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1 INTROOUCTlON 

1 -1 GENERAL 

HD-10 
INTRODUCTION 

Scope 

This manuaJ contains technical information about the operation of the HD-10 hard di:sk 
data mass storage system. It includes a detailed description of the system interface and 
the protocol that governs data transac:tions for those users who deem it desirabJe to 
implement their own software drivers. The majority of users, however, will find that 
the extensive and flexible file management facilities provided by IMDOS II are more 
than adequate for their most c:omplex need~. 

1 - 2 SCOPE 

The HD-10 Reference Manual is a c:ompanion volume of the HD-10 User's Manual and 
the IMOOS II User's Manual. Whereas ... the HD-10 User's Manual serves mainly the 
purpose of guiding the user thrcugh elaborate installation proc:edures, the Reference 
Manual provides tec:hnical assistanc:e to users who want to know more about the 
operation of their HD-10. Thus., Section 2 elaborates upon H0-10 hardware 
organization and discusses the characteristics of the subsystem components and their 
interconnec:t busses. Sec:tion 3 approaches the HD-10 on the system level. Here the 
file access conventions, data transaction protocol and recording formats are explained. 
Appendices A, B and C are devoted to a detailed exposition of the operation of the 
controller and the disk drive assemblies. • 

A fourth volume of support documentation for the HD-10 is the 9427H Hardware 
Maintenance Manual. HD-10 users should pay particular attention to the maintenance 
index and schedules that are listed in this volume. This volume also contains all the 
electronic schematics and me<;hanical drawings for the 9427H disk drive assembly. 

1 - 3 REFERENCES 

HD-10 User's Manual 
IMOOS ll User's Manual 
9427H Hardware Maintenance Manual 
Pub. No. 77834675 
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HD-10 
HARDWARE ORGANIZATION 

Overview 

2 HARDWARE ORGANIZATION 

2 -1 OVERVIEW 

The HD-10 is a hard disk data mass storage subsystem. It is compatible with IMSA I 
computer mainframes and the IMDOS It operating system (0/S). Each HO-tO 
configuration includes at least these three system components: 

1) 
2) 
3) 

CDC 9427H Disk Drive 
DCF-10 Controller 
OA-01 S-100 Bus Adaptor 

This baseline configuration may be expanded to include three HD-tOE expansion units. 
The maximum configuration is obtained by the inclusion of an additional controller which 
atta<:hes to f01,1r additional drive units. This configuration is shown in Figure 1. 

HD-10 MAXI CONFIGURATION 

Figure 1 

o.-..o-w•- ., 
r------------, ' ,~--...:...• ---,11------..... 

00,. 
a.~-:---1.u l'""----.....---\.--..,...--...,........1 

'"'" ~~1 I 
l 0tt-ta • ., •• I 
L---- ______ :.J 

... 

NOTE: 

• OCF-10 controller mounted in first disk drive to drive daisy- chain 

• Disk drive A2 through A4 and 82 through 94 are H0-10 units 

• OA-01 AdaPtor is considered a subcomponent ol the baseline H0-10 land is mounted ,n com

puter mainframe) 
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HARDWARE ORGANIZATION 

Disk Drive 

HD-10 organization is centered on the controller and its ancillary S-100 Bus adaptor. 
The adaptor is best viewed as a system 1/0 device which provides access both to a 
buffer RAM through its associated control, status and data ports, as well as the 
controller(s) and disk drive(s) that are attached to this adaptor. The latter devices are 
accessed through one level of indirection in that their individual subdevice addresses must 
be specified before any status, command or data transfer activity can take place 
between the system and either the controller or one of the disk drives. The buffer RAM 
on the adaptor provides the system with a means of accommodating the high data 
transfer r-ates. High speed data transfers (312.S Kilobytes/second) take place between 
the controller and the adaptor buffer. Data transfers between this buffer and main 
memory RAM take place via programmed data transfer at 62.5 Kbytes.sec. · 

The controller attaches to the adaptor via the controller bus. This bus is of the 
request/response variety and provides a fully interlocked handshaking capability. Up to 
two (2) controflers may be attached to one S-100 Bus adaptor. Each cluster of 
controller plus associated drives is identifi,d by means of a set of unique subdevice 
addresses. 

Each controller can control up to four ( 4) 9427H disk drives. These drives .are 
connected to the controller over the disk drive.bus. This bus features independent drive 
select and service request lines and shared cylinder address, sector address counter, 
read clock, read data and various control, status and strobe lines. The service request 
lines terminate in the device prioritization logic of the controller. Though the controller 
provides the capability for concurrent seek and data transfer activities on two or more 
drives, this feature is not incorporated in IMDOS 11. 

2 - 2 DISK DRIVE 

The HD-10 is designed around the CDC 9427H cartridge disk drive which uses the CDC 
9848 cartridge or equivalent (IBM 5440). Each drive is equipped with a fixed disk as well 
as a removable cartridge which contains one disk. Each disk has two recording surfaces, 
each surface having a storage capacity of 2.5 Megabytes, formatted. This gives the 
H0-10 (or HD-10E expansion unit) a capacity of 10 Megabytes. The drive assembly is 
mounted in the top section of the HD-10 cabinet. The bottom section of the cabinet 
contains the controller assembly (see description, below). 

The head carriage assembly is powered by a voice-coil linear actuator which is controlled 
by a closed-loop proportional servo system. This head positioning system achieves 
cylinder access times of a) 7ms track to track, b) 35 ms average and c) 60 ms maximum. 
Disk spindle speed is 2400 rpm. 

Data is organized in 408 cylinders, each cylinder having 4 tracks, each track 24 sectors. 
Sectors are hard sectored and are fixed at 256 bytes. Data is recorded with the 
Frequency Modulation {FM) technique at a serial data rate of 2.5 MHz. At the stated 
spindle speed, this data rate results in nominal recording densities of 1530 bpi {outer 
track) and 2200 bpi (inner track). 

The disk drive interfaces with the controller over the disk drive bus. Up to four ( 4) 
drives may be attached to this bµs in a physical daisy-chain arrangement. The drive unit 
which is most removed from the controller contains the bus termination modules. Each 
drive along the bus is assigned a unique drive unit select number by means of miniature 
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HARDWARE ORGANIZATION 

Controller 
Bus Adaptor 

switch settings on the 1/0 interface board of the drive assembly. At any one time, only 
one drive is selected and enabled to communicate with its controller. 

For more information on the operation of the disk drive the user is referred to 
Appendices A and a. 

2 - 3 CONTROLLER 

The HO-10 uses a. DCF-10 controller. This controller can control up to four ( 4) disk 
drives. It controls these drives over the disk drive bus by selecting one of the drives at 
any one time, rssuing commands and monitoring a number of disk drive sense lines. · It 
encodes and decodes serial FM data and sends it to or receives it from the selected disk 
drive at a 2.S MHz bit rate. The controller receives service requests from the disk 
drive(s) over attention lines which are assigned to the drives on a one for one.basis. It 
also obtains disk drive status information from the selected drive and makes such status 
available to the system upon request. 

The controUer communicates with the S-100 Bus adaptor over the controller bus. It 
receives subdevice addresses from the adaptor and routes 1/0 commands to the selected 
subdevice or makes available to the adaptor the status of the selected subdevice. The 
disk drives and the controller itself all have unique subdevice addresses assigned to them 
by means of hardware configuration options. The controller exchanges data between 
the selected drive and the data buffer that is located onboard the adaptor. Data 
transfers between the adaptor and the controller take place at a rate of 312.S 
bytes/sec. · 

Each controller contains a sectfon of distributed device prioritization logic that permits 
the attachment of more than one controller to a particular S-100 Bus adaptor. This 
logic performs concurrent service request ·arbitration between controllers. Controller 
device priority is assigned by default of e1ectrical distance from the adaptor. This is in 
contrast to service request arbitration among drives that are attached to the same 
controller. In this latter case, priority is determined by the value of the assigned disk 
drive select numbers in an ascending order (unit select number 1 having highest priority). 
The reader need not be concerned about these features of the controller or the drive, 
since IMOOS II, being single task oriented, does not make use of them. 

For more information on the operation of the controller, the user is referred to 
Appendix C. 

2 - 4 S-100 BUS ADAPTOR 

A OA-01 adapts the controller bus to the S-100 bus and also provides the data buffer 
required by the controller for high speed data transfers. The adaptor is assigned five (S) 
system ports through which the HD-10 software driver communicates with HD-10 
hardware. Two of these ports are reserved for the adaptor itself, while the other 
three serve as access ports for the controller and attached disk drives. 

The data buffer has a maximum size of 1k bytes and its effective size may be selected 
in aggregates of 256 byte segments. For reasons that pertain to !MOOS II data 
formats, only two sizes are ever specified by the HD-10 software driver. These are 
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Interconnect Busses 

256 and 1k bytes. The desired buffer size is selected via one of the ports assigned to 
the adaptor. This is also the port through which the system may obtain the adaptor 
status. The second adaptor port accesses the data buffer. Through this port the 
HD-10 software driver loads and unloads the buffer. 

With regard to the data path that exists through ports that are assigned to the 
controller and drives, the adaptor is transparent. Controller and disk drive commands 
are routed through the adaptor to the specified subdevice. Similarly, status from the 
specified subdevice is brought through the adaptor to the system. The desired 
subdevice is selected prior to the issuance of any command or the retrieval of any status 
to/from controller or disk drive. Thus, two of the three ports are dedicated to 
command and status interchange activities, while the third port is used for purposes of 
subdevice address transmission. This third port is also the one through which the 
controller passes service requests along to the system. 

2-5 

2 - 5.1 

INTERCONNECT SUSSES 

S-100 BUS 

System modules of all IMSA I main processing systems are interconnected by the S-100 
Bus. This bus contains all the necessary data, status and control lines for 8080/8085 
based systems. It features full modular flexibility, allowing any PCB to be attached 
anywhere along the bus. With the exception of the 18080 mainframe, all IMSAI main 
processing systems are configured around motherboards that provide active terminations 
on a majority of S-100 Sus signals. A full description of the bus and associated signal 
definitions may be found in the MPU-B section of any IMSAI mainframe reference 
manual. 

2- 5.2 CONTROLLER BUS 

The controller bus is a byte oriented, fully interlocked, asynchronous peripheral 
interface bus. It is comprised of a total of 18 signal lines. Eight (8) of these are 
bi-directional data lines, seven (7) are control lines, three (3) are test lines and one is 
the initialize line. The bus organization is shown in Table 1 and signal definitions are 
given below. 
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FUNCTION 

DATA 
LINES 

CONTROL 
LINES 

TEST 
LINES 

INIT 

MNEMONIC 

000 
001 
002 
003 
004 
DOS 
006 
D07 

SR 
DR 
CMO 
DA 
ADRS 
ACK (P, N) 
XFER 

ATN 
SREQ 
SYNC 

SCLR 

TABLE 1 

CONTROLLER BUS 

DIRECTION 

> 
• 
• 
• 
• 
• 
• 

< > 

> 
• 
• 
• 
• 
• 

> 

<----
• 

<:---

---,> 

HD-10 
HARDWARE ORGANIZATION 

Interconnect Busses 

PIN 
ASSIGNMENT 

33 
3S 

(LSB) 

~ 
39 
41 
43 
45 
47 (MSB) 

31 
7J 
25 
21 
29 
17, 19' 
11 

13 
7 
15 

5 

All even numbered pins are logical ground. All signals are active low assertion. 

<._..--~> = bi-directional 
--->=to controller 
.,_ __ = from controller 
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Interconnect Busses 

DATA LINES (000- D07) 

The data lines are used to transfer an 8-bit byte of information between the adaptor 
and the controller. An 8-bit device address is transferred over these lines when 
accompanied by an active address ( AD RS) control line. An 8-bit command byte is 
transferred when accompanied by an active Command (CMD) control line. One byte of 
data is transferred from the controller to the adaptor when accompanied by an active 
Data Available (DA) control line. In response to an active Acknowledge (ACK) control 
line, the controller sends an 8-bit subdevice address to the adaptor. Similarly, an active 
Status Request (SR) control line causes the controller to send a status byte to the 
adaptor. An active Data Request (DR) control line results in the transmission of a data 
byte to the adaptor. 

CONTROL HANDSHAKE 

Following receipt of and while responding to a control stimulus from the adaptor, the 
controller activates the Synchronize (SYNC) test line. The adaptor deactivates the 
currently active control line in response to SYNC activation by the controller. 
Deactivation of the control line prompts deactivation of the SYNC line by the controller. 
The interface is ready for the next transaction (see Timing Diagrams 1, 2 and 3). 

00-7 

SYNC 

CMO/OA 

CONTROL HANDSHAKE 

TIMING DIAGRAMS 1, 2 and 3 

oev,ce r--= AQOAESS 

LU 

&----.~---
Ci) OUTPUT COMMAND OR WAITE OATA BUS SEQUENCE 
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-SR/OA 

H0-10 
HARDWARE ORGANIZATION 

Interconnect Busses 

@ STATUS REQUEST OF! READ DATA eusseouENCE 

SYNC 

DA 

DEVICE D0·7 . 

Ir ADDRESS ri 1st BYTE 
(MS BYTE) 

Lw L!......I 

@ WRITE 2 BYTE BUS SEQUENCE 
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HARDWARE ORGANIZATION 

Interconnect Susses 

ATTENTION HANDSHAKE 

When a controller requires service from the adaptor (and, hence, from the system), it 
activates the Attention ( A TN) test line. The adaptor responds with activation of the 
Acknowledge (ACK) line. Fallowing the status transfer, the adaptor deactivates the 
ACK line and in response to this the controller deactivates ATN. 

ACK originates in the adaptor and propagates outward to the first controller, and if no 
service request is pending there, it continues on to the next controller, and so on until it 
reaches the first controller in the chain that is requesting service (see Timing Diagram 
4). . 

ATTENTION HANDSHAKE 

TIMING DIAGRAM 4 

AOORESSOF 
INTERRUPTING 
DEVICE 

ACKNOWLEDGE INTERRUPT BUS SEQUENCE 

DATA TRANSFER HANDSHAKE 

STATUS OF 
INTERRUPTING 
DEVICE 

When the controller is ready to transfer the next byte to/from the adaptor data buffer, 
it activates the SREQ line. In response to this, the adaptor readies the next byte 
(write to controller operation) and acti'Jates the XFER line. The controller signals 
acceptance of byte by activating SYNC ;-.nd deactivating SREQ. The reverse operation 
(read from controller) is similar in sequence {see Timing Diagram 5 and 6). 
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Interconnect Susses 

DATA TRANSFER HANDSHAKE 

TIMING DIAGRAMS 5 and 6 

DISC WRITE-MEMORY READ 

OMA START __r-. )-------------------------
1--3.15 --i 

SREQ trom---,-,_._.-z:;r--, 
cont. 

XFER from;----:~~F:""--""1 
CPU adaptor 

SYNC from------,#/ '-,..----, 
cont. 

DISC READ-MEMORY WRITE 

OMA START 

'SREQfrom---. 
cont. 

)-,___,-- l ---------

INTERRUPT_j 

00-7 from ----~"it::..-...::!::f"-1 
cont. --- r LASTBYTc 

~--, ,-------------
SYNC from,------.~J L .-----, 

cont. LJ 

•TERM (TERMlNATEI indicates that the last secior transfer is complete and 
longitudinal parity has been tested. 

INTERRUPT CPUJ1---
AT THIS TIME 

HD -11 



HD-10 
HARDWARE ORGANIZATION 

Interconnect Susses 

CONTROL LINES (from adaptor to controller} 

SR Status Request. The controller returns device status on DA00-07. 

DR Data Request. The controller returns data on DA00-07. 

ACK Acknowledge. The controller returns its subdevice address on DA00-07 if A TN 
is active. 

DA Data Available. The adaptor presents data on DA00-07 for transfer to the 
controller. The controller accepts the byte and responds with SYNC. · 

CMO Command. The adaptor presents control information to the selected subdevice 
on OA00-07. 

AO RS Address. The adaptor presents an 8-bit address to the controller on DA00-07. 

XFER Activated by controller during OMA transfers to/from adaptor buffer to indicate 
data available or transfer complete. See also SREQ definition, below. 

TEST LINES (from controller to adaptor} 

A TN Attention. When the controller requires service from the adaptor (and, hence, 
from the system) it activates this line. It deactivates this line after seeing 
activation of ACK. 

SYNC Synchronize. Controller activates this line to indicate recognition of control line 
activation by adaptor. 

SREQ High Speed Data Transfer Request. Controller activates this line when next 
byte transfer is required. Adaptor responds by activating the XFER line when 
data is stable on DA00-07 lines during a read operation, or when data has been 
accepted during a write operation. 

INITIALIZE LINE (from adaptor to controller) 

SCLR System Clear. Activated to logic ground during Power Fail, Power Up, or 
Initialize. 

ELECTRICAL CHARACTERlSTICS 

All signal lines are asserted low active. A high logic level signifies the inactive state. 

The controller presents one TTL load, 2 milliamperes maximum, on each of the 8 
bi-directional Data Lines, the 7 Control Lines, and the Initialize Line. The controller 
drives each of the 8 bi-directional Data Lines and 3 Test Lines with one high power 
open collector TTL bus driver capable of sinking 48 milliamperes at 0.5 VOC maximum 
collector/ emitter drop. 
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Interconnect Susses 

Bus lines are terminated through 150 ohm resistors to 3.6 VDC on the adaptor. They 
are also terminated in like fashion at the controller end of the bus. On this end the 
terminations are located on the flat cable adaptor PCB. In configurations involving 
more than one controller, only the flat cable adaptor PCB of the controller which is 
farthest removed from the S-100 Bus adaptor PCB will carry the terminations. 

BUS TIMING 

Both Input and Output operations that take place over the controller bus make use of a 
fully interlocked (request/response), asynchronous technique. · 

OUTPUT (from adaptor to controller) 

Timing for typical Output operations is shown Timing Diagram 7. During an Output 
operation, the adaptor places a byte on the data lines and follows this with activation of 
the appropriate control line. This stagger interval (Tl) is at least 50 nanoseconds. 
When the controller has received the byte, it activates the SYNC line; in response to 
which the adaptor deactivates the control line. TS is at least 100 nanoseconds and the 
SYNC delay (T2) is only long enough to guarantee proper reception of the byte being 
transmitted. A minimum of 75 nanoseconds is guaranteed for T3. SYNC generaticn is 
accomplished by returning the currently active control signal after some gate delay. 

OUTPUT TIMING 

TIMING DIAGRAM 7 

00.7 I 
PROCESSOR TO_c_o_N_T_. ---

AORS, DA, CMD or XFER* I I 
CONTROL LINES . 

. GONL TO SYNC ______ l __ l __ 
T1 
T3 > 50 ns minimum 

T2 300 ns nom. 
T4 20 ns min. 
TS No minimum, but 

drop after sync 
is returned. 

T2 

TS 

• XFER for Memory R~ad, Disc Write Data Transfer Operations 
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INPUT (from controller to adaptor) 

Timing for typical Input operations is shown in Timing Diagram 8. To initiate an Input 
operation, the adaptor activates the desired control line. The currently addressed ( via 
previous subdevice address transmission) disk drive or controller places the desired 
status or data byte on the data lines. After a minimal delay, the control signal is turned 
around to generate SYNC. The adaptor deactivates the control line not less than 100 
nanoseconds (T4) after recognizing SYNC activation. Deactivation of the ·control line 
leads to removal of SYNC assertion in the controller. The adaptor considers the 
transaction terminated when it takes note of the removal of SYNC. 

INPUT TIMING 

TIMING DIAGRAM 8 

SR, DR or ACK 

I I CONTROL LINES 

I 
I 

SYN 

I I I CONT. TO PROCESSOR 

i- I 
DO-7 
CONT. TO PROCESSOR 

T1 T, 

T1 50 ns Max. 
T% T3 

T2 250 ns Max. 
T3 50 ns Max. 
T4 50 ns Min., 

500 ns Max. 

Timing Diagram 9 shows timing relationships among signals A TN, ACK and SYNC. The 
reader should keep in mind that the HD-10 does not make use of the interrupt facilities 
of the DCF-10. This information is provided solely for reasons of documentation 
completeness. 
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ACK(RACK) 

DO-7 

SYNC 

HD-10 
HARDWARE ORGANIZATION 

Interconnect Susses 

INTERRUPT TIMING 

TIMING DIAGRAM 9 

HD - 15 

ADDRESS OF 
INTERRUPTING 

____ DEVICE 

T1 OATAOELAY. 50nsMax. 

T2 SYNC DELAY. 300 ns Max. 
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2- S.3 DISK DRIVE BUS 

The disk drive bus consists of 44 control and sense lines and operates both in a 
synchronous (strobed) and asynchronous (interlocked) fashion. Internal to the disk drive 
bus are two strobed uni-directional address busses, the Cylinder Address bus and the 
Sector Address bus. The former is used by the controller to transmit cylinder 
addresses to the drive, the latter is used by the drive to present the current sector 
address (presently being traversed by the head) to the controller. 

The disk drive bus includes four (4) drive select lines, as well as four (4) attention lines. 
The controller selects one (1) of up to four (4) drives at any one time by activating the 
desired drive select line. By appropriate activation of the HEAD SELECT and DISK 
SELECT lines, the controller specifies the desired track on the selected drive. A disk 
drive signals service requests to the controller by activating its assigned attention line. 
When selected, a drive. may also activate any requisite sense line to inform the 
controller of a change in its status. 

Serial data transfers between the controller and a selected drive takes place over the 
WRITE DATA (controller to drive) and the READ DATA and READ CLOCK (drive to 
controller) lines. WRITE DAT A operations are supervised by appropriate activation of 
the ERASE GATE and WRITE GATE lines. READ DATA/CLOCK operations are 
gated by appropriate activation of the READ GA TE line. 

These, and the remaining control and sense lines, are listed in Table 2 and are described 
in the following text. The transaction dynamic of cylinder address and sector address 
interchange is presented first. This is followed by signal definitions of all disk drive bus 
lines. For an in-depth treatment of serial data interchange between controller and 
drive, the user is referred to Appendix B. 
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FUNCTION 

CYLINDER 
ADDRESS 

RESTORE 
STROBE 

ADDRESS 
"~ 

ACKNOWLEDGE 

ILLEGAL 
ADDRESS 

ATTENTION 

DRIVE 
SELECT 

DISK 
SELECT 

HEAD 
SELECT 

WRITE 
PROTECT 

TABLE 2 

HD-10 
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Interconnect Susses 

DISK DRJVE BUS 

MNEMONIC 

CAO 
CA1 
CA2 
CA3 
CA4 
CA5 
CA6 
CA7 
CA8 

RSTOR 
STRB 

ADACK 

ILADR 

ATN1 
ATN2 
ATN3 
ATN4 

SEL1 
SEL2 
SEL3 
SEL4 

DSKSL 

HDSEL 

WTPRO 

HD-17 

DIRECTION 

--> 
• 
• 
• 
• 
• 
• 
• 

-> 

-> 
-> 

<-

<-

<
• 
• 

<-

-> 
• 
• 

--> 

--> 

--> 

--> 

PIN 
ASSIGNMENT 

N 
s 
J 
X 
f 
T 
b 
BB 
m 

w 
t 

p 

y 

cc 
DD 
EE 
FF 

L 
R 
V 
z 
AA 

a 

H 
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DISK DRIVE BUS (continued) 

FUNCTION MNEMONIC DIRECTION 

WRITE GATE WTGAT -> 
ERASE GATE ERGAT --> 
WRITE DATA WTOAT -> 

READ GATE RDGAT 
READ DATA RDDAT 
READ CLOCK ROCLK <-

SECTOR SCT0 <--
NUMBER SCT1 • 

SCT2 • 
SCT3 • 
SCT4 • 
SCTS <--

SECTOR MARK SCTM <--
INDEX MARK IDXM ·<--

WRITE 
PROTECTED WTPROT 

DRIVE READY ROY <-

READY 
TO S/R/W RDYS/R/W <--

WRITE CHECK WTCK <--

SEEK 
INCOMPLETE SKINC <--

TRACK DENSITY 
STATUS TRKONS <--

All signals are active low assertion. 

--> = from controller to drive 
<-- = from drive to controller 
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K 
B 

E 
C 
A 

C 
j 
k 
n 
V 

d 

w ' ~/ y 

p 

u 

F 

h 

u 
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SEEK/RESTORE HANDSHAKE 

When the controller is ready to transmit a new cylinder address to the selected drive, it 
places the 9-bit address on the CA-lines and activates the STROBE line. Within 1 
microsecond of start of STROBE activation, the selected drive activates the ADDRess 
ACKnowledge line to indicate receipt of the cylinder address. Detection of ADDR ACK 
activation prompts the controller to drop the STROBE assertion. Removal of STROBE 
assertion leads to ,deactivation of ADDR ACK in the drive. This is the interlocked 
handshake. The controller may also assert the ST RO BE line for 1 (-0, +O. 5) 
microseconds and ignore ADDR ACK altogether. Deactivation of STROBE again leads 
to deactivation of ADOR ACK in the drive (see Timing Diagram 10). · A similar 
transaction takes place in the case of a Restore. Instead of the CA-lines conveying the 
destination cylinder address, activation of the Restore line, together with STROBE 
strobing, informs the drive to perform a restore to cylinder 000 operation. 

SEEK (CYLINDER ADDRESS XFER) HANDSHAKE 

CA STROSE 
& 

CA BIT 1 

CA SIT 2 

CA BIT4 

CA BITS 

CA BIT 16 

CA 8IT32 

CA BIT 64 

CA BIT 128 

CA BIT 256 

AOORESS 
ACKNOWLEDGE 

LOGICAL ADO RESS 
INTERLOCK 

READY TO S/R/W 

ATTENTION 

NOTES: 
& 

& 

TIMING DIAGRAM 10 

-1 \-lusec~~ & 
~--,ui ·,''..~~ 
o : ; >I. I-' o.,4.;::...,: r--'l .__;..; ----
1 ::::7i...i..r" w 
0.2 usec .., re I I 1 

0 . ,__...,, ,.....--'I 

1 :::: L:..-J 
Q I I I I I 

1~~ 
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An illegal address (cylinder 511) is used to illustrate Logical 
Address Interlock Operation . 
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Interconnect Busses 

After the drive has successfully positioned the heads over the new cylinder, it activates 
the READY TO Sf R/W line. If the drive fails to position the heads over the target 
cylinder in less than 500 milliseconds, it activates the SEEK INCOMPLETE line. 

SECTOR STROBE 

To inform the controller of the current· sector being traversed by the heads, the disk 
drive presents a 6-bit sector address on the 5/ A 0-5 lines and strobes the SECTOR 
MARK line. Data on the S/ A lines is stable 1 microsecond prior to activation of the 
SECTOR MARK line. The controller uses the sector address information in determining 
when to begin scanning for. a sec tor address match in an upcoming sector ID-field (see 
Timing Diagram 11 ). 

INDEX 

SECTOR 

SECTOR 
ADDRESS BIT 1 

& 
SECTOR 
ADO RESS BIT 2 

& 
SECTOR 
ADDRESS BIT 4 

& 
i~?tR0eis BIT 8 
& 

SECTOR 
ADDRESS BIT 16 

6 

SECTOR STROBE TIMING 

TIMING DIAGRAM 11 

---, I- SO usec nominal o _________ ..,. 

1 

0 
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I~ nominal ~,I- +2.5 usec 

SECTOR SECTOR SECTOR 
24 0 1 

& 
0 --1 f--- 1 .0 usec nominal ,---, ___ _. 

o _____ _ 
1 

o _____ _. 

o _____ ..., 

o ________ __ 

NOTES: ~ L1,::. All waveforms shown as they appear at the COO interface. T;ming 1s relative •o 
COO at 1/0 connector. 

ill Only on hard sector units. 

i21 A 24 sector cartridge is shewn as an axample. 
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Interconnect Busses 

INPUT LINES (from controller to drive) 

CA0-8 

RSTOR 

STRB 

Nine lines that carry the cylinder address. Signals are stable during STRB. 

When active during STRB, informs drive to perform a return to cylinder 000 via 
a RESTORE operation •. 

STROBEs cylinder address (or RESTORE) into drive electronics. CA0-8 or 
RSTOR line(s) must be stable throughout duration of STRB. 

SEL 1-4 

Drive Select lines, individually assigned one per drive. The approp.riate line must 
remain stable in the active state for duration of any interchange between 
controller and drive. 

DSKSL, HDSL 

WTPRO 

The DISK and HEAD Select lines select one of four recording heads. Lines 
must be stable for duration of a write or a read operation. 

Write Protects the selected drive to prevent accidental destruction of 
previously written data. 

WTGAT 

WRITE GA TE enables write current during a write operation. 

ERGAT 

ERASE GATE enables erase current during a write operation. 

WTDAT 

RDGAT 

WRITE DAT A transmits FM encoded data and clock signals to the drive. 

READ GA TE enables Read Data and Read Clock output from the selected 
drive. 
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Interconnect Susses 

OUTPUT LINES (from drive to controller) 

ROY 

AOACK 

ILADR 

READY goes active when disk cartridge is installed, spindle motor is up to 
speed, heads are loaded, DC voltages are within allowed margin, no fault 
condition exists, drive is selected, and terminations are present _and have power. 

ADDRESS ACKnowledge indicates that the received cylinder address is legal. 

Illegal ADDRess interlock indicates that the cylinder address that had been sent 
to the drive is illegal. 

RDYS/R/W 

WTCK 

SKINC 

IDXM 

SCTM 

SCT0-5 

Indicates that heads have reached the desired address and that the drive is 
ready to perform a Seek, Read or Write operation. This line will also go active 
when a seek error occurs. 

WRITE CHECK indicates detection of a current fault during read, write or 
erase operation. 

SEEK I NComplete indicates that the drive was unable to complete a seek 
operation within the allotted time. A Restore command from the controller will 
clear the error condition and returns the heads to cylinder 000. · 

The I ND EX Mark strobe provides a start of track reference. Occurs once 
every disk revolution. 

The gated sector is- sourced by the cartridge if head O or 1 is selected, 
otherwise it is sourced by the fixed disk and is valid during SECTOR MARK 
strobe. Two independent transducers are used and the output of the 
appropriate one is gated into a common line driver. 

Sector Address lines carry the current value of the sector address counter in 
the selected drive. 
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Interconnect Susses 

READ DAT A transmits the separated data pulse·s from the selected drive to 
the controller. 

READ CLOCK transmits the separated clock pulses from the selected drive to 
the controller. 

WTPROT 

WRITE PROTECTED indicates that the selected drive is inhibited from writing. 
It is active whenever the WRITE PROTECT switch is on and the associated disk 
is selected, or when the controller Write Protect is true. 

TRKONS 

TRACK DENSITY is permanently held active low to indicate 200 TPI. 

ATNl-4 

ATTENTION lines communicate service requests to controller. 

ELECTRICAL CHARACTE.RISTICS AND BUS TIMING 

The user is referred to Appendix B, titled CDC9427H Product Specification. This 
document contains detailed information on the electrical characteristics and signal timing 
relationships of the HD-10 Disk Drive Bus. 
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Introduction 

.. Access Conventions 

3 SYSTEM INTERFACE AND TRANSACTIONS 

3 -1 INTRODUCTION 

This section presents a detailed description of the HD-10 disk access protocol. It is the 
protocol observed by the IMDOS II HD-10 software driver. Users who wish to design 
some other software driver for the HD-10 must ensure that such a driver conforms to 
the requirements stated in this section. An exception to this precondition is the case 
where a user decides to introduce hardware modifications, such as might be 
contemplated to make use of an interrupt structure. In this case, allowances must be 
made for the inapplicability of various references to status polling in the present 
pr9tocol description. 

3-2 

3 - 2.1 

DAT A ACCESS CONVENTIONS 

GENERAL 

The HO-10 data mass storage subsystem may best be visualized in a top-down 
breakdown. Starting with a maxi-configuration of two (2) controllers and eight (8) disk 
drives, the first level of partitioning occurs at the controller. Each · controller plus 
associated disk drives is identified by a unique set of contiguous subdevice addresses. 

Within each controller/drives cluster, each disk drive is assigned two (2) subdevice 
addresses, while one subdevice address is assigned to·· the controller itself. This is the 
second level of partitioning. Each disk drive subdevice address pair is translated by the 
controller into activation of the appropriate disk drive select line on the disk drive bus. 

The next partitioning level is encountered in disk and head selection. Of the two (2) 
subdevice addresses assigned to each drive, one is assigned to the fixed disk, the other 
to the removable cartridge. These are translated by the controller into the appropriate 
logic level on the DISK SELECT control line of the disk drive bus. Within each disk the 
next breakdown occurs with recording surface selection. The controller accomplishes 
this through appropriate logic level assertion on the HEAD SELECT control line. 
Specification of the desired recording surface on the addressed disk takes place in the 
communication of a control parameter from the software driver to the controller. 

The fourth level of partitioning takes place in cylinder specification. Cylinder number is 
analogous to track number but does not imply any absolute physical track on some 
recording surface; this latter physical specification being obtained by means of D !SK 
SELECT and HEAD SELECT described above. The controller, however, uses the track 
number called out by the software driver and transmits it as cylinder number to the 
selected drive. The intersection of DISK SELECT, HEAD SELECT and CYLINDER 
translates into physical track number. 

The same parameter which specifies the desired recording surface also specifies the 
sector number. This is the fifth, and last, level of logical partitioning of the HD-10 
storage space. The entire HD-10 1/0 structure is dedicated to facilitating the storage 
and retrieval of data to an from this level. 

The 1/0 structure through which the HD-10 is accessed, the command formats by means 
of which 1/0 operations are specified, and the status formats by means of which the 
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progress of each step in an 1/0 transaction is monitored are described in the following 
.subsections. 

3 - 2.2 1/0 STRUCTURE 

As viewed from the main processing system, the HD-10 interface appears as a set of 
data, control and status 1/0 ports. These are partitioned into three categories. One 
subset of ports is associated with adaptor functions, the second subset with the 
functions of subdevice address selection and service request arbitration, and the third 
subset is dedicated to controller and disk drive functions associated with the selected 
subdevice address. · 

A) 

B) 

C) 

Adaptor Functions 

A 1) Adaptor Status 
A2) Data Buffer Size Select 
A3) Buffer Write 
A4) Buff er Read 

Subdevice Addressing 

Bl) Interrupt Acknowledge 
B2) Subdevice Address Select 

Controller and Drive Functions 

Cl) 
C2) 
C3) 
C4) 

Controller/Drive Status 
Controller/Drive Command 
Controller Parameter Read 
Controller/Drive Parameter Write 

The HD-10 software driver may directly activate adaptor functions by addressing the 
appropriate port. Communications with the controller or with one of the disk drives 
requires prior Subdevice Address Selection. In this sense, both the controller and the 
drives are removed from the system by one level of indirection. Figure 2 shows the 1/0 
port organization. Note that the subdevice addresses form a contiguous sequence 
starting with the lowest assignment for the controller and ascending through drives 1 to 
4. In each subdevice address pair assigned to a drive, the odd address specifies the fixed 
disk, while the even address specifies the removable cartridge (see subsection 3-2.5, 
PARAMETER FORMATS, under SUB DEVICE ADDRESS). 
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Access Conventions 

HD-10 1/0 STRUCTURE 

Figure 2 

INPUT OUTPUT 

INT ACK SUBSEL 

CNTRLSTAT CMO 

PARAM RD PARAMWT 

ADAPSTAT BUF SIZE 

BUF RD BUFWT 

It must be pointed out at this time that, although HO-10 hardware has the capability to 
make use of an interrupt prioritization structure, all transactions between IMDOS II 
and HD-10 proceed in a 'one task at a time' fashion; the main processing CPU is 
dedicated to servicing the HD-10 for the duration of an 1/0 transaction and no new 
transaction is initiated until the transaction which is currently in progress is completed. 
At various stages during a transaction, the HD-10 software driver polls the status ports 
to determine whether a particular subprocess has terminated and another may 
commence. The software driver interrogates the I NT ACK port during system 
initialization and removes all interrupts that might be pending. Thereafter this port is 
ignored. 

1/0 PORT UTILIZATION 

EOH (WRITE) 

Output port for subdevice address specification. Subdevice must be selected 
prior to commencement of any transaction involving controller or drive. 

E0H (READ) 

Input port for service request monitoring. Returns subdevice address of 
interrupting device. To be polled in response to detection of I NTE RR UPT 
ACTIVE Flag in adaptor status. Inputing of subdevice address of interrupting 
device clears the SVRQ flag in that device. More than one subdevice service 
request may be active at a time. Controller priority logic returns subdevice 
address of highest priority SVRQ. Hence, more than one input from this port 
may need to be performed to service all pending SVRQs. INTERRUPT ACTIVE 
flag in adaptor status will remain true until all SVRQs have been serviced. 
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E1H (WRITE) 

Output port for command transmission to controller or specified .drive. 
Subdevice address selection must precede transmission of all commands. 

E1H (READ) 

Input port for acquisition of controller or selected drive status. Subdevice 
address selection must precede attempt to obtain status. 

E2H (WRITE) 

Output port for 1/0 transaction parameter issuance. Parameters are: Cylinder 
Address, Sector Address and Head Number. 

E2H (READ) 

Input port for acquisition of address of sector currently being traversed by 
recording head. 

E3H (WRITE) 

Output port for data buffer size specification. Buffer size must be specified 
before each buffer write or read sequence. 

E3H (READ) 

Input port for accessing adaptor status. 

E4H (WRITE) 

Output port for writing into adaptor data buffer. Data buffer size must be 
selected prior to first write operation in a buffer loading sequence. Number of 
bytes written into buffer must equal number of bytes selected by buffer size 
specification. 

E4H (READ) 

Input port for reading from adaptor data buffer. Data buffer size must be 
selected prior to first read operation in a buffer unloading sequence. Number of 
bytes read from buffer must equal number of bytes selected by buffer size 
specification. 
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3 - 2.3 COMMAND FORMATS 

Commands are all those actions performed by the HO-10 software driver which do one 
(or more) of the following: 

1) 
2) 

3) 

Preset some (or alt) of HO-10 hardware to an initial state. 
Initiate operational sequences within any of the HO-10 
system components (adaptor, controller or drive) 
Initiate operational sequences between two ( or more) 
HO-10 system components. 

Some commands require the prior communication of parameters in order to execute 
properly, others do not (see also subsection on PARAMETER FORMATS, below}. In 
some cases, communication of parameter is combined with issuance of command (see 
ADAPTOR COMMAND). 

In this section command formats are defined. These commands are grouped into three 
categories 

Adaptor Command 
Controller Commands 
Disk Drive Commands 

In each case, the action specified by a particular command is presented first and then 
its format is broken down into descriptive fields. 

ADAPTOR COMMAND 

One type of command is used to specify the data buffer size for 1n impending data 
transfer operation and to preset the buffer address counter to zero. The buffer address 
counter ls reset by means of any write access to port E3H. A data buffer size of 
either 256 bytes or 1024 bytes may be selected. Subsection 3-2.4, PARAMETER 
FORMATS, illustrates the byte format for buffer size specification (under BUFFER 
SIZE). 
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ADAPTOR COMMAND BYTE 

_x ___ x__,__x ___ x ____________ ___,I Lsa 

CONTROLLER COMMANDS 

''----....----.-J' 

BUFFER SIZE 

0000 = 256 
0011=1024 

The formats for all controller commands are shown in Table 3 which follows the 
command descriptions. Note that all controller commands require that the controller 
subdevice address be specified before any command is issued (see subsection 3-2.4, 
PARAMETER FORMATS). All controller commands are addressed to 1/0 port El H. 

-READ 

Initiates a normal read data operation. The adaptor must be set up before this 
command is issued to the controller (see ADAPTOR COMMAND). Similarly, the heads 
must be positioned over the desired cylinder and the sector address must have been 
specified prior to issuance of this command. Data transfer commences 90 microseconds 
after sector address match. The controller will set its BUSY flag for the duration of 
the transaction (see also section 3-2. 5, ST AT US). 
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Initiates a normal write operation. The adaptor must be set up, the heads positioned 
over the desired cylinder, the sector address specified, and the data buffer loaded with 
the requisite data block prior to issuance of this command. Data transfer commences 
90 microseconds after sector address match. The controller will set its BUSY flag for 
the duration of the transaction. 

-READ CHECK 

Used to perform an off-line read of a single sector. No data is transferred into the 
data buffer. The heads must be positioned over the desired cylinder and the sector 
address specified before the command is issued. The controller will remain BUSY until 
the specified sector has been read and the appropriate status has been determined. 

--The OVERRUN, ADDRESS COMPARE FAILURE, DEFECTIVE TRACK, 
CONTROLLER IDLE and LONGITUDINAL PARITY ERROR status retain same 
significance they have for a normal read operation. 

-WRITE FORMAT 

Initiates an operation which writes the header field of a specified sector. The 
FORMAT switch must be in the ON position. Heads .must be positioned over the 
desired cylinder and sector address must haYe been specified before this command is 
issued. WRITE FORMAT causes 270 bytes to be written, including sync fields (2), 
header field, intra-sector gap, data, and two parity bytes. This command is used to 
format virgin cartridges ( or to re-format cartridges that contain obsolete data files). It 
is also used, in conjunction with the READ FORMAT command, to perform recording 
surface ( data integrity) analysis. 

-READ FORMAT 

Initiates an operation in which the header field of a specified sector is read into the 
adaptor data buffer (2 bytes). The FORMAT switch must be in the ON position. The 
heads must be positined over the desired cylinder and the sector address must have been 
specified before this command is issued. This command is used, in conjunction with the 
WRITE FORMAT command, to perform recording surface (data integrity) analysis. 
Note that the actual FORMAT program also writes predetermined data patterns into 
sectors, then reads these back and performs a byte-by-byte comparison, as well as a 
longitudinal parity computation. The recorded parity bytes are subsequently compared 
with the computed parity bytes. This is done several times before a good/bad track 
flag determination is made. 

-RESET 

This command resets the following controller flip-flops: ATTENTION, MODE, HEAD 
SELECT, OVERRUN, ADDRESS COMPARE FAIL, DEFECTIVE TRACK, CYLINDER 
OVERFLOW, LONGITUDINAL PARITY ERROR, and WPV. It also sets these 
controller status bits: CONTROLLER IDLE and /CONTROLLER BUSY (where / 
if11Jlies logical O assertion). 
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CONTROLLER COMMAND CODES 

Table 3 

COMMAND MSB BIT MAP LSB 

READ X X X X 0 0 0 1 

WRITE X X X X 0 0 1 0 

READ X X X X 0 0 1 1 
CHECK 
READ 

X X X X 0 1 0 1 FORMAT 
WRITE X X X X 0 1 1 0 
FORMAT 

RESET X X 0 0 1 0 0 0 

DISK DRIVE COMMANDS 

The format for all disk drive commands is shown in Figure 3 which follows the command 
descriptions. Note that some of these commands are bit encoded; if the bit in a specific 
bit position is set, then that command will be implemented in the disk drive. All disk 
drive commands require that the subdevice address of the desired disk be specified prior 
to issuance of a command. Disk drive commands are addressed to 1/0 port E1H. 
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This command controls the Enable/Disable/Disarm function which determines how 
interrupts from attached disk drive(s) are to be serviced. Bits 6 and 7 of the command 
byte encode the desired function as indicated below. 

~IT 7 BIT 6 

0 
0 
1 
1 

0 
1 
0 
1 

(A) Current state is retained. 

No Change 
Enable 
Disable 
Disarm 

(B} Interrupts are passed along to the adaptor. 

(A) 

i~i 
(D} 

(C) Interrupts are qufi!ed, but not passed along to the adaptor. 
( D) Interrupts are not passed to the adaptor and are not queued. 

The user should keep in mind that the HD-10 does not make use of interrupts. During 
system initialization, the HD-10 software driver DISARMs all drives. 
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-SEEK 

This command causes the disk drive to reposition its heads over a new cylinder. The 
cylinder address must have been specified before the command is issued {see subsection 
3-2.4, PARAMETER FORMATS). Another prerequisite to sending this command is that 
disk drive status bits SEEK INC, /RSRW and DISK ADDR INTLK must be in the 
logical zero state. For consecutive SEEKs to more than one drive, it must first be 
established that the CONTROLLER IDLE bit of the controller status is asserted {= 
logical one). Note that the HD-10 software driver never initiates controller/disk drive 
operational sequences that would result in concurrent activities. The SEEi< command 
should always be used to access cylinder 000 unless a SEEK error has been encountered; 
in this case a RESTORE command is used to recalibrate the disk drive cylinder address 
register (see next command description). 

-RESTORE 

This command causes the disk drive to reposition the heads over cylinder 000. This 
command must be issued to clear a SEEK INC condition. While a RESTORE is in 
progress, the /RSRW disk drive status bit will be active {logical zero). The DISK 
ADDR INTLK bit must be inactive {logical zero) before this command may be issued. 
RESTORE initiates a disk drive cylinder address register recalibration operation which 
may take up to 1. 75 seconds to complete. 

DISK COMMAND FORMAT 

Figure 3 

X X X X LSB 

0 0 NOP 
0 1 ENAB INT 
1 0 DISAB INT (QUEUE) 
1 1 DISARM INT (NON-QUEUE) 
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In this section the formats of HD-10 transaction parameters are defined. With one 
exception (READ SECTOR command), these parameters are adjuncts to the commands 
described in the previous subsection and constitute target descriptive operands for the 
operations specified by said commands. The parameters are presented in a top/down 
hierarchical fashion. Their descriptions are given first, followed by diagrams that 
illustrate the formats. 

SUBDEVICE ADDRESS 

All controller and disk drive commands require the prior selection of the subdevice that 
is to be involved in the impending operation. Each cluster, comprised of controller and 
attached drive(s), is assigned a maximum of 9 subdevice addresses in contiguous order. 
One of these addresses is assigned to the controHer. This is the lowest order address in 
a group of addresses. Of the remaining 8 addresses, contiguous pairs are assigned to 
each of a maximum of 4 disk driV'es. The even numbered (and lower ordered) address is 
assigned to the removable cartridge, the odd numbered address to the fixed disk. All 
subdevice addresses are transmitted to 1/0 port E0H. 

The following are the address assignments in an HD-10 maxi configuration. 

Controller A 3A 

Disk DriYe A 1 4A, 48 
Disk Drive A2 SA, 58 
Disk Drive A3 6A, 6B 
Disk Drive_ A4 7A, 7B 

Controller B BA 

Disk Drive B1 CA,CB 
Disk Drive B2 DA,DB 
Disk Drive 83 EA, EB 
Disk Drive B4 FA, FB 
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CYLINDER ADDRESS 

This 9-bit value specifies a cylinder address in the range of 000 to 408. It is 
communicated to the selected drive in two bytes. These are transmitted to 1/0 port 
E2H prior to any SEEK operation. The first byte contains the most significant cylinder 
address bit in the least significant bit position. The second byte contains the remaining 
8 bits of the cylinder address. Prior to the transmission of the cylinder address, the 
appropriate disk drive must have been selected (see SUB DEV ICE ADDRESS, above). 
The format for this parameter is shown in Figure 4. 

CYLINDER ADDRESS FORMAT 

Figure 4 

M~ ~B 

I X I X X X X X X J BYTE 1 
-------'--..i.--.i........1------w-,L--' CA MSBit 

BYTE 2 

~-------- CA LSByte 
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This is a single byte parameter which is sent to the controller to inform it of the sector 
that is going to be referenced in the upcoming transaction. The parameter consists of 
two fields. The lower order 5 bits specify the sector address, the next higher order bit 
specifies the upper or lower recording surface (recording head) of the selected disk. 
The user will recall that the intersection of Selected Disk, Cylinder Address and Head 
Select specifies a unique track, while the sector address specifies a unique sector within 
this track. This parameter is sent to 1/0 port E2H after the controller subdevice 
address has been specified (see SUBDEVICE ADDRESS, above) and before a,iy data 1/0 
operation is commanded. Sector and Head Select parameter format is shown in Figure 
s. 

SECTOR AND HEAD SELECT FORMAT 

Figure 5 

._I x-.i-1 _x....__ ______ --'-_..__,j,___,I Lss , ________ _,/ 

SECTOR# 

HEAD 0/1 
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BUFFER SIZE 

Prior to commencement of any data transfer operation involving a disk drive, the 
requisite data buffer size must be specified. However, buffer size specification (as 
well as data buffer loading in preparation for an impending buffer-to-disk transfer) may 
take place while a cylinder seek operation is in progress. The lower order 4 bits of this 
parameter specify a buffer size according to the following relationship. Only the two 
sizes, a) 256 and b} 1024, are applicable to adaptor utilization within an HD-10 
configuration. 

Size Select Code 

xxxx 0000 
xxxx 0001 

• 
• 
• 

xxxx 1111 

READ SECTOR 

Buffer Size 

256 
512 
• 
• 
• 

4096 

The number of the sector currently being traversed by the recording head may be input 
from port E2H. This facility is useful in obtaining empirical data on optimal sector 
skewing. Users who desire to devise custom hard disk access driver(s) and/ or custom 
file management sytem(s) will use this command as a means toward optimizing system 
throughput. Read Sector format is shown in Figure 6. 

READ SECTOR FORMAT 

Figure 6 

0 0 0 LSB 

SECTOR# 
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The HO-10 software driver has to monitor three levels of status information at various 
times during a transaction with a disk drive. In many instances, the driver will loop on 
particular status bit patterns and test for specific status changes to occur before 

proceeding to the next subtask. In this subsection the three status formats are defined 
and a description of the various status flags is presented. The status poll dynamic that 
governs the sequential progression of a transaction is treated in detail in section 3-3, 
TRANSACTION PROTOCOL. 

ADAPTOR STATUS 

The format for the adaptor status is shown in Figure 7 which follows the description of 
the status flags. This status is accessible through 1/0 port E3H and may be input at 
any time. 

-INT ACT 

When set (logical 1 ), the INTERRUPT ACTIVE signals that an interrupt from an 
attached controller is pending. The software driver does an input from 1/0 port E0H in 
response to seeing this flag set. The byte input in this manner conveys the subdevice 
address of the interrupting controller (or attached disk drive). This action also resets 
the attention flag for the relevant drive within the controller service request arbitration 
logic. If only one device had requested service, then the input-from- E0H action results 
in the resetting of the I NT ACT flag. If more than one service request was in queue at 
the controller, then the INT ACT flag will remain set until the subdevice addresses of 
all devices that requested service have been input from 1/0 port E0H. The HD-10 user 
should keep in mind that the HD-10 software driver pays attention to this adaptor 
status flag only during initialization sequences at which time it clears all pending 
interrupts, then disarms the interrupt mechanism altogether (see also subsection 3-2. 3, 
COMMAND FORMATS, under DISK DRIVE COMMANDS). 

-CNTRL BSY 

When set (logical 1), the CONTROLLER BUSY flag signals that the attached controller 

is preoccupied with an operation and may not be disturbed. This flag is the logical 
inversion of the CONTROLLER IDLE flag in the controller status byte (see 
CONTROLLER STATU?, below). 

-BUF BSY 

When set (logical 1), the BUFFER BUSY flag signals that a data transfer is in progress 

between the attached controller and the adaptor. BUF BSY goes active when the 
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attached controller becomes busy. BUF BSY remains set until all bytes have been 
transferred to/from the buffer. While BUF BSY is set, no command or parameter 
transmission to controllers is permitted. The BU F BSY flag is reset when the buffer 
size is sent to 1/0 port E3H. 

-TRANS ERR 

If the busy line of the attached controller becomes inactive before all data has been 
transferred, then the TRANSFER ERROR flip flop is set and both the TRANS ERR 
and the INT ACT status flags are set. This flag is reset when the buffer size is sent 
to 1/0 port E3H. 

MSB 

X X X 

CONTROLLER STATUS 

ADAPTOR STATUS FORMAT 

Figure 7 

X 

LSB 

INT ACT 

CNTRL BSY 

BUF BSY 

TRANS ERR 

The format for the controller status is shown in Figure 8 which follows the description 
of the status flags. This status is accessible through 1/0 port E1H and is valid when the 
CNTRL BSY flag of the adaptor status is inactive. The subdevice address for the 
controller must be specified before the controller status may be accessed (see 
subsection 3-2.S, PARAMETER FORMATS). 
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The DAT A TRANSFER ERROR flag may go active as a result of one, several or a.It of 
the following error conditions: 

1) 

PARITY ERROR 
WRITE PROTECT VIOLATION (WPV} 
DEVICE UNAVAILABLE 
WRITE CHECK 
DATA OVERFLOW 

PARITY ERROR 

This error type will be annunciated whenever a longitudinal parity error is detected while 
the controller is in the READ, READ FORMAT, or READ CHECK mode. In a multiple 
sector READ operation, this error may be encountered a.t the end of a.ny sector. When 
an error occurs, the XFER ERR flag is set before the CNTRL IDL flag is set at the 
end of the operation. 

2) WRITE PROTECT VIOLATION (WPV) 

This error condition is entered whenever a write protected disk is addressed a.nd the 
controller is issued a WRITE or WRITE FORMAT command. This condition can be 
reset by manually removing the WRITE PROTECT condition. Read operations are not 
affected by this condition. The status byte for each attached disk contains a. WRITE 
PROTECT bit. · In systems that make use of interrupts, this condition will cause an 
interrupt (Note: H0-10 does not use interrupts). 

3) DEVICE UNAVAILABLE 

This condition will prevail if one or more of the following hold(s) true: 

• ~elected drive not powered ON 
* Cartridge not loaded 
* Selected drive1s RUN/LOAD switch is in LOAD position 
• Selected drive still in startup cycle 
* Write check condition is set 

The DEVICE UNAVAILABLE condition will go inactive once a.II the above listed items 
have gone false. Note that this condition may be active when power is first applied to 
the system as a non-existent drive may be selected by the controller. Before sensing 
controller status, an output command to an online drive must be issued. 

4) WRITE CHECK 

This condition, when active, indicates that the selected drive has detected a fault (see 
also DISK STATUS, under -WRITE CHEC~). The condition may be reset by Initialize 
or a Controller Command. 
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S) DATA OVERFLOW 

This condition is active when the Controller Data Buffer Register was loaded from the 
disk before the previous data byte was transferred t? the adaptor data buffer (disk 
read operation), or the same byte has been transferred twice to the disk before the 
next data byte was loaded from the adaptor data buffer (disk write operation). This 
condition is reset by Initialize or a Controller Command. 

-CNTRL IDL 

This bit is set to ZERO when a command is issued to the controller or for approximately 
40 microseconds after receipt of a SEEK or RESTORE command. This status bit is set 
to ONE when a data transfer operation is completed, or by Initialize, Command Reset, 
or Overrun. 

-XAM 

This bit will be active if one or more of the following conditions prevail(s): 

• OVERRUN 
• ADDRESS COMPARE F Al L 
• DEFECT I VE TRACK 
• ~YL INOER OVERFLOW 

Systems that make use of an interrupt structure will receive an interrupt when this bit 
goes active (Note: HD-10 does not use interrupts). 

-/BSY 

The NOT 8 USY flag is set (ONE) when no operation is in progress. 

-CYL OVR 

The CYLINDER OVERFLOW flag is set (ONE) when a data transfer is attempted 
across a cylinder boundary (Head 1, Sector 23). It sets the EXAMINE flag and will 
cause an interrupt in systems that make use of an interrupt structure (Note: HD-10 
does not use interrupts). 

-DEF TRK 

The DEFECTIVE TRACK flag is set (ONE) when a data transfer is attempted on a 
sector that has the DEFECTIVE TRACK bit set in its header field. Only operations in 
normal WRITE, READ, or READ CHECK mode will affect this flag. If the flag gets 
set, the data transfer is aborted, EXAM I NE flag is set, and an interrupt is generated in 
systems that make use of an interrupt structure (Note: HD-10 does not use 
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interrupts). The DEFECTIVE TRACK bit is tested in each sector of the data block 
being transferred. This fault condition may be reset by Initialize or a Controller 
Command. 

-ADR CMP FAIL 

The ADDRESS COMPARE FAIL flag is set (ONE) whenever the sector header 
information from the starting sector does not agree with the Cylinder Address, Head 
Number and Sector Address parameters that had been issued to the controller prior to 
the e.xecution of the ·current 1/0 transaction. The Cylinder and Sector Address 
parameters are checked on the first sector read. The Head identification bit is checked 
in every sector. If this fa.ult condition is encountered, the data transfer is aborted, the 
EXAMINE flag is set, and an interrupt is generated in systems that make use of an 
interrupt structure (Note: HO-10 does not use interrupts). The fault condition may be 
removed by Initialize or a Controller Command. 

-OVRN 

The OVERRUN flag is set (ONE) whenever a sector address greater than 17H (23) is 
specified. It is also set when the specified sector address does not compare with any 
sector address returned to the controller from the selected disk, or after two (2) disk 
revolutions during which no sector address match is obtained. The OVERRUN condition 
sets the EXAMINE flag and generates an interrupt in systems that make use of an 
interrupt structure (Note: HD-10 does not use interrupts). The fault condition also 
sets the CONT~OLLER IDLE flag. 

I I I I 

CONTROLLER STATUS FORMAT 

Figure 8 

I I I I 
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DISK DRIVE STATUS 

The format for the disk drive status is shown in Figure 9 which follows the description 
of the· status flags. This status is accessible through 1/0 port El H and should be read 
only when the CONTROLLER BUSY flag of the adaptor status is inactive. Prior to 
reading this status, the subdevice address of the desired disk must be specified (see 
subsection 3-2.5, PARAMETER FORMATS). 

-/OSK ROY 

The NOT DISK READY flag will be set (ONE) when one or more of the following 
conditions exist(s): 

* Selected disk non-existent 
* Power not applied 
* Cartridge not loaded 
* Startup sequence not completed 
* Permanent WRITE CHECK fault condition 

-SEEK INC 

The SEEK INCOMPLETE flag is set (ONE) if the dfive was unable to successfully 
complete a SEE.K operation as a result of encountering a hardware fault. The / RSR W 
flag will be active (ZERO) whenver the SEEK INCOMPLETE flag is set. This condition 
can only be reset by a RESTORE command. 

-XAM 

The EXAMINE flag is set (ONE) if one or more of the following conditions exist(s): 

* WRITE CHECK 
* ILLEGAL ADDRESS 
* DISK ADDRESS INTERLOCK 

-/RSRW 

The NOT READY TO SEEK, READ OR WRITE flag is set (ONE) while the heads of 
the selected drive are in motion as a result of a SEEK or a RESTORE operation. This 
flag must be inactive (ZERO) before a READ, WRITE or SEEK command is issued. If 
a SEEK is issued to the current cylinder address, / RSR W will not become active,. but an 
interrupt will be generated by the controller in systems that make use of an interrupt 
structure (Note: HO-10 does not use interrupts). 
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The DISK ADDRESS INTERLOCK flag is set to indicate that an operation is in 
progress on the currently selected drive. No new drive may be selected while this 
condition is active. When this flag is active, the CONTROLLER IDLE flag is inactive 
in the controller status. It is set whenever a WRITE or Tunnel Erase is in progress. 
At the termination of a WRITE or WRITE FORMAT operation, this flag will remain 
active for approximately 160 microseconds after the CONTROLLER IDLE flag has 
been set. Before another disk may be selected, the DISK ADDRESS INTERLOCK 
condition must be allowed to go inactive. In cases where the same disk is accessed for 
a subsequent operation, polling of the CONTROLLER IDLE flag is sufficient to ensure 
proper sequencing. 

-ILL AOR -
The ILLEGAL ADDRESS flag is set if a SEEK is attempted to an out of range cylinder 
address. The SEEK operation will not occur. This fault condition is reset by a 
RESTORE operation or a SEEK to a cylinder whose address is within the legal 
addressing range. 

-WT CHK 

The WRITE CH ECK flag goes active whenever the disk drive circuits detect a fault 
which would affect reliable WRITE operations. The fault may be caused by improper 
head selection or by voltage fluctuations. A permanent WRITE CHECK leads to the 
activation of NOT DISK READY and generates an interrupt in systems that make use 
of an interrupt structure (Note: HD-10 does not use interrupts). Voltage fluctuations 
may cause this flag to be set momentarily. A permanently set WRITE CHECK fault 
condition cannot be reset under software control; instead, the affected drive must be 
powered down and the fault condition investigated (see also Section 7, Maintenance Aids, 
9427H Hardware Maintenance Manual). 

-WT PROT 

The WRITE PROTECT flag is active when the selected disk has the WRITE PROTECT 
switch in the ON position. This flag should be inactive before a WRITE or a WRITE 
FORMAT command is issued to the drive. 
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DISK STATUS FORMAT 

Figure 9 
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In this section the HO-10 data transaction protocol is explained. Its general flow is 
illustrated by a 1walk-through1 example given later in this subsection. The detailed 
sequence for each of the major HD-10 transaction processes is presented in subsection 
3-3.2, titled PROCESSES. Both, the illustrative example, as welt as the presentation of 
the transaction processes are linked with the description of the HO-10 1/0 Structure 
(Subsection 3-2.2) by means of references in brackets ( [] ). Such references remind 
the reader of the 1/0 port involved in the current activity. 

What follows is a description of a typical disk drive transaction. The purpose of this 
transaction is to update a particular sector with a new block of data; it is the nth in a 
series of similar transactions. It is also assumed that the previous transaction has been 
properly concluded. The user should keep in mind that only the main subprocesses are 
presented here for reasons of ease of illustration, and that this example is not intended 
to serve as a model for an adequate implementation of th_e process so illustrated. 

INITIALIZATION 

Initially, the HD-10 software driver resets both the adaptor and controller hardware. 
The adaptor is reset by the selection of the buffer size for the impending transaction 
[A2], the controller is reset by a sequence in which first the controller subdevice address 
is specified [82] and then the Reset command is issued [C2]. As a precautionary 
housekeeping measure, the adaptor status is scanned for asserted attention flags [ A 1 ] 
and pending interrupts are acknowledged { 81] until all such interrupts a.re removed. 
Following this, the adaptor status, disk file status and controller status are checked for 
an 'all clear•. Adaptor status is read from [Al]. To obtain the disk drive status, first 
the disk drive subdevice address is selected [ 82], then the status read from the port 
[ Cl 1. Similarly, the controller subdevice address is selected [ 82], then its status read 
from the appropriate port [Cl]. 

CYLINDER SEEK 

The next sequence initiates a cylinder seek operation. This operation causes the heads 
to be positioned over the desired cylinder in the selected drive. First, the disk drive is 
selected by the issuance of the appropriate subdevice address [ 82]. Then the cylinder 
is specified by two bytes, the first of which specifies the most significant bit ( MSB) of 
the cylinder address with its least significant bit, the second specifies the remaining 
eight bits of the cylinder address (twice [ C4] ). Again the disk subdevice address is sent 
out [82], followed by the seek command [C2]. Subsequently, the adaptor status is 
polled for an OK to load up the data buffer [A 1]. While the disk drive is engaged in the 
cylinder seek operation, the software driver proceeds to set up the data block in the 
next sequence of control and data. transfer operations. 
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LOAD DATA BUFFER 

The driver issues the desired buffer size [A2], thereby also reinitializing the buffer 
pointer to start of buffer. The data block is now transferred from the specified region 
in system main memory to the data buffer on the adaptor board via consecutive write 
operations [A3]. Upon completion of this transfer, the same buffer size that was 
selected before is once again asserted [A2]. The software driver now reverts to polling 
the disk drive status by re-selecting the requisite subdevice address [ B2] and looping on 
the status port [ C1]. Once the disk drive indicates successful positioning of he heads 
over th desired cylinder, the system is ready for the next operational sequenc~. 

BUFFER TO DISK TRANSFER 

In this sequence, the .actual data transfer between adaptor data buffer and disk takes· 
place. Again the disk subdevice address is selected [ B2] and the cylinder address is 
sent to the drive [ C4]. After the controller subdevice address has been selected [ B2]. 
the sector address with combined head selection is output to the controller [ C4]. Once 
the sector has been specified, the 1/0 command is issued [ C2]. This kicks off the 
sector search operation within the disk drive and results in the subsequent data 
transfer out of the data buffer and into the desired sector. The software driver goes 
back to status polling [A1 ]. Once the controller indicates that it is no longer busy, the 
driver examines the disk drive status for an end-of-transaction OK (in the form of a 
deactivation of the DISK ADDRESS INTERLOCK flag). 

END OF TRANSACTION STATUS 

Since the HD-10 software driver polls status ports at various stages during a 
transaction, any error condition that might be encountered results in an immediate 
dispatch to error interpretation. Successful completion of a transaction is the 
end-point of the successful traversal of a chain of status examination loops and is 
characterized by the absence of a.II fa.ult condition flags and the assertion of the 
CONTROLLER IDLE flag in the controller status. 

3 - 3.2 PROCESSES 

This section defines the major HD-10 disk access processes. An expansive exposition of 
a typical process was given in the la.st section. Here, the individual steps are presented 
in brief but concise terms and in the hierarchical order that is implicit in the actual 
process flow. There is also an implied order in the sequence in which these processes 
a.re presented. Thus, the HRD WR IN IT forms the preamble in each major process, while 
CYL I NOE R SEEK sometimes forms the next link of what might be called a cha.in of 
processes, as in WR !TE SECTOR when a new cylinder needs to be specified. On the 
other hand, no CYL I NOE R SEEK would be required to perform the nth WRITE 
SECTOR operation on the same track as previously specified. 
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The first phase in each of these processes (with the exception of HRDW R INIT) 

consists of parameter specification for the intended activity. Parameter specification 

( with the exception of adaptor data buffer size) must be viewed as taking place through 

one level of indirection; the user will recall that subdevice address specification must 

precede the specification of other parameters such as cylinder or sector address. 

HROW R · INIT is in a unique class in that it does not follow the general process flow 

described in this passase-

ln some cases (WRITE FORMAT and WRITE SECTOR), the next phase involves the 

loading of the adaptor data buffer. If the subsequent command requires a CYL I NOE R 

SEEK, then this buffer loading may take place concurrent with the head repositioning 

activity. 

Issuance of the 1/0 command comes next. Since this command must be sent to the 

controller, the latter's subdevice address must be the most recent address to have been 

sent to the appropriate 1/0 port. Rather than keep track of the currently active 

subdevice address for this purpose, it is more effective to specify the correct 

parameter prior to each issuance of an 1/0 command. 

Each of these phases is separated from the next by a status poll and· error dispatch 

loop. Similar loops partition each process into smaller segments. Kick-off of the next 

process or subprocess is wholly contingent upon the successful completion of the previous 

sequence. With the exception of data buffer loading under the circumstances described 

above, there exists no process concurrency in the HD-10. 

HRDWR INIT 

The Hardware Initialization process must be invoked as the first link in any process 

chain. It prepares the HD-10 hardware for impending operation(s). It also examines 

the three stati (Adaptor, Controller(s} and Disk Drive(s}) and dispatches to error 

interpretation and arbitration any anomalous machine condition. 

ACTION 

1) Buffer Size-> Adaptor [A2] 

2) Controller 
Subdevice -> Adaptor [82] 
Address 

Reset 

PURPOSE 

* Abort any on-going adaptor/ 
controller activity. 

• Clear adaptor errors. 
* Free controller bus. 
* Reset adaptor buffer pointer 

to zero. 

* Select controller for next 
action. 

Command -> Controller [ C2J * Reset controller logic. 
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3) Status <- Adaptor [ A 1 ] 

Subdevice 
Address <- Adaptor [ B 1 J 

4) Status <- Adaptor [ A 1 ] 

Disk Orv 
Subdevice -> Adaptor [B2] 
Address 

Status <- Disk Drive [Al] 

Controller 
Subdevice -> Adaptor [B2] 
Address 

Status <- Controller [ C1] 

RTZS (RESTORE) 

• Test I NT ACT flag. If asserted, 
do next action and return, otherwise 
go to next step. 

• Reset service request in highest 
priority device. Return to previous 
action. NOTE: In the H0-10 software 
driver this loop serves merely as 
a placebo; no interrupts are used. 

• Check for fault conditions. If 
fault flag(s) set, dispatch to 
examine; otherwise do next action. 

• Select disk drive for next 
action. 

• Check for fault conditions • If 
fault flag(s) set, dispatch to 
examine; otherwise do next action. 

• Select controller for next 
action. 

• Check for fault conditions. If 
fault flag(s) set, dispatch to 
examine. 

This process results in the repositioning of the recording heads over cylinder 000 by 
means of an electro-mechanical sequence which recalibrates the cylinder address register 
in the specified disk drive. 

ACTION 

1) HRDWR INIT 

2) Disk Orv 
Subdevice -> Adaptor [ B2] 
Address 

3) RESTORE 
Command -> Disk Drive [C2] 

PURPOSE 

• Initialize HD-10 hardware for 
next action. 

• Select disk drive for next 
action. 

• Command RESTORE action 
within selected drive. 
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This process results in the repositioning of the recording heads over the desired 
cylinder. It is a prerequisite link in each major process chain (WRITE/READ FORMAT, 
WRITE/ READ SECTOR), except in cases where the sector involved is located in the 
same cylinder as had last been sought on the specified drive. 

ACTION PURPOSE 

1) Disk Orv 
Subdevice -> Adaptor [ B2} * Select disk drive for next action. 
Address 

Track 
Address -> Disk Drive [ C4] * Specify MSB of Cylinder Address. 
Hi-Byte 

Track 
Address -> Disk Drive [ C4} • Specify Lo-Byte of Cylinder Address. 
Lo-Byte 

2) Disk Orv 
Subdevice -> Adaptor [ B 2 J • Select disk drive for next action. 
Address 

SEEK -> Disk Drive [ C2] • Command SEEK action within 
Command selected drive. 

3) Disk Orv 
Subdevice -> Adaptor [B2} • Select disk drive for next action • 
Address 

Status <- Disk Drive [ Cl I • Examine status until disk ready 
for next operation. 

PROCESS CHA I NS 

WRITE FORMAT, READ FORMAT, WRITE SECTOR and READ SECTOR are the 
major process chains of HD-10 disk 1/0 transactions. These process chains are 
composed of the following processes in the sequence shown. Certain processes are 
mandatory, others are conditionally optional as indicated. 

2
1) HROW R INIT 

) CYLINDER SEEK 

3) LOAD BUFFER 
4) CNTRL MODE SEL 
5) COMMAND 

Mandatory. 
Not necessary if disk already on 
desired cylinder. 
WRITE transactions only. 
Mandatory. 
Mandatory. 
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The processes LOAD BUFFER and CNTRL MODE SEL are presented in this 
introductory subsection. Thereafter they are referenced by name only. 

LOAD BUFFER 

This process is required for all WRITE transactions, except in cases where the same 
data block is being transferred to more than one sector. In the latter case, LOAD 
BUFFER is required only in the first pass through the relevant process chain and may be 
ommitted during succeeding iterations. This process accomplishes the data transfer from 
system main memory to the adaptor data buffer. · 

ACTION 

1) Buffer Size -> Adaptor [A2] 

2) Byte -> Buffer [A3] 

3) Buffer Size-> Adaptor [A2] 

CNTRL MODE SEL 

PURPOSE 

* Select desired buffer size ( either 
256 or 1024) and reset buffer 
pointer to zero. 

* Write data byte to buffer. Repeat 
n times until as many bytes have 
been transferred from system RAM 
as had been specified by buffer 
size selected in previous action. 

* Reset buffer pointer to zero. 

To ensure that the Adaptor/Controller interface is in the appropriate mode, (either 
READ or WRITE) each data 1/0 command must be preceded by this MODE SELect 
process. It consists of a series of byte transfer and adaptor reset actions which leaves 
the controller bus in the required state for the impending data transfer activity. 

WRITE OPE R,A Tl ON (system to disk drive) 

ACTION 

1) Buffer Size-> Adaptor [A2] 

2) Byte <- Buffer [A4] 

3} Buffer Size-> Adaptor [A2] 

4) Byte -> Buffer [A4] 

S} Buffer Size-> Adaptor [A2] 

PURPOSE 

* Reset buffer pointer to zero. 

* Input first byte from buffer. 

* Reset buffer pointer to zero. 

* Write same byte back into first 
byte location of buffer. 

* Reset buffer pointer to zero. 
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READ OPERATION (disk drive to system) 

ACTION PURPOSE 

1) Byte <- Buffer [A4] • Read any buffer byte. 

2) Buffer Size -> Adaptor [A2J • Reset buffer pointer to zero. 

PROCESS CHAIN COMPOSITION 

The composition of the process chain is similar for WRITE FORMAT, READ FORMAT, 
WRITE SECTOR and READ SECTOR. For this reason only a typical chain is presented 
and the applicability of various processes to any of the four transaction types is 
indicated where necessary. 

ACTION 

1} HRDWR INIT 

2) CYLINDER SEEK 

3) LOAD BUFFER 

4) CNTRL MODE SEL 

5) Disk Orv 
Subdevice -> Adaptor [ B2] 
Address 

Track 

PURPOSE 

• Initialize HD-10 hardware for 
upcoming activity. 

• Position the recording heads over 
the desired cylinder ( not necessary 
if heads already positined over 
desired cylinder). 

• For WRITE operations only. Set up 
adaptor data buffer with appropriate 
block of data. May take place 
concurrently with CYLINDER SEEK 
operation. 

• Prepare controller bus for requisite 
mode (WRITE or READ). 

• Select disk drive for next action. 

Address -> Disk Drive [ C4] • Specify MSB of Cylinder Address. 
Hi-Byte 

Track 
Address -> Disk Drive [ C4 J • Specify Lo-Byte of Cylinder Address. 
Lo-Byte 

Controller 
Subdevice -> Adaptor [82] 
Address 

• Select controller for next action. 

HD -S3 



HD-10 
INTERFACE AND TRANSACTIONS 

Recording Format 

Sector 
Address & -> Controller [ C4] 
Head Bit 

Command -> Controller [B2J 

6) Status <- Adaptor [ A 1 ] 

Disk Orv 
Subdevice -> Adaptor [ B2] 
Address 

Status <- Disk Drive [ C11 

3 - 4 RECORDING FORMAT 

* Specify Sector Address and Head. 

* Issue appropriate command to the 
controller (WRITE or READ FORMAT, 
WRITE or READ SECTOR). 

* Check adaptor status and loop until 
controller no longer busy. 

* Select disk drive for next action. 

* Check drive status and loop until 
OSK ADR INTL flag is inactive. 

The HD-10 stores data in fixed sector format at 256 bytes per sector. Each recorded 
sector consists of an ID-field and a DAT A-field. These fields are separated by an 
intra-sector gap. Individual sectors are separated from adjacent sectors by 
inter-sector gaps. The ID-field consists of a sync byte and two bytes of ID 
information. The DAT A-field consists of 256 bytes of data and two longitudinal parity 
bytes. Figure 10 shows the recording format. 

Sector ID-fields are recorded at the time the recording medium is FORMA Tted. During 
this phase a recording surface analysis is performed and defective sectors are flagged. 
Subsequent to this action, the ID-fields are only read by the controller for purposes of 
ID-field comparison during normal 1/0 transactions. During FORMAT activities, the 
byte sequence that is interchanged between the adaptor buffer and the disk drive has 
the format indicated in Figure 10 Note that the controller hardware takes care of 
writing the sync byte in the ID-field. 
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HD-10 RECORDING FORMAT 

Figure 10 

SECTOR 

DATA BYTES I .10 FIELD 

PER 
SECTOR SYNC HEADER 

OATAFIELD 

GAP 1 SYNC DATA PARITY GAP2 

2 2 25& 2 

256 03 NOTE t 00 00,03 NOTE 2 NOTE 3 NOTE 4 

NOTE 1: HEADER FORMAT 

FORMAT SECTOR 
fNOTE51 

BYTE O (LSBI BYTE 1 (LSBI 

------- ._1 _.,_1 _.,_1 _.__.__,__,_-'1~1 
\ 

SECTOR ADDRESS CYLINDER ADDRESS 

HEAD SELECT 

DEFECTIVE SECTOR FLAG 

NOT USED 

NOTE 2: USER SPECIFIED DATA: INITIALIZED TO ESH DURING FORMAT 

NOTE 3: LONGITUDINAL PARITY (EVEN); FIRST BYTE FOR EVEN NUMBERED DATA 
BYTES, SECOND BYTE FOR ODO NUMBERED DATA BYTES 

NOTE 4: fllLER BYTES 1001 TO START OF NEXT SECTOR MARK 

NOTE 5: THIS DATA BLOCK 1270 BYTES! WRITTEN DURING FORMAT; SYNC BYTE IN ID
FIELD SUPPLIED BY CONTROLLER HARDWARE 
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4.1 INTRODUCTION 

IV 
THEORY 

OF 
OPERATION 

The theory of operation is described in terms of the major functions that the disk drive 
perlorms during normal and emergency operation and the circuitry and hardware 
involved in the perlormance of these functions. Signal origins and destinations and com
ponent locations are shown in parenthesis. For example, if the signal term RUN is 
referred to, it would appear as follows: 

RUN (C.B. U39 - 4) 

I _! --Pin 

.... -----Component reference designa
tion or connector pin. 

---------Circuit board abbreviation 
.__ ____________ Signal term 

Circuit board abbreviations used in this description are as follows: 

S. B. = Servo Board C. B. = Control Board 
S. c. = Sector Board R/W IE = Read/Write/Erase Board 
D.R. = Data Recovery Board 
P. B. = Power Board 

\ 

77834692:..A 

I. P. = Inductosyn Preamplifier Board 
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4.1.1 DISK DRIVE 

Disk drive is achieved through a belt driven spindle. The spindle is rotated at 
1500 or 2400 rpm (depending on rpm option installed) by the disk drive motor. 

4.1.2 ACTUATOR 
The actuator consists of the carriage, carriage track, magnet assembly, and cam 
mount. The actuator is the device that suppotj:s and moves the read/write heads. 
Lateral forward and reverse movement of the carriage on the carriage track is 
controlled by the servo signal. (P. B. J2-l, J2-2) The basic signal is developed 
in the servo board and processed by a power amplifying stage mounted on the power 
amplifier board (power supply). The power amplifier output current is applied to the 
voice coil positioner (part of carriage). The signal causes an electric field about the 
voice coil positioner. This electric field interacts with the permanent magnetic field 
of the magnet assembly, which moves the voice coil either into or out of the permanent 
magnetic field. Current polarity to the voice coil determines the direction of motion, 
while current amplitude determines the acceleration and velocity of the motion. 

The voice coil positioner is a bobbin-wound coil that is free to slide in and out of the 
forward face of the magnet assembly. Fastened to the positioner is a head/arm 
receiver which holds the two (four with fixed disk option) read/write heads. The 
head/arm receiver mounts on the carriage and bearing assembly that moves along 
the carriage track on ball bearing rollers. Movement of the positioner in or out of 
the magnet causes the same motion to be imparted to the entire carriage assembly. 
This linear motion is the basis for positioning the read/write heads to particular 
cylinder of tracks on the disk. (Refer to paragraph 4. 6 for detailed information on 
read/write head loading and unloading.) 

The actuator contains a optical switch for detecting each end of travel. A negative
going pulse is generated by these optical switches at forward and reverse end of 
travel. 

4.1.3 HEAD/ARM ASSEMBLIES 
Two head/arm assemblies· (four with fixed disk option) are mounted on the carriage. 
A head/arm assembly consists of a read/write and erase coil package (head 
assembly) mounted at the end of a supporting arm structure. The head assembly, 
which includes a cable and plug, is mounted on a gimbal ring which in turn is mounted 
on a floating arm. This method of mounting allows the head assembly to pivot (inde
pendent of the arm) tangentially and radially relative to a data track on the disk surface. 
Such motion is required to compensate for possible irregularities in the disk surface. 

The arm structure consists of a floating arm secured to a heavier fixed arm. The 
end of the fixed arm opposite the head installs in the carriage assembly. The floating
arm is the mounting point for the head and is necessarily flexible so that it can 
respond during loading and unloading. 

The freedom and mobility of the head are necessary elements to insure proper func
tioning with interchangeable disk cartridges. Vertical motion by a disk surface 
(due to warpage or imperfection) is countered by a move in the opposite direction 
by the gim-balled head and/or floating arm. As a result, flight height remains 
nearly constant. 
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4.2 OPERATIONS 
Refer to the applicable schematic, block diagram, intercabling diagram flow chart 
and timing charts for the following discussion. 

4.2.1 POWER UP/FIRST SEEK 
When the main circuit breaker, CBl (power supply) is actuated, an initial reset, 
CLEAR (C. B. U39-12) is generated which clears all latches. After approximately 
60 ms (+5v supply settling time) CLEAR disappears. At this time, provided the pack 
locks are closed and no faults exist, the disk drive can be started by depressing the 
START /STOP push button. 

Actuating the START/STOP pushbutton generates RUN (C. B. U39-4) which, in turn, 
energizes the spindle motor and start relay, starts the ½rush cycle, initiates the 
spindle m_otor start delay, illuminates the start indicator, and latches the disk 
cartridge in place. After approximately 4 secs the start motor relay is de-energized 
and the start capacitor is removed from the motor start winding. 

During the brush cycle, the disk brushes are passed across the entire surface of 
the disk to remove any foreign particles. When the brushes• reach the end of travel, 
the motor is mechanically reversed and the brushes move outboard until they reach 
the home position, at which time the brush motor is de-energized by the closure of 
a SPDT switch (Cartridge Receiver A6SW3). The closure of this switch generates 
BRUSH CYCLE COMPLETE (C.B. U32-12). BRUSH CYCLE COMPLETE clocks 
Kl flip-flop control (C. B. Ul8) provided spindle speed is within 20% of nominal 
value. 

The completion of the brush cycle is followed by a 50 second servo delay, after 
which Servo Enable (C. B. AlO) initiates the operation called first seek. The 
function of first seek is to calibrate the disk cylinders or tracks with the track counter 
(S. B. U11, Ul2, Ul3). This is accomplished by driving the read/write heads inboard 
until they reach forward end of travel (FEOT) then out-board until the first even
numbered cylinder is crossed. The first even-numbered cylinder encountered is 
identified as track 408 and each succeeding track crossed decrements the track 
counter until track 000 is reached, at which time, ON CYL (S. B. B20) is generated. 
ON J:YL initiates READY (C. B. A8) and assuming the unit is selected (reference 
daisy chain configuration) the controller is notified that first seek is complete. 

4.2.2 OPERATIONAL SEEK 
Refer to Figure 4-2 for the following discussion. 

If, at the completion of first seek, data is to be read from or written on the disk, an 
operational seek is performed. To initiate an operational seek, the address of the 
desired track is strobed into the disk drive of nine (9) lines (S. B. B2-Bl0). 
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4.2.2 -contd. 

The number of tracks that the read/write head has to travel from its present track 
to the selected track is determined by calculating the difference between the track 
address (S.B. U4.U5,U6,Ul5)and the track counter (S.B. Ul8, Ul9, U20). The 
absolute value of this digital difference is applied to a D/ A converter (S. B. U39) 
whose output provides an analog signal to the voice coil for movement of the read/ 
write head to the desired track. Voice coil movement, hence read/write head move
ment during an operational seek consists of two modes: (1) coarse and (2) fine. 
During the coarse mode the voice coil is driven at a velocity determined by the number 
of tracks remaining in the seek. 

The fine mode is employed to bring the carriage to a stop without overshoot when the 
desired cylinder is reached. Figure 4-3 shows the D/ A converter output and the 
velocity profile for a typical long seek. During the first part of the seek the carriage 
is accelerated by the maximum output of amplifier AR4 (S. B.) until it reaches maxi
mum velocity. From this point on, the carriage is driven at a constant velocity 
(coast) until it is 128 cylinders from the desired destination at which time it dece
lerates dhif ormly until it reaches the last track. Upon reaching the last track the 
system switches to the fine mode and the position signal from the encoder is utilized 
to bring the carriage to the center of the track. Approximately 2 ms after the head 
has settled within 200 microinches of the selected track center, ON CYL (S. B. B20) 
is generated. SKER (S. B. Bl6) is generated if the carriage goes beyond either end 
of travel (FEOT or REOT) or if ON CYL is not present 0. 5 seconds after the initiation 
of SERVO EN, C.A. STROBE or RTZS. A SERVO INH automatically removes power 
from the voice coil by forcing an inhibit on the servo output multiplexer (S. B. U42). 
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4.2.3 RETURN-TO-ZERO ~EEK (RTZS) 
When ·RTZS is commanded by the controller, the track counter (S. B. 018, 019, 020) is set to 408 and the address register (S.B. 04, 05, U6, 015) is reset to zero. However, the invert line (U6-3) to the address register is set for non-inverting operation. As a result the address register indicates a cylinder address of 424. 
Consequently the difference between the track counter and address register is 16 (424-408). Since counting by the track counter and address register is inhibited, the difference is held constant, resulting in the carriage being driven at a constant speed of approximately 16 ips. When the forward end of travel (FEOT) is reached, the address register is shifted back to the normal inverter mode thereby establishing an address of 000. This causes the carriage to reverse direction and as soon as the first even-numbered track is encountered the count inhibit signal is removed from the track counter, allowing it to count down normally from 408 to 000 as described in First Seek. 

4.2.4 WRITE/ERASE DATA 
Writing on any one of four r~cording surface (2 cartridge and 2 fixed disk) requires that the disk drive be able to select the desired read/write head. Selections of the heads is accomplished by means of two input lines termed HS/0 and HS/1 (Head Select O and 1). The logic condition of HSl determines whether the cartridge or fixed disk is selected while the logic condition of line HSO determines whether the upper or lower surface of the disk is selected. 

Once the disk surface and read/write head has been selected, a write function is initiated by the controller commanding UNIT SELECT and WRITE GA TE. These two controller inputs generate a write line term W/E INA (R/W/E B4) and a write enable term WR EN (R/W/E B2). With the logic thus conditioned by these signals, 
WR DATA and CLOCK applied to the disk drive (R/W/E A3) then can be recorded. With WR EN at a high level, incoming data and clock pulses (R/W/E A3) will clock the write data flip-flop (R/W/E UlO). As a result the outputs of the flip-flop will be a composite of frequency encoded data and clock which alternately switch a voltage dependent current source (R59-R70) through two power transistors (R/W/E Q6, Q7). The outputs of these transistors drive write current through one half of the head winding then the other via head select circuits (R/W/E U14, Ul6). 

Recording on tracks 256 or greater requires a reduction in write current due to bit density. When the read/write head is moved to track 256 or greater for purposes of writing, ZONE (S. B. A20) is generated, causing (R/W/E Ull-2) to go to ground thereby reducing the current to the read/write heads. 

An erase function is initiated by the controller commanding a UNIT SELECT (C. B. B9) and ERASE GATE (C. B. Al2). These two controller commands generate terms ER EN (C.B. B26) and W/E/ INH (C.B. A24). Term ER EN turns on a transistor switch (R/W /E Ull) in series with the selected erase winding via erase diodes (R/W/E Ul 7 - Diode matrix) and the +15V center tap voltage. 
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4.2.5 READ DA TA 

To initiate a read operation, READ GA TE and UNIT SELECT are commanded by the 
controller. The read head output is processed by differentiation of the recorded flux 
reversals as follows: The signal is amplified by a linear low noise differential ampli
fier (R/W/E AR2) and differentiated by ARl (R/W/E). The resulting differentiated 
s igna 1 simaltaneously drives a cross -over detector (R/W /E U2) and isolation stage 
(R/W/E Ql2, Ql3) which provides a monitor for the differentiated analog signal at the 
I/0 connector. 

Cross-over detection is achieved by a dual differential receiver (R/W/E U2) which 
digitizes the differentiated signal by generating positive and negative edges for each 
analog zero cross-over point. This digitized double frequency information (R/W/E A6) 
is coupled to the data recovery circuitry where phase and frequency tracking is 
established. 

Phase and frequency tracking of the double frequency data is accomplished by means 
of a digital phase lock loop (Figure 4-4). The loop is comprised of a comparator, 
current pump, voltage controlled oscillator, data window generator, reference sig
nal generator and acquisition detector. 

Initially, the comparator (D.R. U27) derives a phase error signal between the pulsed 
data (double frequency data) and the out-of-lock reference signal. This TTL signal 
is applied to the current pump (D.R. Ql, 2, 3, 10, 11, 12) where it is integrated to 
develop a de level (Ve). 

Ve passes the ac component which is controlled by the value of R38 and the current 
from the bidirectional pump (D.R. Ql0, Qll). The resultant voltage, Vre, cor
responds to the input data frequency and the superimposed square waveform is 
utilized for phase synchronism. 

The current pump output corrects the VCO (D.R. Q4-Q9) bringing its output to a 
nominal 5MHZ for a 2. 5 MHZ data rate (2400 rpm disk speed). Since the phase 
locked oscillator is a closed loop, the current pump drives the de level (Ve) to reach 
a steady state when the signal at the comparator is a square waveform. Frequency 
synchronism is achieved at this point. When the loop is locked at its center frequency. ' 
The component of Ve is symmetrical. 

At the beginning of the lock procedure, the disparity between the data window (D.R. 
U23-2) and pulsed data (D.R. U23-l) triggers a fixed time out signal, FT TRACK 
(D.R. B23) which increases the current available in the current pump, thereby 
increasing the rate of VCO correction.· 

After frequency and phase synchronization have been achieved the double frequency 
pulse data is decoded into SEP DATA (D.R. A4, B4, A5, BS) and SEP CLOCK 
(D.R. A3, B3, A2, B2). ,,. 

4-8 77834692-A 



,~ 

READ DATA 

READ 

DATA 

,E!2-

,___ 

---, (AA225b ___ ..,, 

_n 
REF SIG, P4 

COMPARATOR 
OUTPUT 

CLK 

ow 

r-----. 
\~Al,2~ .) 

ACQUISI• 
TION 
DETECTOR FAST TRACK 

COMPARA- CURRENT ~ TOR PUMP 

P4 

n n 
n n 

ow 

vc Clk DATA 
vco WINDOW 

GEN 

REFER-
ENCE DW 
SIG GEN 

n n n_ 
n n n 

Figure 4-4. Digital Phase - Lock Loop And Timing Diagram 

77K34G92-A 4-9 



4.3 SECTORING 
The sectoring system is capable of producing all standard sectoring formats. This 
is accomplished by moving. the sensor over the desired row of holes on the sector 
ring and selecting the desired prescaling factor using S3 (S. C. ). Refer to Section 2 
(Operation) for switch setting and resulting prescaling factor. 

Refer to Figure 4-5 for the following discussion. 

Monitoring the position of the disk comes under the function known as sectoring. 
Position information are derived from pulse trains generated by two magnetic sensors. 
One sensor (for reading cartridge sectors) is mounted in the receiver area and senses 
notches on the disk armature plate. The other sensor (for reading fixed disk sectors) 
is mounted beneath the drive motor pulley and senses chemically milled holes· in the 
sector ring. Both sensors generate negative-going pulses which indicate the center 
of the notch or hole. The pulse trains generated by these two sensors are separated 
into index and sector pulses by the sector board. 

4.3.1 FIXED DISK 
Index pulses are separated from sector pulses by two NOR gates (S. C. U26-3), 
U26 -4) and a one-shot multivibrator (S. C. U32). The separated pulses drive the 
prescaling counter (S. C. U33) and the sector address counter (S. C. Ul 7). The 
counters are reset by receiving an index pulse and incremented by receiving a sector 
pulse. The count of the sector pulses is utilized to generate a six-bit sector address 
field (S. C. B2, B3, B6, B8, B 11, Bl4). The sector address and index pulses are 
outputed upon comm.and of the controller. 

The index pulse can be transmitted at one of two times depending on the setting of 
SWl-1 and 2 (S. c. ). If both switches are open, the index pulse output will appear 
simultaneously with the next sector pulse (DELAYED INDEX). If both switches are 
closed, the index pulse will appear at the output simultaneously with the input (DIRECT 
INDEX). 

4.3.2 CARTRIDGE DISK 
Cartridge disk index and sector pulse processing is handled, with minor exceptions, 
in the same manner as described for the fixed disk. Index and sector pulses are 
sensed from the Cartridge armature plate by the index/sector transducer and fed to 
the Sector board at A22. Index pulses are separated from sector pulses by two NOR 
gates (S. C. Ul9-3), Ul9-4) and a one-shot multivibrator (S. C. U25). The separated 
pulses drive the prescaling counter (S. c. Ul4) which divides the separated sector 
pulses by 32, 16, 8, 4, 2 or 1. The count of the sector pulses is utilized to generate 
a six-bit sector address field (S. C. B2, B3, B6, B8, Bll, B14). The sector address 
and index pulses are output upon command of the controller. Delayed and direct 
index pulses are provided for the cartridge disk the same as the fixed disk. 
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4.3.3 SOFT SECTOR 

Under certain circumstances it is desirable to operate the disk drive with only a 
single sector. This mode of operation is called soft sector. Cartridges used for soft 
sector have only a single notch to be detected by the sensor. The single pulse generated 
each revolution by this notch will always be interpreted by the sector board as a 

· sector pulse. The configuration of two switches SWl-2 and SW2-7 (S. c.) effectively 
substitutes this sector pulse for the missing index pulse. 

Data received from the controller in the soft sector mode will be in a format containing 
a unique 8-bit pattern for identification of the start of a sector address. 

4.4 FAULT DETECTION 
Fault conditions in the disk drive are divided into two classes: 
(1) damaging and (2) non-damaging. 

4.4.1 DAMAGING FAUL TS 
Damaging faults are those which will ca.use damage to the read/write head or to 
disk surfaces. These faults will occur as a result of subnormal spindle speed or 
supply voltage failture on the servo or inductosyn pre-amp boards. 

To provide protection for the heads and media, the spindle speed (C. B. BS, Ull-8) 
and the servo board supply voltages (C. B. A27, A30, B27, B30, Ull-13) are contin
uously monitored. Any reduction in spindle speed below the set tolerance level or 
the occurance of any non-transient voltage fault wilf set the emergency retract latch 
causes the disk drive to generate the term FAULT (C.B. U35-13, U14-10) illuminate 
the fault lamp (C. B. Ul5-6), retract the heads via Kl relay and switch the unit out of 
the run mode (C.B. U24-6, U31-9). The emergency retract latch can only be reset 
after the fault condition is cleared and the START/STOP switch is returned to the STOP 
position or with a power up clear (C. B. UlS-10). 

4.4.2 NON-DAMAGING FAUL TS 
Non-damaging faults are those that are not dangerous from the point of equipment 
safety but are those that will lead to degraded operation (i.e., read and write 
failures). These non-damaging faults are read/write head current faults, command 
faults and voltage failures. 

A current fault (R/W /E B7) will occur under one of the following conditions: 

1. Write current but no erase current 
2. Erase current but no write current 
3. More than one head selected for a write/erase operation 
4. Excessive current leakage on the write driver output line during a read. 

A current fault sets the fault latch (C. B. B20, U35-13). The fault latch will also set, 
if an attempt to write is made when the heads are not on cylinder or an attempt is 
made to read at the same time write or erase is enabled. Other conditions that will 
generate Fault signals are attempting to select heads 2 or 3 when there is no fixed 
disk or when there is a voltage failure in the read/write, data recovery or sectoring 
circuitry. The term, FAULT, generated by any of the above fault condition inhibits 
write and erase and disables the READY line (optional) to the controller. A FAULT 
will also illuminate a front panel indicator and enables a fault line to the controller. 
Non-damaging faults can be reset by the front panel FA ULT RESET pushbutton, or by 
the controller RTZS command (option). 
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4.5 WRITE PROTECTION 
Data on the cartridge or fixed disk may be protected by depressing the appropriate 
front panel WRITE PROTECT switch. The signal developed by WRITE PROTECT 
switch is gated with HS/1 (C. B. A20, U7-5, 6 or U7-l, 2) and assuming that the 
protected head is selected, write protected status (C. B. U21-6) will be enabled. 
This status will occur whether or not the unit is selected ·(reference daisy chain con
figurations). If the unit is selected (C. B. U43.-6) PROT STAT (C. B. B21) w-ill be 
transmitted to the controller. 

The controller can initiate write protection by commanding Unit Select and WR PROT 
(C. B. B23, U7-13). These signals condition the write protect logic and illuminate 
the appropriate WRITE PROTECT indicator. The indicator will remain illuminated 
as long as the unit is selected, the appropriate heads are selected and the controller 
initiated WR PROT is in effect. 

4.6 HEAD LOADING 
The read/write heads must be loaded to the disk surfaces before exchanging data 
with the controller. The heads must be retracted from load position and driven 
clear of the disk when power is removed from the unit or the disk velocity falls 
below a predetermined rpm. . 

, 

Head loading amounts to allowing spring pressure of the floating arm (part of head/ 
arm assembly) to move the aerodynamically shaped head face toward the disk sur
face. When the cushron of air caused by the spinning disk is encountered, it resists 
any further approach by the head. Spring pressure is designed to just equal the 
opposing cushion pressure (function of disk rpm) at the required height. As a result, 
the head flies. However, if the spring pressure exceeds the cushion pressure, which 
would happen if the disk cartridge lost enough speed, the head stops flying and con
tacts the disk surface, causing damage to the head and the disk surface. 

The floating arm is designed to maintain a constant loading force. While the heads 
are retracted, head cams on the cam mount bear against the floating arm cam sur
faces. The cams counter the loading force and force the heads to the unloaded posi
tion. As the carriage moves forward, the cam surface rides off the cam just after 
the read/write head moves out over the disk surface. The loading force now moves 
the head face toward the air layer on the surface of the spinning disk until the opposing 
forces achieve a state of equilibrium. The heads are thus loaded and the carriage is 
forced to continue toward the spindle until the forward end of travel (FEOT) signal 
occurs. 

4.7. HEAD RETRACT 
Two situations will cause the read/write heads to be moved back past the loading 
ramp. These two situations are normal and emergency retract. 
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4.7.1 NORMAL RETRACT . 

Normal retract will occur when the START/STOP switch is returned to the STOP 
position. This causes the disabling of SERVO EN (C. B. Al0). When SERVO EN 
goes to zero, the address register (S. B. U4, U5, U6, Ul5) is set to 424 as in RTZS. 
However, the track counter (S. B. Ul8, Ul9, U20) is set to 440. Since counting is 
inhibited under this circumstance, the carriage will move outboard at a constant 
rate of 16 ips. When the carriage contacts the reverse stop microswitch, (A4SW1), 
REV STOP (P.A. J2-12) is generated. One-half second after the occurence of 
REV STOP the power amplifier is disabled. 

4.7.2 EMERGENCY RETRACT 
In the event of a damaging power failure or the spindle motor velocity drops below 
the tolerance limit, an emergency retract is initiated. Either of these conditions de
energizes the voice coil relay (P. B. Kl). The openings of Kl initiates a 0. 5 second 
delay which allows the carriage, by means of spri.I}.g loaded effect of the voice coil 
connections to move to a position away from the unloading ramp. After the delay, 
triac, Q5 (P. B.) discharges a 100,000 Uf Capacitor (P. B.) through the voice coil 
thus unloading and retracting the heads. 

4.8 CYLINDER LOCATING AND POSITIONING 
The system for locating and counting tracks (cylinders) on the disk is comprised of 
a position encoder or transducer and an up/down counters. 

4.8.1 CYLINDER LOCATIONS 
Cylinder locations are determined by counting the zero crossings of the COS signal 
from a reference .point using an up/down counter system (S. B. Ul8, Ul9, U20). A 
cylinder is defined as the space between two transitions of COS. Whenever the 
transitions occur a clock pulse (S. B. U32-ll &6) is generated, causing the cylinder 
counter to count up or down depending on the state of the up/down signal (S. B. U30-
5 & 6). The state of the up/down signal is determined by the logical levels of SIN 
and COS just prior to the clock pulse. By examing the wave forms in Figure 4-6, 
it can be seen that whenever the expression SIN COS.is true, the count will be down 
and whenever the expression is false, the count will be up. An odd numbered cylinder 
is defined as one where the slope of SIN signal is positive for positive displacement and 
an even numbered track is one where the slope of SIN is negative for posctive dis
placement. Initial location of the track is established during FffiST SEEK. 
4.8.2 CYLINDER POSITIONING 
The position encoder or transducer, schematically depicted in Figure 4-7 is a 
capacitively coupled linear displacement transducer. The encoder has two elements. 
One element (the scale) is rigidly mounted while the other element (the slider) is 
attached to the carriage-assembly and moves parallel to the scale as the read/write 
heads are moved in and out. Both the scale and the slider has 0. 005 inch strips of 
copper, spaced 0. 005 inches apart, which function as plates of a capacitor. The 
copper strips are electrically connected as shown in Figure 4-7. A 50 KHZ excitation 
voltage is applied to the copper strips on the sea.le so that the voltage on adjacent 
strips is 180° out of phase. 
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4. 8.2 -contd. 

As the slider moves parallel to the scale a sinusoidally 50 KHZ signal is coupled to the slider. The amplitude of the sinusoid at any given point is a function of distance of the slider strips with respect to the scale strips with zero crossings occuring every O. 005 inches (See Figure 4-8). This signal is phase demodulated and peak detected on the I. P. Board. The SIN & COS signal is used to generate clock pulses for counting tracks. The phase relationship of these signals determine the direction of travel of the carriage. The zero crossings of the SIN signal are aligned to coincide with the center of the cylinder locations on the disk. 
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Figure 4-6. Counting Logic 
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CURPURATION 

1.0 INTRODUCTION 

CDC_9427H is the latest generation Random Access Rotating Disk Memozy 
~vice ?f the J?erfo~ce proven CDC 9425 and 9427 Series cartridge 
disk drive fanu.ly. Using the low-power 010.S semi-conductor technology, 
tl_ie_9427H has many inno'(ations that enhance its perfonnance and relia
bility as well as reducing the overall cost of ownership. 

The following are some of the salient features that have been included 
in to the CDC 9427H. 

Continuous temperature compensation of the position transducer and im- · 
proved air system for accurate head positioning over a wide temperature 
range; air system efficiency maintains approximately 7F degrees rise in 
the disk area temperature over ambient thereby improving data reliability. 

The spindle and magnetic chuck design minimizes spindle runout. 

Increased reliability has been obtained through the use of inovative servo 
design, refined data recovery circuits using conservative component derating, 
CMOS logic for improved reliability and low power consumption; high speed 
Shottky TTL logic to minimize gate delay and adjustments in the read/write 
chain, minimization of harnessing and interconnections, thereby enhancing 
total EMI/RFI compatibility as well as improving reliability. 

Incorporated into the 9427H, are improved and simplified maintenance tech
niques, such as rapid replaceability and interchangeability of all func
tional subassemblies. It is designed for trouble-shooting at the printed 
circuit board assembly level rather than at the chip level; most of the 
assemblies are plug-in type which are interchangeable without any need 
for adjustment. 

Integral power supply, daisy chain, sector addressing, tenninator, and 
dual independent write protect features are standard in the 9427H. 

AC voltage tolerance have been widened to +10% and -15% to allow for 
operation llllder marginal power conditions. 

While 200 TPI operation is standard, the 9427H can be field converted to 
100 TPI. Similarly the fixed disk features maybe incorporated in the field, 
however it is considered standard in the basic 9427H. Additionally the 
9427H is field changeable from.2400 RPM to 1500 RPM operation. 

Throughout the design of the 9427H, careful attention has been paid to 
detail in making it functional both from the standpoint of tn1it operation 
and customer service, at the same time keeping the tn1it compact. 
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CUf~PURATIUI\I 

1.0 (Continued) 

The small physical size and cost per bit of the COC 9427H opens.up many 
new applications for disk drives. The 9427H can be used for conventional 
batch processing, infonnation retrieval, process control, and applica
tions such as graphics, point-of-sale, document reader storage, data 
entry and small business processing. 

2.0 APPLICABLE OOCUMENTS 

9427H Theory of Operation and Maintenance Manual 75751000 
Parts Manual 75751200 · 
Diagrams and Wire List Manual 75751100 
848 Cartridge Specification 89290100 (200 tpi) 
Equipment Safety UL 478 
847 Cartridge Specification 89289200 (100 tpi heads; --

3.0 GENERAL DESCRIPfION 

3.1 

3.1.1 

3.1.2 

H IHI S/-,1 

The baseline 9427H (fig. 1) is a voice coil actuated cartridge disk drive 
unit that directs the read/write heads to a desired location on a spinn
ing disk surface·; data is written or retrieved by selection of an appro
priate head and activating the read/write control circuitry. 9427H uses a 
single removable disk cartridge, CDC 848 type, and a fixed disk which 
doubles the data storage capacity. 

The 9427H is suitable for mmmting in a standard 19-inch rack with 10 1/2 _ 
inch panel space and is also available in a cabinet. The deck contains 
the voice coil, analog and digital cir01it boards in the interface card 
cage, the power supply power amplifier, the cartridge receptacle, the 
spindle and drive motor, filter, air blower and cooling system. The boards 
are in a shielded card cage. 

The 9427H can be configured to utilize single sectored or Illlltisectored 
cartridges. The read recovery cir01itry_will allow operation with·or 
without missing clock patterns, frequently found in variable sector for-
mats. , 

General Description 

Cartridge 
9427H uses a CDC 848 cartridge or any equivalent cartridge certified for 
200 tpi operation or a CDC 847 or any approved equivalent IBM 5440 cart
ridge for 100 tpi heads. 

Single or fual Disk 
In addition to the removeable cartridge, ·the standard 9427H also employes 
a fixed disk; thereby providing for storage of up to 12 millio1! byte~ un.
fonnatted and providing a total of 4 recording surfaces. The faxed disk 
is a convenient location for data which need not be removed from the sys
tem such as program storage as well as facilitating copy operations. The 
9427H is also offered optionally without a fixed disk. 
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While 200 1PI is standard, the 9427H is available in both the 100 tpi and 
200 tpi configurations. The 100 tpi mlit is field upgradeable to 200 tpi. 

Disk Speed 

Disk speeds of 1500 rpm and 2400 rpm are available to meet most system 
requirements for latency time and data transfer rates. The 2400 rpm mlit 
can be readily modified to a 1500 rpm unit. 

The disk speed is kept to within +2% and -2% with line frequency not 
varying more than +1/2 Hz and -1/2 Hz at both 50 Hz and 60 Hz line 
frequencies, over a voltage tolerance of -15%, +10%. · 

Track Offset 

9427H is equipped to handle a track offset command from its controller. 
Th~ track offset conmand feature can be used when an error recovery pro
cedure is desirable. The offset, when initiated, takes place only in the 
read mode, the heads move within ± 1000 microinches of nominal track 
position, completing a full offset cycle in 500 ms. When not enabled, 
the heads return to the nominal track location. 

Universal Power Supply 

A mliversal power supply allows operation on 100-250 VAC in 10 volt incre- '~" ~) 
ment without parts changes using a progranming plug, and 50 Hz to 60 Hz 
conversion by a simple pulley and belt change. The AC input voltage toler-
ance is +10% -15% to allow for marginal power conditions, for example, with 
the 110 VAC input tap selected, the mli t will function from 93. 5 VAC to 
121 VAC. * 

* The power supply will tolerate undervoltage excursions of 100% for 
approximately 60 ms. During this excursion operation will continue 
but seek time will be degraded. Undervoltage excursions of 60 ms and 
greater will result in an emergency head retract. At nominal line 
voltages with positioner doing worst case (maxinn.nn power) repeated seeks, 
power consumed is 310 watts or 1058 BTU/hr. 

The internal regulated power supply is a standard feature which contains an 
emergency heads retract circuit and external power input connector with a 
built in line filter. 

3.2 ST.AND.ARD OPTIONS (see Figures 2 and 3) 

3.2.1 

111 SI"' 

Rack :M)unt (Refer to Figure 3) 

The 9427H is designed to fit in a 19 inch wide EIA rack when mounted on 
the slides. 
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CORPORATION 

3.2.2 

3.2.3 

3.2.4 

Cabinet (Refer to Figure 2) 

The cabinet option consists of frames, castors, side and top skins that 
~ermit stand-alone roounting of the 9427H. In addition, the cabinet option 
is useful in that it can acconmodate a 9427H controller and power distri
bution assembly. 

Fixed Disk 

In addition to the removable cartridge, the 9427H can be ordered standard 
with a fixed disk or field configured to contain a fixed.disk if the option 
is exercised later, thereby doubling the storage capacity and providing• a 
total of 4 recording surfaces. The fixed disk is a convenient location for 
data which need not be removed from the system such as program storage, as 
well as facilitating copy operations. 

Sector 

A tmique sector disk provides 1 through 64 sectors, selectable without 
tmit modification. The fixed disk may be adjusted to provide any of the 
following sectors: 1, 2, 3, 4, S, 6, 8, 10, 12, 14, 15, 16, 20, 24, 25, 
28, 29, 30, 32, 40, 48, SO, 56, 60, 64. 

The sector transducer can acconnnodate both 80 mil and 20 mil sector notches; 
by using approximate option switches packs with last sector to index angle 
of 5° 30' or 3° 10' can be used. 

3.3 Equipment Safety 

3.4 

3.4.1 

3.4.2 

The CDD is designed to meet the Control Data standards for equipment 
safetY., reliability, maintainability, and EMI. These include or surpass 
the requirements of UL, CSA and VDE. 

COMPONENT DESCRIPTION 

Logic 

CMOS integrated circuits and Shottky TTL logic have been used to conserve 
power and minimize compensation for gate delays in the read/write section 
by using the ultra-high-speed logic. The res are mounted on 5 plug-in boards 
which are designed for each of trouble-shooting and maintenance by use of a 
board replacement concept. 

Electromagnetic Actuator 

The heads are positioned by a linear voice coil actuator. The actuator 
rotion is controlled by a closed loop servo system. 
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9427H has a highly efficient cooling and contamination control system 
which maintains approximately a low 7F degrees temperature rise in the 
disk area with respect to the ambient. Air for the power supply bypasses 
the absolute filter to isolate power supply heat from the rest of the 
tm.it. The air filter is easily removable for inspection or replacement 
without disassembling any other components. 

Compatibility 

The tenn compatibility is used to denote interchangeability between the· 
spindles of any CDC 942X devices. A cartridge written on a CDC 942X CDD 
may be read on another CDC 942X CDD of equivalent configuration, using 
the same data fonnat, within the specified error rate. 

The 9427H drive is completely interchangeable with any of the other CDC 
94·2X family of drives of like configuration. The 9427H-4 Interface is 
Diablo 44 Interface compatible as defined in the section 5 of this speci
fication. 

Heads 

A choice of optional self-loading full track erase before write, or standard )' 
self-loading straddle erase heads is available for reading and writing "-/. 
capability. The full track erase heads offer the advantage of allowing 
greater margin for Cartridge variations than the Industry Standard Straddle 
erase heads. Two heads are required with cartridge disk use only, and four 
with the cartridge and fixed disk. 

4.0 PERFORMANCE 

4.1 Access Time 

~• 1111 s;.,, 

The maximum access time, defined as the time required to move the heads 
from track zero to track 405 is 60 ms nominal and 65 ms maximum. 

The single track access time, defined as the time required to move the 
heads between any pair of adjacent tracks is 7 ms nominal and 10 ms 
maximum. 

The random average access time defined as the time taken to complete a 
large set of random seeks divided by the number of seeks in the set is 
35 ms. 

All the access times stated above are measured from the initiation of 
a seek to the time it takes for Ready to Seek Read or Write line to be
come true; this includes the settling time of the positioner servo. 
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4.2 Latency Time 

The average latency time is 12.S ms based on a naninal disk speed of 
2400 rpm and 20.0 ms at 1500 rpm. 

The maximum latency time is 25.S ms at 2400 rpm and 41.6 ms at 1500 rpm. 

4.3 Seek Errors 

4.4 

~& 18'.I& .1/f'l 

The 9427H has a seek error rate of less than 1 (one) seek error in 105 
seeks, or one in 8 (eight) hours of operation whichever occurs first. 

Not included in the above rate are seek·errors resulting from inv;µid 
addresses. · 

The seek error is defined as a failure of a drive to position the heads 
to an addressed cylinder within 500 ms. Invalid cylinder addressing and 
failure to arrive Ready to Seek Read or Write within 500 ms is also con
sidered a seek error. Seeking to the wrong cylinder is detected only by 
customer's header check. 

Storage Capacity 

The data capacity specified is based on the number of bits that can be 
accomnodated in a track Ulder nominal conditions of revolution time and 
clock frequency. The capacity quantities below do not include an allow
ance for the tolerance gaps or defective tracks and assume double fre
quency recording teclmique. 

Capacity 

Track 

Cylinder with removeable 
cartridge 

Cylinder with fixed 
cartridge+ removeable 
cartridge 

Removeable cartridge 

Fixed & removeable 
cartridge 

100 tpi 
(optional) 

62.S thousand bits 

125 thousand bits 

250 thousand bits 

25 million bits 

50 million bits 

200 tpi 
(standard) 

62.5 thousand bits 

125 thousand bits 

250 thousand bits 

SO million bits 

100 million bits 
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4.5 Data Transfer Rate 

Two data transfer rates are available: (1) 2.5 M-Iz at 2400 RPM for which Nominal clock-to-clock interval is 400 nsec, and Nominal clock-to-data interval is 200 nsec; (2) 1.5625 M-Iz at 1500 rpm for which nominal clockto-clock interval is 640 nsec and nominal clock-to-data interval is 320 nsec. 

4.6 Data Reliability 

The 9427H has been designed to give maximum data reliability. The drive meets or surpasses the industry standard of data reliability. The contamination control system minimizes environmental and media errors. The irrecoverable error rate is 1 error in 1012 bits transferred. The recoverable error rate is better than 1 in 1010 bits transferred. For low effective transfer rates, the resultant error rate should be better than one recoverable error in eight hours of operation. Errors due to defects or included foreign particles in the media are not cotmted in the error rate computations. 

An irrecoverable read error is defined as one which can not be recovered after 10 sets of 10 retries followed by a Restore operation. _No more than 4 attempts should be used for a write operation to avoid accepting a mar-ginal recording. · 

' 5. 0 INTERFACE 

~• lfH S/1'1 

The 9427H Disk Drive interface is configured to provide flexibility in the design of new controllers, yet remain compatible with existing controllers designed for CDC 942X series CDDs. See Figure 4 for functional block diagram. 

Certain interface lines are provided which improve the capability.of the drive, however, if it is desired to utilize the existing controller design, these lines need not be connected in order to establish compatibility, although this would limit the maximmn utilization of the 9427H capability. 

The 9427H can be connected in a daisy-chain, or a star configuration (see Figure 5). 

Except lines with optional sense, all interface lines use logic level low equals true. 

\ 
/ 
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The transmitter/receiver pair shall operate as a single-ended transmission 
system. 

Except lines with optional sense, all logic tenns appearing at the inter
face shall be in their complemented fonn; for example, the receiver input 
Cylinder Address Strobe shall appear at the interface as a complemented 
tenn, "C.A. STROBE0

, this implies that a saturated drive voltage level of 
less than +0.8 volts (O.SV nominal) will represent the true state and a. 
voltage level input greater than +2.4 volts (4.SV nominal) shall represent 
the false state. Similarly, the transmitter output "REAfJY" shall appear at 
the interface as a complemented tenn of UNIT READY, and the input voltage 
level of 0.5 volts nominal shall represent the true state. 

(L;ines employing the emitter follower, Write Data at the 9427H end have 
corresponding levels raised by 0.7 volts.) 

Line Driver 

All drive output lines are driven with an SN75450 type, TIL and UTL logic 
compatible dual peripheral driver. It has two standard series 74 TIL gates 
and two uncommitted high current, high voltage NPN transistors. As used 
in the 9427H, the line driver will sink 90 milliamperes of current when 
driving a 100 a-R-,1 characteristic line impedance wisted pair cable of up 
to 50 feet in length total, and when tenninated at both the driving and 
the receiving ends with a 110 ohm pull-up and 1 kilo-ohm to ground. At 
100 milliamperes of collector current the driver has a maximum saturation 
collector to emitter drop of 0.4 volts, with the external pull-up, the 
high level is 4.5 volts; with the exception of Read Data and Read Clock 
drivers, the 75450 has a typical rise time of 12 nanoseconds and a maxi
IIl.lll1 of 15 nanoseconds; a typical delay time of 8 nanoseconds with a maxi
ITllll11 of 15 nanoseconds. The Read Data and Read Data Clock drivers have a 
minimum rise time of 20 nanoseconds and a maximum rise time of 70 nano-

, seconds (See Figure 6). This rather expensive driver was selected for its 
speed, reliable current sinking capability, with a low saturation drop to 
maximize noise :immunity at logic low level and at logic high level when 
turned off (see section 5.2). 

Line Receiver 

All lines from a controller are received directly by an SN75154 type of 
receiver, with the exception of Write Data line which uses a 2N2221 emit
ter follower buffer with 470 ohm to ground. The receivers are used in 
the "FAIL-SAFE" mode, where if the input voltage goes to an open circuit 
condition, the output will go to the high level regardless of the previous 
input condition. 
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5.1.3 Line Receiver (Continued) 

These receivers are made to the rigid Control Data Interface Specifi
cations for example, the generic SN75154 when used in the "FAIL-SAFE" 
ioode has no mini.mum hysteresis which is the difference between the 
positive going and negative going threshold voltages; where as the CDC 
receivers have a minimum hysteresis of 0.45 volts. The following are 
the salient electrical characteristics: 

Positive Going Threshold Voltage 
Negative Going Threshold Voltage 
Input.Resistance 

1.65 volts minimum 
1.20 volts maximum 
3 Kilo-ohms minimum 

Low to high level output propagation delay time is 22 nanoseconds 
typical. 

High to low level output propagation delay time, 20 nanoseconds typical. 

Lqw to high level output transition time, 9 nanoseconds typical. 

High to low level output transition time, 6 nanoseconds typical. 

5.2 Input/Output Cable and Connectors 

UIIH S/YI 

The interface can be configured using either Elco, Amp, Winchester or 
3M connectors using either twisted pair or 3M flat cable. 

Information concerning I/O cable lengths and connectors shall be supplied 
upon request. The cable length from the last drive in a daisy chain to a 
controller shall be a total of 50 feet maximum. 

Several tenninating schemes are available to make the 9427H Interface 
hardware easily adaptable to the existing controllers. In selecting a 
tennination scheme, a carefull consideration should be made to noise 
margins both at high logic level and at low logic level. Generally the 
high state noise margin is defined as the difference between the.lowest 
high logic level of the line and the highest low threshold level of the 
9427H receiver that will change states. The low state noise margin is 
defined as the difference between the highest low level of the line and 
the lowest high threshold level at which the receiver will change states. 
The high level of the line is detennined by the tenninating resistors, the 
paralled combination of which equals the characteristic impedance of the 
line. The low level of the line is detennined by the maximum collector
emitters drop of the line driving transistor in the saturated state. Both 
the low and the high switching thresholds of the receiver and the collector
emitter drops are stated in sections 5.1.3 and 5.1.2. Therefore the noise 
margins can be calrnlated for a given tennination scheme. For example one 
of the schemes available in the 9427H is a 110 ohm pull-up and 1 kilo-ohm 
to ground; the parallel combination of the resistors is 99.1 ohm which is 
approximately equal to the characteristic impedance of the line. 
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5.2 Input/Output Cable and Connectors (Continued) 

When the driving tr~sistor is in the off state (a logical 0), the line is 
at 4.5 volts, the highest low threshold switching state of the receiver is 
1.2 volts; therefore a negative going noise pulse of up to 3.3 volts can 
be sustained without affecting the output of the receiver. When the driving 
transistor is in saturation, the line is at 0.40 volts, the lowest high 
threshold of the receiver is 1.65 volts; therefore minimum low noise mar
gin is 1.25 volts. 

An important component of the interface noise consists of line reflec
tions caused by line characteristic impedance miss match due to toler
ences in the tenninating resistors, line impedance, and input loading 
of the receivers in the daisy chain. The 9427H Receivers have a typical 
input resistance of 5 kilo-ohms and loads the line with considerably 
less input current, minimizing the local reflections mentioned above 
due to the input loading. 

5.3 Power Connectors 

5.4 

5.4.1 

U IHI Si"' 

The power cord for U.S. applications is 3 conductor, 7 1/2 feet long, 
color black or gray; inside wires are 16 gauge with SJT type insulation, 
U.S color coded, rated at 13 Amperes, 125 volts AC or 18 gauge wires 
with svr type insulation rated at 10 Amperes, 125 volts AC both cords 
are with an NEMA 5-15p male connector. 

The power cord for European and Japanese applications is 3 conductor, 
7 1/2 feet long, color black or gray; inside wires are 16 gauge with SJT 
type insulation, European color coded, rated at 10 Amperes, 250 volts AC 
or 18 gauge wires with svr type insulation rated at 6 Amperes, 250 volts 
AC, both cords are provided without the male connector. 

Signal Lines (See Figure 7) 

Input Signal Lines 
1. Strobe 

A true state appearing on this line for a mininrum of 1 microsecond 
causes cylinder address infonnation (CA bits) to be gated into the 
cylinder address register of the selected unit and initiates servo 
controlled head positioning. The 9427H can routinely acconmondate a 
Strobe CA level rather than a pulse as a standard option. 

2. Cylinder Address Bits (CA Bits) 
The cylinder address to which the heads are to be positioned is con
veyed to the selected unit on nine lines referred to collectively as 
CA Bits. The 9427H employs absolute cylinder addressing. Upon receipt 
of CA strobe the new cylinder address is strobed into the selected 
mri. t 's cylinder address register and compared internally with the con- ·) 
tents of the present address register to detennine the servo controlled ~--/ 
acceleration of the carriage required to reposition the heads. 
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Line 
<vlinder Address Strobe 

v1inder Address Bit 1 
vlinder Address Bit 2 
111inder Address Bit 4 
:vlinder Address Bit 8 

, vlinder Address Bit 16 
:vlinder Address Bit 32 

Cvlinder Address Bit 64 
C.Vlinder Address Bit 128 
C.Vlinder Address Bit 256 
Terminator Monitor . 
Return-To·Zero Seek 
Head Select 1 
Head Select 2 

Elco 
A/B 
CD 

H/J 
K/L 
WN 
P/W 
V/U 
TIS 
RIX 
YIZ 

AA/AB 
AC AD 
AE/AF 

Winch. 3M 
t 18 
N 39 
s 17 
J 40 
X 33 
f 28 
T 35 
b 31 

BB 11 
m 24 
r 19 
w 14 
a 26 

AA 13 
i Controller · Head Select Bit 4 or 

Density Status CT/CZ 

AH/A.J 

z 12 
I~ Write Protect or Track 

Offset 

_!~_IIH S/-,1 

Write Protected 
- Write Gate 

Erase Gate 
Write Data 

!-- R~2d Gate 
' - Read Data 
_ Read Clock 
. Unit Readv 
~ On Cylinder 

Fault 
-: Seek Error 
-: Sector 
·-: Index 
~ Unit Select 1 
-: Unit Select 2 
~ Unit Select 3 
~ Unit Select 4 
: Interrupt 
-: Interruot 
: Interr,upt 
-:: Internmt 
-:: Sector Address Bit 1 
- Sector Address Bit 2 
~ Sector Address Bit 4 

AK/AL 
PM/AN 
AP/AR 
AS/AT 
AV/AW 
AU/AY 
AZ/BA 
AX/BC 
BD/BE 
BB/BH 
BJ/BK 
BL/BM 
BF/BP 
BR/BX 
BN/BV 
BU/BT 
BS/BY 
BZ/CA 
CB/CC 
BW/CE 
CF/CH 
CJ/CK 
CD/01 
~/CP 

FIGURE 7 

H 38 
P 34 
e 23 
K 37 
B 50 
E 41 
C 42 
A 44 
U 30 
F 45 
h 22 
u 5 
W 29 
Y 27 
L 46 
R 47 
V 49 
Z 48 

cc 6 
DD 10 
EE 8 
FF 7 

C 25 
i 3 
k 21 
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Amp 

1/2 -
3/2 -
4/5 ~ 
7/5 --

. 8, 10 ::_ 
II'IO -
12, 13 : 
14/13 ~ 
15/16 -
17/16 _.. 
18/20 : 
21/20 -
22/23 -
24723 :-

72/71 HAWK 

., 

~ .9427-H 
25/26 
27/26 ':" 
28/29 : 
30/29 _.. 
31/32 --
33/32 -
34/35 --
36/35 
37/38 
39/38 
40741 
42/41 
43/44 
45/44 
46/47 _ 
48/47 ::. 
49 'SO -
51/50 ~ 
52/53 -
54/53 
55/56 
57/56 
58/59 
60/59 
62/63 
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Line Elco Wmch. 3M 
Sector Address Bit 8 CRICS n 20 
Sector Address Bit 16 CL/CU V 16 
Sector Address Bit 32 CT/DA d 2 
Lo2ical Address Interlock* CV/DB V· 9 
Tenninator Power Ol!CX 
Address Acknowled2e* p 4 
Scare Conmittee M 36 
Snare D 43 
Snare 
Spare 

. IDTES • 
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CD 0 
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Amp 

64/63 HAWK 
65 '66 9427-H 
70. 71 
67/66 
82, 80 -
73 '74 -

7 74 75, 
76,'77 
78/77 
79/80 

1. For the Elco Connector, the letters after the slash are twisted 
· pair ground pins. 
2 •. In the Amp Connector, the following pins are nonexistant: 6, 9, 

19, 61, 68, and 81. The pin numbers after the slash are twisted 
pair ground pins . 

5 
6 

3. In the Winchester Connector, pins S, HH, x are grounded. 
4. In tne 3M Connector, pins 1, 15, 32 are grounded. 
S. In the 3M socket (female) connectors physical pin assignments 

(looking into the sockets) are as follows: 

7 9 11 13 15 17 119 21 23 25 27 29 31 33l3Sl37\39 41 43 45 47 
8 10 12 14 16 18 20 22 24 26 28 30 32 34136138140 42 44 140 48 

6. Interface Connector Part Numbers: 

CONNECTOR CDC PN VENDOR PN 'IYPE 
ELCO 75738200 8016-90 Plug 
AMP N/A 3-205515-1 Socket 
AMP N/A 3-205157-1 Plug 
WINCHESTER 75770501 MRAC SOP Plug 
WINCHESTER 75770502 MRAC SOS Socket 
3M 74359514 3433 Plug 
3M 75810305 3425 

49 
!>U 

U5ED 
ONLY 

2 
1 
1 
1 
1 
2 

7. Dimensions of the connectors will be supplied upon request if Vendor 
Cataloges are not available. 

8. *The lines marked with an asterisk are Diablo Interface lines; for a 
detailed description of the 9427H with a Diablo compatible interface 

. please refer to 9427H-4 Product Specification No. 75806600. 

FIGURE 7 CONT'D 
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CA Bi ts nrust be settled constant rior to the leadin e e and remain 
constant past· ·e ttai irtg·e ~-o :CA Stro e; or settling time re
qu7rements, Figure 8. The hea may be positioned manually by appro
pr1a te use of D.I.P. switches, associated with CA Strobe and CA Bits 
located on the I/0 board thus allowing head alignment and index.to ' 
burst adjustments to be made in the field without recourse to costly 
test equipment or encumbering the central processor. 

3. Return to Zero Seek (Restore) 

A true state appearing on this line causes the heads of the selected 
unit to be positioned on cylinder zero. The Restore function is em
ployed by the controller to clear the Seek Error condition, in the 
unlikely event of a seek error occurring, by repositioning the heads 
to a preset cylinder addr-ess, 000, and appropriately resetting the 
internal cylinder address registers. The Seek Error condition is 
cleared upon successful execution of a Restore Command. The Restore 
function requires substantially more time to execute than does a di
rect seek to cylinder zero and it is for this reason that it is not 
recommended that they be used interchangeably. 

The Restore signal must be true for a minimum of 1 microsecond. It 
is recorrnnended that the maximum duration of the Restore signal be less 
than 1 millisecond so as not to unnecessarily prolong the 500 milli
second seek error time out. 

Several standard options with regard to Restore may be exercised: 

i. Restore with CA S1ROBE. The selected unit responds to the Restore 
signal with an accompanying CA S1ROBE signal. In this the Restore 
signal nrust be settled true rior to the leadin ed e and mam
tame true past e trai mg e ge o tro e ee igure • 
The 9427H will respond to the Restore command independent of the 
logical state of ON CYLINDER. 

ii. Write Check Reset. When this option is exercised, in addition to 
the functions previously described, the Restore signal performs 
precisely the same function as does depressing the Fault Reset 
Switch on the Operator's Control Panel; the Fault Latch is clear
ed and the Fault Indicator extinguished provided that the fault 
is not persistent. 

4. Head Select Bit 1 

This line carries the signal level by which the upper or lower heads 
are chosen on the selected unit. A true state selects the upper heads • 

. ~ The Head Select Line nrust be held constant during Read/Write/Erase 
operations. (For options, refer to 5.4.1.5) 

HIIH S/-,1 
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~ usec t 0.5 & 0 
--.t 

CA STROBE 
l :u I 

~f JlSCC u ff LJ I 

: I+{ t+-"0.4 usec I I 
CA BIT 1 0 I s I 

1 I : : I H I : I 

0 o. 2 usec _.., ~ l I I I 
CA BIT 2 I 

' 
I 

~ 
I 

1 I I I I I: 
: I 

I I 
I I 

CA BIT 4 0 I I ~! I ,~ 
l I ' I I : 

I 
CA BIT 8 0 

I ss I : < l I 
I I 

CA BIT 16 0 • I H I: ~ l 
I I 

CA BIT 32 0 I ( 
1 I I I 

I 
CA BIT 64 0 f I : . l ~ 

l -,, 

'\ 

CA BIT 128 0 55 I ' 
'.____/ _) 

1 l l I l , , I 
CA BIT 256 0 I (f- l : ~ 

l It 
I I 

I 

ADDRESS 0 I 

1 I I ACKNOWLEDGE max. 
I 

& 0 I. 
LOGICAL ADDRESS 1 INTERLOCK 

1 usec max. 

ON CYLINDER 3 ~ 

INTERRUPT 3 

IDTES: &_ 
& 
& 

U 1n1 s;-,, 

1 usec 

0 
1 

All wavefonns shown with timing relative to CDD at I/0 connector. 

An illegal address (cyl 511) is used to illustrate Logical 
Address Interlock Operation. 

These lines are for Diablo 40 Compatible Interface only. 

FIGURE 8. CYLINDER ADDRESS AND SEEK TIMING 
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This line carries the signal level by which the fixed disk or the 
removable cartridge is chosen on the selected unit. Logic 1 selects 
the fixed disk. The Disk Select Line must be held constant during 
Read/Write/Erase operations. _ 

A standard option, affecting those units having only the removable 
cartridge may be exercised whereby choosing the nonexistent fixed 
disk generates a Write Check condition which may be cleared by se
lecting the removable cartridge and either issuing~ Restore connnand 
or 100memtarily depressing the Fault Reset Switch. · 

.An alternative method of designating heads is available as a standard 
option. In this scheme D.I.P. switches are used to invert the Head 
Select and Disk Select signal levels establishing a two bit Head Select 
word with the associations, 

Head Select Bit 1 = Head Select 
Head Select Bit 2 = Disk Select 

and the following truth table. 

Head Select Word Decimal 
Bit 2 Bit ,1 Desig!!;ation 

1 1 3 
1 0 2 
0 1 1 
0 0 0 

6. Write Data/Clock 

Head Enabled 

Upper Disk, Upper Surface 
Upper Disk, Lower Surface 
Lower Disk, Upper Surface 
Lower Disk, Lower Surface 

This line carries the double frequency encoded clock and data infor
mation to the selected unit. 

7. Write Gate 

A Logic 1 level enables write current to flow through the selected 
head. 

8. Erase Gate 

A logic 1 level enables erase current to flow through the selected 
head. 
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A logic 1 level enables data recovery logic associated with the 
Phase. Lock Oscillator to verify that synchronization has been achiev
ed and to subsequently issue a Read in Sync. signal which enables 
Separated Data and Separated Clock from the selected unit to appear 
on the interface lines. A logic O promptly shuts off the data and . 
clock streams; should the Phase Lock Oscillator lose lock this con
dition would be sensed by data recovery circuitry and, to eliminate 
wide frequency excursions, simplifying controller design, transmission 
of the clock and data streams cease. 

10. Unit Select 

For Daisy Chain operation, four Unit Select lines, designated Unit 
Select 1 through Unit Select 4 are provided by which the controller 
selects, individually and in arbitrary sequence, any of a maximum of 
four units, connected on a conunon I/O bus with which to conununicate. 
Four directly accessible D.I.P. switches on the I/O board are used 
to associate the Drive Select lines with specific units. All signals 
appearing on the interface nrust be accompanied by a logic 1 level 
on the appropriate Unit Select line with the exception of Attention 
1-4 and Tenninator power. 

A switch option on the I/O board may be exercised to manually select 
the unit in star connected applications. 

11. Write Protect 

A logic 1 on this line inhibits the Erase and Write currents from 
flowing through the selected head. 

12. Stop Override (Uses Unit Select Lines) 

Stop override is a standard option designed to guard against acci
dental loss of infonnation by preventing a unit from being manually 
stopped through reversal of the start switch on the Operator Control 
Panel while the unit is selected by the controller. The drive stop 
function will conunence when Unit Select is false. The Emergency Heads 
Retract feature (see 5.4.2.8), which is activated upon detection of 
a catastrophic failure within the drive, is not affected by the Stop 
Override function. 
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13. Track Offset (Uses Write Protect Line) 

Track Offset is a standard option designed to facilitate data re
trieval from cartridges having misaligned tracks or disk imperfec
tions. A logic 1 on this line, during a read operation only, causes 
the heads to tmdergo a slow, 500 milliseconds period, servo controlled 
1!,eads displacement, 1000 microinches nominal in amplitude, radially 
mward and outward. The track offset option may be exercised as a 
standard option in systems where Write Protect is not issued by the 
controller. 

14. Tenninator Monitor 

If the terminator is missing or if the tenninator voltage drops 
below 0.8 volts the output of the receiver will switch from a logi
cal 1 state (tenninator monitor) to a logical O state (not tennina
tor monitor); after an inversion the output of the receiver is anded 
with "UNIT SELECT"; it therefore blocks further cormnunication with 
the 9427H by inhibiting Unit Select. This line should be left open 
at the controller end. 

15. Tenninator Power 

DC power to the tenninator can be supplied by the 9427H as an option. 
If the option is not exercised, this line should be used to supply 
tenninator power. The power required by the disk drive is 1.2 amperes 
at 5.0 volts; this is assuming all the options are used and all the 
lines are tenninated at both ends of the interface with the charac
teristic line impedance of 100 ohms; the duty cycle conditions have 
been included in the calculation of the current requirement. 

The current requirement can be reduced to some extent by using some
what higher value terminating resistors for the lines not critical 
to 5 to 50 nanosecond transients; approximately 0.3 amperes can be 
saved by activating Cylinder Address lines only for the duration 
of the Cylinder Address strobe within the deskewing limitations 
indicated in figure 8. Due to the limitation of current handling 
capabilities of flat ribbon cable, it is reconnnended that flat cable 
not be used when tenninator power is supplied through the I/0 Cable. 
A Molex connector, (Molex PN A1840-3G-2) is provided on all the inter
face boards to accept a separate cable suitable to handle the tenni
nator power requirements using a Molex (PN 03-09-1032) mating 
connector. 
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5.4.2 Output Signal Lines (See Figure 7) 

HtlH S/~I 

1. On Cylinder 

A logic 1 on this line indicates that the selected unit has com
pleted a seek operation and the heads are positioned on the new 
cylinder address. The selected unit is now ready to seek, read or 
write provided that the fault condition is not present. A logic O 
on this line indicates that a seek operation has not yet been suc
cessfully completed. 

A standard option is available whereby a logic 1 level on the Seek.· 
Incomplete line forces On Cylinder. to logic 1 on the interface; also 
optional is to inhibit On Cylinder from changing states when a con
troller issues a seek to a present address. 

2. Read Data 

This line carries separated data from the selected unit to the con
troller. The 9427H can, without modification, furnish either quarter 
cell or symmetric data. The Read Data is transmitted only after the 
Phase Lock Oscillator has achieved phase synchronization. Read Gate 
must be at logic 1 for Read Data to be valid. See Figure 12, 13 and 
14 for timing relationships. 

3. Read Clock 
This line carries separated clocks ·from the selected unit to the 
controller. A valid Read Clock stream either quarter cell or sym
metric is transmitted concurrently with a valid Read Data Stream. 
See Figure 12, 13, and 14 for timing relationships. 

4. Index Mark (Refer to Figure 10) 

The selected unit issues an Index Mark once per revolution of the 
chosen disk. The Index Mark is a logic 1 pulse of 50 ± 10 micro
seconds duration. As standard options, the selected unit may be 
configured to issue a prompt Index Mark which appears as the mech
anical index notch passes the index transducer or, when nultiple 
sectoring is used, the unit may be configured to issue a delayed 
Index Mark which appears coincident with the sector zero notch. 
The 9427H can routinely accomondate the full range of mechanical 
notch geometries associated with certified cartridges. 

5. Sector Mark (Refer to Figure 10) 
The selected unit issues a Sector Mark pulse, logic 1, of SO t 10 
microseconds duration to indicate that the particular sector desig
nated by the Sector Address lines has begun to pass the heads. 
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INDEX 0 
. _.., l--- 50 ,usec nominal 

SECTOR 

SECTOR 
ADDRESS BIT 1 

& 

SECTOR 
ADDRESS BIT 2 

& 
SECTOR 
.WDRESS BIT 4 

Ii>, 
~ 

SECTOR 
ADDRESS BIT 8 

& 
SECTOR 
ADDRESS BIT 16 

8 

1·------------

-1 ·1- = --Ill-· t2.S usec 

f.---u SBCTOR U SECI'OR LJ SECTOR U_s_:scro_·_R_LJ 
· 23 . r 24 o 1 

I & . 
I 

. 
0 

---t I:+- 1. 0 usec ·nominal i--_ ___ l . 1 I 

·O 
1 I 

I 
I . 

1 

0 
l 

i 

l 

NOTES:.&. All wavefonns shown as they appear at the CDD interface. Timing 
is relative to CDD at I/0 connector. 

£ Only on hard sector units. 

& A 24 sector cartridge is shown as an exampleo 

FIGURE 10. INDEX AND SECTOR TIMING 

~,,,n, s;-r, 
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The 9427H routinely acconnnondates all standard sectoring fonnats with
out modification. Two asynchronous sector cotmters located internal 
to the tmit, one for the fixed disk and one for the removable cart
ridge, are incremented as sector notches pass the appropriate Index 
Transducers. Six lines, referred to collectively as Sector Address, 
indicate the sector currently passing the selected head. The Sector 
Address is settled valid prior to the leading edge of the Sector 
Mark and remains valid up to 4 microseconds preceeding the next 
sector mark. Synchronous sector counters are available as a special 
option. 

7. Seek Incomplete 

A logic 1 appearing on this line indicates that a seek operation has 
failed to position the heads within an allotted time period of 500 
milliseconds. When a seek error occurs the servo system ceases to 
drive the carriage actuator which subsequently comes to rest at an 
unspecified location. Should a seek error occur during the initial 
heads load sequence the Ready condition will not be reached. The 
controller may clear the seek error by selecting ·the tmit and issu
ing Restore and Strobe CA connnands. 

Standard options which may be exercised with regard to seek error 
are: 

i. Seek Incomplete or'ed with Logical Address Interlock. In this con
figuration a seek to an illegal address causes both illegal Ad
dress Interlock and Seek Incomplete to become true on the inter
face although the servo system continues to control head position
ing. 

ii. Seek Incomplete or' ed with READY TO SEEK READ OR WRITE. In this 
configuration a logic 1 appearing on the Seek Incomplete line 
will also drive the READY TO SEEK READ OR WRITE line to logic 1. 

8. Write Check 

The selected unit issues a logic 1 level on this line to indicate 
that at least one of the following faults has occurred: 

a. An attempt has been made to write or erase when not on cylinder. 

b. An attempt has been made to read at the same time write or 
erase is enabled. 
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8. Write Check (Continued) 

c. A current fault has been detected during a read, write or erase 
operation. Contributing to current fault are: 

i. Write current but no erase current. 

ii. Erase current but no write current. 

iii. M:>re than one head selected for a write or erase operation. 

iv.· Excessive current leakage on the write driver output line 
during a read operation. . 

Upon detecting a Write Check, the Write Current is inhibited. Write 
Check conditions a, band c may be cleared either manually by depress
ing the Fault Reset Switch on the Operator's Control Panel or, option
ally, by the controller selecting the tmit and issuing a Restore 
convnand, providing fault condition is no longer present. 

d. 

e. 

PJl Emergency Retract condition 

fanergency refract is initiated when a momentary supply voltage 
fault in the servo amplifier or preamplifier is detected or, 
alten1atively, \vhen the time period between index pulses be
comes excessively long indicating loss of spindle speed. The 
Write Check condition, generated by emergency retract, may be 
cleared by manually stopping and restarting the tmit. 

A sut1p1..y voltage failure in the Read/Write, Data Recovery or 
Scctviing circuitry. 

TLe £;:,,.ult conJition prevails until the supply voltages are 
re:c; tc .ced t,) proper levels . 

f. A.n J.tternpt i_:::, ina<le to select a nonexistent fixed disk. 

n,e \hi t0 Check condition may be cleared by selecting the 
removable cartridge. 

9. Drive Ready 

The selected miit issues a logic 1 level on this line upon success
ful completion of the start sequence indicating that the removable 
cartridge is properly installed, the spindle is up to speed, the 
brush cycle has been completed, the heads positioned on cylinder 
000 and the tmit is ready to seek, read or write. The selected tmit 
issues a logic O on this line prior to completing the start sequence, 
when the servo is disabled during a nonnal stop sequence or when 
Emergency Retract is initiated. 

As a standard option, Ready may be inhibited by Write Check condi
tions. 



5.4.2 

u1111 SI"' 

(Continued) 

10. Interrupt 1-4 

PRODUCT 
SPECIFICATION 

SPEC 
CD 0 
REV 
DATE 
PAGE 

75806400 

A 
4-21-75 
32 

For Daisy Chain operation four Interrupt signals are provided. A 
logic_l on one of these lines indicates that the corresponding unit 
has either successfully completed a seek operation and is on cylin
der, a seek error has occurred, or (as a standard option) a seek.to 
an illegal cylinder address was attempted. The Interrupt line re
turns to logic O when the unit is selected and a Read/Write/Erase 
or Seek Conmand is issued by the controller. Should a seek· error 
occur a Restore and CA strobe are required to toggle the appropriate 
Interrupt line. 

One D.I.P. switch on the Control Board can invert these lines to be 
either low true or high true. Four easily accessible D.I.P. switches 
on the I/O board are used to assign the Interrupt lines to specific 
units. 

11. Write Protected 
A logic 1 on this line indicates that the selected disk is not avail
able for the purpose of writing. Write gate is inhibited internal to 
the selected unit either by action of the Write Protect Switches on 
the Operator Control Panel or by a logic 1 on the Write Protect in- ) 
put line from the controller. '..__./_ 

12. Address Acknowledge* 
A logic 1 signal appearing on this line for a mininn.un of 1 micro
second is issued by the selected unit within 1 usec, of the leading 
edge of "CA STROBE" confinning that the new cylinder address is valid. 

13. Illegal Address Interlock* 
A logic 1 level on this line indicates that a connnand to move the 
heads to a cylinder address greater than 202 for a 100 'IPI or 405 
for a 200 '!PI unit has been received. The seek connnand is not 
executed. Illegal Address Interlock is reset by either a Restore 
or by a seek to a valid cylinder address. (Optionally the illegal 
address can be greater than 203/407). 

14. Track Density Status 
The selected unit issues a logic 1 level if configured for 200 
'!PI operation or a logic 0 level if configured for 100 'IPI ope
ration. 

* These lines are for Diablo 40 Compatible Interface. For detailed 
description of the Interface see CDC 9427H-4 Product Specification 
DOC. NO. 75806600. 
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CURPORATION 

5.4.2 (Continued) 

15. Read in Synchronization (Option On Sector Address Bit 32 Line) 

Toe selected tmit issues a logic 1 level on this line to indicate 
that, following receipt of Read Gate, the Phase Lock Oscillator 
has achieved synchronization and a string of sixteen consecutive 
data zeros have been read from the disk. The Read in synchroniza
!ion signal enables Separated Data and Separated Clock on the 
interface. Should the Phase Lock Oscillator lose synchronization 
the Read in Synchronization is driven to logic O and transmission 
of Data and Clock streams ceases. . . 

6.0 DATA FORMAT AND CONTROL TIMING (Using Straddle Erase Head) 

6.1 

The record fonnat on the disk is controlled by the host system. The 
index pulse is available for use by the controller to indicate the 
beginning of.a track. Figure 10 shows the index and sector timing. 

Hard Sector Femat (Figure 11) 

The minimum Tolerance gap No. 1 consists of 120 bits for 2400 rpm tmits 
and 75 bits for 1500 rpm tmits for head switching, index transducer re
sponse, and read amplifier stabilization time. · 

The first synchronizing pattern consisting of 87 bits (minimum) of "O's" 
followed by one "1" indicating the beginning of the address area. 

Provision TIR.lst be made within the controller to initiate a sync byte 
(or bit) search midway through the 88 bit sync pattern. This is done to 
insure t½at a head is reading a known pattern even tmder worst case con
ditions of head skew, rpm, and index tolerances, which may occur during 
pack interchange. READ GATE should be enabled no later than 56 bits into 
sync pattern No. 1 (70.4 usec after sector or index). This is necessary 
so that the read recovery can verify synchronization by coµnting sixteen 
clocks with no data "l's" before enabling 1the output of READ CLOCK AND 
READ DATA. 

The address contains the infonnation to identify a sector. It is a func
tion of controller design, desired recording efficiency and software. 
The most compact, efficient address would consist of 16 bits represent
ing; cylinder (8 bits), head (1 bit), disk (1 bit), and sector (6 bits -
asstnning no more than 64 sectors). It is advisable to add one or more 
bits of parity or other error detecting code. It may be desirable to 
trade address efficiency for simpler controller design by having cylin
der, head, sector and checkword each assigned to separate words which 
would be transferred directly from the CDD through the controller to 
the CPU for software compare. 
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I. Tolerance gap No. 1 

2. Sync pattern No. 1 
3. Address 
4. Head gap 
5. Sync pattern No. 2 
6. Data field 
7. End of record 
8. Tolerance gap No. 2 

s 

-------~) 
/ 

! 
6 7 8 

120 bits min for 2400 rpm; 75 bits min 
for 1500 rpm 
88 bits 
Size detennined by application 
23@ 2400, 14 bits@ 1500 rpm 
88 bits 
Dependent upon specific sector fonnat 
1 bit 
Dependent upon specific sector fonnat 
2.3% of bits in sector (size nominal) 
plus 75 bits (2400 RPM) or 47 bits 
(1500 RPM) 

\ 

NOTES: 1 All wavefonns shown as they appear at the CDD interface. 
Timing is relative to CDD at I/0 connector. 

2 A. Write Clock long tenn stability should be t0.3%. 
B. Pulse to pulse variation to tl.0%. 

3 Read gate must be enabled before phase sync field of any 
sector to read that sector 

FIGURE 11. TYPICAL HARD SECTOR DATA FORMAT 
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'-URl-'ORATION 

6.1 (Continued) 

' 7 o .... 

The head gap consists of a minimum of 23 bits at 2400 rpm or 14 bits at 
1500 rpm of zeroes to allow for erase gap geometry. This gap is a ftmc
tion of the timing details of a read-address then write-data operation. 
The 23 or 14 bits begin at the time of dropping read gate after the ad
dress • Any delay in recognizing the address and dropping read gate will 
affect the fonnat. Tiris gap is necessary to allow reading an address 
then writing the data field. If erase gate turn on is delayed by 10 
useconds (16 useconds for 1500 RPM) The head gap can be reduced to 1 
bit. If the address is always rewritten when data is writ:ten, this gap 
and the second synchronizing pattern may be eliminated. 

The second synchronizing pattern consisting of 87 bits (minimum) of 
"O's" followed by one "1" bit indicating the beginning of data field. 

The data field length is dependent upon record fonnat~ 

The End of Record, consisting of one bit, is a pad to insure that the 
last data bit is not destroyed or distorted resulting in an erroneous 
readback. · 

The length of tolerance gap No. 2 is dependent upon record fonnat; it 
is required to compensate for worst case conditions of spindle speed 
and oscillator tolerances in addition to sector detection tolerances. 
The gap length is approximately equal to 2.3% of the sector bit capa
city plus 75 bits (2400 RPM) or plus 47 bits (1500 RPM). (See figure 
11). Write gate should remain on with ones (preferred) or zeros re
corded until the leading edge of the sector pulse. 

Soft Sector Fom.at (Figure 12) 

Tolerance gap No. 1 consists of 112 bits of ones minimum to acconmo
date the physical read/write gap to index tolerance and for head ·switch
ing and read amplifier stabilization time. 

The frequency synchronizing pattern consists of 76 bits of ones minimum. 

Read gate must be activated before the phase synchronizing pattern of 
any given sector if that address is to be read. 

The phase synchronizing pattern consists of 24 bits of zeroes minimum. 
After achieving frequency and phase sync and having Read Gate enabled, 
the CDD read recovery counts sixteen zeroes without detecting any ones 
and then enables the output of data. The sixteen zeroes counted are 
part of the phase sync pattern. 

The address mark is a unique pattern used to identify the start of the 
sector address in a variable (soft) sector fonnat. Since no pattern of 
ones and zeroes can reliably be considered unique, the clock pulses 
nonnally used as a time reference are encoded for this purpose. 
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H l 
WRITE 
DATA 

D 
J, 

READ 
D 
l 

C D 
DATA 

D * D C C C D C C 
ADDRCSS MARK PATTERN 

C = Clock 
D = Date: "1" 
*=Omitted {missing} 

REJ..D CLOCK && Clock 

0 

l, 
• 

11 IIH SI"' 

1. Tolerance Gap No. 1 
2. Frequency Cync 
3. Phase Sync 
4. Address Mark 

5. Address 
6. Head Gap 
7. Frequency Sync 
8. Phase Sync 
9. Data 

10. End of Record 
11. Speed Tolerance Gap 

112 Bits of "1" 
76 Bits of 11111 

24 Bits of "O" 
8 Bit Pattern shown above (pattern 

may be repeated) 
Dependent upon application 
23 Bits of "1" 
76 Bits of "1" 
24 Bits of "0" 
Dependent upon specific sector fonnat 

and Byte size 
1 Bit 
Minimum length is 4.3% of entire sector 

with± 0.5 HZ AC power. (Except last 
sector which is 2.3% plus 75 bits 
(4400 RPM) or plus 47 bits (1500 RPM). 

OOTES: & All wavefonns shown as they appear at . the CDD interface. Timing 
is relative to CDD at I/O connector. See paragraph 3.1.2.2 for 
complete definition of signal levels and logical values. 

ffi a. Write Clock long tenn stability should be ±0.3% 
b. Pt4se to pulse variation to ±1.0% 

&_ Read iate nust be enabled before phase sync field of any 
sector to read that sector 

FIGURE 12. TIPICAL SOFT SECTOR DATA FORMAT 

) 
·~ / 
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CuRPORAflON 

6.2 (Continued) 

A suggested 8-bit pattern of clock and data pulses is shown in Figure 
12 as a suggested address mark pattern. Any similar pattern may be 
used that does not have more than two missing clock pulses in any eight 
bits. The 8-bit pattern shown or any other pattern may be repeated twice 
as long as there are no more than two clock pulses missing from any eight 
bits. 

A 1-bit DllSt be written on each side preceding and following each 
missing clock. 

A 25 usec delay (minimum) DllSt be allowed by the controller after 
tenninating Erase Gate before activating Read Gate. 

The read amplifier recovery time is as follows: 

8 usec max. after a head switching. 
15 usec max. after deactivating Write Gate. 
15 usec max. after deactivating Erase Gate. 

-

The control lines associated with a Write operation are Write Gate and 
Erase Gate. 

A 2. 5 usec delay (minimum) nrust be provided by the controller after 
tenninating Read Gate before activating Write or Erase Gate. 

In order to compensate for the Write to Erase head displacement, Erase 
Gate must be held on beyond Write Gate tennination for a period of 10 
usec (16 u sec for 1500 RPM) minimum and 25 usec max. at the end of a 
Write operation. · · 

6.3 1, Read (Refer to Figure 13) 

111111 S/~1 

The control line associated with a Read conmand is the Read Gate 
line. The Read Gate signal enables the digital Read Data onto the 
Read Data line provided the phase lock read recovery circuit is 
synchronized and has counted 16 clocks in a field of "zeroes." 

2. Write (Refer to Figure 13) 

The control lines associated with a Write operation are Write 
Gate and Erase Gate. During a Write operation, the Erase Gate 
shall not be dropped tmtil 23 bits (10 usec) after the Write 
Gate signal is dropped to insure that the track written will 
always be de erased. 
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6.4 Head Select Timing (See Figure 13) 

A 10 usec delay from the time of Head Select to· the time of Write or 
Read Enable nrust be provided by the controller to allow for head 
stabilization. 

6.5 Data Timing 

Refer to Figure 14 for data timing values and tolerances. 

6.6 Seek Control Signal Timing 

Refer to Figure 8 for control signal values and tolerances· •. 

UIHI S/~I 

~.) 
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NOTES: ~ All wavefonns shown as they appear at the CDD interface. Timing is 
relative to CDD at 1/0 connector. 

~Delay required between any head selection and read or write (10 usec). 

ili Read may be contilll.led thru Sector or Index at option of controller. 

& Maximum delay from Index or Sector to enable of Read Gate is 70.4 
usec for Dllltiple sector format. 

FIGURE 13. READ/WRITE CONTROL TIMING 
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READ CLOCK 

READ DATA 

-1400+40 nsec f..-& 
~ 7cloc:k ! !clock -, -

1----
0 "D" 

• 

200 ~ +40 
nsec 

"1" "0" 

lclock I lclock I lc1ock I 

~~ 0 ,!30 nsec £ 

"1" "0" 

--j 400 nsec i ~ --l I- 100 _!20 nsec &. 
1 ----

WRITE DATA o 

NarES: 

UIIH S/'rl 

7 1-4-- 200 nsec nominal~ 5 

All wavefonns shown as they appear at the CDD interface. Timing is 
relative to CDD at I/O connector. 

Long tenn stability is t0.38%, pulse-to-pulse variation is ±1.0%. 

320 nSEC for 1.562 M-Iz (1500 RPM) 

640 ±64 nSEC for 1.562 M-Iz. 

160 t32 nSEC for 1.562 MHz. 

Worst case skew in edges at the input to the receiver in the 
controller is 0 (± 30) nSEC based on a read recovery tolerance 
of 0 (t 10) nSEC and a worst case transmitter, receiver, and I/O 
cable skew of 0 (± 20) nSEC (see paragraph 5.0 for interface 
definition). 

FIGURE 14. DATA TIMING 

' 
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7. 0 OPERATOR PANEL CONTROLS AND INDICATORS (SEE FIGURE 15) 

NAME 

START 

TYPE -
SW 

IND 

(WRITE CHECK) SW 

WRITE 
PROTECT 
UPPER 

Th1) 

SW 

IND 

FUNCTION 

This switch, when depressed, will ener
gize the spindle drive motor and begin 
the First Seek sequence provided the 
following conditions exist: 

1. The disk cartridge is in place. 
2. Cartridge hold downs ~re closed. 
3. The appropriate voltages are present. 

The START indicator lights when the spin
dle is rotating and remains lit after the 
START switch is de-energized tmtil the 
spindle has stopped. 

The START indicator illuminates when the 
START switch is in the ON position, even 
if a condition exists which prevents the 
first-seek sequence. 

Pressing the FAULT switch clears the 
Fault flip-flop and extinguishes the 
FAill.,T indicator on the operator panel. 

The FAULT Indicator lights when one or 
more of the following tmwanted conditions 
occur: 

1. ~re than one head is selected. 
2. Read & Write selects exist at. the same 

time. 
3. Read & Erase selects exist at the same 

time. 
4. Erase current exists with no Write gate 
5. Write current exists with no Erase gate. 
6. Write or Erase is selected without an 

On Cylinder signal. 
7. Low voltage condition sensed. 

This switch, when depressed, will prevent 
write and erase operations, thus protecting 
data on the cartridge disk. ' 

This indicator lights when data is protected 
either by the controller via I/O signals or 
by the operator via the Write Protect switch. 
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Tiris switch, when depressed, will prevent 
write and erase operations, thus protect
ing data on the fixed disk. 

This indicator lights when data is protected 
either by the controller via I/0 signals or 
by the operator via the Write Protect switch. 

The READY indicator lights w~en the tmit 
is up to speed and heads are loaded. 

The ACTIVE indicator lights when the tmit 
is seeking, reading, or writing. 
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8.1 Track Number Indicator (Deck .Assembly)· 

The track number indicator allows a vernier readout of the current 
track or cylinder location of the read/write heads. It is located on 
top of the carriage inmediately above the read/write heads. 

8.2 Interlock Switches 

A safety interlock switch is connected in series with the START switch 
to prevent the CDD spindle motor from starting before a cartridge is 
in place and secured on the drive spindle, and before the cartridge 
holddowns are closed. 

8.3 Cartridge Removal Interlock 

Prevents the cartridge from being removed when the spindle is rotating. 

NOTE: If the interlock switch is opened while the drive unit is running, 
the heads will unload and retract; and the spindle drive motor 
will stop. 

9.0 PHYSICAL SPECIFICATIONS 

i,,n, s;.,, 

The CDD deck assembly is suitable for mounting in a 19 in. relay rack. 
The following dimensions and weights do not include shipping containers 
or packaging. 

Rack Mounted (Refer to Figure 16 and 17) 

Height 
Depth* 
Width 
Weight 

10.31 in (26.19 an) (Allow 10.5 in/26.67 an) 
28.05 in. (71.25 an) 
17.55 in. (43.82 an) (See Figure 17 for Panel) 
Approx. 148 lbs (67.2 KG) 

Cabinet Option with CDD installed (Refer to Figure 18) 

Height 
Width (overall) 
Length 
Weight 

34 in. (86.4 an) 
18.5 in. (50.0 an) 
29.75 in. (75.7 an) 
Approx. 252 lbs (114.3 KG) 

*Does not include estimated 1.5 in. (3.8 an) for customer's I/O 
connector or Front Panel handle. 
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A. 

B. 

c. 

D. 

HIUI 1/~I 

ra k 

HAWK 

'(abown pattially 
out of rack) 

rack 

slide 

slide 

i--------A·----------
D 

HAWK SHOWN IN TYPICAL 19 INCH ELECTRONICS RACK CABINET 

GRANT SLIDES ACURIDE SLIDES 

Distance from front mounting 21.50-23.25 or 
28.50-29.00 in. 27. 75-29. 75 in. rails to rear mounting rails, 

(73,39-73,66 cm.) (54,61-5H,06 or 
70,49-75,57 cm.) 

Minimum clearance between 17.75 in. 17.625 IN. 
mounting rails (front and (45 ,09 cm .• ) (44, 77CM) 
rear). 

Distance between mounting 18,31-18.51 in. 17.86-18.56 in. holes (front and rear). 
(46,51-47,02 cm.) (45,36-47,14 cm.) 

Minimum length of cabinet 30,10 in. 30.10 in. 
from front mounting rails 

· (76,45 cm.) (76,45 cm.). (cable and connector clear-
ance). 

FIGURE 17· 

RECOKKENDED RACK DIMENSIONS FOR RACK MOUNT 9427H 

I 
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10. 0 ENVIRONMENTAL LIMITS 

10.1 Temperature 

10.2 

Nonnal Range 

a. Operating Range: 60°F (15.6°C) to 90°F (32.2°C) with a maxinrum 
gradient of 12°F (6.7°C) per hour. 

b. Extended Operating Range: 50°F (10°C) to 104°F (40°C) with a maxi.; 
mum gradient of 12°F (6.7°C) per hour. 

c. Nonoperating: Minus 30°F (-34.4°C) to plus 150°F (65.6°C) with 
a maxinrum gradient of 20°F (ll.1°C) per hour. 

In addition to the nonnal precautions indicated in the 848 Cartridge 
Disk Specification, when operating in the extended temperature range, 
the following additional precaution shoUld be taken: 

It is necessary to install and use a Cartridge which has not been allow
ed to stabilize at ambient temperature for one hour or which was exposed 
to temperature below 60°F just prior to the one-hour stabilization period, 
it should be visually examined for condensation before installing it in a 
unit, if no condensation is observed, the Cartridge should be allowed to 
nm for a mininrum of 5 minutes before reading or writing. 

Relative Humidity 

Operating: 10 to 90% R.H. Providing there is no condensation. 

Nonoperating: 5 to 95% R.H. providing there is no condensation. 

10.3 Shock 

611H S/"' 

a. Operating 

The equipment shall not suffer damage or fail to perfonn as speci
fied herein when subjected to 18 impact shocks of 5 (±0.5) g con
sisting of 3 shocks in opposite directions along each of 3 nutually 
perpendicular axis. Each shock impulse shall have a time duration 
of 11 ( ±1) ms • The maxinrum g shall occur at approximately 5. 5 ms • 

b. Nonoperating 

The equipment shall not suffer damage or fail to perfonn as speci
fied herein when subjected to 6 impact shocks of 10 (±1) g consis
ting of 1 shock in each direction along each of 3 nutually perpen
dicular axis. Each shock impulse shall have a time duration of 11 
(tl) ms. The maxinrum g shall occur at approximately 5. 5 ms. 
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10.4 Vibration 
a. Operating 

The equipment shall not suffer damage or fail to perfonn as speci -
fied herein when subjected to the following vibration levels: 

Frequency (Hz) 
5 -12.S 
12.5-18 
18 -30 
30 -so 
50 -500 

Level 
0.05 g 
0.006 in. double amplitude 
0.10 g 
0.002 in. double amplitude 
0~25 g 

The testing cycle rate shall be logarithmi.c,5-500-5 Hz in 15 
minutes • A total of 5 cycles shall be made in each axis. The unit 
shall perfonn a one track sequential read on all heads during tests. 

b. Nonoperating 
The equipment shall not suffer damage or fail to perfonn as 
specified herein when subjected to the following vibration levels: 

Frequency (Hz) 

5 - 10 
10-.., 60 
60 - 500 

Level 

0.05 g 
0.01 in. double amplitude 
2.0 g 

The testing cycle rate shall be logarithmi.c, 5-500-5 in 15 
minutes. A total of 5 cycles shall be made in each axis. 

10.5 Altitude 

.Operating: 1000 ft. below sea level (-305 meters, 31.2 in. Hg, 1060 
millibars, or 793 nm Hg) to 10,000 ft. (3048 meters, 20.2 in. Hg, 
513 mn Hg, or 660 millibars). Gradient 5.0 nm Hg/minute maximum. 

Nonoperating: 1000 ft. below sea level (-305 meters, 31.2 in. Hg, . 
793 mn Hg, or 1060 millibars) to 15,000 ft. above sea level (4570 
meters, 16.8 in. Hg, .427 mn Hg, or 565 millibars). Gradient 5.0 mn 
Hg/minute maxinun. · 

10.6 Disk Cartridge Installation Environment 

H 1HI II"' 

Disk Cartridges shall be in the same temperature and humidity environ
ment as the CDD for a mininun of one hour prior to installation of the 
disk pack into the CDD. 



CONTROL DATA 
LUHf-'OHAflUN 

11.0 MANUALS 

PRODUCT 

SPECIFICATION 

The following manuals are provided. 

s P£c ··--··1s·soliloo 
·co o 
REV A 
DATE 4-21-75 
PAGE 50 

1. General Description, Operation, Installation and Checkout, 
Theory of Operation, and Maintenance manual. 

2. Diagrams, Maintenance Aids, and Wire List manuai. 

3. Illustrated Parts List manual. 

12.0 RELIABILITY .AND SERVICE GOALS 

To establish the following rates, operating hours rust be greater than 
10,000 and field perfonnance data from all field sites shall be used in 
the calculation. 

12.1 Mean Time Between Failure 

.. , ... 1/11 

The following expression defines MI'BF: 

MI'BF = ~atinf Hours 
er o Equipment Failures 

"Operating hours" means total power on hours less any maintenance time; 
Equipment failures mean any stoppage of substandard perfonnance of the 
equipment because of equipment malfunction. 

Nonnal 

a. Operating Temperature Range 

Following an initial period of 200 operating hours per unit,. the MI'BF 
shall exceed 1300 hours for units manufactured in the first year of 
production, 1600 hours for units manufactured in the second year, and 
2000 hours for tnlits manufactured after the second year. The design 
goal MI'BF is 4685 hours in a nominal ambient. 

b. Extended Operating Temperature Range 

Following an initial period of 200 hours, the MI'BF shall exceed 800 
hours for units manufactured in the first year of production and 
1100 hours for units manufactured in the second year. For units manu
factured after the second year, the MI'BF shall exceed 1500 hours • 
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12.2 Mean Time to Repair 

The mean time to repair (MITR) is defined as the average time for an ade
quately trained and competent serviceman to diagnose and correct malfunc
tions on site. It does not include travel time or time when the unit is 
not released to the maintenance man. The use of an accessory Fault Isola
tion and Retention Module (FIRM) is assumed. 

a. Nonnal Operating Temperature Range 

Using the Firm board, the MITR as defined in the first paragraph 
shall not exceed 30 man -minutes . · 

b. Extended Operating Temperature Range 

t1sing the FIRM board, the MITR as defined in the first paragraph 
shall not exceed one man-hour. 

12.3 Preventive Maintenance Time 

Routine scheduled preventive maintenance shall not exceed 30 man-minutes 
per 500 hours of unit operating time. This maintenance shall be perfonned 
by suitably trained and competent customer personnel. The schedule for 
preventive maintenance shall be based on procedures reconrnended by Control 
Data Corporation. 

12.4 Service Life 

U1tH S/1'1 

The 9427H unit is designed and constructed to provide a useful life of 
5 years or 31,000 hours whichever occurs first. Repair or replacement 
of field replaceable parts will be pennitted during the life time. 
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SCOPE 

This speci fi cation provides the information necessary to maintain the 
OCFlO Oise Controller Formatter. Included in this specification 
are timing information, functional schematic analysis, and a 
mnemonics 1 is t. 

INTRODUCTION 

The locations shown for a signal or device may refer to the location on 
the P.C. board or to the location on the drawings. In this manual a 
reference such as ZA4 refers to drawing Sheet Z, coordinate black A4. 
A particular pin of an IC would be referred ta as J03-12. 

COMPUT~R INTERFACE ANO FILE CONTROL 

CONTROLLER ADDRESS 

The Disc Controller section has a unique I/0 address, and each disc 
file has an address, for a total of 5 addresses. These addresses ~ust 
be arranged in a consecutive fashion, with the controller address being 
the lowest number. Addressing logic is shown on Sheet l of the Logic 
Prints. 

Data lines from the computer enter from Sheet 1, area 1. 

Data bits are inverted and re-inverted. Each data line and its 
inversion appear at the Jumpers on Sec. 2. Jumpers connected to 0B09, 
DBlO, and 0B11 are not jumpered. These data bits are used for the 
five consecutive addresses. 

The signal ADRS (181) is true when the computer addresses any controller. 

Gate K02 pin 6 is false if a file or a controller is addressed. Four 
address lines are ANDed at the input of K02. This signal is inverted 
by KOl and is ANDed with Bit 09, gate G02, (1C3), to enable the file 
address flip-flop, G04, at (1C3). 

FLAD is the output of the file address flip-flop and is "true" when a 
disc file has been addressed. 
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Flip-flop G04-11 is 11 true 11 if the controller address is decoded. This 
flip-flop indicates that the controller has been addressed. If a file 
address or a controller address is decoded, the output of gate H04-3, 
(1C3), is 11 true 1

' and is ANOed with ADRS to generate a SYNC signal to ·~ 
the computer ( 104). If either the file is addressed or the contro l1 er 
is addressed, CTLGT, (1C4), is active. This signal is ANDed with 
DRSRDA or CMD to produce gated status data and command signals TRG, 
SRG,OAG, and CMG, (102). 

GENERAL CLEAR 

General Clear is generated on (1C4). When the controller has been 
addressed, and flip-flop G04-ll is active, a command ANDed with Data 
Bit 12, at gate F03, generates GCLR. 

Bit 12 is active during a reset command to the controller. 

If SCLR is received from the computer, (1Al), SCLRA is generated and 
is ORed at gate F02, {1C4), and also generates General Clear, GCLR. -
FILE ADDRESSING 

Data Bits 10 and 11 are used to address one of four disc files. Flip
flop J08 stores the file selected address in a binary form, generating 
signals FAO and FAl, at (3Al). 

FAD and FAl are decoded by gate G09 to genetate FSELO through FSEL3. 
These 4 signals are present in the I/0 connectors 2 and 3 to select 
the individual disc. 

Bit 15 is gated to the flip-flop H17, at (3Al), to generate signal 
OSKSEL. 

The disc ·select signal, DSKSEL, is used to select the fixed or removable 
platter of a disc drive. All three flip-flops are clocked by the same 
signal. 

FILE STATUS 

The multiplexer ICs at (2C2) and (202) select the four major status 
signals from each disc drive . 

. Illegal Address from the flip-flops at (2B2) are selected by inputs 
O, l, 2, and 3 of multiplexer (CO2). 

File Ready to Seek, Read or Write from the four drives go into the 
O, l, 2~ and 3 input of CO2 and are selected by the multiplexer to 
generate File Ready to Seek, Read or Write at output pin 0 9. 
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The multiplexer at COl is used to select the Seek ~ncomplete signal~ 
SKINC 0-3, and the File Ready signal, FRDY 0-3, and the selected signal 
appears at pins 9 and 7, respectively .. 

Signals FAO and FAl from the file select flip-flops are used as select 
inputs for Multiplexers CO2 and COl to select the status signals from 
the appropriate drive. 

The Multiplexer EOl, at (2A3), selects the disc status signals at the 
B inputs to generate status bits ST12-ST15. 

When sigtial CNTAO, (1C4), is inactive, indicating that the controller 
is not addressed, the B inputs of the multiplexer are selected. 

File Status Bits 8-11 are selected by Multiplexer E02, (2B3). The Write 
Protect signal from the selected drive is gated to pin 3 of E02. The 
Write Check signal of the selected drive is gated to pin 6. 

CNTAO is also used as the select signal for this multiplexer. The 
status bits are inputs to Multiplexers K03~ K04, K05, and K06. See 
Sheet 1, area z. The status bits are all connected to multiplexer 
input 2 when Status Read, SR, is active. Select input A to the 
multiplexers will be 11 011

• Data Read Gate TITffi" being inactive will cause 
select input B to be true, selecting input 2 and gating file status to 
the data bus. When the gate signals at pin 1 and pin 2 are active, the 
SRGR signal being low forces the output of J03 pin 12 to be 11 011 enabling 
the multiplexers and gating the file's status to the data bus. 

SEEK AND RESTORE 

When a Seek command is issued to the controller, a strobe signal only 
is sent to the disc drive. When a restore is issued, a restore signal 
and a strobe signal are sent to the disc drive. Data bits 14 and 15 
control seek and restore operations. 

When Data Bit 15 is active, the RESTORE flip-flop C05 sh (2Al) is set. 
generating a RESTORE command at the output of gate B02-6. RESTORE signal 
is II ORed 11 with the SEEK flip-fl op output by gate B04, and the strobe 
signal is delayed by the 220 pf cap at the output of gate B02-8. 

If a WRITE operation is in process, WRGT will be true and the output of 
gate A04-6 will be false, delaying the strobe signal to the drive until 
the WRITE operation is complete. 

Upon receiving the strobe signal, the drive will respond with Address 
Acknowledge, ADAWK, or Illegal Address Interlock, LAI. 

These signals are 11 0Red 11 and either signal will reset both the SEEK and 
RESTORE flip-flops C05. 

The OR of LAI and ADAWK is used as a clock for the illegal address 
flip-flops C03 and 003 (282). The clock is "ANOed" with the decoded 
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address of the file selected. If logical address interlock, LAI, is 
active, the illegal address flip-flop will be set.· 

If address acknowledge is .active, the illegal address flip-flop will be 
reset. 

INTERRUPT CONTROLS 

An INTERRUPT ENABLE and INTERRUPT DISARM flip-fl op. is provided for each 
disc file. These flip-flops are located on areas 3AZ and 3BZ. 

File Address FAQ and FAl are decoded into 4 lines by the decoder at 
K08, 3A1. 

The outputs of the decoder are the clocks for the DISARM and ENABLE 
flip-flop pairs for the individual files. 

When Data Bit 8 and Data Bit 9 are both true, the output gate J07-8 is 
false, and this signal is passed through gate L09 to the D inputs of the 
DISABLE latches, so that when the latch is clocked, the DISARM mode is set. 

When Bit 9 is true and Bit 8 is false, the output of K07-8 will be 
false and INTERRUPT ENABLE will be set for a drive. 

When ENABLE is set, for a specific file, Interrupts from that file are 
enabled. 

When ARM is set, queing of Interrupts requests is allowed. 

DISARM will prevent queing of Interrupts, and ENABLE being reset will 
inhibit all Interrupts. 

If ARM is set and ENABLE is reset, Interrupts from the file are stored 
in the Interrupts Request queue flip-flops, but an Interrupt to the 
processor is not generated. 

General Clear will reset ENABLE and ARM for all files. 

A file will generate an Interrupt if the file goes Not Ready; if tne 
file goes ready t6 SEEK, READ, or WRITE; or if a SEEK command is 
completed by the file. 

When the file SEEKs to a new address, file ready to seek, read or write, 
FRSRW, normally goes to.a 11 011 and then back to a 11 111

• If a file issued 
a SEEK command to seek to the same address, the FRSRW signal remains a 
11 111 but an Interrupt is still generated. 

If an Illegal Address is issued to the file, ILLEGAL ADDRESS signal 
will be generated and an Interrupt will result. 

A fourth possible interrupt condition will result if a SEEK INCOMPLETE 
signal is generated by the file. 
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When a Seek or RESTORE command is issued to the disc drive, the FRSRW 
signal goes to a FALSE level. When the head motion· stops, the FRSRW 
signal goes to a TRUE condition and the QF flip-flops set. If the SEEK 
or RESTORE operation is not completed properly by the drive, the SEEK 
INCOMPLETE signal, SKINC, goes true and the QF flip-flops set. The QF 
signals become Interrupt request signals if the ENABLE is true. The QF 
flip--flops are reset by Interrupt Acknowledge INAKF. 

RACKO-TACKO I 

If no interrupts are pending from the controller or from a file, the 
ATTENTION signal ATEN at (lAl) is FALSE, forcing Gate H03 pin 11 true. 
When signal RACK is received from the computer (lAl), TACK is generated 
by gate H02 output pin 8 (1A2). The RACKA signal is used as a clock 
to the latches, (7A2) and (7B2), latches JOB and H08. When RACKA is 
inactive, or HIGH~ the clock inputs to the latches are high and inter
rupts NTRQC for the controller or NTRQF0-3 for the files are passed 
through the latches. The interrupt signals are ORed by gate H09 and 
K09 to produce attention ATEN at (7A4). When RACKA is active (false), 
the clock inputs of the latches JOB and HOS are false, latching the data 
in these flip-flops till RACKA becomes inactive. When Attention ATEN is 
active and RACK occurs, the TACK signal is not generated. The gates 
at (7A3) and (7B3) form a priority circuit where signal !NACK has the 
highest priority from gate K09, pin 8. Signal INAKFO from gate K09, 
pin 6 has the second highest priority and wi 11 occur if 1 atch J.08 output 
pin 8 is true. Signal INAKF3 from gate H09, pin 8 has the lowest priority 
and will only occur if J08 and HOS latches with output pin 16, pin 15, 
and pin 10 are all reset when signal RACKA becomes active. 

The interrupt acknowledge signals are used to generate terms IADl and 
IA02, (784), which are used as part of the address returned to the 
processor to indicate which file is interrupting. The signals are 
inputs to Multiplexers K04 and KOS on (1B2) and (1C2). Signal RACK 
is delayed by gate L09 and LlO, (7A2), to produce DDGRK which enters 
at (lCl) to gate the address to the processor. This signal is also 
ANDed with 5RG" and TIRG" by gate H02, (102), and is ORed at gate K02 input 
pin 12 to produce the SYNC signal to the processor SYNC at (104). 

DATA TRANSFER SECTION 

DATA CONTROL. COMMANDS 

Data control is accomplished by sending command instructions to the 
controller. The data in bits 13, 14, and 15 are latched in flip-flops 
at (3Cl) and decoded by gates for the specific command. The format 
commands are RDFOT and WTFOT and are gated by the signal from Fll pin 3 
which is the AND of bit 13 saved in latch JlO and the format switch. 

If the format switch is not set to the F position, gate GlO pin l will 
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be false, inhibiting READ format and WRITE format operations. The 
command signal CNO from the processor is gated by the address at gate 
J02, (lD2). ~t gate F02, (1C4), GCMD is ANDed with the true output of 
flip-flop G04 to produce CNTCM (1C4). This signal enters (5Al) and 
sets the BUSY flip-flop 809, (5A2), producing signal ·cssv. The instruc
tions usually used are READ, WRITE and READ CHECK. When these instruc
tions are used, the disc is assumed to have been formatted .. 

TRACK AND CYLINDER ADDRESSING 

In any READ or WRITE data transfer operation, the program first sends 
data to the controller with cylinder address, sector address and head 
information. The cylinder address is first loaded into the data input 
register at (7Cl) and (7D1). The shift register at Gl3 and Hl3 hold 
this cylinder address data. The program then writes a data byte contain
ing the sector address and head information. When this operation occurs 
the data in DIR is transferred to the data output register DOR at (7C2) 
and (7C3), flip-flops Hl5 and Gl5. The sector address data is loaded 
into DIR. 

Cylinder address bit 256 is not a part of the header field and is not 
used for comparison. 

READ OPERATION 

When this command is issued, READ or READ FORMAT, RDRFT, at (3C2), 
will be active. Issuing a read command will set the controller Busy 
flip-flop at (5A2): The selected disc file's internal sector counter 
is continuously being compared with data in DIR. The file's sector 
counter is updated just before the file Sector Mark. Signal SCCMP at 
(4D4) when active indicates a comparison of the sector signals SECl-16 
and the data in DIR. This comparison is gated by preamble PREAM at 
gate El2 (402). Preamble is a 65 nanosecond pulse generated at each 
sector mark time. At the end of the SCCMP signal, flip-flop El6 at 
(6Cl) is set generating the address compare gate signal ARDGT. 

ADDRESS READ 

When a read write or read check operation is performed, the first part 
of the operation is the reading and verification of the cylinder sector 
and head information in the address bytes of the header field. Data 
from the disc enters at (501) to gate 805 as data signal is ROTA. 
The output of 805 is the set input to flip-flop CO?. The read clock 
signal RDCLK is inverted by A08 and 808 and becomes the clock input to 
CO?. At each read clock time, the flip-flop is clocked to the reset 
state and active one data bit directly sets the flip-flop. The flip
flop output signal is INDTA (5D4). 

This input data from the disc enters the shift register at (3C4). The 
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shift reg1ister is clocked by Read clocks RDCLK which are enabled by· read gate RDGT. RDGT is active because ARDGT bar is O. The ARDGT 
flip-flop was set by the trailing edge of sector compare SCCMP. When 
a synt pattern is shifted into the DAR shift register, DAR? and DAR6 will be 11 ls 11 and OARS will be a 11 011

• This condition will generate. signal SYNDT at 6Cl gate D16 pin 6. This sync detect signal will enable the J input of flip-flop D15, (6C2), which will set on the next read clock pulse. This enables compare CMP at (684). The setting of 015 also enables clocks from gate Fl7 pin 8 at (6C3). This RCBCT signal 
becomes a clock input to the bit and byte counter at (3A3). When the bit count reaches 7, BIT? becomes active and clocks flip-flop 015 at (6C3). This flip-flop indicates the beginning of the second byte of the address field. 

READ DATA 

At the end of an address read operation, the trailing edge of pulse ARDCM will fire the data start one shot DTST at (4C4). DTST sets the 
data read gate flip-flop DRDGT (5D1). This flip-flop generates read gate RDGT at IC Al3, pin 11, (5C2). RDGT is transmitted to the 
selected drive at (2Al). The data read bit counter gate flip-flop 
DRBCG (5D2) is set when sync is detected. DRBCG gates read clocks to the bit and byte counter. DRDGT also gates read clock to the data 
input shift register (3C4). Data is shifted into DIR at (7Cl) IC Gl3. 
The data input is INDTA. Data is shifted from ·re Gl3 to IC Hl3 input pin 2. After 8 bits have been shifted into DIR the byte is parallel 
transferred to DOR !Cs Hl5 and Gl5 at (7C2) and (7C3). 

RLDDO from (5C2) is the transfer clock pulse. RLDO also sets the 
flip-flop IC Lll at (3D2) which enables data request DTARQ at (3C2). 
DTARQ will not be generated for read check operations, as no data 
transfer takes place. When the byte counter reaches byte 256, BYEND (end ·byte) at (3B4) is generated. Cyclic check CKCY at (5Cl) is set at Bit 7 time of the last byte. The next Bit 7 time sets CKCY2 cyclic check 2 at (5C2). The third Bit 7 time triggers the read end RDENO one shot at (5C3). 

The Operation End one shot at (3C3) is triggered by Read End RDEND. The Operation End pulse resets the five Read Control flip-flops at (5Cl) and (5C2). The clocking of Data Request flip-flop Lll at (302) by RLDOO is blocked by CKCY at Gate L12, (301). The Data Request flip-flop 
at (302) will be set.if this is a single sector record. Gate Kll at (3C3) ANDs Operation END and the End Signal from flip-flop !:.ll_at (302) to produce Operation Complete, OPCMP. OPCMP is ORed with GCLR at M12 to produce General Clear CMPCL at (3C3}. CMPCL resets busy CBSY at 
(5A2) ending the Read or Read Check operation. 

LONGITUDINAL PARITY CHECK 

During Read or Read Check, the Longitudinal Parity Check shift register at (602) and (6D3) is being shifted by shift data input register, SHDIR, at (601). Zeros are shifted into the register until data Read Data ,~ 
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Control time RDTAC, which is active after Sync Dete~t and which is · 
,,,----, active during the 256 bytes of data before Longitudinal Parity Check 

bytes. Read Data is gated through the exclusive OR at (602) from DAR?. 
The sixteenth bit of the shift register is the other input to the 
exclusive OR. Two 1 orig i tud i na 1 parity bytes are generated by the 
shift operation. The first byte is an even longitudinal parity of the 
odd numbered data bytes, and the second byte is an even longitudinal 
parity of the even numbered bytes .. During the two read longitudinal 
parity check byte times, the data from the disc and the shift register 
are compared. The Longitudinal Parity Check Error flip-flop, CYER, 
(6D2), will set if the data does not compare. For WRITE or WRITE FORMAT 
operations, the Operation End one-shot at (3CJ) is triggered by Read 

. End, RDEND. The Operation End pulse resets the five Read Control 
flip-flops at (5Cl) and (5C2). 

For WRITE or WRITE FORMAT operations data is shifted into the shift 
register from WTDTA at (601). The shift register clock is WCYCK at 
(6Dl). At WRITE parity check time, the shift register output, CYOUT, 
is written to the disc, (6D3). 

" 
WRITE DATA 

In a Normal WRITE DATA operation, the address bytes on the sector are 
first read. The Address Read ends when Address Read Complete, ARDCM, 
triggers the Data Start, DTST, one shot {4C4). Write Start, WTST, 
(4C4), is generated by DTST and Write, WT. WTST is used to set the 
Write Gate flip-flop, WTGT, (582). WTST also generates Write Load 
Data Output Register, pulse WLDOR, which produces Data Request, DTARQ, 
at (4C2) which requests the first byte from memory that is loaded into 
DIR, (?Cl) and (7Dl). Write Gate, WTGT, enabled by the Write Gate 
flip-flop, enables writing a string of zeros (2A3). The Write 
Oscillator signal, WTOSC, is a 5.018 mHz square wave from the flip-flop 
at (183) which divides the 10. 163 mHz signal from the crystal oscillator. 
WTOSC, 1B4, toggles the Phase flip-flop (5Bl) which resets during the 
Write Clock phase and sets during the Write Data phase. The Write 
Phase signal is gated by WTGT and WTOSC to produce data and clock 
pulses which are sent to the file as WRDAC, (5B4), Write Data and 
Clock. WTST triggers the· Write Delay, WTDLY, one shot, (484). At 
the end of WTDLY, the Write Bit Counter Gate, WGTCG, flip-flop is set, 
{582). WBTCG enables Erase Gate, ERSGT, (2A3), and gates Write Clock 
to form Write Count Bit Counter, WCBCT, (5B4), which is a clock for 
the bit and byte counter at (3A2). WBTCG enables ENSYN, (enable sync), 
(5A4). ENSYN is ANDed with Bit Counter bit 2 and bit 4 at IC 009, 
(5C2), to produce a signal that is true during Bit Counter times 6 and 
7. This signal is ANDed with Data Phase at H07 pin 11, (581), and is 
ORed with Clock to produce Write Clock and Data which is gated by 
WTOSC to produce Write Data and Clock, (5B4), to the file. This will 
write "ls" during bit times 6 and 7 which will writea sync byte. Bit 7 
time is ANDed with WTCLK to produce Write Gated Bit 7, WGBT7, (5B2). 
The shift register at (4Cl) is clocked by WG8T7. WGBT7 and W8TCG set 
the Data Out flip-flop IC 810 pin 9, (583), which disables ENSYN, (5B4), 
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and generates Enable Data, ENDTA, (5A4). WGBT7 and WBTCG also generate 
Write Load Data Output register, WLDOR, (5B4), which shifts the byte in 
DIR to DOR, ?Cl, and sets Data Request (3Dl). 

The CPU receives Data Request (2A3) and responds with the next byte and 
sends the XFER signal which generates DAG and SYNC (1D4). DAG also · 
generates CNTDT (1B4) and resets Data Request (301). The multiplexer 
at (7C3) generates DOROT from the contents of DOR. The bits are 
selected by bit counter bits Bl, B2, and 84, (704). DOROT is ANDed with 
ENDTA (5Cl), and generates Write Data WTDTA, (5C2), which is sent to the 
disc. 256 data bytes are passed from the memory to DIR shifted to DOR 
and gated out by the multiplexer to the disc .. The byte counter counts 
bytes and when byte 255 is reached, Byte End, BYEND, (384) is generated. 
Byte End generates BYENDR, ( 3Cl), which forces IC Bl 1 pin 3 high and 
makes the shift register shift right input true, (3Cl). The shift 
register is clocked by WGBT7. On the next clock pulse, shift register 
output A, LSTBY, is true. LSTBY will force -all ones to be shifted 
through the shift register. At the end of the next byte, shift 
register output B will be true, generating WLSBY, write last byte, (301). 
WLSBY disables ENDTA, (5A4), stopping data output to the disc, and 
enabling longitudinal parity shift register CYOUT (5Cl), as the data 
gated to the disc. The next ~hift register clock WGBT7 sets output C 
which is not used. This indicates the second byte of longitudinal 
parity check data. The next WGBT7 pulse sets shift register output D 
WRITE END, TWED, (3D1), which disables ENCY and disables all data gated 
to the disc. Clocks continue and zeros are written on the remainder of 
the sector. WTED triggers the Operation End one shot, (3C3), which 
generates CMPCL. CMPCL resets all Write Control flip-flops except WRITE 
GATE which is reset by Sector Mark or General Clear, STCLR, (5Al). 
WRITE GATE remaining set allows zero fill till the next Sector Mark. 

READ FORMAT 

Read Format is similar to Read Data. Read Format does not include an 
Address Read operation and is started by Sector Compare, SCCMP (403). 
SCCMP sets the flip-flop (501) when Read Format RDFOT is true. This 
flip-flop is data Read DATA gate DRDGT. Read Format continues as a 
normal Read, but byte end BY END, (384 ), occurs at byte count 270. 

WRITE FORMAT 

Write Format also starts with Sector Compare, SCCMP, (403). A Write· 
Format command, WTFOT, (403), and SCCMP, are gated and ORed with Write 
Normal Start to form WTST, write start (4C4). Write Format continues as 
a normal write with byte end BYEND (3B4) generated at byte 270 as in 
Read Format. 
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FORMAT MODE ERRORS 

Format Read and Format Write operations do not generate Address Read, 
Address Compare Error, or the Defective Track Errors,as the Address 
Read operation is not performed. Longitudinal Parity Errors can oc;:cur, 
however. 

MULTI-SECTOR RECORDS 

The disc controller can Read or Write records which include multiple · 
sectors. The amount of data transferred is determined by the CPU. The 
end of data transfer is determined by the external byte count and no XFER 
signal when SREQ is active. Three possible conditions can occur: 
(1) The transfer stops before the 256 bytes of one sector are transferred. 
(2) The transfer is exactly 256 bytes and stops at the end· of a sector. 
(3) The CPU transfers more than 256 bytes and the transfer continues 
across the sector end boundary. 

READ MULTIPLE SECTORS 

After the data has been transferred in a normal Read operation, Read 
Longitudinal Parity Check CKCYl (5C2) is set by RLDDO. RLDDO also 
sets Data Request (3D2) and CKCY2 (5C2). CKCYl (3Dl) prevents further 
Data Requests. If the SELCH generates DR, CNTDT resets Data Request. 
The queue output of data request flip-flop will be O until passing the 
sector boundary. This enables the 11 j'' input of the continue flip-flop 
(3D2) which is set by the leading edge of CKCY2 (301), indicating more 
data remains to be transferred. If Continue, "CONT", is true, Sector 
Compare is forced, (4021, and Address Compare is disabled, allowing 
the Read or Read Format operation to continue into the next sector 
without an Address Compare operation. This operation continues over 
additional sectors continuously. · 

WRITE MULTI-SECTOR 

Near the end of a Write or Write Format operation, the signal Last 
Byte (LSTBY) (3Cl) occurs during the last data byte before the 
Parity Check is written. It is set on the leading edge of WGBT7 (3Cl). 
LSTBYl, ANDed with BYEND (3Cl) blocks further data requests. Data 
Request is set on the trailing edge of WLDOR (3Dl). 

If the data iransfer is tomplete, the OMA adaptor will not respond to 
SREQ with XF!R, so DTARQ (3C2) does not reset. WTED (3C2) triggers OPEND 
(3C3) which, if DTARQ is set, becomes OPCMP (3C3), ending the operation. 

If the data transfer is not complete, the OMA adaptor will respond with 
XFER that will produce DAG (1D1), which clears DTARQ. END (302) stays 
low and blocks OPENti (3C3), and CMPCL (3C3) does not occur. In this case 
WLSBY (3Dl) sets Continue, CONT, (3D3). At the beginning of the next 
sector SCCMP is forced (4D3), and address comparison is inhibited (6B2). 
Write or Write Format continues as described previously. 
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AUTOMATIC HEAD SWITCH 

When in a multi-sector record, it may be necessary to switch from Head O 
to Head 1. The Index Store (IDXST) flip-flop (4A3) is set by Index Mark 

. and reset by the trailing edge of the first Sector Mark (SM} after. 
Index. The AND of IDXST, SM, and Continue -(IXSMC) (303), sets the 
He-ad (HD) flip-flop (381). This can only occur if Continue is set, 
indicating more data, and at the first Sector Mark after Index. If the 
HD flip-flop was already set, it does not change. Instead, the signal 
Index Store, Sector Mark, and Continue (IXSMC) (682) set the Cylinder 
Overflow (CYLOF) flip-flop (6A2). CYLOF appears as an error and sets 
Examine (6A4). Examine inhibits Write (2A3), so that data on the disc 
is. not changed. 

BIT AND BYTE COUNTERS 

The bit and byte counters are actually one combined 12-bit counter. 
The least significant bits are the Bit Counter, and the remainder is 
the Byte Counter. The counters are cleared by General Clear, Sector 
Mark, and Data Start (3A3). 

The counters count Write Count Bit Counter (WCBCT) and Read Count Bit 
Counter (RCBCT) (3A3) pulses. The outputs of the Bit Counter are named 
Bl, B2, and B4 (3A4). The Bit Counter is decoded to give two signals, 
Bit 3 and Bit 7 (3A4). The Byte Counter is decoded to give signals, 
Byte 269 (BY269) at IC Jl5 pin 6, and Byte 255 at IC Jl2 pin 8. These 
signals are used to signal the end of a sector. CNT5 (3B3), which indi
cates that a Format Command is being executed, selects BY269. Other-
wise BY255 is selected. · 

TRACK ADDRESS 

The Track Address (TA) drivers are shown at (4Cl). Track Address comes 
from DIR ( 7C3). 

ERRORS 

The Errors associated with Address Read are discussed in the section on 
Address Read, and Cylinder Overflow is discussed under Automatic Head 
Switch. Overrun is the only other error.· Overrun (6B3) is set when
ever at least one full disc revolution has passed since a data controller 
co~and and no· Sector Compare (SCCMP) has occurred. 

The two counter flip-flops (6B2) are held reset when the data controller 
is Not Busy (CBSY). When the data controller goes Busy, the counters 
count Index Store (IDXST) (6B2), which goes true at Index and false at 
the end of the first Sector Mark after Index. If Sector Compare (SCCMP) 
occurs, it resets the counters. The second flip-fl op can b·e set by the 
first, but not reset. The usual cause of Overrun is calling for a 
sector number which is too large for the disc. 
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Figure 9. Read and Write Gate ON-OFF Timing Chart 
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MNEMONICS 

The following is a list of the Mnemonics found in the disc system. 

MNEMONIC 

ACMPFl 

ADAWKO 

ADAWKl 

ADRSO 

ADRSl 

ARDCMO 

ARDGTO 

ATENl 

ATNO 

811 

821 

841 

BIT 31 

BIT 71 

BUSYO 

BUSYl 

BYENDO 

BYENDl 

MEANING 

Address Compare Failure 

Address Acknowledge 

Address Acknowledge 

Address 

Address 

Address Read Complete 

Address Read Gate 

Attention 

Attention 

Bit Counter Bit l 

Bit Counter Bit 2 

Bit Counter Bit 4 

Bit Counter Equals 3 

Bit Counter Equals 7 

Busy 

Busy 

Byte End 

Byte End 

CBSYl Controller Busy 

CEXAMO 

CEXAMl 

Controller Examine 

Controller Examine 

CKCYO Cyclic Check 5C4 

CKCYl . Cyclic Check 5C2 

19 

MNEMONIC 

CKCY20 

CKDAl 

CL070 

CMDO 

CMGO 

CMPll 

CMPCLO 

CNT50 

CNT51 

CNTADO 

CNTADl 

CNTCMO 

CNTCMl 

CNTOTO 

CONTO 

CRDT 

CTLGTl 

CY2561 . 

CYLOFl 

CYOUTl 

D080-D150 

MEANING 

Cyclic Check Two 

Check Data 

Power Failure·Clear 

Gated Command 

Compare Byte 1 

Completed or General Clear 

Control 5 (A Format 
Command) 

Control 5 (A Format 
Command) 

Controller Addressed 

Controller Addressed 

Controller Command 

Controller Command 

Controller Data Transfer 

Continue 

Combined Read Command 
(Read or Read Check) 

Control Gate 

Cylinder Address 256 

Cylinder Overflow 

Cyclic Out 

Data Lines 8-15 

D080A-D150A Data Lines 8-15 



MNEMONIC 

D081-Dl 51 

DAO 

DAGO 

DAR41 

DARSl 

DAR61 

MEANING 

Data Lines 8-15 

Data Available 

Gated Data Available 

Data Auxiliary Register 
Bit 4 

Data Auxiliary Register 
Bit 5 

Data Auxiliary Register 
. Bit 6 

DAR71 Data Auxiliary Register 
Bit 7 

DAT081-DAT151 Data Bits 8-15 

DATAOVl Data Overflow 

DDGRKO Double Delayed Gated 
RACKO 

DFTRKl Defective 

DIR001-0IR031 Data Input Register 
Bits 0-3 

DIR041-DIR071 Data Input Register 
Bits 4-7 

DISARMOO 

DISARMlO 

DISARM20 

DISARM30 

Disarm Disc 0 

Disarm Disc l 

Disarm Disc 2 

Disarm Disc 3 

DOR001-DOR03l Data Output Register 
Bits 0-3 

DOR041-DOR071 Data Output Register 
Bits 4-7 

DOROTl 

DRO 

Data Output Register Out 

Data Request 
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MNEMONIC 

DRBCGO 

DRBCGl 

DRDGTO 

DRDGTl 

DRGO 

DSKSELO 

DTARQO 

MEANING 

Data Read Bit Counter Gate 

Data Read Bit Counter Gate 

Data Read Gate 

Data Read Gate 

Gated Data Request 

Disc Select · 

Data Request 

DTSTO Data Start 

DTXFERl. 

ENBLOl 

ENBL 11 

ENBL21 

. ENBL31 

ENDl 

ENDTAO 

ENSYNl 

ERSGTO 

FAOO 

FAOl 

FAlO 

FAll 

FILEl 

FLADl 

FLSELOO 

FLSELlO 

Data Transfer Error 

Interrupt Enable Disc 0 

Interrupt Enable Disc 1 

Interrupt Enable Disc 2 

Interrupt Enable Disc 3 ~ 

End 

Enable Data 

Enable SYNC 

Erase Gate 

File Address 

File Address 

File Address 

File Address 

File 

File Addressed 

File Selected Disc 0 

File.Selected Disc 1 



~ MNEMONIC MEANING MNEMONIC MEANING 

FLSEL20 File Selected Disc 2 GCLRO General Clear 

FLSEL30 File Selected Disc 3 GCMDl Gated Command 

FRDYOO File Ready Disc 0 HOO Head l Selected 

FRDYlO File Ready Disc l HDl Head l Selected 

FRDY20 File Ready Disc 2 HDSELO Head Select 

FRDY30 File Ready Disc 3 HIDENO High D.ensity 

FROYD File Ready HIDENl High Density 

FROYOl File Ready Oise 0 IAOl Illegal Address Oise 0 

FRDYl 1 File Ready Disc l !All I 11 ega l Address Disc l 

FRDY21 File Ready Disc 2 IA21 Illegal Address Disc 2 

FRDY3l File Ready Disc 3 IA31 Illegal Address Disc 3 

FRSRWOO File Ready to Seek, Read IAAOWKOO Illegal Address or Address 
or Write Disc 0 Acknowledge Disc 0 

FRSRWlO File Ready to Seek, Read IAADWKlO Illegal Address or Address 
or Write Disc l Acknowledge Disc l 

FRSRW20 File Ready to Seek, Read IAADWK20 Illegal Address or Address 
or Write Disc 2 Acknowledge Disc 2 

FRSRW30 File Ready to Seek, Read IAADWK30 Illegal Address or Address 
or Write Disc 3 Acknowledge Disc 3 

FRSRWOl File Ready to Seek, Read IADll Interrupt Address 1 
or Write Disc 0 

IAD21 Interrupt Address 2 
FRSRWl 1 File Ready to Seek, Read 

or Write Disc l IDXSTl Index Pulse Store 

FRSRW21 File Ready to Seek, Read INAKCO Interrupt Acknowledge 
or Write Disc 2 Controller 

FRSRW31 File Ready to Seek, Read INAKFOO Interrupt Acknowledge 
or Write Disc 3 Disc 0 

FRSRWl File Ready to Seek, Read INAKFlO Interrupt Acknowledge 
~. or Write Disc 1 
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MNEMONIC MEANING MNEMONIC MEANING 

WTl Write Command WTPTO Write Protect 

WTCLKl Write Clock WTPTl Write Protect 

WTDACO Write Data and Clock WTSTO Write Start 

WTDTAO Write Data XFERl Transfer 

WTEOO Wri te End 3D l Yll Byte Counter Bit l 

WTFOTl Write Format Y2l Byte Counter Bit 2 

WTGTO Write Gate Y4l Byte Counter Bit 4 

WTGTOA Write Gate Y81 Byte Counter Bit 8 

WTGTOA-CBSYO Write Gate+ Controller Yl6l Byte Counter Bit 16 
Busy 

WTGTl Write Gate 

7 
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IMPROVEMENT OF OUR MANUAL IS DEPENDENT UPON USER INPUT. PLEASE FILL OUT THIS FORM AND MAIL IT 
BACK TO US. NOTE: (NO POSTAGE IS REQUIRED) 

DID YOU FIND ERRORS IN THIS MANUAL? (If so, please specify by page) 

IS THE MANUAL UNDERSTANDABLE, USABLE, AND WELL ORGANIZED? (Please make suggestions for 
improvement) 

DID YOU FIND SUFFICIENT DOCUMENTATION FOR ASSEMBLY AND USE OF YOUR IMSAI SYSTEM? 
(What material is missing and where should it be placed) 

PLEASE INDICATE THE TYPE OF USER/READER YOU MOST NEARLY REPRESENT. 

__ HOBBYIST NAME OF MANUAL 
__ ENGINEER 
__ COMPUTER PROGRAMMER 
__ STUDENT 
__ BUSINESSPERSON 
__ USER WITH ~ITTLE ELECTRONIC BACKGROUND 

OTHE 

NAME DATE 

ORGANIZATION 

STREET 

CITY STATE ZIP CODE or COUNTRY 



BUSINESS REPLY MAIL 
First Class, Permit No. 2001, San Leandro, CA 

~[Ml]~~~ 
MANUFACTURING CORPORATION 
14860 Wicks Boulevard 
San Leandro, CA 94577 


	EPSON897
	EPSON898
	EPSON899
	EPSON900
	EPSON901

