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COMMENTS 

This specification describes the Industry Standard ESDI (Enhanced Small Disk 
Interface) and is reproduced in it's original form as developed by the ESDI 

Committee. 

Ref2rence by Control Data to the ESDI specifies the parameters outlined in 
this document. CDC Products supporting the ESDI are designed to this speci­
fication. Any variation from this specification by a CDC ESDI Product will 
be noted in detail by the respective Product Specification. 
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ENHANCED SMALL DEVICE INTERFACE 

1.0 SCOPE 

This document defines the Enhanced Smal I Device Interface CESDI) 
specification. It represents the merging of the the Enhanced Small 
Disk Interface specification and. the Enhanced Small Tape Interface 
spec ff f catf on. 

The general portions covering electrical and physical Interfacing 
can be found In sections 2.0 through 4.0. Specif fc Information 
concerning Interfacing of disk drives can be found In SectJon 5.0 
<Serial mode Implementation> and Section 6.0 <Step mode 
Implementation) while specific Information concerning the 
Interfacing of tape drives can be found In Section 7.0. Either 
Section 5.0, 6.0, or 7.0 may be Implemented Independently of the 
other or combined If so desired. 

The primary objectives In developing this specf f fcatfons was to: 

Ct> provide a low cost, high performance Interface 
def lnftfon suitable for the smaller, high performance 
memory devices currently being produced, 

(2) develop a standard which could support higher data 
transfer rates as wel I as provide for additional 
performance features that are desf reable on higher 
performance systems. 

(3) provide a single Interface def fnftlon which could 
effectively support both disk and tape drives on the 
same controller. 

In order to accommodate a number of product types, the specf f fcatfon 
def Ines several alternatives. 

For the disk 
(Section 5.0) 

portion, two Implementations are possible: Serf al 
and Step <Section 6.0>. 

The Serial mode of operation utll lzes NRZ data transfer along with 
serial commands and serial conf fguratfon and status reporting across 
the command cable CJ1>. 

The Step mode Implementation utf I fzes the same NRZ data transfer; 
however, the STEP and DIRECTION I Ines are used to cause actuator 
motion. Hence, configuration and status reporting are unavailable 
over the Interface. 

Thfs specff fcatfon does not require that both of these modes be 
available on any drive; rather, ft Is the choice of the disk drive 
manufacturer which mode to Implement. If desired, both modes may be 
offered with a selection method provided by the manufacturer. 
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Section 7.0 of the specif !cation provides for the attachment of 
either streaming or start/stop tape drives to the same ESDI 
controller. Because of the characteristics of tape devices, only a 
serial mode of Implementation Is supported. 

Both the physical and logical Interface characteristics of tape and 
disk drives have been Included In these specifications. Certain 
design considerations were made to al low optimized operation of the 
disk drive with a tape device. For exmaple, simultaneous disk and 
tape access Is possible allowing direct disk-to-tape transfers to 
occur without host Intervention. Provision for multiple radial data 
channels has been provided to enhance the Intra-device data transfer 
rates. This specif !cation supports cable lengths of up to three 
meters (9.8 feet). 

2.0 GENERAL DESCRIPTION 

The Enhanced Smal I Device Interface consists of a control cable and a 
data cable. The control cable al lows for a daisy chain connection of 
up to three disk drives Ctn STEP mode) and up to seven disk and tape 
drives Cln SERIAL mode) with only the last drive being terminated. See 
Figure 1. The data cable must be attached in a radial configuration. 

3.0 ELECTRICAL INTERFACE 

The Enhanced Smal I Device Interface can be divided Into three 
categories, each of which Is physically separated. 

1. Control signals. 
2. Data signals 
3. DC power. 

Al I control I Ines are digital In 
either provide sfgnals to the drive 
(output>. The data transfer slgnals 
provide data either to (write) or from 

REV IS ION D [ 2 J 

nature Copen collector TTL> and 
(Input) or signals to the host 
are differential In nature and 
(read) the drive. 
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HOST 

~ CONTROL ,.. " I\..., r-- J1 

DATA f" J2 DRIVE 
"'- #1 
r J3 '-

J4 

' ~ ~ 
."'t' 

CONTROLLER 

" K J1 

DATA r- DRIVE 
'- J2 #2 
,... 

J3 '- J4 

" '-" ~ 
't 

L( J1 TERMINATOR ~ ~ 
(LAST DRIVE ONLY) D 

r J2 "'-
.r J3 

1 :c h.. '"\.... 

"7 J4 

I( '1. ' t::"\ 
2 .::t' µ-

N I~ '1. DATA ,., 

"' ~ 

DC VOLTAGES 
(RADIAL) 

FRAME GROUND 

I).. NOTE: IN STEP MODE. MAXIMUM NUMBER OF DRIVES= 3 
Lil IN SERIAL MOOE, MAXIMUM NUMBER OF DRIVES= 7 

TYPICAL CONNECTION, MULTIPLE DRIVE SYSTEM 
FIGURE 1 
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ENHANCED SMALL DEVICE INTERFACE 

3.1 eontro! Signal Drivers and Receivers 

The drivers have the following electrlcal specifications. Refer to 
Figure 2 for the recommended circuit. 

TRUE/ACTIVE: o.o voe to 0.4 voe @ I= -48mA <Max) 

FALSE/OEACTIVE: 2.5 VOC to 5.25 voe@ I= +250 uA (Open Collector) 

+SV 

1so n 
7438 
t OR 3 METERS (MAX) 74LS14 

IOR EQUIVALENT) EQUIVALENT1 

NOTE: TERMINATION RESISTORS FOR LINES 
ORIGINATING AT THE CONTROLLER ARE LOCATED 
IN LAST DRIVE. LINES ORIGINATING AT THE DRIVE 
ARE TERMINATED AT THE CONTROLLER. 

CONTROL SIGNALS 
DRIVER/RECEIVER COMBINATION 

FIGURE 2 

3.2 Pata Line Drivers and Recelyers 

The data drivers and receivers are differential In nature. The 
recommended circuit Is shown In Figure 3. 

HIGH TRUE 

AMD26LS31 
(OR EQUIVALENT) 

Z = 105 !l FLAT RIBBON OR TWISTED PAIR 

&NOMINAL"-" LINE , 
LOGIC 0 x LOGIC 1 

NOMINAL "+" LINE 

DATA LINE DRIVER/RECEIVER COMBINATION 
FIGURE 3 
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4.0 PHYSICAL INTERFACE 

The electrlcal Interface between the drive and the host controller Is 
via four connectors: 

1. Jl - Control signals (multiplexed) 
2. J2 - Read/write signals (radial) 
3. J3 - DC power Input 
4. J4 - Frame ground 

4.1 Jl/Pl Connector 

Connection to Jl Is via a 34 pin PCB edge connector. The dimensions 
for this connector are shown In Figure 4. The pins are numbered 1 
through 34 with the even pins located on one side of the PCB. A key 
slot Is provided between pins 4 and 6. The recommended mating 
connector for Pl Is AMP ribbon connector P/N 88373-3 or equivalent. 
See Figure 7 for connector orientation. 

REV IS ION D 

l 
.450 

J1 CONNECTOR DIMENSIONS 
FIGURE 4 

[ 5 J 

BOARD THICKNESS 
.062 ± .007 

M----+--.100± .010 

ALL DIMENSIONS 
IN INCHES 

I E-104-1 I 

APR IL 1 8, 1 984 



ENHANCED SMALL DEV ICE INTERFACE 

4.2 J2/P2 Connector. 

Connection of J2 Is via a 20 pin PCB edge connector. The dimensions 
for the connector are shown In Figure 5 • The pins are numbered 1 
through 20 with the even pins located on one side of the PCB. The 
recommended mating connector for P2 Is AMP ribbon connector PIN 
88373-6 or equlvalent. A key slot Is provided between pins 4 and 6. 
See Flgure 7 for orientation. 

t 
.400 ± .010 

+.006 ;jJ·030 -.001 
f 

.450 

_! ______ , __ ---·--------......... 
I 

BOARD THICKNESS 
.062 ± .007 

. 050 ± .010~ !..- ---1 .100 :±~ .010 

4.3 J3/P3 Connector 

!.--- 1.075 ± .010------1-

J2 CONNECTOR DIMENSIONS 
FIGURE 5 

ALL DIMENSIONS 
IN INCHES 

The DC power connector (J3), Is a 4 pin AMP MATE-N-LOCK connector P/N 
350543-1. An alternate connector Is AMP MATE-N-LOO< P/N 641737-1 
(right angle>. The recommended mating connector CP3) is AMP P/N 
1-480424-0 utll Jzlng AMP pfns P/N 350078-4 (strip) or P/N 61173-4 
(loose piece). Equivalents of these part numbers are permissible. J3 
pins are numbered as shown In Figure 6. Pin assignments are shown In 
Table 1. See Figure 7 for connector orientation. 

4.4 J4/P4 Frame Ground CoanectQr: 

The frame ground connection ls a Faston type connection, AMP P/N 
61761-2 or equivalent. The recommended mating connection Is AMP 
62187-1 or equivalent. If wire is used, the hole In J4 will 
accomodate a wire size of 18AWG maximum. 
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( © ®® CD I 
E-106-0 I 

J3 CONNECTOR 
FIGURE 6 

J3 CONNECTOR PIN VOLTAGE 

1 ~12V DC 15% 
2 12V RETURN 
3 5V RETURN 
4 ' 5V DC •5% 

E-106-0 

J3 CONNECTOR PIN ASSIGNMENTS 
TABLE 1 

KEYING NOTCH PIN 1 
(BETWEEN PIN 4 & ~ \ 

PIN 1 

(BACK-END VIEW OF DRIVE) I E-107-0 I 
TYPICAL PCB CONNECTOR ORIENTATION 

FIGURE 7 
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5.0 DISK DRIYE IMPLEMENTATION -- SERIAL K>QE 

Th ls section descrlbes the Tnterfece I Tnes. hardware, end Tnterfece 
protocols necessary to Implement the SERIAL mode disk drive version of 
the ESDI. Pin assignments for connectors J1 end J2 ere shown In 1 Figures 9 and 10 along with Tables 3 and 4. 

5.1 Control Input Lines 

The control Input slgnals ere of two types: those to be multiplexed In 
e multlple drive system end those Tntended to do the multlplexlng. 
The control ln!Out signals to be fultlplexed ere W~TE GATE, READ GAT!• 
HEAD SELECT 2 • HEAD SELECT 2 • HEAD SELECT 2 • HEAD SELECT 2 • 
TRANSFER REQ end COMMAND DATA. The slgnels to do the multlplexlng ere 
DRIVE SELECT 1, DRIVE SELECT 2, end DRIVE SELECT 3. 

ADDRESS ,MARK ENABLE Is e control Input In the red lei cable. It Is not 
multlplexed. 

NOTE: Any lines not used should be termlnated. 

5.1.1 Prlye Select 

The three DRIVE SELECT I Ines ere to be decoded for drive select. 
Decode 000 shel I be e no select. See FTgure 8 end Table 2. 

150 OHM 

150 OHM & ____ _,,,,..,.._---. .. sv 
150 OHM 

RECEIVER 0 ~I~ fr. l 
~fuoeR I 1 I 

-llRIVE SELECT 1 
j 2 I 
I! I DRIVE 

-DRIVE SELECT 2 I : I SEL.ECTEO 

-DRIVE SELECT 3 I 7 I 

REVISION Dl 

~ 
___ J 

TERMINATION RESISTORS ARE LOCATED 
IN LAST DAlllE ONLY. 

& IU.USTRATlllE IMPLEMENTATION,. 

DRIVE IELICT TERMINATION 
FIGUREI 

[ 8 J 

DRIVE DRIVE DRIVE 
DRIVE SELECT SELECT IELECT 

IELECTED 3 2 1 

NONE 0 0 0 , 0 0 , 
2 0 , 0 
3 0 , , 
.. , 0 0 
5 , 0 , 
6 , , 0 
7 , , 1 

I E-10&-0 I 
DRIVE SELECTION MATRIX ,__ _ _. 

TABLE2 
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FLAT IU880N OA 
CONTROLLER 1'MS'nD -13 METERS MAXI DRIVE 

= 

-HEAD SELECT 23 
2 

-HEAD SELECT 22 
4 

-WRITE GATE 
6 

I--
-CONFIGl-STATUS DATA 

8 

-TRANSFER ACK 
10 

-ATTENTION 
12 

-HEAD SELECT 20 
14 

-SECTOR: - BYTE CLOCK! - ADDRESS MARK FOUND 
16 

-HEAD SELECT 21 
18 

-INDEX 
20 

-READY 
22 

- TRANSFER REO 
24 

-DRIVE SELECT 1 
26 

-DRIVE SELECT 2 
28 

-DRIVE SELECT 3 
30 

-READ GATE 
32 

-COMMAND DATA 
34 

CONTROL CABLE (J1/P1) SIGNALS 
(DISK IMPLEMENTATION - SERIAL MODE) 

FIGURE 9 

1-

3-

s-

1-

9-

11-

13-

15 ... 

11 .... 

19 ... 

21 ... 

23-< 

25-< 

27~ 

29~ 

31"'1 

33~ 

llGNAL GROUND 
llGNALNAME PIN PIN 
-HEAD SELECT 23 2 1 
-HEAD SELECT 22 4 3 
-WRITE GATE 6 5 
-CONFIG/-STATUS DATA 8 7 
-TRANSFER ACK 10 9 
-ATTENTION 12 11 
-HEAD SELECT 2° 14 13 
-SECTOR/-BYTE CLOCK/-ADDRESS MARK FOUND 16 15 
-HEAD SELECT 21 18 17 
-INDEX 20 19 
-READY 22 21 
-TRANSFER REQ 24 23 
-DRIVE SELECT 1 26 25 
-DRIVE SELECT 2 28 27 
-DRIVE SELECT 3 30 29 
-READ GATE 32 31 
-COMMAND DATA 34 33 

CONTROL CABLE (J1/P1) PIN ASSIGNMENTS 
(DISK IMPLEMENTATION - SERIAL MODE) . 

TABLE 3 

[ 9 J 

J1/P1 
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FLAT RIBBON OR 
CONTROLLER TWISTED PAIR (3 METERS MAX) 

-= -

REVISION Dl 

-DRIVE SELECTED 
1 

-SECTOR/-BYTE CLOCK/-ADDRESS MARK FOUND 
2 

-COMMAND COMPLETE 
3 

-ADDRESS MARK ENABLE 

.&. 
4 

-RESERVED FOR STEP MODE 
5 

+WRITE CLOCK 

-WRITE CLOCK 
7 

-RESERVED FOR STEP MODE & 8 

+REA[)IREFERENCE CLOCK 
9 

-READ/REFERENCE CLOCK 
10 

11 

+NAZ WRITE DATA 

-NRZ WRITE DATA 
13 

14 

+NAZ READ DATA 

-NAZ READ DATA 
17 

18 

-INDEX 
20 

MUST BE AT A LOGIC ZERO LEVEL. 

DATA CABLE (J2/P2) SIGNALS 
(DISK IMPLEMENTATION - SERIAL MODE) 

FIGURE 10 

SIGNAL GROUND 
SIGNAL NAME PIN PIN 

-DRIVE SELECTED 

.-SECTOR-BYTE CLOCK-ADDRESS MARK FOUND I 2 

-SEEK COMPLETE 3 

-ADDRESS MARK ENABLE 4 

-RESERVED FOR STEP MODE 5 6 

+I-WRITE CLOCK 7/8 

·RESERVED FOR STEP MODE 9 

+I-READ REF CLOCK 10111 12 

+/-NRZ WRITE DATA 13114 15116 

+/-NRZ READ DATA 17/18 19 

-INDEX 20 

I E-113-1 I 
DATA CABLE (J2/P2) PIN ASSIGNMENTS 

(DISK IMPLEMENTATION - SERIAL MODE) 
TABLE4. 

[ 10 ] 

DRIVE 

6....., 

12~ 

15-1 

11>-1 

19~ 

"=' -

I 

I 
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5.1.2 Head Select z0..__z1.._z2, and z3 

These four I Ines el low selection of eech0 fndfvlduel reed/ write head 
fn e binary coded sequence. HEAD SELECT 2 fs the least sfgnlf Jcant 
lfne. Heads ere numbered 0 through 15. When all HEAD SELECT I Ines 
are high (Inactive), head 0 wll I be selected. Addressing more than 16 
heeds Is allowed by use of the SELECT HEAD GROUP command. 

Head addressing Is continuous from 0 through both removeable end f lxed 
drives. If removeable drive Is present, head 0 wlll be on the 
removeable media drive. 

Addressing more heads than contained In the drive wlll result In a 
write fault when attempting to perform a write operation. 

A 150 OHM resistor pack allows for llne termination. 

5.1.3 Write Gate 

The active state of this signal, or low level, enables write data to 
be written on the disk. 

The high to low transition of this signal creates a write spl Ice and 
Initiates the writing of the data PLO Sync f leld by the drive. See 
Figures 23 and 25. When formatting, WRITE GATE should be deactivated 
for 2 bit times minimum between the address area and the data area to 
Identify to the drive the beginning of the data PLO sync field. 

This I lne shal I be protected from terminator power loss by 
lmplementatlon of the circuit shown In Figure 11. 

REVISION D 

+SV 

& 
3.9Kn 

r.,. At.RT Of! THE TERM!NflTOR RESI~ 1W:K IN l1'iE LAST DRIVE OF M 
LU twSY CM1'1N. 

& PERMAHENTlV LOCATED IN M DRIVE. 

& OR EOUt\IAl.ENT IWIT. 

WRITE GAT! T!llllMINATION 
FIGURE 11 
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5.1.4 Read Gate 

The active state of this signal, or low level, enables data to be read 
f;om the disk. This signal should become active only during a PLO 
sync f leld and at least the number of bytes defined by the drive prior 
to the ID or Data Sync Bytes. The PLO sync ffeld length Is determined 
by the response to the REQUEST PLO SYNC FIELD LENGTH command. Read 
gate must be false when passing over a write spl Ice area. 

A 150 OHM resistor pack al lows for I lne termination. 

5.1.5 Command Pata 

When presenting a command, 16 Information bits of serial data, plus 
par I ty, w f I I be presented on th Is I I ne •. Th Is data Is to be control I ed 
by the handshake protocol with signals TRANSFER REQ and TRANSFER ACK. 
Upon receipt of this serial data, the drive will perform the required 
function as specified by the bit conf lguratlon. Data Is transmitted 
MSB f lrst. See Table 5 for the meaning of the various bit 
combinations. See Figure 12A for timing. 

The parity utll tzed Jn al I commands shall be odd. The parity bit 
shall be a "1" when the number of "l's" tn a 16 bit command Is an even 
number. The number of "1" bits Jn the command, plus parity, shall be 
an odd number. 

No communications should be attempted unless the COMMAND COMPLETE llne 
is true. Note: This I Jne must be at a logfc 0 when not Jn use. 

A 150 OHM resistor pack allows for llne termination. 

REV IS ION 02 

-TRANSFER REC o---., 
~ 

f 

I 
, 

50nsMIN I I OnsMI~ 
I 

~ --COMMAND DATA : ~.,..,...,,_...._ __ V._'A_U_D __ ......;.......,......,....,.__., __ __, 

-TRANSFER ACK o 

I 
OnsMIN 

10ms 
MAX 

& EXCEPT ON LAST BIT 

50nsMIN 

10msMAX 

I 

~ 

50nsMIN /:\. 
10msMAX ~ 

ONE BIT TRANSFER TIMING - TO DRIVE 
FIGURE 12A 

E-115-0 I 
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MOST 
SIGNIFICANT 
BIT 

LEAST 
SIGNIFICANT 

BIT 

I 1s I 14 I 13 I 12 I 11 I 10 I s I s I 1 I a I s I 4 I 3 I 2 I 1 I o I p I 
CMD FUNCTION CMD MODIFIER I ALL ZEROS 

CMD FUNCTION CMD PARAMETER 

CMD 

BIT P: PARITY fODDl 

COMMAND DATA WORD STRUCTURE 
FIGURE 128 

CMD CMD 
MODIFIER PARAMETER 

p 

p 

E-116-0 

FUNCTION FUNCTION APPLICABLE APPLICABLE STATUS/CONFIGURATION DATA 
BIT 15 14 13 12 DEFINITION !BITS 11-81 (BITS 11-0) RETURNED TO CONTROLLER 

0 0 0 0 SEEK NO YES NO 
0 0 0 1 RECALIBRATE NO NO NO 
0 0 1 0 REQUEST STATUS YES NO YES 
0 0 1 1 REQUEST CONFIGURATION YES NO YES 
0 1 0 0 SELECT HEAD GROUP NO YES NO 

10PTIONAL1 
0 1 0 1 CONTROL YES NO NO 
0 1 1 0 DATA STROBE OFFSET YES NO NO 
0 1 1 1 TRACK OFFSET YES NO NO 
1 0 0 0 INITIATE DIAGNOSTICS NO NO NO 

iOPTIONAL) 
1 0 0 1 SET BYTES PER SECTOR NO YES NO 

(.OPTIONAL) 
1 0 1 0 RESERVED - - -
1 0 1 1 RESERVED - - -· 
1 1 0 0 RESERVED - - -
1 1 0 1 RESERVED - - -
1 1 1 0 RESERVED - - -
1 1 1 1 RESERVED - - -

NOTES: 1. ALL UNUSED OR NOT APPLICABLE LOWER ORDER BITS MUST BE ZERO. 
2. ANY "RESERVED" OR COMMAND FUNCTION RECEIVED SHALL BE TREATED AS AN INVALID 

COMMAND. 
3. SIMULTANEOUS DATA STROBE AND TRACK OFFSETS ARE ALLOWED BY MULTIPLE COMMAND .... s_. ----. 

I E-117-0 

REV IS ION D 

COMMAND (CMD) DATA DEFINITION 
TABLE 5 
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5.1.5.1 Cgnmand Data bits 15 thru 12 decode definition 

SEEJ< COOOO>: This command causes the drive to seek to the cylinder 
Indicated In Bits 0 thru 11. A SEEK command wll I restore data strobe 
and track off sets to zero. 

RECALIBRATE COOOJ): This command causes the actuator to return to 
cy I I nder 0000. A RECALIBRATE command w I 11 restore data strobe and 
track offsets to zero. 

REQUEST SIAD.JS C0010): This command causes the drive to send 16 bits 
<see Table 12, page 21) of standard or vendor unique status 
lnformatfon to the controller as determined by the command modfffer 
bits. The parfty utll !zed Jn all status responses shal I be odd. 

Request Standard Status: When the command modfffer bits C11-8) 
of the REQUEST STATUS command rs 0000, the drive wf I I respond 
wfth 16 bfts of standard status. Bits 15-12 of this status are 
def fned as state bfts which do not cause ATTENTION to be 
asserted. Bits 11-0 of this status are fault or change of 
status bits that cause ATTENTION to be asserted each time one 
Is set. See sectf on 5.2.3.2 for response protocol and format of 
the status response from the drive. 

Request Vendor Unique Status: When the command modff fer bits 
(11-8) of the REQUEST STATUS command Is 0001 through 1111, the 
drive responds with vendor unique status <undef lned In this 
speclffcatfon). The number of words available Js specified by 
conf lguratfon data. Each word of vendor unique status Is 
requested using a different command modlffer conf fguratlon. 
This command modlf ler for the first word Is 0001 and subsequent 
words are requested by Incrementing the command modlf ler. 

REQUEST (X)NFIGURATION C0011>: This command causes the drive to send 16 
bits (Table 10 and 11, page 20) of conf fguratlon data to the 
controller. The parity utll lzed In al I configuration responses shall 
be odd. The specif lc conf fguratfon requested Is specif fed by bits 
11-8 of the command as shown below In Table 6: 

COMMAND MODIFIER BITS FUNCTION 

11 10 9 8 
0 0 0 0 GENERAL CONFIGURATION OF DRIVE AND FORMAT 
0 0 0 1 NUMBER OF CYLINDERS, FIXED 
0 0 1 0 NUMBER OF CYLINDERS, REMOVABLE 
0 0 1 1 NUMBER OF HEADS 
0 1 0 0 MINIMUM UNFORMATTED BYTES PER TRACK 
0 1 0 1 UNFORMATTED BYTES PER SECTOR (HARD SECTOR ONLY) 
0 1 1 0 SECTORS PER TRACK (HARD SECTOR ONLY) 
0 1 1 1 MINIMUM BYTES IN ISG FIELD" 
1 0 0 0 MINIMUM BYTES PER PLO SYNC FIELD 
1 0 0 1 NUMBER OF WORDS OF VENDOR UNIQUE STATUS AVAILABLE 

"NOT INCLUDING INTERSECTOR SPEED TOLERANCE 

REV IS ION D 

REQUEST CONFIGURATION MODIFIER BITS 
TABLE 6 

[ 14 J 
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SE! ECT HEAD GROUP COlOO>: This optional command causes the drive to 
select a group of 16 heads. Heads 0-15 are considered as group O. Bits 
7-4 are used to Indicate the group to be selected. Bit 4, If a one, 
causes head group 1 (heads 16-31> to be selected. Bit 5 wll f cause 
head group 2 to be selected. The lndlvldual head selected within each 
group Is controlled by the four head select I Ines. 

CONTROL (0101): This command causes the control operations specified 
by bits 11-8 to be performed as shown below In Table 7: 

COMMAND MODIFIER BITS FUNCTION 

11 10 9 8 
() () () 0 RESET INTERFACE ATTENTION AND STANDARD STATUS (BITS 0- 11) 
() 0 0 
0 () 1 
0 () 1 
() 1 0 
0 1 0 
() 1 1 
() 1 1 
1 x x 

1 RESERVED 
0 STOP SPINDLE MOTOR (OPTIONAL) 
1 START SPINDLE MOTOR (OPTIONAL) 
0 RESERVED 
1 RESERVED 
0 RESERVED 
1 RESERVED 
x RESERVED 

CONTROL COMMAND MODIFIER BITS 
TABLE 7 

DATA SJR(l3E OFFSET (0110): This optional command causes the 
offset the data strobe In the direction and amount specif led 
11-8 as shown below In Table 8: 

COMMAND MODIFIER BITS FUNCTION 

11 10 9 8 

0 0 0 0 RESTORE OFFSET TO 0 
0 0 () 1 RESTORE OFFSET TO 0 
0 0 1 0 EARLY OFFSET 1 
0 0 1 1 LATE OFFSET 1 
0 1 0 0 EARLY OFFSET 2 
0 1 0 1 LATE OFFSET 2 
0 1 1 0 EARLY OFFSET 3 
0 1 1 1 LATE OFFSET 3 
1 x x x RESERVED 

DATA STROBE COMMAND MODIFIER BITS 
TABLE 8 

drive to 
by BJts 

Seek or recal lbrate commands restore offsets to zero. Simultaneous 
Data Strobe and Track offsets are al lowed by use of multlple commands. 
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IRAO< OFFSET COlll); This optional command causes the drive to perform 
a track offset In the direction and amount specif led by Bits 11-8 as 
shown below In Table 9: 

COMMAND MODIFIER BITS FUNCTION 

11 10 • I 

0 0 0 0 RESTORE OFFSET TO 0 
0 0 0 1 RESTORE OFFSET TO 0 
0 0 1 0 POSITIVE OFFSET 1 
0 0 1 1 NEGATIVE OFFSET 1 
0 1 0 0 POSITIVE OFFSET 2 
0 1 0 1 NEGATIVE OFFSET 2 
0 1 1 0 POSITIVE OFFSET 3 
0 1 1 1 NEGATIVE OFFSET 3 
1 x x x RESERVED 

TRACK OFFSET COMMAND MODIFIER BITS 
TABLE 9 I E-121-1 

Seek and recal lbrate commands restore offsets to zero. Simultaneous 
Track and Data Strobe offsets are al lowed by use of multi pie commands. 

Drives that Implement only one value of offset, Data Strobe or 
Track, shall respond to unimplemented offset commands as a legal 
off set function. 

INITIATE DIAGNOSTICS ClOQQ); This optional command causes the drive to 
perform Internal dlagnostfcs. COMMAND COMPLETE Indicates the 
completion of the diagnostics. ATTENTION with COMMAND COMPLETE 
f ndfcates that a fault was encountered and status should be requested 
to determine the proper course of action. 

SET UNFORMATTED BYTES PER SECTOR ClOQJ); This optfonal command causes 
the drive to set the number of unformatted bytes per sector Indicated 
fn bfts 11-0 (ff Implemented). This command fs valfd only ff the drive 
Is conf lgured to be In the drive hard sectored mode. This command Is 
used only If the drive uses a settable counter for the number of bytes 
per sector and that counter Is control I able from the Interface. 

CODES 1010 THRU 1111: Codes reserved for future definition. 

REVISION D [ 16 J MAY 10, 1984 

I 



5.1.6 Transfer Request <Transfer Beq> 

This I Ina functions as a handshake signal In conjunction with TRANSFER 
ACK during command and conf lguratlon/status transfers. See Figures 
12A, page 12, and Figure 13, page 17 for timing. 

- TRANSFER ACK 

o---
1 ----' L 

0 ns MIN I 
1 

50 ns MIN I ~ ns MIN ... I 
10 ms MAX-I 10 ms MAX ...,-! 1o ms MAx& 

0 
1 

0 ns MIN/ JI ; 
• 10 ms MAX 

- TRANSFER REQ 

50 ns MtN-j 1- --l 1-0 ns MIN 

-CONFIGt-STATUS DATA 
1 
~r.,.,..~----V-A_L_IO------~----. 

REV IS ION D 

& EXCEPT ON LAST BIT 

ONE BIT TRANSFER TIMING - FROM DRIVE 
FIGURE13 
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5.1.7 Address Mark Enable 

lhls signal, when active with Write Gate, causes an Address Mark to be 
written. ADDRESS MARK ENABLE shall be active for 24 bit times. See 
Figure 14 for timing. lhe address mark written shal I be left to the 
drive manufacturer's discretion. 

ADDRESS MARK ENABLE, when active without WRITE GATE or READ GATE, 
causes a search for Address Marks. If WRITE GATE Is true, the low to 
high transition, or deassertlon, of this signal causes the drive to 
begin writing the ID PLO Sync f leld. See Figures 23, page 37, and 
Figure 25, page 40. 

lhls I lne must be permanently terminated In the drive. See f lgure 2. 

o------
-WRITE GATE 

o--------
-ADDRESS MARK ENABLE J I 

1 
1CJO n• MIN 1. 

& T1 = 24 BIT TIMES 

WRITE ADDRESS MARK TIMING 
FIGURE 14 

I 
.1 

E-123-0 I 

In f lxed sector drives, ADDRESS MARK ENABLE does not cause an Address 
Mark to be written on the media. lhe trail Ing edge of ADDRESS MARK 
ENABLE with WRITE GATE true Initiates the writing of the header PLO 
sync f lei d. 

REV IS ION D [ 18 J APRIL 18, 1984 
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5.2 eontrol Output Lines 

The output control sfgnals are drfven wfth an open collector output 
stage capable of sf nkf ng a maxrmum of 48mA at low level or true state 
wfth maxrmum voltage of 0.4V measured at the drfver. When the llne 
drfver rs Jn the hfgh level or false state, the driver transrstor rs 
off and collector leakage current rs a maxfmum of 250uA. 

Al I J1 output I fnes are enabled by thefr respectfve DRIVE SELECT 
decodes. 

Ff gure 2 shows the recommended cf rcurt. 

5.2.1 Drive Selected 

A status I lne provided at the J2/P2 connector to Inform the host 
system of the selection status of the drive. The DRIVE SELECTED If ne 
rs drfven by a Tll open collector drfver as shown Jn Ff gure 2. This 
sfgnal wf I I go active only when the drive rs selected as defined Jn 
section 5.1.1. (page 8). The DRIVE SELECT I Ines at J1/PI are actfvated 
by the host system. 

5.2.2 Ready 

Thfs sfgnal lndfcates that the spf ndle rs up to speed. This rnterface 
signal when true, together wfth COMMAND COMPLETE Indicates that the 
drive Is ready to read, write or, seek. When the I lne rs false, al I 
wrltf ng and seeking Is Inhibited. 

5.2.3 eontlguratlon/Status Data <eontlg/Status) 

The drive presents serial data on this I lne upon request fran the 
controller. See Figure 16 for typical operation. This conf lg-status 
serial data wf I I be presented to the Interface and transferred using 
the handshake protocol wfth slgnals TRANSFER REQ and TRANSFER AO<. 
See Ffgure 13. Once Initiated, 16 bfts plus parfty wf I I be transmitted 
MSB first. The parfty utf lfzed shal I be odd. 

· REV IS ION D 

MOST 
SIGNIFICANT 
BIT 

LEAST 
SIGNIFICANT 
BIT 

4 " I ,. I " I " I " I " I .1 .1, 1 .1 .1. I , I • I , I • I • ~ 
CONFIGURATION/STATUS DATA WORD STRUCTURE 

FIGURE 15 

[ 19 J 
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5.2.3.t eontfguratloo Response Bits 

In response to the REQUEST CX>NFIGURATION command (see section 5.1.5.1 
page 14) 16 bits of conf lguratlon Information Is returned to the 
control I er. 

If the command modlf ler bits C11-8) were 0000, the general 
conf lguratlon status Information shown below Is returned. 

BIT 
POSITION FUNCTION 

15 TAPE DRIVE 
14 FORMAT SPEED TOLERANCE GAP REQUIRED 
13 TRACK OFFSET OPTION AVAILABLE 
12 DATA STROBE OFFSET OPTION AVAILABLE 
11 ROTATIONAL SPEED TOLERANCE IS >0.5% 
10 TRANSFER RATE c.10MHz 
9 TRANSFER RATE >5MHz ::::10MHz 
8 TRANSFER RATE S5MHz 
7 REMOVABLE CARTRIDGE DRIVE 
6 FIXED DRIVE 
5 SPINDLE MOTOR CONTROL OPTION IMPLEMENTED 
4 HEAD SWITCH TIME >15µ5* 
3 ALL ENCODED (NOT MFM) 
2 CONTROLLER SOFT SECTORED (ADA MARK) 
1 DRIVE HARD SECTORED (SECTOR PULSES) 
0 CONTROLLER HARD SECTORED (BYTE CLOCK) 

*COMMAND COMPLETE MUST BE DEACTIVATED WITHIN 15µsec OF A HEAD 
CHANGE 

GENERAL CONFIGURATION RESPONSE BITS 
TABLE.10 

If other command modlffer bits were 
Information shown below Is returned 
with those modlf lers. 

used, the specific conf lguratfon 
for each CX>NFIGURATION command 

REVISION 0 

COMMAND MODIFIER BITS CONFIGURATION RESPONSE 
11 10 

0 0 
0 0 

0 0 

0 1 
0 1 
0 1 

0 1 

1 0 

1 0 

I 

9 8 
0 1 NUMBER OF CYLINDERS, FIXED 
1 0 NUMBER OF CYLINDERS, REMOVABLE (ZERO IF NOT REMOVABLE 

MEDIA DRIVE) 
1 1 NUMBER OF HEADS 

BITS 15-8: REMOVABLE DRIVE HEADS 
BITS 7-0: FIXED HEADS 

0 0 MINIMUM UNFORMATTED BYTES PER TRACK 
0 1 UNFORMATTED BYTES PER SECTOR (HARD SECTOR ONLY) 
1 0 SECTORS PER TRACK (DRIVE HARD SECTOR ONLY) 

BITS 15-8: SPARE 
BITS 7-0: SECTORS PER TRACK 

1 1 MINIMUM BYTES IN ISG FIELD (NOT INCLUDING INTERSECTOR SPEED 
TOLERANCE) 

BITS 15-8: ISG BYTES AFTER INDEX 
BITS 7-0: BYTES PER ISG 

0 0 MINIMUM BYTES PER PLO SYNC FIELD 
BITS 15-8: SPARE 
BITS 7-0: BYTES PER PLO SYNC FIELD 

0 1 NUMBER OF WORDS OF VENDOR UNIQUE STATUS AVAILABLE 
BITS 15-4: SPARE 
BITS 3-0: NUMBER OF VENDOR UNIQUE STATUS WORDS 

SPECIFIC CONFIGURATION RESPONSE BITS 
TABLE 11 
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5.2.3.2 Status Response Bits 

In response to the REQUEST STATUS command (See section 5.1.5.1, page 
14) 16 bits of status Information Is returned to the controller. 

Bits 15-12 of the status are defined as state bits which do not cause 
ATTENTION to be asserted. Bits 11-0 are fault or change of status 
bits that cause ATTENTION to be asserted. 

REV IS ION Dl 

BIT 
POSITION FUNCTION 

15 RESERVED 
14 REMOVABLE MEDIA NOT PRESENT 
13 WRITE PROTECTED, REMOVABLE MEDIA 
12 WRITE PROTECTED, FIXED MEDIA 
11 RESERVED 
10 RESERVED 
9 SPINDLE MOTOR STOPPED* 
8 POWER ON RESET CONDITIONS EXIST (RECONFIGURATION 

OR START SPINDLE MOTOR COMMAND MAY BE REQUIRED 
7 COMMAND DATA PARITY FAULT 
6 INTERFACE FAULT 
5 INVALID OR UNIMPLEMENTED COMMAND FAULT 
4 SEEK !=AULT 
3 WRITE GATE WITH TRACK OFFSET FAULT 
2 VENDOR UNICIUE STATUS AVAILABLE 
1 WRITE FAULT** 
0 REMOVABLE MEDIA CHANGED (REMOVABLE MEDlt\ 

HAS BEEN CHANGED SINCE LAST STATUS REQ) 
-------------··-------- ··--·-·---' 

*SPINDLE MOTOR IS STOPPED DUE TO PREVIOUS COMMAND TO STOP OR THE 
DRIVE IS IN POWER ON RESET CONDITION. 

**CONDITIONS THAT CAN CAUSE WRITE FAULT ARE: 

a. Write current in a head without WRITE GATE active or no write current with 
WRITE GATE active and the drive selected. 

b. Multiple heads selected, no head selected, or improperly selected with WAITE 
GATE active. 

c. WRITE GATE active to a write protected drive. 

d. Simultaneous activation of READ GATE and WRITE GATE. 

STANDARD STATUS RESPONSE BITS 
TABLE 12 
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& 

-TAANSFER REO. 
1FROM CONTROLLER1 

0 

1& INFORMATION BITS ~s ONE PARITY BIT I 
, I p,---~~-

-coMMAND DATA 
tFROM CONTROLLER, 

-TRANSFER ACK. 
!FROM DRIVEi 

-coNFIG-STATUS !Y<TA 0 
1FROM DRIVE1 

-ATTENTION 
tFROM DRIVEi 

I TRANSFER FROM CONTROLLER I I-- TO DRIVE -I-- TRANSFER FROM DRIVE TO THE CONTROLLER 

& COMMAND COMPLETE IS DEACTIVATED FOR ALL COMMANDS TO THE DRIVE. 

& COMMAND COMPLETE IS ACTIVATED TO SIGNIFY COMPLETION OF EXECUTION OF 
A COMMAND APPLICABLE FOR ALL COMMANDS. 

& COMMAND COMPLETE IS ACTIVATED TO SIGNIFY COMPLETION OF THE REQUESTED 
~ CONRGURATION/STATUS TRANSFER. 

£!.} APPLICABLE FOR AU REQUEST STATUS ANO CONFIGURATION COMMANDS. • 
IF AN ERROR WAS ENCOUNTERED DURING THE CURRENT COMMAND, ATTENTION MUST BE ACTIVATED AT 
LEAST 100 na BEFORE COMMAND COMPLETE IS ACTIVATED. 

TYPICAL SERIAL OPERATION(&) 
FIGURE 16 

E-128-0 I 
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5.2.4 Transfer Acknowledge <Transfer Ack) 

This signal functions as a handshake signal along with TRANSFER REQ 
during COMMAND and CONFIGURATION-STATIJS transfers. See Figures 12A and 
13. 

Attention 

This output Is asserted when the drfve wants the controller to request 
Its standard status. Generally, this Is a result of a fault condftlon 
or a change of status. Writing Is Inhibited when ATTENTION Is 
asserted. ATTENTION ls deactivated by the Reset Interface Attention 
command <section 5.1.5.1). 

5.2.6 ~ 

This pulse Is provided by the drive once each revolution to Indicate 
the beginning of a track. Normally, this signal Is high and makes the 
transition to low to Indicate INDEX. Only the transition at the 
leading edge of the pulse Is accurately controlled. The period CT> of 
this signal Is the reciprocal of the rotational speed, Figure 17. This 
signal Is available on the command cable J1/P1 <gated) and on the data 
cable J2/P2 Cungated). 

-1• --T--•1 o-----------u -INDEX LJ 
~ 1-0.SµsMIN 

500 µS MAX 

INDEX TIMING 
FIGURE 17 

5.2.7 Sector/Byte Clock/Address Mark Found 

E-129-0 I 

These three signals are mutually exclusive and therefore may share 
this I lne. The sfgnal that Is used Ts determined by the NRZ data 
transfer control Implementation. These signals are available on the 
command cable J1/P1 (gated) and on the data cable J2/P2 Cungated). One 
of these three signals must be Implemented by the drive manufacturer. 

REV IS ION D [ 23 J APR IL 1 8, 1 984 



ENHANCED SMALL DEV ICE INTERFACE 

5.2.7.1 Sector CDrfye Hard Sector> 

This optional Interface signal Indicates the start of a sector. No 
short sectors are allowed. The leading edge of the sector pulses Is 
the only edge that Is accurately control led. The Index pulse 
Indicates sector zero. See Figure 18. 

-INDEX 

-SECTOR 

REV IS ION D 

-I I- 0.5 µs MIN 
I I 500µ5 MAX 

0-------------------L_J 
I 

II I ,0.5 µ.S MIN 
500µ.S MAX 

I o-------u---:-----u 
LAST I LAST I SECTOR I SECTOR 
SECTOR-1 --1-sECTOR-f- 0 -f- 1 

SECTOR PULSE TIMING 
FIGURE 18 
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5.2.7.2 Byte Clock CControl fer Hard Sector) 

This signal occurs once per every eight Reference clock periods. Thfs 
signal Is provided for the controller to count the desired number of 
Byte Clocks to deter·mlne the sector size and beginning sector 
locations. The lnter-relatlonshlp of INDEX and BYTE Q.OCK Is shown Jn 
Figure 19. This signal Is continuously transmitted If the disk Is up 
to speed and the heads are positioned over the recording zone of the 
disk. This clock does not have a f fxed phase relationship to the 
recorded data. 

REV IS ION D 

-INDEX 
0 

-r T4 i-
---, I 

·1 
/ ,,.., -----1 .. __ .. r 

-fT3~ -IT1f-~2J-
-BYTE 0 CLOCK 

~ T4 ~ 
TO = DISK ROTATIONAL PERIOD= INVERSE OF DISK REVOLUTIONS PER SECOND 
T1 = (0.16) x (T4) TO (0.25) x (T4) 
T 2 = (0.25) x (T 4) TO (0.33) x (T 4) 
T3 = (0.40) x (T 4) TO (0.6) x (T 4) 
T 4 = 8 TIMES THE REFERENCE CLOCK PERIOD !n 
NOTE: TIMING IS NOMINAL AND MAY VARY DUE TO SPEED VARIATIONS. 

INDEX AND BYTE CLOCK RELATIONSHIP 
FIGURE 19 
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5.7.7.3 Address Mark Found (Controller Soft Sector) 

This signal Indicates the detection of the end of an address mark. See 
Figure 20 tor timing. 

HEAD SWITCH I 
WAITE GATE OFF 
COMMAND COMPLETE 

-ADDRESS MARK ENABLE 

-ADDRESS MARK FOUND 

ADDRESS 
MARK PLO SYNC 

i.+- 1 BYTE MAX 

-READ GATE ....,.0---------~ 

& T1 = 24 BIT TIMES MINIMUM. 

11::. LEADING EDGE INDICATES THE LOCATION OF THE END OF AN ADDRESS MARK. 

5.7.8 Command Complete 

READ ADDRESS MARK TIMING 
FIGURE 20 

A status I toe provided at the J2/P2 connector. This Is an ungated 
output from the drive which al lows the host to monitor the drlve's 
COMMAND COMPLETE status, during overlapped commands, without selecting 
the drive. This signal I lne wll I go false In the fol lowing cases: 

1. A cecal lbratlon sequence Is Initiated Cby drive logic) at power 
on, If the R/W heads ar~ not over track zero. 

2. Upon receipt of the first Command Data bit. COMMAND COMPLETE wll I 
stay false during the entire command sequence. 

3. Within 15 usec from a head select change If head selection time ls 
>15usec as Indicated In CONFIGURATION DATA. 

This signal ls driven by an open collector driver as shown In 
Figure 2. 
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5.3 Data Transfer Lines 

Al I lines associated with the transfer of data between the drive and 
the host system are differential In nature and may not be multiplexed. 
These I Ines are provided at the J2/P2 connectors on al I drives. 

Four pair of balanced signals are used for the transfer of data and 
clock :NRZ WRITE DATA, NRZ READ DATA, WRITE a.oa<, and READ/REFERENCE 
QOCK. Figure 3 II lustrates the recommended driver/receiver circuit. 

5.3.1 NBZ Write Pata 

This Is a dffferentfal pair that def Ines the data to be written on the 
track. This data wll I be clocked by the WRITE QOCK signal. See 
Figure 21 for timing. 

5.3.2 NBZ Bead Pata 

The data recovered by reading previously written Information ls 
transmitted to the host system via the differential pair of NRZ READ 
DATA I Ines. This data is clocked by the READ QOCK signal. See Figure 
21 for timing. These I Ines must be held at a zero level untf I PLO 
sync has been obtained and data rs val Id. 

5.3.3 Bead/Reference Clock 

The timing diagram as shown Jn Figure 21 depicts the necessary 
sequence of events Cwlth associated timing restrictions for proper I 
read/write operation of the drive). The REFERENCE QOCK slgnal from 
the drive wll I determine the data transfer rate. The transitions from 
REFERENCE QOCK to READ QOCK must be performed without gl Itches. Two 
missing clock cycles are permlsslble. 

Al I controllers which meet the ESDI specif lcatlon must be able to 
operate at a minimum of 10Mbits/second data transfer rate. 

5.3.4 Write Clock 

WRITE Q.OCK is provided by the controller and must be at the bit data 
rate. This clock frequency shall be dictated by the READ/REFERENCE 
QOCK during the write operation. See Figure 21 for timing. 

WRITE QOCK need not be continuously suppl led to the drive. WRITE 
QOCK should be suppl led before beginning a write operation and should 
last for the duration of the write operation. 
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1 
'REFERENCE CLOCK & 

0 

WRITE 
TIMING 

READ 
TIMING 

NOTES 

& 
& 
& 

& 
& 
£ 

0.5T ± 0.03T --l 

NAZ 
WRITE 
DATA 

WRITE 
CLOCK 0 

0 

0 

0 

0 NAZ 
READ o--------
DATA 

0 0 

~T,0.072T 
0.5T ± 0.24T -I 

0 0 0 0 

-1 1-T±O.H 

ALL TIMES IN ns MEASURED AT 110 CONNECTOR OF THE DRIVE. T IS THE PERIOD OF THE 
CLOCK SIGNALS AND IS THE INVERSE OF THE REFERENCE OR READ CLOCK FREQUENCY. 

I-& 

SIMILAR PERIOD SYMMETRY SHALL BE IN ± 4ns BETWEEN ANY TWO ADJACENT CYCLES DURING 
READING OR WRITING. 

EXCEPT DURING A HEAD CHANGE OR PLO SYNCHRONIZATION THE CLOCK VARIANCES FOR 
SPINDLE SPEED AND CIRCUIT TOLERANCES SHALL NOT VARY MORE THAN -5.5% to +5.0%. 
PHASE RELATIONSHIP BETWEEN REFERENCE CLOCK AND NAZ WRITE DATA OR WRITE CLOCK 
IS NOT DEFINED. 

TIMING APPLICABLE DURING READING OR WRITING. 

REFERENCE CLOCK IS VALID WHEN READ GATE IS INACTIVE. READ CLOCK IS VALID 
WHEN READ GATE IS ACTIVE AND PLO SYNCHRONIZATION HAS BEEN ESTABLISHED. 

SEE FIGURE 3 FOR DEFINITION OF 0 AND 1 ON THESE DIFFERENTIAL SIGNAL LINES. 

NAZ READ/WRITE DATA TIMINGS 
FIGURE 21 
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5.4 Read, Write, and Format Parameters 

5.4.1 General Summary of Crlttcal Bead-Function Timing Parameters 

Controller variations of the read timing are allowed ff the following 
drive-dependent parameters are met: 

a. Bead Initialization Time, 

A read operation may not be Initiated until 15 us fol low Ing a 
head change. Drives not able to meet 15 us must drop CX>MMAND 
COMPLETE upon a head switch. 

b. Read-Gate Timing 

Read Gate may not be enabled or true during a Write Spl Ice area 
<Read Gate must be deactivated one bit time minimum before a 
Write Spl Ice area and may be enabled one bit time minimum after a 
Write Spl Ice area.) 

c. Read Propagation Delf1¥ 

Data (read) at the Interface Is delayed by up to 9 bit times from 
the data recorded on the disk media. See specff lc drive product 
specification for exact value. 

d. Read Clock Timing 

REV IS ION D 

Read Clock and Read Data are val Id within the number of PLO sync 
f leld bytes specified by the drive conf lguratlon after Read 
Enable and a PLO sync f leld Is encountered The Interface 
Read/Reference Clock I rne may contain no transitions for up to 
two Reference Clock periods for transitions between reference and 
read clocks. The transition period wll I also be one-half of a 
Reference Clock period minimum with no shortened pulse widths. 

[ 29 J APR IL 18, 1964 



ENHANCED SMALL DEV ICE INTERFACE 

5.4.2 General Summary of Crltlcal Write-Function Parameters 

Controller timing variations In the record-update function are al lowed 
If the fol I owing drive-dependent write <and Interrelated read) timing 
parameters are met: 

a. Bead-tceWrlte Recoyery Time 

Assuming head selection Is stabll lzed, the time lapse fran 
deactivating Read Gate to actlvltlng Write Gate shal I be f Ive 
Reference Clock periods minimum. 

b. Write Clock-tceWrlte Gate Timing 

Write Clocks must precede Write Gate by a minimum of two and a 
half Reference Clock periods. 

c. Write Driver Plus Data-Encoder Turn-On Frgn Write Gate 

The write driver plus data-encoder turn-on time <write spl Ice 
width) Is between 3 and 7 Reference Clock periods. 

d. Write-Driver Turn-Ott frgn Write Gate 

To account for data-encoding delays, Write Gate must be held on 
for at least two byte times after the last bit of the Information 
to be recorded. 

e. Wrlte-tceRead Recoyery Time 

The time lapse before READ GATE or ADDRESS MARK ENJlBLE can be 
activated after deactivating the Write Gate Is 10us. 

f. Head Switching Time 

Write Gate must be deactivated at least 1 us before a head 
change. 

Write Gate may not be activated until 15 us after a head 
change or COMMAND COMPLETE Is true. 

g. Reference Clocks Val Id Time 

REV IS ION D 

The Read/Reference Clock r Ines w 11 I conta In va I Id Reference 
Clocks within two Reference Clock periods after the deactivation 
of Read Gate. Pulse widths wll I not be shortened during the 
transition time but clock transitions may not occur for up to two 
Reference Clock periods. 
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h. Read Clocks Val Id Time 

The Read/Reference Clock I fne wll I contain val Id Read clocks 
within two Clock periods after PLO synchronlzatlon Is 
establ I shed. Pulse widths wll I not be shortened during the 
REFERENCE Cl..00< to READ Cl..00< transition time, but missing clocks 
may occur for up to two clock periods. 

I. Write Propagation Delay 

REV IS ION D 

Write Data Received at the 1/0 connector wf I I be delayed by the 
Write Data Encoder by up to 8 bit times maximum prior to belng 
recorded on the medla. 
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5.4.3 fixed Sector lmp!ementat!on (Controller or Drive Hard Sectored) 

This section Is Included as an example of a f lxed sector format to 
give meaning to the def lnltlons given. 

5.4.3.1 Format Rules (fixed Sector) 

The record format on the disk Is under control of the controller. The 
Index pulse and BYTE Q.OCKS or INDEX and SECTOR pulses are available 
for use by the controller to Indicate the beginning of a track and 
al low the controller to def lne the beginning of a sector. A suggested 
format for fixed data records Is shown In Figure 22. 

The format presented In Figure 22 consists of four functional areas; 
lntersector Gap, Address, Data, and Format Speed Tolerance Gap. The 
Data area Is used to record the system's data flies. The Address area 
Is used to locate and verify the track and sector location on the Disk 
where the Data areas are to be recorded. This section refers to a 
SECTOR pulse which is generated Internal to the controller from the 
BYTE Q.OCK, or SECTOR pulses available from the drive to ease the 
format description. 

-INDEx71 I 
SEcTOR LJ 

FIXED SECTOR "N" IDENTICAL SECTORS 

SECTOR LJ 
A ,.&, __ _ 

ADDRESS AREA ---- --- DATA AREA ---------.,ottR--i 
& & 

ISG 

00 

PLO 
SYNC 

00 

BYTE 
SYNC ADDRESS 

PATIERN FIELD 
1 BYTE 

CYLINDER CYLINDER 
MSB LSB 

ADR 
ADR PAD 2 WRITE 

CHECK BYTES SPLICE 
BYTES 00 1 BYTE 

PLO 
SYNC 

00 

BYTE 
SYNC 

PATTERN 
1 BYTE 

& THESE AREAS ARE EXAMPLES ONLY AND MAY BE STRUCTURED TO SUIT INDIVIDUAL 
CUSTOMER REQUIREMENTS. 

& THE NUMBER OF CHECK BYTES IS USER DEFINED. 

& PLO SYNC FIELD AND ISG ARE AS REPORTED 11'< RESPONSE TO THE REQUEST 
CONFIGURATION COMMANDS. 

& ALL B'<TE NUMBERS INDICATED ARE MINIMUMS EXCEPT ADDRESS FIELD LENGTH. 

& FORMl\T SPEED TOLERANCE GA.P :s REQUIRED IF REFERENCE CLOCK IS NOT TIED TO ROTATIONAL SPEED. 
THE APPLICABILITY OF THIS GAP IS DEFINED IN THE CONFIGURATION DATA. 

REV IS ION D 

FIXED SECTOR FORMAT 
FIGURE 22 
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5.4.3.2 lntersector Gap (ISG) 

The mrnlmum lntersector Gap size ls determined from the conf Jguratfon 
data. The lntersector Gap provides a separation between each sector. 
The gap sfze Is chosen to provide for: 

a. Drive required write-to-read recovery time Cmfnlmum time 
between deassertlon of WRITE GATE and assertion of READ GATE). 

b. Drive requfred head swftchlng time. 

c. Control decision making time between sectors. 

d. Other drive required ISG times. 

e. Variations In detecting INDEX and SECTOR. 

5.4.3.3 Address Area 

The address area (figure 22) provides a positive Indication of the 
track and sector locations. The address area rs normally read by the 
controller and the address bytes verlf fed prior to a data area read or 
write. The address area rs normally only written by the controller 
during a format function and thereafter only read to provide a 
positive Indication of the sector location and establ Jsh the 
boundaries of the data area. The address area consists of the 
fol I°" Ing bytes. 

a. PL.O S¥nc Field 

These bytes are required by the drive to al IOt# the drlve's 
read-data phase-locked oscf I lator to become phase and 
frequency synchronized with the data bits recorded on the 
media. The controller should send OO•s during this time. 

b. B¥te S¥nc Pattern (one b¥te minimum) 

REV IS ION D 

This byte establ !shes byte synchronization (I.e. the abll lty 
to partition thf s ensuing serlal bit stream Into meaningful 
Information groupings, such as bytes) and fndlcates to the 
controller the begfnnlng of the address f leld Information. 
It Is recommended that the Byte Sync Pattern contain more 
than a single one bit tor a greater conf ldence level of 
detection. 
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c. Address field 

These bytes are user-def lned and Interpreted by the user's 
controller. A suggested format consists of f Ive bytes, 
which allows two bytes to define the cyllnder address, one 
byte to def lne the head address, one byte to define the 
sector address, and one byte to def lne flag status. 

d. APR O>eck Bytes - (Address Field Check Codes) 

An appropriate error-detection mechanism Is generated by the 
controller and appl led to the address for f Ile-Integrity 
purposes. These codes are written on the media during 
formatting. Data Integrity Is maintained by the controller 
recalculating and verifying the address-f leld check codes 
when the address f leld Is read. ADR check bytes are user 
def lned. 

e. APR Pad <two bytes minimum) - (Address Field Pad) 

REV IS ION D 

The Address Field Pad bytes must be written by the controller 
and are required by the drive to ensure proper recording and 
recovery of the last bits of the address-field check codes. 
These pad bytes should be oo•s 
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5.4.3.4 Data Area 

The Data Area (Figure 22) Is used to record data f felds. The contents 
of the data f lelds wlthfn the Data Area are specified by the host 
system. The remaining parts of the Data Area are specif led and 
Interpreted by the disk controller to recover the data f lelds and 
ensure their Integrity. The Data Area consists of: 

a. Write Spl Ice (one byte minimum) 

This byte area Is required by the drive to al low time for the 
write drivers to turn on and reach· recording ampl ltude sufficient 
to ensure data recovery. This byte should be al lowed for in the 
format and the controller should send 00's during this byte time. 

b. PL.O Sync bytes 

These bytes are required when reading to al low the drlve's 
phase-locked oscll later to become phase and frequency 
synchronized with the data bits recorded In the media. 
The controller should send OO's during these byte times. 

c. Byte Sync Pattern Cone byte minimum) 

This byte establ !shes byte synchronfzation and Indicates, to 
the controller, the beginning of the data f feld. It is 
recommended that this byte contain more than a single one 
b It. 

d. Data field 

The data f leld contains the host system's data ff les. 

e. Data Cbeck Bytes - (Data-Field Check Codes) 

The Data Check or Error Check Code bytes are generated by the 
controller and written on the media at the end of the Data 
Ffeld. Data fntegrlty fs malntafned by the controller 
recalculating and verifying the Data Field Check Codes or 
applying error correction algorlthyms If appl !cable when the 
Data Field Is read. The Data Check Field Is user def Tned. 

f. Data Pad <two bytes minimum) - <Data Field Pad) 

REV IS ION D 

The Data Field Pad bytes must be Issued by the controller and 
Is required by the drive to ensure proper recording and 
recovery of the last bits of the data f leld check codes. 
The controller should send OO's during these byte times. 
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5.4.3.5 Format Speed Tolerance Gap 

This gap Is required If bit 14 of the conf tguratlon respones flag 
Is activated. If this gap Is required, the size Is determined by 
the controller and Is: 

Unformatted sector length X .01 (ff configuration flag bit 
11 Is 0) 

or I 
Unformatted sector length X .02 (If configuration flag bit I 

11 Is 1) 

This gap, If required, should be between each sector. The byte 
pattern In this gap should be 00 1s. 

5.4.3.6 Fixed Sector, Address Mark, Write Gate, PLO Sync Format Timing 

This timing Is mainly to support drives that utilize unique 
encoding for PLO sync f lelds. The beginning of each PLO sync 
field must be specified by the controller. For compatabilfty with 
Controller Soft Sector mode of operation, the beginning of the 
Header PLO Sync Field wll I be specified by the trailing edge of 
the ADDRESS MARK ENABLE signal when WRITE GATE Is true. See 
Figure 23. 
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BYTE ADA ADA 
WRITE 

BYTE 
DATA 

DATA FORMAT 
PLO SYNC ADDRESS PAD PLO SYNC DATA PAD SPEED 

ISG SYNC PATIERN FIELD CHECK 2 SPLICE SYNC PATIERN FIELD CHECK 2 TOLERANCE ISG 

1 BYTE BYTES BYTES 1 BYTE 1 BYTE BYTES BYTES GAP 

)J -INDEX/ 
SECTOR 1 

SECTOR LJi ~ r-2BITSMIN 

-~=~~E l .. _________________ _.n & 
r-1 
I I 
I I 
I 

-ADDRE:stJ 
MARK 
ENABLE 1 

REV IS ION D 

TRAILING EDGE OF ADDRESS MARK ENABLE SIGNIFIES THE START OF HEADER PLO 
SYNC FIELD. DRIVE WILL NOT WRITE AN ADDRESS MARK ON THE DISK MEDIA. 

TRANSITION REQUIRED ONLY IF THE DISK IS READ AFTER A FORMAT AND PRIOR TO 
A DATA FIELD WRITE UPDATE. 

CONTROLLER MUST REINITIALIZE TIMING WITH EACH SECTOR PULSE (NEED NOT 
DEACTIVATE WRITE GATE). 

FIXED SECTOR ADDRESS MARK, WRITE GATE, PLO SYNC FORMAT TIMING 
FIGURE 23 

I 
LJ 

[ 37 J APR IL 18, 1984 



ENHANCED SMALL DEV ICE INTERFACE 

5.4.4 Address Mark Implementation (Controller Soft Sectored) 

This section Is Included as an example to give meaning to the 
def lnltlons given. 

5.4.4.1 Format Rules (Soft Sector) 

The purpose of a format Is to organize a data track Into smaller 
sequentially numbered blocks of data cal led sectors. 

5.4.4.2 Soft Sectored Format 

The format shown below Jn Figure 
commonly used for hard sectored 
minimum requirements. 

24 Is similar to the format 
disk drives and Indicates 

This format ls a soft sectored type of sector which means that 
the beginning of each sector Is def lned by an ID Address Mark 
fol lowed by a prewrltten Identification CID> field which contains 
the logical sector address plus cylinder and head Information. 
The ID f leld Is then fol lowed by a user suppl led data field. 

The def lnltlons of the functional areas shown Jn the soft 
sectored format are Identical to those described for the hard 
sectored format. There are some additional f lelds Jn this format 
and they are the Address Mark f leld, Address Mark Pad, and ISG 
speed tolerance gap. 

SOFT SECTOR ''N" IDENTICAL SECTORS 

l·&I ADDRESS AREA DATA AREA ·I & I 
& & 

ADDRESS PAD 
ISG MARK 1 BYTE 
00 3 BYTES 

REV IS ION D 

& & & && & && & & & &,& 
BYTE ADA BYTE 

PLO SYNC ADDRESS ADA PAD 2 WAITE PLO SYNC DATA 
SYNC 

00 
PATI'E~N AELD 
1 BYTE 

CYLINDER 
LSB 

CHECK BYTES 
00 

SPLICE SYNC PATTERN DATA CHECK 
1 BYTE 00 1 BYTE AELD BYTES 

& 6~~~i~~~A,.SE~~.fe'i:~:i~S ONLY ANO MAY BE STRUCTURED TO SUIT INDIVIDUAL 

& 
& 

THE NUMBER Of- CHECK BYTES IS USER DEFINED 

PLO SYNC FIELD AND ISG ARE AS REPORTED IN RESPONSE TO THE REQUEST 
CONFIGURATION COMMANDS 

& ALL BYTE NUMBERS IND•CATEO ARE MINIMUMS EXCEPT ADDRESS FIELD LENGTH 

& 6~~~~~A~~f~~~L~~ ~~~0~i ~RN~{~~g ~i ~~L~6'cfi-?i~~~~~$fJfNAf~~Vt~bON 
SYNC FIELD 

& ~g~~~lT~ci~E~ ~iii~A~~i ~~L:~::1~~1~~~ ~H~~~~;~cgE~~~~~ I~ NOT TiEO 
CONFIGURATION DATA 

SOFT SECTORED FORMAT 

FIGURE 24 
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5.4.4.3 Address Mark Field 

The address mark f leld ls a field 3 bytes long and Is found before the 
PLO sync f leld Jn the address area. The contents of this 3 byte f leld 
ls drive dependent and ls written by the drive when so commanded by 
WRITE GATE and ADDRESS MARK ENABLE active slmultaneously. 

Detection of Address Mark Indicates the location of the beginning of a 
sector. 

5.4.4.4 Address Mark Pad 

The Address Mark Pad byte fol lows the Address Mark f Jeld and Is to be 
considered a part of the PLO sync f leld. It's purpose Is to al low for 
READ GATE activation delays after detecting the ADDRESS MARK FOUND 
signal. 

5.4.4.5 lntersector Gap CISG) Speed Tolerance Gap 

The ISG Is Included Jn the format to al low for al I those items 
discussed In section 5.4.3.2. In addition ft must also account for 
intersector speed tolerance. 

There Is also an extended ISG at the end of the track. This gap Js 
written during a format and Is used as a f 11 ler and to al low for speed 
tolerances. This gap must extend from the end of the last sector on 
the track up to the leadf ng edge of Index. The number of bytes Jn this 
gap are not Included In the conf lguratfon data returned by the drive. 

5.4.4.6 Soft Sectored Address Mark, Write Gate, Pl..0 Svnc format Timing 

This timing Is mainly to support drives that utll lze unique encoding 
for PLO sync f lelds. The beginning of each PLO sync f leld must be 
specif led by the controller. The beginning of the header PLO sync 
f feld wll I be specif led by the tratl Ing edge of the ADDRESS MARK 
ENABLE signal when WRITE GATE Is true. See Figure 25. 
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·-
PAO BYTE ADA ADA WRITE BYTE 

DATA DATA FORMAT 
ADDRESS PLO SYNC ADDRESS PAD PLO SYNC DATA SPEED 

ISG 
MARK 

1 
SYNC PATIERN FIELD CHECK 

2 
SPLICE SYNC PATTERN FIELD CHECK PAD TOLERANCE ISG 

BYTE 1 BYTE BYTES 
BYTES 

1 BYTE 1 BYTE BYTES BYTES GAP 

0 
-INDEX 

1 

I l-2BITSMIN 

-WRITE 
GATE ~·~---------~~~-~~--~ A 

-ADOR·. ES~'· ~·l r MARK . 
ENABLE I .__ __ _. 

REV IS ION D 

/).. TRAILING EDGE OF ADDRESS MARK ENABLE SIGNIFIES THE START OF HEADER PLO 
~ SYNC FIELD. 

/'\. TRANSITION REQUIRED ONLY IF THE DISI< IS READ AFTER A FORMAT ANO PRIOR 
~ TO A DATA FIELD WRITE UPDATE. 

SOFT SECTOR AODRESS MARK, WRITE GATE, PLO SYNC FORMAT TIMING 

FIGURE25 
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5.5 Detect List Option 

This section describes a method of Including the drives defect list on 
the drive. Including the defect I 1st on the drive Is optional, 
however, If It Is to be Implemented, It must be Implemented as 
def lned below. 

The the defect I 1st should reside on Sector 0 of the maxfmum cyl lnder 
and repeated on the maximum cylinder minus 8. This al lows for 
redundancy should an error occur on the maximum cylinder. The sector 0 
of any surface wll I contain the defects for that surface. 

~e 2~gr~;;0:0~ ,;~e 2 d~;~es f ~~I ~bo(~\06" +(~~~ F+'~'f: ;~>: of th J s sector 

Defect locations are 5 bytes long and the bytes are def lned 
In Figure 26. 

The start of the actual defect may be off by up to 7 bits 
due to the one byte resolution. 

The end of the defect I fst for each surface wll I be 
indicated by 5 bytes of ones fn the defect location f leld or 
the end of the sector. 

The CRC check bytes should be used ff that capabf I tty exfsts 
but may be ignored ff multiple reads are a more desirable 
approach. 

Byte count Is the number of Bytes from INDEX. 
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F 

~ B~~~ PAO PLO SYNC 
G 

t----ums ·I B~ES le~Esl 

&BYTES 

& =1X''~X"•X'•1 
CYL • CYLINDER MAX 

0 •0. 1. . UP TO HEAD MAX 
SEC' 0 
FLAG'O 

MONTH DEFECT LOCATION DEFECT LOCATION DEFECT LOCATION DEFECT LOCATION 

01,. 01,. 82,. 00 00 

' l ' 12,. 31,. 

PLO SYNC FIELD ANO ISG ARE AS 
REPORTED IN RESPONSE TO THE 
REQUEST CONFIGURATION 
COMMANDS 

FORMAT ANO DEFECT LIST 
TO BE DUPLICATED AT MAX 
CYLINDER MINUS 8 

REV IS ION 02 

• ENO OF LISTING IS 1'I FILLED TO 
ENO OF DATA FIELD (5 BYTES 
OF 1'1 MINIMUM TO TERMINATE ) 
OR END OF SECTOR. 

BYTE COUNT FROM INDEX TO DEFINE START OF DEFECT. 
DEFECT (NOTE RESOLUTION IS WITHIN 7 BIT 
CELLS OF START OF FLAW) 

DEFECT LIST FORMAT 
FIGURE 26 

DEFECT LIST FORMAT 

f.lgure 26 
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6.0 PISK PRIVE IMPLEMENTATION -- STEP K)DE 

Thfs section descrfbes the Interface tines, herdwere, end Interface 
protocols necessary to Implement the STEP mode versfon of the ESDI. 
Pin assignments for connectors J1 end J2 ere shown In Figures 28 and I 
29 along with Tables 13 and 14. 

6.1 eontrol Input Lines 

The control fnput signals are of two types: those to be multiplexed rn 
a multiple drfve system and those fntended to do the multlplexfng. 
The control IBput sf gnals to ~e multf plexed e2e WRITE GATE, RE~ GATE, 
HEAD SELECT 2 , HEAD SELECT 2 , HEAD SELECT 2 , HEAD SELECT 2 , STEP 
and DIRECTION IN. The signals to do the multlplexfng are DRIVE SELECT 
1, DRIVE SELECT 2, and DRIVE SELECT 3. 

NOTE: Any lines not used should be terminated. 

6.1.1 Drive Select 

Any one of the DRIVE SELECT lfnes, when low, connects the 
approprfately optioned drive rnterface to the control I fnes. In thf s 
mode only 1 of 3 drives may be selected, one for eech DRIVE SELECT 
llne. See Figure 27. 

+5V 

1son 1son 1son 

-DRIVE SELECT 1 ---it--~t--~1-~D 

-DRIVE SELECT 2-~t---"4.,_----tD 

-DRIVE SELECT 3-----41-----...,.jo 

DRIVE 
SELECTED 

NOTE: TERMINATION RESISTORS 
ARE LOCATED IN 

REVISION 01 

LAST DRIVE ONLY 

& ILLUSTRATIVE EXAMPLE: 

DRIVE SELECT TERMINATION 

FIGURE 27 

[ 43 J 

E-139-0 

July 1, 1984 



REV IS ION 01 

ENHANCED SMALL DEV I~ INTERFA~ 

FLAT RIBBON OR 
CONTROLLER TWISTED PAIR 13 METERS MAX) DRIVE 

1-
-HEAD SELECT 211-CHANGE CARTRIDGE 

2 
3-

-HEAD SELECT 2' 4 

-WRITE GATE 
s-

6 
1-

-SEEK COMPLETE 
B 

s-
-TRACK 0000 

10 
11-

-WRITE FAULT 
12 

13-
-HEAD SELECT 2 

14 
1s-

-SECTOR·-BYTE CLOCK,-ADDRESS MARK FOUND 
16 

11- J1/P1 
-HEAD SELECT 2 

18 
19-

-INDEX 
20 

21-
-READY 

22 

-STEP 
23 .... 

24 

-DRIVE SELECT 1 
26 

25 .... 

-DRIVE SELECT 2 
21 ... 

28 

-DRIVE SELECT 3 
30 

29-

-READ GATE 
32 

31-< 

::- -DIRECTION IN 
34 

33~ 

CONTROL CABLE (J1/P1) SIGNALS 
(DISK IMPLEMENTATION - STEP MODE) 

FIGURE 28 

SIGNAL NAME 

-HEAD SELECT 23 /CHANGE CARTRIDGE 
-HEAD SELECT 22 
-WRITE GATE 
-SEEK COMPLETE 
-TRACK 0000 
-WRITE FAULT 
-HEAD SELECT 20 
-SECTOR-BYTE CLOCK-ADDRESS MARK FOUND 
-HEAD SELECT 21 
·INDEX 
- READY 
-STEP 
-DRIVE SELECT 1 
-DRIVE SELECT 2 
-DRIVE SELECT 3 
-READ GATE 
-DIRECTION IN 

SIGNAL GROUND 
PIN PIN 

2 I 
4 3 
6 5 
8 7 
10 9 
12 11 
14 13 
16 15 
18 17 
20 19 
22 21 
24 23 
26 25 

•28 27 
l3o 29 
l32 31 
:34 33 

CONTROL CABLE (J1/P1) PIN ASSIGNMENTS 
(DISK IMPLEMENTATION - STEP MODE) 

TABLE-13 
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CONTROLLER 

-::::--

ENHANCED SMALL DEV ICE INTERFACE 
FLAT RIBBON OR 
TWISTED PAIR (3 METERS MAX) 

-DRIVE SELECTED 

-SECTOR/-BYTE CLOCK/-ADDRESS MARK FOUND 

-SEEK COMPLETE 

-ADDRESS MARK ENABLE 

-WRITE PROTECTED 

+WRITE CLOCK 

-WRITE CLOCK 

-CARTRIDGE CHANGED 

+READ/REFERENCE CLOCK 

-READ/REFERENCE CLOCK 

+NAZ WRITE DATA 

-NAZ WRITE DATA 

+NAZ READ DATA 

-NAZ READ DATA 

-INDEX 

DATA CABLE (J2/P2) SIGNALS 
(DISK IMPLEMENTATION • STEP MODE) 

FIGURE 29 

DRIVE 

1 

2 
3 

4 

5 
6...., 

7 
8 

9 

10 

11 
12-1 

13 

14 
15~ 

16~ 

17 

18 
19~ 

20 

-:.::--

SIGNAL GROUND 
SIGNAL NAME 

-DRIVE SELECTED 

PIN PIN 

-SECTOR/-BYTE CLOCK/-ADDRESS MARK FOUND 

-SEEK COMPLETE 

-ADDRESS MARK ENABLE 

WRITE PROTECTEr 

+/-WRITE CLOCK 

-CARTRIDGE CHANGED 

+/-READ REF CLOCK 

+/-NAZ WRITE DATA 

+/-NAZ READ DATA 

-INDEX 

2 

3 

4 

5 

718 

9 

10/11 

13/14 

17/18 

20 

DATA CABLE (J2{P2) PIN ASSIGNMENTS 
(DISK IMPLEMENTATION - STEP MODE) · 

TABLE 14 
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6.1.2 Heod Select zO__z1_z2, nod 23 I CHAt(;E CARTRIDGE 

These four I Ines al low selection of each lndbvfdual read/ write head 
In a bf nary coded sequence. HEAD SELECT 2 Is the least sfgnlflcant 
ltne. Heads are numbered 0 through 15. When al I HEAD SELECT lines 
ere high Clnectlve>, head 0 wlll be selected. 

Head Select 23 has en alternate function for removeable cartridge 
drives. The CHANGE CARTRIDGE, when true, line causes the cartridge to 
spin down to al low removal. 

A 150 OHM resistor pack al lows for llne termination. 

6.1.3 Write Gate 

The active state of this signal, or low level, enables write data to 
be written on the disk. 

The hfgh to low transition of this signal creates a write splice and 
Initiates the writing of the PLO sync f leld by the drive. See Figures 
41 and 43. When formattfng, WRITE GATE should be deactivated for 2 bit 
times minimum between the address area and the data area to Identify 
to the drfve the beginning of the data PLO sync f teld. 

This tine shal I be protected from terminator power loss by 
Jmplementatlon of the circuit shown In Figure 30. 

REVISION D 

+5V 

& 
3.9K.n 

WRITE GATE 

A FMT OF THE TERMINATOR RESISTOR F11CK IN THE LAST DRIVE OF THE 
~ CWSY CHAIN. 

& PERMANENTLY LOCATED IN THE DRIVE. 

.& OR EQUIVALENT AllRT. 

WRITE GATE TERMINATION 
FIGURE 30 
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6.1.4 Read Gate 

The active state of this signal, or low level, enables data to be read 
from the disk. This signal should be activated only during a PLO sync 
f leld and at least 11 · bytes prior to the ID or Data Sync Bytes. Read 
gate must be deactivated when passing over a write spl Ice area. 

A 150 OHM resistor pack al lows for 1 lne termination. 

6.1.5 Direction In 

The DIRECTION IN signal def Ines the direction of motion of the R/W 
heads when the STEP I lne Is pulsed. An open circuit or high level 
def Ines the d I rectl on as "out" Cor toward the I ower cy I I nder numbers) 
and If a pulse rs applied to the STEP I lne, the R/W heads wlll move 
away fran the center of the disc. If this I lne rs a low level, the 
direction of motion rs defined as "In" and the R/W heads wlll move 
toward the center of the disc. A change In direction must meet the 
requirement shown In Figure 31. 

A 150 OHM resistor pack al lows for line termination. 

NOTE: DIRECTION must not change during a sequence of step pulses. 

REV IS ION D 

100ns MIN __., ...,__ 
I I 

- DIRECTION -e-2-2-2-z-2-J I 

- STEP -------1 f-

DIRECTION IN/STEP TIMING 
FIGURE 31 
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6 • I • 6 .S:1:iU2 

Thfs Interface lfne rs a control sfgnal whJch causes the Read/Wrrte 
heads to move r n the d I rect r on of mot f on de tr ned by the DIRECT I ON IN 
L J ne. 

See Ffgure 32 for slow seek step pulse timing. Any change fn the 
DIRECTION I rne must be made at least 100 nsec before the lead Ing edge 
of the f lrst step pu1se. (See Figure 31). 

When utll fzlng Buffered seeks, see figure 33 for pulse timing. 

A 150 ohm resistor pack al lows for I lne termination. 

-sTEP~I .. _ ... r 
-I l-211S MIN 

1011s MAX 
l-3msMIN-I 

--STEP 

SLOW SEEK STEP PULSE TIMING 
FIGURE 32 

--1 0----1 
1 

2µs MIN 
,--10µs MAX 

I 
I 4µs MIN I 
~OOµsMA~ 

BUFFERED SEEK STEP PULSE TIMING 
FIGURE 33 
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6.1.7 Address Mark Enable 

This optlonal slgnal, when active with Write Gate, causes an Address 
Mark to be written. ADDRESS MARK ENIBLE shall be active for 24 bit 
times. See Figure 34 for timing. The address mark written shall be 
left to the drive manufacturer's discretion. 

ADDRESS MARK ENISLE, when active without WRITE GATE or READ GATE, 
causes a search for Address Marks. 

If WRITE GATE Is true, the LO to HI transition, or deassertlon, of 
this slgnal causes the drive to begin writing the ID PLO sync f leld. 
See Figures 41 and 43. 

This I lne must be permanently terminated In the drive. See f lgure 2. 

-WRITE GATE 
0---1 

I 
0---------------. 

-ADDRESS MARK ENABLE j I 
1 

100 ns MIN 1. r, 

& Ti= 24 BIT TIMES 

REV IS ION D 

WRITE ADDRESS MARK TIMING 
FIGURE 34 
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6.2 Control Oytput Lines 

The output control sfgnals are driven with an open collector output 
stage capable of sinking a maxtmum of 48mA at low level or true state 
with maximum voltage of 0.4V measured at the dr.fver. When the I foe 
driver fs In the high level or false state, the driver transistor fs 
off and collector leakage current Is a maximum of 250uA. 

Al I J 1 output 
I I ne. 

I Ines are enab I ed by 

Figure 2 shows the recommended circuit. 

6.2.1 Drive Selected 

their respective DRIVE SELECT • 

This status I foe provided Is at the J2/P2 connector to Inform the host 
system of the selection status of the drfve. 

The DRIVE SELECTED I lne Is driven by a T1l open collector driver as 
shown In Figure 2. This signal wll I go active only when the drive fs 
programmed as drive 1,2,or 3 by the drive. The DRIVE SELECT I foes at 
J1/PI are activated by the host system. 

6.2.2 Ready 

This sfgnal Indicates that the spindle Js up to speed. This Interface 
signal when true together with SEEK COMA..ETE Indicates that the drive 
fs ready to read, write or seek. When the lfne ts false, al I writing 
and seeking Is Inhibited. 

6.2.3 Seek Complete 

This Interface lfne Indicates the status of the last seek command. 
This 1 lne wfl I go to a low level or true state when the Read/Write 
heads have settled on the f lnal track at the end of a seek. Readfng 
or writing should not be attempted when SEEK COMA..ETE Is false. 

SEEK COMA..ETE wf I I go false In the fol low Ing cases: 

1> A recal fbratfon sequence ls Inf ti ated Cby drive logic) at 
power on, If the R/W heads are not over track zero. 

2) 100 Msec (max) after the leadlng edge of a step pulse or 
series of step pulses. 
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6.2.4 Track 0000 

This Interface signal Indicates a low level or true state only when 
the drfve's Read/Write heads are positioned at cylinder zero (the 
outermost data track). 

6.2.5 Write fay!t 

This signal Is used to Indicate a condition at the drive that may 
cause Improper writing on the disk. When this I lne Is a low level or 
true, further writing Is Inhibited at the drive until the condition Is 
corrected. 

The conditions that are detected are vendor unique. 

Recommended examples of detected conditions: 

a) Write current In a head without WRITE GATE active or no 
write current with WRITE GATE active and DRIVE SELECTED. 

b) Multiple heads selected, no head selected, or Improperly 
selected when WRITE GATE Is activated. 

c) Head not property pqsltloned over track (off-track 
condition detected) with write gate active. 

d) WRITE GATE active to a wrl.te protected drive. 

e) Simultaneous activation of READ GATE and WRITE GATE. 

Write fault can be reset. via the Interface by deselect and reselect. 
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6.2.6 Index 

Thfs pulse ls provided by the drive once each revolutlon to fndlcate 
the beginning of a track. Normally, thfs signal ts high and makes the 
transition to low to Indicate INDEX. Only the transftlon at the 
leading edge of the pulse Is accurately control led. The perfod CT> of 
this slgnal Is the reciprocal of the rotational speed, Figure 35. This 
signal Is available on the command cable J1/P1 (gated) and on the data 
cable J2/P2 Cungated). 

- INDEX o-----.u 
I I 0 5 µS MIN 

-j t-- 500 us MAX 

INDEX TIMING 
FIGURE 35 

I E P9-0 l 

6.2.7 Sector/Byte Clock/Address Mark Found 

These three signals are mutually exclusive and therefore may share 
th Is I I ne. The s I gna I th at Is used Is de term I ned by the NRZ da'ta 
transfer control Implementation. These signals are avaf lable on the 
command cable J1/P1 (gated) and on the data cable J2/P2 Cungated). One 
of these three signals must be Implemented by the drive manufacturer. 

6.2.7.1 Sector 

Th Is optJ onal Interface sl gna I Indicates the presence of a sector 
short sectors are al lowed. The leading edge of the sector pulses Is 
the only edge that Is accurately control led. The index pul~m 
Indicates sector zero. See Figure 36. 

-INDEX 

-SECTOR 

REV IS ION D 

--j 1-0SµsMIN I 500 µS 'v!AX o--___,;u 
o-u 

I 
I 
I I I OSµsMIN 

500 µS MAX 
I 

: LJ 
LAST I l AST I SECTOR I SECTOR 
SECTOR-t ---+SECTOR-1- 0 --+- 1 

SECTOR PULSE TIMING 
FIGURE 36 
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6.2.7.2 Byte Clock 

lhls signal occurs once per every eight Reference clock periods. lhts 
signal Is provtded for the controller to count the desired number of 
Byte Clocks to determine the sector size and beginning sector 
locations. lhe lnter-relatlonshlp of INDEX and BYTE QOO< Is shown In 
Figure 37. lhls signal Is conttnuously transmitted If the disk Is up 
to speed and the heads are positioned over the recording zone of the 
disk. This clock does not have a f lxed phase relatlonshlp to the 
recorded data. 

REVISION 0 

To 

-INDEX 

-r T4 i­o----, I 
· 1 ,,,.., ----:1 ___ r 

~T1J-"4r2~ 
-BYTE O 

CLOCK 1 

-I T4 

To =DISK ROTATIONAL PERIOD= INVERSE OF DISK REVOLUTIONS PER SECOND 
T 1 = (0.16) x (T 4) TO (0.25) x (T 4) 
T 2 = (0.25) x (T4) TO (0.33) x (T 4) 
T3 = (0.40) x (T 4) TO (0.6) x (T 4) 
T 4 = 8 TIMES THE REFERENCE CLOCK PERIOD (1) · 

NOTE: TIMING IS NOMINAL AND MAY VARY DUE ·To SPEED VARIATIONS. 

INDEX AND BYTE CLOCK RELATIONSHIP 
FIGURE 37 
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6.2.7.3 Address Mark found 

This sfgnal fndfcates that an address mark has been detected. See 
Figure 38 for tlmf ng. 

l->lSus-11 1-~;'"111~~sn~l~AX 
- ADDRESS MARK ENABLE 0 . I Cl 

L_T,_&_, ___ 17 ) I 
HEAD SWITCH I 
WRITE GATE OFF 
COMMAND COMPLETE 

&j . '4.--­-ADDRESS MARK FOUND O 

-READ GATE 

ADDRESS 
MARK 

rj 
I' PLO SYNC 

& TJ 24 BIT TIMES MINIMUM. 

~ LEADING EDGE INDICATES THE LOCATION OF THE END OF AN ADDRESS MARK. 

6.2.8 Write Protected 

READ ADDRESS MARK TIMING 
FIGURE 38 

This fs an optional signal. When true, It Is an Indication that the 
drive Is write protected and writing should not be attempted. 

6.2.9 Cartridge Cbanged 

This ts an optional signal. When true during selection, It Indicates 
that the cartridge has been changed. 
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6.3 Data Transfer Lines 

Al I I Ines associated with the transfer of data between the drive and 
the host system are dlfferentlal In nature and may not be multlplexed. 
These I Ines are provided at the J2/P2 connectors on all drives. 

Four pair of balanced slgnals are used for the transfer of data and 
clock :NRZ WRITE DATA , NRZ READ DATA, WRITE Q.OCK, and READ/REFERENCE 
Q.OCK. Figure 3 II lustrates the recommended driver/receiver circuit. 

6.3.1 NBZ Write Data 

This Is a dlfferentlal pair that def Ines the data to be written on the 
track. This data wll I be clocked by the WRITE Q.OCK signal. See 
Figure 39 for timing. 

6.3.2 NBZ Bead Data 

The data .recovered by reading a pre-recorded track Is transmitted to 
the host system via the dtfferentlal pair of NRZ READ DATA I Ines. This 
data Is clocked by the READ Q.OCK slgnal. See Figure 39 for timing. 
These I Ines must be held at a zero level until PLO sync has been 
obtained and data Is valid. 

6.3.3 Read/Reference Clock 

The timing diagram as. shown In Figure 39 depicts the necessary 
sequence of events (with associated timing restrictions for proper 
read/write operation of the drive). Drive capabllltles wlll determine 
the actual rate of data transfer range. The transitions from 
REFERENCE Q.OCK to READ Q.OCK must be performed w lthout gl Itches. Two 
missing clock cycles are permlsslble. 

Al I controllers which meet the ESDI specification must be able to 
operate at a minimum of 10 Mblts/second data transfer rate. 

6.3.4 Write Clock 

WRITE Q.OCK Is provided by the controller and must be at the bit data 
rate. This clock frequency shall be dictated by the READ/REFERENCE 
Q.OCK during the write operation. See Figure 39 for timing. 

WRITE Q.OCK need not be contlnuously suppl led to the drive. WRITE 
Q.OCK should be suppl led before beginning a write operation and should 
last for the duration of the write operation. 
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0.5T ± 0.03T --l 

WRITE 
TIMING 

READ 
TIMING 

NOTES 

~~ZE 0 ___ o ___ o ____ o__.I 1 I o I 
--l \I-0.5T ± 0.3T 

WRITE 
CLOCK .O 

READ 
CLOCK 

~T>0.072T 

I 0 0 

0.5T ± 0.24T -I I-& 

8±6ns-JI-& 1-0.5T ± 0.05T 

0 0 0 0 0 0 NRZ 
READ o--------
DATA 1--T± o.1T 

ALL TIMES IN ns MEASURED AT 1/0 CONNECTOR OF THE DRIVE. T IS THE PERIOD OF THE 
CLOCK SIGNALS AND IS THE INVERSE OF THE REFERENCE OR READ CLOCK FREQUENCY. 

SIMILAR PERIOD SYMMETRY SHALL BE IN ± 4ns BETWEEN ANY TWO ADJACENT CYCLES DURING 
READING OR WRITING. 

EXCEPT DURING A HEAD CHANGE OR PLO SYNCHRONIZATION THE CLOCK VARIANCES FOR 
SPINDLE SPEED AND CIRCUIT TOLERANCES SHALL NOT VARY MORE THAN -5.50/o to +5.0%. 
PHASE RELATIONSHIP BETWEEN REFERENCE CLOCK AND NRZ WRITE DATA OR WRITE CLOCK 
IS NOT DEFINED. 

& TIMING APPLICABLE DURING READING OR WRITING. 

& REFERENCE CLOCK IS VALID WHEN READ GATE IS INACTIVE. READ CLOCK IS VALID 
WHEN READ GATE IS ACTIVE AND PLO SYNCHRONIZATION HAS BEEN ESTABLISHED. 

£ SEE FIGURE 3 FOR DEFINITION OF 0 AND 1 ON THESE DIFFERENTIAL SIGNAL LINES. 

REV IS ION D 

NRZ READ/WRITE DATA TIMINGS 
FIGURE 39 
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6.4 Read. Write. and format Parameters 

6.4.1 General Sunvnary pf Critical Read-Eynctlpn Timing Parometers 

Controller varratlons of the read tfmlng are allowed If the fol lowing 
drive-dependent parameters are met: 

a. Read lnltlallzatlpn Time. 

A read operation may not be fnltlated until 15 us following a 
head change. Drrves not able to meet 15 us must drop seek 
complete upon a head switch. 

b. Read-Gate Timing 

Requestfng the drlve to establlsh blt synchronrzatlon CT.e., 
enabllng Read Gate> for the address area should be done no 
earller than 80 .:L.4 blts after the leadtng edge of a Sector 
(Index> pulse and at least 11 bytes prlor to the address f feld 
sync pattern unless otherwise speclf led. 

Read Gate may not be enabled or true durlng a Wrlte Spl lee area 
<Read Gate must be deactrvated one blt time mlnlmum before a 
Write Splice area and may be enabled one blt trme minimum after a 
Write Splice area.> 

c. Read Propagation Delay 

Data <Read) at the Interface Is delayed by up to 9 bit times from I 
the data recorded on the disk media. See specif le drive product 
specification for exact value. 

d. Read C!pck Timing 

Read Clock and Read Data are val Id within 11 bytes after Read 
Enable and a PLO sync f leld unless otherwise speclf led. 

e. The Interface Read/Reference Clock line may contain no 
transrtrons for up to two Reference Clock periods for transltlons 
between reference and read clocks. The transition perlod wll I 
also be one-half of a Reference Clock period minimum with no 
shortened pulse widths. 
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6.4.2 General Summary of Q-!tlca! Write-Function Timing Parameters 

Controller timing variations In the record-update function ere al lowed 
If the fol lowing drive-dependent write Cend Interrelated read) tlmlng 
par!ll'leters ere met: 

a. Read-to-Write Recovery Time 

Assuming head selection Is stabll lzed, the time lepse fran 
deactlvattng Read Gate to activating Write Gate shal I be five 
Reference Clock periods minimum. 

b. Write Clock-to-Write Gate Timing 

Write Clocks must precede Write Gate by a minimum of two and a 
half Reference Clock periods. 

c. Write Driver Plus Pata-Encoder Turn-On frQIJ Write Gate 

The write driver plus data-encoder turn-on time (write spl Ice 
width) ls up to 7 Reference Clock periods. 

d. Write-Driver Turn-Off frgn Write Gate 

To account for data-encodlng delays, Write Gate must be held on 
for at least two byte times after the last bit of the Information 
to be recorded. 

e. Wr I te-to-Read Recovery Tl me 

The time lapse before Read Gate can be activated after 
deactivating the Write Gate ts 10 us. 

f. Head Switching Time 

Write Gate must be deactivated at least 1 us before a head 
change. 

Write Gate may not be activated until 15 us after a head change 
command ts received by the Drfve. 

g. Reference Clocks Val Id Time 

REV IS ION 0 

The Read/Reference Clock I Ines wll I contain valid Reference 
Clocks wtthln two Reference Clock periods after the deacttvatJon 
of Read Gate. Pulse wJdths wll I not be shortened during the 
transition time but clock transitions may not occur for up to two 
Reference Clock periods. 
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h. Bead Clocks Val Id Time 

The Read/Reference Clock I fne wf I I contafn val Id Read clocks 
within two Clock periods after F\.O synchronization Is 
establ I shed. Pulse widths wf I I not be shortened during thfs 
transition time, but mfssf ng clocks may occur for up to two clock 
periods. 

I. We I te Propagatl on De I a¥ 

REV IS ION D 

Write Data Received at the 1/0 connector will be delayed by the 
Write Data Encoder by up to 8 bit times prior to being recorded 
on the med I a. 
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6.4.3 Fixed Sector lmplementatlon <Controller or drive hard sectored) 

This section Is Included as an example of a fixed sector format to 
give meaning to the def Jnltlons given. 

6.4.3.1 Format Rules (fixed Sector) 

The record format on the disk Is under control of the controller. The 
INDEX pulse and BYTE Q.OCKS or INDEX and SECTOR pulses are avaf lable 
for use by the controller to Indicate the beginning, of a track and 
al low the controller to def lne the beginning of a sector. A suggested 
format for f Jxed length data records Is shown In Figure 40. 

The format presented ·rn Figure 40 consists of three functronal areas; 
lntersector Gap, Address and Data. The Data area rs used to record 
the system's data flies. The Address area rs used to locate and 
verify the track and sector location on the Disk where the Data areas 
are to be recorded. This section refers to a SECTOR pulse which Is 
generated Internal to the controller from the BYTE Q.OCK, or SECTOR 
pulses avaf lable from the drive to ease the format description. 

FIXED SECTOR: "N" IDENTICAL SECTORS 

-IND~ 
-SECTOR 

-SECTOR Lr 
12 

I !IYTE~ I· ADDRESS AREA l DATA AREA 

& & & && & & & & 
PLO BYTE ADR PLO BYTE 

ISG SYNC SYNC AOR PAD2 WRITE SYNC SYNC 
16BYTES 11 BYTES PATIERN ADDRESS CHECK BYTES SPLICE 11 BYTES PATIERN 

00 00 t BYTE FIELD BYTES 00 1 BYTE 00 1 BYTE 

L ~ 
CYLINDER CYLINDER HEAD SECTOR FLAG STATUS 

MSB LSB 

THESE AREAS ARE EXAMPLES ONLY AND MAY BE STRUCTURED TO SUIT INDIVIDUAL 
CUSTOMER REQUIREMENTS. 

THE NUMBER OF CHECK BYTES IS USER DEFINED. 

PLO SYNC FIELD IS.\ 11 BYTES. 

ALL BYTE NUMBERS INDICATED ARE MINIMUMS EXCEPT ADDRESS FIELD LENGTH. 

FORMAT SPEED TOLERANCE GAP IS REQUIRED IF REFERENCE CLOCK IS NOT TIED 
TO ROTATIONAL SPEED. 

REV IS ION D 

FIXED SECTOR FORMAT (STEP MODE) 
FIGURE40 

[ 60 J 

& 
DATA 
FIELD 

4 

.. 1:YTE~I 

&& & £ 
DATA FORMAT ISG 

DATA PAD 2 SPEED 
CHECK BYTES troLERANCE 16BYTES 
BYTES 00 GAPOO 00 

E-154-0 I 
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6.4.3.2 lntecsector Gap CISG> 

The lntersector Gap Is 16 bytes long and Is oriented to begin four 
bytes before a Sector <Index> pulse and 12 bytes after a Sector 
<Index) pulse. This gap sfze was chosen for the followlng reasons: 

a. It satlsf les the drive-required write-to read recovery time 
Cl.e., minimum time between the deactivation of Write Enable 
to the activation of Read Enable); 

b. Drive required head switching time. 

c. It allows for controller decision making time between 
sectors. 

d. Other drive required ISG times. 

6.4.3.3 Address Acea 

The address area (Figure 40) provides a positive indication of the 
track and sector locations. The address area is normally read by the 
controller and the address bytes verified prior to a data area read or 
write. The address area Is normally only written by the controller 
during a format function and thereafter only read to provide a 
positive Indication of the sector locatlon and establ lsh the 
boundaries of the data area. The address area consists of the 
fol I ow Ing bytes. 

a. 8_0 5¥nc Cll bytes minimum ) 

These bytes are required by the drive to al low the drive's 
read-data phase-locked oscillator to become phase and 
frequency synchronized with the data bits recorded on the 
media. The byte pattern sent to the drive during this time 
should be 00' s. 

b. Byte Sync Pattern Cone byte minimum) 

REV IS ION 0 

This byte establishes byte synchronization Cl.e. the abil lty 
to partition this ensuing serial bit stream Into meaningful 
information groupings, such as bytes) and indicates to the 
controller the beginning of the address fleld information. 
It is recommended that the Byte Sync Pattern contain more 
than a sTngle one bit for a greater conf ldence level of · 
detectf on. 
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c. 6ddress fleld 

These bytes are user-def lned and Interpreted by the user's 
controller. A suggested format consists of f Ive bytes, 
which al lows one byte to def lne flag status bits or loglcal 
unit number, tifo bytes to define the cylfnder address, one 
byte to def lne the head address and one byte to def lne the 
sector address. · 

d. APR Check Bytes - (Address Eleld Check eodes> 

An appropriate error-detection mechanism Is generated by the 
controller and appl led to the address for fl le-Integrity 
purposes. These codes are written on the media during 
formatting. Data Integrity Is maintained by the controller 
recalculatlng and verifying the address-f leld check codes 
when the address f feld Is read. ADR check bytes are user 
def Jned. 

e. APR Pad <two bytes minimum) - (Address Field Pad) 

REVISION D 

The Address Fleld Pad bytes must be written by the controller 
and are required by the drive to ensure proper recording and 
recovery of the last bits of the address-fleld check codes. 
These bytes should be oo•s. 
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6.4.3.4 Data Area 

The Data Area CFfgure 40) fs used to record dat8 f felds. The 
contents of the data f lelds wfthln the Data Area are specif led by 
the host system. The remafnlng parts of the Data Area are 
specif led and Interpreted by the disk controller to recover the 
data fields and ensure their Integrity. The Data Area consists 
Of: 

a. Write Sp! Ice (one byte mlnlmym) 

This byte area Is required by the drive to al low tlme for the 
write drivers to turn on and reach recording ampl ftude 
suff lclent to ensure data recovery. Thfs byte should be 
al lowed for In the format and the controller should send OO's 
during this byte time. 

b. PL.O 5¥nc Cll bytes mlnlmym) 

These bytes are required when reading to al low the drlve's 
phase-locked oscll lator to become phase and frequency 
synchronized with the data bits recorded In the media. The 
controller should send oo•s during these byte times. 

c. Byte Sync Pattern Cone byte mlnlmym) 

This byte establ !shes byte synchronization and indicates, to 
the controller, the begfnnlng of the data field. It Is 
recommended that thfs byte contafn more than a single one 
bf t. 

d. Pata Field 

The data ffeld contains the host system's data ff les. 

e. Pata Check Bytes - CData-Fte!d Check Codes) 

The Data Check bytes are generated by the controller and 
written on the medf a with the Data ffeld. Data Integrity ts 
maf ntalned by the controller recalculatlng and verifying the 
Data Ff eld Check Codes when the Data Field Is read. Data 
Check Fleld Is user def lned. 

f. Pata Pad <two bytes mlnlmym) - (Data Fleld Pad) 

REV IS ION D 

The Data Field Pad bytes must be Issued by the controller and 
is required by the drive to ensure proper recording and 
recovery of the last bits of the data f leld check codes. 
The controller should send 00 1s during these byte times. 
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6.4.3.5 Format Speed Tolerance Gap 

This gap Is required In drives where the REFERENCE CLOO< Is not 
tied to the rotational speed. The size of this gap Is determined 
by the controller and Is: 

Sector length X .01 If speed tolerance of the drive Is ,i0.5% 
or 

Sector length X .02 If speed tolerance of the drive Is ~0.5% 

6.4.3.6 Fixed Sector Address Mark. Write Gate, PLO Sync Format Timing 

This timing Is mainly to support drives that utf I fze unique 
encoding for PLO Sync Fields. The beginning of each PLO sync 
field must be specified by the controller. For canpatabf lfty with 
controllers using soft sectored mode of operation, the beginning 
of the header PLO Sync Ff e Id w f 11 be spec If fed by the traf If ng 
edge of ADDRESS MARK ENABLE with WRITE GATE true. See Figure 41. 
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MARK 
ENABLE 1 
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BYTE 
PLO SYNC 

SYNC PATTERN 
1 BYTE 
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ADA ADA 
WRITE 

BYTE 
DATA 

DATA FORMAT 
ADDRESS PAD PLO SYNC DATA PAD SPEED 

FIELD CHECK 2 SPLICE SYNC PATTERN FIELD CHECK 2 TOLERANCE ISG 
BYTES BYTES 1 BYTE 1 BYTE BYTES BYTES GAP 

I 
SECTOR Ln 

TRAILING EDGE OF ADDRESS MARK ENABLE SIGNIFIES THE START OF HEADER PLO 
SYNC FIELD. DRIVE WILL NOT WRITE AN ADDRESS MARK ON THE DISK MEDIA. 

TRANSITION REQUIRED ONLY IF THE DISK IS READ AFTER A FORMAT AND PRIOR TO 
A DATA FIELD WRITE UPDATE. 

CONTROLLER MUST REINITIALIZE TIMING WITH EACH SECTOR PULSE (NEED NOT 
DEACTIVATE WRITE GATEJ. 

. FIXED SECTOR AODRUI MARK, WRm GATE, PLO IYNC FORMAT TIMING 
FIGURE41 

h ,.., 
~11 

I I 
I 

I 
Li 

E-155-0 
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6.4.4 Address Mark Implementation (Controller Soft Sectored) 

This section Is Included as an example to give meaning to the 
def fnftfons given. 

6.4.4.1 Format Rules CSoft Sector> 

The purpose of a format Is to organize a data track Into smaller 
sequentially numbered blocks of data called sectors. 

6.4.4.2 Soft Sectored Format 

- INDEX. 

12 

The format shown below In Figure 42 Is similar to the format 
commonly used on hard sectored disk drives and Indicates minimum 
requirements. 

This format Is a soft sectored type of sector which means that 
the beginning of each sector Is def lned by an Address Mark 
fol lowed by a prewrltten Identification (10) fleld which contains 
the loglcal sector address plus cyl lnder and head Information. 
The ID fleld Is then followed by a user suppl led data fleld. 

The def lnltlons af the functional areas shown In the soft 
sectored format are ldentlcal to those described for the hard 
sectored format. There are three addltlonal f lelds In this 
format; the Address Mark f leld, Address Mark pad, and ISG Speed 
Tolerance Gap. 

SOFT SECTOR: "N" IDENTICAL SECTORS 

i'•r""-~ ... 1-• ------ADDllESSAllEA --------..------

& & & &&& & & & & 
PLO BY'IE ADR PLO BYTE DATA FORMAT 

ISG ADDRESS MO SYNC SYNC ADDRESS ADA PAD 2 WAITE SYNC SYNC DATA PAD 2 SPEED ISG 
16 BYTES MARK 1 BYTE 11 BYTES PATTERN F1ELD CHECK BYTES SPLICE 11 BYTES PATT£RN DATA CHECK BYTES TOLERANCE 16 BY'IES 

00 3 BYTES 00 00 1 BY'IE 5 BY'IES BYTES 00 1 BYTE 00 1 BY'IE FIELD BYTES 00 GAP 00 00 

REVISION D 

CYLINDER 
MS8 

& THESE AREAS ARE EXAMPLES ONLY AND MAY BE STRUCTURED TO SUIT INDIVIDUAL 
CUSTOMER REQUIREMENTS. 

& THE NUMBER OF CHECK BYTES IS USER DEFINED . 

.& PLO SYNC FIELD IS ? 11 BYTES. 

&. ALL BYTE NUMBERS INDICATED ARE MINIMUMS. 

&. THIS AREA IS PlllRT OF THE PLO SYNC FIELD TO ALLOW FOR READ GATE ACTIVATION 
~i~~EigNTROLLER SHOULD TREAT THIS Alj AN ADDITIONAL BYTE IN THE PLO 

.& FORMAT SPEED TOLERANCE GAP IS REQUIRED IF REFERENCE CLOCK IS NOT TIED 
TO ROTATIONAL SPEED. 

IMT IEC'IOllED FORMAT (ITEP MODE) 
FIGURE42 
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6.4.4.3 Address Mark Field 

The address mark f leld ls a f feld 3 bytes long and Is found 
before the PLO sync f leld In the address area. The contents of 
this 3 byte field Is drive dependent and Is written by the drive 
when so commanded by WRITE GATE and ADDRESS MARK ENABLE active 
simultaneously. 

Detection of Address Mark Indicates the locatlon of the beginning 
of a sector. 

6.4.4.4 Soft Sectored Address Mark, Write Gate, PLO Sync Format Timing 

This timing ls mainly to support drives that utll lze unique 
encoding for PLO Sync Fields. The beginning of each PLO sync 
field must be specified by the controller. The beginning of the I 
header PLO Sync Field wll I be specified by the trailing edge of 
ADDRESS MARK ENABLE with WRITE GATE true. See Figure 43. 
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AllD 
ISO A~,:S 8~ 

8YTE ADA ADA WRITE BYTE DATA DATA FORMAT 
PLO SYNC ADDRESS CHECK AllD SPl.ICE PLO SYNC DATA CHECK AllD SPEED ISO 

SYNC ~~N FIELD BYTES a.Jes I BYTE SYNC ~i;;r~N FIELD BYTES BYTES TOL~;.NCE 

-INDEX 
I 

I j---2 BITS MIN 

-WRITE 
GATE l~~~~~~~~~~n& 

-ADDRESS~ MARK 
ENABLE 1 

REV IS ION D 

A TRAILING EDGE DF ADDRESS MARK ENABLE SIGNIFIES THE START OF HEADER PLO 
£.!.3. SYNCFIELD 

/"i. TRANSITION REQUIRED ONLY IF THE DISK IS READ AFTER A FORMAT AND PlllOR 
1.3::;. TO A DATA FIELD WRITE UPDATE. 

IOFT RCTOll _I .. MMK, WRITI GATI, PLO IYNC FOllllAT­
flGURl 43 
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6.5 Defect List Option 

This section describes a method of Jncludlng the drives defect 
I 1st on the drive. Including the defect I 1st on the drive Is 
optional, however, If It Is to be Implemented, It must be 
Implemented as fol lows: 

The defect I 1st should reside on Sector 0 of the maximum cyllnder 
and repeated on the maximum cyllnder minus 8. This al lows for 
redundancy should an error occur on the maximum cylinder. The 
sector 0 of any surface wll I contain the defects for that 
surf ace. 

The format for the data f leld portion Li~e Flaure 44) of this 
sector Is 256 bytes with 2 bytes of CRC (X + x12 + X5 + i): 

Defect locatlons are 5 bytes long and the bytes are 
def Jned Jn Figure 44. 

The start of the actual defect may be off by up to 7 bits 
due to the one byte resolutlon. 

The end of the defect list for each surface wll I be 
Indicated by 5 bytes of ones Jn the defect locatlon f Jeld 
or the end of the sector. 

The CRC check bytes should be used If that capabil Jty 
exists but may be Ignored If multlple reads are a more 
deslreable approac~. 

Byte count Is the number of bytes from INDEX. 
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--i._i~l-N-D-EX-----------------------------------------------------------------iff ~-----

ID SYNC c c H s F DATA SYNC ISG PLO SYNC y y D E L CHECK PLO SYNC CHECK ISG 
16 BYTES 11 BYTES BYTE L L c A BYTES PAD 11 BYTES BYTE DEFECT LIST BYTES PAD 16 BYTES 

00 00 FEH G 

I • 6 BYTES • I BY~Es IBY~Esl 
& ~x1•~X"+X•+1 

CYL = CYLINDER MAX 
D =O, 1, ... UP TO HEAD MAX 

SEC=O 
FLAG=O 

FEH 

256 
BYTES 

00 

""I •----~5 BYTES-------..... -----------UP TO 50 DEFECT LOCATIONS----------i 
.-----.--.----.---...-....---------------...------------......-lf ...... ..-------------..------------. 

p p 
MONTH DAY YEAR HEAD A A DEFECT LOCATION DEFECT LOCATION DEFECT LOCATION DEFECT LOCATION 

D D --..,..._..""'T'_...""'T'__. ___ ....,....._,,..... ___________ +------------+-iL\o-1....._ _________ __. _________ _, 

~ sems ~ 00 00 

& FORMAT AND DEFECT LIST 
TO BE DUPLICATED AT MAX 
CYLINDER MINUS 8. 

REV IS ION 02 

BYTE BYTE ERROR 
CYL CYL COUNT COUNT LENGTH 
MSB LSB MSB LSB (BITS) 

BYTE COUNT FROM INDEX TO DEFINE START OF 
DEFECT (NOTE RESOLUTION IS WITHIN 7 BIT 
CELLS OF START OF FLAW). 

DEFECT LIST FORMAT (STEP MODE) 

FIGURE44 
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•END OF LISTING IS 1's FILLED TO 
END OF DATA FIELD (5 BYTES 
OF 1's MINIMUM TO TERMINATE) 
OR END OF SECTOR. 
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7.0 TAPE DRIVE IMPLEMENTATION - SERIAL MOOE 

This section describes the Interface I Ines, hardware and 
Interface protocols necessary to Interface tape drives under the 
ESDI specifications. Pin assignments for connectors Jl and J2 
are shown in Figures 45 and 46. 

7.1 General Description 

The tape drive implementation of the Enhanced Smal I Device 
Interface consists of a control cable and one or more data 
cables. The control cable Is a daisy chained cable connecting up 
to seven tape or disk devices. Only the last device wl I I have 
I ine termination for the control cable. The data cables are 
radially connected to the controller. The data cables utl I lze 
differential driver and receiver pairs for NRZ data and both 
Transmit and Receive data clocks. A write reference clock has 
been Implemented separately from the read data clock to allow for 
Read after Write operation. The differential signal I Ines are 
terminated at the receiving end. 

An optional block oriented tape mode has been included to provide 
for more efficient file structured tape access. This al lows for 
automatic block location by the tape drive to Increase eff iclency 
of the controller operations. Controllers can request a block 
located on tape, then disconnect from the tape drive to service a 
disk drive while the tape drive locates the desired block. When 
the tape drive locates the requested block, It s!gnals the 
controller by asserting COMMAND COMPLETE on the radial data 
channel. Additionally, a file mark search mode has been 
Implemented. 

This specification has been written to support both tape drives 
capable of Inter-Block Gap detection and those that requfre the 
controller to detect the IBG's. The controller Is able to 
determine the capabi I ity of the tape drive with the REQUEST 
CONFIGURATION command. Only drives with Internal IBG detection 
can operate with the Block locate mode. 

This specification provides for interfacing both non-Intel llgent 
and Intel I !gent tape units. Both capabilities are provided for 
with minimal overhead to the controllers thus al lowing for system 
flexibl lity while providing for cost effective systems design. 
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7.2 Electrical Interface 

The electrical specff lcatfon for tape devices Is Implemented as 
def fned In Section 3.0 of thJs specification. 

7.3 Physical Interface 

The physical Interface betveen the tape drive and the host 
control fer Is def lned In Section 4.0 of this specification with 
the exception that more than one data cable may be used with a 
tape drive If the tape drive has multiple data channels. When 
multiple Read/Write cables are used, the f lrst ts designated J2A; 
additional cables would be numbered beginning with J2B. These 
other cables are def lned as per Section 4.2. 
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FLAT RIBBON OR TWISTED PAIR 
(3 METERS MAX) 

CONTROLLER DRIVE 

~ 

-- HEAD SELECT 23 * 

- HEAD SELECT 22 • 

- WRITE GATE ' 

- CONFIG/-- STATUS DATA 

- TRANSFER ACK 

-ATTENTION 

- HEAD SELECT~* 

- SECTOR/BYTE CLK/AM FOUND * 

- HEAD SELECT 21 * 

- INDEX* 

--READY 

-- TRANSFER REQ 

- DRIVE SELECT 1 

- DRIVE SELECT 2 

- DRIVE SELECT 3 

-READ GATE* 

- COMMAND DATA 

CONTROL CABLE (J1/P11 SIGNALS 
(TAPE IMPLEMENTATION) 

FIGURE45 

1-
2 

3~ 
4 

5 ...... 
6 

7 ..... ~ 
8 

9 ..... 
10 

11 .... 
12 

13 .... 
14 

16 
15-t 

11-t 
18 

19 .... 
20 

21-t 
22 

23 .... 
24 

25 .... 
26 

27 .... 
28 

30 
29-t 

31 ..... 
32 

34 33-1 

SIGNAL GROUND 
SIGNAL NAME PIN 

-HEAD SELECT 2'* 2 

-HEAD SELECT 2' • 4 

-WRITE GATE• 6 

-CONFIG/-STATUS DATA 8 

-TRANSFER ACK 10 

-ATTENTION 12 

-HEAD SELECT 2'* 14 

-SECTOR/-BYTE CLOCK/--ADDRESS MP.AK FOUND* 16 

-HEAD SELECT 2' • 18 

-INDEX' 20 

-READY 22 

-TRANSFER REO 24 

-DRIVE SELECT 1 26 

-DRIVE SELECT 2 28 

-DRIVE SELECT 3 30 

-READ GATE' 32 

-COMMAND DATA 34 

• UNUSED BUT TERMINATED OR HELD FALSE 
GROUND ALL ODD PINS 

CONTROL CABLE (J11P11 PIN ASSIGNMENTS 
(TAPE IMPLEMENTATIONI 

TABLE 15 
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PIN 

3 
5 
7 
9 

11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 
33 
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CONTROLLER FL\T RIBBON OR TWISTED PAIR DRIVE 
13 METERS MAX) 

- DRIVE SELECTED 

- IBG FOUND 

- COMMAND COMPLETE 

- DATA WRITE GATE 

+ WRITE REFERENCE CLOCK 

+ WRITE CLOCK 

- WRITE CLOCK 

- WRITE REFERENCE CLOCK 

+READ CLOCK 

- READ CLOCK 

+ NRZ WRITE DATA 

·- NAZ WRITE DATA 

+ NAZ READ DATA 

- NRZ READ DATA 

--::- - LO~D POINT.EARLY WARNING FILE MARK 

GROUND PINS 6. 12. 15. 16. 19 

SIGNAL NAME 
-DRIVE SELECTED 
-IBG FOUND 

-COMMAND COMPLETE 
-DATA WRITE GATE 

·WRITE REFERENCE CLOCK 
+/-WRITE CLOCK 

-WRITE REFERENCE CLOCK 
•i-READ CLOCK 
+/-NAZ WRITE DATA 

+1-NRZ READ DATA 

DATA CABLE SIGNALS 
J2/P2 & JS/PS ONWOARD 
(TAPE IMPLEMENTATION) 

FIGURE46 

-LOAD POINT/-EARLY WARNING. -FILE MARK 

1 

2 

3 

4 

5 

7 

8 

9 

10 

11 

13 

14 

17 

18 

20 

DATA CABLE (J2/P2) PIN ASSIGNMENTS 
(TAPE IMPLEMENTATION) 

TABLE 16 

[ 74 J 

6-

12 -4 

15-4~ 

16 -4~ 

19~ 

E-161-0 

SIGNAL 
PIN 

1 
2 

3 
4 

5 
718 

9 

10/11 

13/14 

17118 

20 

GROUND 
PIN 

6 

12 

15/16 

19 

E-162-0 
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7.4 eontro! Input Lines 

The control Input slgnals ere of two types: those to be 
multlplexed In a multlple drive system and those Intended to do 
the multlplexlng. The control Input sfgnafs to be multiplexed 
are Wrrte Gate, Read Gate, Head Select I Ines, Transfer Request, 
and Command Data. The slgnals to do the multlplexfng are the 
Drfve Select I Ines. These llnes are defined for tape utilization 
In the fol low Ing sections. Any I Ines not used should be 
terminated In the last drive as per Section 3.1 of this 
specif lcatlon. 

7.4.1 Head Se!ectlon zD..._zl~......z.l I 
These four I Ines ere not used but must be terminated In the last 
drive. 

7.4.2 Write Gate 

Wrfte Gate Is not Implemented on the tape drtve•s control cable 
so that sfmultaneous dfsk to tape transfers can be achieved. The 
effect of write gating Is provided In the write command end the 
utlllzatlon of the Data cable's Write gate slgnal lfne described 
below. This allows data to be transferred to tape on the radlal 
deta channel without requiring the control channel to be 
logfcal ly connected to the tape transport. Hence, disk access 
via the control cable Is possible and data may b'e transferred on 
the disk's associated data cable simultaneously. The Write Gate 
signal must be terminated as shown below on the control cable, 
Figure 47. 

REVISION D 

+5V 

& 
3.9Kn 

1N4454 

..J&L.. 

WRITE GATE 

/)... At.RT OF THE TERMINATOR ~ESISTOR PACK IN THE LAST DRIVE OF THE 
£ll CWSY CHAIN. 

& PERMANENTLY LOCATED IN THE DRIVE. 

& OR EQUIVALENT IWn: 

WRJTE GATE TERMINATION 

FIGURE47 
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7.4.3 Read Gate 

This signal I lne Is not Implemented on tape drives. This llne 
must be terminated by the last drive. 

7.4.4 Conmand Dato 

When presenting a command, sixteen <16> Information bits of 
serial data, plus parity, wlll be presented on this I lne. <See 
Table 17, page 77, for the meaning of the various bit 
combinations.> This data Is to be control led by the handshake 
protocol with signals TRANSFER REQ and TRANSFER AO<. CSee Figure 
16, page 22 for typical serial operation.> Upon receipt of this 
serial data, the drive wll I perform' the required function as 
specified by the bit conf lguratlon. Data Is transmitted MSB 
f lrst. See f lgure 48 below for timing. 

No communication may be attempted unless the COMMAND COMPLETE 
11 ne Is true. 

-TRANSFER REQ o---,.._ ______ __.I '------r" 
50nsMIN -i I-- -I 1 OnsMlf J 

-COMMANODATA ~~r,,.,.,.,..-------VA-L-IO ______ .....,~,.,.,.,.,.,.,... ....... ____ ~; 

I I I 

- TRANSFER ACK 

REVISION D 

0 

0 ns MIN 50 ns MIN fil ~ 
10 ms 10 ms MAX 
MAX MAX .,__,. ___ ~ 

50 ns MIN A. 
10 ms MAX Lil 

& EXCEPT ON LAST BIT 

ONE BIT TRANSFER TIMING - TO DRIVE 
FIGURE 48 

[ 76 ] 
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CMD 

MOST 
SIGNIFICANT 
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[
BIT 

I 1s I 14 I 13 I 

LEAST 
SIGNIFICANT 

BIT 

12J 11 J1•J•Ja J1J sJsJ•J3J2J1 Jo jP JJ 
CMD FUl\1CTION CMD MODIFIER I CMD PARAMETER 

CMD FUNCTION CMD PARAMETER 

CMD 

BIT P: PARITY (ODD) 

COMMAND DATA WORD STRUCTURE 
FIGURE 49 

CMD 
CMD PARAMETER 
MODIFIER APPLICABLE 

p 

p 

FUNCTION FUNCTION APPLICABLE (BITS 11-0) STATUS/CONFIGURATION DATA 
BIT 15 14 13 12 DEFINITION (BITS 11-8) OR ( BITS 7-0) RETURNED TO CONTROLLER 

0 0 0 0 LOCATE BLOCK (OPTION) NO NO NO 
0 0 0 1 LOAD TAPE (OPTION) NO NO NO 
0 0 1 0 REQUEST STATUS YES NO YES 
0 0 1 1 REQUEST CONFIGURATION YES NO YES 
0 1 0 0 SELECT TRACK NO YES NO 
0 1 0 1 DECK CONTROL YES YES NO 
0 1 1 0 READ YES NO NO 

.0 1 1 1 UNLOAD TAPE (OPTION) NO NO NO 
1 0 0 0 INITIATE DIAGNOSTICS NO NO NO 
1 0 0 1 SPACE FORWARD/REVERSE YES NO NO 
1 0 1 0 FAST POSITION EW/LP YES NO NO 
1 0 1 1 WRITE YES NO NO 
1 1 0 0 ERASE FIXED LENGTH YES NO NO 
1 1 0 1 HALT NO NO NO 
1 1 1 0 RESERVED -· - -
1 1 1 1 RESERVED - - -

NOTES: 1. ALL UNUSED OR NOT APPLICABLE LOWER ORDER BITS MUST BE ZERO. 
2. ANY "RESERVED" OR COMMAND FUNCTION RECEIVED SHALL BE TREATED AS AN INVALID 

COMMAND. 

REV IS ION 01 

COMMAND (CMD) DATA DEFINITION 
(TAPE DRIVE IMPLEMENTATION) 

TABLE 17 
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7.4.5 Command Data Bits 15 through 12 Decode Def lnltlons 

Locate Block COOOO>: This command causes the drive to locate a block 
from the beginning of the current track. Upon locating the block, the 
tape will be positioned In the Inter-block gap preceding the addressed 
block In start-stop mode. COMMAND COMPLETE wll I be asserted upon 
correct execution of the LOCATE BLOCK command. The block to locate Is 
def lned by a 16 bit register Internal to the deck. This register can 
be set by the DECK CONTROL command, and Is automatlcal ly updated 
during a read or write command. The current block address can be read 
by the controller using the REQUEST CONFIGURATION command. Upon 
completion, COMMAND COMPLETE wll I be set true. 

Load Tape COOOl>: This command wll I load a tape that Is not normally 
on I lne. It will select Track 0 and position the tape to the LP 
I ocat I on. Upon comp I et I on, COMMAND COMPLETE w 111 be set true • 

.... R ... e ... Q_u_e_s ... t_s .... t_a .... t.-u .. s_. .... co .. 0_10 ......... >: This command causes the drive to send 16 bits 
(see Table 26, page 87) of standard or vendor un I que status 
Information to the controller as determined by the command modifier 
b Its. 

Request Standard Status: When the command modlfler bits 11-8 
of the REQUEST STATUS command Is zero (0000), the drive wl I I 
respond with 16 bits of standard status. Bits 15-12 of this 
status are def lned as state bits which do not cause ATTENTION 
to be asserted. Bits 11-0 of this status are fault or change 
of status bits that cause attention to be asserted each time 
one Is set. See section 7.5.3.2, page 87 for response protocot 
and format of the status response from the drive. 

Request Vendor Unique Status: When the command modifier bits 
11-8 of the REQUEST STATUS command Is (0001) through (1111 >, 
the drive responds with vendor unique status <undefined In 
this specification). The number of words aval I able Is 
specif led by conf lguratlon data. Each word of vendor unique 
status Is requested using a different command modifier 
conf lguratlon. This command modifier for the first word Is 
0001 and subsequent words are requested by Increment Ing the 
command modifier. 
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REQUEST CONFIGURATION <0011); This command causes the drive to send 16 
bi ts (Table 25, page 86) of configuration.- data to the 
control !er. The specific conf lguratlon requested Is specif led by bits 
11-8 of the command as shown below In Table 18. 

COMMAND MODIFIER BITS FUNCTION 

11 10 9 

0 0 0 
0 0 0 
0 0 1 

0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 

1 0 0 

1 0 0 

1 0 1 
I 0 ! 1 

1 ! 1 i l1 
I ;i 1 I u 
1 1 1 

8 

0 
1 

0 
1 

0 
1 

0 
1 

0 

1 

I 0 

I 1 

I 0 

I 
1 

CONFIGURATION FLAGS 
LENGHT OF TAPE• FT• 
#OF DATA CHANNELS SUPPORTED 
NUMBER OF TRACKS 
MINIMUM BLOCK SIZE . RECOMMENDED# BYTES 1 

MAXIMUM BLOCK SIZE 1 RECOMMENDED# BYTES 1 

DENSITY OF RECORDING •DATA BYTES/IN 1 

BYTES IN IBG FIELD 
BITS 15-0. BYTES PER FIELD 

BYTES IN PLO SYNC 
BITS 15-0 BYTES PER FIELD 

NUMBER OF WORDS OF VENDOR UNIQUE STATUS AVAILABLE 
BITS 15-4. SPARE 
BITS 3--0 NUMBER OF VENDOR UNIQUE STATUS WORDS I CURRENT BLOCK ADDRESS • USED WITH LOCATE COMMAND" 

CURRENT TRACK ADDRESS 
DATA TRANSFER RATE · K BYTES/SEC• 

RE SE.RV ED 

REQUEST CONFIGURATION 
MODIFIER BITS 

TABLE 18 

I RESERVED 
I 0 

1 I i I 1 I 1 RESERVED 
L ___ .. 1. __ J _ _ .1. J. 
Number· of Data Channels Supported, Number of Tracks, Current Block 
Address and Current Track Address In Table 18 are al I numbered 
starting from zero <e.g., track 1 equals binary 0, track 2 equals 
binary 1, etc.). 

SELECT TRACK (0100): The select track command al lows the tape drive 
to be conditioned to read or write a specif led track. Bits 4 through 0 
are slgnlf lcant and al low for a maximum of 32 tracks to be selected. 
Track selection Is provided by the serial TRACK SELECT command. 
Addressing more tracks than available wl I I result In a fault. Upon 
completion, COMMAND COMPLETE wt 11 be set true." 

DECK CONTROL (0101 ): The deck control command is used In conjunction 
with the optional locate command and also to reset the Interface fault 
and status bits. The exact function of the deck control command is 
defined by the command modifier bits as shown below in Table 19: 

COMMAND MODIFIER BITS FUNCTION 

11 10 9 8 

0 0 0 0 RESET INTER RACE ATTENTION AND STATU:.O BITS 11 
I THROUGH 0 

0 0 0 1 RESERVED 
0 0 1 0 RESERVED 
0 0 1 1 RESERVED 
0 1 0 0 SET LOW ORDER BLOCK ADDRESS. USED WHEN 

LOCATE MODE IS PRESENT 
BITS 7 THROUGH 0 (OPTIONAL) 

0 1 0 1 SET HIGH ORDER BLOCK ADDRESS. USED WHEN 
LOCATE MODE IS PRESENT. 

BITS 7 THROUGH 0 (OPTIONAU 
0 1 1 0 SPEED AND DENSITY CHANNELS, SPEED AND DENSITY 

BITS 7-4 #OF DATA CHANNELS SELECTED 
3-2 SPEED SELECT 

I 1-Q: DENSITY SELECT l 0 _J_l I RESERVED 

-~ x x x I RESERVED 

DECK CONTROL COMMAND MODIFIER BITS 
TABLE 19 
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Read COJJO>: The read command causes a read operation to begin at the 
current position on the tape. If Internal deck Inter Block Gap CIBG) 
detection Is provided, then the IBG detect signal line wlll go true as 
soon as an IBG has been detected. See Figure 50below: 

-NRZDATA 

0 

- IBG FOUND. I I-- 0.5 µS MIN 

READ DATA AND IBG DETECTION 
FIGURE 50 

IBG 

L~ 

Either start/stop or streaming reads are available depending on the 
status of the command modlf ler bits as shown below fn Table 20. 
COMMAND COMA.ETE Is set true after the READ function fs fnJtlated, 
tape Is up to speed and IBG FOUND Is val Id. The READ command is 
terminated by a HALT command, or other motor control command. 

COMMAND 
MODIFIER BIT 

11 

10 

9 
8 

REV IS ION D 

FUNCTION 

START/STOP OR STREAMING MODE CONTROL BIT. A HIGH CONDITION INDICATES 
STREAMING READ MODE. THIS BIT IS IGNORED IF ONLY ONE MODE IS PROVIDED BY 
THE DRIVE. INVALID COMMAND IS REPORTED WHEN THE MODE IS NOT SUPPORTED BY 
THE MANUFACTURER. LOGICAL FORWARD/REVERSE READ. A HIGH BIT INDICATES A 
REVERSE READ. INVALID COMMAND REPORTED WHEN MODE IS NOT SUPPORTED BY 
MANUFACTURER. 
RESERVED 
RESERVED 

READ COMMAND MODIFIER BITS 
TABLE20 
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lJn I oad. Tape (0111); This command causes the drive to rew Ind and 
prepan:· tape for removal from the drive. Upon comp~etlon, COMMAND 
COMPLETE w Ii t be set tr·ue. 

lnlil..ate D!agnostl~. CJQOO>: This optional command causes the drive 
to perform Internal diagnostics. COMMAND COMPLETE Indicates the 
completion of the diagnostics. ATTENTION with COMMAND COMPLETE 
l nd I cates that a fou It was encountered and STATUS shou Id be raquested 
to determine the cause. 

Space Forward/Reverse ()001 ); This command causes the drive to move 
the tape In a logical forward or reverse direction to the next 
Inter-block gap. The direction Is set by the status of the command 
modifier bits as shown below In Table 21. COMMAND COMPLETE wt I I 
become true after the drive has detected and stopped within the IBG. 

r-~j~~~~T l ~~O ~EM~~ WHE:T-~:E-T~=~~D C~~:S THEDRWE 10 POS":-1 r THE TAPE TO THE FIRST FILE MARK lN EiTHER THE LOGICAL FORWARD OR REVERSE 

II DIRECTION AS SPECIFiED BY BIT 10. ON DRIVES NOT SUPPORTING FILE MARKS AN INVALID 
COMMAND WILL BE REPORTED. 

10 WHEN SET FALSE THE DRIVE WILL MOVE IN A FORWARD DIRECTION. WHEN SET TRUE THE I 
L DRIVE WILL MOVE IN A REVERSE DIRECTION. AN INVALID COMMAND WILL B. E-··R-·EPO····R···TED·-·-·--j) WHEN THIS FUNCTION IS NOT 3UPPOHTED BY THE VENDOR 

9 RESERVED 

__ B_, L __ _:.'.ES~RVE~- ----------·---

SPACE FORWARD/REVERSE COMMAND MODIFIER BITS 
TABLE 21 

SPACE FORWARD/REVERSE COMMAND MODIFIER BITS 

Table 21 

~EtlS.lil.QJL.E.W...L!....E..._UJllQ.h Th ls command causes the drive i"o move 
tape to the early warning or load point. Early Warning/load Poini 
direction ls se"I by the status of the Command modifier olts as shown 
In Table 22. Upon complei·ion, COMMAND COMPLETE w!il be set in1e. 
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11 
10 

9-8 
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FUNCTION 

RESERVED 
A TRUE CAUSES TAPE TO BE MOVED TO EARLY WARNING I EW 1. A FALSE WILL CAUSE TAPE 
MOVEMENT TO LOAD POINT 1LP1. INVALID COMMAND REPORTED WHEN NOT SUPPORTED BY 
MANUFACTURER. 
RESERVED 

FAST POSITON EW/LP COMMAND MODIFIER BITS 

TABLE 22 

-

....J 

Write CJOJJ): The write command causes the deck to write data 
starting at the current position on tape. The "Inter-Block Gap Found" 
slgnal llne wll I go true as soon as the tape Is up to speed and the 
appropriate lnterblock gap length has been written to the tape. See 
Figure 51 for timing. 

Either start/stop or streaming wrftes are available depending on the 
status of the command modlf ler bits as shown below In Table 23. 
COMMAND COMPLETE Is set true after a WRITE command when the tape Is up 
to speed and IBG FOUND Is val Id. WRITE command ts terminated by a 
HALT O>mmand, or other motor control command. 

COMMAND 
MODIFIER BIT 

11 

10 

9 

8 

REV IS ION D 

FUNCTION 

START/STOP OR STREAMING MODE CONTROL BIT. A HIGH CONDITION INDICATES STREAMING 
WRITE MODE. THIS BIT IS IGNORED IF ONLY ONE MODE IS PROVIDED BY THE DRIVE. 
LOGICAL FORWARD/REVERSE WRITE. A LOGIC ONE INDICATES A REVERSE WRITE. INVALID 
COMMAND IS REPORTED WHEN THE MODE IS NOT SUPPORTED BY THE DRIVE. 
WRITE FILE MARK MODE CONTROL BIT A HIGH CONDITION CAUSES A FILE MARK AND AN 
INTERBLOCK GAP TO BE WRITTEN PRIOR TO COMMENCING THE NORMAL WRITE FUNCTION. 
THE INTERBLOCK GAP DETECT SIGNAL WILL GO FALSE AS SOON AS THE TAPE IS UP TO SPEED 
AND THE FILE MARK AND APPROPRIATE INTERBLOCK GAP LENGTH HAS BEEN WRITTEN TO 
THE TAPE. INVALID COMMAND WILL BE REPORTED WHEN THIS MODE IS NOT SUPPORTED BY 
DRIVE. 
RESERVED 

WRITE COMMAND MODIFIER BITS 
TABLE 23 
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-NRZDATA 

-IBG FOUND 

I~ :u I 
_j 1& 11---:& 

0 ~ ~ 
- DATA WRITE GATE I E-146-11 

NOTES 

& EDGE TRANSITION INSTALLS POST-EMBLE AND INTER-BLOCK GAP BY DRIVE WHERE 
SUPPORTED. 

& WRITE INITIALIZATION BY CONTROLLER. 

_& EDGE INDICATES TO CONTROLLER THAT MINIMUM IBG HAS BEEN INSTALLED AND A NEW BLOCK 
OF DATA MAY BE WRITTEN. 

& MINIMUM MANUFACTURER SPECIFIED IBG SIZE. 
&_ IBG EXTENSION TIME. 

WRITE DATA AND IBG TIMING 
FIGURE 51 

Erase Fixed Length CJJQO): This command causes a f fxed length of tape 
to be erased starting at the current position. The length of tape ts 
vendor unique. An optional length can be def lned by the use of command 
modlf ter bits. Addltlonal ly, a continuous erase to End of Tape Is 
provided for by the command modif ter bits. 

Continuous Erase terminates on EOT/BOT with COMMAND COMPLETE. 
Continuous Erase wll I take precedence over Fixed Length Erasures. 

COMMAND 
MODIFIER BIT FUNCTION 

11 RESERVED 
10 FORWARD/REVERSE TRUE ERASES IN THE REVERSE DIRECTION 

9-8 FIXED LENGTH ERASE 

00 - 1X } 
01 - 2X "X" IS THE TAPE LENGTH 1FT1 DEFINED BY THE MANUFACTURER 
10 - 3X 
11 

NOTE: DRIVES IMPLEMENTING ONLY PART OF THE ERASURE LENGTHS WILL RESPOND 
AS IF THE NON-SUPPORTED FIXED LENGTH ARE LEGAL. 

REV IS ION D 

ERASE FIXED LENGTH COMMAND MODIFIER BITS 

TABLE 24 
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HAL I C 11O1 > : The HALT command w 11 I stop tape mot I on In and the fl rst 
IBG FOUND In start/stop mode, or stop tape motion Immediately In 
streaming mode or controller detected IBG mode when WRITE GATE Is not 
active. 

7.4.6 Transfer ReQUest 

Th ls 1 lne functions as a handshaking signal In connection with 
TRANSFER ACK during command and conf lguratlon/status transfers 
(see Figures 48 and 52 for timing Information). 

- TRANSFER REQ 

- TRANSFER ACK 

o--... 

1 

0 ns MIN I I 
10 ms MAX......J o---, 50 ns MIN 

10 ms MAX 
0 ns MIN 

10 ms MAX I 
0 ns MIN 

10msMAx& 
I 

50 ns MIN-I 1- 1--0 ns MIN 

-CONFIG/-STATUS DATA l ~...,.., ______ V_A_Ll_D ______ ~,.....-......,...,.,....t. 

7.4.7 Address Mark Enable 

& EXCEPT ON LAST BIT 

ONE BIT TRANSFER TIMING - FROM OFliVE 
FIGURE 52 

This signal Is not used for tape on the control cable J1/P1 but ls 
redefined on the data cables as Data Write Gate. The signal on J1/P1 
must be terminated on the last drive. 

7.4.8 Pata Write Gate 

This signal Is a redefinition of, and replaces the disk drive function 
ADDRESS MARK ENABLE on the radial data cable J2/P2. Data Write Gate 
function is to provide timing for the writing of data onto the tape. 
A true condition enables the writing of data from the NRZ Write Data 
I Ines to the tape. The true to false transition instal Is an 
Inter-block gap on drives with IBG detectors. This I lne must be 
permanently terminated in every drive. Refer to Figure 51 for timing 
Information. 
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7e,5 Control Output Lines 

The output control signals are driven with an open collector output 
stage capable of sinking a maximum of 48 mA at low level or true 
state with a maximum voltage of 0.4V measured at the driver. When 
the I lne driver Is In the high level or false state, the driver 
transistor Is off and collector leakage current Is a maximum of 
250uA. 

Al I J1 output I Ines are enabled by their respective DRIVE SELECT 
decodes. Refer to Figure 2, page 4 for the recanmended circuit. Any 
I Ines not used should maintain a high level or false state when 
selected. 

7.5. 1 Drive Selected 

A status line provided at the J2/P2 connector to Inform the host 
system of the selection status of the drive. The DRIVE SELECTED 
I lne rs driven by a Tll open collector driver as shown f n Figure 2, 
page 4. Thls signal wll I go active only when the drive Is selected 
as defined In section 5.1.1, page 8. The DRIVE SELECT lines at 
J1/P1 are activated by the host system. 

7.5.2 Read¥ 

This slgnal Indicates that the drive ts ready to receive canmands for 
reading, writing, and locating or any tape motion command. READY need 
not be true for status or conf lguration requests. The READY signal, 
when true w I th COMMAND COMA.. ETE Ind f cates that any tape mot I on command 
is val Id. 

7.5.3 eontlguratlon Status Data <eontlg/Status> 

The drive presents serf al data on this I tne upon request from the 
controller. See f fgure 16, page 22 for typtcai serial operation. 
This CONFIG-STATUS data wll I be presented to the Interface and 
transferred using the handshake protocol with signalsTRANSFER REQUEST 
and TRANSFER ACKNOWLEDGE. See Figure 52, page 84. Once tnltf ated, 16 
bits plus parity wil I be transmitted MSB ffrsT. 

REVISION Dl 

MOST 
SIGNIFICANT 
BIT 

LEAST 
SIGNIFICANT 
BIT 

Y 15 I "I "I"! 1 · I '°I., I , 1, 1 .151, I , 1, 11 I , l p lJ 
CONFIGURATION/STATUS DATA WORD STRUCTURE [~-m--c] 

FIGURE 53 
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7.5.3.1 

ENHANCED SMALL DEVICE INTERFACE 

Configuration Response Bits 

In response to the REQUEST CONFIGURATION command Csee section 7.4.5, 
page 79), 16 bfts of conf fguratfon Information ts returned to the 
contro I I er. 

BIT 
POSITION FUNCTION 

15 TAPE DRIVE 
14 RESERVED 
13 RESERVED 
12 RESERVED 
11 RESERVED 
10 RESERVED 
9 RESERVED 
8 LOAD1UNLOAD SUPPORTED 
7 START'STOP SUPPORTED 
6 STREAMING SUPPORTED 
5 FILE MARKS SUPPORTED 
4 LOGICAL REVERSE 

READ/WRITE SUPPORTED 
3 MULTIPLE SPEED SUPPORTED 
2 MULTIPLE DENSITY SUPPORTED 
1 LOCATE MODE SUPPORTED 
0 CONTROLLER IBG DETECT REQUIRED 

GENERAL CONFIGURATION RESPONSE BITS 
TABLE 25 

E-178-0 

If other command modifier bits were used, the specific configuration 
Information shown in Table 18 (page 79) ts returned for each 
CONFIGURATION command wfth those modlf lers. 
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7.5.3.2 

ENHANCED SMALL DEVICE INTERFACE 

Status Respons\il....6..Lts 

In response to the REQUEST STAlUS command (see section 7.4.5, page 
78), 16 bits of status Information Is returned to the controller. 

Bits 15-12 of the status are def lned as state bits which do not 
cause ATTENTION to be asserted. Bits 11-0 are fault or change of 
status bits that cause ATTENTION to be asserted. 

··--···---------------
BIT 

POSITION FUNCTION 

15 
14 
13 
12 
11 
10 
9 
8 

7 
B 
5 
4 
3 
2 
1 

0 

-----·----
RESERVED 
REMOVEABLE MEDIA NOT PRESENT 
WRITE PROTECT 
RESERVE 
FILE MARK FOUND 
LOAD POINT 
EARLY WARNING 
POWER ON RESET CONDITION EXIST 
(RECONFIGURATION MAY BE NEEDED) 

1 COMM.AND DAT.A. PARITY FAULT 

I :NTERF/\CE FAULT 
INVALID 011 UNIMPLEMENTED COMMAND FAULT 
1..0CATE FAULT 
DECK FAULT 
VENDOR UNIQUE STATUS AVAILABLE 
*WHITE FAULT 
flEMOVEABLE MEDIA CHANGE SINCE LAST 
SELECTION 

* Cond1t1on:-:; th Cit c .. m cause WR1TE FAULT include 

1 Wnte current 1n a head without a write command active. 
2 He&.d se!;Jct r:,;q~;est while in write mode. or abnormal write command termination 

I E·180·1 I 
STANDARD STATUS RESPOl\&SE BITS 

TABLE 26 

* Conditions that can cause WRITE FAULT inc I ude: 

1. Write current in a head without a write command ac:tlve. 

2. Head select request whlle in write mode, or abnormal write 
command termination. 

REVIS !ON Dl [ 87 J July 1, 1984 
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7.5.4 Transfer Acknowledge <Transfer/Ack) 

This signal functions as a handshake signal along with TRANSFER 
REQUEST during Command and Conf lguratlon-Status transfers. See 
Figure 48, page 76 and Figure 52, page 84. 

7.5.5 Attention 

This output I lne Is asserted when the drive wants the controller to 
request Its standard status. Generally, this Is a result of a fault 
condition or a change of status. ATTENTION Is cleared by the DEO< 
CONTROL command RESET INTERFACE ATTENTION Csee SECTION 7.4.5, page 
79). 

7.5.6 Load Point/Early Warning/Elle Mark 

This signal renames and replaces the disk drive slgnal INDEX defined 
In Section 5.2.6, page 23. This data channel signal Indicates that the 
tape Is currently positioned at the Load Point or has passed the Early 
Warning mark or has found a file mark. This true condition Indicates 
LOAD POINT, EARLY WARNING or FILE MARK and should be true upon 
successful completion of a LOAD command or POSITION LP/EW command or 
SPACE TO FILE MARK signal as shown below In Figure 54. The minimal 
duration of the LOAD POINT/EARLY WARNING/FILE MARK signal Is shown 
below In Figure 54. This signal Is only available on the radial data 
cables, and wll I be held at a logic false (gated) on the command cable 
J1/Pt. 

-LOAD POINT 
/EARLY WARNING 
/FILE MARK 

1 _____ .,. 

I 0 

t----- O.SµS MINIMUM 

LOAD POINT/EARLY WARNING/FILE MARK TIMING 
FIGURE54 

Load Point/Early Warning/File Mark Timing 

Figure 54 
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7.5.7 Inter-Block Gap Found C!BG Found) 

This slgnal line replaces the SECTOR/BYTE Q.OCK/ADDRESS MARK FOUND 
slgnal llne on the data cables. The gated control cable slgnal wll I 
not be used and held at a false condition. 

During a READ operation the true condition Indicates an lnterblock Gap 
has been detected by the drive. The true to false transition 
Indicates that data has been detected and that the NRZ Read Data Is 
val Id. This transition wll I occur within the R.O Sync Field and can 
be used by the controller to begin searching for the Byte 
Synchronization of the Data Block. 

During a WRITE Command, the False to True transition Indicates the the 
drive has Installed the minimum gap size and assertion of the Data 
Write Gate and Data may begin. The time between this edge and 
assertion of Data Write Gate Is an IBG extension period. Refer to 
Figures 50 and 51 for Read and Write Timing. Refer to Figure 55 for 
Minimum Signal Timing. 

- IBG FOUND 

0 

REV IS ION D 

r 0.5µS MINIMUM 

E-182-0 

INTER-BLOCK GAP TIMING 
FIGURE 55 
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7.5.8 Command Complete 

This status line Is provided on the data cables as an output from the 
drive which al lows the host to monitor the drlve's COMMAND COMPLETE 
status during overlapped commands with other drives without selecting 
the drive. This signal line wll I go false In the fol lowing cases: 

1. A LOAD command or tape load sequence Is In progress on the 
drive, or an UNLOAD command or unload sequence Is In progress 
on the drive. 

2. Upon receipt of the f lrst Command Data bit, COMMAND COMPLETE 
wll I go false during the entire command sequence. 

3. During a power up sequence, this line wll I stay false until 
the power up sequence Is complete. 

This signal Is driven by an open collector driver as shown In Figure 
2, page 4. 

Note that a WRITE and READ command wll I Indicate command complete 
after the command has been lnltated. 

7.6 Data Transfer Lines 

Al I I Ines associated with the transfer of data between the drive and 
the host system are differential In nature and may not be multiplexed. 

·These lines are provided at the radial data cables. 

Five pairs of balanced signals are used for the transfer of data and 
clock: NRZ WRITE DATA, NRZ READ DATA, WRITE CLOO<, WRITE REFERENCE 
CLOO< and READ CLOCK. Figure 3, page 4, II lustrates the recommended 
driver/receiver circuit. 

7.6.1 NBZ Write Data 

This Is a differential pair that defines the data to be written on the 
drives associated data track for a specified data cable. This data 
wl I I be clocked by the WRITE CLOCK signal. See Figure 56 for timing 
Information. 
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7.6.2 NRZ Read Data 

The data recovered by reading a pre-recorded track Is transmitted to 
the host system via the dlfferentlal pair of NRZ READ DATA I Ines. 
This data Is clocked by the READ CLOCK slgnal. See Figure 56 for 
timing Information. These lines must be held at a zero level untl I 
PLO sync has been obtained and data Is valid. For systems with more 
than one data cable the data and clock for each may be asynchronous 
and have no bit or byte correlation. 

7.6.3 Read Clock 

The timing diagram for READ CLOCK as shown In Figure 56 depicts the 
necessary sequence of events (with associated timing restrictions for 
proper read operations of the drive.) The READ CLOCK signal from the 
drive wll I determine the data transfer rate. READ CLOCK must be val Id 
prior to IBG DETECT going false on a read operation. Note that the 
read clock Is not a reference clock for write operations as the write 
clock has been adapted as the write reference clock for bit 
synchronization between the drive and the controller. 

7.6.4 Write Clock 

WRITE CLOCK is generated by the controller for synchronizing the 
transmission of data at the bit rate. Write clock Is derived from 
Write Reference clock and need not be continuously supplied. However, 
It must be supplied before beginning a write operation. Note that the 
WRITE CLOCK Is used by both the controller and the drive to determine 
bit synchronization and data sampling by the drive. Refer to Figure 
56 for WRITE CLOCK timing Information. 

7.6.5 Write Reference Clock 

The WRITE REFERENCE CLOCK signal from the drive will determine 
the data transfer rate. This clock Is used by the controller to 
synchronize the NRZ WRITE DATA and WRITE CLOCK signals. 
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1· 
& 

&. 
~ 

+READ CLOCK JI& Cl z 
~ 
i= 
c 
< 

I I w 
a: 

0 0 

0 

+ NAZ READ DATA 

~ & ,. ·1 

+ WRITE REFERENCE CLOCK 

&. 1· 
&. 

· 1 \ 
C> 
z 
~ 
i= 

-.J, .. ~MONOMUM w 
I- + WRITE CLOCK 
ii: ;:: 

0 0 I I 0 

+ NAZ WRITE DATA 

NOTES: 

.&_ T ±0.25T - ALL TIMES IN NS MEASURED AT 1/0 CONNECTOR OF DRIVE. 

_& O.ST ±0.25T - TIMING APPLICABLE DURING READING. 1 0.0 ±50NS DURING READING. 

0.5T ±0.03T - TIMING APPLICABLE DURING WRITING. 

SAMPLING EDGE BY DRIVE. 

j 

0 

L& 

I 0 

~Lt 

~& 

L 

& DURING WRITING OF DATA CLOCK VARIANCE WILL NOT EXCEED ±5.5% PHASE RELATIONSHIP 
BETWEEN WAITE REFERENCE AND WAITE CLOCK OR WRITE CLOCK IS UNDEFINED. 

/A READ CLOCK AND WRITE REFERENCE CLOCK MAY BE HELD LOW DURING READING OR WAITING OF 
DATA FOR A MAXIMUM OF 32 CLOCK PERIODS FOR SYNCHRONIZATION OF DRIVE ELECTRONICS. 

NRZ READ/WRITE DATA TIMINGS 
FIGURE 56 
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7.7 Format Rules 

The block format on the tape ts under control of the controller. The 
IBG DETECT and LOAD POINT signals are avatlable for use by the 
controller to Indicate the beginning of tape and the beginning of a 
val Id block to read or write. A mlntmal requirement of tape 
formatting Is given as fol lows: 

LOAD POINT! 
IBG DETECT 

IBG PLO 
SYNC 

DATA BLOCK 2 
BYTES 
OFOO 
PAD 
MIN 

REQUIRED BASE FORMAT 
FIGURE 57 

EARLY WARNING/ 
IBG DETECT 

POST IBG 
AMBLE 

E-184-0 

Where the IBG format can be either a blank segment of tape or a 
predefined format determined by the manufacturer and readable by the 
controller using the REQUEST CONFIGURATION command. The drive must 
detect the Inter-Block Gaps and control the IBG DETECT I tne as 
specified In Figure 50, 51 and 55 for deck control. 

The PLO Sync flelds and the postamble f lelds are direct bit order 
reversals of one another. That Is, the PLO Sync field Is manufacturer 
defined and readable by the controller by the REQUEST CONFIGURATION 
command. The postamble Is the reversed bit sequence of the PLO Sync 
field and will be written by the drive. This al lows for forward or 
reverse reading of data on a tape. The controller should send OO's 
during the PLO Sync f leld and a minimum of 2 bytes of OO's as pad 
characters. Drives only supporting forward Read and Write need not 
supply the postamble. · 

The 2 bytes of 00 PAD are not needed if the optional POST AMBLE ts 
used for reserve read operations. If the optional POST AMBLE ts not 
used then the 2 bytes of PAD are required In the format. 

- END OE ESDI SPECIFICATION -
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