2.2.1.1 Command Pegister A During a Seek Command

Bik(s)

ACH

ACY

L)

ACZ: 11

COMBAAND REGISTER A DURING A SEEK TOMMAND

i o1 0z 03 It 05 ]k 03l (K ng 10 thl
r ' -
DI | HE ] X lmsar \ | l LEE
r
b i
CYLIMOER DIFFEREMCE
CZ.201%
Wame Funetion

Directlian (DIR)

Phiz kit ingdicates +he Aireckion in

which a Seek is to take place. Whan
the bit is =s2t, the heads meve
"toward khe spimdle {to & higher

Head Select (HE)

Cylinder-hﬂdresa
Diffarenne

cylinder address). When the kit I=
cleared, the heads move away from
the splndle (ko a lawer cylinder
address). The actual distance mowed
depends on the cylinder address
difference (bies 3-117.

Indicates which head ({dlsk surface}
iz to be selecied. & ocne indicates
the lower head; a Zere, cthe upper
head.
Cpare

Indicates the number of cylinders

the heads are te move oh 2 seek.

A,2.1.2 Command Registar A During Read or Write Data Command

COMMAND HEGISTER A DURING A READMVATIE DATA CORMRLAND

[ o1- 02 o3 Jd

0E 06 07 1]z} (2] 10 11

1] HE a nMs3

|
LEB

e
CYLINOER ACGDAESS

C2.2017

A1



Bit{=)
ACDH

AC1

ACZ

AZ3:11

Hame

ead Select (HS}

ﬁyLinder address

2.2.2 Command Reglster B

(4]

Function

Must ba Zeto

indicates which head (2isx suriace)
is top be selected. A one indicates
the lewer heard; a zefo, the upper
head. The correct track (head and
sactar}) must be previeusly selecte
by a EBeak. . -

Must he zetrao

Oylinder address

ComMMAND REGISTER B

o Gl 03 04

5 1] ar N3 ] m 17

L?EE

MalN |MODE} IE rMSH

LS9 |Eraony | EMAT| EMAZL FC Fa Fé,

Bit(s)]
ACH

ACL

A2

A3

h‘hﬁwr'—*J

DAIVE SELECT

Name

Maintenancs

Mode

Interrupt Enable
[IE]

oAacia
Function
Fegeryvead
The contents of the Disgk Addyess

(D&) Register are looped back tao the
sila for maintenance purpeses. Bit
7 af Cormand Register B must also be
wset fer this functlion ko work
correctly.

When set, thiz bit indicates that
tha data fileld will be 286 B-hit
wardg per Seobtar, Wh=n zero, the
data field will be trupcaked Lo LVE
12-blt words pet seckaor. Thiz bit
musk bhe st when a Maintensanee, &
Get Status o a Read Header oommand
12 to be erecuted,

Wkern this bit is ept, the sontreller
is 2llawed o interzupt the
processgk ak the -esneoulsion cf a
rormal command or ecrer termination.



Bit{s) Wame ' Functilon

ACd:5 Drive Helect These hits dektermine whigch drive
(154, DSk} wWill communicake with Che Pﬂntrnller
via the drive hus.

-RCH:B . Extended Momory These three bits define the merorly

hddressed [EMA) . field location. This allows up to
32K momery locatiens ko be addressed
pn processsrs having mere then 4E of

MENSE Y .
ﬁﬂgrll : Fanccion Code Thaze  bits i;ﬂi:ate the fommand ko
be execubked by the controllersdisk:
‘Bubsystem.
Bit BEit Bit' Command
g 1@ 11
A w @A Maintenance
1] 5] 1 . " ReSEL
4] L a . Get Stacus
A 1 1 Eemk
1 5] a Fead Header
1 L L Write DAaca
T "1 @ Bead Gata
1 L L Bead bata
Without
Header Check
A.2.31 Break Hemnry Address Heqist&r
_ BRELK MEEMORY AUIJIiE,‘:En HEE-IE.TEH
aap T om nz 03 oa & . & oF o4 (=] m - 1

EM 00 |BROY | BMO2 | B8 03 (BM 03| BM DS (BK 06 (EM OF [ BN GE | BR a% |Bm 10 |2M11

[P |

Rict{=) . MName Punction

ACO:11 BMAT1E Memoty Address

A=-14



A.2.d  HWord Count Register
WIORAD DIOUNT REGISTER
i mi o2 03 04 05 ] ar 0A 09 i 11
| |
W Q0 WS DR W 02 | WG 03| W G [WE DS E WG 06 WS 07 |0 ORI 05 WIS 10 WE 1
| |
CZ 2023
Hitis) Name Functlan
: aC@A: 1l Woo:11 Word Counl
% A.2.5 EBector Mdress Register
| SECTOR ADDRESS REGISTER
i on o 02 oy 4 a5
" 1
5400 | SAD1|SAG2|5A02|5AD4(5A05
LLz:
Bit(&s} Mame Function
' ACH: 5 £RALE Bestor Bddress
k2.6 Error Reglster _
EARCR REGISTER
o 01 o2 a3 24 G = o7 ] iy 0 11
| i
. DCRC| OF | OLT MAT DEFINCR | DOE | oRDY |
! |
HERE HMF
Cz 20z2
Bit{s] Ham e Function
A4 Data CRC (ORCR} or If 0OPI Is cleared and this kit i=
Aesder CRC (FACKC) ¢k, {the CRC errer oocurred in the
daca [DCRCY. If OPI i: set and this
bit ig also set, the CHS ertnr
ocrpcey on che header (HORCT .
AC1 Creraticn When s=t, thlz bhit indicares thal
| Inconplete (ORI the curcant Command wWas not
| compieted withing 2P8 ms. It in

alsg used in conjoencticn with hitg F
and 2 of this register.

E-15



Eit{=] NHame

B Paks Late [(DLT) or
Header RNoar Found
[HWFY

AMIE 2 Erecor Code

AOLE nrive Errar {DE]

ACLL Driye Ready (DRDY)

Function

Thi=s kBit 1s s=2t during a Write 1f£
the silo is epmpty and che word count
is nmot et 2erao (meaning that no
word was available fer writing).
0PI will not be set.

This kit is set during a RAead if the
ci1lo iz Ewull apd the ward rcounk is
rat yet zero (mzaning that the word
heinq raaqd oould - ot antar the
silay. 0PI will net he set,

Whmen this bBit and 0PI are both zek,
then & 23@ ms timeout eeocurred while
Lhe conteoller was searching fcr the
corcedk Seator B rFead oF wWrite (no
hewcer compare - HME L. :

Summary
Error Bits

A4 At -
DLT a . 1
= A 1 %
HHF ¢l 1 1
DCRC i 4] g
HORED 1 1 1%

This bit is tied directly teo the

Drive .Error interface line, When
set, it indigates that the selected
drive has flagged an - efroc. The

JoUurce nt the. error cAan st iy
determined by & Get Ztatus,

The DE blit iz clecared wlth-a Feset
command to the drive.

When set, this it indicates fthat
the =elected drive 1s ready to
receive -2 command. The bie is
cleared when a Seek oparstlicon 1is
initi&sted and set again when the
Seek operation i= completed.

A=16



A2T

A.2.7.1

Bitis)
ACA: 3

AC 4

ACH

RCH

AT

ACEH

ACO:1L

il BuEfter

2ilce Buffer After = Get Status Command

- SIL0 BUFFER — 3TATUS w030

(114] I} a7 03 04 L G or ua 0a 10 11
NOT DeEFINED CT H5 | €O HO | BM | STC | STE | 5TA
-
WORLH

Mame

Dr ive

Head Select ([HS

Caver

fHleads

Brush

SLate

Ty e

Open

ot

Home

Aics

gisel

(E7

[BR]

e

Fonction
Undefinsd

A zero indicarez =n RLE1; & wobe, an
RLAZ,

indicates currently selected head.
& zero indicates the upper head:; a
nne, the lower head.

Seir when the cartridge access cover
iz onen or the dust cover is not In
Flace.

A one indicates that the bheads arcse
owver the dlsk; a zero ifndlicates that
the heads are home,

Sek whnen the brushes are home,

These hita defipne tne =state af the
disk drive.

Ftate Bit Definitidns

Bit Bit Bit Definition
A B c
a & 1] Lead Cartridge
a % 1 Spin—up
a 1 @ Brush Cycle
i 1 1 [.oad Heads
1 @ a Szek [track
counting}
1 B 1 Lock-on [keeping
on tragk)
1 1 é iinload Heads
. 1 1 Soin=down

A=17



Bitis)
ACA: 3%

R4

ACH

ACT

ACE

ACH

hC14

aCl11

SILD CUFFER — STATUS WRRD 2

om0 22 0

a5 b T ne Co in R

MNOT DEFINED WDOE| CHE | WL | %16 ! SPE | WG] VI O5E
WOoRD 2z

C2.2074
Mame Funckion

Write Datz Ercor

{WDE)

Currenkt Pead
Brror (CHRE)

Write Locx (WL
Goek Time Out

Error (SETO}

Spin Error (SPE)

Write Gate Ereor
[WGE |

Volume Check {VC)

Drive Belect
Error (D4E}

Indafinerd

THis hit is =set when Write Gaze is
on kut no transitions were dastected
on EREe Write Date line.

Tvis bit i3 set  when Write Currert
is deteacted in kne hesds buUlt Write
Gale was not pszerted.,

SHet when the Jdrive s Wci«=e [Fro-
tecter. ’

St when tha heads de nok . coape an

treack in the raguired time during =
Sock command or when "Aeady to Beads
Write® iz lost while the degive iz in
Position Ylock-on] mode.

Set when the spindle dezas nob come
up to Spead wlthin 4@ seconds or
when Lhe spindle speed is tao high.

Sek if Write Cate is8 asserted  and
ane of more of the follewing condi-
tiocns 18 true.

l. Drive is not "Beady ko
Cead/Wribte"

2. Drive iz Write Frotecced

3. Drive is in the midst of sector
time

4. Drive ha=s anather error assected

Set when a carttidge has bkeen
spun-up. This bit s resel by » Get

Etatus command.

Set whepn one or moere deives have the
game number  funit select plugl or
have responded ta the same nuober.

m=11



A.Z2.7.2 Bile Data Buffer Durlng a Read Header Command

SILD BUFFER — HEADER WIRDS

T - - D - I B LA - N " I
ST DEFVMEND LsB | HE | maso l L5E
. x . J
WORD 1 e —
CYLINDLA o SECTOR ADDRESS
ALDRESS
o 'm T R . - L
ST DEFINED | ouase %
K| 1
WOHD 2 A oy _ A
CYLINDER ADORESS
NOT DEFINED - & i G a i n o iu
WoAaD 2
| L]
WOT GEFINED 1 6 1] dl 4] i i u ]
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EEPFPHNLIN B
INSTRLLATION

B.1 EITE PREPARATICH AND PLANNIMG

This appendixz describes power, apace, environmentsl, ecabliimg and
safety requirements that must be copsidered before installation of
the RLALARLAZ Diek Subsystes.

B.1.1 Envirenmental Considerations
"he RLALABELAZ Disk Subsystem i1s designed to operate I 5 business
of light dinpdustry envirenment. Although <leanliness 1s an

important consideration In the installatien of any computer
system, it is pactlcularly crucial for proper opetation af a dlask
Arive, The PLALZ/RLEZE Disk Cartrldge is naot s6aled while bealng
loaded and 15 therefore vulnerable toe dust or smeke parlbilcles
suspended in the ajir, az well as fingerprints, hair, 1lint, etc.
These minube obstroctions can capse head erashes, resolting in
sepere damage to kEhe readf/write heads and disk surfaces.

B.Ll.1.1 Cleanlinesz - The RLAL/RLAZ Disk Crives can operates 1ln
an Ambient with less than one million partlicles per cubie foot of
ait which are E.5 micromn eor larger -in diameter. The drive
contalins a flilter system which, under these conditions, maintains
the particle count wlthln the :artridgn below i@ particles per
cuhie foot, )

B.1.1.2 Space Regulrements - Proviaion showuld be made f[er
caryice clearances of 1 m (34 ind at the front and rear of the
rhck or cahinet in whieh the drive is moonted and 1 m {36 in} at
either =ide. '

Storage space for the RLBIK/RLOAZE cartridges showld alise be made
availakle. -Each ¢srkridge has & diameter of approximately 3B cm
§{15 in) -and a height of appreximately & em (2.5 inj.

CRUTION
RLALK/RLPZK disk eartridgez must never
he stacked on top of esach other. A
designated shelf aresa or Epecxﬂlly
designed dizk cartrldge storage wnit is
racommanded [(see the DICETAL EJPPIiEE
and Aucessories Catalog).

E,1.1.3 Flasr Loading ~ The welght of the RLO1/RLE2 Dish Drive
alone 1s 34 kg (75 lht, which will not place undue stress ah mosSt
flooprs. Howevar, tho added weight . of the rack or cabinet as well.
as the aumher of drives to ba installed should he considercd in
relation te the weight of existing computar sSystems. Pussible
future expansicn should slso he a consideration,



E.1.1.4 Heat Dissipatign - %the heat 2isslpatisn ef each
RLAL/RLA? Disk Crive i= 54f Btushour maximum. The approximake
eoaling requirements for the entite zystem can be calculated by
mulbizlying thls figure by the number =f drives, adding the result
ta the taotal hegat digzipation of the sther system components, and
then adjustirg the total figure te comnpensate £for personnel;
cenpling system ellicichcy, ebe. It i5 advisable to allow a safety
margin 2{ at lzast 25 percent above Ehe maximum estimated
requirenents.

B.1.1.5 Acousties - Most computer sites require at lesst some
deqree of aczoustical Ereatment. However, the BRBLAXARALAZ Diszk
cupsystam should oot contribete undoly to Lhe ovarall aystem rolse
level, Ensure that acoustleal material=s used de not preduce or
barbor dust., : T

B.1.1.6 Temparature - The RLAL/RLAZ2 Dick Fubsystem will cperate

"ower a teuwperature range of 14° & {Eﬁ? Fl te 46° © (184% F)., The
maximum temperature gradient is 15,6 C [3&“ i P&r hoeur . ;hu
nnnaﬁerating temperature range 1s from -4@° ¢ (43"~ F) ko GRS C
{1517 F). . .
B.1.i.7 Relative Humidity - Humldiry econtral is impertant Eor

propet vpuratian of any computer syslem since statle elestricity
may fcause mWemory ‘&#rrars aor ayven permancent damage to lagic
cocmgpanents, The RLAL/RLAZ Disk BSubsystem is desigred to oporate
within a relative humidity range of 18 to 95 ferceent, wlth &
mawimum webt Ealb EEM?urﬂturu of 287 o a2 om and a mipimim dew
Peint of 27 € (367 F). The nonsperating relative homidity range
is from 1E to 95 percent, wikh a mawimum wet bulb - temperaturce aof
46% € (115% F). '

BE.l.1.8 Altitude - Camputer systems operating at high altitudes
may haye heat disslpation problema. sleitnde alasp affegts the

flying hkeight of read/write heads In diex drives. The magimum
alticude specified for operating rhe RALE}/RLAZ Disk Suksystem s
2449 m [SEAd ftr) ., hlse, the maximem allowable crperakting

temperature is reduced by a faster of 1,87 C per lpsam (1" T per
l9gp Ft) abave sea lavel. Thes, the maximum allowable opepating
Cemperakbura at 24 m (BEAE LE) weuld b2 reduced Lo 36°C (96 FI.

E.l.1.9 Pewer and BHafety Precautions - The RLA1ARLAZ  disk
suyhsysten presents no wnusual fire or safety hkagzarde to  an
existing c¢omputer aystem. AC power wiring should be chacked
carefully, however, to #nsure that its capecity is adaguate for
the added load as well as Eor any possible expanslon. The
CRLELARLAZ Cisk Orive is UL listed and C5A certifled.



F.l1.1.18 Radlaled Emizsicns - Any Socrce 2 electramagnetlie
interference (BM!)] that I3 near the conputer system may affect the
cpecation of the processer and lts rslated peripheral oecutpment.
fononot EMI scurces bhat are khown sawvses of failures iaclude:

Thunderscocms

Broadcash stations

Nadar

Mobzlle coomunlocaticns
Eigh-valtage power linez
Fowar Lools

Arg woelders

Vekicle Igrnitian syskems
Skatic electricity

& oo & 9 F B o B

The elflact of radlated =ZMI amnizsicns on /& compwuter Svyshel fs

onpredictable . Thus, gronnding zlays an important role in
prokecting the cirvults used In c€isk drive subsystems.

To help redice the effects of knewn high-intensliy EMI enissipns
pet faem Lhe folinwing actions:

> Ground window screans and otaer large metal saurfaces,

. Ensure  that the  overall rpomputec syskten I3 grounded
propecly (rceicr to TParegraph R.14, Groonding Heqqire—
ments).

o PEawide propsr starage fmetal csbineks with doors}  for
dirk cartiidges. '

B.1l.1.11 Attitude Mechanizal Shogk - Ferfotmance al the
DLEFLABRL@Y Disk Bubaystem wil: not be affected by an attlitude where
wak Inuw piteh and rell 2o rot exceed 15 Jogrees.,

The subsystem is desiqned to operate while a neli-sine shock pulse
nf I8 gravity peak ard 18 + 3 ms Jwratien is applied opce in
cither direction sE Lhrese arthagonal axes {three pulses totall.

B.1.2 Options )

The ALAL/RLAZ Tisk Crive can be shipped with varicus conteollers
{for Unibus, Ommibuz and L5I-1: 3us cammuter syskems), &nd cabn bo
canflguared for 115 Vace 239 Vaco gperation.

Tzhle B-1 shows saleable PBLELI/RLAZ subsystem opbiors.  Teble B=-2
shows RLPL/2LER cotion componenks.



Option

Number

RLALA
RLazn

FL@A1 bR
RLA2-A%
RL#L K-
BLEZE -
RLX1-NME

RLE1l-AE

RLV 2] -AE
RLEBA-AK

RL Z8& ~hK

Table B-1

Galeable RLPL/RLPZ Subsystem Options

Deecriptian

RLAL Unit, BC2ZAT I/0 Cable, Chassis Elide
Mounting Hardware

RLAZ dUnit, BC2A] IO <Lable, Chassis 5Glide
Mounting Hardware

BLALl-A {Drive), RLA1K-DC (Jartridge)

RLAZ2-% [drive), RLR2K-DC (carteidge}

RLA1 Data Cartridoe

RLEZ Data Cartridge

RLEL-AEK,
ALFZ-AK,
RLAL-AXK,
RLAZ=RE,
RLEL-AX,

RLO2-RAK,

RLL11 Cuntrnller,.ECEEH. ferminatcor
2L1]1 Contreller, BCAGBR, Terminaior
RLV11 Contreller, BCEEA, Terminatar
RLVli:tpﬁtrnller; ECRGR, Terminator
AL8=A LController, BCAAR, Terminatnr

RLE~A {ontreller, BLBGR, Terminator

B4

and

2nd



arder Ho.

Tabkle E-2

Soleable Cablnet Opitions

(Ineivdes sklns, doors, covars, trim, and power controllers)

TyDe VYolts
JS54 118
2Z4
J357 il
228
HOSRA 118
228
14
2ip
ilg
226
ile
HJhEd 2ER,
1a5a4a

saleable Cable COpklone:

Ewg

HUEA-RC
HOEA-B

E36T-BA
H2R7--BE
Hoed3--ED

HIpe3--8E
HIGR1-~ED

HOGH1 -BE
HO6HI—EA

HeaA2-[B
HYREd~-ER

Ho6dd-EB
H9g@I-B~0
HEGAD-A-0

HBFA3-B -0

HIEAL -A-0

. Remarke

Ineiudes five 26.67 cm [19.5
iny) high pangis -

ZELET ©=m :iﬁ.ﬁ in) =over
panels  (HISE=-DAY must be
cedered 1E reguired.

SWEE with H3514-B top cavebs

DWLE with H2514-A top cavers
SWHE :umplsfe hibcy cablneb
DWHES cnmplate-hiﬁny :ahingt
SWHE option arrangement dwg.

grder as redulred.

DWIR cption arrangsment dwg.
Order as reguirsd.

BWLD mption arrangement SwJ.
Qrder as regulred.

IMHE opitlon arrangement 2wy,
Order as regquired. '

Whare an /0 ceble length of more than 14

faot Iz required, order on2 of the fallowing:

BC2PY -2 F
BCzBI-38
BCZ2A5—E4

© part Wo.

TEL2L 2421
F81=122-48
TAL2123-68

tlee f&).

Langth

B m (28 EL)
1im (48 £t}
a2 m (&d £t

Total length af :able;é} frem the gﬁntrallez.;ﬂ'the last drive
must not eXxXseasd I8 m



B.i.3 AC Pawer HReguirements

The RLA1 or RLEZ drive can operate wikhin chne ©of two wolbage
Tangee that are manually selected by meani of two ferminal klocks
lated at the rear of the device [Figure 23-1). These woltagae
Fangesd arer:

118 Vac 220 Vac
MO l1@-124 22R-25%
LG Yp-1P0E 1g@-219

The driwve will operate when the line freguency i= between 47.5 and
63 He.

8.1.3.1 Standard Applicatfions = The drive gan be shipped from
the factory as a free-standing unit or oouwunted in warious racks
and cablnetz (refer to Paragraph B.1.2, Options).

If the drive 1z shipped as & free-etanding uwnit, tha 2.74 m (9 e}
ac pawer cord 1s terminated with a MEMA type 5-15%P plag [DICITAL
FPrrt Mo. 98-288933). This plug redeires a MNEMA type E-151
receptacle [Figure G-2}. - .

B.l.3.2 Opticnal Applications — Jperatioen inm the bigh wveltage
range [(l8R-256 Var) wlll reguire reconfiguring the terminal block
at the rear of the drive and changing the line cored plug [Figure
= : .

In 5@ Hz applieatians, the line cord plug mist be changed {Figure
B-37 .

Beled Stounding Requirements

Each cabinet of a DISITAL compukter system is equisped with ground
luy termimals that sheould bhe connected to a low-impedance earth
grovnd by MNe. 4 AWG (% mrA8.20 in) copper wire or strended Ho. 4
Mz welding cable., & Surndy QR4C-B solderless lug {or eguivalent)
ls rerommended for terminating the cable, DIGITAL =upplies a
standrrd grounding conducker with each I/C and memory cakinet.

A =stee]l building beam 15 an adegquate grownd in many instances.
Howewver, Some disk-oriented syatems may raguire additional
connestlons te earth ground, in addition te the ground leads
carried through wvarlous silgnel buses and ground connectors
contained within the power cables. The g¢reen grounding wire in
the power cable must alse be raturned to ground, usually theowgh
the candulbt =f the electrical distributien system. Note that the
green wire !s a not & current-carrying conductor, ner a newtral
conductaor . '

Whenever possible, the systan powsr panel must be sither maunted
in cantact with bare bullding steesl by bonded joints (Figura 2-3%
ar connected te the steal by a short length of cable.
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Where nelcher sclieme 15 pnssiblc. a mecal arca [cum?tisingi Lhe
power panel, the conduit, and a weetal plete)] of atc least 1 m™ (14
Et”71 that is in contact with masonry must bhe connected ta the

- green 4qreund wilre [Figure B-4). The. connectling wire must nok

exceed 1.5 m {5 ££1 in length and should he ak Teast a Ho, 12 RhWG
[P .

When tws cahinsts are’ bolted together, DIGITARL beonds them
eleckrieally with & Me. 4 AWG ropdoctor (59 mo/8.28 ind or by
geveral coppst mesh Atraps connected betwaen Ene cablpek framcead.

After the groundipg svetem is installed, L[k 15 sdvisable te take &
valbage reading Lketween the cabinen frame and the nearest grooaded
chiect . MRFL HWe, TR (published by the Fatlonal Bureau o f
Underweclters) ©rovides Zurther details tegarding orefevred
gqinunding procedures. ’

B.l.5 Installation Constraints .

The rcouke Efrom the receiving arca Lo the Imstallakion site Lhat
the eguipment will trawel should ke studled in adwesnoe bt RASUCE
problem—froae delivery. Amoeng the considerations are:

Height and lacetion of loading doors .
Size, capacikty, and availabkllity ol elevakors
Wumher and siwe of aisles and doors an roukbe
Eends or costrucbions in hallwaws..

LI B

CB.7 AC CABLING

Compueter equipment reguires a power Solkce with a minimun namber
af wvolbtage and frequency disturkances. Line weltage distacbhances
greater than 1/ cygle- [measursd at the receptaclie during systcem
pperatical are vrdasirable. o '

DIGITAL pswer wiring conforms ke Underwrlters Laboratories, Ing.,

-Handbook UL MNo. 478, Natieongl Electrical Code standards, -and the

type IT requirements of the MNational Fite Protection Association
[WFPA THA)}). This means that in the Unfted States the wire used as
equipment grouwnd 1s green, or green. with a wyellow sktripe; it
carries no 1leoad current ([(excent in emergency), hut doesE carry
leakage curfent. -WNo egquipment is permitted to leagve DIGITAL that
does nok have a grounding connection ta iks frame,

The graunded conducter is light grey or white. It must net ke
waed to ground equipment. Its purpose is to gonduct cortent.

Lires 1, 2, and 3 in a typical 48 H: jowoer system (Flgure E-%) are

represented by block, cod, and blue wires, resgectively, and phase
toLkaktion I8 1n klakt orderc.

B-1@
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CAUTEION
Whera no groundad wire can be
guaranteed, it must not be agasumed.
There are sScome 115% V68 Hz systens
within ths Upited States where aaither
gide of the lipe {& gronnded (115 V¥
I-phase delta).

Figure B-f shaws a typical S@Uz powsr System.

Tuwn Lvpes of power svabems caeh be used bo provide powsr Lo Che
NEMA type [L14-20R teceptacle. The Iype shewn in Figure B-7 ig
refected to a2 split-phase (or Z-phase 184 dizplaced) 128/7248 Vac.
IY conprlises a center—tapped transformer with 12B Vac betwesn the
cenlet kap and elther of the two legs. 24 Vac exlsts betweern khe
two outside legs.

The second type {Figure 2-8) L1s referred o as 3-phase ¥ (122
displaced) 128728 Yac., The 120 Vac exlisks bebwean neuatral and anvy
of the three other legs {X, ¥, or 1, and 288 Vac exists between
any twoa of the outer legs {i.e., between X and ¥, ¥ and Z, or ¥
and ), Although Figure [-B shows the X and ¥ connections as the
two phases used for the receptacle, any twge of the Lhree phases
shown -can be used.

The gireund terminal! on kthe 1L14-I08 receptacle will normally have a
green scyew, the neotral terminal will be white or silver, and the
"Lot" terminal will be hrass covered.

B.3  INSTALLATION - GEMERAL

The contreller sheuld be installed first, followed by the
drive{s]. BHexk, the 2lagneostics zhould be run to demonstraké that
tha subeystem 15 funcbtianing properly or to dlagnose any problems.
Paragraph 2.4 explsairs the Installatian of the RL11 Cantraller,
Faragraph B.S5 deals with the RLVI1 awmd Paragraph E.& describos
RL2-A& installatian.

Paragraph B.7  vantains instrugtiona to instzll the wnie anpd
Faradraph E.3 explains acceptance testing and containg sSeparéte

paragraphes for each of the three contrellers. Faraaraph B.92
describes the uwse of khe M5312 bootstrap module that may be used
on ALll-based systems.

B.d RL1i SONTROLLEH INSTALILATION

The RL1L Controeller (MY762) ie a slngle hex-helght module that can
be installed in any hex-height EPC slot. CJonnector Jl connects
the coptioller to the drive bus [Flgure E=f),

0f the 21 Jjumperz on the RL1Y Contraller, Eive are used FEor

tackory test purposes. The remalming 1l are for address
selection: '

Wl-Wé VECTCE ADDRESE {16d)
W7-Wia GASE ADDRESS (T74408)

BE-13



¥FI-2

MAIN SUPPLY

TRAMIFORME R —\'S-f'/

[ONLY SECONDRERY SHOWHN: o

"MAIN CIRCUIT

N ES:

& THE HEUTRAL SOWOUCTOR 5HQULD EE CONNECTED TO EAATH

GPIUNT AT THHE RULING SLUPPLY

TRAWSFORMER 1F RECANALD By LOCAL AL HCRAITIES 17 MAT ALSD BE

EARTHED AT THE

CISTRIEUTION PANEL|SI AMD ELSEWHERE.

B. THE BAFETT EARTH GACUNMD COMGULTSR MAY CONSIST QF
ELECTRICAL METALULC COWDLNT R
e b wyay 1f APPROYED BY LOCAL AUTHORITIES

Filgure B-6&

S W

rd SINGELEE PHALSE LQAEDS
ETYRIGAL ]

Typical 58Hz Power System

s

I
—

. BREARER OR
PHASE & CUT-OFF CONTALTCA
T = 7 : TR —_
I
N |
300 416y Bifay Ea |
1
PHASE B -,
: T 1 T
! 1
IsG! 340 '
!a'la'.' 416N ZI0S TR0V a
|
l l CPHASE & L
2202490V F
1 HWEUTRAL ' |
—_r N -
i i
= SLFETY EARTH GROUKD . :
. ) L]
d i

HJJ] 9 ))

FHASE LOADS
(TYPICALYD

LU R ]
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. HWOTE
A logleal one i3 rpepresented hy the
presence of 8 jumper wire.

Thne Unibus prlority plug sSets the priority Eor hua reguests, Far
the BL1l subsystem, bues regquests dre abk priority level 5§
{BRES/AGR) ., iBee Figures E-1¢ and B-11.)

NOTE
‘Adjustments on the RL11 are preseh at
the factary and are not to be changed in

the field.

Ta install the cantreller:

L.

s

D4

hemove Lhe M7762 module Erom d1ts shipping container and
axamine 1t Efor any physical damage,

If a pricrity level other thanm 5 is required, w»btain an
approprlale priority jumper assembly o fet up kEae
prioricy Jjumper  assembly (item 1, Flgure E-9) using
Figure E-13 a5 a gulide, The wvector and hase address
jumpers W1-Wl6 are for l6Y and 774400, respectively. If
Ehe subsy=tem configuration reguires ether than standard
addresses, set the Jjumpers up as skown in Figura B-18.
Physical lgecation of thede Jjunmpers is shown on Tigure
8-5, ' '

Install =the ribbon <able ([(BCARR-XX) with the rced
indicator stripe to the right and the smeath side facing
the wviewer when. wiewing bthe cemponent side of the
contraller as shown in Figure B-12. Dress the cable as
NECESEAC Y. ’ -

Insert the controller into its appropriate siet io the
ZPC backpiane a5 shewtn 1n Figura B-12 after ensuring that
the sSlak &Zges not coentain a grant gontinuwity module In
row 0. Do not chafe the ribboen cable., FRoute the cahble
up and out te the rear of the cabinet, allewlng for cable
strain raliet. '

: HOTE
See Appendlx D for configuratlion rules
and &pC 31&; selaction consideratlons.

Aemnve the jumper between Chl arnd CB1, (HPE Grant)] aon the
hackplane, if the jumper exists.
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WECTOR ADDRACSE SCHEME

E I ! l I
| I
o | a l a | i | B i a
2 zie 2'5{ 24 F1a 2-1z| 21 g Eﬂl JE 21 2% 2E L I a1 2 o0
1
1 [ i 4 '@ 0 a o 4 1 op o 1 | t 1 i I 0 o 0
X ox .'(E,‘-L o J{I'-'.-)'. ':r:];-; W W, W W W W] X X
HER |
I b .

FOR WECTOR aRDRESS 16G - Wy W W5 JUMPERS i
W, Wiy We JUMPERS DUT

BASE ARQMARESE SCHEME

|
PR Fl :
|

! | !
] | | I !
1u] L. 111 zu-l q44 ¢ I 2'-:' T Eli Aw g1 e | B O 2:; T a1 &0
1] T UNTR I B o ol a o oyo o 0
YRR XK W] Ve Wy W e e V| W Whe Whay XXX
J | I l | I
FOR BASE ADDRERS 77400 - W .. W W, JUMFERS IN )
W WL W WL W W !l.llll- JUMPERS QUT
MOTE
K'S DENOTE DON'T CARE INDT SELECTABLE!
15 DEMNOTE JUMPER 1N
O'S DENMOTE JUMPER QUT 0Z-200d

Figure B-19 PRLLL Base and Vacter Address Jumper Configurations
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POSITIMER
FRONT WIEW

POSITICNER
AEST AAIMING
BRACKET

LATCH
_ . SOLENGID
| ACCESS COVER

Ci-2uid

Figure BG-11 RL11 Prisrity Jumper Asszembly Connecticns
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6. Ieetall *he trapcsition Bracket at the rear of the cakinet:

ghawn in Figure B--12.  Aszemble and inskall transiticn
Sconneshor.,
7. Pannect the other end of the ribbor cable (BLOAGR-AX) with
the red indicater stripe on the top. USe Figure E-12 as
a quide.
3. aoply sysStem powet and, using a suitable measuring Jevlce
ti,e., Zlnital wveltmetsr or sguivalent], verity the

valbtages are within the ranges spocifiied below.

VOLTAZE — RAR¥GE TEST POINT

GROGNR ' AC 3

5 OWDC 44,75 T +5.25 VG a2 BATKP!LAME
+15 VDo 14,58 70 +]15.70 VOO Cul _ LOCATION
- =18 WG =15.%5 T -L¢,20 WCC CER

Measure all weltages between the ground Eest paint and
rhe apptupriate valkbage test peini. If any adjustments to
the uower sSupply are neceassary, refer toe the apgpropriate
manual.

B.k RLV11 CGHTRE[LEF INSTALLARTION

An BLW11 Contreller is comprised <f 2 bus interfsce codule [(MEPLY)
and the drive bus noodule [(MER13)- Fach module has Ewltﬂh&ﬂr
jumpers, trimpots, and connectors that ate axplained ipn the
Eollowing paraJraphs. .

B.E.1 Bus Interface Module
The buas iakterfacs madule (MBE14) contalns the lng*c alrocuits tha“
perform the follawing majer functions:

& LEI-1}1 hus intarface Eun:tinns
] Progranmable reglsters
& £1la data storage and centrol circuits

Arn 1llustratien af the component side of MEBL4 is shown in Figura
B=12. The lacatien of the bus addeess switches, the. wvector
address switchas, and ehe caonnector finger assigoments are =10
ln this figure. -

The bLus addresas swikteh is uwged to Zebt up khe d?ﬂlce base address.
Tt iz npoemally faclery preset te 724d.  This means tha device C3
regigter has an address of 17448 and the MP register has an
address of 1744¢6, The switches have the OF and QFF positions
labeled., The ON positien iz the logical 1 or true state [Figure
B-1%).

The wector acdress swiktch iz used o gelect the address nf the

yectoe fotr Lhis device when it intecrupt=. It iz factory preset
Eor =it addeess of 169 - [Figure B-15).
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ALV BUS INTERFACE MODLUILE (MED74)
CORPOMENT SILE

MG B
BUS ADDRESS SWITCH
LEE
MEE
ey VWELD IR S0 TS H
L5
o e B I ]

Y A W AN AW Py

[I.2n

Figure B-13 RALV1l Sus Interface Module
(MEE14} |Companent Side!

B-24



LOGIS ELEMENT

H.4 ADW IR EQ=———a

———EASE ADDAESS

e = SN ARY WALUE
———SWITCH NLIMBER

FOR EACH 07 SET THE CORAESPONDING SWITCH "OFF”

FOR FA&CH 737

SET THE CORRESPOMDING SWIFCH QN

1SE THIS SCHEME TO SELECT THE APPROPRIATE BASE
ADDRESS IF A DIFFERENT BASE ADDRESS 15 AEQLIRED

Figure B=14

Ed3
i
1 T ¢ a . 4a
i) }2” ik '212 2'1 1 2 i S L Ax3a
! 1 1 iod 100 | D0
l w8 %7 B854 | 3 11
) MEB LEE

CZe203¢

ALYY]l Base Address Bwilteh Sektlings
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EQ e e — | G ELRMENT

WELTIIR ADDRCSS — | I | ) :
EI- ‘E- 21 ‘ 2! ?- ! E.? El 2\.:
| o a prreme A DML BED
EWITCH NUMEEH—f ¥y B & 4 1 | .
MEH LER

FOR EACH "0 SET THE CORRSSPCHOING SWITCH "OFF "
FOR EACH "~" 5eT THE CORRESPOIMNDING SWITTH “0M"
UEE THIS SCHEME TD SELECT THE AFFROPAIATE

VECTOR ADDRESS iF & DIFFERENT VECTGR
ADDRESS IS AECUIRED .

Flgure B~15 ERLV11 Vector Address Switch Settings
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B,5.72 Delve Module . ) o .
mhe drive medule (MEP13; contains the olircuitrcy that perfcrms the
Eailowing major Tunctions:

* Lata fﬂrmattlmq and orror detecklng EIELUILS
* Control microseauencer and timing circuit
] Drivye bus Lnceriace

an 1lluskrarien of the component side of MBEL3 Ls zhown in Figure
B-1F. .

HOTE
Rdjustmepnts to the RLW11l ara preset at
the factory and are oot te be adjusted
in the Field.

B,5%.3 Madule Slob Locatlsh
Modules MABPY3 apnd MEQ1d mus:t ba inserted into the HIATI hackplane.
iFigure B-17% =s1ch that the MAPLY module is in the slob closest to.
the processor. DCutside of this one restrictien, the twa modulaes
can be inserted in any two cnused slots. The copntrellor prierity
lavel is hasad aaolely an itz electrical distancs Efrom the
mloroprocesssr medule In slot 1. '

B.5.4 Moduls Imstallacien

1. Using the nermal configuratien rulss, seslect two adjazent
slots in the backplane for tThe two epnbroller modules,

2 Ingsert the rtibbon cable (PCAGR-XX]1 intoe J1 on the MEH13
with the rad stripe edge toward the eop (Rew A) of the
macsula. '

3. Cagsetk the MAFL3 madule inkn the ﬁe;&étad slat that g
closesk tao the pRracessor.

a, Rxamine the MEALd tec inzure that tha base addroess
swlitches and the vector address 2witchez 2re 58t
cottectly. ESee Pigures B-14 and E-135.

C. Inseck. khg MEEIQ module next to thﬁ MEA1 Y,
B JnstaLL the translitian b"acket at the rear of thoe cabinet

as whown 1o Flgure B-12. Aasemble and install the
traasition connacbor. :

7. Confcct the okbkher end of the ribban cable with the red
sbripa up. ' - : .

=27
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CABLE CONMECTOR TO DRVE

|
= I:I ¢
AInA }—‘
Wi S
aR J
EPACH

n
W [|l] 4§ WCD POT
1

BLV11 DRIVE MODULE {R18013)
COMPLMNENT SI0E

JURMPERS Wz AND wa 1M PLaWCE FIDIR FPROM USE
JUMPERS W &RD WA [N PLACE FOR A ASKELD ROIM LISE

'I | D | C A
W A ¥ AW W A
MOTE: . CE-sE
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Figure E-17 H3723 Backplane Grant Priurity Structure



B. Aprly =mystem power and, using & suitable me=asuring device
{i.2., digital weltmersr ov eguivalenk] . verify that the
wvoltages are wlthin ithe randges specifled below.

Valtage Ratoe Tast Polnt

Oround hiz2

+5 Wdao +4.75 Ydo to +3.25 Wde PR 2

+1¢ vao +11.5 Vde to +12.5 wdc nD2

-5 vdc -5.25 Yde ta —4.75 vdc RL1 (MEQ13 cnly)
HNOTE

The -% Wd¢ i genersted on the KAPL3
module. Fk 1s mot adjustable baot bust
be wilthin specifications foar proper
operatinon, Module replacement 15 the
aonly correstlve Drocedudre. :

" Measure 21l woltages betwesn the ground tesi point and
the appropriate wvoltage test poink. | If any adjustmsnts
ta Lhe powar supply are necessary, refer - bte the
appropriate processor's service manual. . '

BE.& EL8-2 CONTROLLER TNSTALLATION

E.6.1 Intreduccien - :
The KL2Z-B finnibus ecentroller modole [MB433) contains the followlng

loglio Eunctions:

Tnterface logle _

Programmable reglaters’

511c dakta sterage and coentral :

Data Formatting and error detsctlon

contrel microseguencer and timing loegie
- brive Lus interface leogic

& £ 0 B3 @

NCTE
Adjustments cn Lthe RLE-A ars  presabt &t
the factory and are not ko be changed in
"the Efeld.

B.5.2 Module Slok Location .
Tha module can be inserhzd inte any unuzad {mnibus hex-helght slot
natwaen the CPD and the fivst memeory element. The santroller 1a
connected te the first drive wia a BCEAT-Z@ interface cabla,
Connections hetwesn drives are made using 2 BO2AJ-O0 (7@-12122-18)
cablea. :

B.&.3 Module Installatlsn
1. TRemove the M8433 modple [3ee Figure B-18) and interface

cable (BCABT-2d} from the shipping contalner and inspect
them fo¢ phyvsical Jdamaae. '
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3.

S

Worlify the proper jumpey configuration For device codes
and -welorley (Flgure B-3A)].

Device Code Wi W

o5l Th cuT

BirB3 TH IW

Break Priorikey W3 Wk W5

i IH auT IM

1 QuT I T
HOTE

RLE=-A ie ghipped from the factory with a
Privrcity of 8,

pevice Type Wi Wo

RLHL ouT IM

BLEZ 1N QUT

ROM Type (E133) wig Wil Wa W7
12t ouT N TH T
A8 ar 2708 IN auT : (HRRA IM

Posivcion the BCEAJ-IEF iInterface-te—drive makle Iin the
FDF~3d cha=sis and connect the Berg connector to the MAJAZ
madilla.

install the MEI44 npodule idinte salacted slske in Ehe
nnikbus backplane, :

Rouke the cahle suk to where the first AdArive wlll ke
Inztalled,

B.7 RLEI/RLBZ DISKE DRAIVE INSTALLATION

B.¥.1

1.

Unpacking and Inspectlcon

Whern dellverad, each drive and lts associaked cabinetry
are encleseqd by & heavy carcboard carkten and attached to
& shipping skld {Figure B-19). FRemove the plastic straps
that secure tho shipplng carton to the =kid.

Remowe Lhe 13d from the tep of the carton.

Remnowe the stagples tchat fasten the wooden crating slats
and catton flanges to the skid.



Figure 3=14

FLULL TELESCOIPE CAPR
(980055445

E-PAMEL FCLCER
199053761

CRATIMNG SLAT
S ITEREESAI

/ CUSHIOMED

SHIPPING SR D

IRE-FIL

H25A Shipping Package
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4. kemeve the shipping <cartono.

5. Inspeci the cablnet and deive for slgns of dsmage.
Retain all packing material and recelpts in the ewvent
that any claims for shipping 2amage must be Eiled. all
clalms should be filed promptly with the transgorEation
COMPANY.

B.7.2 RLAL/RLAZ Disk Drlve [Inlt Mounklog

HOTE

If the RLOLARLAZ is to be mounted in an
M95A cabinzt, the shipping brackets musc
oe retalned atd refitted after
ingtallatlon, Thia is the only way Eto
prevent the drive frem sliding while
repositioning or moeving Ethe BHY52
cablinet.

The drive may be shipped in a rack or cabinet as an integral part
of a system or may be shipped in 7 separate contalner for addition
ta an existing syskem.

Tf the drive is to ke installed in an existing rack or cablonel,
install the chasszis slides first as described in Steps 1 through 6
below (Pigure B-2@). The procedure for installing the drive
ltself begins with EBtep 7.

1. install cabinet stabllizers befsare mounting the drive.

2. Remowe the slidss from the disk deive., (Betaln the
hardware. far reasaanbly.)

3. Install slides inte the rack or cabinet using enclosed
hartdwabfa . Be sure the slides are akt the correck helght

to permit inscallation of pop panels {(dress panels) upon
completion of installation. Alse wverify ehat the slidas
de not bind on 2oy bardware used te mount the sllde.

&. Excend =slides ko lock posleion,

5. slide drive onte chassis slides and reinstall security
moeunting hardware. .

. Ensure that tha disk drive wmoves easily op the slides,
thet rhere is no bladilng in the gabinet, and that the
proper helght has been maintained for dress panels.

7. dpen the drive awcess cover.
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Figjiie G-28 BLA1/RLA2 Cabinet Inztallation

B=234

i



- —

13,

3.

132,

11

HOTE

There iz a safety Interleck in the RLAL
and RLPZ Disk Drives that locks the drive
access caowver when the drive has no power.
The manual ~release to bypess this
inteclock is located on the right side of
the drive uvnder a small access cover
(Flgure B-21}, Remowvs the cover to reach
the solencld. Pull down on the solepnoildc
and operate the top release mechanism at
tha =same time to open the drive acceas
Cover. After the drive access cover 1Is
open, teplace the seclencid ceover.

Lonsen the head restraining brackeb screw located on the
positiener. Turn the bracket 38 degreez and retighten
“he screw (Figure B-221.

0n newsr drives, thoese are twa chipplng sorews on the
pottom of the unit thaL sgcurﬂs the Eplndlefbluwer matoT .
Famove Ehe Sorews.

If the drive is being inztall in 2 dual-drive cablnek
that bas an interleck system bo prevent moere than one
drive being extended &t a time, ensure that 1s is

rohnecsted,

Inspect the terminal block covers at the rear of the

drive, Ensure that they. are configured properly for the

input power available (Flgure B-22).

CAUTION :
Connsctlon to the wrong -power SOLUTCE
will rasult in seriouz dJdamage te the
disk drlwe. '

Tf there is only one disk drive in the system, or If thila
{z the last drive of the daisy chsin, 1Llpstall a
tefminator assembly ([DIGITAL part ne. 78-122%3) In the
Tpahle ecut" location at khe rear of the drive (Flgure
B-22. :

I[f this is an WL.1l- or an RLY¥1ll-based s&ystem, rowute the
1/0 cable ACIAT-XX (DIGITAL patrt no. THE-121223-10) bebtween
rhe First dreive and the transition connecter, | IE thls 1s
an RLi-A-based system, route the BCBMI-ZE cable freom the
REA-A to thne Eirst drive. '
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Iri CABLE
IMOAELE U™

MO RAMALLDW
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COVER

CABLE "DOUT™
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BLOCK COVER !
. AL LINGCORD
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Flgure B-2? RLALARLAZ Disk Drive - Raar View
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14. If Eaiz iz a multidrive insktallation, cennoombt an LD
cable L[ron "cahle in™ of this deive ta the "cabhle ouot™
cgnnector of bhe prtevicws drive. Rapeat for each drive.

HOTE
fhe teotal length of cakle from
controller to the last drive must net
exceed 34 m [1dd FRY.

15, Tnstall the prapet unit select plus at khe fronk of the
drise [Figqure B-23).

B.T.13 Drive Prestart-up Inspection .

To . begin the inspection proceduere, ro;ove the top cover by
loosenlng bhs captlve screws and 1ifrving the cowver straight up.
Rest -the cower on the rvear -af the drive {(Figure B-24)., With the
drive power off, Eollow these steps. -~ -

1. Znsure that the positicner restraining bracket 1s secored
out of positicn to prevent interferepce with i1t {Figure
B=327. '

2. Foaure that the pasiktloner 15 home.

3. Ensure that the read/write head qimbels are not hent or
dircy. {If they are dirty, clean with a solution of 91
petcent aleohoel aod 9 perecent water and a3 linc-free
wlper. .

4. Ensure that the  spindle rotates Ereely and Its  top
surfaces are mat dirky. (Llean as described above .

L. Ensuce that the hrush aszembly ks heofe (not exposed).

. Ensure that the legic modules and conneckors are s=ated
Fitmly.

T Turn CBL 0OH.

B. Ensure that the spindile rotates slowly counterclock wise
for approximately 15 sSeconds and stops. At this tima,
the LOALD ight will come on.

9, Ensure that the FAULT light 15 aot on.

16. -Ensure that the muffin fan at the rear of the drive Iz
: opperating. : '
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Fignre B-23 FRLR1SRLEZ Tiak Drive - Fronkt View
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11.

1z,

13.

Dsing a auitakle measaring ftayica [L.e., digital
voltmekter or eguivalent), ensuore Ehe follewing drive
veltages are withln the specliled tolerances.

VYoltage Range Test Point
+15UNRES [+15.F to 418.8 vde) +YINRER

~15MRRG [-15%.@ to —1A.0 vac) " =VUHRESG

+ SREG (+4.85 Lo +5, 38 Vdio) T &

+BERG (+7.7 to #5.3 vyag) Trd

- ALEG [(=7.7 *o —-B.31 wic) TS

See Figure B-24 for 2Z2rc servwe module locaticn. Test

paints are loacated on the mask covering the deo serwo
madule [(Figure #-251., - :

¥erify that the WRITE PROTect switeh coyclss in and out
gnd the indicateor lights up when the swiktch is pressad.

Verlfy that the LCAD switch cwelies inp and owut and the
indicatdr 1light goes ouk when the =switch is presesed.
Hektuen swltoch to the "oue" poslilon.

Turn ot CEL.

Relnstall che  top cowver and secure wiks . the captive
SOTEWS .,

Enaure thakt the drlve acvess cover cannab be apened.

Turn CBL on and ensure the drive acpes:zs caover will open.

Drive Star=tup Operatiop Chack

With the drive power ON, in=tall & scrakch carcrlidge.

Class Lthe Ccover, press the LOAD awitcch and note that:s

o the LOAD light goes gut

o When the carctridge reaches homlnsl speed {after
anrprovlmately 328 seconde), a brush oyole commances,
wWhen the hrushes have recitdened home, the readswrite
heads will load snd approoch eylinder E. . When the
heads have lecked onko cylindery 8, the REAEY Llght

will 1llominate. The total time for this process ig
appraximately 45 secnnds,
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3. Press the LOAT swikch agzain.  The HEADY light =should go
aff and the read/write heads showld retract ta their home
pasiticsn. The splodle should alze Jown ard bhen coms Eo
a complete step after abouk 3d seconds.  The L0OAR light
ghonld illuminate whan the =pindle has stopped.

q. If the driwve starcup opetraktion check delallsed sbhove 1=
suvcessful Ly completed (L.e., the HEADY indicator
iltuminaces), rtun the sSubaystem canfidence tests
Zescribe? in pParagrapn H.8.

B.8  COMFIDEHCE TESTING

Cenfldence testing <onsists of running the diagnostic programs.
Each diagnoscic has a listing that contains copercating
inskruckions. Each lizslkling explains system hatdwarc reguitemgnbs,
goftware environmept, which features are tested and how they are
tezkbaed, progbam opbiorns and how Eo 3elect them, how Ea interprete
prlotzuts, errer handling, &evice dinformagtion tables, dialogue
with “the mDiagnostic Supervisor, and .rcomplete operating
instcuctlons. The listings are avallakle as hard copy prinbtouts
or an miceofEiche. . . '

The bGinary form” of the diagneatic program= are- availacle on
vatious media. It is always ‘adwlsablé  to keep a copy o the
ALALARLAZ dlagrostics aon. 3 media obher than the ALBLE -r RLAZK
cartridge ac thet the dlagrosilcs gan be leaded thcough ancther
device if the ILL subsvetem is dawn. | '

The.qld'MﬁINnEﬁ néminq-syatem 12 %eingy replaced withk a new namina
Eystem.,  Manual and microfiche desigrations are also being
vonverked .. In additian, part numbers are kBeing assiqned that

wonfarm to DISLTAL'E stendard twelve characker paris nomber system.

Whern aordering diagnestic media, listings, manuals, or microfiche,
check the current cataleg ar index far the larest dezsignatian and
revisian levwel. The zpplicable cakadlogs ahd lndexes are listed in
Tahle B-13. Inless gtherwise specified when arderina, the larssg
revision will ke shipped.

Table B-3 Dlagnoestic Catalogs and Indexes

HAME- . FART WUMEER
PDFP-1}t Diagnoatic Saftware Jomponenis datalog¥ A-BERIALE-TC
FDE=§ Sofktware Components Catalog* AV-RAAT B =TA
POF-11 MAINDEC Index _ Ad~SA35F=MC
PDLP--R MAINDEZ Index MH-B5T72G-MA

* NOTE: fath of these caralaogs are available or microfiche
(EP-BR /1IR3 '



B.8.1 FLl11-Based piagnostcics
The diagrostic package used far an RLILARLAL sybsystem wefore rhe
release of the BLAZ? consisted of the 5l free-standing proorams
listed in Tahle E-a. There were bwo revisions, Revision A and
Revisicn B. These pregrams handled only RLAL drives [not RLEZ
unite] .

Table B=4 ALI1-Bagrd DMagnostice

CZRLAMER Conktroller Tast fart 1
CIZIRLBAA contraeller Test Tack 2
CEZRLCARE Driwve Test Part 1

CEZREDE P Crive Tast Rart 2
CERLEARA PerEormanoe Exerciser
CERLFAD ' rive Compatibliity Test

These diagnesties can ke run free-standing, under the Dliagnaostic
Superviser, manwally undar XxDP, chainakle under XiDF (except
CZALFAR whilch tequires mapual Iintervention: . or unde e
manufacturing choeckeut enviranmants Euch g= SLIDE or ACT-11.

A new diagnestic package im available to eest either an RLAL of an
ALR2 nnit. The kit numhers are listed in Table 8«5 and the

contents of the kests are shawn 1n TRhie B—F.

There is a new program added to the package nemed CZHRLMAA. Tt is
uEed to read the Bad Seckor File and can be used to write entrles
inte the field wrltabkle portion of the PRad &Secotoy Flle. This
program is not & dliagpostic end shouwld not be used as one,  IE
d3sumes that the system 15 functioning propercly.

Table B-%5 Ri.1l Clagnostic FKit Numbers

.PART HUMIOER DESCRIPTION

SR J-HE Documentaticn and Papei Tape
ZJ2H3-RZ Dorumentaticon Only :
LJ283-PH Papet Tape Cnly

ZJ203-FR Mierofiche Only

B-d3



PART HUMEER

CAC-FLlllAa-MC

AH-F11EM-MC
AX-FI1d8A-MC
AE-F1(13Ah-MC
ME-Fillh-ME

AC-F11E5h-MC
AH-F L14d8-MC
AR -FL1ZA-MC
AR-F113h-MC
AF-F115A-KQ

AC-F1llan—MC

AH=-Fll1BA=MC

AFE-Flloh-MC
e -FL1ITh--MC
AFnFllHnjﬂﬂ

AC-F123n-N1

AH=~F127h=-MC
AE-F120m-—MC
AR=F]1Z1A-MC
AF-F123A-MEB

AC=P12TA-MT

4H=F126R~-MC
AE-FlziAa-MC
AR —F 12 SA—MC
AF=F127A=M§A

AC-Fl31A~MC .

AN-F1ipA-MC
BE=FL2BA~MC
AK=F 120k -M[C

AF-F13lA-M@Q

AC~F 1358 -MC
MI-Fl348-HC
AE-F132A-MC
BE-F133n-MC

AF—-F135h—-MA

Table BE=f

HAME

CIRLGA D

CIRLAAY

CEZRLIAH

CARLIAL

CEALEAGD

CEZRLLAA

CZRLMALR

CONTROLLER T=ES5T {$1

CCHNTROLLER TEST §2

URIVE TEST $1

DRIVE TEST 2

FERFORMANCE EXERCIZER.

DRIVE COMBATIBILITY TEST

Ball SECTOR FILE UTILITY

B-44

RL1] Diagnostic Componsnts

ITEM

COCUMENTATION
FICHE
PAPER TAFE #1
PLPER TARPE §Z
DEsa

DOZTMZHTAT-ION
FICHE
PERER TAPE §1
FPARPER TAFZ {2
DECT

DOCUMENTATTON
FICHE

FLPERE THAPT #1
ehPER TAPE H#2

- DECO

DOCUYMENTATION
FICHE

. PAPER TAFE #1

FAPER TRPE &2
DECD '

DACOMEMNTATION
FICHE

FAPER ThPE #1
PRPER TAFE #2
DECD '

DOCUMENTATION
FICHE
PR PER TAPE #1
PAFER TAPE #2
RDECO -

DCC UMENTATICH

FICHE
PAPER TAFE #1
EAPER TAFE #2
RECO



_.,.,_.__
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I'n addition to the Eres—standing diagnostles, thare 15 & CECX1L
module for uwse with the DECK1Y System Exerciser, The ecurcent
revislon is designated RLAR and is in DECX11l oOptien Library 35
DxQLG. Revislan A (ALAA) will operate an RLA1 drive only.
Aevislicon B (RLAB] will aperate elther an RLEL or an RL3Z.

There iz alse an RL subsystem driver for the Maintenance Frogram
Generator (MPG).

The binary form of the diagnostics are ipngluded as parlk of XiOP.
This mzkes them available onn medls for the RESH, AEPG, BEET, RLAL,
RXAl, DECtape, magnetlc tape, and DECassebta.

‘the use of X¥DP, DECX1l, and MP3 is explained in the manuals
lizgted in Table E-7. '

Tabkle E-7 Usar Dooumehts

PART MNUMBER FART NUMBER

HARD COPY . HICAROFICHE MAME

AC-9QA33L-MC EP=DZQXA=T~D CEQXAIE XXOP USER GUIDE
AC-RI407-MC AH-B242Z-MC CH¥QBEAZA DECXI1 USER COCUMENT

AC -8 leJC—mC EP-DTUMA-C -D CTUMACA MPG UEER MANUAL

B.E.2 ALV1l-Pased Diagnostics
The HALV1l Centraller=bRased subsgystom is tested with the Same sat
nf diagnostics as the RL11 Contraller subsystem with the following

axceptiosn. The ALYl has an internal maintenance feature thar i=
not  tested by the RL11 diagnostics sSe there 1 one additional

diagnostic pregram o5llad the CVALAAP Disklezs Test. It should be
run Eirst. .

The dizgnoztic kit includea the =zame items as the RL1l diagnestlc
kit plus the CVRILAAE test. The RLVY11l kit designations are shown
ltn Table EBE=§, :

Takle B-B RLV11l Piagnostie Kit Designations

DESIGHNATICN . CONTEMNTS

RJ285-R3 Dosumenkatkion and Papsr Tape
TI2EE-RE Tacumentation Only

LZJEB3-TB Paper Tape Only

£J285~FA Microfiche Only’

The DECXI! medule 15 Ehe Hame ane used far the ALLL.

B.8.3 RL8h=-Basad Piagnosties

There are =2ix ELree-standing 4diagnostic programs for the RL3=A
Controller—based system. There is alsze a DECXE module for use
wlth the DECXE =svatem exerciser. Theae diagnostics are availabla
ag individual components [(see Table 3=89] ar in a kik [(sea Tabkle
E-1R]).

B--4%



PART HUMBER

RO _CELEA-MA

AH-CHL TA=MA
A LCERGEBA-MA
AL-CHEROA-MNA

Takle B-—9

AC~CHREAR-MA -

BH-CRE1R=-MA
AK-CA62A—NA
BL-CHREIA-NA
AC—CHR4A-HA
AH-CBRGA-MA
A -CHEGA-MA
ALLCRETA-NA
AC-CEAAN-—MA
AHCHREBEIR=MA
AE -CHTAN-HA
HLCaT1n—HA
AC=CHTZA-MA
BH=-CHRTIA-MA
AE—CETAA—NA
AL-ZATS AN
AC =6 TRA<MA
AH-CETTA—MA
AE—CETAN-MA

AC-CHEZA-MA

FH "ol 358 -MA
AF=CRE4R-MN
AL-CAEGA-NA

FART HUMBER

LBE233-RE
ZBZ2313-RE.
eB2i53-pE
2D3233-FH

Table

BLE-ASRLP] Diagnostlc Camponents
DESIGHATION
AJELAMRA, HLAL DISKLPESS CONTROL TEST ([OC)
AJRLAAR, RLAAR CIEKLEES COWTROL TEST (FICHE!
AJELAAD, RLEMA DISKLESS CCONTROL TEST (F. TAEPR:
ARJRLAAM, RLAA DISELESS CONTROL TEST (DECTAPE)
LIMLEAM, RLALSRLAL CRIWVE TEET 1 {NOCUMENT)
AJRLEAA, PLAASRLAl DRIVE TEST L (FICHE)
AJHLELA, ALAASRLAL CAIWR TEST 1 [F. TARPE)
AJRLGRA, BLAAALLAL CRTVE TEST 1 (DECTAFRR)
AJRLCAA, RLEASRLAL DHIVE TEST 2 {[CLUMENT)
ATRLCAA, RLEASRLAL DRIVE TEST 2 (FICHE!
ARJRALCA@, RLEASRLA] DRRIVE TEST 2 {F. TAPE)

. RJRLCAQ, RLEBASRLO]l DRIVE TEST * (DECTAEE) .
AJELDAGE, HLEBARSRLEL COMPAT. VEKIPY {DOCUMENT)
AJRLOAY, RLABASRLAL COMPAT. YERIFY [(FICKE)
AJALDAY,  RLEASRLE]1 CCMPAT. YERIFY (P. TAPE)
ARIRLOAPA, RLEASRLAT COMPAT. VERIFY (DECTAFPE)
AJRLEAF, RLBASRLEl FERAF. EXER. (DOCUMENT)
MIRLEAH, RLEASRLA1 PERF. EXRR, (FICHE)
AJRLEARG, ALE®ASRLEl PZRF. RXER. (P. TAPE]
RIRLEAP, RLEASRLAl PERF. EXER. (DECTAFE)
AXELAAD, RLBA DECKAE MODULE (DOCUMENT)
AXRLAAF, HLEA DECHE MODULE (FICHE)

AMRLALG, RLBAR DECXA MODULE (F. TAFE]
AJREGARP, FLESASRLAL PACK VERIFY (DOCUMENT)
AJRLGAT, RLAASRLE! PACK VERIFY (FICHE)
AJRLGARA, ELEASRLA1l PACK WERIFY (P. TAFE}
AJRLGAP, RLEASRLEL PACK VERIFY (DECTAFE)
B-10 RLA-A/RLEF]l Diagnostic Kits

CONTENTS

DOCUMENTATION AND PAPER TAPE

DOCUMEMTATION ONLY

FAPER TAFE OMLY
MICROTICHE

BE-45



PART HIMEER

TF24i.-REZ
ZF14L-ERB
ZF241 -PB
ZFZ241-F3
ZFZql~¥H
L4l —RIl

PART MUMBER

AC—CEEHI-MA
RH-CE5TC—MA
AY-CR5E0-MA
AL-C 6530 -Xn
AC-FI182A-Ma
AE=F 3 3A-MA
ER-FAEAM=-HA
AL=-F3R3A-MAB
AF-F362h—HM9
EC-FISAR-MA
AE-FILTA-MA
AA-FIlEdh-MA
ML-F 309010
pP-Ficah-MQ
ARC~FITRA-MA
A% -IF371h-Mh
AH-F372h-MN
AL ~F 37T Ik -MA

AF—F37BEA-MY

FC-F374n-MA
AE-F3ToN-MA
AH=F 37 BA~MD
AL-F 37Th-—Mh

AF-FI74A-M7

AC-FITHA-MA
Ak -F2379A-MA
AR -F 3G PA-MA
AL-F 38 La-MA
AF-FA7RAIA
AC - 1E 2k -MA
AR-FA83p-MA
BH--F 38 4540
AF-FI82h-HMA

Tahla

B--11

C{TENTS

L4 UM ERT AT TON
DOCUMRNTATICN AND BFAPER
BAFER TAPR
FICHZ

RLA2 .
ALFZ AND DOCUMENTATICN

Tahle B-12

HAME

AJIALARCH

hJHLHEE

EIALTEA

nJRLINA

AJRILEAE

AIRLLARA

AXALLAA

RLE/RL.BZ2 Diagnostic
RLEAN [DISELRSE CORTROL

RLEAALE2 SEEE/FUNCTICN

RLB /ML

ELA/RLAZ

RLS/RLAZ

RLA/RL B2

REALSWRHITE

DRIVE COMPAT

FERF. EXRE.

PACK VERIFY

GEC/%E MOD- RLB/rLal

B-17

RLA/RLPZ Didgnoetig Kits

TATPE

TEST

Components

1TEN

DOC UMENTATTON
FICHE

PAPER TAPE
DEC TATE

DOC UMENTA? 10
FAPER TRPE
FIOAR

CEC TAFE
DECO/DER
DOCUMENTAET IO
PRPER TAPE
FICHE

CEC TAPE
CRCOSTETRD

O UMENTATION
PAPER TRYE
FICHE

GEC TaPE
DECOSTERD
DOCUMEMTRTICH
PAFER ThPE
FICHE

DEC ThPE
NEPO/DECD

DOC UMENT AT TON
Fh PER TAPE
EICHE

DEC TAFE
BECO/DEFD.
DOCOMENTATION
PAPER TAFE
FICHE
DECO/DEFD



B.¥ UEE QF THE M9312% BAOOTSTRAP WITA AM HL)1 SOBIYETEM

The M3312 module is used on many POP-11 Urnibus svstems ke prowide
bootstrap capabllity as well as other {wnctions, The madule has
five IC goowctkzs for RAOM chips, four of whick are rescouwed for
peripheral boobstrap programs. There are seysral BRCM  chips
avallalic [or the different peripheral devices, and an ®M92312 is
configured hy selecting the appropriate chips for the partieuslar
syatem on which it is used.

The QL =subzystem hockstrap program is oontained in aoM chip rumbor
23-981a9. . This chip can be ordered individually and L[z alse
evailable in kit MR11-Eh; which consists of an MO3L2 madule plos
all the avallable RO chips.

An RL syetem disk can be booked by a command to the caonsole
emuelator (& program that ic a feature aof the MGI1EY . The devlca

maenmonle for the RLIL 1s DL or DLn, where nn 1= the unlt number (@
thraogh 371.°

Morg infotrmation on the MO312 1la available inm the M7312 Technical
Marual , I+ is available in printed form (EK-MTI[Z=TH] orf oL
mlcroftliche [EP-M33]1 2-TM),



AFPFNDIN ©
TREGLE-IN PROGRAMS

.1 HEAD SELECTION PROGHAM POR RLI1ARLYIL _
Tha following wrogram causes Head 1 (lowsr head] to be selacsted

fen nnic §Y it the WRAITE PROTect swiltch iz in and llead B fuopper
kead) to be zelected 1f the switch is owt,

teal AL2T7E4 HAousekeeping
1fg2 1724040

THERA AzaTal

1BiAG 174424

1614 18571 Wait

*R12 10A37 6

A1+ E12731 dqet Sratus Copmand
LEZR AAERL 3

122 E12721A

g debEdd

184 1a5714 Mait

AR 19g17e

1B36 glivnz Etatus Word
1313 L744ER

1633 gde3gz

1d3k ATAzA3

1A4E . Adp31A3 -

=842 lagTE2 Check AT LBIE
1dd4 leedps

lak AALTES Cheak WL Bit
105E 1e@E257 . Fyual , Loap
g2 Alz711 Coed+ HS BiE
1@gd derggl

1E55 pRndpa ) Go to Zeek Command
lecy Aasea Dherk WL Eit
18s2 laaTg2 Equal, Loaop
156L AT8T1 Fesek |15 Bit
1A6G GAAREL

1A70 c1271a Eecx Command
1872 Aagpdes .

Ted BapTag Loop



C.d HEAL GSELECTION PROGRAM FCR RLA-A

Tha Eollowing - program czuses Head 1 {Jowsr head) to he seleocted
(on unit @) 1E the WRITH PROTeek switch is Iin and Head 3 [upper
head] to be selected If thie Zwlten 15 cub,

JER FnA R Cleat Contraller

=61 1238

el B GHA cel Bbtatus Conmand
2 BRI UERR]

204 LaR3

2H5 BGLG First Word of Stakus
206 232 '
2487 TRap Check BS Gic

1@ 5217 H5=1, o ko 217

711 GR15S : Secaond Word of Status
217 2233

213 THEE Thesk WL Rit

214 Lxdl E=WL, Go to.281

215 7332

21b 5224 . .

217 ARLA Eoocnd Word of Status
Z1E 213

221 . TEAG Charmk W,

222 52Hl HE=hWL, Go bto 241

223 Tiaa

224 6461 B5 ta Command REG f
225 TAZR . .
229 AHAd GeaX Command to Comoans RES |3
227 aeRfl Wait

23p 5237

231 5zAL Loap o 241

237 A1RE Constank

233 HEAE Censtant

234 a2



c.3 AET™ STATUS ({WITH OR WITHGUT RESET)] OH AN RLIL/RLY1L
BUBSYSTEM :
Te avcomplish this, it is necossarcy ko:

i Capasit a 3 into DAR atk TTEAHG [or 13 Lo Reset)

2. | Deposit a 4 loke CSR oAz 774e@ (o 494, 1044, 1404 for
units 1, 2, 3]

3. wait Zor aguerakien ta be complele
g, Examlne conternts of MFR at 7TT448R.
On some FOP-11 systemd Lhis can be secomplished manually using the

pansele . on ather CPCOP-l1 systems b is peceSsSary Lo run @ pragram
such az given helob. srarrt at 13Ap ard when It halts, ewamina

memory logation 1612,

Ta gel status on wnii L, 2, nr 3 madify tocaticn IALE o dR4.
1a@d, or 1484,

To resst drive madiFy'Zacatlan'lHHE e L3.

g | ala3T Ccet Status Command

lggz GATRA2 Uze 13 Lo Ra=set

1894 ita4¢4

1FAE AL 2737

1E14 ARAGE 1 Uea 484, LlAB4, 1484 Eor Units
: 1,2, 13 . '

112 174435

a4 LAx713? Walt

13414 1744AR

1az@ YBE3TS

LF22 A13737 Mowve Result to Memary

1p24 174aaf

1824 o Epleiz

1432 . REEGBED . Balt |

1B3E BEddam Fesulk



C.4 CET STATUS oM AN RBLAE-A SURSYSTEM :
The fpllowlng program will SET STATUS Leenm unik F. To access unlt
1, 2, % ¢hange lacation 212 ke 1142, X282, 1387,

gtart the program ak 28 - at =he Zfirst halt, the firsc oyte of
the status word is disglaved in the accumulater = atb khe second
hait, the sccend byte is displayed.

2R3 71388 .

281 1232 Gt Status

B2 Gepd

2B12 Andl Wait

zAd capi

295 ORl1E Get First Bwte

-6 - 7402 Halt and Display Fris=t Ryte
287 a6ls Get Second HRyte

21a Tz Halt and CDisplay Second Bytwe
211 52EQ@ Jump Lo Start

217 1662 Cohstant



c.5 DOSCILLATING SEEK FOR RL11/RLV1L _

The followlng program will cause unit zaroe te perform an
gacillating seek. To drive units othar than unit #;, swap tie unit
nunber $lugs ar modify locaticons 1844 and 18534 to retlsct the unlt

number in bits & and 9.

The number of cylinders involved is inssrted inte bits 15 Ehraugh
T and kit 9 is set in the switch register befare starting the,
prograns at 1gd@. IL no switeh reglster 1z available, medlly
lpeatien 1812 from 177574 te @AELAGEE  and - pot  the number of
cylividecs in bits 17 through 7 and set bit # in leotatlion 1F62.

The common values Eob -the switeoh reglster aveq

Mumber of cylinders Value of Hwitch Reglsters
[in decimall tin gpetal)
1 : _ ARFZAS
as ' © . E25zE8
L7@ . #2445
255 : T aT7ans
cl11 - L 1776A5
LEAE glziee - Sst Stack Pointec
1aaz Adzang - - -
lpgd A2768 - Bat Devico pddres=s into BRE
IFRG 174408 ' .
lgln F1ijdl Sot LiEference inte N1
1al2 _ 177578 - .
lgla - BAARIT Go Baek
- lala aelrp32 S S ' :
1pza ) A4Z27A1 o Chandge directian bit Iin Rl
- 1822 ACEDAS . '
lnzd ' ~AR4537 Go Seek
1820 A@143z2 :
LAZ@ aaaves . - Lonp Back
le32 : les7ld Walt
1434 o 1AR3TA
1&36 g1als? Saek-
1449 S 174484 - .
1H42 Al127Lo
iRa] SR 1 1 L O
1ads : 1as71y Walt
1A5A : 16B37TH - S
sz BL271D Azad header to kill time far SETO
1RG4 " ARAALE ' :

1n5h FOAZ2ES Aeturn



o — —

C.6 OSCILLATING SEEK FCR RLE&-A

The fellewing croggam will cause unit @ to perforwm an osslllating
ceak, . To drive units other than #8; swap unit numbsr plugs.
Insert the nmaber of cylinders inte the switchas kefore ctartlng
dat lovatlion 2Z@d. The uvsual values for the swikch reglster are: ]

ceyiinder=]l, 85 cyl=125, 178 cyl=253, 255 Cyl=377 and 511 cvl=777,.

206 7241 . Reset

agl BaE - .

ZRd Telhd et HNumber

203 42351 Bo Wait for Ready

24 izrn Store nuoher

g 1225

228G : R4 3 . feek

a7 TE25

214 fdAA4

211 5221 Ga Wait far peady

212 TieT #ead leader Lo Delay Lot EETC
213 REX4 .
2114 12:5

215 1220 Change Cirectlan RiE
215 Talkh Check Zor Time to Reskotbr
217 L2232 Lrow ko Ztarct

228 L2R3 Losp

221 d33E ) wall f[or Ready

22z eadl

223 RAX2

224 SRZ1

225 BAAR Temp .

236 463 Constant



: AFPENDIX D
EL11 COMFTIGURATION AMD INSTALLATION CONSIDERATIONS

Dl S COMNSIDERATIOMS _
The RL11 is a Bmall Peripheral Conkropller (SPD Bot does  not

unconditienalliy £it inte any SPC slot. Barly SFCeE wetre always
guad height modules ar combinatiens of smaller {Eingle or duoal)
medules that invelwved only four rows. Thus, the standard ein
aszignments applied ooly fto rows ©, O, E apnd F on = hex-height
barkplane., Many new options, such == the RL1l, are hex-height
medules and thetefoare reguire that cows A and B be wvavank since
soma SPC =lots uvuSe rowd A and 2 for Upibous cakle=s or Poweart
conpecteors, Som hex-height epticrs require =z=tandacrd Unibus
“inning on rows A ond B and some require Modified Unibus Covice
(MDY pinning. In the case of the RL1Ll, the only cennections used
on tews A and B oare the +5v and ground, Thus, these rows can be
githor standard Onibus or MUD pinning.

The early SPCs Jid net wtilize Direct Memory Aocsss (DMA) Jata
transfars to/from memory and thercfore those aignale were nokb part
nf the original &PL pin assignments. Home of the newer optlons,
Sush as the RLYY, do utilige DMA transfers. Thare is a new pin
assigrment called SPC PREIME that locludes these signals. 1f the
Rl11l iz to pe used in amn older (nen-SPT PRIM®) slob then it iz
necessary to ensure that the Efolloawing signals are wited on the
backplane,

Pin Cal « HBEG In
Pin CR1 - HWP3 Out
Fin FJl - WEH
“Plon CW] = RZ LD
Fin CH1 - +15w

If the zlet has EPC PRIMFE pinning then another precaution must be
takan, MEG continuity is maintained acrosz an emphty SPC PRIKE
zlot by a hackplane jumper from pin CAl to pin €BL. This jumper
must bhe removed whensver a DMA-type aption 1s installed, such asz
an RL11, and the Jumper mest be added If the module $s5 removed.
This consideration iz In additicon to the notmal Bus Grant
Continuicy card wsSed In row D of all empky S5PC slabs,



0.2 CONFIGURATION COMSILERATICHNS

When <configuring A Unihuz  system  Zor  the best priority
asslgrments, twoe characteristics of 2 seripheral opticn must be
taketi inte consideratisn.  These ace the prak word bransfer rate
and the T1 time (Tl time is a funceion of the peak trapsfer rate
and the s1lo size). " The BRL1YI has a peak transfer rate of 256KHz
{3.9 microseconda/ward) and a T! time of $2.4 micruvseacnds. Thls
dicktates jts positlen in thke priority szcheme. The recommerded
vrlority scheme is listed below. :

C P
Memory
H¥KL1/REBS
TML1S T
TCLr S TERA
RLLL/RLE1-RLEZ
RIS 04
Limpa
BIrdd
REAL1/REFE-KERT
RP11C/REREZ
HJas5a3
TI116
AF11/051:
.OB11
Other general configoratien rules are:
] arn a PRP-11 Uvnikus, a8 cermbination  of Ywa Silsk subsyarems
and a tbape ar fleppy 2Ls5k subsystem is considered
Maximue. ,

[ On & FDP-11/7@ 3vystem, one Unibus disk subsystem is
consldered maximum 1E there are Masshus disks,

. A diek subnsystem should neot be installed havand a bus
gxpandar.









