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1.1 ?[‘RF{)SE A’\%f} Q(‘OPF
This
and user m&m{cnamx rt‘qmrememw uf thé: R%iéll Qi&ﬁf} and }f}f"”* i/ﬁ §~,i 7 ‘i:ab

This manual is intended primarily for operating and programming personne]
should be performed only by qualified DIGITAL field engineering and n

The information is arranged as follows:

* Chapter 1 provides a general description of the subsystems, including capat
and optional features, and specifications.

* Chapter 2 provides separate drive, cartridge, and controlier desc (
subsystem overview to familiarize the user with certain hardware and tec h m: i

* Chapter 3 contains the details to be considered when selecting a location for ir
subsystems.

* Chapter 4 describes the installation process for the subsystems and the dual port eption. (In-
stallation should only be performed by qualified DIGITAL field persannel)

» Chapter 5 describes the procedures necessary to demonstrate that the drive and controller are

suitable for user acceptance.

subsy

# Chapter 6 contains step-by-step procedures for the operation and control of i

ies the programmer with general reference material, subsystem software re-
E»_‘S‘:"“i m“

* Chapter 7 provi
quirements, and recommendations to facilitate the design of user p

¢ Chapter 8 provides the user with basic maintenance requirements and procec

ontron and

¢ Chapter 9 contains a description of the subsystem dual port option, including ¢
operation procedures for systems with this option.

This manuai will have a much higher value to the reader if he is already famil
sors and gﬁermmml

1-1
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! wity recording capability (required to achieve maximim storage capacities) 13 mmiém‘ by
of zhe modified frequency modulation (MFMj encodin aéchniﬁms In addition, each RK06
ik Dirive and the controller contain phase-locked oscillator {PLO) circuitry whick main-

ant bit density if a disk is subjecied to minor speed variations.

the maxiroum seek time in the RKO06 Disk Dirive (411 cvlinders) is 75 ms, while

-1o-track for one cvlinder) is 8 ms, with an average access time of 38 15, The

v ' txrhe in the RKG7Y Drive (815 %};21}@%{'5; 18 71 ms, snd the minimum seek Hime is 6.5 ms.
e aocess time is 36.5 me. :

us per 16-bit word betwsen the ¢o
,500 words per second.

?f:

guostic and Error Detection/Correction € a;mm@;tn%
pabilities are enhanced by an extensive status jerror rey m;z}g network, consisting of nine
sssable registers which monitor subsystem activitic d ble to the software.

maintenance and serviceability, the R} kmé/’Rr\wf nd RK611/RKO7 subsystems pro-
- controlled diagnostic mode ( D"VID% of operation. When azagnmtv saode is initiated,
interface ?xms are emu;vely d;s»mnectaa fmm tht‘: < amgoher while the Unibus interface
-, With ih 1 be initiated using simulated data
!@%‘:hniﬁgﬁ"‘ es and the controller are disabled.
; ‘nf*n (ﬁd‘iq u:sze% t%. md frum main storage can verify controller operation in

@ =
114 conirol

fier provides data error detection and correction I ogic whiah atilizes an error
chnique to detect and identify (for software correction) data ercor bursts up
to detect (but not identify) error bursts xhig rthaﬂ 11 bits, In addition and in

Wit * operation, each RKO6 or RKO7 Disk Drive has a head offset capability which
he ﬁQQVCH ué data frﬁm a cartridge that may have been wrttzm by a drive with vﬁwhtiv
heads,

wvery featares, operating in cor g;nctmr:s with the PLG clock system and the MEFM record-

', provide increased reading and recording reliability. However if a disk pack sector pro-
ctive, in that hardware and software attempts to recover its *‘i @ are u L,.asces&ﬁzi} the
temn can mark the ssctor bad so that ﬁmx ° attempis to use i b revented.

Ma

§§gé,i5§4§n@£’ Features

standard features enhance the reliability, availability, and serviceability of the
<06 and RK611/RKO7 subsystems.

* The RK06 and RKO7 drive interface is designed to allow a Spﬁ%iﬁk drive to be electrically

isolated from the controller for maintenance purposes. This allows an off-line tester to be
! without taking a drive off-line or cycling the system down. With this feature, software
can reconfigure the system for continued operation while maintenance is performed.

® Servics access to an RKO06 or RKO7 Disk Drive is from the o op, front, or rear of the drive and
the sides. Therefore, maintenance for a 1 given drive in a multidrive system can be

without disabling intradrive cabling,

gic and power board cages van be extended, following removal of the rear panel of an
RK 06 or RK07 Disk Drive, to facilitate emergency mainienance,




es {1 ;TDS) on the frorz? ﬂsf,r, '
indication of the functio

nality of ¢

&

tation of car :‘*idg» fign men;k
eer to prf}ﬁﬁ‘f' write protection |

&

hese documents supplement the RK06/RK 07 User's Manual.

Numbe Title
EX- RK06/RKO7 Dis
) RKéEi e

frages

MARNCE S

vailable for the RE511/

ed i an %1969
data cartridge. E
: i,omxa mrs are ¢in
Tisoa du

onsist of 'im)

/RKO7 Disl

unitg angd F mo
CCess mmrﬁner iGr {ii Dis

@mw%@{r and a kit 1o convert an

("é




able 1-1  HEK611 Controller Performance Specifications

i

Characteristics Spef:*ié cations

%

Gceceupies one double system unit in an expansion
box

Power requirements

Nuimnber of drives/controllers

No. Unibus-addressable registers 16
Device base address 777440 (octaly switch-selectable
Drevice interrupt vector 000210 (octal) switch-selectable
NOTE

The RK611 Device base address overlaps the Look-
Ahead Register in the RC11 Disk subsystem, and the
RK611 Device Interrupt Vector overlaps the sarme
vector in the RC11 subsystem.

Interrupt priority Level 5 (plug-selectable)
Small peripheral controller options Up to three slots, one of which must be guad

height. Other two can be quad or hex height,

Data transfer rates: , 2 Sector 20 Sector
(16-bit { 8-bit
data words) ata wordsh
Unibus to Controller 4.3 us/word 4.6 us/word

(average word rate)

Drive to Controller (burgt%am) 3.7 us/word 4.2 us/word
Time to update drive status ' 15 ps (maximum)
Time to update drive attention 7.4 us
Error detection/correction 32-bit ECC word/sector {(detection}

11-bit ECC word/sector {correction)

Time for correction Less than one revolution
Maintainability Diagnostic mode places all controller timing and
data paths under software control,
. Number of sectors/track Software-programmable for 20 or 22 sector format.




Taghle 1.2 REKO6 Disk Urive Performance Sgecifications

3 read/write; 1 servo
18-bit Word

411

1233
20
256
18
46{:5§

See model designations in Section 1.5

gt

506 %W mnaximum at 60 1
450 W nominalai 80 Hz
558 'ﬁf’y ’“"inﬁzas at SOE

g
T

600 W maximum at :»f) Hz
530 W nominal 1t 50 Hz

t current
Single access drives ' 109., A rms &i i s* V/60 Hz

ey
‘w'/

ual access drives : 113Armsat 115V/60Hz
6.1 Armsat2 /60 Hz
11 afmSAEZE;‘?"’f i
6.3 Armsat 230V /50 Hz

M ‘L‘kﬂ"

4

Power factor 0.80 minimum




7 Table 1-2  RK06 Disk Drive Performance Specifications (Cont)

Characteristics Specifications
AC-low detection Less than 90 V {rms) for one cycle or more

Power cord

Length 27m(9ft)
Plug type NEMA 5-15P tor 120 Vac (nominal) models

NEMA 6-15P for 240 Vac (nominal) models

Operating environment

Ambient temperature 10° Cto40° C{50° Fto 104° F)
Maximum temperature rate of change 20° C/hour {36° F /hour)
Relative humidity 10% 1o 90% for a maximum wet bulb temperature

of 28° C (82° F)

Maximum altitude 2440 m (BOOO 1)
Bit transfer rate (unbuffered nominal) 4.30 M /s
Bit cell width 2325ns
Latency
Rotational frequency 2400 rpm £ 2.5% ,
Average 12.5 ms (1/2 votation) £2.5%
Maximum 25.0ms

Segk Times

Average 38 ms
Maximum 75 ms
Start/Stop times 60 seconds maximum, 30 seconds nominal

Muodel Designations

RKO6-EA 90-128 Vac@ 60 + 0.5 Hz
RKO06-EB 180~264 Vac @ 60 + 0.5 Hz
RKO06-EC 90-128 Vac @ 50 + 0.5 Hz

RKO06-ED 180--264 Vac @ 50 + 0.5 Hz
NOTE

Models RK06-FA through FD are the dual-access

models corresponding to models EA through ED re-

spectively.




Table 1-2 RKO06 Disk Drive Performance Specifications {Cont)

Specifications

Temperature siabilization time

Operating temperature range

Allowable reiative humidity
(for operation}

Storage temperature range
{for recorded &; ks

Allgwable rel
(for storage)

i readin g of

o

~40° F to 150° Fy

ximuen wet bull

Table 1-3 RKO7 Disk Drive Performance Specifications

Ch

racteristics

Specifications

Storage Type

Electric

pacity (formatted)

rs/cartridge
ylinder

s /cartridge

A (‘mzm track)

DOwWer
Single access drives

Input

™

-




Tablz 1-3  REU7 Disk Drive Performance Specificatons {Cont)

T haracteristics

Specifications

Drual access drives

[ R e % 5 3
stavi current

Single access drives

Dual access drives

Power factor
AC-low detection
Power cord
Length
Plug type
Operating environment
Ambient temperature
Maximum temperature rate
of change
Relative humidity
Maximum altitude
Bit transfer rate (unbuffered nominal)
Bit cell width
Latency
Rotational frequency

Average
Maximum

350 W maximum at 80 Hz
500 W nominal at 60 Hz
600 W maximum at 50 Hz
%Si) W onominal at 36 Hy

0.5 Armsat 115V/60 Hz
53 Armsat230V, /n{BHZ
11L.OA rmsat 113 ;
5.5 A rms at 230 V/50 Hz

I13Armsat115V/60Hz
6.1 Armsat 230 V/60 Hz
1.8 Armsat [15V/S0Hz
6.3 Armsat230 V/50 Hz

0.80 minimum

Less than 90 V (rms) for one cycle or more

2.7m (9 ﬁ)
NEMA 5-15P for 120 Vac (m}msmi) modeis
NEMA 6-15P for 240 Vac (nominal) models

10° Cto40° C (50° F to 104° F)
20°C/ hour{ié* F ;h(}ur‘t

10% to 90% for a maximum wet bulb temperature
of 28° C (82° F)

2440 m (8000 1)
4.30M/s

232.5ns

2400 rpm 4+ 2.5%
12.5 ms (1/2 rotation) + 2.5%
25.0ms

1-9



Table 1-3  RRO07 Disk Drive Performance Specifications {Cont)

Specifications
: 36.5 ms
! 71.0ms
i
60 seconds maximum, 30 seconds nominal

NOTE
Models BRK87-FA threugh FU are the dual access
models corresponding to models EA through £D re-
spectively.

Temperature stabilization time If the cartridge and drive are at approximately the
same temperature, 30 min.; 3 there is some d
ence, up to two hours, dephnémv on the difference.

Operating temperaiure range 16 Ctod° C{a0° Cto 120° 1)

8% to 90% for a maximum wet bulb reading of 28°
C(g2° I

Storage temp —40° {2 to 65° € {-40° Fto 130° F)

{for recorde

8% to 80% for a maximum wet bulb reading of 28°

1-10




Table 1-4 RK611/RK06 Disk Subsystem Options

Option

Description

RKO6-EA
RKO06-EB
RKO6-EC
RK06-ED

RK06-FA
RKO06-FB
RK06-FC
RK06-FD
RK611-EA
RK611-EB
RK611-EC
RK611-ED

RK61I-FC
RK611-FD
RK06C
RK611-C
RKO06K-DC
R KO&K“F%’
70-12292-08

70-12292:25

70-12292-40

Single-access RK06, H969 cabinet, 115 Vac/60 Hz
Single-access RK06, H969 cabinet, 230 Vac/60 Hz
Single-access RK06, H969 cabinet, 115 Vac/50 Hz
Single-access RK06, H969 cabinet, 230 Vac/50 Hz

Dual-access R K06, H969 cabinet, 115 Vac/60 Hz
Dual-access RK06, H969 cabinet, 230 Vac/60 Hz
Dual-access RKO6, H969 cabinet, 115 Vac/50 He
Dual-access RK06, H969 cabinet, 230 Vac/50 Hz

REKO06-EA Drive with RK611 Controller
RKO06-EB Drive with RKé&1 1 Controller

RKO06-EC Drivewith RK&11 Controller

RKO06-ED Drive with RK611 Controller
RK06-FA Drive with two RK611 Controllers
RK06-FB Drive with two RK611 Controllers
RKO6-FC Drive with two RK611 Controllers
RK86-FD Drive with twe RK611 Controllers
Duasl access kit

Dual access kit plus one Unibus controdler
Drive data cartridge

Drive alignment cartridge

Drive error free data cartridge

8 ft cable
15 ft cable

25 ft cuble
40 {t cable




Table 1-5 RK611/RKO7 Disk Subsystem Options

Option ﬂes&:ripiém

RKO7T-EA Single-aceess R Kf 7, H969 cabinet, 115 Vac/60 Hz
RKO7-ER Single-access RKO7, H969 cabinet, 2 Q 3(3/60 Hz
RKO7-EC Single-access RKO7, H969 cabinet, 115 Yac/50 Hz
RKO7-ED amg}ﬁ«m ess RK.07, HO69 cabinet, 230 ‘vx;c /50 Hz
RKO7-FA Dual-access RKO7, H969 cabinet, 118 Va::;‘ﬁ() He
RKO7-FB Dual-access RK07, H969 cabinet, 230 Vac/60 Hz
RKO7-FC Dual-access RK07, H969 cabinet, 115 Vac/50 Hz
RKO7-FIx Dual-access RK07. H969 cabinet, 230 Vac/50 Hz
BR711-EA RKO7-EA drive with RK611 controller
RK711-ER RKO7-EB drive with RK&11 controller
RRT7-EC RKO7-EC drive with RK 611 controller

RE71I-ED RKO7-ED drive with RK&11 controller
RETII-FA RKO7-FA drive with two RKa 11 controllers
RK711-FB RKO7-FB drive with two RK &1 contrallers
REK7II-FC RKO7-FC drive with two RK611 Comfﬁiﬁz
RETI-Fi RKU7-FD drive with two RK 61! contrallers
BEKOIC Dual access kit

REO6II-C

RKO7K-DC
RKOTK-AC

RKOTK-EF

70-12292-08
e % '?2(';*; i %

RKOTU
RK6/7-TU

Dual access kit ptus one Unibus controller

Drive data cartridge
Drive alignment cartridge
Drive error free car *mﬁigc

8 ftcable
15 ficable
25 ftcable
40 ft cable

RK06, RK07 Field Test Box, 115 Vac/50 Hz or *vii } Hz

RKO6, RKO7 Field Test Em. 230 Vac/ '50 Hz or 60

Upgrade kit to convert RK06 to RK07

Upgrade kit to convert RKO&TA TBto RK6/7-TA, T




CHAPTER 2
SUBSYSTEM DESCRIPTION

2.1 INTRODUCTION

The ﬂﬂ!wwng subsections provide separate drive, controller, and uhsynwm descriptions
tended to give an overview of the RK 61 1;Rk£§ﬁ and RK611/ I-? hﬁ’"’ Disk Drive Subsystel
bilities, :

> anid « ,,‘,q (1

2.2 RK06 AND RKO7 DISK DRIVES

The Ri\{}u and RK07 are moving-head disk drives Lhat function as rarsdmu access mass storage devic f;»
(Figure 2-1). The drives perform under the direction of the RK611 Disk Controller and contain all o
the zﬂspnme circuitry required to perform those operations for aewae status rf‘pwtmg and the wrmfm
of data.

The storage madzum designed for the RKO06 Drive is a dual pi& ter a*’;wmhw defined as the RKO6K
Disk Ca "trzdge which has a maximum formatted storage capacity of 6.3 million §8-bit words or 6.9
million 16-bit words. Similarly, the RK07 Drive uses a dual-platter assembly, the KMIWI\ Disk Car-

tridge, as the storage medium. Tt has a maximum formatted storage capacity of 12.6 million 18-bit
words or 13.8 million 18-bit words. As stated before, an RKO6K cartridge may oui\. be used in an

RKU06 Drive, and an RKO7K cartridge will (mly epemw in an RKO7 i}uvc

RK06 and RK0O7 Controls and Indnawrs
The following manual controls and indicators are located on the front of each RK% ;md RKO7 Dhsk
Dirive:

RUN/STOP pushbutton switch with STOP indicator.
UNIT SELECT plug with READY indicator

Drive FAULT indicator

WRITE PROT pushbutton switch with PROTECT indicator
ACCESS A pushbutton switch with SELECT indicator
ACCESS B pushbutton switch with SELECT indicator

& & & 2 & @

The switches are selectively used (refer to Chapter 6) to place an associated drive on- or off- line,
indicate operational status and error conditions. and provide cvmmfier access (whether the drive is a
single- or dual-access tvpe).

For drive power, an ON/OFF circuit breaker with a POWER indicator is located at the rear of each
drive,
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Figure 2-1 H969 Standalone Disk Drive Cabinet



2.3 RK0sK AND RKO7K DISK CARTRIBGES

§

The RKW\& and RKO7K Disk Cartridge assemblies contain two platters iFmare -2). Three of thz
0, 1, and 2} are available for data stomge{mad write surfaces), nmlu it
is a read-only servo surface that is used for head positioning and the derivation of

timing,.

REOGSK disk surface is divided into 411 tracks, and each RKOTK disk surface contal
icks. The radial location of each track is defined as a separate cylinder position that is commo
ces. Under thess u;miitxm s, a cylinder can be specified (evlinder address), via & Seek
the controller, to cause the simultaneous positioning of all four heads to one of the 411
ions {0-410) for the Rki}é or one of 815 cylinder pommns (0-814) for the RKO7. »fa §
tiwrite head (0, 1, or 2) can then be defined (iras,k addressy, via a Read or Write comman
t one fai fhc three read/write surfaces. In this manner, a deﬁzr&:{i track is accessed for data transfer
erations,

k iormatting procedures, each data track is located and recorded with header information
ite ﬂmdar command. The result of this operation Bfiﬁ‘&,‘ii‘;&i& divides a track into a number of

' nents that are defined as sectors (Figure 2-3). For 16-bit data words, a sing]
o date 22 sectors, while for 18-bit data words a track can accommodate 20 sectors. |
ectors are the basic, addressable storage unit within the drives, and as such are the {inal
5 track selection dﬁr;f;g data transfer aperamm :

RK6i1 DISK DRIVE C QN’YROLU: R

(611 Disk Controller presents a complete control and data interface to the PDP-11 Unibus
h serves both the central processor and main memory) and the RK06 or RKU7 Disk Drives
able to the system {Figure 2-4).

Command Control
¢ RK611 Control mterface contains all of the logic required to receive. store, and decode the 13
-ate disk commands {(e.g., Start Spindle, Seek, Write, etc.) that can be executed by the coniroiler.
idition, the control interface contains all of the logic required to receive and store the status
mation {i.e., modes, conditions, faults, and errors) delivered from a selected drive. To accom-
.‘,x,,‘mr;;*_ of information (commands/status) between the control interface and a select
ion is both sent {commands) and received (bmmx‘} via a pair of bidirectional ser
that are defined as Message Line A and Message Line B.

o

Data Control :

RK61! data interface contains all of the logic required to transfer data (16- or 18-bit words)
’ v and a selected drive. Since Unibus transfers require parallel duta flow,

aﬁﬂ fmm a disk require serial data flow, the data interface also contains parallel-to- -sef m;

{o-disk) and serial-to-parallel (disk-to- m&m@rﬂ conversion logic. In addition, a bidirectional

wr ite E‘!:,‘J line is used to accommodate the exahange of serial data between the RK611 data

face selected drive.

Controfler Registers

controiler contains IS Unibus-addressable registers (Table 2-1). Nine of the 13 registers provide
orary storage for the manipulation of status and/or error information. This information, coupied
the inherent diagnostic capabilities of the controller, allows a programmer to create diagnostics
st can be extremely effective as a fault isolation aid.

)
o
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s o e

TOR FORMAT

o (304 ~30% WORDS!
1 2 4 16 4
Hsamzssg DATA. POST
Gay - PREAMBLE A

O

Cytinder {Q0V-63Z,
ADL- 1488, for ¢

e RK@S, or '

®

) Trackinsad O.1,21

date

(5) Good sector Fiag(buik bits set for good sectar )

POP 1Y
Mikid
MEMORY

POPY
CENTRAL
PROCESSOR

Central Provessor
KA sl e

» Deiivers Commands {13
To Lantroller:

f’ 1. Select Drive
+ 2. Pack Acknowledge
{3 Drive Clear
NonData ! 4. Unfoad
Handiing ¢ 5. Start Spindie
§ ©. Recalibrate
{8 Seek
Header {9 Head Headw
Handling - [ 0. Wirite Heasdér
{ Read Data
Data 412 Write Data
Handling 1 13, Write Chesk

Figure 2-4

UNIBUS

Figure 2-3  Sector Formats

RKE11 -
DISK INTERFACE LINES
CONTROLLER -

Ehsk Controller

® intarprets Commands

#* Divents Drive To:
1. Position R/W Heads
2. Bead or Recond Data

3. Bend Fault, Error, or Status
Enformation

# Pertorms Parallel-to-Serial {Write}
aid Serialto-Paralie! {Besd) Data
Convarsions for Direct Memory Access {Dats)
Fearsters,

RKOS OR RKQT
BIGK DRIV

sk Orivn

* Stoves aned Retrie

Seloct Acknow
it

ratss Status Messages
{Eaght 16-8it Words?

&
@

3

Basic RK06 or RK07 Disk Subsystein

2.5




Table 2-1 RK611 Unibus-Addressable Registers

Address
{octal) Type | Register Basic Purpose

777440 R/W i Control/Status Register | Decode commands/controlier
{(RKCSH status

777442 R/W Word Count Register (RKWC) WNumber of data words for transier

777444 R/W | BusAddress Register (RKBA} Main memory location for data

word
777446 R/W i Disk Address Register (RKDA) Desired track/sector address

777450 R/W1 Control/Status Register Additional control information
{(RKC82)

777452 R Drive Status Register (RKDS) Diive status reports
777454 R Error Register (RKER) Additional drive status

777456 R/W 1  Attention Summary/Offset | Drive status change
Register (RKAS/OF} state/head offset value

777460 R/Wi  Desired Cylinder Register (RKDC) | Cylinder address

777462% Unused

777464 R/Wi Data Buffer Register (RKDB) Data word to/from Sile
T7I466 R/W} Maintenance Register | (R’K M iiﬁ"} 1 Drive message select/control

777470 R ECC Position Register (RKECPS) | Error position information follow-
ing correction sequence.

FII472 R ECC Pattern Register (RKECPT) Error correction pattern following
correction seguence.,

777474 ' R | Maintenance Register 2 (RKMR2) | Shift register A for serial Message
AL

777476 R Maintenance Register 3 (RKMR3) | Shift register B for serial Message
’ i3
Es.

NOTE
R/W = read/write (selected bits) in relstion (o
Unibus. R = read only in relation to Unibus.

T iy

*The RK611! responds to this address with SSY N, However, if the bus cycle is a DATY, D (00:15) is undefined,

2-6




2.44 Silo Memory ,

During direct memory access (DMA) operations in which a device bypasses the central pr ocessor and
gains a direct access to main memory, the storage depth of the Silo (66 words) C@I’i’ipéﬁx&tek for the
transfer rate differences that occur between controller/drive data exchanges and controller/Unibus
data exchanges.

When writing, the Silo receives parallel data from the Unibus and transfers the data to a Data Shift
Register for serialization. The serial data is then encoded using the modified frequency modulation
(MFM) technique. When reading, the MFM encoded data is decoded and sent to the Data Shift
Register for conversion to parallet data. The parallel data is then sent to the Enia for eventual transfer
to the Unibus (Figure 2-5).

(1 PARALLEL DATA
Rinanndii ol s SO
RKDB ‘
i OUTRYT l « ] HEADER
BUFFER COMPARE
i {1 DATA WOD.} i Loaie
’ i \/? SERIAL DATA
H SILD I ; DATA SHIFT REGISTER] EXCODER | 0
) coNTROL (64 DATA (PARALLEL-TO-SERIALL crotay cara M & émm
g CONTROL # DATA i 3 anE o>
u Lpsic WORDS) * seriaL-To-PARALLEL) | N | o ¢
5 i, e #ici 2ol
i | yas
™8 1
! 51L0 i 1o
i MEMORY 3 LN oo
Axos s A Losic
; INPUT !
t BUFFER i
[ D} i1 DATA W)
{ PARALLEL DATA

11~ 4188

Figure 2-5 RK611 Data Interface
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aatﬁ m, , *5‘”“ é‘”iV& is sale Y,e.;ed

en t%‘w c,;:«, tms val i

Message B Line

in conjunction with the ammmmi; of the ‘J{,xsagts A line (from co
15 simulta: necusly E;“ the Mess age B line. The ‘ig,
ational information { C}s;nacr address, offset vajues, etc.
code. When the ope ;' éa“;ﬂ mfurm%mﬁ fras been assimilated b by 1
message {if regquested by the controller) is returned {Figure 2—.?’%:3,

he sei

Control Clock Line
As long as power is available to the controller, the 463 ns Controi Clock signal is continuously gener-
ated. ‘

Sirobe Line
For message synchronize
direction of ithe tmnsmlgaion.

¢ Controller-to-Drive Strobe — During the transmiss
signal is generated as an enable for drive selectio

¢ Drive-to-Controller Strobe - During Message line A and B status reporti
puises (generated by the drive) clock each message bit

i
i

W_Mg_‘
[
|
]
L
PR
| S—
]
S
_— L.._ﬂ_,?
-
-
[,
-
R

T | T T Yoo iF [ S ) Tow b T
P T2 [ Ta | Ta ! s Tr i Te | To e T e | s |
ooy
i
FROBE ;
i H H i} i }
ey f ¢ | | : i { ! i
b ¢ i H £ : i i
i { { i ¢ i 4 1
| | ! ; = j 5 Lo
i i . b g’ g [ B
:
ALK ‘
i
7L |orive QQMW RTC i,

CYLINDER ADDRESS/OFFSETS G
B 1 -

NOTE(D: These bits are used only on the RKO7.

a. Controller-to-Drive Transmissions

Figure 2-7  Controller/Drive Serial, 16-Bit Message Formats
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Ew;

SPINDLE] |
K ™ Pip
A7 CEAOGFFSET varug
a3 DRIVE SEXIAL NUMBER
L
feed
a1 EH
u
82 =
7
P w . . o
NOTEW: These bits are used only on the RK07.

b.  Drive-to-Controller Transmissions

Figure 2-7  Controller/Drive Serial, 16-Bit Message Formats

Controller-to-Drive (CTD 1 Line

When the CTD line iv asserted, the transmission of Me
controller to the drive is en abled. The CTD signal is norma
clock times {(Figure 2-7a).

When the CTD signal is negated, the selected drive is allowed to transmit status information to the
controller (Figure 2-7h}

Select ficksmwie&ge {(SACK ) Line

When asserted, the SACK line provides a drive-to-controller indicat
been recognized and the remaining bits of the message are being ac s:f:med "f‘h
300 ns after the receipt of bit 5 (T4) of the controller-to-drive
of the receipt of another controller-to-drive message strobe.

2-10 \




W

Poll Drive (2 ~ 2°) Lines , ,
These three binary-encoded drive address lines are used to poll ail {h‘ives (0-7) dvam@%e ia the, w'mem
{o f,,sierm“ € &‘m, at mim status 0'%" aach drive. R%avdkﬁg of W"mﬁ : ci';w

Jmu is 7.4 us.
The Attention sienat in a drive o et 2’} 4 e of the followr onditions:
Ine Altention signal in & drive can t be set by o iy one o e followir 1g Condiions!

The completion of a Start Spindle command.
The completion of a Seek command.
The completion of an Offset command.
“he beginning of an Unload Heads command.
The completion of an RTC command (return offset heads to centerline)
The oceurrence of any faull condition.

@ & & w B €
[}
i
g

i’f}ﬂed Attention Line

An tem“ signal is activated within a drive when its Drive Status-Change flip-flop is set. Howeve

the s line is not asserted to the controller until the unit number (number on the drive UNIT
0 z:i“f p%ug; of the me is polled, via the Poll Drive (22 - 29) lines. Thus, each time a drive is polled,

and its Drive Status-Change flip-flop is set, Attention will be reported.

The Attention signal is available to we controtier appmumawi 400 us after the detection of a polling
address for the drive, and the signal is negated within approximately 160 ns after the polling a dfi €55 18
removed.

Write Clock Line
This drive signal is derived from the servo surface and synchronized with the rotational speed of the
disk to ensure the recording of a constant bit density on the data track.

Read/Write Data Line
This line carrics encoded digital read data from the drive to the controller and encoded digital weite
data from the controiler to the drive,

Write Gate Line
‘ﬁ; hen active for a write operation, this signal enables the generation of write current in the selected
drive. The drive recognizes the assertion of this signal under the foliowing conditions:

Drive selection achieved.

Votume valid set (bit T6 of Status Message AU},
No unsafe read/write condition exists in drive.
No drive off-track error exists.

No write protect mode exists.

5 & ¥ § @

index /Sector Pulse Line

a drive is selected, this line transmits the once-per-revolution index pulse and e: »f the sector
derived from the servo tracks. Index/Sector pulses are enubled when the drive asserts a Select
i%& knowledge (SACK) and remain enabled until the drive is deselected.
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4, field contains four words,
3 sutroller to complete
1 the drive,

5.

6.

7. Em Error wmnatmu Code (}}iﬂa; field contains a 2-wot cz corrwwma cof fe

trodler, during a write eperation, by the to

I¢. The ECC field is read during read apemtums fo veri
and the ECC words,

amble field consists of one word of Zero bits

8. The Data Post
ied, when writing, during an unused portion ¢

1 be disal

9. The Sector Tolerance (Gap contains six Or seven wor
Fero bits, which ensures a differentiation between secto nical
tolerances
2.5.4 Servo Surface Operations
For the drive to affect head positioning and the reading and w ©
controller, radial {cylinder) and rotational (sector/index)
i nary»x&urdf:d servo track signals (mms} that are continuoush

When a Seck command is initiated, a desired cylinder address is c:i:.ziver t} t's rm drive ;mm the con-
iroiler. Within the drive he difference between the desired an éi cylinder positi ¢
iated. I the difference s other than zero, the head positionin ?rsa.rgw i

%a&aq (R i& and servod are driven across the radius of the d;xk

1

i
1 the direction deu’is:{i hv t%ias. i

f ?V»f
"':F 0.

ton. As the search for the desired cylinder pﬁsmwﬁt s:wraiénuss ng proximity tc t‘n::
lually reduces the difference to zero, at which time the heads are appropria E poeitsgﬁed
ired As stazc 2 1€ Servo fracka wm:ml tir process by g ;

"y

:”ed from each sen
ces are radially H’h i
e minus track crossing

i’ze numb-:r of pu;s.,s genemtm Lquah Ji;c numh,
zero), the desired cylinder is located.

ardless of whether they are stationary
~and Index {once-per-revolution) mﬂw wit
, :e position of each sector for the controlier, provis
for read ri’*f“i ‘*/I’I‘U‘;‘ :w;u ations,

inally, within the controller, the clock denved from the servo si
'aticwﬁ of a phased-locked oscillator (PL.O). Synchronization of the PL i ,
ecording density, regardiess of minor variations in the rotational speed {)f the disks.

25858 I‘)aza Error Control
] Controlier contains bot
When ?}rﬂﬁulv %13

rror deismm and correction




i)aia Error Detection
The following defines the conditions under which data errors can be detectad by the controller:

i

# Data bit errors indicated by the Error Corre i
The controller has detected 3 mismateh resulids

s Detection and correction of Data fizld zrror e
¢+ Detection, without f’Orrecﬁm of error bursts
¢ Relighie, but not absolute, detection of error b

Dimta Error arrectmﬁ

Error correction i s the use of error position (error burst locstio
image) information, which is derived from a 32-bit Errf\’* Cﬂrre,ttzsr* Code {
secior contains an ECC that is writien at the end of the Diata field an 1 refle
regnrded éa%a The code is used to detect and correct {if possible} the dat
i rn read from the disk. The coniroller contains the |
ion during & write and extract the code during a read. Howey i tion of *éz:
ned by the error burst pattern is a software process that occurs after lh? data is in main

- » ugnqi
Eauh

LB

B4} ?h!;.«

Prata Error i{&:ﬁwry

Drata error recovery is a recommended sequence of attempied rereads that i

control, both the head of fg t and error correction capabilities of the ¢ contro
' ses ery. A complete error recovery routine con

ry attempts, using error correction procedures with the folto

Using error correction, attempt to reread the sector 14 times at track centerline.

amd

rection, attempt to rercad the sector twice, from each of the

RE06 RE#7

4400 microinches
—~400 microinches
-+ 800 microinches
- 800 microinches
41200 microinches
- 1200 microinches

.5, é Bad Sector File
The bad sector file is a iist of the bad sectors in 1
tmf: ¢« and cylinder on the cartridge. This trac i'

,,:jn

5

ey
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2.5.6.1 Daia Field Format - The data field in the first 10 sectors of the Iast track has ih
format:

Word
0 Cartridge serial number
i Zeros
2 Zeros
3 Zeros for data cartridge, at least a single one for alignment cartridge
2} Bad sector 1
6 2
e Bad sector 2

a3
; } Last bad sector

n+2  Ones filled
n+ 3  nes fifled

Ones fitled
“‘SS Ones filled

¥ ord 0 contains the octal ¢ artridgf& serial number, Words ! and 2 are filled with zeros and are reserved
E ir future use. ’Wc} .’:? identifies the cartridge either as a data or alignment cartridge. If word 3
contains any ones, words 4 through 255 shall also contain ones.

The tfist identifving bad sectors on a data cartridge is contained in two-word groups beginning with
words 4 and 5. The first word of the two-word group contains the cylinder address of the defect, and
the second word contains the track and sector address of the defect,

The defective sectors are listed in asaemimg order by cylinder, track, and sector address. After the pair
of words identifying the location of the last bad sector, the remainder of the data field is ones filled.

2.5.6.2 Track Format - The bad sector file format consists of the same preambles, gaps, header, ECC,
and postamble as those on any other 22 sector track. The data field of sectors 0, 2, 4, é and 8§ will
in the addresses zsé all sectors identified as defective in 22 sector, 16-bit format, and the data field
of sectors, 1, 3, 5, 7, and 9 will contain the addresses of all sectors identified as defective in 20 sector,
18-bit format. Sectors 10 through 21 will have words 0 through 3 of the data fieid record as specified in
2561 Words 4 through 255 will be ones filled.

L

At least two even sectors and two add sectors out of the first 1D am‘i ors must be error free, and (w
even and two odd sectors out of the last 12 sectors must be error free

<

b

-15







CHAPTER 3
SITE CONSIDERATIONS AND PREPARATIONS

i ENVIRONMENTAL CONSIDERATIONS

3.1 General
The 1 /RKO06 or RK611/RKO7 Disk subsys
business environment,

'i“ per hour. The nmmpcmw ;5 uﬁ'l’l}}ii‘aiﬁﬁ“ range

313 Reiauw Humiém

Humidity e sinany CPU
with memory. ?}{her ézqk subs‘f Stem is dcszgﬁed to opera*e efﬁcmnd}; w;thm a :":::iatwg Mﬁmédity range
F 10 90%, with a maximum wet bulb temperature of 28° C (82° F) and 1 minimum dewpoint of 2°
. F). The nonoperating relative humidity range is from 10% 10 95%, with a maximum wet bulb
temperature of 46° C {‘ 115° F). The relative humidity range for the disk cartridge is 8% 10 90%, with a
maximum wet bulb temperature of 28° C (827 F).

3.i.4 Heat Dissipation
Heai uissig‘ ation of the RK06 or RK 07 is 1500 Btu/hr nominal and 1700 Btu/hr maximum. By adding
this figure to mc T.Otdi he cat dissipation for the other system comgwoneni% and t‘hefi def’ ting the result
1o compensate '

exposure ijhmugh wimﬁ%
n be determined. it

ated peeriiram enEa
wted requirements.

system efficiency, etc., the aapmx%mdf;ﬁ a..{,mh:*;
is advisable to allow a safety margin of at Teast 2

¢

ffigin
215 Acoustics

Most computer sites require at least some degree of acoustic treatment; however, the RK06 or RK07
Disk Subsystem will not contribute unduly to the overall acoustic preblem. Acoustic materials shoul
neither produce nor harbor dust.

3056 Altitade

cmputer system operation at high altitudes can result in heat dissipation problems. The maximum
de specified i"or the RK06 or RKO7 is 2440 m (8000 ft). However, maximum allowable operat
eratures are reduced by a factor of 1.8° C/1000 m (1° F/t000 ft) for operation at higl
sites. Thus, the mdximum allowable operating :empera ure at 244& m (8000 {1}, for example, would be
reduced to 28° € (82°

1ieu




3.1.7 Radiated Emissions
Fhe effects of radiated emissions can be reduced by:
Grounding window screens and ﬂi'?s er large metal surfaces
Shielding i 2‘*‘**1"‘:?11’1@"?5&}“‘ cables with grounded shields
Providing additional grounding te the system cabinets
in extreme radiation envi ironments, providing a grounded cage for the sysiem

¥
m

T O

3.1.8  Vibration/Mechanical Shock/Attitude
E‘zzer: RKO6 or zﬁ((} is designed to operate within specifications in a moderat
ent, such as ai £ Oor computer facxb“; i ¢ following sine vibratic
# of three orthogonal axes {sweep rate

b

double-ampiitude (DA} displacement

It ts also designed to operate while a half sine shock puise of 3 G pk and 10 £ 3 ms duration is applied
onece in either direction of three orthogonal axes (3 pulses total.

o
2
pl
L
=2
£
=
.
—
[}
g
o
=

formance of the RKO6 or RKG7 will not be affected by an attitude where the
num roll do not exceed 5 p

i g C’?eg éﬁ? $$
anliness isim
‘ h as the P §\06 (834 Rhf)-f I‘:}‘ 3 ¥
iing, and are extremely vulnerable to iﬁ%i"i. EV&?!E such minute vbst;‘;‘»:i*w* as smoke p s,
erprint smudges, or dust specks can cause head crashes and catastrophic destruction of heads
Jor disk surfaces, as shown in Figure 3-1.

e thay

he RKOG or F;K()k is capable of operating 1n an am tzem atmosphere containing no
of 0.5 micron or larger per cubic foot of air.

raration, there are a v er of steps that may be iaken to enhance st

aent ciean-

i /s in the vicinity of the Disk Subsyster.
2, o benstalled, consider floor-to-ceilt
4. X,Zi:.’s.“\ %:ha“; Z

b,




sum subfloor areas and a

9. Place impregnated mats at each entrance to reduce the amount of dust trac

2. Cleaning of the shroud area by low pressure (3/4 inch of water) at 70 cimn

3. Card cage cooling.

4.

’“”a:» snsure {

HUMAN HAIR

FIHNGERPRINT
SMUDGE
P

154978

Figure 3-1 Relationship of |
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the front and rear of the RK% or
be ma em environment for s
ameter of armm&. mte“ 35* mn (14 inand a ‘E‘;a%;_g it of approx-
. No more than five cartridges should be plac ced inas ngle stack

- clearances

07 Disk Drive is equipped with a molded line power cord with a len

én;mt gma :;;'
'E *J‘s nori

,‘s"zn{; *M}

kusig at o } ?iz

tacles that wili accept mc 5(-128 Vac plugs are dengﬁ’ ted variously as: |
: and {}ﬁﬁi‘»?aihm‘,tﬁagw ITAY R*gsnuw st?

eu‘ﬁd v'mm_ax%v as: DEC (12-11204), NEMA (6

‘»I'Em Appropriate circuit breakers are also ne

tmn must be notified of available input power well in advance of shipment,

“ient to place imuma
ight should be consi
rE zzpamzma

{ y [325 3h}aimr is not suffic
¢ floors. However, the added wei
ter system and nossible futur

instail sm}n

zéi‘isE" ints
i ea to the installation site should be studied in

ery. Amo , Lsrs to be considered are the | gm and -

*'uwy, and av n’lab lity nfelev:z% ors: the number and stze of ai i

: 1ons, such as be nds or obstructions, in the haliways. Amz con«azé 11
gital E yporation as soon as {‘rﬂﬂlb% - 0 that the requirements of

) ¥
 site may be considered when the unit is packed for shipment.

zz Fire and Safety Precautions
5 sk present no unusual or additional fire or safet 3, hazards to

s‘:s::are?}i%;y checked, however, to ensure that the capacity is adequ

f ; %e,mp’;gi { expansion. The 60 Hz version nf the RK06 or RKDO ?

iJL-listed and CThe 50 Hz version complies with 1EC 435 standards.
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This Mhdg ter includes the pr@ cedures reguired for un

mff test equipment r

fnstallation will only
personnel not so qualifi

CAUTION

When moving or lifting the RK86 or RRO7, always
grasp the frame structure. Do NOT hold any part of
the top or side covers.

Table 4-1

Special Tools and Test Equipment for RK611/RK06
or RKe11/RKE7 Disk Subsystem lnstallation

Part No.

Fart

Field Test Box (115 Vag, 50 or 60 Hz)

Ficld Test Box (230 Vac, 50 or {}sj Hz)
Ahgnment cartridge {RKO06)
Alignment car trxdfze iR&O’H
Wrench

hass a‘ﬁ

nent tool
allation/removal tool
1ent toot

bhim, 00151,
Head separation t«
Mirror

Magnifier

Torque wrenc
Head torgue wrench

Hex ball driver set
Screwdriver, 14.5-in., Phiilips
Carriage roll aligniment tool
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The procedure for unpacking the é sk drive s as follows:

5. Remaove the rear and front cov

terminal points, ;

o ensure fight-

of air disiri
> pirt.

1 of i"‘ ﬁm

I hoses. Clean the foam prefilter if
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Use care in mos g he drive/cabinet.
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ULl TELESCORE CAP
{3905448}

5-PANEL FOLDER
{B90BL7E}

ﬁ A CRATING SLAT
N /(7808858

/s CUSHIONED
SHIPPING SKID

11-4979

Figure 4-1 RKO06/RKO7 Shipping Package Configuration
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L procedures %n P: L,m& a*apsh 4.3, observe the following precautions to

%

5. Skin acids can etch and ruin
» ghding surface.

out a spinning disk in place or the

al drive power.

r b instruciions,

védm {&tep
M7981 is sbove |
installations, skip »

k ]
grate with REKO7 Dirives as well as
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the
the

o, aw
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Table 4.2 EKK611 Control Switch Configurations
for Desired Unibus Address and Interrupt Vector
Unibus Bit Switch Section Unibus Bit
Al2 S2-1
All S22
5 A10 82-3%%
514 A0 S2-4
518 AR §2-5
Si-6* AL §2-6
51.7% Alb §2-7%%
51-8 ADS 52-8

%

i

address of 777440, these switches should be in the ON position; all others
should be in m& i}rF position. Note that this address overlaps the Look-Ahead Register

: Subsy

e standard vector of 210, these switches should be in the OFF position; all others
,‘5 ?:\e ON. Note that this vector overlaps the interrupt vector in the RC11 Disk

Set the switch configuration for the desired Unibus address and interrupt vector into the
M7900 module. Use Table 4-2 as a guide when making these settings.

If the controller is to be connected 1o a PDP-11/40 system, remove the M7234 from the
processor. Remove WS on the M7234 and replace the module in the backplane. This jumper
must be removed to successfully run the RK06 or RKU7 diagnostics.

Insert the modules into the RK611 backplane using Figure 4-4 as a guide.

ttach the transition connector assembly (PN-70-12415-0-0) to the cabinet containing the
R K611 using the nuts and bolts provided.

Connect the flat cable (PN-BCO6R-06) from the M7904 module to the Berg connector side
of the transition connector. Refer to Figure 4-5 for placement of the striped edge of the
cable

If the RKO& or RKO07 subsystem is to be dual ported, repeat this procedure for the second
controller.

NOTE
Check for a different address and vector on the sec-
ond controller.
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CABLE CONNECTOR FROM
REDE OR RKD? DRIVE

aarn
P

MY

BRACKE
POSITION

{SEE NOTE 3}

STRIFED EOGE
(EE) e TRANSITION
BRACKET

M,

~.

/0 CABLE ROUTE FOR HORIZONTAL RIGHT CAB
MOUNTED CONTROLLER (BAT1.KI UPRIGHT [REF)
(BEE NOTE 2) |

- /0 CABLE ROUTE FOR VERTICAL
1 MOUNTED CONTROLLER (BATT-F)
i
H
ROTES:
& ‘ 1. FOR INSTALLATION IN BAT1.F EXPANSION BOX:
#} CUT THE WHAP AND UNFOLD POWER HARNESS
B AL EXTENSION POWER CABLE TO SHORTEN THE HARNERS
2. WHEN INSTALLED i BATY.K EXPANSION ROX, THE /0 CABLE
SHOULD BE TURNED 20° AND ROUTED UP OUT OF THE BOX
£ BHOWN.
—_— 3. THE ALTERNATE BRAGKET MOUNTING POSITION MAY BE USED
e (BEE NOTE 41 WITH ANY EXPANSION BOX TO SIMPLIFY INSTALLATION,
- WHEN THE ALTERNATE MOUNTING POSITION 1S USED, THE

BERG CONNECTOR IN THE TRANSITION BRACKET MUST BE
INVERTED 50 THAT THE CABLE PROM THE RKOS OR REOY
DRIVE WILL HANG IN A DOWNWARD POSITION AS SHOWN.

RKE31 CONTROLLER

Figure 4-5
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1. Roli the drive cabinet to it designated loc ¢
feveling feet attached to the cabinet until al? we agm is J&(}‘«‘@iﬁ {

2. Remove the front and rear access covers from the drive

a4

: SO uﬁ*j isie
(PN-70-12292-xx) between the transition connector (PN-7U L«M‘HJ*J x}} v
inet and 1/0 connector J1 (A-IN) of the RKO6 or RKO7 (F and Table 4-3). The
standard drive cable if‘mﬁi* from controller to drive is 7 faf* m HS i’%:}« However, optional
cable lengths can %ﬂ 'ww* if the total drive bus does not exceed 30,48 m (100 1), (See Table 4-

i VRS

,x' 4‘@{ T"Q

A
e %

i§ e controller cabe

E

Table 4«3 Divive Bus Cables

Mzz Mg, Lﬂgth

?d z;_‘f‘f 2-8 3’ 4»-2 m {’“’ ity
f&} .::,m@é*;; P24

S S
s of 12 zere

‘M: ;

rep ast three f‘% % of e ;
representation of these three digits, if they ivw not already beg ) O
i‘u::;:;ifiﬁvf‘ of a pair to represent ;ﬁew, or rerove ihe bottom resistor for a one, or each m ihf

2-bit Tocations. Also, there is a pair of zero ohm resistors, representing the drive type,
phﬁ‘f‘d to the left of the serial number resistors. If neither has been removed, clip the top one

WO

if the drive is an RK06 or the botiom if the drive is an RK07.

M9016 module does not have these resistors, the serial number must be wired to the
& Todo this

4. Set up a table similar to this:

Table 4-4 Sample Table for Backplane Wiring
A B | C
4

o
]
oH
R
.
]
oo

it
e
-
o
e
ki
P

How

P

Row 2
A A IA 1A A BJA]E BB ATA
o frofro [ RO O IR R
& 14 14 i 4 4 4 )4 4 t4 14 4
R {P JR 5 || S [M|T|D | ClA V|V
2o oo qrgzgi HEREIRE:




g,

b.  For a serial number ABC, enter the BCD eguivalent of ¢ g A in Row 1, Column x’\
enter the BCD equw alent of digit B in Row 1, Column B; enter the BCD wmmhm
digit C in Row 1, Column C.

‘(‘}

Enter the complement of Row | in Row 2.

d.  Forevery “1” in Row [, wire the appropriate backplane pin (below Row | and Row 2)
to pin DEH1 (+3 V). For every “1” in Row 2, wire the appropriate pin to AT ']
(ground).

¢, If the drive is an RKO6, wire 01V] to AITI (ground). if the r:’mv is an RKO7, wire
O1VI to DEHI (+3 V).

If the installation is multidrive, proceed to step §; otherwise, proceed to step 10,

Connect drive bus cable (PN-70-12292-xx) {rom J2 (A OUT) of the previous drive to J1 (A
IN} of the next drive. Repeat for each additional drive. The standar‘d length between drives
is 2.44 m (8 ft); however, optional length cables are available. ﬁ}tal drive bus length must
not exceed 30.48 m (100 ft).

Daisy chain each drive, using a ground wire (PN-7212827-8) between the ground studs in the
drive cabinets,

Bininisinn

e

-

LIS BEL DT PLUG

A —: S

SERIAL TAG: ~oe

A UT SO KA U VALIBN MY
‘ B OR BKOT-XB 230 VALBO HEZ
RKG8-XC OR RKO7-XC 15 VALSE HE
REUB-XD OR BRKU7-KD 230 VAL/50 HZ

11-4880

Figure 4-6  Serial Tag Location and Model [dentifications
(Tag Visible with Front Cover Removed)



DC POWER CABLE CNP1 CNPS CNP6

ol CABLE BOARD
. f/tMnns)

|~

J2 A OUT AND
TERMINATOR

J4 B OUT

J1 A IN AND

J3BIN

7897-14

Figure 4-7 RKO06/RKO07 I/O Connector Details
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{7 CABLE DRIVE BUS (25 FT)
FOTHE TOTAL LENGTH GF ALL DHIVE BUS

CABLES ATTACHED TO AN RKE1TY CONTROLLER

|

:
s s r /
— [ @88 | wusTnov exceen 100 FEET.
SROM 10 REAARKS i :
< :
CONMEQTION i
é CTROLLER f;’
2 , COMTROLLER 4
Ton ot FOR INSTALLATION 02
,,,,,, TRANSITION BRACKET
| a8 oUt o BHD CABLE ORIENTATION,
{ . 1o REFER TO FIGURE 4-4
R¥E11 CONTROLLER
i
1
%
:
]
| EXPANDER BOX USED FOR MIOURTING
} CONTROLLER IS LOCATED (M SEPARATE
e CAB FEOM DRIVE AND CAN 2F
| FUSITIONED AT ANY VERTICAL

(L METGHT WITHIN THAT 048,

CHASSIS (REF

monm B

SR S—

/ iz‘wmmmwx ‘

SEE CABLE
CHARY

(VIEW A-A)

REKO6 OR AKO7 DISK DRIVE
IWITH REAR SKIN REMOVED
AR CHARD HEST !

LR 4

ipure 4-8  Dual-Access

Disk Subsystem 969 Cabinet

4-13




CHBLE, GROUND {28 FT)

i,
i

CABLE. GROUND (2 FT LG
/

VIEW 8.8

SCALE: NONE

THIS HARDWARE I8 FOR THE
PUBPOSE DF FASTENING A GROUND

STRAP IN A MULTIPLE DRIVE
SYSTEM.

e

SECER

h

CABLE
GROUND
3FTY

EQD P BOTH CONTROLLERS
ABE BMOUNTED THE

SAME EXPANDER BOX

O CAB.

N

o

e BOYEER LORD

e CABLE, DRIVE BUS (2%

T R BLE, GROUNTY (3 FT LG

~ POWER CORD

o CABLE DRIVE BUS o~
/f 125 FF LG e

11-4983

A

Figure 4-9  Dual-Access Disk Subsystem H969 Cabinet

g




7y,

I

Ensure that oy

e

sn;;jfie ana i

Table 4-3

NﬁTh

For the dual-controlier cabling configuration (Figure
4-7), the instaliation of the drive bus cabie should fol-
low the above sequence. The drive connectors used
are J3 (B IN) and J4 (B OUT). A second drive bus
terminator (PN-78-12293-0-8; must be connected to
J4 (B OUT) of the last drive. The second controller
may Be mounted in the same expander box as the
first or is another cabinet altogether. ¥ the same box
is used, a second fransition connector is mounted in
the cabinet to accommodate the second drive bus
cable.

rcuit breaker CBI is QH* (,ma ct %,nf: power cable to a power outlet
equency meet the regquirements of the drive mfsdf‘ {Figure 4-63.

select plug into the ass’zit selec
3 lists the part numbers for each of the eight

Plug No. Part Number
12-12691-0
-12691-

b G T B tad B mee 09
bt ik ot s i
M l\) E»J M h) i\.ﬁ i\J

o St b Pl o

mwwmwm

369
-12691

4.4 INSTALLATION CHECKS AND ADJUSTMENTS
To verify performance and adjust the disk subsystem:

L.
: 2.

b

Check controller power supply voltage.

Check drive power supply voltage.

Check head load/unload.

Check head alignment.

Check response to abnormal conditions.

The required actions are detailed in Paragraphs 4.4.1 through 4.4.5,

drives

Unit-Seiect Plugs for RK06/RK07 Disk Drives

tack of ihe operator

ni
153 %

control
he daisy

Y
e £ 4
s

WHOSC

panel
chain



4.1 Controller Power Supply Veltage Checks

Yo perform the xoltasfc :.isefks on the controlier power supply, set controlier power to ON
urements at the following points:

Test Point Yoltage

AGL A2 %SVQL‘:%JZf)’?
A04 B2 ~15Vde£ 075V

:-’\ 042 GND

AC4 D2 +15¥Vde £ 0.75

nual for adiustment and/or

ower Supply V ﬁitage Checks
To :mi"f(ﬁ"ﬂ the i‘eq‘«.z,bé voltage checks on the disk drive power supply:

that the power cable is connected 1o a power cutlet of the proper voltage and fre-
fc;a

2 Hon,

3. ir system should start operating and the

A

Backpiane

Location Yoltage
BO8AZ +5 Vde £ 3
DOLEZ +25Vde =
Co8D2 +15Vde £
CO08B2 ~15Vde %
AQBR2 ~5Vdex 3%

is not within tolerance, refer o the RKO6/RKO7 Disk Subsystem Service Manual for
1d/ or repair procedures.

’%’?xzxy voltage
diustment a

d f.oad/Usioad Checks

g head load/unload checks are performed during the POWER ON sequence (o ensure
s can be attained:

i, With power O™, install a scratch cartridge into the drive.
2. Depress the appropriate access select switch, sither A or B.
3. Press the RUN/STOP switch. Alter approximately one second, the spindie will begin to
rotate and the RUN/STOP light will extinguish.
NOTE

Power must be applied to the controller {or to the

Field Test Box, if ased) during performama of the
ioad /unlosd checks.

4-16




i,

4.
ing this Ii it *hey {%‘z;ﬁ *izturr& e @yhrﬂ? zero.
READY light on the operator coatrol panel should be
19

5.

Press the RUN/STOP switch again. The &E;%@Y light should extinguish and the heads
maove to their fully ret rwgcd position. When the drive has s topped, the RUNMN/STGF in
dicator will light. The drive motor shaum f‘fuﬁp in approximately 20 seconds after
RUN/STOP switch is refeased.

4.4.4 Head Alignment Checks and {fartriége Care

Several principles should be understood before attempting any ahgs
with these principles will hopefully discourage any “shortcuts” isjmg Fe g}cﬁs&;bi‘,
proper alignment. '

1. Whenever head alignment exceeds £200 microinches maximum, the heads should be rea-
ligaed to within 450 microinches.

Power must be applied to the drive for two hours prior to performing any head alignment

3. The Vartr:,wgs should be mounted and spinning for 2 minimum ¢ hs
beginning head alignment.

4. Head align ¢ technigues assume that the drive being aligned is a properly
If the device is not working properly, do not attempt alignment.

5. To protect the alignment pack, Write Protect should always be set when the alignment pack

is in the machine

ﬁ}wk angd szmbles 3} %em'} gmafe cirg 7 - 1k
-cial m&?ﬁﬁﬁﬁﬁCﬁ switch from {5 maintenance mode &« nia B gir-

7.
xhﬁ %%f TY SW T?iJH is not set 1 o ms; ,?‘@Ai?e H §9Mt§€z&
8. Lateral force on a carriage can cause the heads to uit and possibly crash. Therefore, all
‘,cdure% requiring the application of a lateral force to the carriage must be performed
wxsh the heads unloaded.
9. Positioner parts and fixtures are precision parts and must be handled carcfully. The use of

torque wrenches set 1o s;;su_zﬁeé Jevels is mandatory to guarantee that tolerances will hold
and thus prevent

10. When transporiing car ’”ges by auto, alws cartridges in the passenger com-

partment - never in the trunk.

i1, Always transport cartridges in their carrying case.




alignment ¢

.
jer program

20 ALIGMRERY
CABLE CONNECTOR

s
[
g

Area




HEAD ALMGNRENT
GROUND CONNECTOR

N HEAD ALIGNMENT
%1 \ % 5 c e,
CABLE CONNECTOR
i

o
? »
E s
A

_m_: 5
o

MAGIEE

Figure 4-11 RKO07 Head Assembly Area

5. Load MAINDEC-11-DZR6N and start at address 224,

Per program instructions, install an RKOSK-AC or RKOTK-AC alignment cartridge, de-
pending on the type of drive, and WRITE LOCK the drive.

NOTE
Prior to begining head alignment procedures, power
should be applied to the drive for two hours; the car-
tridge should be nwunted and spinning for at least
one-half hour.

T

To WRITE LOCK the drive, set the SAFETY SWITCH (82) on the RK06 M7729 board o1
the RKO7 M7906 board to the MAINT position. This action will also prevent the heads
from unleading if a Servo Unsafe condition occurs.

4-19
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Maount the hes
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s not ég ﬁsmnd the
of the cam tower.

SR 11
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wead alignment fixture and mount it on the next head.
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SUBSYSTEM VERIFICATION : PART

ALIGNMENT AID #%=*
BLSE CR :

CTIONZ FPOR USING REO&~RKO7 HEAD ALIGNMENT AID

AR EEEEARITAE R A AR AR S A AT ARG R R A AR R B R b AR R e R R e R R
: ON THE DESIBRED

T INDICATOR TO THE DESIRED DRIVE,
NMENT CABLE ONLY, AND CYCLE UP THE
B “OUEm? G THE PACK ON THE DRIVE,

I ZHOULD WAIT 30 MINUTES FPOR THE DRIVE

¥ TO STABILIZE, BEFORE PROCEEDING WITH

I, REQUESTS FOR PARAMETERS, BY ENTERING
RAMETER VALUE (NO < CR» NEEDED).

3 MODES OF OPERATION : MANUAL MODE
CTION OF DRIVES AND HEADS BY TTY INPUT,
ALLOWS DRIVES AND HEADS T0 BE SELECTED
:ATION OF DRIVE PORT SELECT SWITCHES.
DE, UP TO 5 MINUTES OF SEEXK EXERCISES
‘ED POR BEACH DRIVE.

MGQEQ A %E%zwy O??EATIG@ ALLows HEAD

iNY
BY
IN uiiﬂER
MAY BE REQUER
ﬁLﬁﬁ *ﬁ E”@'

RIVE BY THE %&ﬁgaﬁﬁ vsxca OTHERWISE OCCURS
LLOW Mas PﬁLA?;Q% OF THE ALIGNMENT TOOL.
TART :::az? MODE, TYBEE ™2 .

TART ALIGNMENT AID, TYPE é%% .

SELECT HEW DRIVES IN MANUAL MODE, TYPE ~C .

FOR HEAD ALIGNMENT Pﬁﬁcﬁﬁggﬁ, REFER TO FIELD
TEST BOX (RXKCS~07TA, RKO6-07TB} OPERATOR'S MANUAL.

MANUAL OR AUTO MODE (M OR A)?

ALIGH, VERIFY OR EXERCISE (A, V, OR E}?
A
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4.4.4.3

b

bk

-4

Head Alignment Using the Field Text Box
Ramove the rear cover from the RK06 or RKO7.
Remove power from the RK086 or RKO07 and from the Field Test Box.

Connect the head alignment cable from the Field Test Box to the RK06 or RK07 read /write

Board,

Attach the appropriate drive interface cable to the Field Test Box.
Apply power to the RK06 or RKO7 and to the Field Test Box.

Install an RKO6K or RKO7K alignment cartridge, depending on the drive, and WRITE
LOCK the drive.

' NOTE
Prior to beginning head alignment procedures, power
should be applied to the drive for two hours; the car-
tridge should be mounted and spinning for at least
one-half hour.

To WRITE LOCK the drive, set the SAFETY SWITCH g‘i"} on the RK06 M7729 board or

the RKO7 M7906 board to the MAINT position. This action will also prevent the heads

from unloading if a Servo Unsafe condition occurs.
Mount the head alignment fixture on the appropriate head (Figures 4-10 and 4-11).

CAUTION
Make sure that the carriage does not tip bevond the
point where the heads will fall out of the cam tower.

Torque the head alignment fixture mounting screw to 5 in/lb. Loosen the head mounting
screw and then tighten it to 2 in/Ib, Turn both vertical screws of the head alignment fixture
fully CCW.

Select the desired head and load to the actual cylinder address that corresponds to the
underlined {for an RKO06 alignment) or dotted (for an RKO7 alignment) cylinder address
switches on the Field Test Box. Refer to the switch settings that follow.

Switch Paosition

EXER@SE; STATUS EXERCISE

DRIVE SELECT Desired Drive#

COMMAND TO RK06/7 switches SEEK
22 SECTORS
CLEAR ERROR & ATTENTION
SET VOLUME VALID

SINGLE CYCLE/CONTINUOUS SINGLECYCLE

FUNCTION SEEK ONLY
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To @nmﬁa heads, simply change the head address swiich setting and depress the START
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d vertical screw to move th
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idge When Drive Power is Lost - If po : driver s lost and i is

qrir
e disk cartridge, use the following proce edur

.u &
h {m'
]

he door lateh,

i, flat-blade screwdriver into the opening

2. on the screwdriver, it the g
3.
5 Remove the disk cartridge in the usual manner

"

sge to either heads ¢ $
d or if the heads show an
oe curres. 3

referred io as *‘hé:
2 z; kmg ammd aftu‘

th::

tnehread, u
pection mi ches or oxide are sle, the head
e RRKO6/RKG7 tem Service Manual for the appro-
154
3 es, install a scratch pack and load the heads onto
4. he drive down by setting the RUN/STOP switch and

. i any oxide buildup s present, 3 catastrophic condition
he RKO5, RK’()! ﬁe**k Subsystem Service Manual for corrective nrocedures.

CAUTION
Never use g cartridge involved in a head crash until it
has been luspected and found usable; Le., there are
ao visibie marks on the platter surfaces. Catastro-
phic crashes can m& g}rapag%geii from drive~to-drive
under such conditior

Never use an alignment cartridge in a drive that has
experienced a head crash. Always use 8 scratch car-
tridge for testing.

POWER CONV iﬁai()’\z

‘ g juring manufacture to be either a
' s,ham&: the frequency character-
125 the power supply transformer and
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CONTROLLERS A& AND B MAY BC OPERATED FROM
THE SAME UNIBUS OR FROM TWO SEPARATE UNIBUS

e
J </

RKETY REETY
CONTRULLER & CONTROLLER B

DHRIVE BUS &

DRIVE BUS B

TERMINATORS

- \

N

| | *
| L |
151 sl Ao n 4o | M

bbb -,

'l | nil ! M hT A
R iz | 43 s noouz |13 s It 21 s A i) i3 4 31 R B Ji 21 43 . | ¥ FERR I 3 &1 R
N ouT] N OUY N QUT | QUT R OUY L N DUT W OuUT ] I OUT N GUT | iR OuT W oUTE N ouUT WOoQUT N OuT W OUT ] OIN . OUY
A B A { 8 A B A B A B8 A 5 A B A 8
i
i : .
DRIVE UNIT O ORIVE UKIT ORIVE URIT ¥ SRIVE UNIT 3 ~ DRIVE UMIT 4 DRIVE UNIT§ ; DRIVE UMIT & DRIVE UNIT 7
THhE08

Figure 4-12 RK611/RK06 or RK611/RKQ7
Dual Access Cable Diagram



RK&11
CONTROLLER

DRIVE BUS

-

S

TERMINATOR

i
S

; ?
1 i ] i
] H {
L i &
0.0 Mofr s |
J1 42 33 Jé J1 42 43 Ja Ji J2 33 34 41 32 43
N ouT N ouT iN ouUT N ouT N OUT N ouY N OuUT i OUY
A B A B A B A B
DHRIVE UNIT O DRIVE UNIT 2 DRIVE UNIT & DRIVE UNIT 8
NOTES:
1. T sech deive the dusl port test switeh oeated on madule M7730
mitist be placed 1o the invery position for the duration of this fest,
2. Only even numbersd unit select switches should be used on the
drive operator’s panel, )
11-5508

Figure 4-13 RK611/RK06 or RK611/RK(O7 Cable Diagram for Testing Dual Access




CHAPTER S
FIELD ACCEPTANCE
TEST PROCEDURE

! Disk Drive
Jor the RK611 Controller to the customer prior to his acceptance of the equipment.

Field acceptance testing is intended to demonstrate performance of the RK06 or RK!

5.1 ERROR DEFINITIONS/RATES

The RK&11 has five registers that display the various error cenditions that can exist in the Disk
subsystem. Table 5-1 lists the various error indications and gives an explanution of their significance.

s are broken down into {ive categories

Hard errors
Soft errors

S R

These classifications aid in the identification of the various errors encountered in acceptance testing

anty.

3.1.1 Conirol Errors

A control error indicates an operational aberration in the execution of command and
tions. Any control error detected by a diagnostic program during acceptance testing tn¢
ware malfunction that must be corrected before testing can continue.

LTSS Wy

hard-

Table 5-1 RK611/RK06 and RK611/RKU7 Disk Subsystem Diagnostic Errors

Error Indicator Bit Condition Error Type
Programming Error RKCS2bit 10 Register written {except Control

{PGE) CCLR, SCLR)} with GO set.

filegal Function RKER bit0 Itlegal command in low-order Control
{ILF) 5 bits of RKCS1.

Format Error RKER bitd or s Format or drive type error. Control
{FPER)

Cylinder Overflow REKER bILY Cylinder address exceeded. Contral
{COE) '

tnvalid Disk RKER bit 10 ~ Invalid cylinder or track Control
Address (1IDAE) address detected.

Elnit Field Error RKCS2bit 8 ~ Drive selection problem. Contraol
{UFE) ,
* 7




or RK&1E/RKO7 Disk Subsysiem Diagnestic Ercors (Cont)

s

Indicator Bit Condition Error Type

Unibus Parity Error ( Errorin 16-bit data word from Control
(LIPE) main memory.

Drive response problem. Control

Y €TrOr in message from Control

Write check, ites data
from disk did not match data

Control

Control

RKEE bt 12 Controi

data lpss durﬁg read.

REKER bit 15 Data ervor det

zd by ECC Soft

L N

Morg ihan or Controt

simultaneously ei ed

RKER bite Data ey 0T UNCOrT sctable Hard

RKCSibit 11 Command possibly not Control

RXER Bit | Seek oper ation did not Seek

<o




s‘-‘:«'é”&#'%ﬂ

TOTS t‘ut are not ECC- wrrmmhi@ ;miw; f*‘; bgsx 5 ﬂrca’wr zhm
d ﬂhpeé bits that are separated by more than 1] bits w ithin a sector,
rd errors is one error per {0'2 bits read.

'.zmg "! error that is correctable by ECC and/or a compiste recovery
rror rate for soft errors is one error per 107 bits read.

!mil’»‘”?'*mm is less than 11 bits long, it 15 ECC- ‘“’ﬁrfﬁﬁiabi; and will app
11 bits, it will appear as a hard error. On a given cartridge, attributable
mie cylinder, sector, and track addresses. The defini tmm of hard and
ply only to randomly distributed errors and do not take into account

le. Imperfections in the cartridge surface may be ﬂmm by mapping

matter program.

»ate:z widx %@ek ineampiet: or W%ih ﬁw m‘:f%;ior“ in an 1ﬁx‘.§%’?éiﬂ

ures hive been completed, the tests detailed in the following subsections
-2 briefly describes the diagnostic programs used in ﬁeié acccpt*mce
r RR61l/RKO7 Ehsk subsystem. The total time required to run these
ahsence of failures is 2.5 hours per drive,

wostic testing, the RK611 is tested first. All five of the diskless controller
RO6A-13ZR6E) and the RK611 functional controller diagnostic (DZR6K in
¢ iwo error-free passes before the remainder of the acceptance program can be
ictected by any of the diagnostics must be corrected, and all programs must be

&2

ists of 28 retries, 16 of which are at the nominal head position and 2 each at
icrginches { or the RK06) or 2200, £400 and 4600 nyicroinches (for the

stic depends on the number of drives being fested.
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n BRK611/RE06 or RK611/RKG7
em Field 5i,;eptam.e Tests

i

ites every RK611 regis

nostic

Py
tﬁ,thu

g

£
less

Tests index and sector pulse detection.

ILC* *’fM IPR transfers from memory in 16-

ima nonexisient memory and Unibus parity error
g i

5 Read and Write MFM loophack

Em—

Tesis (‘*! ss B instruction errors {no drive is re-

Tests write data NPR transfers to SiLO.

Tests header recognition.




e

Table 5-2 Diagnostic Programs Used in RK611/RK06 or RK611 or RK611/RK07
Disk Subsystem Field Acceptance Tests (Cont)

Program

Function

MAINDEC-11-DZR6E
RK611 Diskless Controller Diagnostic
Part 5

MAINDEC-11-DZR6G
Unibus RK06-RK07 Dual Port Drive
Diagnostic (available Q4, FY78)

MAINDEC-11-DZR6H
Unibus RK06-RK07 Drive Diagnostic
Part 1

MAINDEC-11-DZR 61
Unibus RK06-RK07 Drive Diagnostic,
Part 2

Tests multisector data transfers.
Tests midtransfer seaks.ﬂ

Tests cylinder overflow checking.
Tests NPR transfers to memory,

Tests ECC error detection and correction in i6-and
18-kt modes; '

Tests write check in both 16-an
forces,

¢ 13-bit modes and

Tests write check errors (no drive i1s required),
Ensures that port request, port seize, and timeout
function correctly.

Ensures that the release function operates cor-
rectly.

Ensures that the timer inhibiting logic operates
correctly.

Ensures that data transfers function correctly
through both parts.

Eunsures that the drive can perform all static and
cycle-up tests.

Ensures that the drive can write and read headers
in both 20- and 22-sector formats.

Ensures that the disk can perform seek operations
by doing several seek patterns.

Checks error-detection logic by software error
forcing.

Ensures that the disk 15 capable of performing read
and write data operations in both 20- and 22-sector
formats.

Performs worst case patterns, spiral writing and
reading, and all offset operations.

Reports unloading and loading times.




i/REKU6 or s&«kﬁil/%‘;i{%
nctf §«£w-§ aC(;ﬁ 3

is 25 in the controller i
Diagnostic tested in a diskiess environment.

0T On

 RKO6K-RK

s the Bad

'ﬁ‘vf.&?“ 0r the

2is%e

E ) ) K 07 C‘; h‘a’}/’&:tﬁ"? B
y w;11‘3(:;9;1;:;, Pari 1 , i

operational timing.

s that may be specified

Employs worst case situations invoivi
¥ addressing and «
b},gjﬁ, contention

p}‘i%"iéﬂiia RED or RKO7 head-ahignment aid,

rovides numerous Optiﬁas that ma
by the us

.
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Table 5-2  Diagnostic Programs Used in RK611/RK06 or RK611/RK#7
Disk Subsystem Field Acceptance Tests {Cont)

Program - Function

MAINDEC-11-DZReP : ~ Exercises in a random overlapped routine from one
RK611/RK06-RK611/RKO7 Performance to cight RKO6 or RKO7 Drivcs & *zwﬁcd 1o a
Exerciser common Unibus controller in a icated stand-

alone mode.

‘Generates read. write, and write/write check com-
mands.

Reports system errors upon occurrence.

Maintains performance statistics on cach drive

£ MAINDEC-11-DZR6Q) ' Verifies the capability of each drive to write
RK06-RK07 Drive Compatibility ' that can be successfully read by all other drive
I to completely overwrite data written by gf;

drives.

Detects: (1) head misahignment, (2) positioner lat-
eral misalignment, (3) f:.psrxdm/mm:ége interface
runout, (4) improper levels of write current, and (5)
incorrect addressing of read/write heads.

Prints summary of compatibility test results for
each drive.

Reports unexpected errors as they occur.

MAINDEC-11-DZR6R Provides a capability for entering

editing, saving,
RK611/RK06-RK611/RKO7 User rwanmg, and executing test programs designed by

Udm&u Test the user.

Provides an interactive command set {or use in en-
tering. storing, retrieving, editing, and executing
tests.

8.2.1.2 Procedure

NOTE
In the following steps, repair or replace the failing
module: rerun the program that detcctéd the failure;
then return to step 1.

1. Load diagnostic DZR6A; run two passes with no errors.

bd

Load DZR&B; run two passes with no errors.

Urd

Load DZR6C; run two passes with no errors,

4. Load DZR&D; run two passes with no errors.

5-7




5. Load DZR6E; run two passes with no errors.

sad DZRSK: run two passes with no errors,

NOTE
- Any failures occurring during program DZR6K may
not necessarily be fimited to the RK611 Controller.
Thus, it should valy be run on a known good drive,

CAUTION
Diagnostic program DZR6K modifies headers on
certain tracks. Failure to halt the program, either
during the “End of Pass™ printout or by typing
CTRL € may leave the pack formatted incorrectly
and cause inaccurate error reporting in subsequent
testing. If the formatting is left modified, the
RKO6K /RKO7K Cartridge Formatter Program
(DZR6L) must be run (using Mode 1} before any
further iessmg can be performed.

1g, the RK611 is functionally checked out. The only RK611 test not performed
¢ Reliability Test.

2.2 REG6 or RKU7 Disk Drive

1 a high “if: ¢ of ¢ v @
ﬁzf; programs listed in ?drd?mi,f 5222 iﬂii\i run thugh {h{, apw;ﬁesj number of error-
s before I?ﬂ‘ forming the remainder of the program. Any failure detected by any of the diag-
thes section must be corrected and all programs rerun before proceeding.

it

£.2.2.2 Procedure
NOTE
in the following steps, repair or replace any failing

component; rerun the program that detected the fail-
ure to verify the correction; then return to step 1.

. Load diagnostic DZRSH; run two passes with no errors.

2. Load DZREI: run two passes with no errors,

3. Load DZR&J; run one pass with no errors.
4, 1d DZRGM: run one pass with no parameters out of the specified limits {printed by the

agnosticy.

Uy

<, run two nasses with no er mrg

&

P, orun twao passes with no errors.




P

5.2.3 (“‘artridge Interchangeability Test
This test requires the use of at least two drives. If there is only one drive on the system being tested, it
will be necessary to use another system containing an RK06 or RKO07 to complete this test.

Luad and run diagnostic DZR6Q, If any drive fails this test, make any necessary adiustments and
erun the program.

5.2.4 Data Reliability Testing
5.2.4.1 General - Data reliability testing consists of running diagnostic DZR6P m exe

REKA1T/RKD6 or RK611/RKG7 Disk subsystem for at least one hour. At the f*ns? i
statistics for each drive must be analyzed to determine whether or not the subsystem

In analyzing the statistics for each drive, no control, seek, or hard errors are allowed during
Refer to Paragraph 5.1 for error definitions. The occurrence of any of these errors is sufficient to
a drive, I it 15 determined that an ercor is due to the cartridge, 1t s sufficient to reformat the ¢
making sure that the failing sector is flagged bad. The Data Reliability Test may then be rerun.

1f the excessive errors are caused by the drive, required corrective action must be pert: {
di.u,ptdnbﬁ {mmrtnd with the RK06 or RK07 diagnostic {P’xrezg;apn 5.2.2). If the errors are caused by

the controller, the acceptance must be restarted with the RKo1! diagnostic testing {Paragraph 5.2.1
after the corrective action has been taken.

5.2.4.2 Procedure - Load and start diagnostic DZR6P. Write the cartri ég £ on ¢
system. After one hour of running, obtain the statistics for all drives. If the
of “WORDS READ*65K™ is less than 967, allow the subsystem to run fo
and again obtain the statistics. Repeat until the total “WORDS READ*63K ™ i
the total number of SOFT DATA ERRORS is zero or one, accept the subsyster §
the failing component (drive or controller) must be fixed. If there were two &(}l f {‘AT% {:,R”R
Q{}i‘*‘iiﬂlﬁﬂ running the subsystem for an additional hour. At this point, obiain statistics and ce
unning until the total “WORDS READ*65K™ is greater than 1934, If the total SOFT DATA E R‘u
R{SRS is stifl two, accept the subsystem. If the total is three or more, the failing component (drive or
controllery must be fixed and acceptance restarted.

4
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CHAPTER 6
OPERATOR’S GUIDE

6.1 INTRODUCTION
The following material describes the function of each of the external controls available to the user of
an RKO6 or RKO7 Disk Drive and provides procedural information for subsystem operation.

6.2 OPERATOR CONTROLS/INDICATORS
The RK06 or RKO7 Disk Drive contains the following power and control switches and indicators
(Figure 6-1).

Rear Panel (Circuit Breaker):
¢ AC power ON/OFF switch with POWER indicator.
Front Panel (Control Panel):

Combination RUN/STOP switch with a STOP indicator.
UNIT SELECT switch with a READY indicator.
FAULT indicator.

WRITE PROT switch with a PROTECT indicator.
ACCESS A ENABLE switch with a SELECT A indicator.
ACCESS B ENABLE switch with a SELECT B indicator.

e & ®& ¢ B ©

6.2.1 Power ON/OFF Circuit Breaker

When the three-wire plug 1s inserted into an cutlet, ac power is applied to the rear panel circuit breaker
on an RK06 or RKO7 Disk Drive, and the red indicator lamp is illuminated. When the circuit breaker
is switched to the ON position, ac power is applied to the drive and the blower motor is energized.

6.2.2 RUN/STOP Switch with STOP Indicator

The STOP indicator is illuminated during STOP conditions when the heads and brushes are home. the
spindle is compietely stopped, and the spindle motor is not energized. When the alternating action
pushbutton is initially pressed (RUN) under these conditions, the spindle motor is energized, the
STOP indicator is extinguished, and the heads are loaded. When these initial operational conditions
are met (STOP indicator extinguished and heads loading), a RUN condition is entered. However, if
the heads do not load (due to a malfunction), the spindle motor is immediately de-energized and the
STOP indicator remains illuminated.

I the pushbutton is released (STOP) when the heads are loaded, the heads will be unloaded and the
spindle motor de-energized. When these conditions are met (heads home and spindle stopped), the
STOP indicator is again illuminated.



If the RUN/STOP switch is in the RUN position and the drive has been cycled down (heads unloaded
and spindle completely stopped) due to an Unload command, a Start Spindle command from the
controller can be used to restart the spindle and reload the heads. However, if the cycle down condition
occurred as the result of an error, a Start Spindle command is not required, since the heads will
immediately load when the error is cleared.

Finally, since the RUN/STOP switch has a mechanical memory, a power interrupt followed by power

restoration will cause the drive to automatically cycle up if the switch is currently located in the RUN
position.

NOTE
The drive cover (lid) is interlocked. This prevents the
lid from being raised when the STOP light is extin-
guished (RUN) or drive power is off.

-—— —

' REAR PANEL

CIRCUIT BREAKER

POWER ON/OFF SWITCH I
FRONT PANEL I AC INDICATOR
CONTROL PANEL |
‘ i’
RUN 1 ___||wriTE
o)l A1 B
: READY // PROT \ ‘

ACCESS B ENABLE SW.
WITH ACCESS INDICATOR
(ON = DUAL ACCESS

B PORT SELECTED)

RUN/STOP SW. WITH
STOP INDICATOR

(ON =STOP

OFF = RUN ) ACCESS A ENABLE SW.

UNIT SELECT SW. WITH
READY INDICATOR

WITH ACCESS INDICATOR
{ ON = SINGLE-ACCESS DRIVE

( ON = READY ) SELECTED OR DUAL-ACCESS
A PORT SELECTED) 1
FAULT INDICATOR WRITE PROTECT SW. WITH
(ON = FAULT) PROTECT INDICATOR
( ON = WRITE PROTECT )
7897-11
Figure 6-1 RKO06 or RK07 Disk Drive Power and Control Switches
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6.2.3  UNIT SELECT Switch with READY Indicator

§‘n UI\!} ‘SFLEC’} wzte,h is a cam-operated assembly that is actuated by

piu : [ each actuator plug contains a single number {0-7), while

ratsed plastic cam agtu: ztnrs that are :-,e;';aratf:%x coz;izgumd to encode the plug wi

thig arrangement, the insertion ol a plug into any UNIT SFL%L"{ switch assembly atically

cncode the associated plug number when power is applied to the drive. Wher E'e: hes d« of a drive are
ettled (not in m(stmf‘; the numbered mdzgamr on the UNIT SELECT \Wlhﬁ assembly associ

aﬁ: the drive is iluminated (READY).

6.2.4 FAULT Indicator
The FAULT indicator 13 illuminated whenever one of the follow ing error conditions s detected in the
drive:

* More than one drive selected.
* Positioner, when detented, has moved too far {e.g., the drive has been jarred)

w4

e A parity error has occurred in a message transmitted from the controller to the drive.

* A read/write unsafe condition in the drive (e.g.. serve track error signals. write gate signal
errors, ete.)
* A write lock error condition (i.e., the receipt of a Write Gate signal when the drive is in Write
1

® Low ac voltage in the drive.
* An incomplete Seek operation.
* The receipt of Write Gate or Seek signals while Volume Valid is reset.

i‘i.‘z,i WRITE PROT Switch with PROTECT Indicator
a Write Gate signal from the controller is not currently asserted in a selected drive
the WRITE PROT pushbutton will immediately set the drive in Write F‘fo ect
UTFCE indicator will be illuminated. When the alternating action pushbutton
te protection is removed and the PROTECT mfmazw“ is v\,tmgmshef% However
gmi is asserted in the selected drive when the switch is initially pressed, write p
inhibited and the PROTECT indicator will remain extinguished until the Write Gate eg .
Once the Write Gate signal is negated, the Write Protect mode is entered and the PROTEC i’ indicator
ts illuminated.

'k‘
bl
)

5;,

6.2.6 ACCESS A ENABLE Switch with SELECT Indicator ;
ine ACCESS A ENABLE switch is an aliernating action pushbutton that is found on both

access drives {Access A or i\c«‘wss B) and drives containing the dual-access option (Port A and Po

6.2.6.1 Single-Access Drive (A) ~ If Port A is configured for singic acce
and Timing Module is in Slot 3 of the drive card cage) and the *swytch is
: E comnwscamm mﬁ] tiw wmmi?er éx ezmb}fﬂ \m Por 't ‘a bndm

a::;mweﬂ imeased} 4ccess b» 1%1:, fémtmiier 15 d:mbisd and the SE_{ ELE A mmp ,mzmz bf:, Emp
nvﬁiLii
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2. Prepare an RKO6K or an RKO7K Cartridge (Figure 6-3) for loading as follows:

o
r

Aift the cartridge gk (Figure 6-4),

Ead

1=

L

o en
and ¢




7. Depress one or both of the ACCESS A and B ENABLE switches, depending on the port
capability.

8. 1f write protection is required, press the WRITE PROT switch.
9.  Press the RUN/STOP switch (RUN). If the lid is properly closed and no drive errors exist
(FAULT extinguished), the spindle will turn and the STOP indicator will be extinguished in

approximately one second.

When the drive has completed the start spindle sequence and the heads are detented on Cylinder 0, the
READY indicator on the numbered UNIT SELECT switch will be illuminated.

SHROUD

BRUSH INDICATOR
DIAL

READ/WRITE &
SERVO HEADS

BRUSH ARM ASS'Y

PACK-ON

SWITCH

SPINDLE

LATCH

OPERATOR
SWITCHES

UPPER
BEZEL

ey e 7 0 . §\ LOWER

............ i

8174-3

Figure 6-2 Typical Disk Drive with Lid Released
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TOP COVER

TOP COVER
HANDLE

HANDLE
SLIDE

PROTECTION
COVER

8365-3

Figure 6-3 Typical Disk Cartridge
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TOP COVER HANDLE
HANDLE SLIDE

8089-4

Figure 6-4 Engaging Lock Release
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PROTECTION
COVER

BOBY-3

Figure 6-5 Releasing Protection Cover
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LID RELEASE
BAR

B8365-1

Figure 6-6 Positioning for Load
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Figure 6-7 Cartridge Locked in Shroud 8089-1
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Figure 6-8 Installing Protection Cover
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6.3.2 RKO6K and RKO07 Cartridge Unloading

L.

2.

Release the RUN/STOP switch (STOP).

Wait for the STOP indicator to illuminate.

Press the lid release bar and raise the lid.

Remove the RK06K or RKO7K Cartridge as follows:

d.

b.

Remove the protection cover and hold the cover in the left hand.
Push the handle slide to the left before raising the top cover handle (Figure 6-9).

Raise the top cover handle to a full upright position to release the cartridge from the
drive spindle.

Lift the cartridge up and out of the shroud, and place it in the protection cover.

Lower the top cover handle to the horizontal position to lock the protection cover in
place.

Figure 6-9 Engaging Lock Release
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CHAPTER 7
PROGRAMMER’S GUIDE

7.1 INTRODUCTION

Since the Unibus provides a unified addressing structure in which device control, status, and data
registers are directly addressed as memory locations, all operations on these registers are performed by
normal memory reference instructions. Under these conditions, the RK06 or RK07 subsystem does
not require a special class of input/output instructions 1o initiate the transfer of information or the
manipulation of data.

With the exception of a Read Header command, data transfers use the nonprocessor request (N PR}
facility of the Unibus for direct access to main memory, at a maximum transfer rate of 232,000 words
per second (4.3 us per word), in clock sizes ranging from | to 65,536 words. To achieve a smooth flow
of data from a selected disk to main memory, the subsystem utilizes a first in/first out, 66-word data

“buffer known as a Silo.

A phase-locked clock system (PLO) and modified frequency modulation (MFM) recording technique
add reliability to reading and writing operations regardless of minor changes in the rotational speed of
a disk. In addition, program-controlled head offset positioning can correct any slight mechanical
misalignment that may occur between read/write heads and a disk cartridge by allowing a head to be
positioned about the track centerline in incremental steps. Also, error detection and correction hard-
ware {ECC) provides adequate information for correcting any error burst of up to 11 consecutive bits
within a sector

For increased reliability, parity checking is performed on the control information that is transferred
between the drives and the controller. In addition, the controller also detects and flags data errors from
the Unibus. Upon the indication of an error condition or the completion of a command. the controller
can interrupt the processor. Thus extensive error indicators exist for on-line diagnosis, while numerous
status indicators provide complete program control.

On multidrive systems, positioning operations can be overlapped (i.e., Seek operations may be per-
formed on one or more drives before starting a transfer on another drive). Thus, while one drive is
reading or writing, others can be positioning to a new cyclinder for the next transfer.

The following paragraphs provide detailed descriptions of controller register content and usage, fol-

lowed by disk command descriptions and programming considerations related 1o the use of an RK06
or RKO07 subsystem with a PDP-11 processor.
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“’:ﬁ R‘%hﬂ DEVICE REGISTERS
arg 15 usable, 16 3
jer with the

1 bits are uanenﬁ
SNHOEYE »w(sm g;iwerwnn Efz the 3 i
ufxcc;} 2: \\hmﬁ be und rsm@é that the clearing of a bit bx dm one af these fhree
methods 13 ém;}lieé.

NOTE
The RK611 does not recognize DATOB (MOVE,
BICH, etc.) bus cycles. All registers must be written
as words,

7.2.1  Control/Status Regls‘ier 1 {RKCSH A
The RKOST register (Figure 7-2) can be r::;ﬁ or writien via program control and s wch is used to
re the current disk command function code and operational status of the controller. In addition, the
ter can initiate vommand execution and enable a Controller Clear operation.

3

Go(GO) ~ Bit 0 - When the GO bit is set, the a:hqk command Function Code (F1-F4)is LX@CH[L(* f‘\/’ith
R bits can <:*5 et (Diagnostic Mode excepiedy, as follow

¥
13

/ be set via program control to initialize (gen-
in the controller, f ywever, any status and/or

15 in R%\,C% T
conditions s et in the drives are not affected.

* Subsystem Ciear (SCLR), bit 5 in RKCS2, may be set via program control to initialize both the
controller and all of the drives.

When command execution is completed, the GO bit is reset and the controller is ready to accept a new
command, However. the GO bit cannot be set if the Combined Error (CERR) bitis set. When CERR
is set, the execution of a command can only occur fellowing the initiation of a CCLR.

Function Coade (F1-F4) — Bits 1-4 - The configuration of the Function Code bits {F1-F4), with the
setting of the GO bit, allows the selected drive to respond to the following command control con-
ratum

{ ornmand ¥4 ¥3 ¥z ¥1 :Q Octal
i 0 & 0 0 [
5 { 0 1 T 03
G I 0 i 05
0 i ] 1 HE V)
i G 0 H 11
0 1 13
0 i i 0 15
3] 1 H 17
[ {1 1] 0 i 21
i 3 0 | i 23
o i 0 ¢ 25
i i 1 1 T 27
i G 0 S

=

Bit 5 can be written and read bac




CONTROL AND STATUS REGISTER 1
RKCS N REAG/WRITE
J— - T T
CERR | RCT Lo N R ! . )
@giai DI | par |CFMT | CTO | COT |BAI7 [BAY6 | ROY | IE | & | F4 | F3 | F2 | F1 | GO
i i
15 t4  sa  tz % 1¢ o8 o8 | o7 06 o5 o4 03 02 O GO
WORD COUNT REGISTER
RKWC R/W
{ | i | %
WC o WC | WG I WC | WG | WC | WC | we | wC | WC | we ! WG I WC L Wwe | we | we
5 | 14 113 |12 | 11 | 10 1 os | o8 | 07 | 06 | 05 | 04 |03 |02 | of | 06
15 87 )
BUS ADDRESS REGISTER )
R84 R/W
{ 1 T T
BA | BA | B4 | BA | Ba | BA | BA | BA | BA | BA | BA | BA | BA % BA | BA | BA
o 11} 10 [ 03 | 0B | O | 08 | 05 | 04 [ 03 | 0F | 01 | 00
% 7 81{7 )
DISK ADDRESS (TRACK & SECTUOR) REG. )
RKOA : RIW
‘ i o ]= i TA L TA | TA I Vosa | sa | sa | sa | sa
° | 0 | o °o | ¢ 5 ; o | © 2 ; ] K [ 3 | 2 ] P
[ ; ; H 1
15 8.7
CONTROL AND STATUS REGISTER 2
RKCSZ R/W
i { | 5 os | os | bs
GLY | WCE | UPE | NED | NEM | PGE | MDS | UFE | DR | IR [SCLR| BAL (Rus | L 7 |
| P 3 | i
5 817 5
, DRIVE STATUS REGISTER -
REDS READ ONLY
RIS i | ; %
svaLispa lpip | @ [ wRul e | @ |ooT | oRov] vy [oRoT |seis |actolorsT! @ | oRa
b4 ] * | " |
15 8i7 o
ERROR REGISTER
"EER RO
T ! ! ! I ! T 1
DOK | UNS | OPL | DTE § WLE [ IDAE | COE [HVRG | BSE | ECH | DTYE | FMTE [ORPAR| NXF | SKI | ILF
i | 1 i i i L |
o4 13 dE T 100 0% OB 1 0r 98 05 04 03 02 01 0D
. ATTENTION Sum Y OARD OFFSET
RKAE/BF ATTENTION SUMMARY axkD © £T R/W
T S H -
ATN | ATN | ATN | ATN | ATN Dar | atn | atn | oF | oF lor | ofF | oF | oF | of | oF
7 8| 5] a § 3 |2 i o RN ERE: 1 @
dee i H H
1S @ 13 12 1t 10 0% Q&8 | oY D& 05 04 03 02 OF OO

UNIBUS

ADDRESS

777440

777a42

777444

TT7446

777450

7rrasz

777454

TTT456

DESIRED CYLINDER REGISTER

UHIBUS
RKDC RIW ADDRESS
: i
2 # ) ) 0 o 1 oc | b joe ] ove | e | ooc | owe ] ooc | ooe | ooe |77r4e0
; i
15 14 13 12 11 1 08 o0& | 07 G805 04 D3 oz G100
UNUSED
] T
! s
E ‘ E TTTNG2
H 1 ¢
DATA BUFFER
R/W
o8 | 0B | 08 | OB | 08 | ©B | OB | 0B | DB | DB | 0B | 08 | DB | OB | DB | DB | or.c.
B 44 ) a3 L2 by a0 0s L o8 jor [ o6 | 05 | o4 o3| oz o1 | oo |00
‘ N
[ 3 )
MAINTENANCE REGISTER 1 ‘
AKMRY I RS
RO | W 1 { } i s } us 1 oMs | me
GaTE | gaTe | ECCW] FCD | PCA | MEWD MERGEMQK | MIND | MSP | DMD | PAT IS {2 | 1 | @ |77rees
£ i i 1 i i i
15 Y o
ECC POSITION REGISTER
RKECPS , R0
s e o |EPS | EPS |EPS leps | Eps ; ers | EPS | EPS | EPS ; EPS | EPS | EPS [ ees o
12 {1 J 1o los |os lor jos |05 oalos oziot oo 00
! i i
15 gi7 o
ECC PATTERN REGISTE
RKECET CC PA Tr RN REGISTER G
T T ! Y 7
\ i EPT | EPT | EPT | EPT | EPT | EPT | EPT | EPT [ EPT | EPT | €PT
SR i @ 1% Jo joe | oa |07 o6 | 05 | oa | o3 oz o1 foo [T
' - i i, i
5 4 13 j2 11 10 0% 8 | 07 08 05 04 03 02 01 00
MAINTENANCE REGISTER 2 _
RKMR2 RO
! j ! ! / ‘
§ | | ' 777474
i ' a | c
5 14 43 1z 41 W 0% OB i 0T 08 05 04 03 02 Of 00
MAINTENANCE REGISTER 3
RKMR3 ENANCE REG RO
T | I ]
I ¢ i : TEYATE
f ; H 8
~ o P
1 4 13 12 11 10 0% 08 | GF 08 0% 04 03 02 01 00

Figure 7-1

g0y

RK611 Device Registers

7.3



1

Interrupt Enable (1E) - Bit 6 - When the Interrupt Enable (IE) bit is set, the controller will be allowed
to interrupt the processor under any of the following conditions:

* When Controller Ready (RDY), bit 7 in RKCSI, is set upon completion of a command.

¢ When any drive sets an associated Attention (ATNO-ATNT7) bit (8-15) in RKAS/OF, with the
set condition of Controller Ready (RDY).

¢ When any drive or the controller indicates the presence of an error by the setting of Controller
Error (CERR), bit 151 RKCSL

In addition, via program control, an interrupt can be forced by the simultaneous setting of the Inter-
rupt Enable (IE) and Controller Ready (RDY) bits in RKCS!. Finally, Interrupt Enable, bit 6, can be
reset via program control as well as by conventional initialization (INIT, CCLR, SCLR}.

Controller Ready (RDY ) - Bit 7 - Controller Ready (RDY) is effectively a read-only bit. However, the
bit can be externally set via conventional initialization (INIT, CCLR, SCLR) or internally set upon
completion of a command. The RDY bit is reset when GO, bit 0 in RKCS], is set.

Extended Bus Address (BA16, BA17) - Bits 8,9 ~ The Extended Bus Address bits reflect Unibus upper
address bits 16 and 17 and as such are an extension of the 16-bit RKBA register which contains the
memory address required for the current data transfer.

Controller Drive Type (CDT) - Bit 10 — This bit specifies the type of drive that will be selected by the
controller. To specify RK06 Disk Drives, the bit must be reset. For an RK07 Drive, the bit must be 1.

Controller Time-Out (CTO) - Bit 11 - Controller Time-Out is a read-only error bit that is set to
indicate that GO, bit 0 in RKCSI, has been set for approximately 800 ms, Since this interval exceeds
the time required to execute the longest possible drive operation (i.e., a Seek from cylinder 410 to
cylinder 0 followed by a 65k word data transfer), the set condition of this bit indicates that the last
command has not been completed due to a malfunction.

Controller Format (CFMT) ~ Bit 12 - The Controller Format bit specifies the number of sectors {or
each track in the selected drive. When bit 12 is set, a 20-sector format (18-bit data words) is defined for
the sector counter located in the drive, and when the bit is reset, a 22-sector format {16-bit data words)
is defined.

Drive-to-Controller Parity Error (DTC PAR) - Bit 13 - The DTC Parity Error is a read-only bit that is
internally set to indicate that a parity error has been detected in a serjal message received from the
selected drive,

Drive Interrupt (D}) - Bit 14 - In relation to program control, Drive Interrupt (DI} is a read-only bit.
When set, the bit differentiates between a drive-initiated interrupt and a controller-initiated interrupt.

The DI bit is set when any drive sets an associated Attention (ATNO-ATN7) bit (815 in R?x"{gﬁ-—-ﬁ?‘;\
Thus. if the Interrupt Enable (TE) bit is set, the setting of the DI bit with the set condition of Controller
Ready (RDY), bit 7 in RKCS1, indicates a drive-initiated interrupt. The DI bit is reset by Unibus

Initialize (INIT), Subsystem Clear (SCLR), or by the execution of Drive Clear commands to all drives
asserting Attention.



Combined Error/Controller Clear (CERR/CCLR) - Bit 15 - As 4 Combined Error (CERR) ind

bit 15 can be set by the controller, or any one of the drives, to indicate that a subsv ztem evmr h\n
oceurred (Table 7-1). However, when the bit is set via program control, a ¢ ontroller ir
operation is enabled which clears the controller and results in the clearing of bit 15 itself, Thug it [}*f
it i3 internally set (C %RR} by an error that is followed by an exiernal se t {CCLR)Y o mma ize the
controller, bit 15 will be cleared. However, since only controller errors will be initialized by CCLR, anv
error originating in a drive will remain set in the drive.

CAUTION
When using a BIC instruction on the RKCS1 regis-
ter, ensure that a 1 is set in bit 15 of the mask. If this
is not done and CERR is set, a CCLR will occur, and
the RK611 will be cleared. For example, to clear the
interrupt Enable (1E) bit (bit 6 in RKCS1), the fol-
lowing instruction format is recommended:

BIC #100100, @RKCS1

Tabie 7-1 Combined Error (CERR}

Error Indicator Bit Condition

Programming Error (PGE) : RKCS2 bit 10 Register written {except CCLR
SCLR) with GO set.

Hiegal Function (ILF) RKER bit 0 Illegal command in low-order § bits of
RK{CS].

Format Error (FTER) RKER bit4or 5 Format or Drive Type error.

Cylinder Overflow (COE} RKER bit 9 Cylinder address exceeded.

Invalid Disk Address (IDAE) RKER bit 10 Invalid cylinder or track address de-
tected.

Unit Field Error (UFE) RKCS2 bit 8 Drive selection problem.

UNIBUS Parity Error (UUPE) RKCS2 hit 13 Error in 16-bit data word from main
memory.

Nonexistent Drive (NED) RKCS82 bit 12 Drive response problem.

Drive Available Interrupt RKDS bit 0 Drive is not available {dual-access

{DAINT only).

Drive Error (DRERR) Message BO:T7 Any 1 of 21 drive error conditions.

(FAULT)

Bad Sector Error (BSERR) RKER bit 7 Data transfer attempt to/from bad
sector.

Header VRC Error (HVRC) RKER bit 8 Header Check indicates bad 3;5@{&*
“information.
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Nonexistent Memory

(NEM)

Data Late Error (DLTERR)

Drive Timing Error (DTE)

iata Check (DCK)

Multiple Drive Select (MDS)

Error Correction Hard (ECH) RKER bit 6 3ot error unco

satroller Time-Out (CTQO) RKCE] bit 11 Command possi

7.2.2 Word Count Register {"}’%E&Z%‘!{;‘)

The RKWC register {ﬁ"ﬂure /- 1} is loaded with
transferred 1o or from i |
commodates a me
writing all zeros via ;‘emgr m control.

7.2.3 Bus Address Register 4RKE%)
The RKBA register {Figure 7-4) is initially
will reflect the 1 memaory start Joca
forced to G, the RKBA _‘zster co ment is ¢
fii‘z 0, B % 7 to Ea}f'

loaded w

e i‘i%&@? 'irtt?&

7.2.4 I)i_s%g ;fi:?ﬁress Register é’i%ii&%)

H 16
f s:s‘sf indicates iha'{ dam f ransafe
& -‘;ﬁ a*x 3n(§zxa xb

;ufﬁd (002
o sele.:* E
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Figure 7-5  Disk Address Register

Spares - Biis 5-7 - Spare bits 5-7 are 0.

Track Address (TAG»’%‘»X;’Z? - Bits 8-10 — The Track Address bits are configured (0-2} 1o select the
appropriate read /write head associated with the desired track. The Track Address bits are incremented
¢ by one after the last sector (23; or 254) on the track has been fm?&zfﬁ*rred and the Sector Address has
‘m.c'; reset to vero. Similarly, if transfers continue beyond the last sector of the last track {2) of a given
cviinder, the Track Address is reset to zero and the Cylinder Address (in RKDCO) is incremented by
one. [n this manner, subsequent sectors, tracks, and cvlinders can be consecutively transferred until the
word count equals zero, However, if the word count does not egual zero after the transfer of the last
sector (19 or 20,9) on the last track (2) of the last cylinder (4104, for an RKO6 or 814, for an RKO7), a
Cylinder Overflow Errer (COE) will occur

Spares — Bits 11-15 - Spares bits 1115 are 0
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¢ During the execution of a Write command, the Silo was empty when the disk required a data
word.

¢ During the execution of a Read or a Write Check command, the Silo was full when the disk
Dre sn,szfd i t dats word

fhis error bi the following conditions:
» By joading the Data Buffer registey (RKDB) when Input Ready (IR) (bit 8) s reset.

* By reading the Data Buffer register (RKDB) when Output Ready {(OR) (hit 7) is reset.

NOTE

When RKCS2 is loaded under program control, the
controller Sector/Index pulse separator logic is in-
itialized, This action causes the controller to ignere
the next sector or index pulse from the selected drive.
Therefore, unnecessary loading of RKCUSZ can in-
crease latency ifime by an amount eguivalent to 1.5
sectors.




?.Zﬁé Drive Status Register (RKDS)

ihe RK&’% register {(Figure 7-7) 1 is a read-only regl
cted drive. However, information obtaine
control until the information is validated (SVAL) by ¢l
p fete status message has been received providing a valid

:a conventional initiziiza
A et gty
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Divive Avatlable (DRAY - Bit 0 ~ Drive Avatlable (s a read ont ; bit that
1
to dual-access operation as follows:

» When set by a selected drive, DRA indicates that the drive is available to accept commands
h

ey
ft'\‘é P

¢ coniretier.

»n»é:r
‘Eul.} shas

Spare - Bit 1 - Spare bit 1 is 0.

et

he

Offset (OFST) - Bit 2 - Offset is a read-only bit that is set (Message AGTIO) to indicate that

selected drive is in Offzer mode.

age BOT

i}fne AC Low (ACLG) - Bit 3 - Drive m‘L Low is a read-only bit that is set (Mes

‘ at ac power i the selected drive is low or has been in pted. Foliowing <
1, the heads will unioad when the next Sector pulse eceurs. This action aliows the ?fmx'f er
¢ currest sector 1o be compieied before the heads are unic ]

Il sc power is restored, the error condition can be reset within the drive by a
Subsystern Clear (SCLR), power up, or RUN switch reset.

(BPLS) - Bitd - Speed Loss is a read-only bit
is unacceptably low

rive OFf Track (DROT ) - Bit 8 ~ Drive OffF E"‘ack is & read-only °,ii set (Mg
cate that the Write Gate signal has been asserted while the heads are not properiy pos
;ad« centerline,




Volume Valid (VV) - Bit 6 - Volume Valid is a read-oniy bit the ii

the Volume Valid flip-flop has been set in the selected drive by a Pac

condition of the bit ensures the program that the cartridge mnj ?-’:?1"‘ unéf W’rxher plug have not beer
“"mgcu Smf‘i‘ the !4‘»‘“ mmmaﬁd was 23%%’?*’! to ihe drive, and powe has not been removed. The bit is
: iug, OF ac power is fe‘f.mngeé_

-

Me > A0:T6)Y to indicate that
c}‘nuw;g{igc command. The set

o
=3

“‘“!

ot

f'E)REfi i~ Bit 7 - Drive Ready is a read-only bit that is set {‘»mﬁage ARTT
rive 18 up to speed and the heads are properly positioned over a valid
these c,o'vi tions, the iswe is prepared to receive a command.

Disk Drive Type (DDY) - Bit 8 - Disk Dnve Type is a read- iily conditio
{ Message Al I 8) to indicate the ivpb of dr;w &eiﬁutzd. For an RK U6 Drive, the hz’i remains reset, d:;d
{ KG7 & bit ES sel. Howsver, before any cominands can be executed. the bit must

for an REG7 Drive, ¢
compare with the condition of { nntro:z*zr Drive Type, bit 10 in RKCS1.

Spare - Bits 9 and ¥ - Spare bits 9 and 10 are 0

3 if the selecied

Write Lock (WRL) - Bie 11 - Wy
drive is write protecied

Spare - Big 12 -

;oning in Progress is a read-only bit thar s set (Message
are in motion.

Positioning in Progress (¥ ,
AT13) to indicate that the heads a

Current Drive Attention (CDA) bit that is the logical
equivalent of the Drive Stcxttwﬁt ; ! ive ! ;mv: (DS\,LL‘):;Z)
bits in RKCS2, The assertion of ‘a;{ Attention hﬁt: indicates anv one of the following conditions:

1. Seck operation is completed.

Offset operation is completed.

b

3. Heads are unioading {Message A1:T14).

4. A FAULT condition {Message BG:T7) has been set in ib;, drive which enables the setting of
CERR (bt 13 in RKCS1) to indicate one or more of the following:

a4,
.
e BO:TO},
d. ¥ .
3’ ‘TS5
no motion {(Message BLT12).
detected on seek {Message S;:T}*Z&}*,
‘e (Message B T14)*,
2. k error mieﬂsasf BOT H;
: T12y*
[ ST ras,%. f&fﬁ%dgt %QT 13).
m addxtxon to setting the CSA bit and asserting Attention, these drive fault conditions will cause the heads to be
unieaded ‘




NOTE
A Drive Status-Change (DSC) is also indicated by
the setting (Message A0:T14; of bit 14 in RKMR2.
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Figure 7-10  Desired Cyvlinder Register
fa) - ey

Desired (‘f}’iiz;de;" (DCB-DCY) - Bits 0-9 ~ For an RKO6 Drive, valid cylinder addresses rang
outer edge of the disk {0) to the center (4104, requiring nine {DC-DCE) ad ";”rcs* b'%: to deft
range (000-6325). For an RKO7 Drive, vaiid cylinder addresses range from redge of t
{01 to the center (813,43, requiring ten (DC U~{‘i{‘9; address bits to m.ﬁf*

o

Spares — Bits 1015 - Spare bits 10-15 are zero.

7.2.10  Data Buffer Register (RKDB)
The RKDB register (Figure 7-11) can be read or written via program ¢ . Readmg from
g ister emgsizeq the Silo, while writing into the register fills the Siio. Both the R&L‘)i«s register and the
)i

tl\y_a

Sile are cleared by conventional initialization (INIT, CCLR, SCLR)

w14 ERC ¢ 100 6% 08 By 06 0% 04 83 L2 @ D0
oe | D8 | DB o | m® | pB | DR | OB | 0% | DB | 28 D e
OBl s ) g 12 st 10 [ oov |08 | o7 ;08 | U% | 04 | O3

i i :

Figure 7-11  Data Buffer Register

7.2.11 Maintenance Kegister (RKMRI1)

The RKMRI register (Figure 7-12) can be read or written via program control and is ;zézmﬁ'il} ;
provide an operational analysis of the subsystem (i.e., RK611 Controller and the selected drive). This
includes drive message analysis and parity %:‘:ating and the initiation of a Diagnostic mode (DMD) of
operation in which the controller can be isolated and exercised.

08 oY 06 ©% 04 03 02 0% G0
! % 1] REC
MR1 MOLK | MING T MSP | OM3 @ PAT | M1 BY

Figure 7-12  Maintenance Register |
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7.2.12  ECC Position Register (RKECPS)

The Error Correction Code (ECC) Position register (Figure 7-13) is a read-only register that is used
store the error position value, which results from the successful execution of an ECC correction se-
quence. When an ECC correction sequence is not in progress, the RKECPS register contains one of
two possible values (0040665 or 00350665). If the CFMT bit (bit 12} in RKCST is reset reflecting & 22-
sector format {16-bit data words), the lesser value is contained in the register. However, if the CFMT
bit is set, reflecting a 20-sector format (18-bit data words), the greater value is contained in the register.

18 14 12 12 11 10 ek} 08 o7 o1 20
EPO £p3 | EPO | £PO EFD L EPO
o
ECPS [ [ 2 12 o) 08 o7 £ o0
x
Y :
READ OKLY (RO}

- 4211

e

Figure 7-13 ECC Position Register

Error Position (EP00-EP12) - Bit 0-12 ~ The Error Position bits are read-only bits that define the start
bit location of an error burst (containing from 1 to 11 error bits) within a 2536-word Data field, follow
ing the completion of an ECC correction sequence. The position is valid if the error 15 ECC-correc-

table. If the detected error is not correctable using ECC, the register contains a constant (0100405).

Spares - Bits 13-15 — Spare bits 13~15 are 0,

7.2.13  ECC Pattern Register (RKECPT)
The Error Correction Code (ECC) Pattern register (Figure 7-14) is a read-only register that contains an
ti-bit error correction pattern from the ECC polynominal generator, The patiern is valid if the erroris

ECC-correctable.

Error Pattern (EPAO-EPA10) - Bits 0-10 ~ The Error Pattern bits are read-only bits that provide an
11-bit correction pattern for an error burst that does not exceed 11 bits in length and is, therefore,
ECC-correctable.

Spares - Bits 11-15 - Spare bits 11-15 are 0.

5 & 13 12 1t 10 @3 08 o7 06 05 04 £ 0z Bt 00
v ; EPA | EPa | EPA | EPA | EPA | EPa | EPA | EPa | EPA | EPa | £PA
LPY H 2 " £ i
BPTI B L2 L2 e 1 ® i s o8 | o7 |os los | oa | o3 | oz | oor | o
H H
P — I
) READ ONLY (RO)
toazia

Figure 7-14 ECC Pattern Register
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y one of four status mess i oo stored in the Mes B shift register at ¢
(B1-B3), other than BO. must be previously defined by ‘}‘ni' execution of a §

d “i)nw: om-

NOTE
Maintenance registers 2 (RKMR2) and 3 {(EKMR3)
only contain valid status messages follwmg the exe-
cution of a Select command.

¥k commands are & 5. One group (n{,xsszmu i‘mrx
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concerned with the transfer of data or header information to or i1
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Mondata Handling

Sez :t Drive i 0 0 6 i ‘ 01
Pack Acknowledge i 0 { i H 03
Dirive Clear i G 045
Usnload H ] i i i 07
start Spindle H i i i i 11
Recalibrate U i 1] H i3
Ofiset & i i & i 15
Seek & i i i i 17
Drata or Header Handling

Read 3ata i 1] g i H 21
Write Data G ] H H 23
Read Header H ] ] i 25

/ i 1] i 1 i 27

p i i i

Write tieacim'
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SAGE H H H i
MESSAGE nse | pat mEn X & @ i o @ 2 x bog | @ I g @ b X

FORMAT PARITY
BT QDD
SE BIT (K=t (%=0/1}

RKL52
TN

oz 03 54 05 oE 07 o8 0% 10 " z 3 4 15
i ] ] 1 ] ! i
@ ¢ | ) ) 8 |7 @ | & | @ a e | & | ox 1
i i | | H !
H i i 5 H

FARITY
00D
{(X=0/1)

4Ry

03 o 05 e o7 o8 02 HY it i2 iz 4

©
bl
.
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=
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D SEL CODE
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Figure 7-20  Pack Acknowledge Command
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S0 € 2 0% Gs 08 @8 07 08 0% w1 12 13 14 15
) % ; . - ,
GARE i
MESZ&«W 6s e @ @ & & o ] X § f e | 2 @& Fd X
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FARITY
50D
Feh ARG

Figure 7-22  Unload Command

Start Spindle {11) ghgure 7-23) - This command is used to start the spindle, execute a brush clean
cycle, and load th@ heads in a selected deive if the RUN/STOP switch is in a RUN state. This is
accomplished by the *mg of the Start Spindle bit in Message A (T6). When Messages A and B are

i, a return status s requested.

60 o o2 o3 o4 05 o8 07 O8 03 10 11 iz 13 4 15
¥ - T 1 ] 1 T
e Lo | 2 ! 4 e | » < 2 | e | 2 e | 2 | x
T z T
i i z
FORMAT PARIT
BT 000
(=071} {(X=0/1)
g3 oa 05  ©e or o8 0% 1D 1 qg 13 & 15
! H ? H H
: : i i i
a i 9 g 1 @ N @ [ ] & [
| | ! i :
PARITY
oDb
1~42217

Figure 7-23  Start Spindie Command

Recalibrate (13) (Figure 7-24) -
the outermaost \yhz der on the &i
ished by setting the Reca hb?zz;;
status is requested.

clear th:: drive’s (\h,m}
? in Message A (T5). When Mzzss‘agus

nd Bares %m a rs‘ﬁwq
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Figure 7-24  Recalibrate Command

Offset (15) (Figures 7-25 and 7-26) - This command directs the selected drive to position its heads a
spevified distance from the track centerline and to inhibit the recording logic. The distance (in micro-
inches) and the direction {toward or away from spindle) that the heads are offset are determined by the
value loaded into the Offset register (RKAS/OF). This is accomplished by configuring the Cylinder
Address/Offset bits in Message B (T4-T12). When Messages A and B are sent, a return status is
requested.

NOTE
Notice in Figures 7-25 and 7-26 that message bits are
a reversal of register bits,

[ogu] G oz 03 D4k 05 08 ot 08 o] e it 12 13 P4 15

v i 1] 1 T H H

MESSAGE i i i : ; i |
T lose | psy g s 1 e e i op ? PO - T R ) @ X

A i | ] i i !

i i H i i i

OR SEL €OBE FORMAT
BITS -2 IX=0/1)

o0 (o3} [P 03 o4 05 a5 Q7 jes 09 ] i i 13 4 15

T H Y .
i } i i | i i i ] H
MESSAGE i : 1 i | i
P ? @ a o2 @ | ore [ OF1 | GFz | OF3 oFa | OFS . GF7 e 2 ! x
i | | i i ; :
\ T
e ——

£7T DISTANGE VALUE
{4-37 AND DIRECTION BIT (50}
FROWM RKAS/QF BITS O-6

Figure 7-23  Offset Command
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Figure 7-26  Offset Command Coding

Seek (17) (Figure 7-271 - This command directs the selected drive to relocate the heads
cylinder. The new cylinder address is derived from the Desired Cylinder s é;;'-;ter {(RKDC). Whe
Messages A and B are sent, a return status is requested. When the seck is cor mpleted, a drive Attention
signal is asserted for polling.

00 ot 92 03 04 08 96 07 08 0% 1w 41 iz 13 & 15
MES:“’E pso | pst losz | o 1 e | e s | o X o2 e ? o | e | x
- |
FORMAT PARITY
BT oD
(=071}
00 or 92 03 04 05 08 07 0B 0% 1 2 13 14 15
0 ; s
QAR ; i E ! H ‘
ME"Z“"E o | 2 | » | Dco | pet | nez | Dca | bca | DCS | 0cs | DC7 | 608 | 0CS | Iox
: i !

Figure 7-27  Seek Command

Read Data (21) - The following sequence is executed entirely by the RK611. A Seek to the ayhmar in
RKDC is performed. When the Attention signal from the selected drive becemes true, a drive st
requested. When the status is obtained, a Clear command is executed to clear the Atiention s
Headers are read and r’umf&arcd with the desired disk address untif the correci sector is found. "f"; I
of data through the Silo data buffer to memory is initiated. When the sector data transfer is complete,
the ECC Eegn, 1s checked to ensure that the data read from the disk was error-free. If a data error
occurred, the ECC correction algorithm is initiated to determine whether the error is correctable; when
finished, the command is terminated to allow software (o ¢ apply the correction information. Assun
no data errors, the word count in RKWC is checked: if nonzero, the data tra m er {}pf:raf on 1S repe
into the next sector. The word count is checked at the end of each sector uniil it reaches 7¢ FO, at W
time the command is terminated by setting the Ready bit (Figure 7-28).
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Write Header (27) - Thel E i
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¥ DATA SEQUENCE:
DATA ONE, DATA ZERD
FOLLOWING A ONE, AND
DATA ZEROC FOLLOWING A ZERO.

Figure 7-29  Maintenance Clock (MCLK) Timing

Data Clock
1. A set followed by a reset of the MCLK bit equals one data clock cycle.

2. Two data clock cycles are required to provide a bit cell for a single data bit (1 or 0); there-
fore, MCLK must be set and reset twice (1, 0, 1, 0).

3. A 16-bit word time is equal to 32 data clock cycles.
4. An 18-bit word time is equal to 36 data clock cycles.
5. An NPR time for a 16-bit word is equal to 37 clock cycles.

6. An NPR time for an 18-bit word is equal to 40 clock cycles.
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i1

1f header compare is correct, following the simulation of 128 of the 255 Duata Preamble
Zeros, the RDGT signal bit will again be set and the remaining sector bits must be generated
3 f HGW;)

Remaining eight words of Data Preamble (127 zeros, 1 One bit)

't‘m‘.

b, 256 words of 16- or 18-bit data (4096 or 4608 bits)

- J
a8

of ECC (32 bits}

f
e
=
o
=

£

One word of Postamble (16 bits)

Fe

Seven words of Gap
data: both ‘“eqtg *ﬁ
reach the end of

i'a.z

12, If the word count in RKWC is not equal to zero (indicating that another s
read), return 1o step 5 of the sequence and continue simulation. How
is equal to zero, 37 additional NPR cycles are required o compleie the simu

by unloading the Silo.

tion Codg _Eif{,) I@g;- di‘ii its opcraimn*

oy 7.4.2  Write Simulation
£ The following sequence of operations simulates the writing of a complete sector in Diagnostic mode.

1. With the exception of RKCSI1, load the device registers required to support
command.

2. Set the Diagnostic mode (DMD) bit (bit 5 in RKMRI).

3. Load Command (F1-F4) bits (bits 1-4) and set GO hit {(bit 0) in RKCS1.

4. To 3: e the Maintenance Clock (MCTCLK) bit {bit 8 in RKMRI) 1o produce
dat iocx cycles required to generate an NPR for each data word reflected | :
count in RKWC. For a,mmpie a WC value of 64 sw? fill the Silo. Thereiore, 64 1
: veles must be generated to complete the operation (ie., 37 data clock cycles times 643

it data or 40 data cycles times 64 for 18-bit data, if ih»;: word count is greaster than {:4@;

5. Toggle (1, O}
generation of

the Maintenance Sector Pulse (MSP) bit (bit 6 in RKMR1} 1o simulate the
a sector pulse.

. 6. Toggle MCLK in corzjuns.,ﬁon with the Read Data (MERD) bit {bit  in RKMRI) to simu-
late the writing of 128 of the 255 Header Preamble Zeros.




ng ;f the remaining 127
rle One bit 1o reflect the

10, Simulate the Gap bits {64 zeros)

gth of one sector, return to step 5 of
complete.
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Thus, within less than one complete disk siution, the p program can determine if %z;

mbk (D{ fx (,ERR; or uncmrectabie (ECH, DC ii C FRR} viz a check of the ind

Position (REEOPS) regisisr can be examined 1o éets T

; > error field, while the B -fi’: Pattf:ﬂ;; {(RKECPT) register

éetermisa which of the 11 error bum bits must be corrected in main memory

irection results from the exclusive-ORing of the 11 bits contained in the Pattern re
is defined by the error burst (Figure 7-30).

However, if the error is detected as uncorractable, the
subsequent disk rev ~a:;a;as. utilizing both ECC and hvaé of}m ﬁperat
the chances for an eventual corrsction and/or recovery. Thus, a standay

sists of a sequence of 28 rereads, during whic
EOC cycles are attempted in the six offset positions (&

the error sector du
¥vito gmpif}gfﬁ
7l {.iaid recovery T'ﬂut‘ N Corte
> cycles are attempted at track center, and 12
O atiemps g:ser offset position}.
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Figure 7-30  Error Correction Process
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Correctable Error (DCK, CERR)
re 7-31 provides an &mmpl“ of the ECC correction process that is initiated by the controller when
rrectabie data error is detected {DCK, CERR).

irn the example, an 11-bit error burst (bits 20-30) is detected in word 2 (bm I !-32) er 3 recorded data

field. The 1l-biterro rﬁ*%f&%,camdm ng eight erroneous data bits {(20-27), Lo main memory.
fer ECC control, the RK611 loads the Ffé‘“ Position (RKECPS gfegzm‘ T 3¥
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7.5.2  Uncorrectable Error (ECH, DCK, CERR)

When an uncorrectable data error ;amdsﬁﬁHECH QQK CERR), an error burst has been detecte

that exceeds 11 bits in *‘sﬁmwnwmmg the value of snfma:a wn contained in the i:(fC Positi
and Pattern registers. Under these conditions, the pr m,:mm must initiate-a data recovery routine
provide a sequence of successive rereads {Figure 7-32).

ASSUME-
EEAn 1. MULTISECTOR READ
CORBAAND (SECTORS 1 TO #10}
2. BECYOR #8 HAS A
READ ERRORA.

£

A

ERROR

TRANSFER ™ NO

3 -
DURE
ECC FROCESS

T SECTOR 45

YES
$ Wiy
RELOAD GESIHED
RE-INITIATE SECTOR ADDRESS
£ GOBIT T RECTOR 1)
REIMITIATE A
GO-ET

DESIRED SECTOR
ADDRESE REG,
EQUAL TO #8

ERBOR NOT ECC
RECOVERABLE

LOSE & FEVOLUTION®

FONLY &PBUICABLE F SHROH
IS UNCORRECTABLE AFYER
FIRST PagS

114231

Figure 7-32  Data Error Flow
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Any one of the 16 rereads at the track centerline could result in the recovery of data with or without an
ECC correction cycle. Typically, this could occur if an error-producing material {e.g., dirt specks)
cither disappeared from that area of the disk surface or diminished to a point that allowed the data to
become ECC-correctable.

I error data is recovered or corrected during any one of the 12 offset (400, £800, £1200 for an
RK06 or £200, £400, £600 for an RK07} attempts (two rereads per offset position), it may indicate
that the data on the entire track has been generated by a misaligned head. Under these conditions, it is
possible that the remainder of the data will be recovered in the same offset position.

It should be understood that for every required reread cvcle, the Disk Address (DA} register must be
reloaded, and the GO bit (0) in RKCSI reasserted. Thus a disk revolution is lost when an uncoreec-
table error is initially detected, and an additional revolution is lost every time a reread cycle is exe-
cuted.

7.6 PROGRAMMING EXAMPLES

The following material provides several examples of RK06 subsystem programming, including Device
Driver, ECC Correction, and Maintenance Register Read routines, RK07 subsystem programming is
done in a similar manner.

761 RKO6 Device Driver Routine

The RKO06 Device Driver routine allows a user to establish communications with a device and deter-
mine subsystem status and availability.

JTITLE RKO6 DEVICE DRIVER

i+
:CALLING SEQUENCE:
; ISR PCRKO6
DRIVE UNAVAILABLE RETURN
MORMAL RETURN
ANPUTS:
; UNIT = DESIRED UNITNUMBER INBITS 0-2
; DSKADR = TRACK /SECTOR ADDRESS
; BUSADR = LOW ORDER 16 BITS OF UNIBUS ADDRESS
: WONT = TWO'SCOMPLEMENT WORD COUNT
; CYLADR = DESIRED CYLINDER ADDRESS
; FUNCTN = DESIRED FUNCTION 4+ IE + Al16-A17
; OFFSET = OFFSET VALUE FOR OFFSET FUNCTION
LOUTPUTS:
RK6ACT SETIF RKD6 IS ACTIVE



RKCSi= 177440
RKCS2= RKCS1+10
RKDS= 12
RKER= 14
RKDC= 20
RKOF= 16
PACACK= 3
SELDRV= 1
- SCLR= 40
SVAL= 100000
DRDY = 0006200
VVs== 000100
DRA= 000001
UNS= 040000
CERR= 100000
Di= 040000
IE= 000100
UNIT: WORD 0
DSKADR: ‘WORD 0
BUSADR: .WORD 0
WCNT: WORD 0
CYLADR: WORD 0
FUNCTN: .WORD 0
RK6ACT: .BYTE O
PROPRO: .BYTE O
OFFSET: .WORD 0

:RKCS1 (base Unibus address)
:RKCS2

:RKDS offset from RKCSI
‘RKER offset from RKCS1
:RKDC offset from RKCSI
RKOF offset from RKCS1

:Basic Pack Acknowledge function
:Basic Select Drive function
:Subsystem Clear

:Status Valid

:Drive Ready

;Volume Valid

:Drive Available

:Drive Unsafe

:Controller Error/Controller Clear
:Drive Interrupt

Jnterrupt Enable

;Desired unit # in bits 0-2

{Track /sector address

:Low order 16 bits of Unibus address
:Two’s complement word count

:Desired cylinder address

:Desired function + [E + A16-A17 + GO
:1-if RK06 currently active

;1- if doing Seek /Recal /Offset function
:Value to load into Offset register
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RKGACT Is the RK.06 ; active?

‘Wait for it io bex emﬁ mac,tﬂ e

function
rthe Sﬁré,a} message

Waﬁ 1Susfo

Ge& E@'}ﬂ ¢ ‘aiams fémster

Sr:gk fun "“(m

‘Z_}ffse:a "*mn‘?

Load ot isa value
dndi iti

£ .
51 register
g in progress’?

fao) t 4

g compiste or err

:Wait for positioning to complete

748



Vo

I
Ly
4%

0%

208: TST

;The user now handles any error ¢

40%: CLRB
RTI

7.6.2

Yo
algorithm.

1. Determin

o
S

BIT
BNE
BIT

BNE

BIT
BNE
BIT
BNE
TST
BM1

e if ECC

#CER!E,(R2)
PGSPRO

(R

208

RKDS(R2)

208

sﬁii DRV(R2)

onditions

REK6ACT

ECC Correctisn Routine
The ECC Correction routine consists of three subroutines: the first determines if ar ECC cor
le is necessary; the second provides a set-up procedure; the third provides an EC

correction is necessary:

#DLTIWCE!UPEIPGE!MDS!'UFE, RKCS2

RETRY
#SPARICTO,RKCSI
RETRY

#DTEIHVRC,RKER
RETRY

4ECH, RKER
RETRY

RKER

DMECC
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:Clear IE without doing a CCLR
;Reset i‘ﬂalliu‘*}’iﬁg npregr
JAny errors?
;Yes. process dir
Jds current status
Yesitis

;Select drive to get fresh
;Wait 15 us for the serial message

S rL

i 3o ]

Ad?

b
Any errors?
JPL no

Set REO6 i‘m“
Return to use

O correc imn

o ntrol
:Branch if «wntmder &
‘Controller time-out
;Yes

:Drive timing or header erron
(Yes
(Hard erro?

: check error?
:No, must be soft error



2. Error corr

gt

¢.  Convert correction pattern: into two patiern words.

d.  Apply ECC correction using first pattern word.

e

ond

o

MOV RRWC KD

B

qumber
bit number

foum in f‘e:iathé kit number
0 st bad hyiein..
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3. ECT Correction Algorithm - This routine calculates the memory address of the data word
to be corrected and, using the supplied patiern word, performs an XOR of the pattern and
Aot ; jf
data words.

DMECOR: CMP RO, COUNT :Byte Offset Within Range?
BHIS 508 iNo
MOV ADRSR1 Retriev
ADD RO,R1 :Calculate 8
MOV (R1),-(5%) :Preparctodoan XOR
BIC R3,(RD . NOT pattern. AND . data word
BIC {(SPy+ ,R3 . WNOT.data word AND patiern
BIS R3(RD) ‘Pattern. QR . data word

508 RETURN

7.46.3 Maintenance Register Read Routine
The Maintenance Register Read routine will transfer the content of the Maintenance registers
(RKMRI, RKMR2Z, RKMR3) into a previously defined buffer; its s in RO,

Maintenance Register Read:

R2 = Address of RKCSI

196%: MOV #100000,(RD) :Clear controller
MOV UNIT,RKCS2(R2) ‘Reselect uniy
MOV RS,R KMRI{R2) ;Select drive serial
MOV (R2) sue welaci fify e fLm

TSTB |
BPL =2
MOV RKMR2(RI.{RO}+
MOV REKMRI3(R2)L(RO)+

INC B3 : al message count
UMP R34 :Done four n:s:w:xg s yei?

BNE 196% ;No, loop

RETURN

7.7 PROGRAMMING CONSIDERATIONS

The following provides a selection of programming information

s constderation

Flagging a Bad Sector

Since a Write Header command cannot be used to selectively write individuai sectors, :;n zntire trac

written when the command is executed. Therefore, if @ programmer desires to flag a b
gurrently recorded sector and data information from the desired track must bs wa‘ag*m

"? '''' where for rewriting along with the new information.

15

i sector, all

Ugit Selection

When the Controller Clear (CCLR) bit (bit 15 in RKCS81}) is asserted {v‘%a ‘tha i'fnihus'} he Drive Select
(DS0-DS2) bits (bits 0-2 in RKCS2) are cleared. Therefore, before the next eommand tiated. unit
selection must be reconfigured.
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Start Spindle Command
If & Start Spindle comm rd is initiated for a drive in which the heads have already been loaded, a
4 interrupt can be returned on completion of the command, but an attention interrupt cannot

§ ﬁé vad Command

£ an Unload comma
roller mnterrupt ca
returned.

ﬁ.f? 18 initiate
be returned

fi for a drive in which the heads have already been unloaded, a
4 on completion of the command, but an attention interrupt cannot

5}3'3?:’ Errer Unload/ Heload

adr lw is in the RUN state and the heads unload due to a drive error {refer to Paragraph 7.2.
o :ﬁttc?t;w - Bit 14}, a successful error clear will resalt in a reload of the heads ;wd )
errupts: the fi ;m' interrupt will occur with the drive error, and the second interrunt
o6 ‘a@uuﬁ{iq later) when the heads reload.

Enabling an Interrupt
The Interrups Enable
interrupt will not be

“ybit (bit &in RKCS1) must be set prior to the initiation of an operation or an
e‘?ateu,

Simultanecus Interrupts
if interrupt conditions

imultaneously occur in the controller due to the overlapping of an ﬁpemtianai
and data transfer command ((’:,g‘ ck done and Read Data dong), the data transfer inter *rapt\xhi take

precedence and the operational tnterrupt will not b{* processed until another ¢ operation is completed.
in:‘{‘ﬁfj()f(:. to ensure that no interrupts are lost, a program should scan all interrupt indicators in
crpunction with the recognition of an interrupt,

bat 3
s i

¥
(sihef’ ‘ i motion command, will be ignored by 2 f} ive if the Drive Ready (DRDY) bit

n the RKDS register when the command is initi cd

e
S L

I ,
oty

Emﬁ Acue';% Qpemﬁm

""S

be aware of a problem that can occur only with the Dual-Access Option. See
o

?:zs;zgz raph \33
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CHAPTER 8
CUSTOMER MAINTENANCE GUIDE

81 INTRODUCTION
User maintenance procedures are limited to the care and cleaning (external) of the RKOSK or RKOTK
Disk Cartridge and the cleaning of the drive spindle assemblies.

8.2 PROFESSIONAL CARTRIDGE CLEANING & :

Professional cartridge cleaning is recommended every 6 months or whenever practicable. Complete
cartridge cleaning procedures must be performed by either qualified DIGITAL Field Service per-
sonnel (in emergency or troubleshooting situations) or by a professional cleaning service. Application
of cleaning procedures (to the actual recording surfaces) by unqualified personnel will void not only
the warranty on the serviced cartridge. but the warranty for any drive on which the cartridge is oper-

8.3 USER CARTRIDGE CLEANING N T
The outer sides of a completely assembled cartridge may be cleaned by the user with 4 lint-free wiper,
dampened with a solution of 9 percent water and 91 percent isopropy! alcohol. However, the cariridge
must not be saturated, and all excess solvent must be removed with a dry wiper. This is necessary to
prevent solvent from entering the seams of the assembly and contaminating the digks.

CAUTION
For cleaning purposes, use only a solution of 9 per-
cent water with 91 percent isopropyl alcohol. Water,
trichloroethylene, or other solvents are not permit-
ted. ‘

8.4 SPINDLE ASSEMBLY CLEANING

Using a hni-free wiper, dampened with the isopropyl alcohol (31 percent) solution, clean the spindle
cone, magnet, and spindle rim (Figure 8-1), prior to the loading of a cartridge. However, do not
saturate the assembly; remove all excess solvent with a dry wiper, This is necessary to prevent solvent
from entering a loaded cartridge and contaminating the disks. in addition, ensure that the shroud is as
free of lint and dust as possible before loading a cartridge. Dry lint and dust may be blown from the
spindle area using filtered, dry air. However, do not use plant air which may contain water or oil;
canned air is an acceptable substitute,
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SPINDLE MAGNET SPINDLE

RIM CONE
7897 - 12

Figure 8-1 Spindle Assembly



8.5 CARTRIDGE CARE SUMMARY
The following listing summarizes care and cleaning considerations for the RK06K or RKO7TK sk
Cartridge:

1. Keep cartridges clean.
2. Use cartridges at computer room temperature only
3. Manipulate cartridges by the top cover haudle only

g

4. When the protection cover is remeved (for foading), do not touch disk su
cone, or surfaces.

5. When the protection cover is removed (for loading), interior metal hub s
clean.

6. When the protection cover is removed (for loading), ensure that the disks ar
rotated, since improper disk motion may gererate plastic particles which «
damage.

7. When loading or unloading an RK06 or RKO7 Drive, insert and remove cartridges ger,
in addition, do not use excessive force when manipuiating the top cover handle.

8. If, during operation, a cartridge makes rumbling or continuous ¢
uwur) discontinue use of the cam;ﬁge Use of a mmagd cartri
damage the drives, resulting in additional damage to all other ¢

9. Each cartridge should be professionally cleaned every & months and/or whenever a s
cartridge is not operating properly.

10. Cartridges are factory-repairable only. Disassembly in the field is not p witted, and such
action will void the warranty on a cartridge, as well as any drive on which \,arm{ige may

be operated,
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CHAPTER 9
RKO06/RK07 DUAL-ACCESS OPTION

RK611/RK06 and RK611/RK07 DUAL-ACCESS SYSTEM CONFIGURATION
ugl-access operatio n 1»5 an option available to the RKD6 Drive enabling it to be accessed through tw
ferent mﬁ%{'ﬂ%len Figure 9-1 shows the system configuration for dual-port operation. The &

RKO6s or REOTs Shui&’ ¢ in Figure 9-1 are ﬁd;a} -chained. The two RK611 Controllers can be attaches
io the same or to two different CPUs.

~

29
r*!

S

MATN
MEMORY

< UNIBUS

v

RKO6 OR
KEQT DISK
ORIVE

RKZE/RKBT SUBSYSTEM CONFIGURATION {(PDP-11)

H-4R26

Figure 9-1 RK611/RKO6 or RK611/RK0O7 Dual Access System Configuration




irive with the du-a% access option has three modes of ugjeratwﬁ with respect to its two ports. Figure

fﬁa OWs 155*’ ?Qrt A ,mf‘* Port ’% u‘mtrc? mmhes tha at de 8TI’“4&L which mode the drive is in. When
a command to the drive will generate a
ha :zsrsmmnd

srror in the m*;iro? ler issuing ¢

FRONT PANEL
SONTROL PANEL

™

// 7 1 1) \
/ [ |
;‘i / / { }
/ ! { ACCESS B ENABLE SW,
RUN/E H i Y7 TH ACCESS INDICATOR
5{(; 5 | {ON = DUAL ACCESS
o \ | BPORTSELECTED!
/ \

SOTESE A ENABLE SW.

H ACCESS INDICATOR

5 CBINGLE-ACCESS DRIVE
SELECTED OB DUAL-ACCESS
A PORT SELECTED)

FAULT INDICATOR WHITE PROTECT SW.WITH
{ON=FAULT ! PR INDICATOR

VON = WRITE PROTECY §

11-5320

Figure 9-2 RK06 or RKO7 Disk Drive Power and Control Switches

.2 Port A Mode
snly the Port A ﬁr'ziﬁmg switch depressed, fhe drive will eﬂf‘zs}*}d to Port A. Any attempt by Port
& tcssue a command to the drive will generate a “non-existent drive” error in the port B controlier.

9.2.2 Port B Mode

only the Port B enabling switch depressed, the drive will respond to Port B. Any attempt by Port
A toissue a command to the drive will generate a** nonexistent drive” error in the Port A controller

Dual-Access Mode

A and Pm* B enable switches depressed, the drive is in the programmable mode. In this
frive ‘a wailable to both ports. Once the drive has been seized by one of the ports,
over the drive and can 1ssue any legal command. A nort seizes a drive if the
e through that port and the drive was available.

(w A::)

DUA L-A{“C'E‘E?S E OGIC CIRCUITS

> the dual an, the drive houses two additional modules: an M7730 ﬂuafpﬂ:u board and
n M7706 interface afﬁ timing module. The two interface and tit ming modules interface with each
tler. T isuai‘ila - board contains logic for controlling the access from both ports and acts as a
plexer for commands and timing from each port te the remainder of the drive electronics. The
I-port option also uses a different backplane than the single-port option.
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The logic for the dual-port option is located on the M7730 module and consists of:
I, Arbatration Circuits
2. Timing Counters and Decoders

Auto-Release Timer

Lk
.

4. Multiplexers.

9.3.0  Arbitration Circuoits
These circuits determine and control the state of the multiplexers for operat
two ports,

9.3.2 Tim"mg Counters and Decoders
These circuiis control the timing of transmissions fros

933  Auio-Release Timer
s timing circuit generates a signal that will automatically refease a port, if it has s

T
within a one second period after it has gained access.

9.3.4 Mouitiplexers
These circuits act as a single-pole, double-throw switch for each signal used by a port for operation of
the remainder of the drive.

94 DUAL-PORT OPERATION
9.4.1 Seizing a Drive in the Neutfral State

When an %{&{%&s or RKG7 Drive is in the neutral state, it is equally available 1o ea
has priority over the other.

®

When a controller selects a drive, the drive will switch to the correct port to connect the drive with
controller.

If the two controllers simultaneously attempt to seize the drive, a high speed clock {in the dual port
logicd in the drive will arbitrate, iéowmw GTsi’h one of the wn’r‘fmiea to seize the drive,

45.4.2 Aimﬁ;}iing to Seize an Unavailable Drive

If a neutral drive is seized by a 0;; and the other port attempts o seize the drive, the latier port wi
find the drive unavat lable. This wz assert the Combined Error bit in Control and Status Q%bzsw 1 ‘m;
t3 in RKCS1). Also, the Drive Available bit in the Drive Status Register (bit 0 in RKDS) will be
cleared as a r-;,sult of a port attempting to seize an unavailable drive

I addition 1o clearing bit 0 in RKDS, a port azmmpgiﬂg to seize an unavailable drive will set the port
request flip-flop in that drive. The dual port logic checks the status of this flip-flop when the con tmsge*

currently opera ting on the drive releases the drive. If the port request flip-flop is not set, this indic
*"W* the port other than the one just in use did not attempt to seize the drive. The drive then retu
the neutral state and it may then be seized by either port. If, however, the port request flip- ﬂop
this means the other port attempted to seize the drive when it was unavailable. In this case, the ot}
port seizes the drive.

For example, assume Port A controls the drive. Port B tries to seize the drive and finds the drive
unavailable. Thus, the Port Request flip-flop is set. When Port A is finished with ths drive, it reiwsug
the drive with a release command. Since the Port Request flip-flop is set, Port B th zes the driv
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%

leas
] mm‘*v E"‘fjw
le i.iz

e controter |
S One sec (’%ﬂfﬁ
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5.6 ERROR HANDLING IN DUAL ACCESS

hat c*“! ller. The
sage to the f,:rwe or eézc‘: other port.

érive clear at any tiroe. The Attention in the drive will be cleared by a
of th& drive’s availzhility. However, to clear the ﬁig: flops storing the error
%he drive must he: Qs‘:;zed to the port issuing the Clear command as mmt:med The con-
¢ parity error is handled differently from the other errors and is discussed in greater
WS,

her cont
we ¢l
formation

-3 Muitiple Drive Sefect and CTD Parity Errors in the Dual-Access Configuration
u)z’{r He* has seized a drive ¢ f*;d muibgie »:}nve select is detected in the drive, the drive handles this

e 1 fa nd does not aﬂmad he Paads ?f*f nurt Q}L’iiliizig
fitiil npi“ "‘z‘we sefif:"? rep m‘ts :z 0 fhe Lc}mmﬂer regardless of whether it had access to the drive.

detected and stored separately for each port. Unlike all
?hpﬂmp 1s deared with a Drive Clear regardless of whether or mt)t
¢. The Attention in the port is raised when a CTD parity error o

F‘w”?;%i IZ;; ??" DUAL ACCESS

L6 will honor an “initialize” issued separately from either port. The effect the “'in-
" has :Jepmas upon the availability of the drive to the port issuing the command. The three
ditions are described,

- drive is seized by a port. At this time, an initialize will:
a.  Clear that port’s attention bit
b, Clear the error lip-flops in the drive

2l

Cause the port to release the drive.

b

If the other port’s port-request flip-flop is cleared, the drive will be returned to neutral. If the
other port's port-request flip-flop is set, the drive will become seized by the other port.

2. The drive is in neutral. At this time, an initialize will:

a. lear the port’s attention bit

[

Clear the error flip-flops in the drive.




GETTING DRIVE STATUS
drive s seized by one of the por

lerro

B3y within

A (busy with ang
. This situation
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Figure 9-3  Drive Status Bits Contained in A and B M
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Reader’s Comments

omments and suggestions will help us in our continuous effort to improve the quality and usefuiness of our

n, etc.? lg it easy

x ) ~

featurss are most useful?

: faults of errors have vou found in the manual?

this manual satisfy the need you think it was intended to satisy?

eds? Why?

[T Piease send me the current copy of the Technical Documentation Catalog, which contains information on

the remainder of IHMGITAL’s technical documentation.
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