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SECTION 1 TECHNICAL DESCRIPTION 



1.1 GENERAL DESCRIPTION 

CHAPTER 1 
INTRODUCTION 

The RL~1/RL02 Disk Drive is a random access mass storage device. 
Both drives utilize a removable, single platter top-loading disk 
cartridge. The RL~IK cartridge provides five million bytes of 
storage, and the RL~2K cartridge will hold ten million bytes. Up 
to four RL01 or RL02 Disk Drives may be used per controller to 
provide up to 40 million bytes of storage for PDP-S, PDP-II, and 
LSI-ll computer system applications. 

The RL01/RL02 Disk Drive (Figure 1-1) is mounted on slides and is 
26.6 cm (1~.5 in) high, 63.5 cm (25 in) deep (compatible in width 
to a 19 inch RETMA rack) and weighs 34 kg (75 lbs). 

Operating controls and indicators plus a removable ctir fil':.er are 
located at the front of the drive. Access to thE:: cartrilige is 
provided by a lift-up cover incorporating a safety interlock. All 
servicing can be achieved from the top of the drive or front or 
rear of the corporate cabinet. 

RL~I/RL02 Disk Drives are shipped from the factory as 115 Vac/6~ 
Hertz units. Field ·change to 230 Vac/50 or 60 Hertz is 
accomplished by reversing either of two terminal block covers 
located externally at the rear of the drive. The line cord plug 
may be cut and replaced with an applicable 23~ Vac .line plug. The 
RL01/RL02 Disk Drive is UL listed and CSA certified. 

Interlocks are provided where the potential exists for damage to 
the drive, media, operators, or service personnel. 

The RL01/RL02 Disk Drive provides high field performance and 
maintainability. The drive is designed for easy removal and 
replacement of logic and electromechanical subassemblies to result 
in an average replacement time of not more than 15 minutes. 
Special tools and alignment packs or fixtures are not required for 
on-site maintenance. Only two adjustments are required under 
normal service conditions. All logic. modules are placed so that 
they may be accessed without the use of extenders. 

1.1.1 Servo-In-Data Concept 
Key to the performance of the RL01/RL~2 is the servo-in-data 
concept. The concept allows the derivation of head positioning 
and track counting information from pulses imbedded within the 
data track. Each read/write head seeking to a desired track 
becomes its own servo transducer. Data tracks could conceivably 
be loca ted wi thin a band anywhere on the recordable disk surface 
as long asthe positioner does not run out of travel limits. Since 
the heads seek and center on data tracks, environmental problems 
related to mechanical drift and tolerances become practically 
nonexistent. Precise head alignment requiring the use of special 
fixtures is unnecessary. 
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Figure 1-1 ·cal Disk Drive TYPl 
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1.1.2 Storage Medium 
The RL"IK or RL02K Disk Cartridge is a modified 5440 type 
removable, top-loading, single platter cartridge with 256 discrete 
data tracks on each of the two reco rd i ng sur faces. The Cil r tr idg e 
armature plate contains 4" sector slots, defining 40 sectors per 
track. Servo information (servo-in-data) from which sector and 
track determinations are made is prerecorded on the cartridge at 
the factory and cannot be reformatted in the field. Bad sector 
information is contained on the last data track. 

RLelK and RL~2K cartridges are intended as a means of data 
i nte rchange between compu ter sys tems • Data wr it ten on one RL01 
Disk Drive will be readable on any other RL01 drive, and the same 
is true for any two RL02 drives, provided that both drives have 
been properly maintained and that the computer systems and 
controllers are compatible wi th respect to word length. Note, 
however, that an RunK cartridge cannot be used on an RL02 drive, 
nor can an RL02K cartridge be used on an RLel drive. While either 
cartridge will physically fit into either drive, the results of 
usi.ng the wrong cartridge are unpredictable. The cartridge are 
color keyed and labeled to help prevent incorrect use. 

1.1.3 Mechanical partitioning 
Figure 1-2 shows location of the major drive subassemblies and air 
flow through the drive chassis. 

1.1.3.1 Air Flow System - The RUn/RL~2 Disk Drive is desiC)ned 
to achieve maximum protection of the head/disk interface even in a 
contaminated environment. The air flow system (Figure 1-2) is 
separated into a recirculating clean air supply and a cooling air 
supply. The cooling air is drawn in through the bezel and is 
exhausted out the rear of the drive by a muffin fan. The 
recirculating clean air is moved through the duct system by an 
impeller attached to the spindle drive motor. Before the clean 
air is recirculated to the disk cartridge, the duct system routes 
it through a high efficiency filter and a heat exchanger. The 
heat exchanger is cooled by the cooling air supply. 

1.1.3.2 Air Filter - The absolute air filter is a self-contained 
throwaway unit. Because of the two air systems, .f.!ti2+~c.e.IJl~D,.t_.,..QJ: ... , 
the absol ute filter. is on1~~,.Le9.uwLr .. ~~_~.!L,~ ... ~~.I,l.J?'~.s} .. ~. 

1.1.3.3 Positioner Assembly - The positioner assembly consists 
of a ca r r i age, se rvo mo tor wi th capstan and tens ion cable, linea r 
tachometer, head load cam, and home switch. The magnetic 
read/write heads are mounted on the carriage. Figure 1-3 
illustrates the principle components of the positioner assembly. 
The positioner subplate can be moved laterally to align head 
access radially to the disk. 
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1.1.3.4 Spindle Assembly -
housing, the rotating cartridge 
button, and the drive belt. 
Assembly. 

The Spindle Assembly comprises a 
interface hub, the, spindle ground 

Figure 1-4 shows the Spindle 

The sector transducer mounts and aligns itself on the spindle 
housing. 

The disk cartridge interfaces the spindle via a cone located in 
the center of the spindle, a 14.0 cm (5.5 in) diameter stabilizing 
hub, and a hold-down magnet. 

1.1.3.5 Brush Drive Assembly - The RL01/RL02 Disk Drive has 
motor-driven cleaning brushes (refer to Figure 1-5) which 
automatically sweep across the disk surfaces each time the spindle 
drive motor is started. The brush cycle must be completed and the 
brushes retracted before the heads will load. In order to prevent 
damage to the read/write heads and cartridge, the cartridge access 
cover remains interlocked so that the cartridge cannot be removed 
in the event that the brushes fail to return to their home 
position. The brush holder assembly is a field replaceable unit. 

1.1.3.6 Read/Write Heads - Each head (Figure 1-6) is made up of 
a magnetic core structure mounted in a ceramic slider pad and is 
supported on an arm. Each head is also provided with a flexible 
cabl e tha t term ina tes wi th a connec to r • When both head s are 
loaded and positioned with the disk rotating at 2400 I 2% rpm, 
each head is supported by a boundary layer of air approximately 50 
microinches thick. The "up" head is used for reading and writing 
data on the bottom surface (surface 1) of the disk and the "down" 
head is used fo r read ing and wr i t ing data on the top su r face 
(sur face ") of the disk. Each head is loaded and unload ed from 
the rotating disk by the force of a cam against the 30 degree ramp 
in the head arm. 

The heads operate at 4.1 megaf1ux-reversa1s per second 
using the Modified Frequency Modulation (MFM) method for 
or decoding data. This corresponds to a maximum density 
bits per inch on the inner track (track 255, decimal). 

max imum 
encoding 
of 1725 

1.1.3.7 Read/Write Board - The read/write board is contained in 
a subchassis to provide shielding for the logic. 

1.1.3.8 Power Panel - The removable rear panel of the drive 
contains a muffin type fan, I/O connectors, an ac circuit breaker, 
an RFI filter, the spindle motor capacitor, the ac terminal 
assembly block and the ac servo module chassis. Refer to Figure 
1-7. The ac circuit breaker provides power ON/OFF control for the 
drive and is normally left in the ON position. 
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Figure 1-4 Spindle As sembly 
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Figure 1-5 Brush Assembly 
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Figure 1-7 Rear Panel Assembly 



1.1.3.9 Control Panel - The operator's control panel is located 
at the front of the drive. The following push on/push 
alternating action switches and indicators are located on 
drive control panel (Figure 1-8): 

• Run/Load switch with LOAD indicator 

• Unit Select switch with READY indicator 

• FAULT indicator 

• Wri te Protect swi tch wi th WRITE PROTect ind icato r 

Run/Load Switch with LOAD Indicator 

off 
the 

This push on/push off alternating action switch, when 
depressed, energizes the spindle motor providing the following 
conditions have been met: 

• The disk cartridge has been installed 

• The cartr idge protection cover is in place and the 
cartridge access cover is closed and latched 

• All ac and dc voltages are within specifications 

• The read/write heads are home 

• The brushes are home 

When thi s swi tch is rel eased (depressed a second time), the 
spindle drive motor is deenergized if the read/write heads are 
not loaded. If the heads are loaded, they are retracted 
before the spindle drive motor is deenergized. In the event 
of a main power interrupt and subsequent power restoration, 
the drive will cycle up again if the switch is depressed since 
it contains mechanical memory. 

The LOAD enable indicator is i 11 urn i na ted whenever: 

• The spindle is stopped 

• The read/write heads are home 

• The brushes are home 

• The spindle drive motor is at rest 
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Unit Select (O, 1, 2, 3) Switch with RE~DY Indicator 

The unit select switch is a cam operated switch which is 
actuated by inserting a numbered, selectively cammed button. 
The switch contacts are binary encoded so the drive interface 
logic recognizes the matching controller generated drive 
address code and the corresponding unit select number (O, 1, 2 
or 3). 

The numbered indicator, when lit, indicates a drive READY 
condition. This condition exists when: 

• The spindle is up to speed 

• The brushes are home 

• The read/write heads are loaded 

• The heads are detented on a specific track 

F~ULT Indicator 

The FAULT indicator is lit whenever the following fault or 
error conditions develop in the disk drive: 

• Drive Select Error 

• Seek Time Out Error 

• Write Current in Heads During Sector Time Error 

• Loss of System Clock 

• Write Protect Error 

• Write Data Error 

• Spin Error 

WRITE PROTect Switch and Indicator 

This alternating action push on/push off switch, when de­
pressed, sets the d rive in wr i te protect mode whethe r 0 r no t 
the Write Gate line is asserted (refer to interface line 
descr i pt ions) • r'f the Wr i te Gate 1 ine is asser ted when WRITE 
PROTect is on, the drive will generate a Write Gate error 
(wh ich will 1 ight F~ULT). The wr i te protec t mode will be 
immediately removed upon release of the switch. 
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1.1.4 Drive Electronics Partitioning 
A la rge percentag e of the d rive elect ron ics is con ta i ned on the 
drive logic module. Additional electronics are on these modules: 

• The dc servo module 

• The ac servo module 

• The read/write module 

This design concept enhances the module-swap maintenance 
philosophy. 

The drive logic module, mounted inside the 
of the drive, is a single hex-sized board. 
detached and positioned vertically on the 
plate. Refer to Figure 1-9. 

rear cover at the top 
The rear cover can be 

rear edge of the base 

Opening the rear cover exposes the read/wr i te module and the dc 
se rvo mod u1e. Both the read/wr i te mod ule and dc se rvo mod ul e ca n 
be placed on their sides to allow easy access to the positioner 
assembly, module chips and test points. Refer to Figure 1-9. The 
ac servo module is located on the removable power panel. Refer to 
Figure 1-9. 

1.1.4.1 Drive Logic Module - The drive logic module provides the 
drive with the following functions: 

• Interface to the controller via a 4~ pin PC-mounted 
connector and flat ribbon cable 

• Interface enabling and control circuits 

• State control logic (load/run sequencing) 

• Seek control and track counting logic 

• Device command/status register 

• positioner velocity command generation 

• Disk drive motor speed control 

• Error detection and status data generation 

• Servo data detection logic 

1.1.4.2 
positioner 
reg u1ators 
into the 
mechanical 

DC Servo Module - The dc servo module con ta ins the 
servo amplifier and dc voltage regulators. The voltage 
are mounted on a U-shaped heat sink which faces down 
cooling air chamber. This module also serves a 
function in that it seals a portion of the cooling air 

system from the clean air system. 
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1.1.4.3. AC Servo Module - The ac servo module provides the 
following functions: 

• Control circuits for the brush motor 

• Control circuits for the spindle drive motor 

• Cover solenoid drive circuit 

1.1.4.4 Read/Write Module The functions provided by the 
read/write module are: 

• Servo and reArl data prenmplifier, filters, differentiator 
and limiter 

• Head selection 

• Write drivers and write current sensing 

• Write error sensing 

1.1.5 Documentation 
Table 1-1 lists the docunents that will be available to describe 
the RL0l/RL02 Subsystem. 

Hard copy user documentation consisting of the RL01/RL02 Disk 
Subsystem User's Guide (which contains operation ana installation 
information) will ship with each subsystem. 

Table 1-1 RL01/RL02 Subsystem Documentation 

Title 

RLVll Controller Technical 
Description Manual 

RLII Controller Technical 
Description Manual 

RL8A Onnibus Controller 
Technical Manual 

RL0l/RL02 Preventive Maintenance 
Procedures 

RL0l Illustrated Parts Breakdown 

RL02 Illustrated Parts Breakdown 

RL0l/RL02 Disk Subsystem User's 
Guide 

Microfiche 
Number 

EP-RLVll-TD 

EP-OQLll-TD 

EP-iJRLRA-T"1 

EP-0(HHJ8-PM 

EP-""0l6-IP 

EP-0CHH6-IP 

N/A 

RL0l/RL02 Pocket Service Guide N/A 
1/1-16 

Hard Copy 
Number 

EK-RLVll-TD 

EK-0RLll-'l'!) 

EK-0RL8A-R r" 

EK-RL0l2-P"1 

EK-0RL0l-IP 

EK-CRL02-IP 

EK-RUH2-UG 

EK-RL0l2-PG 



1.2 SUBSYSTEM SPECIFICATIONS 
This section provides the following specificataion ,for the RLAI 
and RL~2 Disk Subsystem: 

• Table 1-2: RL~1/RLe2 Disk Drive Physical and 
Environmental Specifications 

• Table 1-3: RL01/RL02 Disk Drive Operational 
Specifications 

• Table 1-4: RL~1K/RL"2K Disk Cartr idge Operational 
Specifications 
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Table 1-2 

Width 

Depth 

Height 

Weight 

Mounting 

Power Sources 

Input Power 

Power Facto r 

Starting Current 

RL01 Disk Drive Physical and Environmental 
Specifications 

Compatible with 19 inch RETMA rack 

63.5 cm (25 in) behind bezel 

26.5 cm (10.5 in) 

34 kg (75 Ibs) 

The drive mounts on chassis slides. 

90-127 Vac (47.5-63 Hz) 

180-254 Vac (47.5-63 Hz) 
(Manually selectable) 

200 watts maximum at 115 Vac, 60 Hz 

Greater than 0.85 

3.5 amps RMS maximum 
@ 90 Vac/47.5-63 Hz 

5.0 amps RMS maximum 
@ 127 Vac/47.5-63 Hz 

1.75 amps RMS maximum 
@ 180 Vac/47.5-63 Hz 

2.5 amps RMS maximum 
@ 254 Vac/47.5-63 Hz 

Power Cord and Connector: A molded line cord compatible 
drive operating voltage and 
Power Control for 120 Vac is 
to the drive. 

wi th the 
the 861 
attached 

Safety 

Interlocks 

The power cord is 2.74 m (9 ft) long 
and the plug is NEMA 5-15P. 

The 230 Vac plug to be attached to high 
voltage drives is NEMA 6-15P. 

The RL01/RL02 Disk Drive is UL listed 
and CSA certified. 

Interlocks are used where potential 
exists for damage to dr ive, media, 
operators or service personnel. 
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Temperature/Humidity 

Altitude 

Shock 

Vibration 

Operating: 

T l llo C em pe rat u r e : I:J 

(104 0 F). 

5.9 0 C/1fl1XflI m (l.S o Derate Temperature vv~ 

C/1000 ft) 

Relative Humidity: 10% to 60% with 
maximum wet bulb 2S o C (S2 F) and 
minimum dew point 20 C (36 0 F). 

Non-Operating: 

Tern pe rat u r e : - 40 0 C ( - 40 0 F) to 6 6 0 C 
(151 0 F) 

Relative Humidity: 10% to 95% 

Operating: 2440 m (S,000 f) maximum. 

Non-Operating: 9.1 km (30,000 f) 
maximum. 

Operating: Half sine shock pulse of 10 
Gpk and 10 +3 msec duration applied 
once in either direction of three 
orthagonal axes (3 pulses total). 

Non-Operating: Half sine 
of 413 Gpk and 30 +10 
perpendicular to each of 
surfaces. 

Operating: 

shock pul ses 
ms duration 
six package 

Sinusoidal vibration (sweep rate 1 
octave/min) 

5-513 Hz 
513-500 Hz 
500-50 Hz 
50-5 Hz 

0.002" DA 
0.25 Gpk 
0.25 Gpk 
0.002" DA 

Non-Operating: 

Vertical Axis Excitation - 1.40 Grms 
overall from 10 to 300 Hz. Power 
spectral density 0.029 g/Hz from 10 to 
50 Hz with 8 dB/octave ro110ff from 
50-300 Hz. 
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Dust 

Attitude 

Heat Dissipation 

Longitudinal and Lateral Axis 
Excitation - 0.68 Grms Overall from 10 
to 200 Hz. Power spectral density 
0.007 glHz from 10 50 Hz with 8 
dB/octave rolloff from 50 to 200 Hz. 

The drive will operate in an ambient 
atmosphere of less than 5 million 
particles 0.5 microns or larger per 
cubic foot of air. The driVE; is 
intended to run in a light industry (or 
cleaner) environment. 

Maximum pitch: +5 degrees 

Maximum roll: ±5 degrees 

546 BTU/hour maximum 
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Table 1-3 RL0l/RL02 Disk Drive operational Specifications 

General 

Transfer Rate Bit Rate: 
(unbuffered values) 

Latency 

Seek Time 

Start/Stop Time 

Data Format 

Linear bit density: 147 bits/mm (3725 
bits/in) at innermost track 

16 bit words per sector: 128 

Number of sectors: 4~/track 

Track density: 4.9/mm (125/in) for 
RL01K, 9.S/mm (250/in) for RL132K 

Number of recording tracks: 256/surface 
for RL131K, 512/surface for RL02K 

Number of surfaces: 2 

Formatted capacity (megabytes): 5.2 for 
RL01K, 113.4 for RL02K 

Encoding method: MFM 

4.1 megabits/sec +1% 

Bit Cell Width: 244 nsec +1% 

Words (16 bit): 256 kilowords/sec +1% 

Rotational Frequency: 241313 rpm +13.25% 

Average latency: 12.5 msec +~.25% 

Maximum latency 25.13 msec ~~.25% 

Average seek time 55 msec max (85 
tracks for RL13l, 
1213 tracks for 
RL132) 

One cylinder track 5 msec max 
seek time 

Maximum seek time 10~ msec max 
(256 tracks for 
RL01, 512 tracks 
for RL132) 

Head switch time 8 msec 

Start time: 

Stop time: 

Refer to Figure 1-113 
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Table 1-4 

Operating 
Environment 

Storage 

Dimensions 
(Cartr idge) 

Maximum Speed 

Track Geometry 

RL01K/RL02K Disk Cartridge Specifications 

The cartridge will operate in air ~hose tem­
perature lies between 40 0 C to 48 C (40 0 F 
to 120 0 F) at a relative humidity of 8 to 
80 ~. The wet bulb read i ng shall not exceed 
25 C (78 0 F). Before a cartridge is placed 
into operation, it shall be conditioned 
within its cover for a minimum of two hours 
in the same environment as that in which the 
disk drive is operating. The above speci­
fied range does not necessarily apply to the 
disk drive. 

The cartridge must be stored at a tempera­
ture Environment between - 40 0 C to 6S o C 
(_40 0 F to 150 0 F). The wet bulb reading 
not exceeding 29 0 C (85 0 F). For ~et bulb 
temperatures between 0.56° C and 29 C (33 0 

F and 85 0 F) the disk cartridge shall be 
able to withstand a relative humidity (non­
condensing) of 8 to 80%. The stray magnetic 
field intensity shall not exceed 50 
oersteds. 

External Diameter 

The external diameter of the top cover is 
3 8 • 3 5 em (1 5 • 1 in). 

The external diameter of the protection 
cover is 37.03 cm (14.58 in). 

The external height of the cartridge when 
resting on its bottom surface is 6.19 cm 
(2.44 in). 

The rotating parts of the disk cartridge are 
capable of withstanding the effect of stress 
at the speed of 2,500 rev/min. 

Number of Tracks - There are 256 discrete 
concentr ic tracks per data sur face for the 
RL01K, 512 tracks per data sur face fo r the 

. RL02K. 

I/1-23 



Identification 
of Data Tracks 

Data Track Identification - Data track iden­
tification is a three digit decimal number 
(~~~ - 255, RL01K, ~00 - 511, RL02K) ,that 
numbe rs data tracks consecut i vel y sta r t i ng 
at the outermost data track of each data 
surface. 

Data Surface Identification - The data sur­
faces are numbered" and 1 starting with the 
uppermost surface and corresponding with the 
head numbers. 

Cylinder Address - A cylinder is defined as 
the data tracks on the data surface with a 
common data track identification. 

Data Track Address - A 16-bit word, where 
bits" - 5 define a binary sector number, 
bit 6 defines surface, and bits 7 15 
define a binary cylinder address. This 
information is in word 1 of each sector's 
header. 
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CHAPTER 2 
SYSTEM-LEVEL DESCRIPTION 

2.1 RL0lRL02 MASS STORAGE SUBSYSTEM 
The RL0l/RL02 Mass Storage Subsystem consists of up to four drives 
in a daisy-chain configuration, and a controller (RLll, RLVll or 
RL8A). Additional drives, if required, necessitate a second 
controller. Figure 2-1 illustrates a typical subsystem. 

2.2 DISK CARTRIDGE FORMAT 
Figure 2-2 shows servo, header, sector and data formatting for the 
RL0lK/RL02K Disk cartridge. 

Servo and header information for each sector is prerecorded at the 
factory and cannot be modified or rewritten in the field. 
Accidental overwriting or destruction of the servo information is 
prevented by logic within the drive. 

Each RL0lK disk recording surface has a total of 256 data tracks 
(numbered 0 to 255) and each RL02K surface has 512 tracks 
(numbered 0 to 511). Thus, there are 256 cylinders on an RL01K 
cartridge and 512 clinders on an RL02K. 

2.2.1 Data Format 
Each track on the recording surface is divided into 40 
equal-length sectors which are further subdivided into fields. 
The six fields in each sector contain a total of 140 words of 16 
bits each. One hundred twenty eight of the 140 words contain 
data. 

Heade r Preamble (PR1) These th r ee word s precede the 
information and contain 47 "0" bits followed by a marker "1" 
Bit) to indicate the start of valid information. 

header 
(Sync 

Header - This field contains three words of 16 bits each. The 
first word identifies the disk surface (upper or lower), the 
cylinder address (1 of 256, RL01; 1 of 512, RL02), and the sector 
address (l of 40). 

The second header word is all 0s. The thi rd word is the header 
eRC word. This check word is prerecorded on the track, as are the 
other two header words. During a read operation, the header is 
checked for errors. If one 'is detected, an error flag is raised. 

Header Postamble (PO~) - This field contains Hi "0" bits. It 
separates the header and data fields to allow for mechanical 
tolerances between drives. 

Data Preamble (PR2) - This field contains 47 "0" bits followed by 
a marker "1" (Sync 8i t) to indicate the start of the data field 
and is written in conjunction with the data. 
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Figure 2-1 Typical RLS1/RLS2 Mass Storage Subsystem 
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Data - This field accommodates c?l block of 128 l6-bit data words 
(2048 bits) followed by a 16-bit data eRe word. When writing 
data, a data eRe word is generated by the controller and appended 
to the l28-word data block. The contents of the eRe word vary 
wi th the con ten ts of the data block. When read i ng the data from 
the drive, the data block and eRe word are checked in the 
controller. Detection of a data reading error results in a data 
eRe flag. 

Data Postamble (P02) - This field consists of 16 "0" bits. Write 
current is turned off at the end of this field so that data eRe 
information will not be destroyed. 

2.2.2 Servo Data 

2.2.2.1 Introduction - One of the features of the servo-in-data 
design approach for track counting and carriage positioning is the 
fact that it shares read/write heads and circuitry. This is 
different from IBM 3330 technology which, in general, requires a 
dedicated servo head and servo track. While 3330-type servo 
information is monitored continuously as the disk is spinning, the 
RL01 or RL02 only takes servo samples (much like snapshots) during 
each sector pulse. 

The servo data bursts are prerecorded on the disk surface during a 
certain time period within the sector pulse. The sector pulse is 
generated by a separate magnetic transducer mounted on the spindle 
which senses each of the 40 sector slots in the cartridge armature 
plate. 

Since the cartridge disk spins at 2400 rpm and there are 43 sector 
slots, the drive takes servo samples for positioning and track 
counting every 625 microseconds. 

2.2.2.2 Modes of Operation - While the heads are flying, the 
drive operates in either of two modes: 

• Velocity (seek and track counting) mode, or 

• Position (track following) mode 

In velocity mode, the drive logic counts track crossings by using 
servo information recorded on the disk surface dnd converting this 
information into binary format. This information is used in 
conj unct ion wi th ca r r,i age ve loc i ty (sensed by the tachomete r) to 
decrement a track difference counter and ultimately to control the 
velocity of the positioner. This process is described in Paragraph 
2.2.2.4. 

The drive does not enter position mode until the track difference 
counter has been decremented (while the drive is in velocity mode) 
to zero. In positioning mode, the drive locks on to the required 
track. Position mode operation is described in Paragraph 2.2.2.5. 
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2.2.2.3 Generation of Servo Signals - There are two bursts of 
servo data that are prerecorded on the disk surface during a 
sector pulse. They are identified as servo samples 51 and 52 and 
are approximately 15 microseconds in length. Each servo sample is 
made up of two square wave components, 5 and 5 (i.e., 51 and 
sri 52 and 52). These components are offset radially by .004 
inches or half a data track. They are also 180 degrees out of 
phase (see Figure 2-3). 

If the read/write head is centered directly over the centerline of 
the 5 and S components a pure sine wave (50% duty cycle) is output 
from the head. See Figure 2-4A. If the head is moved slightly off 
cen ter , a wave sha pe wi th g rea ter than a 50% duty cycl e res ul ts 
(Le., more 5 than g is sensed or vice-versa). This is shown in 
Figure 2-4B. 

Because the 52 samples are 180 degrees out of phase from the 51 
samples, a perfect sine wave (from 51) will alternate with an 
imperfect wave (from 52) as the head detects alternating 51 and 52 
samples. See Figure 2-4A. 

2.2.2.4 Velocity Mode Operation - As stated before, the servo 
info rmat ion is conve r ted to bi nary fo rmat as part of the cant ro 1 
process for the positioner velocity. The first paLt. of this pro­
cess is the integration of the composite 5 and S signal. The 
integration is shown graphically in F~qure 2-5. When the head is 
on a data track centerline, the 51 - 51 signal will be a perfect 
sine wave. The integral of this, a signal called El, is the 
sawtoothed wave shown below it. With the head still on the data 
track centerline, the S2 - 52 siC)nal is not a perfect sine wave, 
and its integral therefore, will not be a perfect sawtooth wave. 
Rather, it will be the jagged line shown in Figure 2-5. This 
signal is called E2. 

The conversion of El and E2 to binary format is simple. If El or 
E2 is a perfect sawtooth, it is converted to a digital 0; if it is 
not a perfect sawtooth, it becomes a digital 1. The logic first 
samples El and a flip-flop sets or resets depending on whether El 
is 0 or 1. The same thing happens to E2. These two values become 
the signals El Held and E2 Held as a new El and a new E2 are 
determined. 

These four signals (El, El Held, E2 and E2 Held) are part of an 
address to the Count ROM. Another bi t of the ROM address comes 
from a signal indic,ating the direction of head motion (sign 
forward) and the remaining three bits come from the velocity 
signal from the transducer (after conversion 'to dig ital form). 
The output of this ROM goes to the Count ROM Decoder, which is 
used to decrement the track difference counter. 
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2.2.2.5 Position Mode - The drive enters this mode of operation 
when the count in the track difference counter is zero, indicating 
that the head is over the centerline of the desired data track. 
At this point, the Sl - sr composite signal will be a perfect sine 
wave, and its i nteg r a 1, E 1, wi 11 be the sawtooth wave shown in 
Figure 2-5. The average of the El signal will be zero, and the 
logic will send a zero signal (positioner signal) to the 
positioner, indicating that the positioner should not move. If 
the head drifts off the centerline, the signal El will no longer 
be a sawtooth wave and will no longer average out to zero. Thus, 
positioner signal will be an analog value that represents the 
error (the amount the head is away from the data track centerline) 
in the positioner, and this signal will move the positioner so the 
head returns to the centerline. 

When positioner signal is nominally zero for f).5 milliseconds 
(120%), indicating the head has locked on the centerline, the 
signal READY TO R/W will be asserted, so that the drive can read 
or write. 

2.2.2.6 Guard Band - The Servo bursts are not only used for 
locating data tracks. A special format at the far outer and far 
inner formatter tracks is used to identify "inner" and "outer" 
guardbands. An absence of S2 bursts and the recording of 
contiguous tracks of Sl bursts identifies the "outer guard band" 
or the portion of the recording surface closest to the edge of the 
disk. A.n absence of S 1 bur sts and the reco rd i ng of cont ig uo us 
tracks of S2 bursts identifies the "inner guard band" or the 
portion of the recording surface closest to the spindle. See 
Figure 2-6. 

2.2.3 MFM Encoding and Precompensation 
The disk drive utilizes a Modified Frequency Modulation (MFM) 
encoding technique to magnetically record digital data on the disk 
surfaces (Figure 2-7). With this technique, each logical one 
produces a flux reversal in the center of its bit cell. Two 
sllccessive logical zeros produce a flux reversal in a bit cell 
containing a logical zero following a logical one. This method of 
recording has the advantage of putting at least one flux reversal 
on the disk for every two bit cells, thereby making it feasible to 
use phas e-Ioc ked loop techn iq ues to form a sel f-c lock ing data 
recovery system. Phase-locked loop circuitry maintains a constant 
bit density despite m~nor variations in disk speed. 

magnetic recording is a 
flux reversals written on 

Because of this, the flux 
they were written. This can 
problems. 

One of the problems associated with 
phenomenon called peak sh i ft, wherei n 
the disk tend to repel one another. 
reversals appear displaced from where 
cause pattern-sensitive data recovery 
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To offset the deleterious effect of peak shi ft, precompensation 
logic is included in the controller. This logic displaces certain 
encoded data pulses by 15 ns in one direction or the other before 
they are written on the disk so that the peak shift phenomenon 
displaces the fl ux reversa 1 s wri t ten on the disk to the des ired 
positions. 

To determine if an encoded data pulse is to be displaced from its 
nominal position, the following rule may be used: A pulse will be 
preshifted only if: 

1. It is bounded on one side by a pulse that is not more 
than 1 bit cell away; and 

2. It is bounded on the other side by a pulse that is 
greater than 1 bit cell away (for example, 1.5 or 2 bit 
cells away). 

The direction of the preshift depends on the combination of ones 
and zeros that precede and/or follow the bit to be preshifted. 

The controller precompensation algorithm is only concerned with 
the four conditions illustrated in Figure 2-8. Any other 
combination of serial data bits does not require preshifting. The 
algorithm consists of continuously examining a 4-bit pattern (the 
bit to be written in the current interval; the bit to be written 
next; and the two immediately preceding bits) and, based on that 
pattern, either leaving the pulse to be written in its nominal 
position or advancing or delaying the pulse by 15 nanoseconds. 

Thus, for the bi t pattern 1000 shown in Figure 2-8, the thi rd bi t 
must be preshifted 15 nanoseconds to the right (delayed) to 
compensate for a peak shi ft to the left. For the bi t pattern 
0001, the th i rd bi t must be presh i fte d 15 nanoseconds to the 1 ef t 
(advanced) to compensate for a peak shift to the right, and so 
forth. 

2.2.4 Bad Sector File 
The Bad Sector File is a list of all bad sectors found on an RL0lK 
or RL02K Disk Cartridge. The file also stores the cartridge 
serial number. This information is used by the operating system 
to avoid allocating user data to a bad sector. 

The criteria for determining that a sector is bad are as follows: 

• Inability to read a sector header 

• 16 consecutive read/write errors within one sector. 

This file is recorded on surface "I" of the last (innermost) 
cylinder. This track contains 40 sectors of 128 words each. The 
contents of the file are shown in Figure 2-9. 
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CHAPTER 3 
INTERFACE-LEVEL DESCRIPTION 

3.1 Controller/Drive Interface Line Descriptions 
The Control Unit/Drive Interface Bus comprises twelve differential 
signal lines and one single ended power fail line. Figure 3-1 
shows the Control Unit/Drive Interface Lines. A maximum of four 
RL0l and/or RL02 Disk Drives may be daisy-chained to the 
controller via this bus. 

Dr i ves are sel ected by means of two bina r y encoded sel ect 1 i nes. 
The selected drive indicates that it is ready to receive commands 
by asserting the Drive Ready line. 

When the drive is ready, Seek, Head Select and Read Status 
commands can be transmitted serially. Drive status is transmitted 
to the controller as a serial word when requested by the Get 
Status Command. 

Read or write data is encoded in serial MFM format. 

During the absence of any command and whenever the disk dr ive is 
selected and ready, it is transmitting serial read data to the 
controller. 

Table 3-1 describes the Drive Bus Interface Lines in detail. 
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Signal Name 

Drive Select A, 
Drive Select I 

Table 3-1 

(DR SEL 0, DR SEL 1) 

Write Gate 
(WR GATE) 

Write Data 
(RW DATA) 

System Clock 
(SYS CLK) 

Drive Command 
(DR CMD) 

Drive Bus Interface Lines 

Function 

These two lines select one of four disk 
drives. The drive must be selected 500 
ns +10% before a Write Gate or Serial 
Drive command word is sent to the drive. 
One drive is always selected even though 
the controller is idle. Only the 
selected drive asserts the 
drive-to-controller interface lines, and 
these lines are valid 500 nanoseconds 
after the dr ive has been selected. A 
drive will inhibit transmission of a 
partial sector pulse if it is selected 
while its sector pulse is asserted. 

This line enables the write circuits in 
the selected drive. It must be asserted 
at the start of Preamble PR2, and must 
precede the first bit of write data by 0 
to 250 nanoseconds. Write Gate must not 
be asserted during a sector pulse; other­
wise, a Write Gate Error will be asserted 
by the drive (bit 10 of status word) and 
operation terminated. Write Gate is 
removed at the end of Postamble P02 (0 to 
250 nanoseconds). 

Th is line conta ins the ser i al data, en­
coded in Modified Frequency Modulation 
(MFM) pulse form, that is to be written 
on the disk. 

This clock shifts the Drive Command word 
to the dr ive and also operates the disk 
motor servo. Clock frequency is 4.1 
Megabits/second ~0.l%. 

This line is used to transfer control and 
cylinder address difference information 
serially to the drive. It is enabled 
during Seek, Get Status or commands. 
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Power Fai I 
(PWR FAIL) 

Dr ive Ready 

Status Clock 
(STATUS CLK) 

Sec to r PuIs e 

This signal is received by all drives at 
all times, regardless of which drive is 
selected. When the subsystem is first 
powered up, Power Fail is negated high. 
If AC power in the controller is 
subsequen t I Y los t or out of tol e r ance , 
Power Fail is asserted low, in which case 
the d rives unload head sand cyc 1 e down. 
Return of power causes the drives to 
cycle up and load heads over track 0. 

When asserted high, this signal indicates 
that the selected head is centered on the 
track, and the drive is ready to receive 
a command. The sig na I goes low: (1 ) 
after the last bit of a cylinder address 
difference word has been shifted to the 
selected drive; (2) when a new head 
select is transfered to the drive, even 
though the address difference is zero; 
and (3) when there is an address 
difference of zero and no head select 
change is shifted to the drive. 

Drive ready will go low when a drive 
er ror occ ur s. The re a re two except ions 
to this. The first is when an attempt 
has been made to write on a write 
protected drive. In that case, only 
drive error will be asserted high. The 
second exception is that whenever the 
heads are loaded, for whatever reason, 
the volume check bit will be set and 
drive error will be asserted high. 

This clock is the System Clock delayed 
through dri ve log ic and returned to the 
controller when a status word is 
requested. The clock is turned on in 
s yn c wit h the fir s t bit 0 f the s tat u s 
word and remains in sync until: (1) a 
new Drive Command marker is received at 
the input to the drive command shift 
register, or (2) the drive is 
de-selected. 

This 625 microsecond pulse is asserted 
high (SEC PLS) and occurs every 625 
microsecond .:!:..l%, 40 times per di.sk 
revolution. lA/hen a drive is initially 
selected, it must wait until the next 
full sector pulse is detected before 
sending the sector pulse to the 
controller. 
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Read Da ta 
(RD DATA) 

Drive Error 
(DR ERR) 

The sector pulse received by the 
controller is generated by a magnetic 
reluctance sensor. The leading edge of 
the sector pulse has a tolerance 0 f +13 
microsecond relative to the recorded 
data. This tolerance is required for 
head gap and positioner alignment 
relative to the sector pulse. 

This line transfers MFM encoded data from 
the drive read circuits to the con­
troller. During the absence of any 
command and whenever a dr ive is selected 
and Drive Ready is asserted, Read Data 
appears on this line. 

The drive senses the amplitude of the 
header preamble and sends Read Data over 
the Read Data line 2.5 +0.5 microsecond 
downstream from where the preamble 
actually starts. 

For reading headers, the VFO loop is 
phaselocked with the arrival of Read Data 
after the end of the sector pulse. 

For the data preamble, th e VFO lock s 32 
read pulses after the header CRC to avoid 
transmitting erroneous sync pulses to the 
clock at the transition between the 
pre-recorded header and the data 
preamble. Detection of the preamble 
marker commences after the VFO has had 
time to phase lock. 

This signal is asserted high on certain 
drive errors. Any attempt to write on a 
write protected drive also causes this 
signal to be asserted high. Asserting 
Drive Error causes bits 14 and 15 of the 
CS reg ister to be set. The particular 
error involved can then be determined by 
initiating a Get Status command and 
reading bits 10, 11, 12, 14, and 15 of 
the status word. 
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3.2 DRIVE COMMAND WORD 

The Drive Error latch can be reset by: 

1. Manual disk power down/power up 

2. Setting bit 3 of the serial Drive 
Command (bi t 3 of the Disk Add ress 
register during a Get Status command) 

3. Removing the Write lock condition via 
the drive front panel. 

Figure 3-2 shows the Drive Command Word configuration. 

The drive command word is sent to the drive serially over the 
drive command line. After the drive has received a command word 
(16 bits) without the Get Status bit set, the cylinder difference 
address is loaded into a cylinder difference counter and the head 
select bit is latched in a separate register. The drive 
immediately drops Drive Ready for a minimum of 6.5 milliseconds. 
This delay allows the selected head to reposition in case the 
cylinder difference address was zero and only a new head select 
bit was sent. Any cylinder difference count other than zero 
causes the head to move to a different track location indicated by 
the count and the sign bit (bit 2). As soon as the selected head 
reaches the new cylinder location, the 6.5 milliseconds timeout is 
again initiated. The selected head must stay positioned within a 
tolerance band during the timeout. Only then, and at the end of 
the 6.5 milliseconds period, will Drive Ready again be asserted 
high. A Seek Timeout error (bit 12 of status word) will occur if 
the selected head fails to lock back on a track within 1.5 
seconds. This is the method by which the drive is commanded to do 
a seek. 

Marker (Sync) - When received at the drive, the Marker bit enables 
the drive command shift register to receive the drive command. 
When the Marker bi t has shi fted to the end of the drive command 
shift register, it indicates that the drive has received the full 
command word. 

Get Status - When the drive receives the Get Status bit, it knows 
that the controller is requesting the drive to send its status. 
It will then shift the drive status word to the controller. Bits 
15:04 of the command are ignored during this operation. 

Sign - The Sign bit indicates the direction in which the heads 
will move. A one in the sign position moves the heads toward the 
spindle (Le., to a higher cylinder address); a zero moves the 
heads away from the spindle. 
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Reset - When asserted, the Reset bit clears all error sense bits 
in the drive. If the error condition that set the error sense 
bi ts has been removed, the er ror sense bi ts will rema in clea red. 
However, if the error condition persists, the error sense bits 
will remain set after the appropriate timeout. 

Head Select - When this bit is cleared, the head on the upper 
sur f ace 0 f the dis k iss e I e c ted ( he a d (3). Wh e nth i s bit iss e t , 
the head on the lower surface of the disk is selected (head 1). 

Cylinder Address Difference - The cylinder address difference is 
the magnitude of the programmed seek (i.e., the number of tracks 
the heads are to move). Transmission of zero difference and no 
change in head selection should be avoided, since a 6.5 msec 
timeout will occur before the dr ive again becomes ready. The 
relationship between the System Clock and the Drive Command bits 
is shown in Figure 3-3. If the Reset bit '(bit 3) is asserted 
together with the Get Status bit, (bit 1) the drive will first 
reset all dr ive error latches and then send status back to the 
controller. 

3.3 GET STATUS COMMAND AND RESPONSE 
In response to a Get Status command, the dr ive enables Status 
Clock and sends the status word (Figure 3-4) to the controller via 
the Status line. This function can be performed even though Drive 
Ready is not present (i.e., during. power up or a seek). Contents 
of the status word are as listed in Table 3-2 and placed into the 
Multi-Purpose Register (MPR) of the controller. 

1/3-7 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

I 0 1'281641 321,6 1 8 1 4 I 2 1 1 I 0 

~"------~ 

CYLINDER ADDRESS J 
DIFFERENCE (2. = 256) 

HEAD SELECT 
(0 = UPPER. 1 = LOWER) 

RESET __________________________ ~ 

SIGN -----------:------------__ -1 

( (1 = MOVE HEADS TOWARD SPINDLE ) 
0= MOVE HEADS AWAY FROM SPINDLE) 

GET STATUS ________________________ --1 

MARKER (SYNC) ______ - ________________ ~ 

CZ-l038 

Figure 3-2 Drive Command Word Configuration 
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Table 3-2 Drive Status Word 

Bit(s) Function 

Bits 0-2 

Bit 3 

Bit 4 

Bit 5 

Bit 6 

Bit 7 

Bit 8 

Bit 9 

These bits define the state of the drive: 

STC STB STA 

0 0 0 Load Cartr idge State 

121 121 1 Spin Up 

13 1 0 Brush Cycle 

0 1 1 Load Heads 

1 121 0 Seek-Track Counting 

1 121 1 Seek-Linear Mode (Lock On) 

1 1 0 Unload Heads 

1 1 1 Spin Down 

Brush Home (BH) • Asserted high when the brushes are 
not over the disk. 

Heads Out (HO). Asserted high when the heads are over 
the disk, and low when positioner is retracted to home 
position. 

Cover Open (CO). Asserted high when the cover is open 
or the dust cover is not in place. 

Head Selected (HS). 
head. This bit is 
(head 121). 

Identifies the currently selected 
zero to i nd icate the upper head 

Reserved. Must be a zero. 

Drive Select Error (DSE). Asserted high by drive that 
first senses a multiple select. 

Volume Check (VC). When high it indicates the heads 
have been unloaded since the last drive dialogue. 
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Bit l~ 

Bit 11 

Bit 12 

Bit 13 

Bit 14 

Bit 15 

Write Gate, Error (WGE). Indicates that the drive 
sensed a write Gate when the Sector Pulse was asserted. 
Asserted high if the Write Gate remains asserted at the 
arrival of the next sector pulse, or after 625 micro­
seconds have elapsed since the prev i ous sec to r pulse. 
If Write Gate is asserted during the Sector Pulse, the 
drive will negate the Write Gate, and set an error 
flag. 

Spin Error (SPE). Indicates the spindle did not reach 
speed in 40 seconds or is overspeeding by :!:.lS micro­
seconds per 625 microseconds sector. 

Seek Time Out (SKTO). Indicates the heads did not come 
on track in the required time durjng a Seek Command (15 
seconds) or have gone off track (no seek) for 1.S 
seconds. 

Drive Write Locked. This is interpreted in two ways: 

1. Status bit. Indicates to the system user that the 
selected drive is in Write Lock Status (WLS). 

2. An attempt to write on a write protected drive 
(protected via front panel switch) causes the 
Drive Error line to get asserted high. Since 
Drive Ready will not drop for this particular 
error, the controller may report a Write Lock 
Error at that instant. From a subsequent Get 
Status command, the diagnostic may verify that, in 
fact, the drive was Write Locked. ' 

Head Current Error (HCE). 
detected in the heads even 
asserted. 

Indicates writ,e current 
though Write Gate was 

was 
not 

Write Data Error (WOE). Indicates Write Gate was 
asserted but no transi tions were detected on the Wri te 
Data line. 



4.1 DEVICE OPERATIONS 

CHAPTER 4 
FUNCTIONAL DESCRIPTION 

The RL01/RL02 Disk Drive can be functionally divided into two 
different areas: internal functions (or internal machine cycles) 
and external functions (or responses to controller commands). The 
internal machine cycles are listed below. 

• Load Cartridge 

• Spin Up 
• Brush 

• Load Heads 

• Seek 

• Lock On 
• Unload Heads 

• Spin Down 

The four external functions or controller commands that the drive 
functionall y reacts to are Get Status, Seek, Read Data and Wr i te 
Data. The other controller commands are invisible to the Disk 
Drive and are functionally handled in the controller. 

4.2 INTERNAL MACHINE CYCLES 
The RL01/RL02 Disk Drive, once power is applied, will be in one 
and only one of the eight machines states listed above at any 
time. This is accompl ished by the State Control Log ic, and 
primarily by the state ROM. This device monitors internal 
conditions and external inputs to control the state of the drive. 
The state ROM controls the sequencing through the states as well 
as protecting the drive during error conditions. The responses to 
error conditions and drive failures are explained in the 
description of each cycle. 

Functional block diagrams and timing diagrams are presented to 
show what happens in each cycle and during the transition into and 
out of each cycle. Each function block is treated as a "black 
box". Control signals and data paths are emphasized to show their 
relationship to the device operations. Details of the "black 
boxes" are found in Chapter 5. The functional block diagrams and 
timing diagrams use signal mnemonics and Field Maintenance Print 
Set references. 

Figure 4-1 is a block diagram of the RL0l/RL02 Disk Drive. The 
detailed logic has been broken down into functional blocks and is 
keyed to the structure of the RL0l and RL02 Print Sets. The Drive 
Logic Module, which represents most of the drive electronics, 
comprises the areas in the block diagram that are listed below. 

• State Control Logic (DL1) 
• Velocity Command Status Data Control Logic (DL2) 
• Count Logic (DL3) 
• Disk Speed Control Logic (DL4) 
• Error Logic (DLS) 
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• Interface Logic (DL6 and DL8) 
• Integrator Logic (DL7) 

The remaining drive electronics are contained on the separate 
modules listed below. 

• DC Servo and Power Supply Module 
• AC Servo Module 
• Read/Write Board 
• Front Panel Board 
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The electromechanical assemblies and subassemblies listed below 
are represented by the detailed block diagram. 

• Positioner Assembly 

• Tachometer Signal 

• Read/Write Heads 

• Positioner Drive Motor 

• Spindle Assembly 

• Spindle Drive Motor 

• Drive Motor Capacitor 

• Sector Transducer 

• Brush Motor 

• Cartridge Access Cover Locking Solenoid 

All drive control signals, data paths and connector pin numbers 
are defined by the detailed block diagram. 

4.2.1 Power Up 
Power Up is not considered here as a machine state, but is treated 
as a special situation, as well as a convenient entry into the 
machine cycle descriptions. When power is applied to the drive 
the signal Power On Reset is generated. This signal resets 
internal functions and therefore goes to much of the circuitry. 
At this time the machine is forced to a special case of the "Spin 
Do wn II s tat e. ( See Fig u r e 4 -1 6 0 f S pin Do wn • ) Wh i 1 e in t his s tat e 
the spindle is energized but in brake mode (turning slowly) and 
waiting for the disk stopped timer to time out. Notice the LOAD 
light is not yet energized (by LOAD CART EN (H». When the timer 
times out (after approximately 15 seconds) ~ transition into the 
Load Cartridge cycle should happen. A detailed explaination of 
Load Cartridge is found in Paragraph 4.2.2. 

4.2.2 Load Cartridge Cycle - Figure 4-2 is a functional diagram 
showing control signals and data paths which are enabled during 
the Load Cartridge cycle of Device Startup. Figure 4-3 is a 
timing diagram which ,shows the sequence of events which start and 
end this cycle. 
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Figure 4-3 Device Startup - Load Cartridge Timing 



These are the preconditions for the Load Cartridge cycle. 

• The Cartridge Access Cover Solenoid has sensed that the 
cover is open and the RUN switch has not been depressed 

• The brushes are in the horne position 

• The Read/Write heads are home 

• No sectors are being detected (i.e., the spindle is 
stopped) • 

If these conditions have been met, the LOAD indicator on the 
Control Panel will be illuminated. 

When the cartr idge is loaded and the cover is closed, the nex t 
cycle for Device Start up is "spin-up". This' cycle is started by 
depressing the RUN pushbutton. 

It is possible that the controller may be requesting status during 
this cycle. In this case, the drive state bits (A, B, and C) 
would signify 08 or "load cartridge". 

4.2.3 Spinup Cycle - Figure 4-4 is a functional diagram showing 
control signals and data paths which are enabled during the Spinup 
cycle of Device Startup. Figure. 4-5 is a timing diagram which 
shows the sequence of events which start and end this cycle. 

These are the preconditions for the spin-up cycle. 

• The cartridge must be loaded with dust cover in place and 
the cover closed 

• The brushes must be in the horne position 

• The heads must be in the horne position 

• The disk must be stopped 

• The drive must be selected 

I f these cond it ions have been met, the spi nup cyc 1 e wi 11 beg in 
when the RUN switch is depressed. At this time, Start Drive Motor 
(L) will be asserted. Power will be applied to the Spindle Drive 
Motor and it will beqin to rotate the spindle. As the disk turns, 
the sector slots located on the cartridge armature plate will be 
sensed by the sector transducer. As each sector slot is sensed, 
the Sector Detected (L) signal will be asserted. As soon as the 
time between sector pulses is between 594 and 624 microseconds, 
the disk speed control logic (DL4) will send Disk On Speed (L) to 
the State Control Logic (DLl). This signal begins Brush Cycle. 
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4.2.4 Brush Cycle - Figure 4-6 is a functional diagram showing 
control signals and data paths which are enabled dur;ing the Brush 
Cycle of Device Startup. Figure 4-7 -is a timing diagram which 
shows the sequence of events which start and end this cycle. 

The brush cycle is entered when the disk speed control (DL4) 
detects the spindle is up to speed. When the drive is in the 
Brush cycle, the following conditions exist. 

• This disk is spinning up to speed (Control Circuit 
active) 

• The brush drive is energized (brushes sweeping out over 
the disk). 

The cycle is provided to allow the brushes to clean any debris 
that may be out on the disk surface prior to· loading heads. The 
next cycle after Brush Cycle is Load Heads and the transition 
occurs when the brushes return to the home position. The signal 
Brush Home SW (L) resets the Brush latch forc ing the sta te ROM 
change. 

4.2.5 Load Beads Cycle - Figure 4-8 is a functional diagram 
showing control signals and data paths which are active during the 
Load Heads Cycle of device startup. Figure 4-9 is a timing 
diagram showing the sequence of events which start and end this 
cycle. 

These are the preconditions for the Load Heads cycle. 

• The cover must be closed 
• The heads must be home 
• The brushes must be home and have completed a brush cycle 
• No drive errors are sensed 
• The disk must be on speed 

As soon as the brush cycle is completed, the drive begins the Load 
Heads Cycle. The State Control Logic (DLI) sends a binary 
velocity command (l~) to the DC Servo Logic which, In turn, 
initiates a six ips velocity command to the positioner drive 
motor. 
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SIGNAL @) ® ® 
BRUSH CYCLE LOAD HEADS SEEK 

BRUSH CYC. (Ll Dl1 

LOAD HEADS CYC. (Ll Dl1 

SEEK CYC. (L) Dll 

BRUSH HOME SW (L) J5- 17 

HOME SWILl J4-9 

RUN (L) J 11-7 

COVER OPEN (L) J5-2 

ERR STATE CMD (Ll DL5 THIS STATE ROM INPUT CAN FORCE STATE CHANGES: ALSO DRIVES FAULT LIGHT. 
I I 

H 

"- DISK ON SPEED (Ll DL4 
.t:. 

I 

I ...... 
DL5 .t:. DISK STOPPED (U 

TRK CNT 0 (H) DL2 

BRUSH CYC. LATCH (H) DL1 

SECT. DEl. (L) DL6 

BRUSH CYCLE (Ll J5-3 
(BRUSH MOTOR DRIVE) 

DIRECTION FWD III J4-17 

VEL 1 CMD (H) DL1 

VEL2 CMD (H) DL1 

TIMEOUT CMD (L) DL5 

CZ-l028 

Figure 4-9 Device Start-up - Load Beads Cycle Timing 



The State Control Logic also produces the control signals 1 isted 
below. 

• Di rection Forward (L) which instructs the posi tioner to 
move the heads toward the spindle 

• Ve10c i ty Mode (L) which instructs the DC Servo Log ic to 
accept a velocity command 

• Reset Track Count (L) which clears the track counter 

• Load Heads (L) is sent to the Error Logic 
produce Volume Check (H) which signifies 
cartridge may have been changed 

(DL5 ) 
that 

to 
the 

The read/write heads are driven off the head loading ramp at six 
ips and out over the head loading portion o'f the disk surface. 
The drive enters the seek cycle as soon as the heads leave their 
home posi tion. 

4.2.6 Guard Band Seek Cycle - Figure 4-10 is a functional 
diagram showing control signals and data paths which are active 
during the Guard Bank Seek cycle of device startup. Figure 4-11 
is a timing diagram showing the sequence of events which start and 
end this cycle. 

These are the preconditions for the Guard Band Seek cycle. 

• The cover must be closed 
• The brushes must be home 
• The heads must be loaded and moving 
• No drive errors are being sensed 
• The disk must be up to speed 

As soon as the heads leave their home position, the drive enters 
seek mode. However, it must determine if it is performing a 
normal or a guard band seek. 

As the read/write heads move across the head loading zone of the 
disk and into the outer guard band, the preformatted servo data is 
sensed. This produces the signal Amplitude Sensor (H) which 
s impl y ac know1 edges tha t some form of data is be ing read. Se rvo 
Data 1, Servo Data 2 and Amplitude Sensor (H) are sent to the 
Integrator Logic (DL7) where they are processed and decoded into 
servo sample signals .El and E2. 

The Integrator Logic determines that only one of the two guard 
band zones is being crossed due to the special prerecorded servo 
burst format (refer to Paragraph 2.2.3) and produces Guard Band 
(H) • 
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SIGNAL ® § @ 
LOAD HEADS SEEK LOCK ON 

LOAD HEADS CYC. (L) DL1 

SEEK CYC. (L) DL1 

LOCK ON CYC. (L) DL1 

BRUSH HOME SW (L) J5-17 

HOME SW(LI J4-9 

RUN (LI J 11-7 

COVER OPEN (LI J5-2 

ERR STATE CMD (LI DL5 THIS STATE ROM INPUT CAN FORCE STATE CHANGES; DRIVES FAULT LIGHT . . 
H 

" DISK ON SPEED (LI DL4 ,t:. , 
I-' 
-...J GUARD BAND (HI DL7 

TRK CNTO (HI DL2 

SECT. DET. (L) DL6 

RESET TRK CNT (L) DL2 
(FROM GUARD BANDI 

VEL 1 CMD (H) DL2 

VEL2 CMD (HI DL2 

VEL MODE (L) J4-1 

(VELOCITY) 

POS MODE (LI J4-5 

(POSITION) 
TIMEOUT CMD (LI OL5 

CZ-1030 

Figure 4-11 Device Start-up - Seek Timing 



Again, due to the special servo format, the signal El Held is 
produced. This signal, in conjunction with Guard Band (H), allows 
the State Control Logic to determine that the positioner is 
crossing the outer Guard Band. 

At thi s time, the Veloc i ty Command changes to a binary 01. The 
Velocity Control Logic (DL2) reduces the previous Load Heads 
velocity command of six ips to three ips. 

4.2.1 Lock on (Device Ready) - Figure 4-12 
diagram showing the control signals and data 
active during the Lock On Track" cycle of Device 
4-13 is a timing diagram showing the sequence 
start and end this cycle. 

is a functional 
paths which are 
Startup. Figure 
of events which 

These are the preconditions for the Lock On Track 0 cycle. 

• The cover must be closed 

• The brushes must be home 

• The heads must be loaded and traveling across the outer 
guard band 

• No drive errors are being sensed 

• The disk must be on speed 

While the positioner is traveling across the outer Guardband zone, 
the read/wr i te heads are onl y detect ing S 1 se rvo bursts, due to 
the guard band servo format. As soon as S-2 bursts are detected, 
the intergrator logic (DL7) determines that: the positioner is no 
longer within the guardband and causes the signal Guardband (H) to 
go low. This, in turn, causes Track Count = 0 (H) to be enabled 
which allows the State Control Logic (DLl) to change from Velocity 
Mode to Position Mode. 

The signal 
accepting 
Log ic and 
signal. 

Position Mode (L) instructs the DC Servo Logic to begin 
incremental positioning signals from the Integrator 
to lock on to the negative slope of the positioner 

At the same time, a ready to read/write timeout is set which 
allows 6.5 milliseconds for the positioner to settle into place on 
data track 0. After ~he 6.5 millisecond timeout, the signal Ready 
to Read/Write (L) is enabled. This signal illuminates the Ready 
Lamp on the Control Panel and sends Drive Ready and Read Data to 
the controller. 

The drive is now ready to receive controller write and seek 
commands. 
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SIGNAL @) @ @) 
SEEK LOCK ON UNLOAD HEADS 

SEEK CYC. (Ll DL1 

LOCK ON CYC. (Ll DL1 

UNLOAD HEADS CYC. (Ll DL 1 

BRUSH HOME SW (Ll J5-17 

HOME SWILl J4-9 

RUN(L) J 11-7 

COVER OPEN (Ll J5-2 ~-------------------~; 1------------.-----------\--------------
ERR STATE CMD (Ll DL5 THIS STATE ROM INPUT CAN FORCE STATE CHANGES; DRIVES FAULT LIGHT. 

H 

......... 
.s::. 

DISK ON SPEED (L) DL4 I 

I I 
I 

N 
!S:I 

GUARD BAND (HI DL7 
(DOESN'T CARE) 

TRK CNT a (HI DL2 

RESET TRK CNT (Ll DL2 

DIRECTION FWD (Ll J4-17 

VEL 1 CMD (H) DL2 

VEL 2 CMD (H) DL2 

VEL MODE (Ll J4- 1 
(VELOCITY) 

POS MODE (Ll J4-5 
(POSITION) 

TIMEOUT CMD (L) DL5 

CZ-l0J2 

Figure 4-13 Device Startup - Lock on Track e Timing 



4.2.8 Unload Beads 
Figure 4-14 is a functional diagram showing control signals and 
data paths which are active during the Unload Heads· cycle and the 
emergency retract function. 

Figure 4-15 is a timing diagram which shows the sequence of events 
which occur during these device operations. 

These are the preconditions for the Unload Heads cycle. 

• The cover must be closed 

• The brushes must be home 

• The disk must be on speed 

• The positioner is to travel toward the home position. 

The Unload Heads cycle is initiated by depressing the RUN switch 
on a drive that was ready (up to speed, on track, no errors etc.). 
Depressing the RUN switch immediately forces a state ROM change. 
The State Control Logic sends a binary veloci ty command of 11 to 
the DC Servo Logic which initiates a 15 ips velocity command to 
drive the positiol1er towards the home position and tell it is 
completely off the disk surface. When the positioner reaches the 
home position, transition into Spin Down cycle occurs. 

The error conditions below will cause the positioner to unload the 
read/write heads under control of the State Control Logic (DLl) as 
described above. 

• 

• 

The drive senses Write Gate and 
simultaneously (Status Word, Bit 10) 

Secto r Pulse 

The drive senses Write Current without Write Gate 
asserted (Sta tus Wo rd, Bi t l4), 0 r posi tion threshold 
during write gate 

• No transitions are detected on the Write Data Line but 
Write Gate is asserted (Status Word, Bit 15). 

In the event of an ac power failure, the positioner will 
immediately unload the read/write heads by discharging a capacitor 
into the DC Servo Motor control circuitry. 

4.2.9 Spin Down 
Figure 4-16 is a functional diagram showing control signals and 
data paths which are enabled during the Spin Down Cycle. Figure 
4-17 is a timing diagram which shows the sequence of events which 
start and end this cycle. 
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SIGNAL @) @ ® 
LOCK ON UNLOAD HEADS SPIN DOWN 

LOCK ON CYC. (Ll DL1 

UNLOAD HEADS CYC. (Ll DL1 

SPIN DOWN CYC. (l) DL1 

BRUSH HOME SW Il) J5-17 

HOME SWILl J4-9 

RUN Il) J 11-7 

COVER OPEN (Ll J5-2 
I I 

ERR STATE CMD (Ll Dl5 THIS STATE ROM INPUT CAN FORCE STATE CHANGES. ALSO DRIVES FAULT LIGHT. 
I I 

H 
......... DISK ON SPEED (ll DL4 01:>0-

I 
I 

IV 
w DISK ON SPEED (ll DL4 

SECT DET (Ll DL6 

RESET TRK CNT (ll Dl2 

TRK CNT 0 (H) DL2 

DIRECTION FWD (L) J4-17 

VEL 1 CMD (HI DL2 

VEL2 CMD (H) DL2 

VEL MODE tl) J4-1 
(VELOCITY) 

POS MODE (L) J4-5 
(POSITION) 

BRAKE (L) J5-5 CZ·l0J4 

Figure 4-15 Device Startup - Unload Heads Timing 
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SIGNAL ® @ (000) 

UNLOAD HEADS SPIN DOWN LOAD CARTRIDGE 

UNLOAD HEADS CYC. ILl DL 11------------/ 

SPIN DOWN CYC. ILl DL 1 

LOAD CARTRIDGE CYC.ILI DL 1 

BRUSH HOME SW ILl J5-17I-_________ .),. __ -=--______ 1/ ___ ""'-; __ 

Figure 4-17 Device Startup - Spin Down Timing 



These are the preconditions for the Spin Down cycle. 

• Brushes must be home 

• Cover must be closed 

• Run switch must not be depressed 

• Heads must be home. 

The transi tion into Spin Down cycle is made when the posi tioner 
reaches home posi t ion. The State Con t ro 1 Log i c then disables the 
veloc i ty command to the DC Servo Log ic and enables the brake 
signal to the AC Servo Logic. The speed detection circuits of the 
Disk Speed Control Logic detect the spindle has stopped and 
initiates a 15 second timeout. When the timer times out the 
transition in Load Cartridge state occurs and disables the brake 
signal. 

4.3 EXTERNAL DRIVE FUNCTIONS 
To completely understand the functionality of the drive requires a 
knowledge of the responses to the commands from the controller. 
The four responses or functions the drive perform are Get Status, 
Seek, Read Da ta and Wr i te Da ta • The th ree commands NO-OP, Read 
Data Without Header Check and Write Check do nothing more than 
read data. The functional differences are performed in the 
controller. 

Functional block diagrams and flow charts 
relationship of control signals and data 
operations. They utilize signal mnemonics 
Print Set References. 

4.3.1 Get Status 

are used to show the 
pa ths to the dev ice 

and Fi eld Ma in tenanc e 

Figure 4-18 is a functional diagram showing control signals and 
data paths which are active when the drive receives a Get Status 
Command from the Controller and returns a Drive Status Word. 

The drive receives the command word from the controller as shown 
in Figure 4-19. 

To perform a Get Status both the Marker and Get Status bits must 
be set in the Drive Command Word. The Reset bit is optional. 
When set it causes all drive error latches to be reset once, 
before loading the drive status register. The signal Reset Error 
Latches (L) from DL2 performs this function. When reset, it does 
not reset the drive error latches. When the Get Status and Marker 
bits are decoded the remaining bits 15:04 are ignored. 
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2 I 1 I 0 I 0 I HS I RST I SN I GS I M 

\ r CYLINDER ADDRESS 
DIFFERENCE (2 8 = 256) 

HEAD SELECT 
(0 = UPPER. 1 = LOWER) 

RESET 

SIGN 

( (1 = MOVE HEADS TOWARD SPINDLE ) 
0= MOVE HEADS AWAY FROM SPINDLE) . 

GET STATUS I 

MARKER (SYNC) 

U 1038 

Figure 4-19 Drive Command Word 
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The Command Word and System clock are first received by the 
Interface Logic (DL6) and then sent to the Status and Control 
Logic (DL2). The command is then decoded, and since it is a Get 
Status Command, the status clock gate is enabled. Any drive 
errors, including status bits A, S, and C from the State Control 
Logic (DLl), are returned to the Interface Logic where they are 
transmitted to the controller in sync with the Status Clock. 

Note that this function can be performed even if the drive is not 
ready. 

Refer to Paragraph 3.3 for a detailed definition of the Drive 
Status Word contents. 

4.3.2 Seek 
Figure 4-20 is a functional diagram showing control 
data paths which are active when the drive receives a 
from the controller. 

signals and 
Seek Command 

Figure 4-21 shows the Drive Command word during a seek as it is 
r ece i ved by the In ter f ace Log i c (DL6). Note tha t the absence 0 f 
the Get Status bit denotes that the command is indeed a seek. 

The serial command word is sent to Status and Control Logic (DL2). 
As soon as the Marker bit is sensed, this logic realizes that it 
has the entire 16 bit word. 

The following preconditions must be met 'before the seek is 
in it i a ted. 

• The brushes are in the Home position 

• The heads are loaded 

• The drive is in RUN mode, i.e., 

• The drive is selected 

• The interface is enabled 

• Power is OK 

• No drive errors are being detected 

• The disk is ,up to speed 
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As soon as the Marker, Sign (direction) and Track Difference bits 
have been decoded by the Track Difference Counter (DL2), an 
initial velocity command is sent to the DC Servo Logic. The State 
Control Log ic is in Seek (or Posi tion) Mode. Servo samples for 
the Read/Write Logic and velocity feedback from the Positioner 
Tachometer are used by the Coun t Log ic (DL3) to dec remen t the 
Track Difference Counter. As the distance to the target track 
decreases, the velocity command also decreases. As soon as the 
track difference counter has counted down to zero, the signal 
Track Count = 0 (H) is enabled. 

The signal Position Mode (L) instructs the DC 
accept incremental positioning signals from the 
(DL7) and to lock on the negative or positive 
upon the direction of the seek) of the positioner 

Servo Logic to 
In t eg r a to r Log i c 
slope (depending 
signal. 

is set which 
into place on 
timeo ut , the 
Th iss i g n a 1 

At the same time, a Ready to Read/Write timeout 
allows 6.S milliseconds for the positioner to settle 
the designated track. After the 6.S millisecond 
signal Ready to Read/Write (L) is enabled. 
illuminates the READY lamp on the Control Panel 
Ready and Read Data to the controller. 

and sends Dr ive 

4.3.3 Read Data 
Figure 4-22 is a functional diagram showing control signals and 
data paths which are active during Read Data. 

The preconditions for reading valid data arelisted below. 

• The drive has been selected by the controller 

• Heads are locked on a data track (either track 0 
immediately following a Guard Band Seek, or the track 
number specified) during a previous seek 

• No drive errors are being sensed 

• The spindle is on speed 

• The 6.5 millisecond Ready to Read/Write timeout cycle has 
been completed, which occurs: 

• After the last bit of a cylinder address difference 
word has been shifted to the selected drive 

• When a new read/wr i te head has been sel ected, even 
though the difference address for a seek is zero 

• When a seek difference address is zero and no change 
in head selection has occurred. 
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When these preconditions have been met, Modified Frequency 
Modulation (MFM) encoded read data (see Paragraph 2.2.3) is 
transferred from the dr ive to the controller via the Read Data 
interface line. Note that whenever a drive is selected there is 
some form of inform'ation on this line. Only when the above 
cond i t ions are met wi 11 leg it imate data be transfer red to the 
controller. 

The Sector Pulse is transmitted to the controller by the drive to 
signify the beginning of a sector. The beginning of the sector 
pulse corresponds wi th the sensing of the sector slot on the 
cartridge armature by the sector transducer. The end of sector 
pulse signifies the end of servo data. 

After detection of the servo information and the header preamble, 
read data goes to the controller. 

In order to read headers, the controller VFO loop is phase-locked 
with read data after the end of the drive sector pulse. 
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4.3.4 Write Data 
Figure 4-23 is a functional diagram showing control signals and 
data paths which are active during Write Data. 

These are the preconditions required for Write Data. 

• The drive has been selected by the controller 

• Heads are locked on to a data track (either track " 
immediately following a Guard Band Seek, or the track 
number specified) during a previous Seek 

• No drive errors are being sensed 

• The 6.5 mill isecond Read to Read/Wr i te ti meo ut cyc 1 e has 
been completed, which occurs 

• After the last bit of a cylinder address difference 
word has been shifted to the selected drive 

• When a new Read/Write head has been selected even 
though the difference address for a Seek is zero 

• When a. seek difference address is zero and no change 
in head selection has occurred 

• The end of the drive Sector Pulse has been detected 

• A Header Compare has been detected by the controller 

• The Header CRC checks 

When these conditions have been met, and the Write Gate line has 
been asserted, Modified Frequency Modulation (MFM) encoded Write 
Data (see Paragraph 2.2.3) is transferred from the controller to 
the drive via the Write Data interface line. 

The write data stream contains the three data preamble words (47 
bi ts of ze ros and the Mar ker Bi t), 128 da ta wo rds, the data CRC 
word, and the data postamble word (16 bits of zeros). 

The Write Gate enables write circuits in the drive. It must be 
asserted at the start of the Data Preamble (PR2). The actual data 
to be wr i t ten will occur 16 bi t per i ods after the Header CRC i 
i.e., after the Head~r Postamble. 

The control unit transmits write pulses which are compensated to 
reduce peak-shift introduced by the recording process (refer to 
Paragraph 2.2.3 on MFM Encoding and Precompensation). 
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CHAPTER 5 
UNIT-LEVEL DESCRIPTION 

5.1 DRIVE LOGIC MOOULE THEORY OF OPERATION 
This section describes in detail the operation of the Drive Logic 
Module. 

For simplicity, the Drive Module Logic has been broken down into 
the functional areas listed below. 

• Sta te Control Log ic (Sheet DLl of the Fi eld Ma i n tenance 
Pr int Se t) 

• Velocity Command and Status Data Control Logic (DL2) 

• Count Logic (DL3) 

• Disk Speed Control Logic (DL4) 

• Error Logic (DL5) 

• Interface Logic (DL6, DL8) 

• Integrator Logic (DL7). 

5.1.1 State Control Logic (DLl) 
The S tat e Con t r 0 1 Lo g i c ( s h 0 wn 0 n She e t D L 1 0 f the Fie 1 d 
Maintenance Print Set) is the portion of the Drive Logic Module 
which both monitors and controls drive Start Up functions such as 
Spinup, Brush Cycle, Load Heads, etc. It comprises two Read-Only 
Memor ies (ROMs) I the State ROM and the Seek Control ROM, a State 
Counter, the Brush Cycle Latch, and the control panel LOAD lamp 
driver. 

5.1.1.1 State ROM - The State ROM is a 256 X 4 
Read-Only Memory. Its purpose is to generate a 
encoded (BCD) word which denotes drive status and 
for other decision-making logic within the drive. 
listed below. 

• Status Bit A 

• Status Bit B 

• Status Bit C 

• Time Out Command 

Bit Programmable 
four bit binary 

provides control 
Its outputs are 

The sta tus bi ts A, 8, and C are sent to the Status Control Log ic 
(DL2) where they are used to make up the Drive Status Word 
resul ting from a controller Get Status Command. They are also 
used as inputs to the Seek Control ROM and the State ROM Decode(. 
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The Time Out Command signal is sent to the Error Logic (DL5) where 
it is used to start the Seek Error Timer for moving positioner 
functions (i.e., Load Heads, Seek, and Unload Heads). 

The address inputs to the State ROM are derived from eight signals 
which sense drive conditions at any given time. These address 
bits comprise the following: 

• Brush Home Switch 

• Heads Home Gate 

• Run 

• Error State Command 

• Disk On Speed 

• Disk Stopped 

• Track Count = 0 

• Brush Cycle La tch. 

The State Control ROM is preprogrammed (burned-in) at the factory 
so that specific address combinations yield specific output words. 
Fig ure 5 -1 shows the add ress i ng scheme fo r the State Cont rol ROM. 
The value "1" denotes a "true" input or output. The value "0" 
denotes a "false" input or output. The value "X" denotes a "don't 
care" situation. 

5.1.1.2 State ROM Decoder - The State ROM Decoder is an SN7442 
BCD-to-Decimal Decoder. It decodes the State ROM output (status 
bits A, B, and C) and provides an output corresponding to the 
drive state. Figure 5-2 shows the decoding scheme. 

5.1.1.3 Seek Control ROM - The Seek Control ROM is a 256 X 4 Bit 
Programmable Read-Only Memory. Its purpose is to prov ide the 
Velocity Command Control Logic (DL2) with information pertaining 
to positioner location and drive status. Its outputs are listed 
below. 

• Direction Forward 

• Velocity Commands 1 and 2 

• Reset Track Count. 

Veloctiy Commands 1 and 2 are sent to the Velocity Command and 
Control Logic (DL2) where they used address bits for the Velocity 
ROM. These commands apply only when the Positioner is in Velocity 
Mode. Figure 5-3 shows the decoding for Velocity Commands 1 and 
2. 
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I STATE ROM INPUTS JI OUTPUT J 
:$' ~ .f' 

~~ ~Q ~ v~ '\ 
~ ~~ vO ~ ~ ~ 0 ~ 'V~ 9 ~ 

«... ~~ ~~ ~~ ~Q ~~ v~ O~ v ~ ~ 
i~ ~<::> c}~ C:>~ O~~ 0.::5 v..J...v ~C; ~~ ~ ~ 
~~.;:- ~-<\ C;~ ~~~~ 

':i Q ~ O~ ~ <::> ~ C:J v*- ':i «... <::> ~..:;j ~..:;j~..:;j . 

~~..:;j ~~~ ~~~ ~~q;:. Q'C:> Q'':J ~~~ ~~..:;j ~~ C:J~~ c}'r" C:J~~ 
A7 As As A4 A3 A2 A, Ao Y4 Y3 Y2 Y, FUNCTION 

1 1 0 X X 0 X X , 0 0 0 LOAD CARTRIDGE 

1 1 , 1 1 X X X 1 0 0 1 SPIN UP 
1 1 1 1 0 1 X , 1 0 1 0 BRUSH CYCLE 
1 1 1 1 0 1 X 0 0 0 1 1 LOAD HEADS 

1 0 1 1. 0 1 0 X 0 1 0 0 SEEK 
1 0 , , 0 , 1 X , , 0 1 LOCK ON 

1 0 0 X X X X X 0 , . 1 0 UNLOAD 
1 1 0 X X 1 X X 1 , , 1 SPIN DOWN 

CZ·1043 

Figure 5-1 State Control ROM Addressing 
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The address input to the Seek Control ROM are derived from eight 
signals which sense drive and positioner conditions at any given 
time. These address bits consists of the signals below. 

• Status Bits A, B, and C 

• Guard Band 

• El Held (Prev ious El Servo Data Sample) 

• E2 Held (Previous E2 Servo Data Sample) 

• Sign Fo rwa rd (Di rection) 

• Seek Timeout Error (Disables a See k) 

The Seek Control ROM is preprogrammed at the factory so that 
specific address combinations yield specific output words. Figure 
5-4 shows the add ress i ng scheme fo r the Seek Contro 1 ROM. The 
value "1" denotes a "true" input or output. The value "0" denotes 
a "false" input or output. The value "X" denotes a "doni t care" 
situation. 

5.1.1.4 Brush Cycle Latch - The Brush Cycle Latch monitors and 
controls the Brush Drive Assembly. It also provides an address 
input to the State Control ROM. 

Input: 

Set = Power On Reset (L) or 

Load Cartridge State (L) from 

the State Control ROM 

Reset = Brush Home Switch (L). 

Output: 

Brush Cycle Latch (H). 

When the Brush Cycle Latch is set, the State Control ROM starts 
the Brush Cycle. This produces the Signal Brush Cycle (L) which 
energizes the brush drive motor. As the brushes move out over the 
disk, the Signal Brush Home Swi tch (L) goes high, resetting the 
latch. The State Control ROM remains in the Brush Cycle State 
until the brushes, driven by a cam, return to their home position. 
The combination of the signals Brush Home Switch (L) and Brush 
Cycle Latch reset causes the state ROM to advance to the Load 
Heads State. 
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.;f' v 

0<1:- ~~ 
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0 0 0 0 ILLEGAL 
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CZ-l046 

Figure 5-4 Seek Control ROM Addressing 
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S.1.2 Velocity Command and Status Data Control Logic (DL2) 
The Velocity Command and Status Data Control Logic is the portion 
of the Drive Logic Module which receives the Drive Command Word 
from the controller, decodes the Track Difference Count and 
Di rect ion for seek pur poses, and d eve lops the necessary vel oc i t Y 
command to drive the positioner. 

If the Command Word is decoded as a Get Status Command, this logic 
collects drive status and error information to make up the Drive 
Status Word, which is transmitted to the controller in sync with 
the Status Clock. 

This logic comprises the circuitry listed below. 

• Device Command/Status Register, Shift/Load, and Clear 
Gates 

• Marker Flip-Flop and Latch 

• Track Difference Counter and Load Latch 

• Head Select/Sign Bit Holding Register 

• Load Registers Gate 

• Get Status Latch 

• Reset Error Latches Gate 

• Track Count = 0 Gate 

• Enable Timeout Gate 

• Velocity ROM 

5.1.2.1 Device Command/Status Register The Device 
Command/Status Register is a sixteen bit register that may be 
operated in two modes, shift or load. This register operates in 
load mode only after it has decoded a Get Status Command from the 
controller. Otherwise, it operates in Shift Mode, allowing the 
drive command to ripple through under control of the system clock 
and the Marker fl ip-flop. 

Normally, the Marker bit is not followed by a Get Status bit. If 
there is no Get Status bit, the Command Register is cleared on the 
third transition of the system clock. This is done to ensure that 
other pulses in the Drive Command are not mistaken as marker bits 
as the command is shifted through. 

Figure 5-5 shows Drive Command and Status Control Timing. 
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5.1.2.2 Marker Flip-Flop - The Marker flip-flop is used to 
detect the Marker bit; the first bit in a device 'command word. 
When set, its igni f ies that the en tire 16 bi t command is presen t 
in the Drive Command/Status Register. 

Input: 

Output: 

Da ta = Serial Command Word from Dr ive Command/Status 
Register 

Clock = System Clock (H), Load Track Difference Counter. 

Q = Marker Bit (H) to Marker Latch. 

5.1.2.3 Marker Latch - When set, the Marker Latch signifies that 
the Marker flip-flop has sensed the marker bit and that the device 
command word is available for decoding. 

In put: 

Output: 

Set = Marker Flip-Flop (H), Clock (negative-going 
edge) 

Reset = Next Clock Transition. 

• If Get Status, set Clear Flip-Flop, load holding registers 

• If Get Status, set Shift/Load Gate. 

5.1.2.4 Clear Latch - The purpose of the Clear Latch is to clear 
all bits in the Device Command/Status register so that they will 
not appear as Marker Bits. 

Input: 

Data = Marker Latch (L) 

Clock = 3 rd hal f of System Clock Cycle going low. 

Output: 

Q = CI ear (L) • 
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5.1.2.5 Load Registers Gate - During a normal command (i.e., Get 
Status), the Load Reg isters Ga te allows the Head Select/Sign Bi t 
Holding register and the Track Difference Counter to be loaded 
with data from the Device Command/Status register. Data is loaded 
when the Marker Latch is set. 

Input: 

Get Status, Marker Latch (L). 

Output: 

Load Registers (H). 

5.1.2.6 Shift/Load Gate - During a normal command (Le., Get 
Status), the output from the Shift/Load Gate is high, which allows 
the Drive Command Word to shift through the Device Command/Status 
reg i ster • 

Input: 

Output: 

Get Status (L), Q 
Latch (L). 

output of Command Reg ister, Marker 

Shift/Load (L) to Command register and Get Status Latch. 

5.1.2.7 Get Status Latch - The Get Status latch is set when a 
Get Status Command is detected and the Shift/Load Gate requests 
Load. It also enables the Status Clock Gate. 

Input: 

Set = Shift/Load (L) 

Reset = Next Drive Command. 

Output: 

Enable Status Clock Gate (H). 

5.1.2.8 Status Clock Gate - The output of the Status Clock Gate 
is sent to the Interface Logic (DL6) to enable the Status Clock 
for transmission of the Drive Status Word to the controller. 

5.1.2.9 Track Di fference Counter - Dur ing a dev ice command 
(e.g., Get Status), the Track Difference Counter is loaded with 
the Track Difference value designated by the controller. 

Outputs from the counter are used as address input to the Velocity 
ROM which determines the positioner velocity. 
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The counter is decremented one count (or track) at a time by the 
Count'Logic (DL3). 

Load Enable is provided by the Track Difference Counter Load 
La tch. 

5.1.2.19 Track Difference Counter Load Latch - This latch allows 
the Track Difference Counter to be loaded with the difference 
address derived from the Device Command Word. 

Loading of the Track Difference Counter is disabled if its 
contents are not equal to zero. This prevents loading new seek 
information into the Counter while a seek is being performed. 

In put: 

Output: 

Set = Load Register Enable (H), System Clock going 
high 

Reset = Borrow (L). 

Load Track Difference Counter (L), Enable Time Out Gate 

Enable Device Command/Status Register Clock. 

5.1.2.11 Head Select/Sign Bit Bolding Register - This register 
holds Head Select and Positioner direction data from the Device 
Command Word. Loading is enabled by the Load Register Gate at the 
same time that the Track Difference Counter Load Latch is set. It 
is cleared by Power On Reset or when the drive is in the load 
cartridge state. 

Input: 

Da ta = Head 0 (L) 

Sign Forward (H) 

Clock = Load Registers (H). 

Output: 

Data = Head Select" (L) 

Sign Forward (H). 

5.1.2.12 Track Count = 9 Gate - The output from this gate [Track 
Count = 0 (H)] indicates that the Track Difference Counter has 
been decremented to zero and that the positioner should be on the 
track specified by a previous seek. This prevents the Count Logic 
from attempting to decrement the Difference Counter any further. 
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5.1.2.13 Reset Error Latches Gate - When the Reset bit is sensed 
during a Get Status decode of the Drive Command Word or a Power On 
Reset is received from the controller, the output from this gate 
is sent to the Interface Logic (DL8) and the Error Logic (DL5) to 
reset Drive Error Latches. 

Inputs: 

Output: 

Reset Bit (H) or Marker (L) and Power On Rest (L) (Drive 
Command Wo rd) • 

Reset Error Latches (L). 

5.1.2.14 Velocity ROM - The Velocity ROM is a 256 X 4 Bit 
Programmable Read-Only Memory. Its purpose is to generate binary 
encoded current levels to drive the positioner servo. The 
combination of ROM output (current levels) is a square root 
function of the track difference value presented by the track 
difference counter as address bits A through F and MEl and ME2. 
In addition, the binary equivalent of the velocity commands for 
Load Heads, Unload, Guardband and Off as genera ted by the Sta te 
ROM (DL1) are entered as address bits G and H. 

Figure 5-6 is a simplified logic diagram showing the generation of 
the servo velocity command. Table 5-1 shows the ROM addressing 
scheme and resulting binary encoded outputs. ' 

Any ROM output, when high, allows current to flow through diode 
D5. Combinatorial selection of the ROM outputs is derived from 
track difference inputs. The binary encoded outputs are then 
added, determining total drive current and the corresponding 
velocity command. The series diodes reduce leakage current, 
allowi ng acc ur a te low veloci ty command 1 eve1s • Cur r en t output 
from D5 is fed directly to the input of the servo summing 
amplifier (DC Servo Logic Module). 

5.1.3 Count Logic (DLl) - The Count Logic compr:ses the El and 
E2 Servo Sample Holding flip-flops, Tachometer Feedback Velocity 
Level Detectors and the Count ROM and its associated logic. 

S.l.l.l Count ROM - The Count ROM is a 256 X 4 Bit Programmable 
Read-Only Memory. Its purpose is to decrement the Track 
Difference Counter (DL2) by values of 0, 1, 2 or 3. Figure 5-7 is 
a simplified logic' diagram showing the count ROM and its 
associated logic. 
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Table 5-1 Velocity ROM Addressing 

Zeros mean a low logic level, ones mean high and XS mean "don't care" 

VEL TRK TRK TRK 
CMD 2 CNT 32 CNT 8 CNT 2 

VEL TRK TRK TRK 12 12 6 3 
CMD 1 CNT 16 CNT 4 CNT 1 IPS IPS IPS IPS 

BIT A7 A6 A5 A4 A3 A2 Al A0 04 03 02 01 
E43 PIN NO: 15 1 2 3 4 7 6 5 9 10 11 12 

COMMAND 

0 IPS (TRK 0) 0 0 0 0 " '" '" 0 " " '" 0 
3 IPS (TRK l, 0 '" 0 " 0 " 0 1 '" 0 0 1 

2 AND GUARD 0 0 0 0 " '" 
1 " " " (3 1 

BAND) '" 1 X X X X X X " '" '" 1 
6 IPS (TRK 3, " '" '" 

(3 " " 1 1 " " 1 
'" 4 AND LOAD 0 '" '" " '" 1 " " '" '" 1 '" HEADS) 1 

'" 
X X X X X X 0 (3 1 

'" 9 IPS (TRK 5 " '" '" '" " 1 '" 1 '" '" 
1 1 

AND 6) 0 '" '" " " 1 1 " " '" 
1 1 

12 IPS (TRK 7, 
'" '" '" '" " 1 1 1 

'" 
1 '" '" 8 AND 9) '" " '" " 1 

'" '" X 0 1 
'" " 15 IPS (TRK 10, " '" '" '" 1 0 1. X " 1 
'" 

1 
11, 12 AND '" '" '" '" 1 1 '" " " 1 0 1 
UNLD HEADS) 1 1 X X X X X X 0 1 " 1 

18 IPS (TRKS " " " '" 1 1 '" 1 " 1 1 
'" 13 TO 17) '" '" '" 0 1 1 1 X " 1 1 0 

0 
'" 

0 1 0 0 " X 0 1 1 " 21 IPS (TRKS 0 0 " 1 0 0 1 X '" 1 1 1 
18 TO 22) " '" '" 1 " 1 0 X 0 1 1 1 

" 0 " 1 0 1 1 0 " 1 1 1 
24 IPS (TRKS " " " 1 ~ 1 1 1 1 1 0 0 

23 TO 27) '" '" '" 1 1 0 X X 1 1 
'" 

0 
27 IPS (TRKS " 0 0 1 1 1 X X 1 1 

'" 
1 

28 TO 34) " '" 
1 

'" '" 
0 0 X 1 1 '" 1 

" '" 1 
'" " '" 

1 0 1 1 
'" 

1 
30 IPS (TRKS " 0 1 " " 0 1 1 1 1 1 (3 

35 TO 41) " " 1 
'" " 1 X X 1 1 1 0 

" 0 1 '" 1 
'" 

0 X 1 1 1 '" 33 IPS (TRKS " '" 
1 0 1 '" 1 X 1 1 1 1 

42 TO 255) 0 '" 1 " 1 1 X X 1 1 1 1 

" '" 1 1 X X X X 1 1 1 1 
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The eight address bits (A0 through A7) provide address-word 
information which determine binary outputs 01 through 04 (0-3H~)· 
Information contained in the bits Ag through ~7 is as follows: 

• Velocity Range (A g, AI' A2 ) 

• Previous and present servo samples EI and E2 (A 3 , A4 , AS' 
A6 ) 

• Direction (A 7 ) 

The Count ROM Address bits and the count algorithm are defined in 
Figure 5-7. Note that the Count ROM microcoding is permanently 
burned in at the factory and is not field programmable. 

The Count ROM output word (0 1 through 04) is programmed so that 
the LS197 chip counts up until overflow occurs (OD goes low). The 
o output (least significant bit) provides the count pulses which 
decrement the Track Difference Counter (DL2). 

5.1.3.2 El Beld Plip-Plop - This flip-flop stores the previous 
El servo sample. When the drive is in velocity mode, the El Held 
flip-flop is used to determine whether the positioner is crossing 
the inner or outer 'guard band. 

Input: 

Data = El sample from DL7 

Clock = Sector time (L) from DL4. 

Output: 

Q = Address Bit 6 (A 6 ) of the Count ROM 

Q Address Bit 2 (A 2 ) of the Seek Control ROM 

Table 5-2 is a truth table which defines Count ROM address bits A3 
through A6 • These bit values are derived from all possible 
combinations of present and previous servo samples (E l and E2). 

Table 5-3 is a truth table which defines count ROM address bits AA 
through A2 • These bit values are derived from distance ana 
tachometer velocity thresholds during 625 microsecond servo sample 
per iods. 

Table 5-4 is the complete Count ROM map and algorithm. 
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Table 5-2 Track Count vs. Servo Samples and Direction 

PREVIOUS PRESENT FORWARD BACKWARD 
DEC E1 E2 E1 E2 MILS CNT MILS CNT MILS CNT MILS CNT 

0 (3 (3 0 " 0-4 0 12-20 2 0-4 0 12-20 2 
1 0 0 0 1 0-8 1 15-24 3 8-If) 1 24-32 3 
2 0 0 1 " 8-16 2 24-32 4 0-8 (0 16-24 2 
3 0 (0 1 1 4-12 1 20-28 3 4-12 1 20-28 3 

4 0 1 (0 (0 8-16 1 24-32 3 0-8 1 16-24 3 
5 0 1 0 1 0-4 0 12-20 2 0-4 0 12-20 2 
6 0 1 1 10 4-12 1 20-28 3 4-12 1 20-28 3 
7 " 1 1 1 0-8 " 16-24 2 8-16 2 24-32 4 

8 1 0 0 10 " -8 0 16-24 2 8-16 2 24-32 4 
9 1 0 " 1 4-12 1 20-28 3 4-12 1 20-28 3 
10 1 " 1 10 0-4 (3 12-20 2 0-4 0 12-20 2 
11 1 0 1 1 8-16 1 24-32 3 0-8 1 16-24 3 

12 1 1 0 0 4-12 1 20-28 3 4-12 1 20-28 3 
13 1 1 0 1 8-16 2 24-32 4 0-8 0 16-24 2 
14 1 1 1 " 0-8 1 16-24 3 8-16 1 24 -32 3 
15 1 1 1 1 0-4 0 12-20 2 0-4 0 12-20 2 

Table 5-3 Distance and Velocity Thresholds 

Index Distance Velocity Velocity Level Detectors 
i X (M I LS) V (i ps) A2 Al A9 

1 8 (2Q ' s) 12.8 0 " 1 

2 12 (3Q' s) 19.2 0 1 1 

3 16 (4Q's) 25.6 1 1 1 

4 20 (5Q' s) 32.0 N.A. 
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Table 5-4 Count ROM Map 

[R SERVO SAMPLES VELOCITY SENSE LEVELS (1 ) VEL 
tiD PREVIOUS PRESENT (A 2 , A1' A,,) THRESH 
t E1 E2 E1 E2 A 

<~~ >V1 (2) >Vt (2) (2) (2),(4) >V~ 
7 A6 A5 A4 A3 "" 0" "1" "1 1"" 1"1 11" 11 

" " 0 0 0001, 1101, 1101, 1 un, 1101, 1101, 1101, 1101 V 
1111, 1111, 1111, 1111, 1111, 1111, 1111, 1111 V~(3) 
"001, "0"1, 00"1, 11"1, 11"1, 1101, 11"1, 1101 V 
1111, 1111, 1111, 1111, 1111, 1111, 1111, 1011 vi (4) 
1111, 1111, 1111, 1011, 1011, 1"11, 1"11, 1"11 V2 
0"01, 1101, 11"1, 1101, 11"1, 1101, 11"1, 1101 VI 
1111, 1111, 1111, 1111, 1111, 1111, 1011, HHI V 

0 1 1 1 lUB, lun, 1101, 11"1, 1UH, 11"1, 11"1, 1101 V~ (3) 

NO 1 0 0 0 1101, 1101, 1101, 1101, 11''1, 1101, 1101, 1101 V4 (3) 
1111, 1111, 1111, 1111, 1111, 1111, 1111, 1111 V3 
0001 lUH, IHH, 1101, 1101, 1un, 1101, 1101 VI 
1111, 1111, 1111, 1011, 1011, 1011, unl, 1011 V2 
1111, 1111, 1111, 1111, 1111, 1111 1011, 1011 V3 
0001, 0001, 0001, 1101, 1101, 1101, 1101, 1101 V 
1111, 1111, 1111, 1111, 1111, 1111, 1111, 1111 V~(3) 

1 1 1 1 0001, 1101, 1101, lUll, 1101, 1101, 1101, 1101 VI 

0 " 0 " 0001, 1101, 1101, lUH, lun, 1101, 1101, 11 01 VI 
1111, 1111, 1111 1011, 1011, 1011, 1011, 1011 V 
1101, 1101, 1101, 1101, 1101, 1101, 1101, lun V~(3) 
1111, 1111, 1111, 1111, 1111, 1111, HHl, 1011 V 
1111, 1111, 1111, 1111, 1111, 1111, 1111, 1111 V~(3) 
0001, 1101, 1101, 1101, 11"1, 1101, 1101, 1101 VI 
1111, 1111, 1111, 1111, 1111, 1111 1011, HHI V3 

0 1 1 1 0001, 0001, 00"1, lUll, 1101, IHH, 1101, 1101 V2 

WD 1 0 0 0 0001, 0001, 0001, 1101, 1101, 1101, 1101, 1un V2 
1111, 1111, 1111, 1111, 1111, 1111, 1011, 1011 V3 
0001, 1101, 1101, 11 In, 1101, :101, 1101, lUll V 
1111, 1111, 1111, 1111, 1111, 1111, 1111, 1111 V~(3) 
1111, 1111, 1111, 1111, 1111, 1111, 1011, HJll V 
1101, 11"1, 11"1, lun, 11"1, 11"1, 11"1, 11"1 V~(3) 
1111, 1111, 1111, 1011, 1"11, 1"11, 1"11, 1011 V2 

1 1 1 1 0"01, 11"1, 11"1, 1101, 11"1, 1101, 11"1, 11"1 VI 

NOTES: (1 ) VI = 12.8- ips; V2 = 19.2 ips; V3 = 25.6 ips; V4 = 32 ips 

(2 ) These address combinations should not occur. Velocity sense 
levels increment 001, 011, 11l. 

VI V2 V3 

(3 ) Detection level V = 32 ips 
of six quadrants 68.4 ips). 

is important for moves in excess 

(4 ) Address 110 interpreted as III (Majority Logic). 
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5.1.3.3 E2 Held Flip-Flop - This flip-flop stores the previous 
E2 servo sample. When the drive is in positioner, or "Lock On" 
mode, the E2 Held flip-flop is used to determine the slop~ of the 
Lock On bit (A of the Seek Control ROM - DLI). 

In pu t : 

Da ta = E2 sample from DL7 

Clock = Sector time (L) (from DL4 ) or Bo r row ( M) (f rom 
DL 2, indicat.ing a new address in the trac k 
difference coun te r) 

Se t :::; Inner Guard Band [Guard Band (L) ~ El Held] 

:::; Outer Guard Band [Guard Band (H ) 
~ El Held (H ) ] • Reset 

Output: 

Q = Address Bi t 5 (AS) of the Count ROM 

Q :::; Address Bit eI (AO) of the Seek Control ROM (DLI). 

5.1.3.4 Velocity Level Detectors - These three comparators are 
used to convert the velocity feedback signal from the positioner 
tachometer to three binary encoded address inputs to the Count 
ROM. 

The velocity input signal is first rectified by a full-wave 
rectifier and then distributed to the level detectors. 

Input: Refer to Table 5-3. 

Output: Refer to Table 5-3. 

5.1.3.5 Disable Count 2 Latch The Disable COllnt 2 latch 
prevents extraneOllS noise and glitches from causing the LS197 
counter to count "2" before it has counted "I." 

5.1.4 Disk Speed Control Logic (DL4) 
This portion of the Drive Logic Module contains the following 
functional elements: 

• Sector Detection Timer 

• Disk On Speed Latch 

• Sector Time Latch 

• Disk Overspeed Latch 

• Control Spinup Gate 

• Timer and Latch Reset Flip-Flop 
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Figure 5-8 is a timing diagram for sector detection and spindle 
speed control. 

5.1.4.1 Sector Detection Timer - After the Sector Pulse has been 
detected, the Sector Detection Timer counts down System clock 
pulses to provide timing reference for the spindle speed latches. 
It is reset by the Timer and Latch Reset One-Shot. 

5.1.4.2 Disk On Speed Latch - If the time between Sector Pulses 
is between 594 and 639 microseconds, this latch is set. Its 
output is sent to the State Control Logic (DLI) to indicate that 
the disk is on speed. 

5.1.4.3 Sector Time Latch - This latch is set by the Sector 
Pulse and remains set for 62.5 microseconds. Its output, Sector 
Time (L) is sent to the Count Logic (DL3), the Error Logic (DL5), 
an the Integrator Logic (DL7) to indicate that a sector has been 
detected. This latch is reset by the Timer and Latch Reset 
One-Shot. 

5.1.4.4 593 Microsecond Latch - When this latch outputs the 
signal 593 microseconds LT (L) as true during a sector pulse, a 
disk over-speed indication is produced, i.e. the time between 
sector pulses was less than or equal to 593 microseconds. Thi s 
condition sets the Spin Error flip-flop (on DL5), as well as a bit 
in the Drive Status Word. 

5.1.4.5 Control Speed Up Gate - The signal Control Speedup (L) 
is generated when the time between sector pulses is longer than 
625 microseconds, indicating that the speed of the Spindle Drive 
Motor is too slow. This gate is disabled by Disk on Speed or the 
Spin Down command from the State Control Logic (DLl). Control 
Speed up is sent to the AC Servo Module where it provides more ae 
power to the Drive Motor. 

5.1.4.6 Timer and Latch Reset 
essentially a one-shot producing 
rese ts the Sec to r De tee ti on Ti mer 
when the zero crossing of the 
Secto r Tr ansd ueer) is detee ted as 
goes high. 

Flip-Flop - This flip-flop is 
a one el oc k cycle pul se wh ich 
and Speed Latches. It is set 
Raw Sector Pulse (from the 

the sig nal Secto r De tec ted (L) 
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5.1.5 Error Logic (DL5) - The error logic portion of the drive 
logic module contains the logic elements listed below. 

• Disk Stopped Timer 

• Disk Spinup Timer and Error Latch 

• Write Protect Detection and Error Latch 

• Clock Error Detector 

• Write Gate Error Flip-Flop 

5.1.5.1 Disk Stopped Timer - If the drive is not in spinup state 
(from the State Control ROM), the Disk Stopped Timer will timeout 
15 seconds after the last Sector Pulse is detected, generating the 
signal Disk Stopped (L). This signal is sent to the AC Servo 
Module to disable the Spindle Drive Motor. 

5.1. 5. 2 Disk Spinup Timer and Error Latch - The Disk Spinup 
Timer is started by the Spinup command from the State Control ROM 
(DLI). If the Spinup Command is not removed (i.e., disk is not up 
to speed) within 39 seconds, the Spinup Error Latch and Spin Error 
flip-flop will be set. 

5.1. 5. 3 Wr i te Protect Detection and Error Latch A Wr i te 
Pro tec t cond it ion is sensed when the Wr i te Pro tect swi tch on the 
control panel is depressed. If this condition exists, one leg of 
the Write Protect Error Latch is enabled. If Write Gate from the 
Controller is detected, the Error Latch is set, producing the 
signal Write Protect Error (L). 

5.1.5.4 Clock Error Detector - Continuous System Clock pulses 
keep capacitors Cl0 or C22 of the Clock Error Detector discharged. 
If the Clock pulses should stop, one or both of these capacitors 
will charge up and cause a high level at the inverter. This will 
produce the signal Clock Error (L). 

5.1.5.5 Write Gate Error Flip-Flop - If Write Gate from the 
controller is enabled during Sector Time, the Write Gate Error 
Flip-Flop is set. This produces the signal Write Gate Error (L), 
which prevents overwriting of prerecorded servo and header data. 
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5.1.6 Interface Logic (DL6 and 
portion of the Drive Logic Module 
listed below. 

DL8) The Interface Logic 
con t a ins the 1 og ice 1 em e n t s 

• Interface Line Receivers 

• Interface Line Drivers 

• Line Receiver Power Supply 

• Multiple Drive Selection Error Detector 

• Drive Select Logic 

• Interface Enable/Disable Logic 

• FAULT Lamp Driver 

• READY Lamp Driver 

5.1.6.1 Sector Pulse Detector The raw sector pulse, 
originating from the Sector Detector, is an analog signal. The 
Sector Pulse Detector shapes the analog signal into a square wave 
or log ic pulse producing the signal Sector Detected (L). Refer to 
Figure 5-8. This signal is used to generate the 025 microsecond 
timeout for the Speed Control Logic (DL4). 

5.1.6.2 Enable/Disable Interface Controls - Power On Reset (L) 
is a -8 volt signal from the controller which performs the 
functions listed below. 

• Keeps the drive deselected from the interface bus if DC 
power is not within tolerances 

• When dc power comes up to tolerance, 
t hat alI d r i v e 1 a t c h e s , fl i p- flo ps , 
been cleared prior to device startup 

the 
and 

sig nal ensur es 
co un ter shave 

If the signal AC LO (L) from the controller is enabled, the drive 
interface bus is disabled. 
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5.1.7 Integrator Logic (DL7) 
The Integrator Logic portion of the Drive Logic Module produces 
the El and E2 Servo Sample signals, and Positioner signal, and the 
Read y to Read/Wr i te signa 1 • The log ic el emen ts used to prod uce 
these signals are listed below., 

• El and E2 Servo Sample Generation and Integration Logic 

• Servo Data Latch 

• Integrate Circuit Enable/Disable Latches 

• Servo Data Cycle Counter 

• Integrate Enable Flip-Flop 

• El/E2 Integrator Selector 

• El and E2 Integrators and Polarity Detectors 

• Guard Band Detector 

• Positioner Signal and Ready to Read/Write Signal Logic 

• Sample one-shot and Driver 

• Position Signal Sample and Hold Circuit 

• Position Null Detector 

• Retrigger Disable Latch 

• Ready to R/W Timeout. 

5.1.7.1 E1 and E2 Servo Sample Generation and Integration -
Servo Data, generated by the Read/Write Logic as Servo Data land 
2, is distributed to the Integrator Logic by the Servo Data Latch. 

Integration Circuit Enable/Disable Latches - These two latches are 
used to enable the integration logic during sector time and to 
disable the integration logic after two integrations (El and E2) 
have been performed. 

The second latch must be set before the first latch is set. The 
first la tch mus t be r'eset be fore the second la tch is set aga in • 

The second latch is set by Sector Time (L) and Amplitude Sensor 
(H), which means no data has been sensed as yet by the Read Logic. 
As soon as data is sensed, Amplitude Sensor (L) is enabled. This 
allows integrations to be performed. The first latch then counts 
two integrations and resets. The second latch will disallow any 
further integrations until the next sector time. 
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Servo Data Cycle Start Flip-Flop - This flip-flop is set when the 
Integration Circuit is enabled and allows the Servo Data Cycle 
Counter to be loaded. 

Servo Data Cycle Counter - This counter is used to count the ten 
S1 and S2 servo data pulses which are to be integrated by either 
tne El or E2 Integrators. 

Integrate Enable Flip-Flop - 7\s soon as Servo Data pulses are 
sensed by the Servo Data Latch and the Servo Data Cycle Counter 
has started counting the pulses, the Integrate Enable flip-flop is 
set. This enables either the El or E2 Integrators, depending upon 
which has been selected by the El/E2 Integrator Selector 
flip-flop. 

Figure 5-9 is 
sen sed by the 
the Integrate 
integra tor. 

a set of scope waveforms showing the Servo Data as 
Read Log ic, the output from the Servo Data La tch, 
Enable fl ip-flop and the resul ting output of the 

EI/E2 Integrator Selector - As Sl or S2 servo sample bursts are 
detected, the El/E2 Integrator fllp-flop toggles, selecting either 
the El or E2 Integrator circuits. This flip-flop is held reset if 
Sector Time is not being sensed. 

EI and E2 Integrators - Ten servo data pulses are integrat.ed by 
thi slog ic to prod uce either E 1 or E 2 sampl e s ig nal s, depend i ng 
upon which integrator was selected by the El/E2 Integrator 
Selector. Figure 5-10 shows integrations performed on servo 
pulses of 50% and 75% duty cycles, respectively. 

Figure 5-11 shows an entire operation cycle of the El and E2 Servo 
Sample Generator and Integration logic. 

Guard Band Detector Flip-Flop If the Guard Band flip-flop 
detects that only one integration has been performed because only 
one set of se rvo samples wa s de tec ted thi s fli p- flop is set. The 
special servo format for the Guard band zones on the disk surface 
comprises contiguous Sl bursts and an absence of S2 bursts for the 
outer Guardband or contiguous S2 bursts and an absence of Sl 
bursts for the Inner Guardband. 

If only one integration is performed during Sector Time (i.e., 
onl y one of the S I or S 2 sampl e bur sts is de tec ted) the Gua rdband 
Detector flip-flop is Set. If two integratlons are performed, the 
flip-flop is reset, indicating Guardband. 

5.1.7.2 Positioner Signal and Ready to R/W Signal Logic -

Sample One Shot and Driver - The Sample One-Shot is set during El 
time by the El/E2 Integrator Selector. The Sample Driver provided 
sample timing pulses to the Position Signal Sample and Hold 
circuit. 
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Posi t ion Signal Sample and Hold C i rcui t - The Posi t ion Signal is 
prod uced by combin ing the sampl e sig nal tim ing pul ses from the 
sample one-shot driver and the amplitude of the Integrated El 
Servo Signal. 

Position Null Detector - The Positioner Null Detector senses the 
amplitude of the Position Signal. When it reaches a level ranging 
from +0.6 to -0.6 volts, an enable signal is sent to the Retrigger 
Disable Latch. 

Ready to Read/Wr i te Timer - When the Re tr igg er Di sabl e La tch is 
set, a 6.5 millisecond timeout occurs. The latch is set by the 
enable signal from the Position Null Detector and the Signal 
Enable Timeout (L) from the Velocity Control Logic (DL2). Figure 
5-12 is a set of scope waveforms showing the generation of the 
Ready to Read/Write signal. 

5.2 DC SERVO AND POWER MODULE 
The DC Se rvo and Po wer Mod ul e prov id es reg ul ated dc vol tag es fa r 
the drive and servo amplifier control for the positioner. 

The power portion of the module contains the following elements: 

• +8 volt, -8 volt, and +5 volt DC Regulators 

• +5 volt Reference Source 

• Undervoltage Detector 

• +5 volt disable and Emergency Retract Control 

• Overvoltage Crowbar 

• Invert/Non-Invert Sensors 

The Servo Amplifier portion of the Module contains the following 
elements: 

• Velocity/Positioner Mode Selection Switches 

• Invert/Non-Invert Selection Control 

• Summing Amplifier 

• Power Ampl i f i er 

• Tachometer Amplifier 

• Motor Current Sensing Resistor 
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5.2.1 Voltage Regulators 
Inputs to the +8, -8, and +5 volt regulators is provided by the 
+11.5 volt power supply which is located on the drive power panel. 

The 5 amp pico fuse protects the drive logic in the event of a 
short within the +5 volt regulator. 

5.2.2 Overvoltage Crowbar 
If the 5 volt regulator fails (5 
volts), the Overvoltage Crowbar 
protection. 

vol t level 
provides 

5.2.3 +5 Volt Disable and Emergency Retract 

increases to 6.5 
current limiting 

If the read/wr i te heads are loaded and a 5 vol t undervol tage 
condition is detected, the signal Home Drive is enabled. This 
signal is fed directly to the DC Servo Summing Amplifier and 
results in an emergency retraction of the positioner at a velocity 
of 15 ips. 

5.2.4 Undervoltage Detector 
If this circuit detects a +5 volt undervoltage condition, the 
signals Power On Reset (L) and DC Low (H) are generated. Power On 
Rese t (L) is used to cl ea raIl dev ice reg iste r s and log ic in the 
event of a momentary power failure or during device startup. 

5.2.5 Invert/Non-invert Selection Control 
The Direction signal from the State Control Logic (DLl) is sensed 
by the Invert/Non-invert detectors (Sheet 1). The signal Non 
Inver t (L) allows the posi t ioner to be d riven forwa rd (towa rd the 
spindle). The signal Invert (L) allows the positioner to be drive 
backward (away from the spindle). 

5.2.6 Velocity/Positioner Mode Selection Switches 
The posi t ioner is in Veloc i ty Mode except when it is loc ked on a 
data track (Positioner Mode). The signal Velocity Mode (L) from 
the State Control ROM (DLl) enables the Velocity Command from the 
Velocity ROM 6(DL2) to drive the positioner during seeks, load 
head s ta te , etc. The signal Pos it ioner Mod e (L) enables the 
Positioner Signal to drive the positioner in one-half track 
increments when it is locked on a predetermined data track. 

5.2.7 Tachometer Amplifier 
The Tachometer Amplifier produces the Velocity Signal from the 
positioner velocity feedback signal. The Tachometer Velocity 
signal is sent to the Count Logic (DL3) where it is decoded into 
three velocity levels for address inputs to the Count ROM. 
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5.3 READ/WRITE MODULE 
The Read/Write Module contains the logic elements listed below. 

• Head Selection and Steering Logic 

• Write Enable flip-flop 

• Write Data flip-flop 

• Write Current Source and Switch 

• Write Current Drivers 

• Write Data Error Detector 

• Current in Heads Detector 

• Read Amplifier 

• Zero Crossing Detectors 

• Servo and Read Data Pulse Detectors 

• Amplitude -Sensor Level Detectors 

• Fall-Time Detector 

• Pick-Time Detector 

5.3.1 Head Selection and Steering Circuit 
The signal Head Select Zero (L) enables the Head Select ~ Gate and 
disables Head 1 by pulling its center tap to ground. This allows 
Read Data sensed by Head ~ to be sent to the Read Preampli fier 
(sheet 2) via steering diodes 011 and 0 13 • 

If Head Select Zero is high, the center tap of Head ~ is grounded 
and Read Data from head 1 is sent to the Read Preamplifier via 
steering diodes 0 12 and Dl4 . 

During a write operation, the combination of Write. Gate (L) and 
Head Select Zero is used to enable the Write Head Zero Gate or the 
Write Head 1 Gate. If head ~ is selected, transistors Q4 and Q6 
are turned on. If head 1 is selected, transistors 05 and 07 are 
turned on. 

The steering network for head 0 comprises diodes D7 , 08 , 011' and 
Df13m• During a write operation, write current is fed to fiead ~ 

fo the Current Drivers (Q2 and 03) via steering diodes 07 and 
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The steering network for head 1 comprises diodes 0 9 , 010 , 012 , and 
D14 " During a write operation, write current is fea to nead 1 
from the Current Drivers (Q2 and Q3) via steering diodes 0 9 and 
0 10 • 

5.3.2 Write Current Source and Drivers 
The write current source generates 90 milliamperes of current for 
the Write Current Drivers. The signal Write Gate (H) enables the 
Write Current Switch. Write data from the Write Data flip-flop 
swi~ches the Write Current Drivers Q2 and Q3. 

5.3.3 Write Data Flip-Flop 
The Write Data flip-flop is held reset 
flip-flop until the first write data pulse 
sensed in conjunction with Write Gate. 

5.3.4 Write Error Detector 

by the Write Enable 
from the controller is 

The signal Write Data Error Pulse (L) is generated when Write Gate 
(L) is enabled and no Wri te Data is detected. 

5.3.5 Current in Heads Detector 
The signal Current in Heads (L) is sent back to the Error Logic 
(DL5) where it is compa red wi th the signal Wr i te Ga te. If ther e 
is write current flowing in the heads and no Write Gate is 
detected, a Current In Heads Error is generated. 

5.3.6 Read Amplifier Circuits 
The Read Amplifier portion of the Read/Write Module comprises the 
elements listed below. 

• A Read Preamplifier which amplifies the raw output from 
the selected head 

• A d iff ere n t i a tor ( L 1 and C 8 ) wh i c h con v e r t s the raw 
analog read signals to pulsed waveforms 

• A filter network (L 2 , L3, L4 , C15 , and C16 ) which removes 
noise from the read pulses. 

5.3.7 Zero Crossing Detectors 
The Zero Crossing Detectors separate the filtered read pulses into 
separate pulse tra ins which are then shaped by R/C networks C17 , 
RS0 and C39 , R51. 

5.3.8 Amplitude Sensor 
The Amplitude Sensor Level Detectors, the Pick-time Detector, and 
Fall-time Detector generate the data pulse envelope signal 
Ampl i tude Sensor (H). This signal identi fies the Sl and S2 Servo 
Data Pulses and the Header Data. 
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5.4 AC SERVO MODULE 
The AC Servo Module provides the functions listed below. 

• Control 
prevents 
rotating 

of the 
opening 

cartridge 
the door 

• Brush drive motor control 

• Spindle drive motor control 

Access 
until 

5.4.1 Cartridge Access Door Solenoid 

Door Solenoid which 
the disk has stopped 

When the State Control Logic (DLl) is in the Load Cartridge Sate, 
the signal Load Cartridge Enable (H) is generated. This signal 
turns off transistor Q 5 which, in turn, produces the signal 
Solenoid Drive (H). The access door may be opened at this time. 
When the RUN pushbutton is depressed, Load Cartridge Enable goes 
low, energizing the solenoid and locking the access door. 

5.4.2 Brush Drive Motor Control 
When the State Control Log ic (DLl) is in the Brush Cycle State, 
the signal Brush Cycle (L) is generated. This signal energizes 
the Brush Motor Relay Kl which applies ac hot to the Brush Motor. 
When the Brush Motor has made one complete revolution, sweeping 
the cam-driven brushes across the disk surface, the Brush Home 
Swi tch is aga in closed. The State Control Log ic di saables Brush 
Cycle (L) which deenergizes the Brush Motor Relay. 

5.4.3 Spindle Drive Motor Control 
The Spindle Drive Motor is controlled by the AC Servo Module 
duri~g the three states of the State Control ROM listed below. 

• Spinup 

• Controlled Speed (RUN mode) 

• Spin down. 

5.4.3.1 Spinup State - After the cartridge has been loaded, the 
cartridge access door has been closed, and the RUN switch has been 
depressed, the State Control ROM goes into the Spinup State. As 
the disk turns, the sector slots located on the cartridge armature 
are sensed by the sector transducer. The disk speed is checked by 
counting the number of Clock Pulses between sector pulses. If the 
disk speed control logic determines that the spindle speed is too 
low (more than 640 microseconds between sector pulses), the signal 
Control Speed Up (L) enables the photo coupler E2 which switches 
an R/L network into the SCR drive circuit. This provides 50% of 
the available ac power to the spindle motor. As soon as the 
spindle speed reaches the point where the time between sector 
pulses is 639 microseconds, the Disk Speed Control Logic (DL4) 
g ener a tes the signal Di sk On Speed (L). 
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5.4.3.2 Controlled Speed State - The AC Servo Module is in the 
controlled speed state when the time between sector. pulses ranges 
from 640 to 593 microseconds. 

When the time between sector pulses reaches 625 microseconds, 
Control Speed Up is disabled. This allows another R/L network to 
be switched into the SCR drive circuit and provides 20% of the 
available ac power to the drive motor. 

5.4.3.3. Spin Down State - If the State Control ROM goes into the 
Spin Down State, it generates the signal Brake (L). Brake (L) 
energizes Relay K2 and enables photocoupler El to provide a 
half-wave dynamic brake signal to the motor. 
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SECTION II SERVICING PROCEDURES 



CHAPTER 1.. 
INTRODUCTION 

This chapter defines the maintenance philosophy and acquaints the 
reader wi th the structure of thi s portion of the manual. It 
defines the required resources available to correctly maintain the 
RL01/RL02 Disk Subsystem. The maintenance controls and indicators 
are also discussed here. 

1.1 MAINTAINABILITY FEATURES 
The following paragraphs summarize the RL0l/RL02 Hardware 
Maintenance Plan. The manual organization is outlined and an 
overv iew of the var ious troubleshooting techniques is discussed. 
A listing of Field Replaceable Units (FRUs) is also given. 

1.1.1 Hardware Maintenance Plan 
Serviceability has been a major consideration"in the design of the 
RLflJl/RL02 Disk Subsystem. A large portion of the drive 
elect roni cs has been inco rpo rated on one log ic mod ule, the dr i ve 
logic board. The remaining electronics exist on the read/write 
module, dc servo module, ac servo module and the front panel. 

All electromechanical subassemblies and logic modules can be 
replaced in an average time of twenty minutes. This replacement 
capability is acco'mplished without the aid of special alignment 
fixtures or tools. These designed-in features readily permit a 
maintenance phi losophy of module or subassembly swap-out. There­
fore, the troubleshooting strategy is to 'isolate the failing 
module or subassembly and replace it. 

1.1.2 Additional Documentation 
Table 1-1 lists the hardware documentation that will be available 
to support the RLflJl/02 Disk Subsystem. 
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Table 1-1 RL01/02 Documentation 

flame 

FLII Controller Technical 
Description Manual 

RLVII Controller Technical 
Manual 

RL8A Omnibus Controller 
Technical Manual 

RL0l Disk Drive Illustrated 
Parts Breakdown 

RL02 Disk Drive Illustrated 
Parts Breakdown 

RL01/RL02 Preventive 
Maintenance Procedures 

RL01/RL02 Pocket Service Guide 

RL0l/RL02 Disk Subsystem 
User's Guide 

Microfiche 
Number 

EP-0RLll-TD 

EP-RLVII-TD 

EP-0RL8A-TM 

EP-00016-IP 

EP-00016-1P 

EP-00008-PM 

N/A 

N/A 

1I/1-2 

Hard Copy 
Number 

EK-0RLII-TD 

EK-RLVII-TD 

EK-0RL8A-TM 

EK-0RL01-IP 

EK-0RL02-1P 

EK-RL012-PM 

EK-RL012-PG 

EK-RL012-UG 



1.1.3 Field Replaceable Units 
Table 1-2 is a list of RL01/RL02 Field Replaceable Units (FRU ' s) • 
Some of the FRU's contain components that are easily checked and 
replaced. In these cases, an FRU may be repai red instead of 
replaced. For example, a lamp may be replaced on the front panel 
or a pico fuse replaced on the DC Servo module. The decision to 
replace or repair an FRU should be based on such local 
considerations as part availability, etc. 

Some of the FRUs are interchangeable between the R101 and RL02 and 
some are not. The interchangeability is indicated in Table 1-2. 

Table 1-2 FRU Part Numbers and Interchangeability 

The following FRUs are downward-compatible only. The RL02 modules 
can be used on either drive with just a jumper change. The RL02 
spindle can be used on either drive. 

FRU 

Read/Write Module 
DC Se rvo Mod ul e 
Template for DC Servo 
Drive Logic Module (DLM) 

Spindle 

RL01 Part 
Number 

54-11844 
54-11850 
74-18588 
54-.12175 

70-12120 

RL02 Part 
Number 

54-13536 
54-13534 
74-20826 
54-13531 (early) 
54-14025 (later) 
70-15116 

The following FRUs are the same for both drives. 

FRU 

5 amp fuse (DC Servo) 
AC Se rvo Mod ul e 
Front Panel 
Front Panel Lamp (GE 73) 
Sector TransdUcer 
Posi tioner __ _ 
Brush Drive Assembly 
Brush Assembly 
Spindle/Blower Motor 
Spindle Drive Belt 
Spindle Ground Brush 
Coarse Filter 
Abso 1 ute Fi 1 ter 
I/O Terminator 
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RL01/02 Part Number 

12-05747-00 
54-11848 
54-11846 
12-12716-01 
70-12137 

-70-12117 -
70-12112 
70-16726 
70-12114 
12-13369 
74-15294 
74-15297 
12-13097-03 
70-12293-00 



Table 1-2 FRU Part Numbers and Interchangeability 

FRU 

Power Panel 
• Terminator Block 

(voltage selection) 
• Circuit Breaker 
• Line Filter 
• Rectifier 
• transformer 
• Cap, 66,999 uF for + Vunreg 
• Cap, 29,999 uF for - Vunreg 
• Cap, for spindle motor 
• Muffin fan 

RL91/92 Part Number 

79-12139 

74-16852-91A 
12-14369-92 
12-12877-99 
11-19951-99 
16-13897-99 
19-1353-99 
19-13531-99 
19-13192-99 
12-99493-91 

The following FRUs are not interchangeable between an RL9l and an 
RL92. . 

FRU 

Upper Head 
Lower Head 

RL01 Pa rt 
Number 

74-17178-91 
74-17178-00 

RL92 Part 
Number 

79-15~37-01 
, 79-15637-09 

1.1.4 Recommended Spare Parts List 
Table 1-3 shows the Recommended Spare Parts List. 

Part Number 

70-12139 
54-11844 
54-12526 
54-11846 
54-11848 
54-11859 
54-13534 
54-12175 
54-14925 
79-12197 
79-12198 
79-12199 
79-12119 
79-12112 
79-12114 
79-12117 
70-12119 
79-12129 
70-15116 

Table 1-3 Recommended Spare Parts List 

Branch 
Description Stocked 

Power Panel Y 
Read/Write Module (RL01 only) Y 
Read/Write Module (RL9l, RL92) Y 
Front Panel Board Y 
AC Servo Module Y 
OC Servo Module (RL91 only) Y 
DC Servo Module (RL91, RL92) Y 
Drive Logic Module (RL9l only) Y 
Drive Logic Module (RL91, RL92) Y 
Front .Panel Cable N 
Harness Power Panel N 
Line Cable Y 
Muffin Fan Cable N 
Brush Drive Assembly Y 
Disk Motor Assembly Y 
Positioner Assembly Y 
Rear Cover N 
Spindle Assembly (RL91 only) Y 
Spindle Assembly (RL0l, RL92) Y 
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Spares 
Kit 

N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
N 
N 
N 
Y 
N 
N 
N 
N 
N 



Table 1-2 Recommended Spare Parts List (Cont.) 

Part Number 

79-12123 
79-12126 
79-16852-91A 
79-12136 
79-12137 
79-12139-91 
79-12139-92 
79-1214'" 

I 79-12142 
112-13369 
. 74-15297 
,12-13997-93 
74-17178-e9 
74-17178-91 
79-15637 
79-15638 
RL91K-OC 
RL92K-DC 
79-12293 
79-12139-90 
74-15231 
12-99403-91 
12-14369-02 

Description 

. Cable Log ic 
Brush/Door Harness 
Terminal Block Assembly 
Positioner Harness 
Transducer Assembly 
Read/Write Cable 
AC Servo Cable 
DC Power Harness 
Power Harness 
Drive Belt 
Prefilter 
Absolute Filter 
Head "A" Up (RL91) 
Head "A" Down (RL9l) 
Head "A" Up (RL92) 
Head "A" Down (RL92) 
Cartridge (RL91) 
Cartridge (RL92) 
Terminator 
DC Servo Cable 
Gasket, Blower 
Fan 
Circuit Breaker 

1.2 SOFTWARE RESOURCES 

1.2.1 Diagnostics 

Branch 
Stocked 

N 
N 
'l 
N 
'l 
N 
N 
N 
N 
'l 
'l 
'l 
'l 
'l 
'l 
'l 
'l 
'l 
Y 
N 
'l 
'l 
N 

Spares 
Kit 

N 
N 
N 
N 
'l 
N 
N 
N 
N 
'l 
N 
N 
'l 
'l 
'l 
'l 
N 
N 
N 
N 
N 
N 
N 

The various diagnostics available for RL8-A, RL11 and RLVl1-based 
subsystems are described in Appendix B, paragraph B.8, "Confidence 
Testing". 

1.2.2 Diagnostic Supervisor 
All of the diagnostics run under the Diagnostic Supervisor. When 
one of the diagnostics is called up, the Supervisor asks a series 
of questions that enable the operator to set various parameters 
governing the specific diagnostic. The various commands the 
Supervisor will accept are summarized in the following paragraphs. 
(Questions whose answers are self-evident are not explained here.) 

1.2.2.1 Hardcore Q~estions - Several of the questions that the 
Supervisor will ask do not have simple yes or no answers. These 
include the questions explained below. 

The Supervisor will display the statement uT'lPE TWO CHARACTER FOUR 
SECONDS APART" when no clock is on the system. The system will 
then subdivide the spacing for use as a clock. The four second 
interval should be as accurate as possible. 
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The prompt "DS-C>" is requesting one of eleven supervisor 
"commands", which are listed in Table 1-4. 

Table 1-4 Diagnostic Supervisor Commands 

COMMAND DESCRIPTION 

STA STArt diagnostic and then produce 
questions for generation of the 
diagnostic parameter tables ("P" 
tables) • 

RES 

CON 

PRO 

DIS 

DRO 

ADD 

PRI 

REStart diagnostic at 
following the hardware 
The "P" tables set up 
command will be used. 

the po i n t 
questions. 
by the STA 

CONtinue the diagnostic at the 
beginning of the subroutine that was 
being executed when the diagnostic 
was halted by an error or control 
"C" • 

PROceed testing wi th the diagnostic 
at the starting address of the 
subroutine following the one that 
caused the error report. 

DISplay the hardware "P" tables for 
all the drives under test. 

DROp the desired units from being 
tested. "UNITS", in this case, 
refers to the "P" tabl e un i ts, not 
necessarily the device unit numbers. 
The DIS command will give the 
operator the drive unit number. 

ADD units back into the testing 
sequence after they had been dropped 
by the DRO command. 

PRInt any performance or statistical 
tables accumulated by the 
diagnostic. 
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Table 1-4 Diagnostic Supervisor Commands (Cont) 

COMMAND DESCRIPTION 

FLA FLAgs command - The current setting 
of all the flag s set up under the 
STA command are printed out for 
inspection. 

ZFL Zero FLags command All current 
flag s set by the STA command are 
cleared by this command. 

eCI Create Core Image command This 
command enables a BIC file to be 
created on these diagnostics to be 
run under the· XXDP media. (See 
listing for directions.) 

Program Parameter Changes Type in any combination of the 
parameters listed in Table 1-5 to affect the indicated commands. 

Table 1-5 Command Parameters 

COMMAND PARAMETER 

STA DS-C)STA/TESTS: (insert test numbers 
desired from tne test lists in the 
individual diagnostic listings; e.g. 
1:2 means tests 1 and 2, or 1-5:8-10 
means tests 1 through 5 and 8 
through 10.) 

DS-C)STA/TESTS:6/PASS: (insert the 
n urn b e r 0 f pas s est he d i a g nos tic 
should take before halting) 

DS-C)STA/TESTS:6/PASS:2/FLAGS: 
(insert any of these mnemonic (s) 
representing a program f1ag(s»: 

HOE - Halt On Error 
LOE - Loop On Error 
IER - Inhibit Error Report 
IBE - Inhibit Basic Error 

reporting 
IXE - Inhibit eXtended Error 

reporting 
PRI - PRInt messages on line 

printer 
PNT - PriNt Test numbers as 

they are being executed 
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Table 1-5 Command Parameters (Cont) 

COMMAND PARAMETER 

STA (cont) 

RES 

CON 

PRO 

ORO 

DIS 

ADD 

PRI 

FLA 

ZFL 

CCI 

BOE - BellOn Error 
UAM - Bypass manual 

intervention tests 
ISR - Inhibit Statistical 

Reports 
lOR - Inhibit DRopping of 

units 

DS-C)STA/TESTS:6/PASS:2/FLAGS:IER: 
PNT:BOE: IDR/EOP: (insert a number 
equalling the pass intervals at 
which the End Of Pass message wi 11 
be printed; e.g. every other pass, 
every third pass, etc.) 

For example, utilizing all the 
possible parameter changes, the STA 
command would look like this: 

DS-C)STA/TESTS:6/PASS:2/FLAGS:IER: 
PNT:BOE:IDR/EOP:3 

Use TESTS I PASS, FLAGS and/or UNITS 
to be tested; e'.g. DS-C)RES/TESTS: 6 
/UNITS:l (this will run only test 6 
on the device specified in "P" table 
1) 

Use PASS or FLAGS only 

Use FLAGS only 

Use UNITS only 

Use UNITS only 

Use UNITS only 

No variations 

No variations 

No variations 

Use TESTS, PASS or FLAGS 
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1.2.2.2 Console Controls - There are three console controls that 
can be used to affect a running diagnostic. They are all typed by 
holding down the "CONTROL" key while typing the specific letter. 

Control "C" causes testing to cease and a return to the start 
(DS-C» • 

Control "Z" causes default values to be taken in any of the three 
operator dialogues. 

Control "0" causes a supression of typeouts for the remainder of 
the diagnostic or until another control "0" is typed. 

1.2.2.3 Hardware Questions - It is during the ,hardware question 
portion of the Supervisor that the "p" (parameter) tables are 
built. There is one "P" table for every unit to be tested. Also, 
"UNITS" pertains to the "P" table number, not the device uni t 
number. If there is doubt as to which uni t number has been 
assigned to which drive, the DIS command (see Table 1-12) will 
supply the necessary information. 

1.2.2.4 Software Question - The question "CHANGE SW(L)?" asks if 
any of the software parameters are to be changed. A "yo will 
cause the program to ask various questions. For more detail refer 
to the individual p~ogram document. 

1.3 MAINTENANCE CONTROLS AND INDICATORS 
Figures 1-1 and 1-2 show all RL01/RL02 Disk Dr ive controls and 
indicators. 

1.3.1 Power ON/OFF Circuit Breaker 
When the ac power plug is inserted into a 115/230 Vac, 50/60 Hz 
outlet, ac power is appl i ed to the rea r panel ci rc ui t breaker on 
the drive. When the circuit breaker is turned on, ac power is 
applied to the drive and the, blower motor is energized. 

1.3.2 Power Terminal Block Assembly 
The RL0l/RL02 Disk Drive operates within two ac line voltage 
ranges at either 50 or 60 Hz: 

90 - 132 Vac 
189 - 264 Vac 

These vol tage ranges may be manual 1 y selected by chang ing the 
position of the term~na1 block assembly covers located at the rear 
of the drive. Refer to Figure 1-2. 
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Figure 1-1 RL91/RL92 Disk Drive Controls and Indicators 
(Front Panel) 
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Figure 1-2 RL81/RLB2 Disk Drive Controls and Indicators 
(Rear Panel) 
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1.3.3 Run/Stop Switch with LOAD Indicator 
This push on/push off switch, when depressed, energizes the 
spindle motor providing all of the following conditions have been 
met: 

• The disk cartridge has been installed 

• The cartridge protective cover is in place and the 
cartridge access door is closed 

• All ac and dc voltages are within specifications 

• The read/write heads are in the home position (retracted) 

• The brushes are in the brush home position 

When the run/ stop swi tch is reI eased, the spi nd 1 e dr i ve moto r is 
deenergized if the read/write heads are not loaded. If the heads 
are loaded, they are immediately retracted and the spindle drive 
motor is then deenergized. In the event of a main power interrupt 
and subsequent power restoration, the drive will recycle up if the 
swi tch is in the depressed state since it contains mechanical 
memory. 

The LOAD enable indicator is illuminated whenever all of these 
conditions have been met: 

• The spindle is stopped 
• The read/write heads are home 
• The brushes are home 
• The spindle drive motor is not energized 

1.3.4 Unit Select (~, 1, 2, 3) Switch with READY Indicator 
The unit select switch is a cam operated switch which is actuated 
by inserting a numbered, cammed button. The swi tch contacts are 
binary encoded so the drive interface logic recognizes the 
matching controller generated drive address code and the 
corresponding unit select number (0, 1, 2, or 3). 

The numbered indicator, when lit, indicates a drive READY 
cond i t ion. This cond i t ion ex i sts when all of these cond i t ions 
have been met: 

• The read/write heads are loaded 
• The heads a~e detented on a specific track 
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1.3.5 FAULT Indicator 
The FAULT indicator is lit whenever any of the fo1l~wing fault or 
error conditions develop in the disk drive: 

• Drive Select Error 
• Seek Time Out Error 
• Write Current in Heads during Sector Time Error 
• Loss of System Clock 
• Write Protect Error 
• Write Data Error 
• Spin Error 

1.3.6 WRITE PROTect Switch and Indicator 
When this swi tch is pushed in, it will lock in the depressed 
position and the drive will be write protected. If the drive is 
wr i t Ing as the swi tch is pushed in, FAULT wi 11 1 ight • When the 
switch is pushed again, releasing it from the'depressed state, the 
drive will no longer be write protected. 
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2.1 INTRODUCTION 

CHAPTER 2 
REMOVAL AND REPLACEMENT PROCEDURES 

This chapter describes the removal and replacement procedures for 
the various Field Replaceable Units (FRUs) in the RL"l and RL"2 
Disk Drives. The flow chart in Figure 2-1 illustrates the 
sequence of FRU removal. For example, to remove the spindle, the 
Cartridge Access Cover must be removed. This is followed by the 
Field Serv ice Access Cover, the Spindle Access Cover and the bel t 
from the spindle pulley. The FRUs are generally replaced in 
reverse order of removal. 

The number in each oval of Figure 2-1 is the paragraph that 
describes the removal and replacement for that particular FRU. 

Most of the removal and replacement procedures in this chapter 
contain references to earlier paragraphs. This drive is simple 
enough that the FE should not have to refer back to these other 
paragraphs once he has had some experience on the drive. The flow 
chart can serve as a quick reminder, if necessary. 

2.2 FRONT BEZEL AREA 

2.2.1 Front Bezel 

To remove the front bezel: 

1. Turn CBl (rear panel) off and extend drive from cabinet. 

2. Locate and remove the Phillips head screws as shown in 
Figure 2-2. 

CAUTION 
When removing the last screw, hold the 
front bezel so that the bezel wi 11 not 
strain the front panel switch cable. 

3. Di sconnect the front panel board cable. Note the 
orientation of the colored stripe on the cable. 

To replace the front bezel: 

1. Connect the front panel board cable. 

2. Locate the top mounting holes in the front bezel and 
align them with the top mounting holes in the drive frame 
(Figure 2-2). 

3. Secure the front bezel with the Phillips head screws, 
finger-tight only. 

4. 51 ide the drive into the cabinet and align the front 
bezel for correct side-to-side clearance. 
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5. Extend the drive from the cabinet and tighten the 
Phillips head screws securely. 

6. Slide the drive back into the cabinet. 

2.2.2 Prefilter 

To remove the prefilter: 

1. Remove the front bezel (Paragraph 2.2.1). 

2. Remove the prefilter located on the right front side of 
the drive (Figure 2-2). 

To replace the prefilter: 

1. Install the prefilter in the recess located on the right 
front side of the drive, directly over the four air 
chamber tubes (Figure 2-2). 

2. . Replace the front bezel (Paragraph 2.2.1). 

2.2.3 Absolute Filter 

To remove the absolute filter: 

1. Remove the front bezel (Paragraph 2.2.1.). 

2. Locate the two plenum springs and two plenum cover 
latches as shown in Figure 2-3. 

3. Lift one of the plenum latches. While holding plenum 
spring, squeeze the latch and remove latch from bracket. 

4. Remove plenum spring. 

5. Repeat for the other plenum latch and spring. 

6. The plenum cover may now be removed by pull ing the cove r 
forward. This allows access to the filter (Figure 2-4). 

7. Use a screwdriver (or one of the plenum springs) to pry 
the left side of the filter out slightly before moving 
the right side. The filter can then be removed by 
rocking it from side to side until it slides free. 

NOTE 
Never reinstall a used absolute filter. 
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To replace the absolute filter: 

Insert a new abso1 ute f i 1 ter into the air 
located on the left front side of the drive. 
filter is firmly seated against its gasket. 
necessary to use a plenum spr ing to pry the 
place. 

duct cavity 
Be sure the 

It may be 
filter into 

2. Place clear plastic plenum cover over the absolute filter 
such that the cover seats on the gasket. 

3. Install a plenum spring by inserting its bottom tang into 
the slot provided and rotating the spring such that it 
fits inside the plenum spring latch bracket (Figure 2-3). 

4. While pressing the plenum spring firmly against the 
plenum cover, insert the plenum latch' by squeezing the 
latch and placing the latch into the holes of the plenum 
latch bracket. See Figure 2-3. 

5. Push the plenum latch into the "locked" position. 

6. Repeat the process for the other plenum spring and latch. 

7. Replace the front bezel (paragraph 2.2.1). 

2.2.4 Front Panel Board 

To remove the front panel board: 

1. Remove the front bezel (Paragraph 2.2.1). 

2. Locate the screws holding the front panel board to the 
front bezel (Figure 2-5) and remove them. 

To replace the front panel board: 

1. Secure the front panel board to the front bezel (Figure 
2-5) • 

2. Replace the front bezel (Paragraph 2.2.1). 

2.2.5 Slide Rails 

To remove the slide rai~s: 

1. Turn eBl off (rear panel) and extend the drive to its 
second set of stops by releasing the slide extension 
release catches on both slides. See Figure 2-6. Remove 
the I/O cables and unplug the ac line cord. 

2. Locate and remove the two screws securing the drive to 
each slide as shown in Figure 2-6 (detail). 
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3. Locate the locking latch on each drive rail. (See Figure 
2-6.) Actuate them by pulling each latch away from the 
drive and lifting at the same time to remove the drive 
from the sl ides. 

WARNING 
The drive weighs 34 kg (75 lb). Use 
care when lifting the drive. 

4. The slide rails may now be removed easily by removing the 
four screws on either side that hold the rails in place. 

To replace the slide rails: 

1. Secure the sl ide rai Is to the side of the drive, using 
four screws on each rail. 

2. Extend both slides fully and place the drive onto the 
slides. Ensure the locking latch engages on each side 
(Figure 2-6). 

3. Secure the front slide screws first, then adjust the 
slide position to gain access to the rear screws. See 
Figure 2-6. 

4. Push the drive into the cabinet and reconnect the ac line 
cord and I/O cables. Turn CBI back on. 

2.3 ACCESS COVERS 

2.3.1 Field Service Access Cover 

To open the Field Service Access Cover: 

1. Turn CBl off (rear panel) and extend the drive from the 
cabinet. 

2. Loca te and remove the capt i ve sc rews in the cover as 
shown in Figure 2-7. 

3. Lift the cover up slightly and rotate backward. 
cover on the rear flange of the baseplate, 
hoI din g bra c ke t (F i g u r e 2 -7 ) • 

To remove the Field Service Access Cover: 

Rest the 
us ing the 

1. Remove all cables connected to the Drive Logic Module 
(Figure 2-8) noting the orientation of the colored stripe 
on each cable. 

2. Lift cover off the holding bracket and set aside. 
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To replace the Field Service Access Cover: 

1. PI ace the cover on the rear flange of' the baseplate 
(Figure 2-7). 

2. Reconnect all cables to the Drive Logic Module. 

3. Lift the cover 
into position. 
place by the 
Cover. 

sl ig htl y, rotate it forward and place it 
The Cartridge Access Cover is held in 

front edge of the Field Service Access 

4. Tighten the captive screws. 

5. Turn CBl on and slide the drive back into the cabinet. 

2.3.2 Cartridge Access Cover 

To remove the Cartridge Access Cover: 

1. Open the Field Service Access Cover (Paragraph 2.3.1). 

2. Lift the rear part of the Cartridge Access Cover 
approximately two inches. 

3. Push backwards on the cover latch mechanism. 
will pop up in front. 

The cover 

4. Lift cover straight up off the baseplate. The spring­
loaded cover arms will snap to the rearward position. 

To replace the Cartridge Access Cover: 

1. Pull the spr ing-1oaded cover arms forward so that they 
are parallel to the cover. 

2. Guide the cover arms in the rollers provided on the 
casting. 

3. position the cover over the drive baseplate and lower the 
front edge until it engages the latch at the top front 
lip of the drive baseplate. 

4. Lower rear edge to the baseplate. 

5. Close the Field Service Access Cover (paragraph 2.3.1). 

2.4 BRUSH AREA 

2.4.1 Brush Drive 

To remove the brush drive: 

1. Remove the Field Service Access Cover (Paragraph 2.3.1). 
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2. Remove the Cartridge Access Cover (Paragraph 2.3.2). 

3. Loca te the DC Servo Mod ule (see Fig ure 2-8' for I oca t ion) • 

4. Remove the four screws securing the plastic template and 
module to the baseplate. 

5. Lift the module straight up and place it in the baseplate 
slots (Figure 2-9). 

6. Locate the brush motor assembly (see Figure 2-10) and 
remove the Phillips head screws located at the three 
corners of the assembly. 

7. Detach the keyed cable connector (Fig ure 2-9). 

8. Lift the brush motor assembly straight up. 

To replace the brush drive: 

1. Place the brush motor assembly over its mounting surface 
and plug in the keyed cable connector. 

2. Insert the brush motor assembly into cavity and secure 
with three Phillips head screws. 

3. Replace the DC Servo Module. 

4. Replace the Cartridge Access Cover (Paragraph 2.3.2). 

5. Replace the Field Service Access Cover (paragraph 2.3.1). 

2.4.2 Brush Tips 

The brush tips and brush holder arms are replaced as one unit. To 
remove the arms (and tips): 

1. Remove the brush drive assembly (Paragraph 2.4.2). 

2. Invert brush motor assembl y and pI ace on wor k sur face. 

3. 

Remove retaining ring and flatwasher (Figure 2-11). 

Carefully lift on brush 
connecting brush holder 
assembly 04t of the way. 

drive link 
assemb~y, 

CAUTION 

assembly at 
then pivot 

Too much force may break the plastic 
locating dowels. 

4. Slide brush holder off mounting shaft. 
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To replace the brush arms (and tips): 

1. Sl ide new brush holder arms onto mounting shaft (Figure 
2-11) • 

2. Install flatwasher and retaining ring as shown in Figure 
2-11. 

3. Replace brush drive link assembly onto brush holder dowel 
as shown in Figure 2-11. 

4. Replace the brush drive (Paragraph 2.4.1). 

2.5 MODULES 

2.5.1 AC Servo Module 

To remove the AC Servo Module: 

1. Unpl ug the ac power cord. 

2. Open the Field Service Access Cover (paragraph 2.3.1). 

3. Locate the AC Servo Module (Figure 2-8). Remove the 
cover (Figure 2-12) and disconnect all the cables. 

NOTE 
The cover holddown tabs may have to be 
bent out of the way in order to lift the 
module cover. 

4. Unplug all the cables and lift the module out of the 
d rive. 

To replace the AC Servo Module: 

1. Slide the module into place. 

2. Connect all the cables and replace the cover. 

3. Replace the Field Service Access Cover (Paragraph 2.3.1). 

4. Replace the ac power cord. 

2.5.2 DC Servo Module 

To remove the DC Servo Module: 

1. Unpl ug the ac power cord. 

2. Open the Field Service Access Cover (Paragraph 2.3.1). 

3. Locate the DC Servo Module (Figure 2-8). 
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4. Remove the four screws secur ing the plastic template and 
module to the baseplate. 

5. Lift the module and disconnect all the cables. 

To replace the DC Servo Module: 

1. Connect all cables to the module. 

2. Place the module back into the baseplate. 

3. Lay the plastic template into positon on top of the 
module and secure it with the four screws. 

NOTE 
If the DC Servo Module being replaced is 
the "old" module (Part No. 54-11858), 
use the ·old· template (Part No. 
74-18588). If the module being replaced 
is a .. new· module CPa rt No. 54-13536), 
it must be covered with a different 
template (Part No. 70-29826). 

4. Replace the Field Service Access Cover (Paragraph 2.3.1). 

5. Replace the ac power cord. 

2.5.3 Drive Logic Module 

To remove the Drive Logic Module: 

1. Open the Field Service Access Cover (Paragraph 2.3.1). 

2. Remove all cables connected to 
(Figure 2-8). Be sure to note 
stripe on each cable. 

the 
the 

Drive Logic 
orientation 

Module 
of the 

3. Remove the Phillips head screws holding the module to the 
cover, and lift out the module. 

To replace the Drive Logic Module: 

1. Replace the module inside the Field Service Access Cover 
and secure the module with the Phillips head screws. 

2. Reconnect the cables to the module. 

3. Close the Field Service Access Cover (Paragraph 2.3.1). 

2.5.4 Read/Write Module 

To remove the Read/Write Module: 

1. Remove the disk cartridge (if one is in place). 
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NOTE 
The Read/Write "Assembly" consists of 
the Read/Write Module and several parts 
surrounding the module. Only the module 
itself should be replaced. If the 
module 1s ordered by Part No. 54-11844 
(RLel) or Part No. 54-13536 (RLBl or 
RLB2), the assembly will not come with 
it. 

2. Remove the Field Service Access Cover (paragraph 2.3.1) 

3. Remove the Cartridge Access Cover (Paragraph 2.3.2). 

4. Locate the Read/Write Module assembly (Figure 2-8). 

5. Li ft the assembly up, rotate it' toward the DC Servo 
Module and rest it on the baseplate locating pins (Figure 
2-13) • 

6. Disconnect the R/W head cables from the assembly. 

7. Remove the top cover of the assembl y (Fig ure 2-14) by 
carefully prying back the four plastic locking tabs and 
lifting the cover. This is easily accomplished by prying 
one tab at a time and lifting the cover slightly at each 
corner. 

8. Remove the front piece of the assembly (Figure 2-l4). 

9. Remove the module cable. 

10. Slide the module out of the pan (Figure 2-14). 

To replace the Read/Write Module: 

1. Slide the module into the pan (Figure 2-14). 

2. Reconnect the cable to the Read/Write Module. 

3. Replace the front piece of the assembly. 

4. Replace the top cover of the assembly by pushing down on 
the cover until the four plastic tabs secure the cover. 

5. Reconnect the cables to the assembly (Figure 2-13). 

6. Place the assembly back into the baseplate. 

7. Replace the Cartridge Access Cover ,'(Par'agraph 2.3.2). 

8. Replace the Field Service Access Cover ,(Paragraph 2.3.1). 
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2.6 SPINDLE AREA 

2.6.1 Belt From Spindle Pulley 

To remove the belt from the spindle pulley: 

1. Remove the Spindle Access Cover (see Figure 2-15). 

2. Slip belt off the spindle pulley. 

To replace the belt on the spindle pulley: 

1. Slide the drive belt on the pulley and rotate the spindle 
so that the pulley will drag the belt onto itself. 

2. Replace the Spindle Access Cover. 

2.6.2 Spindle Ground Button 

To remove the spindle ground button: 

1. Remove the Spindle Access Cover (see Figure 2-15). 

2. Using Figure 2-16 as a guide, pull down on the ground 
brush strap enough to allow the ground brush to drop. 

To replace the spindle ground button: 

1. pull down on the ground brush spring just enough to 
insert the ground brush (Figure 2-16). 

2. Rotate the spindle several times to ensure firm seating 
and to check that the spindle does not bind. 

3. Replace the Spindle Access Cover (see Figure 2-15). 

2.6.3 Spindle 

To remove the spindle: 

1. Remove the Field Service Access Cover (Paragraph 2.3.1). 

2. Remove the Cartridge Access Cover (paragraph 2.3.2). 

3. Remove thE? belt from the spindle pulley (Paragraph 
2.6.1). 

4. Remove the two screws holding the sector transducer to 
the spindle (Figure 2-17). 

5. Remove the cable clamp (one screw) holding the sector 
transducer cable to the spindle (Figure 2-17). 

6. Lift the spindle straight up out of the baseplate. 
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To replace the spindle: 

1. Insert the spindle into the baseplate. Posi tion the 
spindle so that the locating pin fits into the recess in 
the spindle assembly. 

2. Secure the spindle to the baseplate with three Phillips 
head sc rews • 

3. Replace the belt on the pulley (Paragraph 2.6.1). 

4. Replace the Cartridge Access Cover (Paragraph 2.3.2). 

5. Replace the Field Service Access Cover (paragraph 2.3.1). 

2.6.4 Sector Transducer 

To remove the sector transducer: 

1. Remove the Field Service Access Cover (Paragraph 2.2.1). 

2. Remove the Cartridge Access Cover (Paragraph 2.3.2). 

3. Remove the two screws holding the transducer to the 
spindle (Figure 2-17). 

4. Remove the sc rew hold ing the transd ucer cable clamp to 
the spindle (Figure 2-17). 

5. Remove the screw holding the transducer ground lug to the 
baseplate. 

6. Remove the three other cable clamp screws. 

7. Unplug the cable from the Drive Logic Module, noting the 
orientation of the stripe on the cable. 

8. Remove the transducer cable, noting the path of cable 
routing. 

To replace the sector transducer: 

1. Route the transducer cable in the drive following the 
path of removal. 

2. Replace the three screws in the cable clamps and 
reinstall into the baseplate. 

3. Replace the screw holding the transducer ground lug to 
the baseplate (Figure 2-17). 

4. Replace the screw holding the transducer cable clamp to 
the spindle (Figure 2-17). 
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5. Replace the two screws holding the transducer to the 
spindle (Figure 2-17). 

6. Replace the Cartridge Access Cover (Paragraph 2.3.2). 

7. Replace the Field Service Access Cover (Paragraph 2.3.1). 

2.7 POSITIONER AREA 

2.7.1 Postioner 

To remove the positioner: 

1. Remove the Field Service Access Cover (Paragraph 2.3.1). 

2. Remove the Cartridge Access Cover (Paragraph 2.3.2). 

3. Remove the DC Servo Module (Paragraph 2.5.2). 

4. Remove the Read/Write Module assembly (Paragraph 2.5.4, 
Steps 1 through 5). 

5. Remove the head cables from the module assembly (Figure 
2-13) • 

6. Remove the si x sc rews . hold ing the pos i ti oner to the 
baseplate (Figure 2-18). 

7. Lift the positioner up and out of the drive area. 

NOTE 
The Read/Write heads are not part of the 
postioner assembly. Thus, they will 
have to be removed from the old posi­
tioner and attached to the new one. The 
head removal and replacement procedure 
is described in Paragraph 2.7.2. 

To replace the positioner: 

1. Place the posi tioner back into the baseplate of the 
dr ive. 

NOTE 
The po~tioner is fragile. Do not drop 
it into place. Lower it gently. 

2. Sec ure the pos i t ioner to the baseplate wi th the si x 
Phillips-head screws (Figure 2-18). 

3. Replace the head cables into the module assembly (Figure 
2-13) • 

4. Replace the DC Servo Module (Paragraph 2.5.2). 
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5. Replace the Read/Write Module assembly (Paragraph 2.5.4). 

6. Replace the Cartridge Access Cover (Paragraph 2.3.2). 

7. Replace the Field Service Access Cover (Paragraph 2.3.1). 

8. Perform the positioner Radial Alignment (Chapter 3, 
Parag raph 3.5). 

2.7.2 Read/Write Heads 

To remove the Read/Wr i te heads: 

1. Remove the Field Service Access Cover (Paragraph 2.3.1). 

2. Remove the Cartridge Access Cover (Paragraph 2.3.2). 

3. Remove the Read/Write Module assembly (Paragraph 2.5.4). 

4. Disconnect the head cables from the module assembly 
(Figure 2-13). 

5. Use a 3/32" Allen wrench to loosen the captive head 
retaining screw and carefully slide the head forward, out 
of the positioner assembly (Figure 2-19). 

CAUTION 
Do not allow the head being removed to 
bump or drag on the other head during 
the procedure. 

6. Repeat for the other head. 

To replace the Read/Write heads: 

1. Insert the lower head into the positioner frame such 
that: 

o The locating pin (Figure 2-19) is in the recess of 
the tailstack of the head 

o The tailstack fits into the carriage assembly 

o The corner of the head fits into the plastic 
extension 

2. Slide the head to the rear of the drive so that the head 
is up against the locating pin. 
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3. Using the 3/32" Allen wrench, snug the holddown screw to 
secure the head in place. 

CAUTION 
The screw is being tightened into an 
aluminum casting. Do not overtighten 
this screw and no damage will occur to 
the threads in the casting. 

4. Insert the upper head into the positioner frame, being 
careful not to strike the lower head. 

5. Secur e wi th the holddown sc rew. 

6. Reconnect the head cables into the Read/Write Module 
connecto rs (Fig ur e 2-13). The lower head cable (J 3) is 
inserted into the connector to the left of the upper head 
cable connector. The J3 connector is the one closer to 
the rear of the drive. 

7. Replace the Read/Write module assembly (paragraph 2.5.4). 

8. Replace the Cartridge Access Cover (Paragraph 2.3.2). 

9. Replace the Field Service Access Cover (Paragraph 2.3.1). 

10. Perform the Read/Write head alignment (Paragraph 3.6). 

2.8 REAR PANEL AREA 

2.8.1 Power Supply 

To remove the power supply: 

1. Remove the drive from the slide rails (paragraph 2.2.5, 
Steps 1 through 3). 

2. Remove the Field Service Access Cover (Paragraph 2.3.1). 

3. Remove the Cartridge Access Cover (Paragraph 2.3.2). 

4. Remove the AC Servo Module (paragraph 2.5.1). 

5. Remove the DC Servo Module (Paragraph 2.5.2, Steps 1 
through 4) •. 

6. PI ace the DC Servo Module on its edge in the mounting 
slots provided (Figure 2-9) and disconnect cable J1. 

7. Oi sconnect brush motor drive cable from its connector 
(Fig ure 2-11). 
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8. At the rear of the drive, remove the six mounting screws 
(Figure 2-20). 

CAUTION 
The power panel assembly will swing out 
away from the drive after the last screw 
is removed. Therefore, the power supply 
panel should be held firmly in place 
until the last screw is removed. 

To replace the power panel assembly: 

1. Slide the rear panel assembly into the rear of the drive, 
ensuring that: 

• The top edge of the panel fits under the rear casting 
flange (see Figure 2-21, callout #1) 

• The bottom edge of the panel fits over the bottom pan 
of the drive (see Figure 2-21, callout #2) 

2. While holding the panel firmly, start the two bottom 
sc rews so tha t the panel wi 11 be held in place fo r the 
remaining four screws. 

3. Reconnect J 1 of the DC Servo Mod ule. 

4. Reconnect the brush motor drive cable (Figure 2-9). 

5. Replace the DC Servo Module (Paragraph 2.5.2). 

6. Replace the AC Servo Module (Paragraph 2.5.1). 

7. Replace the Cartridge Access Cover (Paragraph 2.3.2). 

8. Replace the Field Service Access Cover (paragraph 2.3.1). 

9. Replace the drive into the cabinet (Paragraph 2.2.5). 

2.8.2 Spindle Drive Belt 

To remove the spindle drive belt: 

l. Remove the power supply (Paragraph 2.8.1). 

2. Remove the belt from the spindle pulley (Fig ure 2-15) • 

3. Remove the dr ive motor tension spring from the motor 
housing (Figure 2-22) • 

4. pull bel t out through the back of the drive. 
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To replace the spindle drive belt: 

1. Ensure the drive motor housing is as far' forward in the 
drive as it will go. 

2. Slip belt under housing (around the drive motor pulley) 
and slide the belt in the direction of the spindle 
pulley • 

• 3 From the access in the bottom of the drive, slip the belt 
onto the spindle pulley. 

4. Ensure the belt is still on the motor housing pulley. 

5. Slide drive motor housing as far to the rear of the drive 
as it will go, and reinstall the tension spring. 

6. Rotate the spindle several times to position the belt on 
the self-centering pulleys and check for binding and/or 
twists in the belt. 

7. The belt should have proper tension as applied by the 
tens ion spr ing • Fig ure 2-23 i 11 ust ra tes the proper be 1 t 
tension. 

8. Reinstall the power supply panel (Paragraph 2.8.1). 

2.8.3 Power Supply Fan 

To remove the power supply fan: 

1. Remove the power supply (Paragraph 2.8.1). 

2. Di sconnect the ac pI ug to the fan. 

3. Remove the four screws and nuts holding the fan in place. 
The bottom two nuts can be accessed wi th an open-end 
wrench or a pair of long-nosed pliers. 

To replace the power supply fan: 

1. PI ace the fan in place wi th the ac soc ke t loca ted on the 
top and the airflow direction arrow pointing to the rear 
of the assembl y. 

2. Reinstall the four screws securing the fan and finger 
guard. 

3. Reinstall the power supply (Paragraph 2.8.1). 
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2.8.4 Circuit Breaker 

To remove the circuit breaker: 

1. Remove the power supply (Paragraph 2.8.1). 

2 • Lo cat e the c i r cui t b rea k e r ( Fig u r e 2 - 2 4 ) and mar k the 
wires going to the four breaker terminals. 

3. Remove the four wires on the breaker assembly. 

4. Squeeze on the four plastic holding tabs (two on the top 
of the breake r and two on the bot tom) to release the 
breaker from the panel (Figure 2-24). 

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

To replace the circuit breaker: 

1. Slide the breaker into the power supply panel, ensuring 
that the "OFF" position is down. 

2. Reconnec t the wi res go i ng to the breaker, as mar ked when 
removed. 

3. Reinstall the power supply panel (Paragraph 2.8.1). 

2.8.5 Spindle Drive Motor 

To remove the spindle drive motor: 

1. Remove the power supply (Paragraph 2.8.1). 

2. Remove the drive motor tension spring from the motor 
housing (Figure 2-22). 

3. Remove the two drive motor mounting screws from the 
standoffs (Fig ure 2-25). 

4. Slide the drive motor housing forward slightly and lift 
the assembly up approximately one-half inch. 

5. Drive belt should have fallen off; if not, remove it. 

6. Slide driv~ motor out of the drive. 

To replace the spindle drive motor: 

1. Check to see if the drive belt is still on the spindle 
pulley. If not, replace it. 

2. From the back of the drive, pull on the belt to take away 
the slack. 
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3. Slip the belt onto the drive motor pulley. 

4. Using Figure 2-25, reinstall drive motor into the rear of 
the drive, noting that: 

• Tab (8) fits under bracket (C) 

• Blower housing mounting pads fit over the standoffs 

• Delrin spacers are still on the standoffs 

s. Check that belt did not come off the motor pulley. 

6. If the belt is still on, check to see if it came off the 
spindle pulley. If belt is off, replace on the pulley. 

7. Attach the drive motor tension spring to the motor 
housing (Figure 2-22). 

8. Insta 11 mounting hardwa r e on dr i v e motor hous i ng, usi ng 
Figure 2-25 as a guide. 

9. Pull backward on the drive motor housing to apply tension 
to the belt. Tension spring should hold motor in place. 

10. Rotate spindle several .times to position belt on the 
crowned self-centering pulleys. 

11. The be 1 t should 
tens ion spr ing • 
tension. 

have proper tension as applied by the 
Figure 2-23 illustrates proper belt 

12. Reinstall the power supply panel (Paragraph 2.8.1). 

11/2-43 



I 
\ 



CHAPTER 3 
CHECKS, ADJUSTMENTS AND ALIGNMENTS 

3.1 INTRODUCTION 
Many of the checks, adjustments and alignments described in this 
chapter deal with the Drive Logic Module (DLM). Because there are 
three different versions of the DLM, it is necessary to first 
ide n t i f Y the par tic u 1 art yp e 0 f mod u 1 eon the d r i v e b e i n g 
serviced. The three versions are shown in Figure 3-1. 

• Ve r s ion 1 ( Par t No. 5 4 -121 7 5 ) can be ide n t i fie d by the 
fact that the two Berg connectors in the lower right hand 
of the module point down, which the other two along the 
bottom row point up. This board will only operate in an 
RLl2ll. 

• Version 2 (Part No. 54-13531) has all four connectors in 
the bottom row pointing up, as in Figure 3-1. 'l'his 
module will function in an Rll2l1 or an RL02. 

• Ve.rs.i.O.D-_.3 (Part No. 54-14025) has the same arrangement of 
. ··Berg connectors as Version 2, but it also has test lugs 

(shown in Figure 3-1) that are not on either of the other 
two modules. 

The service jumpers used in these checks and adjustments are 
listed in Table 3-1. 

VERSION 

1 

2 

3 

Table 3-1 Service Jumpers for Drive Logic Module 

DEFEAT 
COVER DEFEAT 
SWITCH POS SIG 

E33-3 to TP8 to 
E33-7 TPl-6 
E54-l2 to TP6 to 
E54-7 TPl-4 
TP19 to TP25 to 
TP212l TP26 

DEFEAT 
SK TO 

E17-6 to 
E17-7 
Ell2l-8 to 
Ell2l-7 
TP23 to 
TP24 

SELECT 
HEAD 1 

TP21 to 
TP22 

In the course of performing some of the' alignments, it is 
necessary to select Head 1 and then later reselect Head 121. The 
mehtods for accomplishing this are shown in Table 3-2. 
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PDP-II 

PDP-B 

Table 3-2 Methods for Selecting Heads 

DLM VERSION 1 OR 2 

Load DZRLCXX or CZRLIXX and 
run head alignment routine. 
WRITE PROTect switch in = Head 
1, out = Head " 

Load AJRLBXX or AJRLHXX and 
run head alignment routine. 
WRITE PROTect switch in = Head 
1, out = Head " 

NOTE 

DLM VERSION 3 

Jumper TP2l to 22 
= Head 1 
No jumper = Head 0 

Same as above 

If diagnostics are not available, toggle 
in the appropr i ate prog ram shown in 
Appendix C. 

3.2 VOLTAGE CHECKS 
The DC Servo module template indicates voltage test points. Check 
the following voltages. 

Voltage 

+Vun 
-Vun 
+5v 
+8V 
-BV 

Limits 

+14V to +18V 
-14V to -18V 
+ 4 • 85 V t 0 + 5'. 35 V 
+7.7V to +8.3V 
-7.7V to -8.3V 

The regulators on the DC Servo module are not adjustable. If a 
voltage is out of tolerance, the faulty FRU should be replaced. 

The +5V can be killed by a blown pico fuse, a thermal switch on 
the DC Servo heat sink, an overvoltage crowbar, or a horne switch 
on the positioner not closed during power up. 

3.3 SECTOR TRANSDUCER OUTPUT CHECK 
This check verifies a correct output of the sector transducer. 

A. Required Tools: 

1. Oscilloscope with probe 
2. DIP cli.p. 
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B. Check: 

1. Remove both top cover assemblies. 

2. Install cartridge. 

3. Defeat the cover interlock (Table 3-1). 

4. Depress LOAD switch. 

5. While waiting for the heads to load onto the pack, 
set up the oscilloscope (sync internal negative­
going) • 

6a. Version 1 of DLM: Place oscilloscope probe on ES, pin 
8. 

6b. Version 2 of DLM: Place oscilloscope probe on TP14. 

6c. Version 3 of DLM: Place oscilloscope probe on TP14. 

7. The signal displayed on the oscilloscope should be 
similar to that shown in Figure 3-2. The peak output 
of the negative portion of the waveform should be 
between 0.3SVp and 1.SVp. 

NOTE 
The wave 
first. 

form must be negat1ve-going 

3.4 SECTOR PULSE TIMING CHECK 
This is a check of the sector pulse width and repetition rate. 
The repetition rate is a function of spindle speed. 

A. Required Tools: 

Oscilloscope with probe. 

B. Check: 

l. Remove both top cover assemblies. 

2. Defeat cover in terloc k (Table 3-1) • 

3. Insta II, cart ridge. 

4. Depress LOAD swi tch • 

Sa. Version 1 of DLM: Place the probe on TP9. 

Sb. Version 2 of DLM: Place the probe on TPll. 

Sc. Version 3 of DLM: Place the probe on TPll. 
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6. Set the oscilloscope to sync internal, negative­
going. The signal' displayed on the oscilloscope 
should be the same as in Fig ure 3-3.' Sector pul se 
width should be 62.5 microseconds. Correct disk 
speed ranges from 594 microseconds to 639 
microseconds, with 624 being the desired norm. The 
sector pulses should be stable' at some time period 
within that range. 

3.5 POSITIONER RADIAL ALIGNMENT 
This adjustment assures that the servo burst (as 
read/wr i te head s) occur in the proper time re la t ion 
pulses from the cartridge hub. It also enables the 
observe how straight the carriage motion is over 
travel, and also acts as a check for head skew. 

A. Tools Required: 

1. Oscilloscope with two probes 

2. Two flat-blade screwdrivers 

3. One Phillips head screwdriver 

read by the 
to the secto r 
technician to 

the leng th of 

4a. One DIP clip, one pin-to-pin jumper and one test 
lead, or 

4b. Two pin-to-pin jumpers and two DIP clips 

5. Diagnostic listed in Table 3-2. 

B. Positioner Alignment Check: 

1. Remove both top cover assemblies. 

2. Defeat POS SIG, SKTO and cover interlock (Table 3-1). 

3. Place the Read/Write module box assembly up and out 
of the way of the carriage assembly. 

4. Install cartridge. 

5. Depress LOAD switch. 

6. Wait fqr heads to load onto the pack. 

7. Disable servo drive to the carriage by disconnecting 
the in-line connector (Figure 3-4). 

8. Select Head 1 ('rable 3-;:n. 

9. Place the Channel B osc ill oscope probe on TP2 (dat a) 
of the Read/Write module and Channel A ground on TP3. 
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10a. Version 1 of DLM: place Channel A probe on TP9 (SEC 
TIME) and Channel B ground on any signal ground 
(TPI-TP4). 

10b. Ve rs i on 2 0 f DLM: PI ace Channe 1 A probe on TPll (S EC 
TIME) and Channel B ground on any signal ground 
(TPI-TP4) . 

10c. Version 3 of DLM: Place Channel A probe on TPll (SEC 
TIME) and Channel B ground on any signal ground 
(TPI-TP4) • 

11. Set the oscilloscope to sync internal, negative-going 
on Channel A and observe the waveform shown in Figure 
3-5. 

NOTE 
S1 and S2 servo bursts may not appear in 
the positive/negative proportions shown 
in Figure 3-5, depending upon which 
track the head is centered on. 

12. Meas ure the time between the negat i v e-go ing edge of 
the sector pul se and the beg inning of the SI servo 
burst when the positioner is at Cylinder 0. Record 
this value. 

13. Select Head 0 (Table 3-2). 

14. Repeat Step 12 for Head 0. Record this value. 

15. If the difference between these two values is greater 
than six microseconds, replace Head 13 (see Chapter 2) 
and go back to Step 14. If either of the two values 
falls outside of the 15 + 3 microsecond specifica­
tion, perform the alignment procedure (Part C below. 
Otherwise, continue. 

16. Manuallly move the carriage to the last data track 
(track 255 on an RL01 or track 511 on an RL02). As 
Head 13 enters the inner guard band, Sl disappears. 
Move the positioner back until Sl appears. 

17. Measure the time between the negative-going edge of 
the se9tor pulse and the beginning of the SI servo 
burst when the positioner is at the last cylinder. 
It" should be 15 + 3 microseconds. If so, the check 
is complete. Otherwise perform the adjustment (Part 
C) below. 
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C. Positioner Alignment 

1. Using Figure 3-6 as a guide, locate the six largest 
Phillips screws on the positioner baseplate. 

2 • LO~S re n ( but don 0 t rem 0 v e) the six s c r e w s hoI din g 
down the positioner. 

3. Take the two flat-blade screwdrivers and insert them 
into the adjusting slots on the positioner. 

4. Move the positioner assembly against the right hand 
side of the drive (toward the Read/Write module). 

5. Manually move the carriage to its approximate center 
of travel. 

6. Using the two flat-blade screwdrivers in the 
adjusting slots, slide the positioner baseplate 
until the 15 + 3 microsecond specification between 
the fall of the sector pulse and the rise of the 81 
set·vo burst can be met. (See Figure 3-5). 

NOTE 
Equal pressure must be exerted on the 
screwdrivers when Sliding the positioner 
to ensure that the baseplate is kept 
straight. 

7. Tighten the six retaining screws in small increments. 

8. Check the 15 + 3 microseconds specification for Head 
" at track "-and the last track. If the head is 
within the specification, the check is complete. 
Otherwise, repeat the adjustment (Part C) above. 

3.6 HEAD ALIGNMENT 
This procedure will ensure that the two heads are in line with 
each othe r to cut down on the se rvo t r ac king time when swi tch ing 
heads. 

NOTE 
The positioner Radial Alignment (Para­
graph 3.5) should be done before 
attemp4ing the head al ignment, so that 
any head skew that may be present will 
be detected BEFORE the head alignment. 
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A. Required Tools: 

B. 

1. Osc i llosco pe wi th th ree probes 

2. 3/32" Allen wrench 

3 • F 1 a t - b 1 a des c r e wd ri v e r 

4a. One DIP clip, one pin-to-pin jumper and one test lead 
(alligator clip), or 

4b. Two pin-to-pin jumpers and two DIP clips 

5. Diagnostic listed in Table 3-2. 

NOTE 
No alignment cartidge is required. 

Alignment Check: 

1. 

2. 

Remove both top c~er assemblies. 

Defeat SKTO and~~c 'Pfable 3-1). 

NOTE 
These jumpers enable the diagnostic 
routine to work by disabling the Seek 
Timeout Error. 

3. Defeat cover interlock (Table 3-1). 

('I, .. 
iI ~. r 

4. Place the Read/Write module box assembly up and out 
of the way of the carriage assembly. 

5. Install cartridge. 

6. Depress the LOAD switch. 

7. Wait for the heads to load onto the pack. 

8. Disable servo drive to the carriage by disconnecting 
the servo i n-1 ine connector (Figure 3-4). 

9. Select Head 1 (Table 3-2). 

10. place the Channel A oscilloscope Frobe on TP2 of the 
Read/Wr i te mod ule (Se rvo Da ta) and Channe 1 A g ro und 
on the test point ground (TP3) of this module. 

lla. Version 1 of DLM: Place the Channel B probe on Ell 
pin 7 (Position Signal) and external sync probe on 
TP9 (SEC TIME). 
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lIb. Version 2 of DLM: Place the Channel B probe on TP15 
(Position Signal) and ex terna 1 sync porbe on TPll 
(S EC TIME). 

llc. Version 3 of DLM: Place the Channel B probe on TP15 
(Position Signal) and external sync probe on TPll 
(SEC TIME). 

12. Set the oscilloscope to sync internal, negative-going 
and observe the waveform shwon in Figure 3-7. 

NOTE 
SI and S2 servo bursts may not appear in 
the same positive/negative proportions 
shown in Figure 3-7 depepnding upon 
which track the head is centered on. 

13. Manually position the carriage to track 0 by 
observing the 8l/S2 servo burst waveforms. Move the 
positioner in reverse (away from spindle) until S2 
disappears (as in Figure 3-8), the carriage is in the 
outer guard band area. Move the positioner slowly 
forward (toward the spindle) until S2 reappears. 

14. Move the positioner until the Position Signal 
(Channel B) goes to _ ground potential. The head is 
now on the centerline of data track 0. 

15. Select Head 0 (Table 3--2). 

16. The position Signal (Channel 8) should be within 0.5 
volts of the position Signal presented by head 1. If 
it is not, perform the head alignment described 
below. 

17. Slowly move the carriage in reverse (away from the 
spindle) • The S2 data burst should decrease in 
amplitude and finally disappear. See Figure 3-8. 
The Position Signal (Channel B) should also have 
moved in the negative direction and stopped. If the 
signal did not stop, but instead reversed direction 
and continued (as the carriage continued moving) then 
more data tracks were crossed. Therefore, Head 0 was 
not on track 0, necessitating a head alignment 
(descr~bed below). 

c. Head Alignment 

1. Using the 3/32" 
retaining screw 
against its stop. 

Allen wrench, 
and sl ide the 

~. Select Head 1 (Table 3-2). 
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3. Manually position thee carriage to track 0 by 
observing the 51/52 burst waveforms. When S2 
disappears (as in Figure 3·-8), the carriage is in the 
outer guard band area. Ml')ve the positioner slowly 
forYJard unti 1 S2 reappears and the position Signal 
reaches ground. 

4. Select Head 0. 

NOTE 
Whi Ie performing steps 5 and 6 (which 
follow), be sure that the carriage does 
not move. 

5. Insert a flat-blade screwdriver between the tailstock 
of Head 0 and the rear stop. 

6. While holding the carriag~, use the screwdriver to 
move Head 0 forYJart] until the 52 servo burst 
reappears and the pusition Signal reaches ground. 

7. Tighten the head r~taining screw with the 3/32" Allen 
wrench. Do not over tighten the screw. 

CAUTION 
If the retaining screw is overtighened, 
the threads on the aluminum frame may be 
damaged. 

8 • 8 e 1 e c t He ad 1 (T a b 1 e 3 - 2 ) .. 

9. The next few steps check to see that the heads have 
been properly aligned. Begin this check by manually 
positioning the carriage to track 0. As before, this 
is doen by observing the 81/S2 servo burst waveforms. 
When S2 disappears, as shown in Figure 3-8, the 
carriage is once again in the outer guard band area. 
Move the positioner slowly forward until S2 
reappears. 

10. Move the positioner until the Position Signal 
(Channel 8) goes to ground potential. The head is 
now on the centerline of data track 0. 

11. Select. Head 0. 

12. The Position Signal (Channel B) should be within 0.5 
volts of the position Signal presented by Head 1. If 
it is not, this head alignment procedure must be 
repeated. 
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13. After observing that the position signals from each 
head are within 0.5 volts of each other, check to see 
that both heads were aligned over track 0. Fi rst, 
mvoe the carriage slowly in reverse. If Head 0 was 
over trac k 0, then the S 2 data wi 11 dec rease in 
amplitude and finally disappear. See Figure 3-8. 
Also, the Position Signal (Channel 8) should have 
moved in the negative direction and stopped. If the 
signal did not stop, but instead reversed direction 
and continued (as the carriage continued moving) then 
more data tracks were crossed. Therefore, Head 0 was 
not on track 0, necessitating a head alignment 
(repeat thi s procedure) • 

3.7 READ SIGNAL AMPLITUDE CHECK 
This check compares the amplitudes of the read signal from each 
Read/Write head against the data in the engineering specification. 

A. Required Tools: 

1. Oscilloscope with three probes 

2a. One DIP clip, one pin-to-pin jumper and one test lead 
(alligator clip), or 

2b. Two pin-to-pin jumpers and two DIP clips 

3. Diagnostic listed in Table 3-2.' 

B. Check: 

1. 

2. 

3. 

\ 
Remove bot~tf?P-,\,~y~r assembl ies. 

Defeat SKTO, \f?OS~IG' and cover interlock (Table 3-1). 
"'-..i-- 'c, , ' 

place the Read/writ~ module box assembly up and out 
of the way on the carriage assembly. 

4. Install cartridge. 

5. Depress the LOAD switch. 

6. Wait for the heads to load. 

7. Disable the servo drive to the carriage by 
disconnecting the in-line connector. 

8. Place the Channel A oscilloscope probe on TP2 of the 
Read/Write module (Servo Data). 

9a. Version 1 of DLM: Place Channel B probe on Ell pin 7 
(Posi tion Signal) and place the external sync probe 
on TP9 (Sector Time). 
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9b. Version 2 of DLM: Place Channel B probe on TPl5 
(Position Signal) and place the external sync probe 
on TP11 (Sector Time). 

9c. Version 3 of DLM: Place Channel B probe on TP15 
(Position Signal) and place the external sync probe 
on TP11 (Secto r Time). 

Ie. Set the oscilloscope to sync internal, negative-going 
and observe the waveform shown in Figure 3-7. 

11. Move the positioner forward until the Sl servo burst 
loses amplitude and finally disappears. 

12. Pull the positioner back slowly until the Sl servo 
burst returns. This will be the last data track on 
the disk (track 255 on an RL'/iH, track 511 on an 
RL02) . 

13. Carefully move the positioner until it is on the 
track centerline. This is done by observing the 
Channel B signal which is the Integ.ra~e.d PosLti.o,n.- ¥ 
signal. It will be at a grouna-reference when on 
trac~ (see Figure 3-7). 

14. Measure and record the amplitude of the Sl burst for 
both heads (see Table 3-2 to select heads) while on 
this track centerline (as indicated by the asterisk 
in Figure 3-7. Ensure that the positioner does not 
move from the track centerline. 

15. The lower of the two amp1 i tudes should be no less 
than 432 mv. 

16. Reposition the carriage to track e by reversing the 
carriage until S2 disappears (outer guard band) and 
the forward until S2 reappears. 

17. Measure and record the amplitude of both heads. 
Table 3-2 explains how to select heads. 

18. The amplitude of the Sl burst on track 0 should be 
less than 2.38 volts. 

19. Replace either or both heads that do not meet the 
specifi"cations. 
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NOTE 
If both heads fail to meet the specifi­
cation, it is possible that the Read/ 
Write module is bad. Replace the module 
(see Chapter 2) and repeat the proce­
dure. If a head is replaced, it must be 
aligned (see Paragraph 3.6). The radial 
alignment must also be checked 
(Paragraph 3.S). 

3.S SPINDLE RUNOUT CHECK 
Excessive runout in the spindle assembly or cartridge can cause 
severe tracking problems for the positioning system. This check 
will determine whether: 

1. Runout exists or does not exist 
2 • Run 0 uti sin the car t rid g e 
3. Runout is in the spindle. 

A. Required Tools: 

1. Oscilloscope with probe and ground leads 
2. DIP clip 
3. Jumper 
4. Several test cartridges 

B. Runout Check: 

1. Remove both top cover assemblies. 

2. Place the Read/Write module box assembly up and out 
of the way of the carriage assembly. 

3. Defeat cover interlock (Table 3-1). 

4. Install cartridge. 

5. Depress LOAD switch. 

6. Wait for heads to load onto the pack. 

7. Disable servo drive to the carriage by disconnecting 
the in-line connector (Figure 3-4). 

Sa. Version. 1 of DLM: Place Channel A oscilloscope probe 
on Ell pin 7 (Position Signal) and place Channel A 
ground on TP7 (Integrator Ground) . 

Sb. Vrsion 2 of DLM: Place Channel A osci lloscope probe 
on TPIS (Position Signal) and place Channel A ground 
on TPS (Integrator Ground). 
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Sc. Version 3 of DLM: place Channel A oscilloscope probe 
on TP15 (Position Signal) and place Channel A ground 
on TP5 (Integrator Ground). 

9. Set the oscilloscope to sync internal, negative-going 
and observe the waveform in Figure 3-9. 

1 e. The waveform represent ing runout should be measured 
symmetrically about the ground reference. 

11. The amplitude of the runout should be no greater than 
350 mv. 

12. If the specification cannot be met, runout exists and 
another cartridge is needed to determine if the 
runout exists in the cartridge or the spindle. 

NOTE 
Ideally, the oscilloscope will display a 
nearly straight line of dots. 

13. To confirm a seating problem, re-seat the cartridge 
and repeat the runout check. If the runout is within 
specification, the problem has been solved. If the 
runout is still out of specification, continue with 
Step 14. 

14. Spindle and cartridge are still suspect, so install a 
second cartridge and repeat check. If runout is now 
within the specification, the first cartridge is bad. 
If the runout check fails once more, assume that the 
spindle bearings are bad and replace the spindle 
assembly. 

3.9 POSITION SIGNAL GAIN CHECK 
Insufficient amplitude of the position Signal cound result in the 
carriage not being able to hold itself on track, resulting in read 
errors and possible seek errors. Too high an ampli tude could 
result in a jitter which, in turn, emits a vibrating-type noise 
from the carriage that may generate seek timeout errors. 

A. Required Tools: 

1. Oscilloscope with probe and ground leads 
2. One DI~ clip, one pin-to-pin jumper. 

B. Gain Check: 

1. Remove both top cover assemblies. 

2. PI ace the Read/Wr i te mod ule box assembl y up and out 
of the way of the carriage assembly. 
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3. Defeat cover interlock (Table 3-1). 

4. Install cartridge. 

5. Depress LOAD switch. 

6. Wait for heads to load onto the pack. 

7. Disable servo drive to the carriage by disconnecting 
the in-l ine connector (Figure 3-4). 

8a. Version 1 of DLM: place Channel A oscilloscope probe 
on Ell pin 7 (Posi t i on Signa l) and place Channe 1 A 
ground on TP7 (Integrator Ground). 

8b. Version 2 of DLM: Place Channel A oscilloscope probe 
on TPl5 (Position Signal) and place Channel A ground 
on TP5 (Integrator Ground). 

8c. Ve rs io n 3 of DLM: Place Channel A osc ill oscope probe 
on TP15 (Position Signal) and place Channel A ground 
on TP5 (Integrator Ground). 

9. Observe the waveform in Figure 3-l0(a) while manual~'y' / 
movin5t._,!.h,~_,93~rri,ag~ back and forth. 

10. Measure the peak-to-peak deviation of the Position 
Signal amplitude about the ground reference. It 
should be 3.7 + 0.7 volts. 

NOTE 
1. If these ampl i tudes are not wi thin 

tolerance, the head load operation 
would most likely fault. 

2. Look at the servo data waveforms at 
TP2 of the Read/Wr i te module for a 
smooth sinusoidal waveform, as in 
Figure 3-UI (b) • If something like 
Figure 3-19(c) is seen, the head 
azimuth angle is wrong. In this 
case, replace the Read/Write head. 

3. If the head azimuth is good, then 
check to see if the +8Vdc voltages 
are out of tolerance (paragraph 
3.2) • 

11/3-23 



GND. REF. 

( A) 

(B) 

(e) 

Fig ure 3-1 QI 

POSITION SIGNAL 

. " :'~ •• .' . • • • · : • • I. • ~ • 
• • • • •• 
• • It ~ • •• 

M .... 

• ~. 

• \ • • • • • t • • · • 
• • • • • • • • • • • • • • •• 

.~ 

TIME = 5 MS/DIV. 
VOLTS = 1 VOL TID IV. 

(SMOOTH SINUSOID) 

(REPLACE HEAD) 

• • • • 
• • 
• • '. • • • · • 
• • 

l. • • 

cz· 1 069 

position Signal Gain Check Waveforms 

II/3-24 



3.10 TACHOMETER AC NOISE PICK-UP CHECK 
This procedure checks the amount of noise being picked up by the 
tachometer. If the noise is excessive, the positioner will have a 
hard time holding onto a track signal. In thi s case, the READY 
light may flicker. 

A • R e qui red To 01 s : 

1. Osc i lloscope wi th probe and gro und lead s 
2. DIP clip 
3. Jumper. 

B. Check: 

1. Remove both top cover assembl ies. 

2. place the Read/Wr i te mod ule up "and out of the way of 
the carriage assembly. 

3. Defeat cover interlock (Table 3-1). 

4. Install cartridge. 

5. Depress LOAD switch. 

6. Wait for heads to load onto the pack. 

7. Disable servo drive to the carriage by disconnecting 
the in-line connector (Figure 3-4). 

8. Set the oscilloscope (sync internally) as follows: 

a. Chan ne 1 A probe sho uld be on TPl 0 f the DC Se rvo 
Mod u 1 e ( S u mm in g Am p) • 

b. Channel A ground should be on TPll of the DC 
Servo Module (Signal Ground). 

9. Each drive's summing amplifier output at this point 
will look slightly different, but it should be 
similalr to the waveform shown in Figure 3-11. 

10. The signal seen should have a peak-to-peak value of 
no more than 600 mv. 

11. If the signal is out of tolerance, the DC Servo 
module could be bad or the drive motor may be too 
noisy. Replace the module, and if that does not 
solve the problem, replace the drive motor (see 
Chapter 2). 
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3.11 VELOCITY PROFILE CHECK 
By causing the positioner to perform 
velocity profile can be checked for 
waveshape. 

A. Required Tools: 

an oscillating seek, 
d u rat i on ,. am p 1 it ud e 

1. Oscilloscipe with probe and ground leads 
2. Toggle-in oscillating seek program (Appendix C) 
3. DIP clip 
4. Jumper. 

B. Check: 

1. Remove both top cover assemblies. 

2. Install cartridge. 

3. Defeat top cover interlock (Table 3-1). 

4. Depress LOAD switch. 

5. Wait for heads to load onto the pack. 

the 
and 

6. Using the oscillating program shown in Appendix C, 
caus e an osc ilIa ting. seek f rom track fiJ to trac k 255 
(RL01) or track 511 (RLfiJ2). 

7a. Version 1 of DLM: Place the Channel A oscilloscope 
probe on TP12, place the Channel A ground on any of 
the DLM ground points (TP1 through TP6 are ground) 
and place the external trigger on E38 pin 12 (SIGN 
FWD) • 

7b. Version 2 of DLM: Place the Channel A oscilloscope 
probe on TP8, place Channel A ground on any of the 
DLM ground test points (TPl through TP4 are ground) 
and place the external trigger on E25 pin 12 (SIGN 
FWD) • 

7c. Version 3 of DLM: place the Channel A oscilloscope 
probe on TP 8, place the Channel A ground on any of 
the DLM ground points (TPl through TP4 are ground) 
and place the external trigger on E25 pin 12 (SIGN 
FWD) • 

8. Set the oscilloscope to sync internal, positive­
going and observe the waveform shwon in Figure 3-12. 

9. The peak ampl i tude of the wavefo rm should be between 
4.6 and 5.0 volts • 
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l~. The maximum seek time should be between 80 and 86 
milliseconds. 

11. Observe the trailing edge of the waveform (as 
ind i ca ted by an aster i sk In Fig ure 3-12). There 
should be a slight "stepping" slope. If the observed 
slope has spikes in it, the positioner needs 
replacing as it is not rolling smoothly. 

12. If the 
cannot 
fault. 

other specifications (in Steps 
be met, the DC Servo module is 

9 and 10) 
probabl y at 

3.12 SERVO DRIVE MOTOR CURRENT CHECK 
One possible cause of seek errors is excessive drive motor 
current. This check will determine if there is too much current. 

A. Requ i red Tools: 

1. Oscilloscope with probes and ground leads 
2. Toggle in oscillating seek program (Appendix C) 
3. DIP clip 
4. Jumper. 

B. Check: 

1. Remove both top cover assemblies. 

2. Defeat top cover interlock (Table 3-1). 

3. Install cartridge. 

4. Depress LOAD switch. 

5. Wait for heads to load onto the pack. 

6. Using the oscillating seek program listed in Appendix 
C, cause an oscillating seek from track 0 to track 
255 (RL~1) or track 511 (RL02). 

7. Place Channel A osci lloscope probe on TP3 of the DC 
Servo module. 

8a. Version 1 of DLM: Place the external trigger on E38 
pin 12 . (SIGN FWD) • 

8b. Vers i on 2 of DLM: Place the external trigger on E25 
pin 12 (SIGN FWD) • 

8c. Version 3 of DLM: place the external trigger on E25 
pin 12 9SIGN FWD) • 

9. Observe the wavefo rm shown in Figure 3-13. 
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10. Measure the points called out in the figure and 
compare them to the following: 

#1 sho.uld be between 750 and 780 mv. 
#2 and #3 should be less than or equal to 50~ mv. 

11. Failure to meet specifications requires replacement 
of the positioner/drive motor assembly (described in 
Chapter 2). 

3.13 ACCESS TIME CHECK 
The access time is checked by performing oscillating seeks and 
observing the Position Signal and "Ready to Read/Write". 

A. Required Tools: 

1. Oscilloscope with probes and ground leads 
2. Toggle-in oscillating seek program (Appendix C) 
3. DIP clip 
4. Jumper. 

B. Check: 

1. Remove both top cover assemblies. 

2. Defeat the top cover. interlock (Table 3-1). 

3. Install cartridge. 

4. Depress LOAD switch. 

5. Wait for heads to load onto the pack. 

6. Using the oscillating seek program shown in Appendix 
C, issue a one track seek. 

7a. Version 1 of DLM: Place Channel A oscilloscope prove 
on E25 pin 12 (Ready to Read/Write). 

7b. Version 2 of DLM: place Channel A oscilloscope probe 
on TP16 (Ready to Read/Wr i te) • 

7c. Version 3 of DLM: Place Channel A oscilloscope probe 
on TP16 (Ready to Read/Write) • 

8. Observe the waveform depicted in Figure 3-14. 

9. Measure the time the " Ready to Read/Wr i te" 5ig na 1 is 
low. It should be less than or equal to 15 milli-
seconds. 
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10. Issue a seek from track 0 to track 85 (RL01) or track 
170 (RL02) and check to see that n Ready to Read/ 
Write" is low for slightly less than 55 milliseconds. 
See Figure 3-15. 

11. Issue a seek f rom track 0 to track 255 
track 511 (RL02) and check to see that 
Read/ Write" is low for slightly less 
milliseconds. See Figure 3-16. 

(RL01) or 
.. Ready to 
than 100 

12. If the specifications are not met, the DLM could be 
at fault, or the positioner itself may be binding due 
to excessive friction. (See paragraph 3-12.) 
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APPENDIX A 
REGISTER SUMMARY 

A.l RLll/RLVll ADDRESSABLE REGISTERS 

Address 
(octal) 

774400 

774402 

774404 

774406 

Table A-I Controller Addressable Registers 

Type 
(read/write) 

R/W 

R/W 

R/W 

R/W 

Register 
Name/Mnemonic Basic Function 

Control Status (CS) Indicates drive ready 
condition; decodes 
drive commands and 
provides overall 
control functions and 
error indications. 

Bus Address (BA) Indicates memory 
location involved in 
data transfer during a 
normal read or write 
operation. 

Disk Address (DA) (1) Holds disk address 
during a data transfer 
such as Read or Write; 
or (2) holds the drive 
command word for a 
Seek command; or (3) 
holds the d rive com­
mand word for a Get 
Status command 

Multipurpose (MP) (1) Functions as word 

A-I 

counter when transfer­
ring read/write data 
between Unibus and 
drives; or (2) acts as 
storage buffer when 
reading drive status; 
or (3) stores header 
information from con­
troller silo when exe­
cuting a read header 
command. 



A.I.l Control Status Register 

CONTROL STATUS REGISTER (CSR) 

15 14 13 12 1 1 10 09 08 07 06 05 04 03 02 01 00 

ERR DE NXM E2 E1 EO DSl DSO CRDY IE BA17 BA16 F2 Fl FO DRDY 

~~-----------~-----------~~~------------------~~------------------~ 

Bit(s) 

1-3 

4-5 

READ ONLY READIWRITE READ 

Name Function 

Drive Ready (DRDY) When set, this bit indicates that 
the selected drive is ready to 
receive a command. The bit is 
cleared when a Seek operation is 
initiated and set when the Seek 
operation is completed. 

Function Code 

Bus Address 
Extension Bits 
(BA16, BA17) 

These bits are set by software to 
indicate the command to be executed. 

F2 Fl Fe Command Octal 
Code 

0 0 0 No Op (RL11) or e 
Maint. (RLVl1) 

" 0 1 Write Check 1 
0 1 0 Get Status 2 
0 1 1 Seek 3 
1 0 0 Read Header 4 
1 0 1 Write Data 5 
1 1 0 Read Data 6 
1 1 1 Read Data Without 7 

Header Check 

Command execut ion requ i res that bi t 
7 (Controller Ready) be cleared by 
software. A zero transferred into 
bit 7 of the CSR can be considered 
as a Go bit. 

The two most significant bus address 
bits. Read and written as data bits 
4 and 5 of the CS register but 
considered as address bits 16 and 17 
of the bus address register. 

A-2 
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Bit(s) 

6 

7 

8-9 

10 

11 

Name 

Interrupt 
Enable (IE) 

Controller Ready 
(CRDY) 

Drive Select 
(DS0, DSl) 

Operation 
Incomplete (OP!) 

Data CRC (DCRC) 
or 

Header CRC (HCRC) 
or 

Write Check (WCE) 

Function 

When this bit is set by software, 
controller is allowed to interrupt 
the processor at the normal command 
or error termination. 

When cleared by software, this bit 
indicates that the command in bits 
1-3 is to be executed. When set, 
this bit indicates the controller is 
ready to accept another command. 

These bits determine which drive 
will communicate with the controller 
via the drive bus. 

When set, this bit indicates that 
the current command was not com­
pleted within 200 ms. 

If OPI (bit 10) is cleared and this 
bit is set, a CRC error has occurred 
when reading the data (DCRC). 

If OPI .(bit 10) is set and bit 11 is 
also set, the CRC error has occurred 
on the header (HCRC). 

If oPt (bit 10) is cleared and bit 
11 is set and the function command 
was a Write Check, a Write Check 
error (WCE) has occurred. 
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Bit(s) 

12 

13 

14 

Name 

Data Late (DLT) 
or 

Header Not Found 
(HNF) 

Non-Existent 
Memory (NXM) 

Drive Error (DE) 

Function 

This bit is set during a Write when 
the silo is empty but the word count 
has not yet reached zero (meaning 
that the bus request was ignored for 
too long). The OPI bit will not be 
set. 

This bit will be set during a read 
when the silo is full (meaning that 
the word being read could not enter 
the silo and the bus request has 
been ignored for too long). The CPI 
bit will not be set. 

When this bit and 'opr are both set, 
a 2130 ms timeout occurred while the 
controller was searching for the 
correct sector to read or write (no 
header compare - HNF). 

Error Summary 
Bits 

Error 12 11 113 

CPI 13 13 1 
Read Data 

CRC 13 I 13 
Wr i te Check e 1 e 
Header CRC 13 I 1 
Data Late I 0 0 
Header Not 

Found I 0 I 

This bit is set when the addressed 
memory does not respond within the 
proper time frame during a direct 
memory access (DMA) data transfer. 

This bit is tied directly to the DE 
interface line. When set, it 
indicates that the selected drive 
has flagged an error. (The source 
of the error can be determined by 
executing a Get Status command.) 

DE can be cleared by executing a Get 
Status command wi th bi t 3 of the DA 
reg i ster set. 
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Bit(s) 

15 

Name 

Composite Error 

A.I.2 Bus Address Register 

BUS ADDRESS REGISTER (BAR) 

Function 

When set, this bit indicates that 
one or more of the error bits (bits 
1~-14) is set. If the IE bit (bit 6 
of CS) is set and an error occurs 
(which sets bit 7), an interrupt 
will be initiated. 

15 14 13 12 11 10 09 08 07 06 05 04 03 02' 01 00 

BA15 BA14 BA13 BA12 BAll BA10 BA9 BA8 BA7 BA6 BA5 BA4 BA3 SA2 SAl 0 

~~-----------------------------------~~-----------------------------------/ 

Bit(s) Name 

~-15 BA ~ t h ru BA 15 

A.I.3 Disk Address Register 

REAOIWRITE 

Function 

These bits point to 
address that data 
transferred to/from. 
memory address, BA16 and 
the CSR bits 4 and 5. 

A.!.3.! Disk Address Register During a Seek Command 

DAR DURING SEEK COMMAND 

15 14 

OF8 OF7 

Bit(s) 

~ 

1 

13 12 1 1 

OF6 OF5 OF4 

Name 

10 09 

OF3 OF2 

08 07 06 05 04 03 

OFl OFO 0 0 HS 0 

Function 

Must be a 1. 

Must be a 0. 

A-S 

CZ-2035 

the Unibus 
is to be 
Normally a 
BA17 are in 

02 01 00 

OIR 0 1 

cz- 2010 



Bit(s) 

2 

3 

4 

5-6 

7-15 

Name 

Direction (DIR) 

He ad Se 1 e c t ( H S ) 

cyl i nde r Add r ess 
Difference 
DF 08:00 

Function 

Th i s bit in d i cat est h e d ire c t ion i n 
which a Seek is to take place. When 
the bit is set, the heads move 
toward the spindle (to a higher 
cylinder address). When the bit is 
c lea red, the head s move away from 
the spindle (to a lower cylinder 
address). The actual distance moved 
depends on the cylinder address 
difference (bits 7-15). 

Must be a 0. 

Indicates which head (disk surface) 
is selected. A one indicates the 
lower head; a zero, the upper head. 

Reserved. 

Indicates the number of cylinders 
the heads are to move on a seek. 

A.l.3.2 Disk Address Register During. Read or Write Data Command 

DAR DURING READING OR WRITING DATA COMMANDS 

15 14 

CAB CA7 

Bit(s) 

0-5 

6 

7-15 

13 12 11 10 

CA6 CA5 CA4 CA3 

Name 

Sector Address 
SA 05: 00 

Head Select (HS) 

cylinder Address 
CA 08: 00 

09 

CA2 

08 07 06 05 04 03 02 01 00 

CAl CAO HS SA5 SA4 SA3 SA2 SAl SAO 

CZ·2011 

Function 

Address of one of the 40 sectors on 
a t r ac k. 

Indicates which head (disk surface) 
is to be selected. A one indicates 
the lower head; a zero, the upper 
head. The correct track (head and 
cylinder) must be previously 
selected by a Seek. 

Address of the cylinders being 
accessed. 
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A.1.3.3 Disk Address Register During a Get Status Command 

DAR DURING GET STATUS COMMAND 

15 14 13 12 11 10 09 

I x X I x I x I X x I x 

Bit(s) Name 

1 Get Status (GS) 

2 

3 Reset (RST) 

08 07 06 05 04 03 02 01 00 

I X 0 0 0 a RST I a 

CZ-2037 

Function 

Must be a 1. 

Must be a 1, indicating to the drive 
that the status word is being 
requested. At the completion of the 
Get Status command, the drive status 
word is read into the controller 
Multipurpose (MP) register. 

Must be a 0. 

When this bit is set, the drive 
clears. its error register before 
sending a status word to the 
controller. 

4-7 Must be a 0. 

8-15 Not used during a Get Status. 

A.1.4 Multipurpose Register 

A.1.4.1 Multipurpose Register During a Get Status Command 

MPR AFTER GET STATUS COMMAND 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

WOE CHE WL SKTO SPE WGE VC OSE DT HS CO HO 8H STC ST8 STA 

CZ-2012 
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Bit(s) 

0-2 

3 

4 

5 

6 

7 

8 

. 9 

10 

11 

Name 

State C:A 
ST C:A 

Brush Home (BH) 

Heads Out (HO) 

Cover Open (CO) 

Head Select (HS) 

Drive Type (DT) 

Drive Select Error 
(DSE) 

Volume Check (VC) 

Wr i te Gate Er ror 
(WGE) 

Spin Error (SPE) 

Function 

These bits define the state of the 
d rive. 

C B A 

0 0 0 Load Cartridge 
0 0 1 Spin Up 
0 1 0 Brush Cycle 
0 1 1 Load Heads 
1 0 0 Seek (Track Counting) 
1 0 1 Lock On (Ke ep ing on 

trac k) 
1 1 0 Unload Heads 
1 1 1 Spin Down 

Set when the brushes are home. 

Set when the heads are over the 
disk. 

Set when the cartridge access cover 
is open or the dust cover is not in 
place. 

Indicates the currently selected 
head. A zero indicates the upper 
head; a one, the lower head. 

A zero indicates an RL01; a one, an 
RL02. 

Set when a multiple drive selection 
is detected. 

Set when a cartridge is spun-up. 
Cleared by execution of a Get Status 
command with Bit 3 asserted. 

Set during Write Gate 
more of the following 
occur. 

if one or 
conditions 

o Drive is not "Ready to Read/ 
Write" 

o Drive is Write Protected 
o Sector pulse is occurring 
o Drive has another error 

Set when spindle has not reached 
speed in the required time during 
spin-up or when spindle speed is too 
high. 
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Bit(s) 

12 

13 

14 

15 

Name 

Seek Time Out 
(SKTO) 

Wr i te Loc k (WL) 

Current Head Error 
(CHE) 

Wr i te Da ta Er ro r 
(vIDE) 

Function 

Set when the heads do 'not come on 
track in the required time during a 
Seek command or when "Ready to 
Read/Write" is lost while the drive 
is in position (lock-on) mode. 

Set when 
Protected. 

the drive is Write 

Set if write current is detected 
in the heads when Write Gate is not 
asserted. 

Set if Write Gate is asserted but 
no transitions are- being detected on 
the Write Data line. 

A.l.4.2 Multipurpose Register During a Read Header Command 

MPR AFTER READ HEADER COMMAND 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

CAS CA7 CA6 CA5 CA4 CA3 CA2 CAl CAO HS SA5 SA4 SA3 SA2 SAl SAO 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

ZEROES 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 

CRC 

CZ-2013 

Bi t (s) Name Function 

0-5 SA0: SA5 Sector Address 

f) HS Head Select - Upper head = 0, lower 
head = I 

7-15 CA0: CA8 Cylinder Address 
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A.1.4.3 Multipurpose Register During Read/Write Data Commands 

MPR DURING READIWRITE COMMANDS FOR WORD COUNT 

15 

1 

Bit(s) 

0-12 

13-15 

14 13 12 11 10 09 OB 07 06 05 04 03 02 01 00 

1 1 WC12 WC11 WC10 WC9 WCB WC7 WC6 WC5 WC4 WC3 WC2 WC1 WCO 

CZ-2036 

Name Function 

Word Count 
WC 12:00 

Contains the two's complem~nt of 
total number of words to be trans­
ferred. 

Must be ones. 

MP Register Programming Note The 
RL9l/RL02 Disk Drive will not do spiral 
read/writes. If data is to be 
transferred past the end of the last 
sector of a track, it is necessary to 
break up the operation in~o the following 
steps. 

1. Program the data transfer to 
terminate at the end of the last sector 
of the track. 

2. Program a seek to the next track. 
This can be either a head switch to the 
other surface but same cylinder or a head 
switch and move to the next cylinder. 

3. Program the data transfer to continue 
at the start of the first sector at the 
next track. 
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A.2 RL8-A ADDRESSABLE REGISTERS 

OCTAL CODE * 

6600 

6601 

6602 

6603 

6604 

6605 

6607 

6610 

6611 

6612 

6613 

6614 

6615 

6617 

Table A-2 RL8-A Instruction Set 

MNEMONIC 

RLDC 

RLSD 

RLMA 

RLCA 

RLCB 

RLSA 

RLWC 

RRER 

RRWC 

RRCA 

RRCB 

RRSA 

RRSI 

RLSE 

FUNCTION 

Clear controller, all registers, AC 
and flags. (Do not use to terminate 
a disk function.) 

Skip on function done, then clear if 
set to a one 

Load Break MA Register from AC 0:11 

Load Command Register A from AC 0:11 

Load Command Register B from AC 
0:11, execute command 

Load Sector Address Register from AC 
0:5 

Load Word Count Register from AC 
0:11 

Read Error Register into AC 0, 1, 2, 
10, 11 

Read Word Count Register into AC 
0:11 

Read Command Register A into AC 0:11 

Read Command Register B into AC 0:11 

Read Sector Address Register into AC 
0:5 

Read silo word into AC 0:11 

Skip on composi te error, then clear 
if set to a one 

*A1ternate device Gode, 62 and 63 
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A.2.I Command Register A 

A.2.I.1 Command Register A During a Seek Command 

Bit(s) 

ACPl 

AC1 

AC2 

AC3:11 

COMMAND REGISTER A DURING A SEEK COMMAND 

00 01 02 03 

DIR HS X I Msal 
\. 

Name 

Direction (DIR) 

Head Select (HS) 

Cylinder Address 
Difference 

04 05 06 07 08 09 10 11 

I Lsal 
) 

'V" 
CYLINDER DIFFERENCE 

CZ·2016 

Function 

This bit indicates the direction in 
which a Seek is to take place. When 
the bit is set, the heads move 
toward the spindle (to a higher 
cyl inde r add ress). When the bi tis 
cleared, the heads move away from 
the spindle (to a lower cylinder 
address). The actual distance moved 
depends on the cylinder address 
difference (bits 3-11). 

Indicates which head (disk surface) 
is to be selected. A one indicates 
the lower head i a ze ro , the upper 
head. 

Spare 

Indicates the number of cylinders 
the heads are to move on a seek. 

A.2.I.2 Command Register A During Read or Write Data Command 

COMMAND REGISTER A DURING A READ/WRITE DATA COMMAND 

00 01 02 03· 04 05 06 07 08 09 10 11 

~~----------------- --------------------~) V 
CYLINDER ADDRESS 

CZ·2017 
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Bit(s) Name 

Ace 

ACl Head Select (HS) 

AC2 

AC3: 11 Cylinder Address 

Function 

Must be zero 

Indicates which head (disk surface) 
is to be selected. A one indicates 
the lower head; a zero, the uppe r 
head. The correct track (head and 
sector) must be previously selected 
by a Seek. 

Must be zero 

Cylinder address 

A.2.2 Command Register B 

00 

RES 

Bit(s) 

AC0 

ACI 

AC2 

AC3 

01 02 03 

MAIN MODE IE 

Name 

Maintenance 

Mode 

COMMAND REGISTER B 

04 05 06 07 08 09 10 11 

MSB LSB EMAO EMA1 EMA2 FC FB FA 

~ 
DRIVE SELECT 

CZ-2018 

Function 

Reserved 

The contents of the Disk Address 
(DA) Register are looped back to the 
silo for maintenance purposes. Bit 
2 of Command Register B must also be 
set for this function to work 
correctly. 

When set, thi s bi t indicates that 
the data field will be 256 8-bit 
words per sector. When zero, the 
data field will be truncated to 170 
12-bit words per sector. This bit 
must be set when a Ma i ntenance , a 
Get Status or a Read Header command 
is to be executed. 

Interrupt Enable 
(IE) 

When this bit is set, the controller 
is allowed to interrupt the 
processor at the co~culsion of a 
normal command or error termination. 
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Bit(s) 

AC4:5 

AC6: 8 

Name 

Dr i ve Se lect 
(DS 0, DS 1 ) 

Ex tended Memory 
Addressed (EMA) 

AC9:11 Function Code 

Function 

These bits determine which drive 
will communicate with the controller 
via the drive bus. 

These three bits define the memory 
field location. This allows up to 
32K memory locations to be addressed 
on processors having more than 4K of 
memory. 

These bits indicate the command to 
be executed by the controller/disk 
subsystem. 

Bit Bit Bi t· Command 
9 10 11 

0 0 '" 
Maintenance 

'" 
0 1 Reset 

0 1 
'" 

Get Status 
0 1 1 Seek 
1 0 0 Read Header 
1 

'" 
1 Write Data 

1 1 0 Read Data 
1 1 1 Read Data 

Without 
Header Check 

A.2.3 Break Memory Address Register 

BREAK MEMORY ADDRESS REGISTER 

00 01 02 03 04 05 06 07 08 09 10 11 

BMOO BM01 BM02 BM03 BM04 BM05 BM06 BM07 BM08 BM09 BM 10 8M11 

CZ·2019 

Bi t (s) Name Function 

ACO:l1 8M0:l1 Memory Address 
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A.2.4 Word Count Register 

WORD COUNT REGISTER 

00 01 02 03 04 05 06 07 08 09 10 11 

weoo weOl we02 we 03 we 04 WCOS WC06 we 07 WCDS WC09 WC 10 WC 11 

Cl-2020 

Bit(s) Name Function 

AC0:11 WCO:ll Word Count 

A.2.5 Sector Address Register 

Bit(s) 

AC0:5 

Name 

SA0:5 

00 

SAOO 

SECTOR ADDRESS REGISTER 

0' 02 03 04 05 

SAO' SA02 SA03 SA04 SAOS 

CZ-2021 

Function 

Sector Address 

A.2.6 Error Register 

00 

DCRC 

HCRC 

Bit(s) 

AC0 

ACI 

01 02 03 04 

OPI DlT 

HNF 

Name 

Data CRC (DRCR) or 
Header CRC (H9RC) 

Operation 
Incomplete (OPI) 

ERROR REGISTER 

05 06 07 08 09 10 11 

NOT DEFINED DE DRDY 

CZ-2022 

Function 

If opr is cleared and this bit is 
set, the CRC error occurred in the 
data (DCRC). If OPI is set and this 
bit is also set, the CRC error 
occured on the header (HCRC). 

When set, this bit indicates that 
the cur r en t co mm and was not 
completed withing 200 ms. It is 
also used in conjunction with bits 0 
and 2 of this register. 
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Bit(s) 

AC2 

AC0: 2 

AC10 

AC11 

Name 

Data Late (DLT) or 
Header Not Found 
(HNF) 

Error Code 

Drive Error (DE) 

Drive Ready (DRDY) 

Function 

This bit is set during 'a Write if 
the silo is empty and the word count 
is not yet zero (meaning that no 
word was available for writing). 
OPT will not be set. 

This bit is set during a Read if the 
silo is full and the word count is 
not yet zero (meaning that the word 
being read could not enter the 
silo). OPT will not be set. 

When th is bi t and OP I are bot;h set, 
then a 200 ms timeout occurred while 
the controller was' searching for the 
co r rect secto r to read or wr i te (no 
header compare - HNF). 

Summary 

Error Bits 
00 01 02 

DLT 0 0 1 
OPI 0 1 0 
HNF 0 1 1 
DCRC 1 0 0 
HCRC 1 1 0 

This bit is tied directly to the 
Drive Error interface line. When 
set, it indicates that the selected 
drive has flagged an error. The 
source of the error can be 
determined by a Get Status. 

The DE bit is cleared with a Reset 
command to the drive. 

When set, this bit indicates that 
the selected drive is ready to 
receive a command. The bit is 
cleared when a Seek operation is 
initiated and set again when the 
Seek operation is completed. 
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A.2.7 Silo Buffer 

A.2.7.I Silo Buffer After a Get Status Command 

, SILO BUFFER - STATUS WORD 1 

00 01 02 03 

NOT DEFINED 

Bit(s) Name 

AC~:3 

AC4 Dr ive Type 

AC5 Head Select (HS) 

AC6 Cover Open (CO) 

, AC7 Heads Out (HO) 

AC8 Brush Home (BH) 

AC9: 11 State Bits 

04 05 06 07 08 09 10 11 

STSI STA I 
WORD 1 

CZ-2023 

Function 

Undefined 

A zero indicates an RL0l; a one, an 
RL~2. 

Indicates currently selected head. 
A zero indicates the upper head; a 
one, the lower head. 

Se t when the ca rt ridge access cover 
is open, or the dust cover is not in 
place. 

A one indicates that the heads are 
over the disk; a zero indicates that 
the heads are home. 

Set when the brushes are home. 

These bits define the state of the 
disk drive. 

State Bit Definitions 

Bit Bit Bit Definition 
A B C 

0 0 0 Load Cartridge 
0 0 1 Spin-up 
0 1 0 Brush Cycle 
0 1 1 Load Heads 
1 0 0 Seek (track 

counting) 
1 0 1 Lock-on (keeping 

on track) 
1 1 0 Unload Heads 
1 1 1 Spin-down 
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Bit(s) 

ACeI:3 

AC4 

AC5 

AC6 

AC7 

AC8 

AC9 

AC lei 

ACII 

SILO BUFFER - STATUS WORD 2 

00 01 02 03 

NOT DEFINED 

Name 

Wr i te Data Er ror 
(WDE) 

Cur rent Head 
Error (CHE) 

Wr i te Lac k (WL) 

Seek Time Out 
Err a r ( S KT 0 ) 

Spin Error (SPE) 

Write Gate Error 
(WGE) 

Volume Check (VC) 

Drive Select 
Error (DSE) 

04 05 06 07 08 09 10 11 

CHE I WL I STO I SPE I WGE I VC 

WORD 2 

CZ-2024 

Function 

Undefined 

This bit is set when Write Gate is 
on but no transi tions were detected 
on the Write Data line. 

This bit is set when Write Current 
is detected in the heads but Wri te 
Gate was not asserted. 

Set when the drive is Write Pro­
tected. 

Set when the heads do not come on 
track in the required time during a 
Seek comm and a r when "Read y to Read/ 
Write" is lost while the drive is in 
position (lock-on) mode. 

Se t when the spi ndl e does not come 
up to speed within 40 seconds or 
when the spindle speed is too high. 

Set if Write Gate is asserted and 
one or more of the following condi­
tions is true. 

l. Drive is not .. Read y to 
Read/Wri te" 

2. Drive is Write Protected 
3. Drive is in the midst of sector 

time 
4. Drive has another error asserted 

Set when a cartridge has been 
spun-up. This bit is reset by a Get 
Status command. 

Set when one or more drives have the 
same number (unit select plug) or 
have responded to the same number. 
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A.2.7.2 Silo Data Buffer During a Read Header Command 

SILO BUFFER - HEADER WORDS 

00 01 02 03 04 05 06 07 08 09 10 11 

NOT DEFINED LSB I HS I MSB I I LSB I 
WORD 1 '--.y-J \... ) 

V 
CYLINDER SECTOR ADDRESS 
ADDRESS 

00 01 02 03 04 05 06 07 08 09 10 11 

NOT DEFINED I MSB I 
WORD 2 \... ) 

V" 
CYLINDER ADDRESS 

NOT DEFINED o o o o o a 

WORD 3 

NOT DEFINED o o o o o o o o 

WORD 4 

NOT DEFINED 

WORD 5 ~~---------------- -----------------) - "'v"'" 

HEADER CRC 

NOT DEFINED I I I I 
WORD 6 \... -----------------) 'V" 

HEADER CRC 

CZ-2025 
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Bit(s) 

AC0:3 

ACS 

AC5 

AC6:11 

Bit(s) 

AC0:3 

AC4:11 

Bit(s) 

AC0:3 

AC4: 11 

Bit{s) 

Ace:3 

AC4:ll 

Bit(s) 

AC0:3 

AC4:ll 

Bit(s) 

AC0:3 

AC4:11 

Name 

Cyl Add 

HS 

Sec Add 

Name 

Cyl Add 

Name 

Name 

Name 

CRC 

Name 

CRC 

WORD 1 - HEADER 

Function 

Undefined 

LSB of Cylinder Address 

Head Select - lower head = 1, upper 
head = 0 

Sector Address 

WORD 2 - HEADER 

Function 

Undefined 

Cylinder Address - eight high order 
bits 

WORD 3 - HEADER 

Function 

Undefined 

Zeros 

WORD 4 - HEADER 

Function 

Undefined 

Zeros 

WORD 5 - HEADER 

Function 

Undefined 

Eight LSB of CRC word 

WORD 6 - HEADER 

Function 

Undefined 

Eight MSB of CRC word 
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B.l SITE PREPARATION AND PLANNING 

APPENDIX B 
INSTALLATION 

This appendix describes power, space, environmental, cabling and 
safety requirements that must be considered before installation of 
the RL0l/RL02 Disk Subsystem. 

B.l.1 Environmental Considerations 
The RL0l/RL02 Disk Subsystem is designed to operate in a business 
or light industry environment. Although cleanliness is an 
important consideration in the installation of any computer 
system, it is particularly crucial for proper operation of a disk 
drive. The RL0lK/RL02K Disk Cartridge is not sealed while being 
loaded and is therefore vulnerable to dust or smoke particles 
suspended in the air, as well as fingerprints, hair, lint, etc. 
These minute obstructions can cause head crashes, resulting in 
severe damage to the read/write heads and disk surfaces. 

B.1.1.1 Cleanliness - The RL01/RL02 Disk Drives can operate in 
an ambient with less than one million particles per cubic foot of 
air which are 0.5 micron or larger in diameter. The drive 
contains a filter system which, under these conditions, maintains 
the particle count within the cartridge below 100 particles per 
cubic foot. 

B .1.1. 2 Space Requi rements Pro v i si on sho uld be made fo r 
service clearances of 1 m (36 in) at the 'front and rear of the 
rack or cabinet in which the drive is mounted and I m (36 in) at 
either side. 

Storage space for the RL0IK/RL02K cartridges should also be made 
avai lable. Each cartridge has a diameter of approximately 38 cm 
(15 in) and a height of approximately 6 em (2.5 in). 

CAUTION 
RL8lK/RL82K disk cartridges must never 
be stacked on top of each other. A 
designated shelf area or specially 
designed disk cartridge storage unit is 
recommended (see the DIGITAL Supplies 
and Accessories Catalog). 

B.1.1.3 Floor Loading - The weight of the RL01/RL02 Disk Drive 
alone is 34 kg (75 ,lb), which will not place undue stress on most 
floors. However, the added weight of the rack or cabinet as well 
as the number of drives to be installed should be considered in 
relation to the weight of existing computer systems. Possible 
future expansion should also be a consideration. 
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B.1.1.4 Heat Dissipation The heat dissipation of each 
RL0l/RL02 Disk Drive is 546 Btu/hour maximum. The approximate 
cooling requirements for the entire system can be calculated by 
multiplying this figure by the number of drives, adding the result 
to the total heat dissipation of the other system components, and 
then adjusting the total figure to compensate for personnel, 
cooling system efficiency, etc. It is advisable to allow a safety 
margin of at least 25 percent above the maximum estimated 
requ i rements. 

B.l.1.5 Acoustics - Most computer sites require at least some 
degree of acoustical treatment. However, the RL0l/RL02 Disk 
Subsystem should not contribute unduly to the overall system noise 
level. Ensure that acoustical materials used do not produce or 
harbor dust. 

B.1.l.6 Temperature - The RL01/RL02 Disk Subs~stem will operate 
over a temperature range of 100 C (500 F) to 40 C (104 0 F). The 
maximum temperature gradient is 16.60 C (300 F) per hour. The 
nonogerating temperature range is from _40 0 C (-40 0 F) to 66 0 C 
(151 F). 

B.1.1.7 Relative Humidity - Humidity control is important for 
proper operation of any computer system since static electricity 
may cause memory errors or even permanent damage to logic 
components. The RL01/RL02 Disk Subsystem is designed to operate 
within a relative humidity range of 10 to 90 percent, with a 
maximum wet bulb temperature of 2S o C (S 20 'F) and a minimum dew 
point of 20 C (36 0 F). The nonoperating relative humidity range 
is from 10 to 95 percent, with a maximum wet bulb temperature of 
46 0 C (115 0 F). 

B.l.l.S Altitude - Computer systems operating at high altitudes 
may have heat dissipation problems. Altitude also affects the 
flying height of read/write heads in disk drives. The maximum 
a 1 t i tude spec if ied for operat ing the RL01/RL02 Disk Subsystem is 
2 4 4 0 m ( S 0 0 0 f t) • A 1 so, the m a x i m urn a 11 0 wa b 1 e 0 per a tin g 
temperature is reduced by a factor of 1.So C per l000m (10 F per 
1000 ft) above sea level. Thus, the maximum allowable ope6ating 
temperature at 2440 m (S000 ft) would be reduced to 360 C (96 F). 

B.1.1.9 Power and Safety Precautions The RL0l/RL02 disk 
subsystem presents no unusual fire or safety hazards to an 
existing computer system. AC power wiring should be checked 
carefully, however, to ensure that its capacity is adequate for 
the added load as' well as for any possible expansion. The 
RL0l/RL02 Disk Drive is UL listed and CSA certified. 
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B.1.1.1" Radiated Emissions - Any source of electromagnetic 
interference (EMI) that is near the computer system, may affect the 
opera t ion of the processor and its re 1a ted per i phera 1 equ i pment • 
Common EMI sources that are known causes of failures include: 

• Thunderstorms 
• Broadcast stations 
• Radar 
• Mobile communications 
• High-voltage power lines 
• Power tool s 
• Arc welders 
• Vehicle ignition systems 
• Static electricity 

The effect of rad iated EMI emissions on a computer system 
unpredictable. Thus, grounding plays an important role 
protecting the circuits used in disk drive subsystems. 

is 
in 

To help reduce the effects of known high-intensity EMI emissions 
perform the following actions: 

• Ground window screens and other large metal surfaces. 

• Ensure that the 
properly (refer 
ments) • 

overall computer 
to Paragraph B.14, 

system is 
Grounding 

grounded 
Require-

• Provide proper storage (metal cabinets with doors) for 
disk cartridges. 

B.1.1.11 Attitude/Mechanical Shock Performance of the 
RL01/RL02 Disk Subsystem will not be affected by an attitude where 
maximum pitch and roll do not exceed 15 degrees. 

The subsystem is designed to operate while a half-sine shock pulse 
of 113 gravity peak and 10 ± 3 ms duration is applied once in 
either direction of three orthagonal axes (three pulses total). 

B.1.2 Options 
The RL01/RLfa2 Di sk Dr ive can be shi pped wi th var ious controllers 
(for Unibus, Ommibus and LSI-II Bus computer systems), and can be 
configured for 115 Vac 230 Vac operation. 

Table B-1 shows saleable RLfal/RLfa2 subsystem options. 
shows RL0l/RL02 option components. 
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Option 
Number 

RL01A 

RL02A 

RL01-AK 

RL02-AK 

RL01K-DC 

RL02K-DC 

RL11-AK 

RL21l-AK 

RLVll-AK 

RLV21-AK 

RLSA-AK 

RL2SA-AK 

Table B-1 Saleable RL8l/RL82 Subsystem Options 

Description 

RL01 Un it, BC20J I/O Cable, Chassis Slide and 
Mount ing Hardware 

RL02 Un it, BC20J I/O Cable, Chassis Slide and 
Mounting Hardware 

RL01-A (Drive) , RL01K-DC (Cartridge) 

RL02-A (drive) , RL02K-DC (cartridge) 

RL01 Data Cartridge 

RL02 Data Cartridge 

RL01-AK, RL11 Controller, BC~6R , Term inator 

RL02-AK, RL11 Controller, BC06R, Term inator 

RUIl-AK, RLVll Controller, BC06R, Term inator 

RL02-AK, RLVll Controller, BC06R, Term inato r 

RL0l-AK, RLS-A Controller, BC041R, Term inator 

RL02-AK, RLS-A Controller, BC06R, Terminator 
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Table B-2 Saleable Cabinet Options 
(Includes skins, doors, covers, trim, and power controllers) 

Type 

J950 

J967 

H9500 

H9500 

H9500 

Volts 

110 
220 

110 
220 

110 

220 
lll2J 

220 
1112J 

220 
110 

2212J 

Dwg 

H960-BC 
H960-BD 

H967-BA 
H 967-BB 

H 9603-ED 

H9612J3-EE 
H9601-ED 

H9601-EE 
H9602-EA 

H9602-EB 
H9612J0-EA 

H96012J-EB 
H 9612J2-B-0 

H9600-A-0 

H9603-B-O 

H 960l-A-O 

Remarks 

Includes five 26.67 cm (10.5 
in) high panels 

26.67 cm (10.5 in) cover 
panels (H950-QA) must be 
ordered if required. 

SWLB with H95l4-B top covers 

DWLB with H95l4-A top covers 

SWHB complete hiboy cabinet 

DWHB complete hiboy cabinet 

SWHB option arrangement dwg. 
Order as required. 

DWHB option arrangement dwg. 
Order as required. 

SWLB option arrangement dwg. 
Order as required. 

DWHB option arrangement dwg. 
Order as required. 

Saleable Cable Options: Where an I/O cable length of more than 10 
feet is required, order one of the following: 

Order No. 

BC20J-20 
BC20J-40 
BC20J-612J 

Part No. 

7012122-20 
7012l22-412J 
7012122-612J 

Length 

6 m (20 ft) 
12 m (40 ft) 
18 m (612J ft) 

Total length of cal;:>le(s) from the controller to the last drive 
must not exceed 30 m (100 ft). 
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B.1.3 AC Power Requirements 
The RL0l or RL02 drive can operate wi thin one 
ranges that are manually selected by means of two 
lot:ated at the rear of the dev ice (Figure B-1). 
ranges are: 

NOM 
LO 

110 Vac 
110-120 
90-105 

220 Vac 
220-256 
180-210 

of two vol tag e 
terminal blocks 

These vol tag e 

The drive will operate when the line frequency is between 47.5 and 
63 Hz. 

B.1.3.1 Standard Applications - The drive can be shipped from 
the factory as a free-standing unit or mounted in various racks 
and cabinets (refer to Paragraph B.1.2, Options). 

If the drive is shipped as a free-standing unit, the 2.74 m (9 ft) 
ac power cord is terminated with a NEMA type 5-15P plug (DIGITAL 
Part No. 90-08938). This plug requires a NEMA type 5-l5R 
receptacle (Figure B-2). 

8.1.3.2 Optional Applications - Operation in the high voltage 
range (180-256 Vac) will require reconfiguring the terminal block 
at the rear of the drive and changing the line cord plug (Figure 
B-1) • 

In 50 Hz applications, the line cord plug must be changed (Figure 
B-2) • 

8.1.4 Grounding Requirements 
Each cabinet of a DIGITAL computer system is equipped with ground 
lug terminals that should be connected to a low-impedance earth 
ground by No.4 AWG (5 mm/0.20 in) copper wire or stranded No.4 
AWG welding cable. A Burndy QA4C-B solderless lug (or equivalent) 
is recommended fo r term in a t ing the cable. DIG ITAL suppl i es a 
standard grounding conductor with each I/O and memory cabinet. 

A steel building beam is an adequate ground in many instances. 
However, some disk-oriented systems may require additional 
connect ions to ear th gro und, in add it i on to the gro und lead s 
carried through various signal buses and ground connectors 
conta ined wi thin the power cables. The green grounding wi re in 
the power cable must also be returned to ground, usually through 
the conduit of the ~lectrical distribution system. Note that the 
green wire is a not a current-carrying conductor, nor a neutral 
conductor. 

Whenever possi bIe, the system power panel must be ei ther mounted 
in con tact wi th bare bu i ld ing steel by bonded jo i nts (Fig ure 2-3) 
or connected to the steel by a short length of cable. 
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110/220 VOLTS 
TERMINAL 

BLOCK COVER 

CIRCUIT BREAKER 

Fig ure 8-1 RL01/RU'2 Di sk 
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SOURCE PLUG 

([;) 120V 
15A 
l·PHASE HUB BEL 

1&288·C 
NEMA * 6·16P 
DEC # 90·08938 

W 

120/208V @ 30A 

HUBBEL " 3·PHASE Y 
0811 
N EMA # L6.30P G 
DEC,'2·"'93 

120/20B·240V 
X 

20A @ 2·PHASE 
or 

HUBBEL • , 
120/208V 
20A 12411 W ... 

3·PHASE Y NEMA # L14·20P 
DEC # 12·11046 Y 

G, X 
, 

Y t':', 120/208V 
20A 
3·PHASE Y HUBBEL -#2611 

NEMA # L21·20P 
W 

DEC # 12·)1209 Z 

rd 240V 
ISA --1·PHASE 

NEMA # 8·16P 
DEC # 90·08863 

~ 240V 

HUBBEL ", 

20A 
l·PHASE 

#2321 Y 
NEMA # L6 20P 
DEC * 12·11192 

W@)' 240/416V 
20A ,,\, 
3·PHASE Y \ Y 

X \ 
NEMA I -- NOT NEMA G 
DEC # 12·09010 

,~ 120V 
30A HUBBEL 
I·PHASE #2811 

• _ W 

NEMA 
L21·30P Z 

DEC 12·12314 

RECEPTACLE 

#6282 
@ 

515R 
1206361 

,© ,2610 
L6·30R 
12·11194 

X 

G~ 
12410 

(::::)W 
L14·20R 
12·11046 Y 

X G@ 
#2610 W c:::::> 
L21·20R 
12·11210 Z 

·Cd c:J CJ 

8·16R 
12·11204 

©. 12320 
LS·20R 
12·11191 

Z 

@JJ 
NOTNEMA Y ~~ 
12.11269 G X 

.@) 
d y 

62810 
L21·30R Z 
12·123111 

USED ON 

ALL 120 V TABLE.TOP 
COMPUTERS. STANDARD 
120V LOW·CURRENT 
DISTRIBUTION. 120V 
TU10 UNITS. MOST 
120Y TERMINAL DEVICES 

ALL 120V STANDARD 
CAIINET MOUNTED EOPT 

120V PDP·l 1/46 PRO· 
CESSOR CABINET ONLY. 

60 H. RM 10 DRUM 
80 H. RP02/RP031 
RP04. RPOS. RPOS 

ALL240VTABLE·TOP 
COMPUTERS. 
STANDARD LOW·CURRENT 
240V'DISTRIIUTION. 
MOlT 240V TERMINAL 
DEVICES 
240VTU10. 

ALL 240V STANDARD 
CABINET MOUNTED 
EQUIPMENT. 

60 H. RM10 DRUM 
60 Hz RP02/RP031 
RP04 

PDPll/70 
PROCESSOR 
PDP 11/70 MEM, 
VAX·l1/780 
PROCESSOR 

POWER 
CONTROLLER 
B6H 

POWER 
CONTROLLER 
861·C 

POWER 
CONTROLLER 
861·A 

POWER 
CONTROLLER 
861·8 

POWER 
CONTROLLER 
881·0 

CP-1968 

Fig ure 8-2 approved Electrical Plugs and Receptacles 
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08-0717 

Figure 8-3 Power Panel Grounded to Building Frame 
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Where neither scheme is possible, a metal area (comprisin~ the 
po~er panel, the conduit, and a metal plate) of at least 1 m (Ie 
ft ) that is in contact wi th masonry must be connected to the 
green ground wire (Figure B-4). The connecting wire must not 
exceed 1.5 m (5 ft) in length and should be at least a No. 12 AWG 
(2mm) • 

Wh e n two cab i net s are b 01 ted tog e the r, DIG I TAL bon d s the m 
electrically with a No. 4 AWG conductor (5 mm/0.2I'2J in) or by 
several copper mesh straps connected between the cabinet frames. 

After the grounding system is installed, it is advisable to .take a 
voltage reading between the cabinet frame and the nearest grounded 
obj ect. NBFU No. 70 (published by the National Bureau of 
Underwriters) provides further details regarding preferred 
grounding procedures. 

B.1.S Installation Constraints 
The route from the receiv ing area to the installation si te that 
the equipment will travel should be studied in advance to ensure 
problem-free delivery. ~nong the considerations are: 

• Height and location of loading doors 
• Size, capacity, and availability of elevators 
• Number and size of aisles and doors en route 
• Bends or obstructions in hallways. 

B.2 AC CABLING 
Computer equipment requires a power source with a minimum number 
of voltage and frequency disturbances. Line voltage disturbances 
greater than 1/4 cycle (measured at the receptacle during system 
operation) are undesirable. 

DIGITAL power wiring conforms to' Underwriters Laboratories, Inc., 
Handbook UL No. 478, National Electrical Code standards, and the 
type II requirements of the National Fire Protection Association 
(NFPA 7e). This means that in the United States the wire used as 
equipment ground is green, or green with a yellow stripe; it 
carries no load current (except In emergency), but does carry 
leakage current. No equipment is permitted to leave DIGITAL that 
does not have a grounding connection to its frame. 

The grounded conductor is light grey or white. It must not be 
used to ground equipment. Its purpose is to conduct current. 

Lines 1, 2, and 3 in a typical 60 Hz power system (Figure B-5) are 
represented by black, red, and blue wires, respectively, and phase 
rotation is in that order. 
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CAUTION 
Where no grounded wire can be 

assumed. 
systems 

guaranteed, it must not be 
There are some 115 V/69 Hz 
within the United States where 
side of the line is grounded 
3-phase delta). 

Figure B-6 shows a typical 5~Hz power system. 

neither 
(115 V 

Two types of power systems can be used to prov ide power to the 
NEMA type L14-2~R receptacle. The type shown in Fig ure 8-7 is 
referred to as split-phase (or 2-phase 18~ displaced) 12~/24~ Vac. 
It comprises a center-tapped transformer with 12~ Vac between the 
center tap and either of the two legs. 24~ Vac exists between the 
two outside legs. 

The second type (Fig ur e 8-8) is ref er red to as 3-phase Y (l2~ 
displaced) 120/280 Vac. The 120 Vac exists between neutral and any 
of the three other legs (X, Y, or Z), and 208 Vac exists between 
any two of the outer legs (i.e., between X and Y, X and Z, or Y 
and Z). Although Figure 8-8 shows the X and Y connections as the 
two phases used for the receptacle, any two of the three phases 
shown can be used. 

The ground terminal on the L14-Z0~ receptacle will normally have a 
green screw, the neutral terminal will be white or silver, and the 
"hot" terminal will be brass covered. 

B.3 INSTALLATION - GENERAL 
The controller should be installed first, followed by the 
drive(s). Next, the diagnostics should be run to demonstrate that 
the subsystem is functioning properly or to diagnose any problems. 
Paragraph 8.4 explains the installation of the RLII Controller, 
Paragraph B.5 deals with the RLVII and Paragraph B.6 describes 
RL8-A installation. 

Paragraph B.7 contains instructions to install the unit and 
Paragraph 8.8 explains acceptance testing and contains separate 
paragraphs for each of the three controllers. Paragraph 8.9 
describes the use of the M9312 bootstrap module that may be used 
on RLll-based systems. 

8.4 RLl1 CONTROLLER INSTALLATION 
The RLll Controller ,(M7762) is a single hex-height module that can 
be installed in any hex-height SPC slot. Connector Jl connects 
the controller to the drive bus (Figure 8-9). 

Of the 21 jumpers on the 
factory test purposes. 
selection: 

RLll 
The 

Controller, five 
r em a i n i n 9 1 6 are 

Wl-W6 
W7-W16 

VECTOR ADDRESS (160) 
BASE ADDRESS (7744"~) 
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NOTE 
A logical one is represented by the 
presence of a jumper wire. 

The Unibus priority plug sets the priority for bus requests. For 
the RLII subsystem, bus requests are at priority level 5 
(BRs/BGs). (See Figures B-Ul and B-11.) 

NOTE 
Adjustments on the RLl1 are preset at 
the factory and are not to be changed in 
the field. 

To install the controller: 

1. Remove the M7762 module from its shipping container and 
examine it for any physical damage.' 

2. If a priority level other than 5 is required, obtain an 
appropriate priority jumper assembly or set up the 
priority jumper assembly (item 1, Figure B-9) using 
Fig ure B-18 as a guide. The vector and base address 
jumpers WI-WI6 are for 160 and 774400, respectively. If 
the subsystem configuration requires other than standard 
addresses', set the jumpers up as shown in Figure B-10. 
Physi cal locat ion of these jumpers is shown on Figure 
B-9. 

3. Install the ribbon cable (BC(!J6R-XX) with the red 
indicator stripe to the right and the smooth side facing 
the viewer when viewing the component side of the 
controller as shown in Figure B-12. Dress the cable as 
necessary. 

4. Insert the controller into its appropriate slot in the 
SPC backplane as shown in Figure B-12 after ensuring that 
the slot does not cohtain a grant continuity module in 
row D. Do not chafe the ribbon cable. Route the cable 
up and out to the rear of the cabinet, allowing for cable 
strain relief. 

NOTE 
See Appendix D for configuration rules 
and SPC slot selection considerations. 

5. Remove the jumper between CAl and CBl, (NPR Grant) on the 
backplane, if the jumper exists. 
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NOTES' 
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DESCRIPTION DWG PART NO. 

2 SCREW. PHL TRS HD. #10-32 X 50 LG 9006073-03 

2 NUT. SPRING /110-32 90077B6-oo 
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Figure 8-12 RLll Controller Installation 
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6. Install the transition bracket at the rear of the cabinet 
shown in Fig ure B-12. Assemble and install transi tion 
connector. 

7. Connect the other end of the ribbon cable (BC06R-XX) with 
the red indicator stripe on the top. Use Figure B-12 as 
a guide. 

8. Apply system power and, using a suitable measuring device 
(i .e., digital voltmeter or equivalent), verify the 
voltages are within the ranges specified below. 

VOLTAGE RANGE 

GROUND 
+5 VDC +4.75 

+15 VDC +14.25 
-15 VDC -15.75 

TO +5.25 VOC 
TO +15.75 VDC 
TO -14.25 VDC 

TEST POINT 

AC2 
M2 

'CVl 
CB2 

BACKPLANE 
LOCATION 

Measure all voltages between the ground test point and 
the appropriate voltage test point. If any adjustments to 
the power supply are necessary, refer to the appropriate 
manual. 

B.5 RLVll CONTROLLER INSTALLATION 
An RLVII Controller is comprised of a 
and the drive bus module (M80l3). 
jumpers, trim pots, and connectors 
following paragraphs. 

bus interface module (M80l4) 
Each module has switches, 

that are explained in the 

B.S.1 Bus Interface Module 
The bus interface module (M80l4) contains the logic circuits that 
perform the following major functions: 

• LSI-II bus interface functions 
• Programmable register? 
• Silo data storage and control circuits 

An illustration of the component side of M80l4 is shown in Figure 
8-13. The location of the bus address switches, the vector 
address switches, and the connector finger ass ignments are shown 
in this figure. 

The bus address switch is used to set up the device base address. 
It is normally factpry preset to 7440. This means the device cs 
reg ister has an address of 174400 and the MP reg ister has an 
address of 174406. The switches have the ON and OFF positions 
labeled. The ON position is the logical 1 or true state (Figure 
8-14) • 

The vector address swi tch is used to select 
vector for this device when it interrupts. 
for an address of 160 (Figure 8-15). 
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Figure 8-13 RLVll Bus Interface Module 
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B.5.2 Drive Module 
The drive module (M80l3) contains the circuitry that performs the 
following major functions: 

• Data formatting and error detecting circuits 
• Control microsequencer and timing circuits 
• Drive bus interface 

An illustration of the component side of M80l3 is shown in Figure 
8-16. 

NOTE 
Adj ustments to the RLVII are preset at 
the factory and are not to be adjusted 
in the field. 

B.5.3 Module Slot Location 
Modules M80l3 and M80l4 must be inserted into the H9273 backplane 
(Figure 8-17) such that the Ma0l3 module is in the slot closest to 
the processor. Outside of this one restriction, the two modules 
can be inserted in any two unused slots. The controller priority 
level is based solely on its electrical distance from the 
microprocessor module in slot 1. 

8.5.4 Module Installation 

1. Using the normal configuration rules, select two adjacent 
slots in the backplane for the two controller modules. 

2. Insert the ribbon cable (8C06R-XX) into Jl on the M8013 
wi th the red str ipe edge toward the top (Row A) of the 
module. 

3. Insert the Ma0l3 module into the selected slot that is 
closest to the processor. 

4. Ex am ine 
switches 
correctly. 

the M80l4 to insure that 
and the vector address 

See Figures 8-14 and 8-15. 

the base 
switches 

5. Insert the M80l4 module next to the M80l3. 

address 
are set 

6. Install the transition bracket at the rear of the cabinet 
as shown in Fig ure 8-12. Assemble and install the 
transition connector. 

7. Connect the other end of the ribbon cable wi th the red 
stripe up. 
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8. Apply system power and, using a suitable measuring device 
(i .e., digital voltmeter or equivalent), verify that the 
voltages are within the ranges specified below. 

voltage Range Test 

Ground AC2 
+5 Vdc +4.75 Vdc to +5.25 Vdc AA2 
+12 Vdc +11.5 Vdc to +12.5 Vdc AD2 
-5 Vdc -5.25 Vdc to -4.75 Vdc ALI 

NOTE 
The -5 Vdc is generated on the M80l3 
module. It is not adjustable but must 
be within specifications for proper 
operation. Module replacement is the 
only corrective procedure. 

Point 

(M80l3 on1 y) 

Measure all vol tages between the ground test point and 
the appropr i ate voltage test po int . If any adj us tments 
to the power supply are necessary, refer to the 
appropriate processor's service manual. 

B.6 RL8-A CONTROLLER INSTALLATION 

B.6.1 Introduction 
The RL8-A Omnibus controller moduie (M8433) contains the following 
logic functions: 

• Interface logic 
• Programmable registers 
• Silo data storage and control 
• Data formatting and error detection 
• Control microsequencer and timing logic 
• Drive bus interface logic 

- NOTE 
Adjustments on the RL8-A are preset at 
the factory and are not to be changed in 
the field. 

B.6.2 Module Slot Location 
The module can be inserted into any unused Omnibus hex-height slot 
between the CPU and the first memory element. The controller is 
connected to the first drive via a BC80J-20 interface cable. 
Connections between 'drives are made using a BC20J-XX (70-12122-10) 
cable. 

B.6.3 

1. 

Module Installation 

Remove the M8433 module (see Figure B-18) and interface 
cable (BC08J-20) from the shipping container and inspect 
them for physical damage. 
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2. Verify the proper jumper configuration for device codes 
and priority (Figure B-18). 

Device Code 

60,61 
62,63 

Break priority 

" 1 

WI 

IN 
IN 

W3 

IN 
OUT 

NOTE 

W2 

OUT 
IN 

W4 

OUT 
IN 

W5 

IN 
OUT 

RL8-A is shipped from the factory with a 
priority of 0. 

Device Type 

RL0l 
RL02 

ROM Type (E133) 

0l2E 2 
8708 or 2708 

W8 

OUT 
IN 

W10 

OUT 
IN 

W9 

IN 
OUT 

Wll 

IN 
OUT 

W6 

IN 
OUT 

W7 

OUT 
IN 

3. Position the BC80J-20 interface-to-drive cable in the 
PDP-8 chassis and connect the Berg connector to the M8344 
module. 

4. Install the M8344 module into selected slot in the 
Omn i bus bac kpl ane • 

5. Route the cable out to where the first drive will be 
installed. 

B.7 RLB1/RLB2 DISK DRIVE INSTALLATION 

B.7.l Unpacking and Inspection 

1. When delivered, each drive and its associated cabinetry 
are enclosed by a heavy cardboard carton and attached to 
a shipping skid (Figure B-19). Remove the plastic straps 
that secure the shipping carton to the skid. 

2. Remove the lid from the top of the carton. 

3. Remove the staples that fasten the wooden crating slats 
and carton flanges to the skid. 
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4. Remove the shipping carton. 

5. Inspect the cabinet and drive for signs of damage. 

B.7.2 

Retain all packing material and receipts in the event 
that any claims for shipping damage must be filed. All 
claims should be filed promptly with the transportation 
company. 

RL91/RL92 Disk Drive Unit Mounting 

NOTE 
If the RL91/RL92 is to be mounted in an 
8959 cabinet, the shipping brackets must 
be retained and refitted after 
installation. This is the only way to 
prevent the drive from sliding while 
repositioning or moving the 8959 
cabinet. 

The drive may be shipped in a rack or cabinet as an integral part 
of a system or may be shipped in a separate container for addition 
to an existing system. 

If the drive is to be installed in an existing rack or cabinet, 
install the chassis slides first as described in Steps I through 6 
below (Figure B-20). The procedure for installing the drive 
itself begins with Step 7. 

1. Install cabinet stabilizers before mounting the drive. 

2. Remove the slides from the disk drive. 
hardware for reassembly.) 

(Retain the 

3. Install slides into the rack or cabinet using enclosed 
hardware. Be sure the slides are at the correct height 
to permit installation of pop panels (dress panels) upon 
completion of installation. Also verify that the slides 
do not bind on any hardware used to mount the slide. 

4. Extend slides to lock position. 

5. Slide drive onto chassis slides and reinstall security 
mounting hardware. 

6. Ensure that the disk drive moves easily on the slides, 
that there is no bind ing in the cabinet, and that the 
proper height has been maintained for dress panels. 

7. Open the drive access cover. 
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NOTE 
There is a safety interlock in the RUn 
and RL02 Disk Drives that locks the drive 
access Gover when the drive has no power. 
The manual release to bypass this 
interlock is located on the right side of 
the drive under a small access cover 
(Figure B-2l). Remove the cover to reach 
the solenoid. Pull down on the solenoid 
and operate the top release mechanism at 
the same time to open the drive access 
cover. After the drive access cover is 
open, replace the solenoid cover. 

8. Loosen the head restraining bracket screw located on the 
positioner. Turn the bracket 90 degrees and retighten 
the screw (Figure 8-22). 

9. On newer' drives, these are two shipping screws on the 
bottom of the unit that secures the spindle/blower motor. 
Remove the screws. 

10. If the drive 
that has an 
drive be'ing 
connected. 

is being 
interlock 
extended 

install in a dual-drive cabinet 
system to prevent more than one 
at a time, ensure that is is 

11. Inspect the term inal bloc k covers' at the rear of the 
drive. Ensure that they are configured properly for the 
input power available (Figure B-22). 

CAUTION 
Connection to the wrong power 
will result in serious damage 
disk drive. 

source 
to the 

12. If there is only one disk drive in the system, or if this 
is the last drive of the daisy chain, install a 
terminator assembly (DIGITAL part no. 70-12293) in the 
.. cable 0 ut" locat ion at the rea r of the dr i ve (Fig ure 
B-22) • 

13. If this is an RLll- or an RLVll-based system, route the 
I/O cable BC20J-XX (DIGITAL part no. 70-12122-10) between 
the first drive and the transition connector. If this is 
an RL8-A-based system, route the BC80J-20 cable from the 
RLS-A to the first drive. 
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POSITIONER 
FRONT VIEW: 

POSITIONER 
RESTRAINING 

LATCH 
SOLENOID 

ACCESS COVER 

Figure 8-21 RL01/RL02 - Covers Removed 
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11 0/220 VOLTS 
TERMINAL 

BLOCK COVER 

CIRCUIT BREAKER 

CABLE "our 

Figure 8-22 RL01jRL02 Disk Drive - Rear View 
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14. If this is a multidrive installation, connect an I/O 
cable from "cable in" of this drive to the "cable out" 
connector of the previous drive. Repeat for each drive. 

NOTE 
The total length of cable from 
controller to the last drive must not 
exceed 30 m (100 ft). 

15. Install the proper unit select plug at the front of the 
drive (Figure B-23). 

B.7.3 Drive Prestart-up Inspection 
To begin the inspection procedure, remove the top cover by 
loosening the captive screws and lifting the cover straight up. 
Rest the cover on the rea r of the dr i ve (Fig ure B-24). Wi th the 
drive power off, follow these steps. 

1. Ensure that the positioner restraining bracket is secured 
out of position to prevent interference with it (Figure 
B-22) • 

2. Ensure that the positioner is home. 

3. Ensure 
dirty. 
percent 
wiper. 

that the read/write head gimbels are not bent or 
(If they are dir.ty, clean with a solution of 91 
alcohol and 9 percent water and a lint-free 

4. Ensure that the spindle rotates freely and its top 
surfaces are not dirty. (Clean as described above.) 

5. Ensure that the brush assembly is home (not exposed). 

6. Ensure that the logic modules and connectors are seated 
f i rml y. 

7. Turn CBl ON. 

8. Ensure that the spindle rotates slowly counterclock wise 
for approximately 15 seconds and stops. At this time, 
the LOAD 1 ig ht wi 11 com e on. 

9. Ensure that the FAULT light is not on. 

10. Ensure that the muffin fan at the rear of the drive is 
operating. 

B-38 



LOAD SWITCH 
AND INDICATOR 

UNIT SELECT PLUG 
AND READY INDICATOR 

WRITE PROTECT SWITCH 
AND INDICATOR 

Figure B-23 RL0l/RL02 Disk Drive - Front View 
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11. Using a suitable measuring device (i .e., digital 
voltmeter or equivalent), ensure the following drive 
voltages are within the specified toleranc~s. 

Vol tage 

+15UNREG 
-15UNREG 
+5REG 
+8REG 
-8REG 

Range 

(+15.0 to +18.0 Vdc) 
(-15.0 to -18.0 Vdc) 
(+4.85 to +5.35 Vdc) 
(+7.7 to +B.3 Vdc) 
(-7.7 to -B.3 Vdc) 

Test Point 

+VUNREG 
-VUNREG 
TPB 
TP4 
TP5 

See Figure B-24 for 
points are located on 
module (Figure B-25). 

dc servo module location. 
the mask cover ing the dc 

Test 
servo 

12. Verify that the WRITE PROTect switch cycles in and out 
and the indicator lights up when the switch is pressed. 

13. Ve r i fy tha t the LOAD swi tch cycles 
indicator light goes out when the 
Return switch to the "out" position. 

in and 
switch 

out and the 
is pressed. 

14. Turn off CB1. 

15. Re insta 11 the top cove~ and sec ur e wi th the capt i ve 
screws. 

16. Ensure that the drive access cover cannot be opened. 

17. Turn CBl on and ensure the drive access cover will open. 

B.7.4 Drive Star-tup Operation Check 

1. With the drive power ON, install a scratch cartridge. 

2. Close the cover, press the LOAD switch and note that: 

o the LOAD light goes out 

o Wh e nth e car t rid g ere a c h e s nom ina 1 s pee d (a f t e r 
approximately 30 seconds), a brush cycle commences. 
When the brushes have retu rned home, the read/wr i te 
head s will load and approach c yl inde r 0. When the 
heads have locked onto cylinder 0, the READY light 
will illuminate. The total time for this process is 
approximately 45 seconds. 
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Figure 8-24 RL0l/RL02 Disk Drive - Exposed Drive Logic Module 
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3. Press the LOAD swi tch again. The READY light should go 
off and the read/write heads should retract to their home 
posi tion. The spindle should slow down an.d then come to 
a complete stop after about 30 seconds. The LOAD light 
should illuminate when the spindle has stopped. 

4. If the dr ive startup operation check 
successfully completed (i.e., the 
illuminates), run the subsystem 
described in Paragraph B.B. 

detailed above is 
READY indicator 

confidence tests 

B.8 CONFIDENCE TESTING 
Confidence testing consists of running the diagnostic programs. 
Each diagnostic has a listing that contains operating 
instructions. Each listing explains system hardware requirements, 
software env ironment, which features are tested and how they are 
tested, program options and how to select them, how to interprete 
printouts, error handling, device information tables, dialogue 
with the Diagnostic Supervisor, and complete operating 
instructions. The listings are available as hard copy printouts 
or on microfiche. 

The binary form of the diagnostic programs are available on 
various media. It is always advisable to keep a copy of the 
RL0l/RL02 diagnostics on a media other than the RL0lK or RL02K 
cartridge so that the diagnostic? can be loaded through another 
device if the RL subsystem is down. 

The old MAINDEC naming system is being replaced with a new naming 
system. Manual and microfiche designations are also being 
converted. In addition, part numbers are being assigned that 
conform to DIGITAL's standard twelve character part number system. 

When ordering diagnostic media, listings, manualS, or microfiche, 
check the current catalog or index for the latest designation and 
revision level. The applicable catalogs and indexes are listed in 
Table B-3. Unless otherwise specified when ordering, the latest 
revision will be shipped. 

NAME 

PDP-II 
PDP-B 
PDP-II 
PDP-B 

Table B-3 Diagnostic Catalogs and Indexes 

Diagnostic Software Components Catalog* 
Software Components Catalog* 
MAINDEC Inde'x 
MAINDEC Index 

PART NUMBER 

AV-B 021 E-TC 
AV-0B72B-TA 
AH-9026P-"MC 
AH-6572G-MA 

* NOTE: Both of these catalogs are available on microfiche 
(EP-08/IIDC-02 ) 
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B.8.l RLll-Based Diagnostics 
The d i ag nost i c pac kag e used fo r an RLll/RL0l s ubsy stem bef 0 re the 
re lease of the RL02 consi sted of the six free-stand ing programs 
listed in Table B-4. There were two revisions, Revision A and 
Revision B. These programs handled only RL0l drives (not RL02 
un its) • 

CZRLAA0 
CZRLBA0 
CZRLCA0 
CZRLDA0 
CZ RLEA 0 
CZRLFA0 

Table B-4 RLlI-Based Diagnostics 

Controller Test Part 1 
Controller Test Part 2 
Drive Test Part I 
Dr ive Test Part 2 
Performance Exerciser 
Drive Compatibility Test 

These diagnostics can be run free-standing, under the Diagnostic 
Supervisor, manually under XXDP, chainable under XXDP (except 
CZRLFA0 which requires manual intervention), or under 
manufacturing checkout environments such as SLIDE or ACT-II. 

A new diagnostic package is available to test either an RL0I or an 
RL02 unit. The kit numbers are listed in Table B-5 and the 
contents of the tests are shown in Table 8-6. 

There is a new program added to the package named CZRLMA0. It is 
used to read the Bad Sector Fi Ie .and can be used to wr i te entr ies 
into the field writable portion of the Bad Sector File. This 
program is not a diagnostic and should not be used as one. It 
assumes that the system is functioning properly. 

PART NUMBER 

ZJ283-RB 
ZJ283-RZ 
ZJ283-PB 
ZJ283-FR 

Table B-5 RLll Diagnostic Kit Numbers 

DESCRIPTION 

Documentation and Paper Tape 
Documentation Only 
Paper Tape Onl y 
Microfiche Only 
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PART NUMBER 

AC-F 111A-MC 
AH -F 110A-MC 
AK-F 1e8A-MC 
AK -F 10 9A-MC 
AF-F III J\-M 0 

AC-F IlSA-MC 
AH-F 114A-MC 
AK -F l12A-MC 
AK-F 113A-MC 
AF-F llSA-M0 

AC-F 119J\-MC 
AH -F 118A-MC 
AK-F l16A-MC 
AK -F 11 7A-MC 
AF-F119A-M0 

AC-F123A-MC 
AH-F 122A-MC 
AK -F 12 0A-MC 
AK-F 121A-MC 
AF-F 123A-Me 

AC-F127A-MC 
AH-F126A-MC 
AK-F 124A-MC 
AK -F 125A-MC 
AF-F 127 A-Me 

AC-F131A-MC 
AH - F 13 0A -M C 
AK -F 12 8A -MC 
AK-F 129A-MC 
AF-F131A-M0 

AC-F 13SA-MC 
AH -F 134A-MC 
AK-F 132A-MC 
AK -F133A-MC 
AF-F 13SA-M0 

Table 8-6 RLll Diagnostic Components 

NAME 

CZRLGA0 CONTROLLER TEST #1 

CZRLHA0 CONTROLLER TEST #2 

CZRLIA0 DRIVE TEST #1 

CZRLJA0 DRIVE TEST #2 

CZRLKA0 PERFORMANCE EXERCISER 

CZRLLA0 DRIVE COMPATIBILITY TEST 

CZRLMA0 BAD SECTOR FILE UTILITY 
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ITEM 

DOCUMENTATION 
FICHE 
PAPER TAPE #1 
PA PER TAPE # 2 
DECO 

DOCUMENTATION 
FICHE 
PA PER TAPE It 1 
PAPER TAPE #2 
DECO 

DOCUMENTATION 
FICHE 
PAPER TAPE #1 
PA PER TAPE # 2 
DECO 

DOCUMENTATION 
FICHE 
PAPER TAPE #1 
PAPER TAPE #2 
DECO 

DOCUMENTATION 
FICHE 
PAPER TAPE #1 
PAPER TAPE #2 
DECO 

DOCUMENTATION 
FICHE 
PA PER TAPE 11 
PAPER TAPE #2 
DECO 

DOCUMENTATION 
FICHE 
PAPER TAPE #1 
PA PER TAPE # 2 
DECO 



In addition to the free-standing diagnostics, there is a DECXll 
module for use with the DECXll System Exerciser. The current 
revision is designated RLAA and is in DECXll Option Library *5 
DXQLQ. Revision A (RLAA) will operate an RL01 drive only. 
Revision 8 (RLAB) will operate either an RL0l or an RL02. 

There is also an RL subsystem d river for the Ma in tenanc e Prog r am 
Generator (MPG). 

The binary form of the diagnostics are included as part of XXDP. 
This makes them available on media for the RK05, RK06, RK07, RL0l, 
RX01, DECtape, magnetic tape, and DECassette. 

The use of XXDP, DECXll, and MPG is ex pla i ned in the manua 1 s 
listed in Table 8-7. 

PART NUMBER 
HARD COPY 

AC-9093I-MC 
AC-8240Z-MC 
AC-8l6JC-MC 

Table B-7 User Documents 

PART NUMBER 
MICROFICHE 

EP-DZQXA-J-D 
AH-82 42Z -MC 
EP-DTUMA-C-D 

NAME 

CZQXAI0 XXDP USER GUIDE 
CXQBAZ0 DECXll USER DOCUMENT 
CTUMAC0 MPG USER MANUAL 

B.S.2 RLVlI-Based Diagnostics 
The RLVll Controller-based subsystem is tested with the same set 
of diagnostics as the RLll Controller subsystem with the following 
exception. The RLVll has an internal maintenance feature that is 
not tested by the RLll diagnostics so there is one additional 
diagnostic program called the CVRLAA0 Diskless Test. It should be 
run fi rst. 

The diagnostic kit includes the same items as the RLll diagnostic 
kit plus the CVRLAA0 test. The RLVll kit designations are shown 
in Table B-8. 

DESIGNATION 

ZJ285-RB 
ZJ285-RZ 
ZJ285-PB 
ZJ2S5-FR 

Table 8-S RLVll Diagnostic Kit Designations 

CONTENTS 

Documentation and paper Tape 
Documentation Only 
Paper Tape Only 
Microfiche Only 

The DECXll module is the same one used for the RLll. 

'8.8.3 RL8A-8ased Diagnostics 
There are six free-standing diagnostic programs for the RLS-A 
Controller-based system. There is also a DECXS module for use 
wit h the DEC X S s y s t em ex e r cis e r • Th e sed i a g nos tic s are a v ail a b 1 e 
as individual components (see Table B-9) or in a kit (see Table 
B-10) • 
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Table 8-9 RL8-A/RLBI Diagnostic Components 

PART NUMBER DESIGNATION 

AC-C656A-MA 
AH-C 65 7A-MA 
AK -C 65 8A-MA 
AL-C659A-NA 
AC-C660A-MA 
AH-C661A-MA 
AK -C662A-MA 
AL-C663A-NA 
AC-C664A-MA 
AH-C66SA-MA 
AK-C666A-MA 
AL-C 66 7A-NA 
AC-C668A-MA 
AH-C669A-MA 
AK -C670A-MA 
AL-C671A-NA 
AC-C672A-MA 
AH-C673A-MA 
AK -C6 7 4A-MA 
AL-C 675A-NA 
AC-C676A-MA 
AH-C677A-MA 
AK -C 67 BA - MA 
AC-C682A-MA 
AH -C6B 3A-MA 
AK-C684A-MA 
AL -C6 85A-NA 

PART NUMBER 

ZB233-RB 
ZB233-RZ 
ZB233-PB 
ZB233-FR 

AJRLAA0, RL8A DISKLESS CONTROL TEST (DOC) 
AJRLAA0, RL8A DISKLESS CONTROL TEST (FICHE) 
AJRLAA0, RL8A DISKLESS CONTROL TEST (P. TAPE) 
AJRLAA0, RL8A DISKLESS CONTROL TEST (DECTAPE) 
AJRLBA0, RL8A/RL01 DRIVE TEST 1 (DOCUMENT) 
AJRLBA0, RL8A/RL01 DRIVE TEST 1 (FICHE) 
AJRLBA0, RL8A/RL0l DRIVE TEST 1 (P. TAPE) 
AJRLBA0, RL8A/RL01 DRIVE TEST 1 (DECTAPE) 
AJRLCA0, RL8A/RL01 DRIVE TEST 2 (DOCUMENT) 
AJRLCA0, RL8A/RL01 DRIVE TEST 2 (FICHE) 
AJRLCA0, RL8A/RL01 DRIVE TEST 2 (P. TAPE) 
AJRLCA0, RL8A/RL01 DRIVE TEST 2 (DECTAPE) 
AJRLDA0, RL8A/RL01 COMPAT. VERIFY (DOCUMENT) 
AJRLDA0, RL8A/RL01 COM PAT. VERIFY (FICHE) 
AJRLDA0, RL8A/RL0l COMPAT. VERIFY (Po TAPE) 
AJRLDA0, RL8A/RL01 COMPAT. VERIFY (DECTAPE) 
AJRLEA0, RL8A/RL0l PERF. EXER. (DOCUMENT) 
AJRLEA0, RL8A/RL01 PERF. EXER. (FICHE) 
AJRLEA0, RL8A/RL0l PERF. EXER. (P. TAPE) 
AJRLEA0, RL8A/RL01 PERF. EXER. (DECTAPE) 
AXRLAA0, RL8A DECXS MODULE (DOCUMENT) 
AXRLAA0, RLBA DECXS MODULE (FICHE) 
AXRLAA0, RL8A DECXB MODULE (P. TAPE) 
AJRLGA0, RL8A/RL01 PACK VERIFY (DOCUMENT) 
AJRLGA0, RL8A/RL01 PACK VERIFY (FICHE) 
AJRLGA0, RL8A/RL01 PACK VERIFY (P. TAPE) 
AJRLGA0, RL8A/RL0l PACK VERIFY (DECTAPE) 

Table B-10 RL8-A/RLBI Diagnostic Kits 

CONTENTS 

DOCUMENTATION AND PAPER TAPE 
DOCUMENTATION ONLY 
PAPER TAPE ONLY 
MICROFICHE 
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PART NUMBER 

ZF241-RZ 
ZF241-RB 
ZF241-PB 
ZF241-FR 
ZF241-PH 
ZF241-RH 

Table 8-11 RL8/RLg2 Diagnostic Kits 

CONTENTS 

DOCUMENTATION 
DOCUMENTATION AND PAPER TAPE 
PAPER TAPE 
FICHE 
RL~2 

RL02 AND DOCUMENTATION 

Table 8-12 RL8/RLg2 Diagnostic Components 

PART NUMBER NAME 

AC-C656C-MA AJRLAC~ RL8A DISKLESS CONTROL TEST 
AH -C 65 7C -MA 
AK-C658C-MA 
AL-C 65 9C-NA 
AC-F362A-MA AJRLHA0 RL8/RL02 SEEK/FUNCTION 
AK -F 36 3A-MA 
AH-F364A-MA 
AL -F 36 5A-MA 
AF-F 36 2A-M 0 
AC-F366A-MA AJRLIA0 RL8/RL02 READ/WRITE 
AK-F367A-MA 
AH -F 36 8A-MA 
AL-F 369A-MA 
AF-F366A-M0 
AC-F370A-MA AJRLJA0 RL8/RL02 DRIVE COMPAT 
AK -F 371A-MA 
AH -F 37 2A-MA 
AL-F373A-MA 
AF-F 370A-M0 
AC-F374A-MA AJRLKA0 RL8/RL02 PERF. EXER. 
AK-F 375A-MA 
AH -F 37 6A-MA 
AL-F 377A-MA 
AF-F 37 4A-M0 
AC-F378A-MA AJRLLA0 RL8/RL02 PACK VERIFY 
AK -F 37 9A-MA 
AH -F 38 0A-MA 
AL-F 38lA-MA 
AF-F 378A-M0 
AC-F382A-MA AXRLB~0 DEC/X8 MOD RL8/RL02 
AK-F 38 3A-MA 
AH -F 38 4A-MA 
AF-F 38 2A-M 0 
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ITEM 

DOC UMENTATION 
FICHE 
PAPER TAPE 
DEC TAPE 
DOCUMENTATION 
PAPER TAPE 
FICHE 
DEC TAPE 
DECO/DEPO 
DOCUMENTATION 
PAPER TAPE 
FICHE 
DEC TAPE 
DECO/DEPO 
DOCUMENTATION 
PAPER TAPE 
FICHE 
DEC TAPE 
DECO/DEPO 
DOCUMENTATION 
PAPER TAPE 
FICHE 
DEC TAPE 
DEPO/DECO 
DOCUMENTATION 
PAPER TAPE 
FICHE 
DEC TAPE 
DECO/DEPO 
DOCUMENTATION 
PAPER TAPE 
FICHE 
DECO/DEPO 



B.9 USE OF THE M9312 BOOTSTRAP WITH AN RL11 SUBSYSTEM 
The M93l2 module is used on many PDP-II Unibus systems to provide 
bootstrap capabi I i ty as well as other functions. The module has 
five Ie sockets for ROM chips, four of which are reserved for 
peripheral bootstrap programs. There are several ROM chips 
available for the different peripheral devices, and an M9312 is 
configured by selecting the appropriate chips for the particular 
system on which it is used. 

The RL subsystem bootstrap program is contained in ROM chip number 
23-75lA9. This chip can be ordered individually and is also 
available in kit MRll-EA, which consists of an M9312 module plus 
all the available ROM chips. 

An RL system di sk can be booted by a command to the console 
emulator (a program that is a feature of the M93l2). The device 
mnemonic for the RLII is DL or DLn, where n "is the unit number (0 
through 3). 

More information on the M93l2 is available in the M9312 Technical 
Manual. It is avai lable in printed form (EK-M9312-TM) or on 
microfiche (EP-M93l2-TM). 
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APPENDIX C 
TOGGLE-IN PROGRAMS 

C.l HEAD SELECTION PROGRAM FOR RLll/RLVll 
The following program causes Head 1 (lower head) to be selected 
(on unit 0) if the WRITE PROTect switch is in and Head 0 (upper 
head) to be selected if the switch is out. 

1000 
1002 
li{l04 
1006 
1010 
1012 
1014 
1016 
1020 
1022 
1024 
1026 
1030 
1032 
1034 
1036 
1040 
1042 
H144 
1046 
1050 
1052 
1054 
1056 
1060 
1062 
1064 
1066 
1070 
1072 
1074 

012700 
174400 
012701 
174404 
105710 
100376 
012711 
o IH1J 01 3 
012710 
000004 
105710 
100376 
013702 
174406 
006302 
010203 
006303 
105702 
HJ0405 
005703 
100357 
012711 
00P1021 
"'00404 
005703 
100752 
012711 
000001 
012710 
00"'P.I(216 
000745 

Ho usekeeping 

Wait 

Get Status Command 

Wait 

Status Word 

Check HS Bit 

Chec k WL Bi t' 
Equal, Loop 
Se t HS Bi t 

Go to Seek Command 
Check WL Bi t 
Equal, Loop 
Reset HS Bi t 

Se ek Command 

Loop 
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C.2 HEAD SELECTION PROGRAM FOR RLS-A 
The following program causes Head 1 (lower head) ,to be selected 
(on unit 0) if the WRITE PROTect switch is in and Head 0 (upper 
head) to be selected if the switch is out. 

200 6600 Clear Controller 
201 1234 
202 6604 Ge t Status Command 
203 6601 Wait 
204 5203 
205 6615 First Word of Status 
206 0232 
207 7640 Check HS Bit 
210 5217 HS=l, Go to 217 
211 6615 Second Word of Status 
212 0233 
213 7650 Check WL Bit' 
214 5201 HS=WL, Go to 201 
215 7332 
216 5224 
217 6615 Second Word of Status 
220 0233 
221 7640 Check WL 
222 5Un HS=WL, Go to 201 
223 7300 
224 6603 HS to Command REG A 
225 7325 
226 6604 Seek Command' to Command REG B 
227 6601 Wait 
230 5227 
231 5201 Loop to 201 
232 0100 Constant 
233 004 " Cons tan t 
234 1002 
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C.3 GET STATUS (WITH OR WITHOUT RESET) ON AN RLll/RLVll 
SUBSYSTEM 
To accomplish this, it is necessary to: 

1. Deposit a 3 into DAR at 774404 (or 13 to Reset) 

2 . De po sit a 4 i n t 0 C S Rat 7 74 4 00 ( 0 r 4 '" 4, lQ10 4 , 14 04 for 
units 1, 2, 3) 

3. Wait for operation to be complete 

4. Examine contents of MPR at 7744~6. 

On some PDP-II systems this can be accomplished manually using the 
console. On other PDP-II systems it is necessary to run a program 
such as given below. Start at 1000 and when it halts, examine 
memory location 1032. 

To get status on unit 1, 2, or 3 modify location 1010 to 404, 
HHlJ4, or 1404. 

To reset drive modify location 1002 to 13. 

1000 012737 Get Status Command 
1002 000003 Use 13 to Reset 
1004 174404 
1006 012737 
HH0 000004 Use 404, 11304, 1404 for Un its 

1 , 2 , 3 
1012 174400 
1014 105737 Wait 
1016 174400 
1020 100375 
HJ22 013737 Move Result to Memory 
1024 174406 
1026 001032 
1030 000000 Halt 
1032 000000 Result 
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C.4 GET STATUS ON AN RL8-A SUBSYSTEM 
The following program will GET STATUS from unit 0. To access unit 
1, 2, 3 change location 212 to 1102, 1202, 1302. 

Start the program at 200 - at the first halt, the first byte of 
the sta tus word is di sp1a yed in the acc umu lato r - at the second 
halt, the second byte is displayed. 

200 7300 
201 1212 Ge t Status 
202 6604 
203 6601 Wait 
204 5203 
205 6615 Ge t First Byte 
206 7402 Halt and Display Fri st Byte 
207 6615 Ge t Second Byte 
210 7402 Halt and Display Second Byte 
211 5200 Jump to Start 
212 1002 Constant 
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C.S OSCILLATING SEEK FOR RLll!RLVll 
The following program will cause unit zero 
oscillating seek. To drive units other than unit 
number plugs or modify locations 1044 and 1054 to 
number in bits 8 and 9. 

to perform an 
0, swap the unit 
reflect the unit 

The number of cylinders involved is inserted into bits 15 through 
7 and bi t 0 is set in the swi tch reg i ste r before sta rt ing the 
programs at 1000. If no switch register is available, modify 
location 1012 from 177570 to 001060 and put the number of 
cylinders in bits 17 through 7 and set bit 0 in location 1060. 

The common values for the switch register are: 

Number of cylinders 
(in decimal) 

HH:'J0 
1002 
1004 
1006 
1010 
1012 
1014 
1016 
1020 
1022 
1024 
1026 
1030 
1032 
1034 
1036 
1040 
1042 
1044 
1046 
1050 
1052 
1054 
1056 

1 
85 

170 
255 
511 

012706 
001000 
012700 
174400 
013701 
177570 
004537 
001032 
042701 
000004 
004537 
001032 
000767 
105710 
l0037~ 
0HH37 
174404 
012710 
000006 
105710 
100376 
0127.10 
000010 
000205 

Value of Switch Register 
(in octal) 

000205 
025205 
052405 
077605 
177605 

Set Stack Pointer 

Set Device Address into R0 

Set Differenbe into Rl 

Go Seek 

Change direction bit in Rl 

Go Seek 

Loop Back 
Wait 

Seek 

Wait 

Read header to kill time for SKTO 

Return 
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C.6 OSCILLATING SEEK FOR RLS-A 
The following program will cause unit 0 to perform "an oscillating 
seek. To drive units other than 0, swap unit number plugs. 
Insert the number of cylinders into the switches before starting 
at location 200. The usual values for the switch register are: 1 
cylinder=l, 85 cyl=125, 170 cyl=252, 255 cy1=377 and 511 cy1=777. 

200 7201 
201 6604 
202 7604 
203 4221 
204 3225 
205 1225 
206 6603 
207 7325 
210 6()04 
211 4221 
212 7307 
213 6604 
214 1225 
215 1226 
216 750 " 
217 5202 
220 5203 
221 0000 
222 6601 
223 5222 
224 5621 
225 0000 
226 4000 

Reset 

Get Number 
Go Wait for Ready 
Store number 

Seek 

Go Wait for Ready 
Read Header to Delay for SKTO 

Change Direction Bit 
Check for Time to Restore 
Lo op to Start 
Loop 
Wa i t for Re ad y 

Temp 
Constant 
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APPENDIX D 
RLll CONFIGURATION AND INSTALLATION CONSIDERATIONS 

0.1 SPC CONSIDERATIONS 
The RLII is a Small Peripheral Controller (SPC) but does not 
unconditionally fit into any SPC slot. Early SPCs were always 
quad height modules or combinations of smaller (single or dual) 
modules that involved only four rows. Thus" the standard pin 
assignments appl ied only to rows C, D, E and F on a hex-height 
backplane. Many new options, such as the RLll, are hex-height 
modules and therefore require that rows A and B be vacant since 
some SPC slots use rows A and B for Unibus cables or power 
connectors. Som hex-height options require standard Unibus 
pinning on rows A and B and some require Modified Unibus Device 
(MUD) pinning. In the case of the RLll, the only connections used 
on rows A and B are the +5v and ground. Thus, these rows can be 
either standard Unibus or MUD pinning. 

The early SPCs did not utilize Direct Memory Access (DMA) data 
transfers to/from memory and therefore those signals were not part 
of the 0 rig i nal SPC pin ass ignmen ts • Some of the newer opt ions, 
such as the RLll, do utilize DMA transfers. There is a new pin 
assignment called SPC PRIME that includes these signals. If the 
RIll is to be used in an older (non-SPC PRIME) slot then it is 
necessary to ensure that the following signals are wi red on the 
backplane. 

• Pin CAl NPG In 

• Pin CBl - NPG Out 

• Pin FJl - NPR 

• Pin CVl - AC LO 

• Pin CUI - +15v 

If the slot has SPC PRIME pinning then another precaution must be 
taken. NPG continuity is maintained across an empty SPC PRIME 
slot by a backplane jumper from pin CAl to pin CBl. This jumper 
must be removed whenever a DMA-type option is installed, such as 
an RLll, and the jumper must be added if the module is removed. 
This consideration is in addition to the normal Bus Grant 
Continuity card used in row D of all empty SPC slots. 
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0.2 CONFIGURATION CONSIDERATIONS 
When configuring a Unibus system for the best priority 
assignments, two characteristics of a peripheral option must be 
taken into consideration. These are the peak word transfer rate 
and the Tl time (TI time is a function of the peak transfer rate 
and the silo size). The RLll has a peak transfer rate of 256kHz 
(3.9 microseconds/word) and a TI time of 62.4 microseconds. This 
dictates its position in the priority scheme. The recommended 
priority scheme is listed below. 

CPU 

DB11 

Memory 
RKII/RK05 
TMII/TUI0 
TC II/TU 56 
RLIl/RL01-RL02 
RJS04 
RM02 
RJP04 
R K611/RK06-RK07 
RPIIC/RP03 
RJS03 
TJU16 
RFIl/RSII 

Other general configuration rules are: 

• On a PDP-II Unibus, a combination of two disk subsystems 
and a tape or floppy disk subsystem is considered 
maximum. 

• On a PDP-II/7" system, one Un i bus disk subsystem is 
considered maximum if there are Massbus disks. 

• A disk subsystem should not be installed beyond a bus 
expander. 
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