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Expository Remarks for Enhanced Small Device Interface

The initial products introduced as small form factor 5 1/4" magnetic disk
drives were relatively low in capacity (5-10 MB), had a limited data rate (5
tba), and slow access times {85-100 msec). The markek response to these
products generated significant demand for their use in personal computers
and single user workstations. i

The smaller size and low power requirements of small form factor drives led
to the development of higher capacity (100 MB+}, faster data rate {10 Mbg+)
and fast access time (sub-20 msecs+). To support these kinds of products it
was felt that a new interface which was electrically compatible with that
used on the lower end products would provide a aimpler upgrade path than any
other altemmative. ‘ S

An ad hoc industry group of controller and device manufacturers agreed to
pursue this direction as a common effort and the first working docuwent was
introduced in May, 1983. Thie initial effort defined the Enhanced Small

bisk Interface but after the definition of the Enhanced Small Tape Interface
it was decided to merge the two into a single document in October, 1983 as
the Enhanced Small Device Interface. In January, 1985 it was proposed that a
vergion suitable for optical disk be incorporated and the first working
draft was ismued in March, 1985. NOTE: In May, 1907 It was agreed that tape
did not have broad industry acceptance and would not be incorporated in the
atandaxd. ’

In January, 1986 a munber of changes were incorporated in the document that
were the result of manufacturera having implemented to the specification. At
this time it was agreed ESDI was beginning an era of industry wide usage and
that it was suitable for proposal aes an American Naticnal Standard.

In early 1986 a mmber of manufactureras interested im ensuring that ESDI
would become an American National Standard as well as promoting the use of
ESDI within industry joined together as the ESDI Steering Committee to
support both these efforts. The Accredited Standards Committee (ASC) X379.3
ad hoc ESDI working group first met in July, 1986.

The priméry objectives in developing this specification were to:

{1) provide a low cost, high performance interface definition suitable for
the smaller, high performance secondary memory devices being introduced,

€2) develop a standard which could support higher data transfer rates as
well as provide for additiopal performance features that are desirable
on higher performance systems.

(3} provide a single interface definition which could effectively support
magnetic and optical disk drives on tha same controller.

In order to accommodate the latter, the standard defines that which ig
common and specifies any differences by device type. An ESDI document
referred to as Revimsion F.3 represents the documented version of an industry
de facto specification which covers the early product designs using ESDI.
This standard is intended to be dowrswarda compatible with the industry
Revision F.3 ESDI specification.
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1. SOOPE AND PURPOSE
1.1 SOOPE

This document defines the Enhanced Small Device Interface (ESDI)
specification. The ESDI supports magnetic and optical disk with a like
phyaical interface, the same command/response protocol and aimilar commands.
any differences result from the close phyaical dependency of devige
characteristica which are different between the device classen.

The interface ia capable of handling data rates frum 0 to 24 Megabits per
» depending on the driver/receiver class used.

1.2 PURPOSE

The purpose of this standard is to define the interconnection of =mall form
factor devices by ueing an interface that provides programmed functionality.
Such functionality simplifies the intemmix of devices either within a class,
or between clasees, on controllers.

1.3 EDITORIAI CONVENTIONS

Certain terma are uasd in this standard. The proper names of signals are
printed wholly in uppercase to avoid possible confumion with other uses of
the same word e.g. READY, Any lowercase use of these words have the normal
American-English meaning. '

Cormands, responses and other conditions or events which have specific
meaning are printed with the firat letter of each word in uppercase and the
rvemainder in lowercase e.g. Header field, Select Head Group. Any lowercase
uses of these words have the normal American-English meaning.

Where D and O are used thay refer to mégnel‘.ic disk and optical disk
respectively. To annist the reader asscciate information with the proper
device, the expreassion (D-Q) is used, and an x is placed where bhe device
has no application e.g. (D-x)} indicates that the content appliea to magnetic
disk but not optical disk. :

Hexadecimal valuea are shown with "x* preceding a pair of quotes enclosing
the value e.g. x"OA'. If tha character "x" im shown within quotes it means
that"the nibble is undefined and can be any value e.g. x°0x' meana the first
nibble shall be zerc and the second can be any value 0-F.

1.4 DESCRIPTION OF SECTIONS

Section 1 containa the Scope and Purpose.

Section 2 containa Referenced and Related American Natiomal Standards.
Section 3 containg the General Description.

Section 4 containg the Glossary.

Section 5 contains the eleckrical and mechanical characteristics; covering
drivers, receivers, line termination, connectors. and cable parameloecs.
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Saction 6 contains the signal descriptions.

Section 7 containa the command descripbions and their associated responses.
Section B contains the asmmed fommakbing characteristics.

Section 9 containa recomuendations for miacellaneous conditions including
modea of recovery from comand commnication faulta, recommended controller
interpretation of configuration data and recommended exror recovery
procedures based on device status.

Section 10 contains the timing diagramg,
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2.  REFERENCED AND RELATED AMERICAN NATIONAL STANDARDS
2..|: REFERENCED AMERICAN NATIONAL STANDARDS

Nonhe.

2.2 ﬁﬁ.ﬂ'l‘m AMERTCAN NATIONAL STANDARDS

None. .

Page ..'!_-l

X3T9.3/07-005 Enhanced Small Deviee I/F  fev 1.3 5/18/87 page 2-2

THIS
PAGE
INTENTIONALLY
LEFT

BLANK



- X¥19.3/87-005 Enhanced Small Device 1/F Rev 1.3  5/18/87 bage -

PO

T

3. GENERAL DESCRIPTION
3.1 APPLICATION ENVIRONMENT

The controller providea control of one to seven devices with a device class
specific set of commands, responses and data transfers. The classes of
device defined are magnetic disk and optical disk.

The physical and logical interface characteristics of magnetic disk and
optical disk drives have been included in the standard.

The interface conaists of a control cable and one or more data cables.

The control cable is a daimy chained cable connecting up to seven disk
devices. Only tha last device has line termination for the control cable.

The data cablea are radially connacted to the controller. The data cables
utilize differential driver and receiver paira for NRZ data and clocks. The
differential signal lines are terminated at the receiving end.

3.2 OMMAND STRUCTURE

The standard definea the method of transferring commands and responses
serially, generally referved to as the Serial mode of operation, which
utilizes NRZ data transfer along with serial commands and serial
configuration and status reporting acroas the command contrel cable.

" 3.3 MAGNETIC DISK SUPPORT

The interface provides for two implementations:

© Fixed Sector drives which utilize sector pulges to define sector
boundaries,

o Soft Sector drives which use a mpecial Addresas Mark that is recorded on
the media to define sector boundaries.

This standard does not recuire that both of these be available on the drive;
rather it im the choice of the manufacturer on which to implement. I1f
degired, both may be offered with a selection method provided by the
manufacturer. It is strongly recommended that controller implementations be
designed to mumpport both Fixed and Soft Sector drives.

3.4 OPTICAL DISK SUPRORT

The' interface provides for the attachwent of optical dizk removable
cartridge drives. These have unigue characteristica in that data may be Read
Only (ROM), Write Once/Read Many times (WORM), or Eraseable.

The high track density of optical technology typically requires using media
which is pre-formatted by the media supplier, or by the drive itself. Dnder
such circumatances the controller has no nesd Lo execute what iy generally

.referred to as a format write,

Optical WORM disks differ Erom magnetic disks 1p that althogh they con be
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read many times, they can be recorded only once. Recording is most like an
update write on magnetic disk since it consists of reading the header prior
Lo writing the data.

Optical disks use removable media, and there ia nc concept of a cylinder as
on magnatic disk. Typically there is only one head, and media may be single
or double sided, being reversed by the waer as necessary. Drives which may
offer two heade so that both sides of media can be read or written do not
actually support the cylinder concept because at the high track densities
involved, it is necesaary for the drive to re-servo when it has to ewitch to
the second surface.

Where the term cylinder is used for magnetic disk, the tem track is used
with optical disk. An optical disk drive may offer fast access within a
mmber of tracks, and if this feature is offered it ia referred to as a
"band®, and may be viewed as a cylinder on a horizontal plane.

The raw error rate of recording at such high densities is high, and it is
necessary to use extended and soghisticated error correction techniques so
that the final error rate achieved is comparable to magnetic media.
Provision has been made for implementation of am erasurs pointsr correction
acheme.

Wherever poseible, the eatablished techniques used by controllers in the
support of magnetic disk drivee have been incorporated. It should be
poseible for a magnetic disk controller o wmpport optical disks without
significapt re-design of electronica. Some level of change will ba needed,
and the extent of the changes required are to a large degree dependent on
the controller design itself.
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4. GLOSSARY

The definitions used in this document are Jisted alphabelically:

Add;esn Mark

This term refera to a field recorded by a disk drive capable of managing
soft sectors. The Address Mark is used to recognize the beginning of a
sector.

Bidirectional

This term refers to the use of signal lines which may be asserted hy either
the master or a alave, but not concurrently.

Byte

Eight bits.

Cylinder

The set of tracka which may be accessed on a disk without performing a Seek
operation. This is typically all tracks which may be accessed without
physical movement of the heads.

Defect Map

A list of the defects on the device which was recorded by the manufacturer.
Head

A single read/write recording element. Each head on a disk may read or write
a serial data stream. Magnetic diska typically have more than one head, with
each reading or writing a different surface. Optical diska typically have
only one head, requiring that the media side to be read or written be
inserted in the correct plane.

index

The nominal start of each track of the disk. The first phyaical sector of
each track follows index.

ISG {Inter Sector Gap)
The area between the end of the data area in one sector and the slart of the

addreas area of the next sector. It contains no recognizable data and
provides spacing between sectors.

-MD (Magneto Optic)

A method of recording data which requires the presence of a magnetic field
and a high heat source {typically supplied by a laser).

X319.3/87-005 Enhanced Small Device I/F Rev 1.3 5/14/87 bPage 4-2

Outional

This term describes features which are not required by the standard.
However, if any feature defined hy the standard is inplemented, it shall be
done in Lhe same way as defined by the standard.

PLD {Phase Lock Oscillator)

A circuit located in the drive which synchronizes the read data decoder to
data from the disk.

Reaponse

The information transferred £rom the drive £o the controller following a
command request. The information returned is specific to the response type.

Sector

Thia term rvefers to the addess and data areas identified by the disk drive,
relative to index, with zero as the First,

Serva

"Servo Data” is information written on the drive which is used by the drive
to keep the read/write heads on the same track as the disk rotates. Serve
data may be kept on a dedicated drive surface, embedded between data fields,
both, or in some other drive specific manner.

Skew

This term refers to the practice of moving the position of the first logical
sector on each track to mask the time required to switch heads or cylinders,
A skew factor is added when formatting a disk to improve disk performance by
reducing wasted disk revolutions.

Track

That area of the disk accessible by a mingle head within a single eylinder.
A track may be read or written during one rotation of the disk.

Iinidirectional

This term refers to the use of signal linea which are not asserted by both
the controller and the device {(aither conourrently or succesaively).

Vendor Unique

This term defines those features which can be defined by a vendor in a
specific implementation. Caution should be exercised in defining and using
such features since they may or may not be standard between vendors.
Volume

This term refers to removable media i.e. sach removable entity such as an
optical disk cartridge is called a volume.
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Write Protect - an attribute of removeable media, wsually requiring some
physical sensing by the device, indicating whether the device im allowed {u
write data on the mediusn. When a volume is write protected the device is
prevented from writing on the medium.

Write Splice

An area of the disk produced when writing begins. Data in the write aplice
area on the disk is undafinad and must not be read from the disk.
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S. PHYSICAL INTERFACE
5.1 ELECTRICAL

The Enhanced Small Device Interface can be divided into the physical ly
separated categories of:

a) Control mignale.
b} pata mignalu
c} DC power.

All control lines are digital in nature lopen vollector TIL) and either
provide aignals to the drive (input) or signals to the coatroller {output).

The data tranafer signals are differential in nature and provide data erther
to (write) or from {read} the drive.

5.2 CONTROL SIGNALS DRIVERS AND RECEIVERS

The drivera have the following electrical specifications. See Figure 5-1 for
the recomrended configuration.

OPFEN QOLLBCTOR:

Output: ; Asgerted: 0.0 VDC to 0.40 YOC @ I= -48mA
Negated: 2,5 VDC to 5.25 VDX @ I= +250 uA
Input; Asserted: 0.0 vDC to (.80 VDO
Negated: 2.0 VD¢ to 5.25 vioC
Maximam Total Tnput Loads ~0.4 mA @ 0.4 vDC -
Maximum Input Hysteresia: 0.2 v

The signals are driven with an open collector output stage capable of
ainking at least 48mA when asserted with maximum vaoltage of 0.4V measured at
the driver. When the line driver im negated the driver trangistor is off and
collector leakage current ia a maximum of 25(kA.
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5V
H H v 150 ohm
H O 3 meters Max il
HA \ FY
——— H A
1 o HE 1
——————t) Hr's
A HH
TTL i 1L
Praver H + Receiver
Open H } Schmitt
Collector + Trigger

NOTE: Termination resistors for linem originating at the controller are
located in the last device. Linea originating at the device are
terminated at the controller,

FIGURE 5~1 ODNTROL SIGNALS DRIVER/RECEIVER OOMBINATION
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5.3 DATA LINE DRLVERS AMD HECEIVEUS

The data drivera and receivers are differential in pature, and may use
either TTL or ECL logic. It is possible to mix implementations provided Lhe
common mode woltage between ITL driver and ECL receiver is sufficiently
asmall., NOTE: Implementations need to consider the potential lack of coneon
mode moise rejection in a mixed implmentation.

In high wpeed applications, driver and receiver skew specificatione are
eritical for timing calculations.
The recammended circuit is ahown in Fiqure 5-2.

i<—— 1 meters Max -—>!

*
"
3

N : H H H H H
High b Nmm——— 3 H I/ o t===ml % High
—————t ) H "1 Zo H \ i HE S
Asgerted! fo-——-~=+ 3 H / 10%  +-—o0} / Asserted
i7 I : H H 4
— x . N
briver Receiver
] Logical 1 .
*1 Nominal Minus Line 4= Voo
. AT 4
Driver Output v/ Delta V >= 0.8V
. Logical 0 /\
Nominal Plus Line : P = Ground

NOTE: Zo = Flat Ribbon cable impedance rated at 105 ohms
FIGURE 5-2 DATA LINE DRIVER/RECEIVER COMBINATION
5.3.1 Line Driver

The driver circuit shall result in a balanced voltage source that will
produce a differential voltage to the interconnecting cable. The difference

between the Low cutput level and the High output level shall be greater than

or equal to 0.8V with a 100 ohm load. With no load the difference betwecn
the cutput voltagea shall be lese than §V and neither output voltage may be
greater than &V.

NOTE: A driver which complies with EIA Standard RS-422 mects these
recqui rementa.

5.3.2 Line Receiver

The receiver shall have an input sensitivity of +/- 200mV minimm over its
entire VCM {(Common Mode Voltage) range tat least -1V to +?V referenced to
the receiver ground). The V(M is defined as the algebraic mean of Lhe Lwo
voltages appearing at the receiver inpub Lerminaly with respect to the

K319.3/87-005 Enhanced Sinall Device I/F Rev 1.3 5/18/07 Page 54

recerver circuit ground.

The receiver input impedance shall be greater than or equal to 4,000 vhas,
and the receiver shall maintain corvect operation for a diffevential input
signal ranging between 200a¥ and 6V in magnitude.

- The maxumsn voltage hetween eithar receiver input temminal and recsiver

cirenit ground shall not exceed +/- 1OV (3V mignal + 7V VCM), and the
circuit. shall be able to tolerate a maximam differential aignal of 12V
applied across its input temminals without being damaged.

NOTE: A receiver which complies with EIA Standard RS-422 meets these
requirements. )

5.4 SPECIAL TERMINATYON

For differential applicaticonu, the termination shall consist of a resiator
with impedance equal to Zo +/- 10% connected between the (+) data line and
the (-} data line at the receiving end of the cable.

5.4.1 WRITE GATE Termination

This line shall be protected from terminator power loss by the circuit shown
in Figure 5-3. The circuit is intended to prevent the WRITE GATE signal from
being unintentionally asserted upon loss of temminator power. The 3.9K Ohm
resistor permanently located in each drive assures line negation regardless
of terminator power status.

fr
<

<1
o -

L3

(=
e

»

b

WRITE GATE | H

“1  part of terminator pack in last drive of the daisy chain.
*2  Permanently located in the drive. Voltage drop ahall be ¢ 0.75V.

FIGIRE 5-3 WRITE GATE TERMINATION
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5.4.2

Tha optional temination for control si

cable.
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Control Signals Termination {Optional)

Page 5-5

gnaly only ia applicable ko the data

o +5v
F
220 olm
/ Y
H HEAY
HE'
H H
/ HAH
330 ohn :
/ H
+ +
H Signal

Drive Termination

Addreas Mark Enable

- am

'
.
v
4
[l
1
'
1

Controller Termination

Orive Selected
Sector/Address Mark Found
Command Conplete

TIndex

FIGURE 5-4 OPTIONAL DATA CABLE OONTROL SIGNALS TERMINATION

XAT9.3/07-005  Enhanced Snad | Device 178 dev 1.3 S5/18787 P 5=0

5.5 RECOMMENDED CONFIGURATIONS

Figure 5-4, Figure 5-5, and Figure 5-6 illustrate cabling for recommended
configurations with the controller at one end of the cable, an ESDI device
at the other, and with intermediate ESPI devices. Other electrically valid
-configurations may be used, even if they are not shown below.

Controller Intermadiate Device Last/Only Device
/i
/i
Lt SR
oA
/1 H \H /i
/o i /i
e T i HH < i
AT v
ATEE v
C
T

Note: Terminator CT, shall be at extreme end of the cable

FIGURE 5-5 [RVIDYRECTIONAL SINGLE ENDED LINES FROM DEVICE

Control ler Intermediate Device Last/Only Device
N
HEAY
e P
HEH
A Y n
HIR) H HERY
———l ) B + " LEA I S
H) H i
s H V
H
VI

Note: Terminalor CT, shall be at extreme end of the cable

FIGURE 5-6 UNIDIRECTIONAL SINGLE ENDED LINES FROM (ONTROLLER
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5.6 MBCHANICAL

The connectors and eables that interconnect a device and the controller are
shown in Table 5-1.

i Dew/Ctlr ! Cable/Connector i Cable
! Receptacle |} Description s Plug
+ + - +
' Jl i Control aignala (multiplexed) ! Pl H
H J2 ! Data aignale {radial) L -
' a3 i DO power input H -5 T
! J4 i Frame qroand . HE <
+ +

5.6.1 J1/Pl Connector

5.6.1.1 Edge Connector

The dimenaions for the J1 34 pin PCB edge connector and its Pl mating cable
connector are shown in Drawing 5-1. The pins are mumbered 1 through 34 with
the even pins located on one side of the PCB. A key alot is provided between
pina 4 and 6.

See Drawing 5-6 for connector orientation.

5.6.1.2 Header Connector

The dimenaions for the J1 34 pin header and ita Pl mating cable connector
are shown in Drawing S-1. -

5.6.2 J2/P2 Connector

5.6.2.1 Edge Connector

The dimensions for the J2 20 pin PCB edge connector and its P2 mating cable
connector are shown in Drawing 5-3. The pina are numbered 1 through 20 with
the even ping located on one side of the PCB. A key slot is provided between
pina 4 and 6.

See Drawing 5-6 for orientation.

5.6.2.2 Header Connector

The dimensions for the J2 20 pin header and ite P2 mating cable connector
are gshown in Drawing 5-4.
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5.6.3 J3/P3 Connector

The dimensions for the J3 DC Power connector and its P mating cable
connector are shown in Drawing 5-5.

The pin assignmenty are as shown in Table 5-2.
See Drawing 5-6 for connector orientation.
5.6.4 J4/P4 Frame Ground Connector

The J4/P4 frame ground connection and itm mating P4 cable connector are
shown in Drawing 5-7.

If wire is used, the hole in J4 shall accomodate a wire size of 1BAWG
maximan.
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DRAWING 5-5 J3/P3 CONNFCTOR
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TABLE 5-3 J3/P3 CONNECTOR PIN ASSIGNMENTS
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6. SIGNAL LINES
6.1 PIN ASSIGNMENTS

Pin asaignmenta for the control cable are shown in Table 6-1 and Table 6-2.
The direction —-) is Qutput to the drive and (- ig Input to the controller.

Disk Optical Signal Ground
Signals Signals Pin Pin
Cable is Flat Ribbon {3 meters maximam)
~~» HEAD SELECT 2{3) Resarved 2 1
--> HEAD SELECT 2(2) fegerved ] 3
== WRITE GATE = [ 5
(-~ OONFIG/STATUS DATA "= a 7
{—— ‘INANSFER ACK ) = 10 9
{—  ATTENTION = 12 11
~=> HEAD SELECT 2{0) SIDE SELECT 14 13
(== SECTOR/AM FORD SECTOR B 16 15
== HEAD SELECT 2(1) Reserved 18 17
C(~=~ TNDEX ' = 20 19
{-— READY = 22 21
==> TRANSFER REQ = 24 23
«=> DRIVE SELECT 2{0) s 26 25
==> DRIVE SELECT 2(]) = 28 27
~~>» DRIVE SELECT 2(2) = 10 29
==> READ GATE = 32 n
== COMMAND DATA ] 33 13
TABLE 6-1 CONTROL CABLE {J1/Pl} PIN ASSIGNMENTS
Disk Optical Signal Ground
Signals Signala Pin Pin
' . Cable i Flat Ribbon {3 meters maximum)
{~- DRIVE SELECTED = 1
b <-- SECTGR/AM FOIRND SECTOR 2
{— OOMMAND OOMPLETE = 3
-~> ADDRESS MARK ENABLE Reserved 4
GROUND = 5
~=> +/-WRITE CLOCK = 1/8 6
GROUND = 9
{== +/-READ REFERENCE CLOCK = 1011 12
==3 +/-NItZ WRITE DATA * 13714 t5/16
(== +/-NR{ READ DATA = 17/18 19

-~ INDEX 20

. TABLE 6-~2 DATA CABLE (J2/P2) PIN ASSIGNMENTS
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6.2 OONTHOL (T LINES. {D-0)

The control out gignals are of two bypes: those Lo be multiplexed in a
maltiple drive system and those intended to oo the miltiplexing. The control
signals to be miltiplexed are WRITE GRTE.'_READ GATE, HEAD SELECT 2(0), HEAD
SELECT 2{1), HEAD SELECT 212), HEAD SELECT 2{3), TRANSFER REQ and COMMAND
PATA. The signals to do the multiplexing are DRIVE SELECT 2(0), DRIVE SELECT
2(1), and DRIVE SELECT 2{l:.

ADDRESS MARK FNABLE {D-x) is a control output in the radial cabie, It is
not malbiplexed. :

Any lines not used should be beminated.
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H
]
H

ATl

6.2.1 DRIVE SELECT 2{0), 2(1), 2(2) (DN

The three DRIVE SELECT lines are to be decaded for drive select. Decode 000
shall be a no select. See Figure 6~1 and Table 6-3. Drives should be
deselected prior to power down as insurance against destnuctive writing.

150 Ohm
+ FAYAYAY v
h 150 Olua vl
H + TAYAVA) 15y
H H 150 Ohm H
I TAYAVAN
: H . o e —— - *
LI v i
HE S V0 - NG i
: ! ! 1 Receiver Pl i=-o ~—aoa!
DRIVE SELECT 2{0)-——+===!=-=-i—3 P2 - o
: v and '3 -0 o
DRIVE SELECT 2{L}~r———nmt=mui——t ' 4o o-- Drive
! ! Decoder 15 -0 o ; Selected
DRIVE SELECT 2(2)-m=c———rmmmu—ta—t 16 -0 ol
H Hilr B Y o\
P == v e - v

NOTE: Iilustrative implementation only. If a miniman delay time greater
than zero is neceusary for any reason a delay may be added between
the kelection circuit and the assertion of Drive Selected.

L Termination resistors are located in last drive only.

FIGURE 6-1 DRIVE SELECT TERMINATION

IDL:i.veSela:tai iNone} L 1 21314!5:6:7:
+ * + + + b
:DriVESelth(Z}:0!01030:131:1:1:
thrive Select 2013 ! 0 i 0! 1:1:0:8a:1:1°:
3Drive5elact2lﬂ).'0:1:0:1:0:1:0:1:

TABLE 6-3 DRIVE SELECTTON MATRIX

- 6.2.2 HEAD SELECT 2(0), 201}, 2{2), and 2{3} (D-O}

6.2.2.1 Disk

These four lines allow selection of each individual read/write head in a
binary coded secuence. HEAD SELECT 2{0) is the least uignificant line. Heais
are numbered 0 through 15, When all HEAD SELECT lines are negated, head 0
shall be selected. Addresaing more than 16 heads is allowed by use of the
SELECT HEAD GROUP command.

Head addressing is continuous from 0 through both removeable and Fixed
drives. If a removeable drive iy present, head 8 shall be on the removeable

b
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media drive.

Addressing more heads than contained in the drive shall remfy in & write
fault when attempting Lo perform a write operation.

A 150 0HM rn;:istor pack allows for line termination.

6.2.2.2 optical

One line, SIDE SELECT, is used to allow selection of sither side of the
cartridge piatter. Heads are nombered as 0 and ). When SIDE SELECT is
negated, head O shall be selected.

1f only one side is supported by a drive then this line may be ignored.
6.2.3 WRITE GATE (D-O)

6.2.3.1 Disk

Thia signal allowsa data to be recorded on the digk.

The assertion of thie mignal creates a write splice and initiates the
writing of the header or the data PLO Sync field by the drive. The write
splice is defined as the point at which WRITE GATE turns on or off relative
to Index or Sector pulse. See Figure 10-14 through Figure 10-16.

bhen formatting, WHITE GATE should be negated for 2 bit timen minimm
between the address area and the data area to identify o the drive the
beginning of the data PLO sync Fisld.

Thie line shall be protected from teminator power loas by implementation of
the circuit shown in Figure 5-3.

6.2.3.2 Optical
This signal allows data to be recorded on the disk.

The assertion of this signal initiates the writing of the data PID Sync
field by the drive. See Figure 10-15. . .
Thie line shall be protected from terminator power loms by implementation of
the circuit shown in Figure 5-3.

6.2.4 REAIN GATE (D-0)

This signal allows data to be read from the digk.

READ GATE should only be asserted during a PLO sync field and at least the
mmber of bytes defined by the drive prior to the ID or Data Sync Bytes. The
PLO sync field length ig determined by the response to the Request PLO Syne:
Field Length command. READ GATE shall be negated when pasaing over a write

splice area.

A 150 OIM resistor pack allows for line temination.
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6.2.5 OGMMAND DATA (0-0)

Jhen presenting a command, 16 information bits of serial data pliua pavity,

will be presented on this line. Thia data is to be controlled by the
handshake protocol with signals TRANSFER REQ and TRANSFER ACK. flipon receipt
of this serial data, the drive shall perform the required function as
specified by the bit configuration. Data is transmitied MSB firat.

See Section 7 for the meaning of the various hit combinations.
See Figure 10-1 for timing.

The parity utilized in all commande shail be odd. The parity bit shall be a
"1" when the mmber of "1"s" in a 16 bit command is an even mumber. The
nucber of "1" bita in the command, plus parity, sball be an odd number,

No comminications should be attempted unlese the OOMMAND OOMBLETE line ia”
agserted just prior to the start of the iransfer. Note: This line shall be
negated when pol in uas. :

A 150 OHM resistor pack allows for line termination.

6.2.6 TRANSFER REQ (D-O)

The Transfer Request line functions as a handshake signal in conjunction
with TRANSFER ACK during command and configuration/status tranufers. See
Figure 10-1 and Figure 10-2 for timing.

6.2.7 ADDRESS MARK ENARLE (D-x)
This line aha}l be permanently temminated in the drive. See Figure 5-1.
6.2.7.1 Disk Soft Sector (ADDRESS MARK ENABLE) (Optional)

For soft sectored drivea, thia signal. when WRITE GATE is asserted, causes

an Address Mark to be written. ADDRESS MARK ENABLE shall be asserted for 24
+/-1 bit times. See Figure 10-3 for timing. The Address Mark written shal]

be left to the drive manufacturer's diecretion.

RDDRESS MARK ENABLE, when asserted without WRITE GATE or READ GATE, causcs a
search for Address Marks. If WRAITE GATE i aaserted, the negation of thiu
aignal causes the drive to begin writing the ID PLO Sync field. See Figure
10-16. )

6.2.7.2 Disk Fixed Sector (ADDRESS MARK ENABLE} (Optional}

In fixed sector drives, ADDRESS MARK ENABLE does nat cause an Address Mark
to be written on the media. The trailing edge of ADDRESS MARK ENADLE with
WRITE GATE asserted initiates the writing of the header PLO sync field.

The beginning of a Header PLO Sync Field shall be defined at format time by
using ADDRESS MARK ENABLE or by the leading ekie of WRITE GATE asserlion.
Sewz Figure 10-14 and Figure 10-15.
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b.3 OONTROL IN LINES

All control cable input lines are enabled by their respective DRIVE SELECT
decodes. .

All data cable input lines are always enabled.

Fiqure 5~]1 shows the reccmwended circuit.

6.3.1 DRIVE SELECTED (D-0)

A status line provided at the data cable connector to inform the coatroller
of the selection atatus of the drive. The SRIVE SELECTED line is driven by a
driver as shown in Figure 5~1. This mignal ahall be assarted only when the
drive is selected am defined in section 6.2.1. The DRIVE SELECT output lines
on the control cable are askerted by the controller. See Figure 10-4.

6,3.2 READY (D~0)
6.3.2.1 Disk
This signal indicates only that the spindle is up to speed.

When this interface mignal im asserted it indicates that the drive spindie
is up to speed. When thie signal is negated the drive spindle im not up to
speed. .

6.3.2.2 Optical

This mignal indicates that the spindle is up to speed. This interface signal
when asserted, together with QOMMAND CCMEIETE indicates that the drive is
ready to read, write or, seek. When the line i negated, all reading,
writing and Beeking is inhibited.

6.3.3 CONFIG/STATUS (D-0)

The drive prerents serial data on the Configuration/Status Data line upon
request from the controller. See Figure 10-5 for typical operation. This
config-atatus merial data shall be presented to the interface and tranaferred
using the handshake protocol with signals TRANSFER REQ and TRANSFFR ACK. See
Figure -2, Once initiated, 16 bite plus parity shall he tranemitted MSB
firat. The parity atilized shall be odd. )

6.3.4 TRANSFER ACK (D-0)

" The Transfer Acknowledge smignal functions as a handshake signal along with

TRANSFER REQ during COMMAND and CONFIGURATION-STATUS transfers. See Figure
10-1 and Figure 10-2.
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6.3.5 ATTENTIGN {D-O)

ATTENTION is asserted when the drive wants the controller. to requeslt ity
standard statua. Generally, this is a result of a fault copdition or a
change of statua.

1f a aclected device encounters an unexpected condition which causes it to
become busy and unable to respond to the controller it shall assert
ATTENTIGN in conjunction with the negation of OOMMAND COMPLETE.

Writing is inhibited when ATTENTION is asserted.

ATTENTION is negated by the Control Command with the Reset Interface
Attention modifier met only if the condition which caused it to sccur no
longer exists,

6.3.6 INDEX (D-0)

Thia pulse is provided by the drive once each revolution to indicate the
beginning of a track. Thia aignal is asserted to indicate INDEX. Only the
tranpition at the leading edge of the asserted pulse is accurately
controlled. See Figure 10-6. This signal is available on the control cable
(gated) and on the radial data cable (ungated) .,

6.3.7 SECTOR/ADDRESS MARK FOUND (D-O) )

These siguale are available on the control cable {gated} and on the radial
data cable {ungated). Both of thesa aignaia shall be implemented by the
drive manufacturer.

6.3.7.1 Disk and Optical Hard Sector (SBCTOR}

This interface aignal, which ia mutually exclusive with ADDRESS MARK FOUND,
indicates the start of a sector. The leading edge of the asserted sector
pulses ia the only edge that is accurately controfled. The index pulse
indicates sector zero. See Figure 10-7,

Bo short sector lenglha are allowed.

6.3.7.2 Pisk Soft Sector (ADDRESS MARK FOLUNDY

This interface signal, which is mitually exclusive with SECTOR, indicates
the detection of the end of an address mark. See Figure 10-8 for Liming.
6.3.0 COMAND COMPLETE (D-O)

A statug line provided at the radial data cable connector. Thig ungated
irput to the controller allows the drive's OOMMAND COMPLETE status to be
monitored during overlapped commands without selecting the drive.

This signal shall be negaled in the (ol lowing cases:

o During a power up soquence, this ine shall Htay aegated until the power

e sexfaeance 1g complete.
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o Upon coceipt of the first OOMMAND DATA bit. CUMMAND OOMPLETE shall Stay
negated during the entire conmand sequence.

o bhenever the drive is unable to respond to the interface e.qe during
recovery from internally detected ervor conditions. If this should secur
during the time that the device i seiected, then ATTENTION shall be
asserted to advise the controller that an unexpected event has occurred
and that the device is busy and unable to respond bo the interface.

This signal is driven by an open collector driver ag shown in Figure 5-1.
5.3.8.1 Disk
The pover up sequence includes eventual spin up and recalibration.

Thia signhal line is also negate.d within 15 usec from a head select chamge 1f
head selection time is >iSusec as indicated in Configuration Data.

6.3.8.2 Optical

The power up sequence includes a recalibration serquence initiated by drive
logic if the R/W heads are not over track zero.

6.4 DATA TRANSFER LINES (D-O)

All lines amsociated with the transfer of data between the drive and the
controller are differential in nature and may mot be multiplexed. These
lines are provided at the radial data cables of each drive.

Four pairs of balanced aignale are used with magnetic and opticalr disk for
the transfer of data and clock: NRZ WRITE DATA, MR7 READ DATA, WRITE CIOCK,
and READ/REFERENCE CLOCK.

Figure 5-2 illustrates the recommended driver/receiver einmit.

6.4.1 NRZ WRITE DATA (D-O}

This ie a differential pair that defines the data to be written on the
track. Thie data shall be clocked by the WRITE CLOCK wignal.

See Figure 10-11 and Figure 10-12 for timing.
5.4,2 NRZ READ DATA (D~

The data recovered by reading previously written information is transmitted
to the controller via the differential pair of NRZ READ DATA lines. This
dits is clocked by the READ CIOCK signal. Ses Figure 10-9 and Fiqure 10-10
for timing. NRZ READ DATA shall be held at a zero level until PLO syne has
been obtained and data is valid.

NOTE: NRZ READ DATA carries eragure pointer data during an crasure read 1n
an optical disk drive,
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6.4,3 READ/REFERENCE CLOCK (D-O)

The timing diagrams as shown in Fiqure 10-9 through Figure 10-12 depict the
necessary sequence of events (with associated timing restrictions For prop
read/write operation of the drive). The REFERENCE CLOCK asignal from the
drive shall determine the data transfer rate.

REFERENCE CLOCK im present and stable when READY in asserted (the drive is
pinningl . .

READ CIOCK is valid when READ GATE im active and PLO Synchronization has
been eutablisbed.

REFERENCE CLOCK is valid when READ GATE is inactive.

All transitions between REFERENCE CIOCK and READ CLOCK shall be performed
without glitches. Two missing clock cycles are permissible.

NOTE: On magnetic disk drives above 10 Miz transfer rate and on optical
dieks it im posaible that the negated period of the clock may vary i.e. not
be symmetrical in width with the asserted pericd. This occura on a
repetitive basin but aot necessarily on every clock cycle. The leading edge
of the signal shall be used to clock data.

6.4.4 WRITE CLOCK (D-O)

WRITE CIOCK is provided by the controller and shall ba at the hit data rate,
This clock frequency shal} be dictated by the READ/REFERENCE CLOCK during
the write operation. See Figure 10-11 and Figure 10-12 for timing.

WRITE CLOCK need not be continuously supplied to the drive. WRITE CLOCK
should be supplied before beginning a write operation and should last for
the duration of the write operation.

Optical disks may not produce a asymretrical wave form due to device specific
implementations. Both standard and extended period wave forma are permitted,
as defined in Figure 10-13.
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7.2.1 Coomand Summary
7. OOMVANDS AND RESPONSES
¥able 7-1 mamarizea the conmands defined for disk and optical

7.2 COMMANDS

* Optional Commands

Within the comands, all unused or Not Applicable bits shall be set to zero
and any “Hesefved” Command Function received shall be treated as invalid.

7.1 OOMMAND STRUCTURE T implomentat ions.
Each command consista of 17 bits (16 command data » 3 parity) transferved ; * '
serially. The structure of the command word is defined in Figure 7-1. ! ! Magneblic Disk i Optical Disk H
H \ Seek i Seek H
Odd Parity —-———-« H i Recalibrate ! Recalibrate !
+~ Most Significant Bit leaet Significant Bit -+ ! H i Request Status + Request Status H
H H ' H i Request Configuration ! Request Configuration
——— + + s [— ——— H ¢ Select Head Group * | Reserved H
:15:14:13:12:11:10#9:817:6:5:4:3:2:1:0:?: ! ¢ Control i Control !
* L + B S b——m+t H : Data Strobe OFffset * ! Data Recovery Offset * |
| OD Punction ! D Modifier !0 @ 0 o b 0 0 o:p: H ! Track Offset * | Track Offset -
* * - + H i Initiate Diagnostics * ! Initiate Diagnostics * ;
+ OD Function ! OD Modifier ! D Subscript N M H ' Set Bytes per Sector * ! Reserved H
+ * s + * H i Reserved i+ High Order Seek Addr H
i OD Function ! D Parameter H i i Reserved ! Format .
+ + ' H ! Reserved H Reserved H
H ! Reserved ‘1 Reserved H
FIGURE 7-1 OCOMMAND DATA WORD STRUCTURE H i Set Configuration * | Set Configuration * !
i i Reserved ' Reserved H
H + + »
H + *

TABLE 7-1 SUMMARY OF DEFINED. COMMANDS FOR ALL DEVICES
Within this document, references to commands and modifiers are by bit e.g.

0011. References to eubscripts are made as a value in the ratge of 0-255

since they are typically encoded e.q. 3.
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7.2.2 Magnetic Disk Comands 7.2.3 Optical Disk Cunmands
Table 7-2 swmnarizea the magnetic disk commands. Table 7-3 summarizes the optical disk commands.
* + + 13 £3 +
o oD Hey 1} 1D oD iStatus/ © oD oD a0 oD He 1} \Status/
i Fctn | Punction ‘Modifier [Subscript (Parameter !Config ! Petrp | Function . ‘Modifier !Subscript (Parameter (Config
¢ Bit ! Definition tApplicable!ApplicableiApplicableiData ! ¢ Bit | pefinition vApplicable Applicable!Appl icableiData
115-12 3 'Bita 11-8 ipits 7-0 (Bita 11-0 lto Ctly ! 15-12 ¢ - ‘Bita 11-8 iBits 7-0 !Bits 11-0 Ito Ctlr
¥ - r
1 0000 | Seek : No H No H Yes H No ' 1 0000 : Seek H No H No H Yeu H No
i 0001 ! Recalibrate H Na H Ko H Ko . ) } 000l . Recalibrate : N ' No H No .
i1 0010 | Request Status H Yes Yes No ¢ Yes i1 0000 | Recpest Status H Yes Yes | No I Yes
} 6011 | Reguest Configuration ! Yes ! Yes ! No i Yes ’ i 0211 | Request Configuration | Yes Yes ! No v Yes |
} 0100 ¢ Select Head Group L No H No H Yes H No i 0100 @ Reserved H - i - H - H - :
! 0101 | Control H Yes H No H No H No i D101 | Control H Yes : No H No H No H
t 0110 ! Data Strobe Offset * ! Yes H Yeg i No H No H ' ¢ 0110 | Data Recovery Offset * ! Yes H Yes H No H No |
3 0111 .} Track Offset L Yes . Yes ! No 7 No ! 0111 | Track Offset . Yes Yes | No I Noe !
i 1000 ! Initiate Diagnoatics ® | No i No i Yes | No . } 1000 ! Initiate Diagnostics * ! No i . %o : Yes | No |
11001 : Set Bytes per Sector * ;. No ! No ! Yes i Mo ' 1001 | Reserved - L : -
} 1010 | Reserved H - H - H - HE : t 1010 | Hi Order Seek Addreas |. Yes | No H Yes ! No !
i 1011 | Reserved H - ' - i - HE H ! 1011 ; Format . Ko H No H Ho i Ro !
} J100 ! Resexved H - : - H - I : } 100 ! Reserved : - H - H - HEES H
HE 9 {1} A Reserved H - H - | - i - : i 1101 | Reserved : - H - H - H - H
' 1 1110 | Set Configuration * Yes Yes | No i No ! + ¢ L1119 | Set Configuration * Yes | Yes | - HEES H
i V1111 §  Besetrved ) H - i - H - HE : i 1111 |  Reserved H - H - i - HEES :
* * - + ¥ + + + - + L
H * gptional Commands H H ' * Optional Comrande H :
~ ) b + ‘ * i
UOQ NOTE: Simultaneous Data Strobe and Track Offsets are allowed by multiple ' TABLE 7-1 OPFICAL DISK OOMMAND (CMD) DATA DEFINITION

TABLE 7-2 MAGNETIC DISK COMMAND (G'D} DATA DEFINITTION



X31.3/87-005 Ephanced Small Device 1/F Rev 1.3 5/18/87  DPaye: 7-5

/€]

7.3 RESPONSES AND STATUS

when response or statun information is raquested by the controller Viu the
proper commands 17 bits (16 data ¢ | parity) of information are returned to
the controller. .

The specific information requested ia specified by bits 11-8 of the command.
The format of the response or status information returned is defined in
Figqure 7-2,

. Odd Parity ———--»
least Significant Bit -+ H

* " .

3i2:1:0:p;

+- Moat Significant 8it

wi:9:a

-~
-t
-]
wh
f

Xixix;x Xixixix!x:

* + forrm +

R S
-t e o
TP

-+

[l
b
-,
|
[

FIGURE 7-2 WORD SIRUCTURE OF (II\IFIGURATIWISI'ATH_S DATA
7.4 SEEK {0000) {D-0)
7.4.1 Disk (SEEK)
The Seek command causes the drive to seek to the cylinder value contained in
bits 11-0. A Seek command shall restore data strobe and track offsets to
zZero.
7.4.2 Optical {SEEK)
There are two alternative methods to initaite a Seek operation in the drive.
7.4.2.1 Seek Abnolute
This Seek command causes the drive to begin the seek to the track value
contained in bita 11-0 plus the value aet by the high order 4 bits of the
High Order Seek Addreas command (L0107 .
7.4.2.2 Seek Distance/Direction
This Seek coamand caiuses the drive to begin a seek of the distance apecyfied
in bits 11-0; plus the high order 4 bits valua and the direction set by O
modifier bits 8-9 in the High Order Seek Address command (1010). See Table
7-25A.
7.5 RECALIBRATE {0001)
7.5.1 Disk (RECALIBRATE)

The Recalibrate command shall cause the actuator to return to cylinder zero
and restore Data Strobe Offset and Track Offset Lo zero,
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7.5.2 Optical (HECALIBRATE]

On drives which implement Seck Abaolute the Recalibrate command shall cause
the actuator to return to track zero and restore Nata Heoowery Offuct to
zero. .

On drives which implement Seek Distance/Direction the Recalibrate tommand
causes no physical movement and restocves Data Recovery Offset to zero.

7.6 REQUEST STATUS (0010) (D-O) .

This commard causes the drive to send 16 hits of atandard or vendor unique
atatus information to the controller as determined by the command modifiec
bits. The parity utilized in all status responses shall be odd.

Bits 15-12 shall not cause ATTENTION to be asserted. Bite 11-0 are fault on
change of status bite that may cause ATTENTION to be asserted each time one
is set (see Table 7-6 through Table 7-10}.

‘Command  !Subs-~! :
‘Modifier ioripe: - Function H
iBits 11-8: 7-0 : !
0000 0 ! Request Standard Status H
H i 1 ! Request Extended Standard Statua H
P 0x x x ! + Request Vendor Unigue Status H
1800 : H
i to ) i {D-x) Remerved '
1111 H H
ir1000; i {x-0) Reserved i
il1001: i {x-0) Request Optical Device Status H
t1010: ¢ {x-0) Request Current Track Position H
1011 H :
. to ! v (x=0) Reserved '
H U B B O H H

NOTE: The controller should respond with a Request Status command for any
command transfer protocol timsout. Some drives have been built which
wmplement Additional Vendor Unicae Statum in B-15. The control ler can
manage this by requesting as many Vendor Unique status words as
reported in ats Confiquration response.

TABLE 7-5 REQUEST STATUS MDDIFIER BITS

© Request. Standard Status; wWhen the command modifier bits 11-8 of the
Recuest Status command is 0000, the drive shall respordd with 16 bits of
Standard Status. Settings in this atatus 2y or may not be fault or change
of status bils that cause ATTENTION to be asserted each Lime one 15 sel..
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o Request Vendor Unique Status: When the command modifier bits 11-8 of the
Recuest: Status command iz 0001-0111, the drive responds with Vendor Uninque
Status (undefined in this specification). The maber of words available is
specified by configuration data. Each word of Vendor Unicue Status ix
requested using a different command mdifier configuration. The camasnd
modifier for the firat word is 0001 and sibsequent words are respieuted by
incrementing the command modifier.

o Request Device Type or Additional Vendor Unique Status or Heserved: wWhen
the command modifier bita 11-8 of the Req,nes't Status command is 1000-1111,
the drive reapondn with all zeros if it ia Reserved. The mmber of words
available is specified by configuration data. 1f Device Type Status is
defined in this specification it shail be reported, or additional vendor
unigue atatus may be provided. Each word of Additional Vendor Unicue Status
is requested using a different command modifier configuration. The counand
modifier for the first word is 1000 and subsequent worda ave requested by
incrementing the command modifier by one.
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7.6.1 Disk Statuy Response
7.6.1.1 Disk Standard Status Response

There are 1b hits of status information returned tc the contreller in
response (o the Request Standard Status command with a subscript of 0.

Table 7-6 lists the conditions under whxch the Status Response bits shall be
set and if ATTENTION is asserted.

5

iBit ! Status Response

13 !  Reserved w0
¢ 14 ! 1 = Removable Media Not Present H I
H i 0 = If not Removable H /B
1 13 1 = Write Protected - Removable Media HEL
H i 8 = I€ not Removable HE |
1 12 1 1 = Write Protected - Fixed Media I
v 11 | Reserved t 0
1 10 . Reserved H |
{91 = spindle Motor Stopped by Stop command H (B
. i 1 = Spindle Motor Stopped for Other (e.g. Power On, Reset) 1.
! 811 = Power On Condition *1 S
¢+ 711 = Command Data Parity Fauit 1
i 611 = Interface Fault H
! 511 = Invalid or Unimplemented Command Fault i1
! 411 = Seek Fault HEY
v 3 1 1 = Write Gate with Track Offset Fault HI
i 25 1 = Vendor Unique Status Not Associated with Error Condition] O !
H i 1 = Vendor Unigue Statua Available for Error Condition 11
i 111 = Write Fault *2 Hi
H ﬂ:1=llumahlelhduchangedthasbeendungednme 11

laat atatus reguest)

“1 The drive is set to the initial! condition that follows the Power Oa
sequence of the drive electronics. Thie bit is set at initial Power On
or as the result of an unexpected fault condition detected by the drive
which resulted in an internal reset which returns the electronics to
the sae condition as after initial Power On. The controller will
typically have to configure the drive when thias condition occurs and
may have to issue a Start Spindle Motor command.

=2 Conditione that can cause Write Fault are:
a) Write current in a head withont WRITE GATE asserted or no wrike
current with WRITE GATE asserted and the drive selected.
Multiple heads selected., no head selected, or improperly selected
with WRITE GATE asserted.
c) WRITE GATE aeserted fo a write protected drive.
d} Simaltaneous assertion of READ GATE and WRITE GATE.
a) D¢ voltages grossly out of tolerance.
£) Other drive specific error conditiona.

b

TABLE 7-6 MAGNETIC DISK STANDARD STATUS RESPONSE BITS
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i 7.6.1.2 Disk Extended Status Response {Optional) . 7.6.2 Optical Status Response
! ‘there are 16 bits of status information returned to the controtler in 7.6.2.1 Optical Standard Status
vesponse to the Request Standard Status conmand with a subscript of 1.
There are 16 bits of status information returned to the controller in

22!

Table 7-6A lists the conditions under which the Status Ra e bite shall responee to the Request Standard Status command.
be set and if ATTENTION is asserted. oot . ’ '
Table 7-7 liats the conditions under which the Status Response bita shali be
¥ + set and if ATTENTION is asserted.
vBit Extended Statuas Responge AT
* - [yT— Table 7-7 is returned when the Command Modifier bits are 0000 and lists the
'15 1 1 = spindle is Synchronized *1 HS B conditions under which the Status Response bits shall be set apd if
P14 P ATTENTION is asserted.
H \  Reserved r 0!
L t ! - +
* tmmad H: Status Response H . v
+ *
*1 In a synchronized spindle system one drive {the master) of an external {15 ! Reserved I
source generates a gignal which drives use to synchronize their i 14 | Removable Media Nok Present H | I
spindles. A separate cable outside the ESOI definition supplies this ¢ 13 | Write Protected, Removable Media HE B
signal to each drive. There are three conditions: 1 12 |  Reserved P o
o Spindle is not synchronized to an external sigmal. 1 11 !  Regerved 10
o Spindle is synchronized. - - : ¢ 10 | Media Type has Changed {RO, WORM or Eraseable) 2 HE
ospudlehadreportditwaatynchmnized.hntismlonger. i 9 i1 = Spindle Motor Stopped by Stop command H 1 B
ATTENTION shall be asserted whenever there is a change from the ! 1 1'- spindle Motor Stopped for Other (e.g. Power On, feset) ! 1 !
synchronized condition (bit 15=0). . . : ! 8 ! = Power On Condition *I T
» 7 | command Data Parity Fault HI O
TABLE 7-6A MAGNETIC DISK EXTENDED STATUS RESPONSE BITS i 6 ! Interface Fault : HES
i 5 5 Ynvalid or Unimplemented Command Fault LD
i 4 | Seek Fault i1
i 31 Reserved I
{ 211 = Vendor Unigue Status Not Aasociated with Brror Condition! 0 !
. i 1 = Vendor Unique Status Available for Brror Condition V1
i 1 1 Write Fault =3 1 T
: 0} Removable Media Changed (has been changed aince HID
: H last status request} H H

"1 The drive is set to the initial condition that follows the Power On
sequence of the drive electronics. See also Magnetic Disk Status,

*2 The type of media loaded in the drive has changed, as well as the
cartridge itself e.g. RGO to WORM or differently formatted WORM.

*3 Conditions that can cause Write Fault are:
a) Excessive write current.
b} Multiple heads selected, rio head selected, or improperly selected
-with WHITE GATE asserted. .
. <) DC voltages grossly out of tolerance,
d) WRITE GATE amserted to a pieviously recorded or flagged defective
- sector
¢} Simultaneous assertion of REAL GATE and WRITE GATE if DRIW not
inplemented.

TABLE 7-7 OPTICAL DISK STANDAND STATUS HFSIONSE BITS
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7.6.2.2 Optical Device Status Table 7-% im returned when the Command Modifier bita are 1010. Bits 15-8

' define the current Track High order byte and bits 7-0 define the current
Thera are two words of Device Status information returned to the controlier Track Low order byte. NOTE: A drive which impiements the Distance/Direction
in response to the Reguest Device Status command. type of Seek only shall respond to this status request with an Invalid

Command faulc.
Table 7-8 is returned when the Command Modifier bits are 1001 and lists the

conditions under which the Status Response bits shail be sat and if + N
ATTENTION is asserted. iBit | Status Response ' {ATT
. d———y
+ tommt i 15 § Current Track High Order Byte - MSB L
Bt ¢ Status Resporiae IATT! T 10
] H kI 10
: 15 | Drive Initialization Failure 1 P12 10
i 14 ! Sensor Failure HE B HEE § I 10
i 13 | Cartridge Load/Unload Failure HI S 110 ] 10
1 12 | Spindle Not at Speed Failure H I V9 HE B
i 11 ! Focus Failure I W i 8 : Qurent Track High Order Byte - LSB H | B
! 10 ! Phase Lock/Tracking Failure HE i 7 1 Current Track Low Order 8yte - MSB 1 0
i 9 ! Tracking Failure HE S V6 HE
H ! 8 ! PID Failure due to Laser Dying HD B ¢ 5 10
{ 7! Not Track Following Pl !4 10
i & ! Not on Correct Track HF ] HE I H
i 5 ! Coarse Seek Failure 1 HE I HE 1 B
i 4 ! Write was Terminated 11 1 . HIE ' B
i 3 i Eject Request t1 i 0 | Current Track Low Order Byte - LSB HIE I
H i 2 1 MO {MagnetoOpticl - Erase Encoded:10=Erase 11=Transition ! x ! * *
L A ~ Write Di=write OQO-OFf L
I | Reserved H B TARLE 7~9 OPTICAL DISK CURRENT TRACK STATUS RESPONSE
* * +

TABLE 7-8 OPTICAL DISK DEVICE STATUS RESPONSE BITS

A&



¥31T9.3/87-005 Enhanced Small Device I/F Rev 1.3

5&1

5/718/87  Page T-11

7.7 REQUEST CONFIGURATION (0011) {(D-O)

This command cansea the drive to send 16 bits of configuration data to Lhe

controller. The parity utilized in all configuration responses shall be odd.

General Configuration response flagas shall be used to verify the validity of

the responses,
7.7.1 Diak

The specific configuration requestad is specified by command modifier bits
15-8 and posaibly by a subacript in bits 7-0.

7.7.1.1 General configuration Response
If the command rodifier bita 11-8 are set to 0008 then the general

configuration status information shown in Table 7-11 is returned for the
subacript shown.

3

Modifier lcript!
bita 11-8 7-0 !

|
:

Oonfiguration Responae

R

0000 0 ! Bit Significant Configuration of Drive and Format :Bit

+ -

= Magnetic Disk Drive H

= Format Speed Tolerance Gap Required H

= Track Offsat Option Available H

= Data Strobe Offset Option Available H

fiotational Speed Tolerance is >0.5% < 1.0% H

Tranafer Rate » 10 Mhz H
*

Tranafer Rate > 5 Mhz <=10 Mhz

Transfer Rate <= 5§ Mhz

Removable Cartridge Drive

Fixed Drive .

Spindle Motor Control Option Implemented

Head Switch Time » 15 usec *1

Not MEM *2

Controller Soft Sectored (Address Mark) :
Hard Sectored {Sector Pulses)} i
Subscripting Supparted H

e et e okt ik el o ot e e (D
"

C=illiwhthhwow

LI D S | B 1 I TR B

F a4 mm Ld Bk e = rm e re e R e m. e am a

*1 Command Completa shall e negated within 15 usec of a head chinggs
if this bit ia set to 1.

*2 The controller may use the setting of thia bit to select an
appropriate disk data ervor correction method, Sew also 5.4.3.6

TABLE 7-1]1A MAGNETIC DISK GENERAL CONEIGURATIN RESPONSE BITS

1
-
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‘Command  Subs-,
‘Modifier lcript)
iBits 11-8; 7-0

Configuration Response

-

H ORI | Bit Significant Configuration of Drive and Format !Bit

Synchronized Spindles mupported

High Speed Data Port (See 7.7.1.3)

Notched Drive with Bgual Zones exc Firat/last
Notched drive with Unequal Zone Sizes

15
14
13
12
11

- o
]

Reserved

wr mm e rw o wa omn ok owE W omm
-y

0000 x ! Values for Configuration of Drive and Format

Y

Transfer Rate in Kilchertz {rounded)
Rotational Speed
Head Group Skew
Bits 15-8 Reserved
Bits - 7-0 Head Group Shkew
Notched Drive Zones Supported (See 7.18)
Bite 15-0 Reserved
Bits 7-0 MNumber of Zones
Notched Drive Characteristice {(See 7.18)
Bita 15-8 Tracks per Zone
Bits 7-0 Sectors per Track
Notched Drive Characteristica (See 7.18)
Bits 15-0 Address of First Track in Zone
Write Splice Information :
Bits 15-8 READ GATE Window Size in bits (maximan)
Bits 7-0 Size of Write Splice in bits (maxisum)
Drive Delays
Bite 15-8 Read Data Propagation Delay in bits
Bita 7-0 Write Data Delay in bits
Drive Delays
Bita 15-8 Reserved
Bits 7-0 Mark Petection Skew

[-N'-K.- ]

11
12

13
14

15

16

TABLE 7-11R MACNETIC DISK GENERAL CONFIGURATION RESPONSE BITS
7.7.1.2 Transfer Rate

If the compnd modifier bits 11-8 are set to 0000, and the mbscript is 8
then the data rate information shall be retwmed. Bita 15-0 ghall contain a
binary value that specifies the nominal clock frequency of the drive in
kilohertz. Non-integral transfer rates shall be rounded up to the next
integer value.

This response is required if the drive has reported in Bit Significant
General Configuration that it supports a high speed data port. The range of
nominal clock frapuencies for a low speed data port is from zevo Lo 15 Mz
and for a high speed diata port it ia from 10 Lo 24 Miz. If the drive deey
rot asupport thia conmand 1t has a low speed data port, and the data rate is
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determined From the General bonfiguration response settings.,
7.7.1.3 Head Group Skew '

This value ia reported in modulo 256, and reflects the time it takes for a
drive to switch between head groupa. It need not be implementedif a drive
does not support head groups. The value reported by the drive is in the wune
form and has the same restrictions as the cylinder skew described in Section
7.7.1.5. ' .

7.7.1.4 Write Splice Information

This subscript provides valves to assist the controller to manage avoiding
the write splice,

7.7.1.4.1 READ GATE Window

Thiz value specifies the maximm time window, in bitw, during which the
cantroller may assext READ GATE following a write splice i.e. the maximmn
time, in bitw, from where the write function wae previoualy intiated until
READ GATE has to be aaserted.

The tima is meastired from the end of the write splice to the end of the last
bit where the controller may assert READ GATE and wucceafully achieve PLO
Sync lock on the drive to assure a succesaful read operation. 1f no window
is required by the drive, it shall set this value to zero, indicating to the
controller that there is no window reguirement. -

If this value ia not retwmned by the drive, then the controller shall amsert
READ GATE no later than 16 bit times from where the write function was
previously initiated. This im defined by either the assertion of WRITE GATE,
or the negation of ADDRESS MARK ENABLE. Sce alao 8.1.2.

IMPLEMENTORS NOTE: This value is intended to smupport drivea which use PLO
Sync fields that are split into a “high frequency® section followed by a _
*low Erequency* section to speed PLO Jock. Drives which do not require this
feature shall set this value to zero to allow the controller to increase the
PID) Sync size to meet its own needs. The only restriction which then applies
i that READ GATE shall be aaserted by the controller in sufficient time Lo
guarantee the minimm number of PLO Sync bytes. :

7.7.1.4.2 Size of Write Splice

This value is the time, in bits, measured from the aasert.iﬁn of WRITE GATE
to the time that it would be safe to assert READ GATE during a subsequent
read operatjon. The minumm time is as;med to be zero bite.

If this value is oot returned by the drive, then the controller shall assune
that the paximum write splice size is 7 bits. See also 8.2.3.

IMPLEMENTORS NOTE: This value measures the time from WRITE CATE assertion bo
when the drive write channel is able to write valid data. It should noi
include any delaye associated with getting WRITE DATA hits to the media.

7.7.1.5 Drive Dealays
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7.7.1.5.1 Read Data Propagation Dalay

Thia value measurea the time, in bita, from when the data ia first detected
at the media to when 1t appears on the interface {assertion of READ CIOCK).

If this value is not retiumed by the drive, the controller shall assume that
the Read Data Delay ia 9 bits. See also 8.1.3.

7.7.4.5.2 Write Data Delay

Thae value measures the time, in bita, from when the drive latches a WRITE
DATA bit from the interface {assertion of WRITE CLOCK} to when that data bit
has been recorded on the media.

If this value is sot returned by the drive, the controller shall assume that
the Write Data Delay iz 8 bits.

7.7.1.5.3 Mark Detection Skew

Thia valut measures the time, in bits, that INDEX, SECTOR, or ADDRESS MARK
FOLND may vary rejative to data recorded op the wedia i.e. the maximum
distance in bits between the earliest possible and the latest possible,
detection of INDEX, SECTOR, or ADDRESS MARK FOUND.

Thig value is a measure of the distance that a mark may wove relative tc a
write splice between the write function and a subseguent read.

if this value ia nok returned by the drive, the controller shall assume that
the Mark Detection Skew is 0 bita.
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7.7.1.6 Specific Configuration Response

If comand modifier bits 000i-1111 are used, the specific configuration
information shown in Table 7-12? is returmned for each Request Configuration
command with those wodiFfiers.

iCommand ! } H
Modifier § | Configuration Response V
iBita 11-8: | H
+ * ¥
i 000 L | Navber of Cylindera -~ Fixed (FT¥CYL) !
0010 ; Number of Cylindera — Reswovable Media (0 if pot)  {REMCYI)
c 0011 | Number of Heads ) :
H HH Bita 15-8 Removable Drive Heads {REMHDS) |
i HEH Bita 7-0 Fixed Heads (FIXHDS)
101001 Minimm Onformatted Bytes per. Track :
10101 i Minimm Unformatted Bytea per Sector (Hard Sector only) H
:ﬂllﬂl:mrotSectonperTrack H
: i Bits 15-8 Reserved !
H I Bita 7-0 Sectora per Track . H
0111 ! ! Minimm Bytes in ISG Field {not inc InterSector Speed Tol) |
H H Bits 15-8 185G Bytea after Index/Sector Pulse to WSplice!
H HE Bits 7-0 Bytes per ISG - H
i 1000 : ! Minisu Bytes per PLO Sync Field :
H HEH Bits 15-8 Reserved '
H HEH Bits 7-0 Bytes per PLO Sync Field recuired when H
H HEH READ GATE is asmerted i
i 1001 Number of Words of Vendor Unique Status Available H
H HE Hita 15-8 Reserved H
H HEH Bits 7-0 Number of Vendor inique Status Worda H
v1010 H
' to | i Reeerved H
r1101 3 !
11110 ! Seck Overhead Skew H
H HE Bita 15-8 Cylinder Switch Skew H
: HIH Bits 7-0 Head Switch Skew :
11111 Vendor Identification {Optional - See Table 7-17) H
H i i Vendor Id ~ Extended Information (See 7.7.4.2) H
N P
Note: Removable hoads map €rom 00 to (RFMDS-1)

Fixed heads map from HEMDS to (REMEDS+FINDS-1)

Removable cylinders map fram 0000 tao (REMCYL-1}

Fixed cylinders map from 0000 to {FIXCYL-1)

TABLE 7-12 MAGNETIC DISK SPECIFIC CONFIGURATION RESPONSE BITS

7.7.1.7 Seck Overhead Skew

This information is supplied by the drive to assist the controller in
detarmining the amount of skew necessary to allow contiguous data transfers.
To provide granularity and conaistency acruss all implementations the skew
factor is returned as n/256 of the rotation Lime i.e. modulo 256.

Example: A drive with 32 sectors/track spinning at 3,600 rpm with a 5 mure

eylinder switch seek Cime,

no overhead on head switch, and a skew value of
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77 reported in bits 15-8 {60/3600°256=65.1 useca per unit of skew and
5/65.1=76.8). The controller uses this ko ailow an actual skew of 10 ‘
{77*32/256=9,6) sectora between cylinders excluding any controller overhead.

Drives which deaasert OOMMAND COMPLETE on a head switch need to supply
values that include both head switch and cylinder switch skew values, while
othera need only mpply the cylinder switch value. The valucs reported by
the drive are chosen by the manufacturer to suit its anticipated application
and make no provision for controller overhead.

7.7.2 optical

The specific configuration requested im apecified by command modifier bits
11-8 ard possibly the subscript.

7.7.2.1 General Configuration Response Bits
If the command modifier bits 11-8 are set to G000 the general configuration

status information shown in Table 7-13 ia returned ag showm for the
subscript uged.
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7.7.2.2 Specific Configuration Response
Oowand  (Subs—
Modifier jeript

; If command modifier bits 00011111 are used, the specific configuration
iBits 11-8; 7-b

information shown in Table 7-14 is returned for each Request Configuration
command with those modifiers,

Configuration Response

[P A

GODO ! 0 I!General Configuration of Drive and Format Bt !
+ + + ' + +
i 1 = Not Magnetic Disk _ Y- iCommand L i
! Bncoded 2 010" = Optical WORM Disk HE T Modifier { i Configuration Response i
} Encoded 1 011" = Optical Eraseable Disk t13 iBita 11-8} ¢ V!
! Encoded 0 112t + 4
! Reserved t 11! {0001 ! ! Number of Tracka on Fixed Media (Erasable only? H
!  Reserved {10 ! i 0030 ! Mumber of Tracka per Surface H
!  Reserved N t001 1! thwber of Heads :
! Reserved H 1 H Bits 15-8 Removable Drive Heads H
! Bemovable Cartridge Drive HE H HH Bits 7-0 Fixed Heads (Erasable only) H
!  Reserved ] {0100 ! Number of Recording Bytes per track H
i Spindle Motor Control Option Implemented t§ i 2L @1 ! Number of Recording Bytea per Sector H
i Head Switch Time . + @1 R0 Number of Sectors per Track H
! Not MFM v3 : HE Bits 15-8 Reserved H
! Reserved Vo2 d HH Bits 7-0 Sectors per Track H
! Hard Sectored Pl 10111 : ! Mininsm Bytes in ISG Field :
H ! 1 = Subscripting Supported tay - H I Bita 15-8 Rescrved H
ot * + + H HIH Bite 7-0 Bytes per ISG H
t006G0 ;. 1 ! General Configuration of Drive and Format iBit 'L000; | Minimun Bytea per PLO Sync Field '
+ + - + * ' HEH Bits 15-8 Reserved H
! Reserved : Hp L] H N Bite 7-0 Bytes per PLD Sync Field required when H
i i 1 = High Speed Data Port T : HEH READ GATE is asserted H
H ! 1 = Notched Drive with Bgual Zones exc first/last | 13 ! 1021 i Mmber of Kords of Vendor Unique Status Avaxlable !
H t 1 = Notched drive with Unegual Zone Sizes 1124 ' i Bits 15-8 Reserved H
H i Reserved HIFS B ' H Bite 7-0 MNumber of Vendor Unigue Status Words H
H i Seek Alternative Encode 1 ‘00*=Absolute Seek Y ] {11010 ! Header Address Information H
i Seek Altermative Encode 0 '01'=Distance/Direction ! 9 ! : i Bite 15-8 Format Type {(x'01'=ESDI Synthesized Hdr) !
' 10 =abaclute and D/D H H i HEH . : {x"02°=ESDI Raw Header) H
! *11"=Reserved H H 1 il Bits 7-0 Size of Header Address Field H
i Erasure Pointera Supported LA 1101 1L} Pre-Recorded Data Pointer H
{  Reserved . r 7 : HE Bitg 15-8 MSB of Track Address *1 H
¢ Defective Sector Identification Supported v 6 H HEH Bite ' 7-0 ISB of Track Address *1 .
: Reserved 5 1108, ! Sync Pattern :
§ World Wide 10 Implemented I I H I Bits 15-8 Number of Bytes in Patbermn H
i Reserved i3 H F Bits 7-0 Least Significant or only Byte of Pattern H
i Post Field Option Available L2 11101 | Recording Pattern H
! Reserved HE : HE] Bitg 15-8 MNagber of Bytes in Pattemrn H
{ DRDW (Direct Read During Write) HI I : S Bita 7-0 Least Significant or only Byte of Pattern H
¢ * - ————t 11180 . Nmber of SBectors per Track in Concentric Operation *2 H
10000 x | Values for Configuration of Drive and Fonmat H 113135 Vendor Identification (See Table 7-17) :
+ + . t i1 Vendor Id - Extended Information (See 7.7.4.2) .
i 8 IData Rate H + ;
H : Bits 15-8 Reserved H
H \ Bits 7-0 Data Rate in Megahertz (rounded) H *L If no pointer, both bytes shall be set to x*FFFF’
i 9 : Rotational Speed : *2 If not equal to value in 0110 then media has spiral tracks
+ +

H TABLE 7-14 OPTICAL DISK SPECIFIC CONFIGURATION RESIMNSE BITS
TABLE 7-13 OPTICAL DISK GENFRAL CONFIGURATION RESPONSE BITS H
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7.7.4 vendor Ydentification Response (Optional) 7.8 SELECT HEAD (ROUP or SELECT TRACK (010D} (D-x)

7.7.4.1 Standard Vendor Information . 7.8.1 Disk ISI:.‘[E(_:T HEAD GROUP)

If a subucript of 0 was ismued in the command, bits 15-8 return a binacy Thiz optional command causes the drive to select a group 9{ 16 heads. Heads
value which identifies the vepdor and hits 7-0 identify the vendor model, ' ~15 are considered as group 0. Bits 7-4 are an encoded binary value used to
revision and any other information the vendor wishes to provide. indicate the group to be selected i.e.

The following table lista the identification code asaigned to vendora of 0000 - Head Group 6

ESDI drivea: 0001 ~ Head Group 1

1110 ~ Head Group 14
11i1 - Head Group 15

Vendor Identification Code Vendor Identification Code

[

bl

+ Company Name v i Comgany Name H The head group selected remains, active until reset by issuing this command
+ + - . again to select a different head group. The individual head selected within
¢ 00 | Vendor Not Identified o110 ¢ PRIMM H i each group ig controlled by the four head select lines.
i 01 | CONTROL DATA/MPI i 111 ! STEMENS OCMMUNICATIONS H H .
i 02 ! CYBERNEX-AST i1 12 | TOSHIBA H H .
v 03 | ELECTHONIC PROCESSORS i1 131 I ! 1 7.9 QONTROL (0101) (D-0)
1 04 | FUJITSD i+ 14 | MINISCRIBE H i ’
i 05 ! HITACHI {1 15 | HEWLETT PACKARD H i 7.9.1 Disk
+ 06 ! INFORMATION STORAGE i ¢ 16 } RIOOH H . :
+ 07 | LASERDRIVE ¢ 117 | MICROSCIENCE INTERNATIONAL | This cormmand causes the control operations specified by bits 11-8 to be
1 08 | MAXTOR i 110 ! VERBATIM H performed as shown in Table 7-~18.
i1 09 [ MICROPOLIS i 119 ) OUANTIM - ;
H i QA | MITSUBISHI ELECTRIC i+ 1A | CALYPER H *+
H ! 0B | NEC . i1 1B | NAKAMICHI : {Cosmuand | ' !
3 OC | NEWBURY DATA RECORD R {3 not assigned H iModifier T Function '
i DD | NISSEI SANGYO HEE 11 I not asgigned H \Bits 11-6: H
! OB ! OPTIMEM ! Y1E ) not assigned : + - -
i OF ! PERTEC PERIPHERALS HEHE ] not. assigned H 10600 : Reset Interface attention and Standard Status (Bits 0-11}) )
+ - L + + 0001 ! Reserved i
’ . 0010 Stop Spindle Motor {Optional) H
NOTE: Any manufacturer of ESDI products which are not linted above shouid i 0011 start Spindle Motor (Optional) H
contact the editor to have an fdentification Code assigned. 0100 H
H to ! Reserved H
TABLE 7-17 VENDOR YOENTIFICATION CODES RESPGNSE +1111: H

7.7.4.2 Extended Vendor Information .
TABLE 7-18 MAGNETIC DISK CONTROL CGMMAND MODIFIER BITS
If the command contains a subacript. other than 0 extended vendor unique
information can be provided., The subscripte to provide such data shail be -
conbiguons from 1.
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7.9.2 Optical

This command causés the control operations specified by hits 11-8 Lo be
performed as shown in Table 7-19.

Command  !Suba-}

Modifier lcripti Function ~ i
Bits 11-8; 7-D ! H
00060 0 | Reset Interface attention, Standard Statua and H
: : : Standard Optical Status {Bits 0-11) 1
00015 0 ¢ Reserved - H
184010 ! 0 | Stop Spindle Motor H
+ 901117 0 ! Start Spindle Motor H
101080 0 | Lock Cartridge {Optional) H
10101 0 ! Unlock Cartridge (Optional} H
+0110: 0 } Bject Cartridge H
i @111 0 ! Erasure Read - Modulation H
i 1 ~ Amplitude H
H 12 - Synchronization H
11000 0 ! Magnet Comtrol (MD) - Read H
t10011: O - Write H
11010 0 ! - Erase H
11011 0 ! Reserved H
111948 0 | spiral Operation Off H
i 11010 0 ! spiral Operation On H
t111x:! 0 ! Reserved H

ehi

NOTE: A change in operation (Spiral On/Off or Off/On)} is time dependent
based on position relative to end of track at time it im received.

TABLE, 7-19 OPTICAL DISK CONTROL COMMAND MODIFIER BITS

KIT9.3/87-005 Enhanced Small Device I/F Rev 1.3 5/18/87  Page 7-24

7.10 DATA SIHOBE OFFSET or DATA RECOVERY OFFSET (0110} (D-O)
7.10.1 Disk IDATA STROBE OFFSET)

This optional command causes the drive to offset the data strobe in the
direction and amount specified by bits 11-8 aa shown in Table 7-21:

iCommand ! Subsa-i H
iModifier ! cript) Function H
+Bita 1t-8: 7-0 : H
] *

00D x 0 ! Restore Offset to Zero H
100 ) 0 0-255! Early Offset One H
v 0011 ! 0-255! Late Offest One H
10100 0 ! Barly Offset Two H
HI B 2 0 ! Late Offset Two |
10110 0 ! Early Offset Three H
190111 0 ! Late Offset Three H
s 1lxxx! B | Reserved for Diak H
11000 0-255! Laser Power Adjuat Negative on Optical H
11001 ! 0-235] Laser Power Adjust Poeitive om Optical .
1100 H H
H te | 0 { Reserved for Optical H
k111 H . H

TABLE 7-21 OATA STROBE OFFSET COMMAND MODIFIERS

Seek or recalibrate commands restore offseta to zero. Simultaneous Data
Strobe and Track offsets are allowed by use of muitiple commands. Support of
controller definable offset values im optional. If the drive does sapport
subscripting, a value may be used to apecify up to 255 instead of being
limited to 3 by the aeparate commands. NOTE: The values of zero and one both
have the same effect.

The Laser Power Adjust {Positive or Negativel causes the laser reading power
Lo be changed from pominal power, either in the positive or negative
direction, by mome incremental amount as specified by the value in the
subscript .

7.10.2 Optical (DATA RECOVERY OFFSET)

This optional command causes the drive to offset the data strobe in the
direction and amount specified by the comnand modifier. See Table 7-21. Sock
or Recalibrate coomands restore offsets to zero.

Dirke which can modify gain and use other techniques to recover data shall
interpret the modifiers im a drive specific manner. Disks which cannot
provide such functions shall ignore this command.
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7.11 TRACK OFFSET (0111) (D-O0}

This optional command causes the drive to perform a track offset in the
direction and amount specified by bita 11-B as shown below in Table 7-21:

.

+
iCommand | Suba-! H
iModifier ! cript! Punction H
iBitn 1i-8; 7-0 ; H
t000x 0 | Restore Offsel to Zero H
i 0010 0-255! Positive Offnet One H
i 0011 0-255! Negative OFfset One H
i 01007 0 | Positive Offsat Two :
10101 0 ! Negative Offsat Two H
i0110; 0 ! Pomsitive Offset Three H
10111:! 0 ! Negative Offset Three H
Tlxxx! ! Reserved H

TABLE 7-23 TRACK OFFSET COMMAND MODIFIER BITS

Seck and recalibrate commands restore offsets to zera.- Sirmultaneous Track
and Data Strobe offsets are allowed by use of mltiple conmands.

Drives that implement only one value of offset, Data Strobe or Track, shall

to unirplemented offset commanda as a legal offset function. Support
of controller definable offsct values iw optional. If the drive support
subscripting, a value may specify up ko 255 instead of being limited to 3 by
the separate commands.

7.12 INITEATE DIAGNOSTICS (1000} (D-G)

This optional command causes the drive to perform internal diagnostics.
OOMMAND COMPLETE indicates the completion of the diagnostics. ATTENTION with

OOMMAND COMPLETE indicates that a fault was encountered and status should be

recuested to detemmine the proper course of action.

The command modifier bits 11-8 shall be zero to perform the standard
diagnoatice. Alternatively, these bits may be used by the device to invoke
alternate vendor diagnostics. See Table 7-24.

The alternate diagnostic routines shall be numbered in order beginning with
k'01*, and command reject immued when any unimplemented routines are
requested. If the alternate diagnostics are not supparted by the device then
the conmmand modifier bits way be ignored.

The diagnostic parameter bita may be used to modify the routine per vendor
specifications, but all routines shall execute when a default value of zero
is present.

CXIPDIANT-005  Eohancod Small Device 148 Hev 1.3 S/L0BT Pages 7-b
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| D Function | Diagnostic Mo | Magnostic Parameler HE
' + + =t

TABLE 7-24 DIAGNOSTIC PARAMETER BITS

7.13 SET UNFORMATTED BYTES/SECTOR (1001){D~x) {Optional)

This optional command causes the drive to set the yumber of unformatted
bytes per sector indicated in bita 11-0 ({if implemented). Thim command is
valid only if the drive is configqured to be in the drive hard sectored mode.
This command is veed only if the drive usea a settable counter for the
number of bytes per sector and that cowiter is controllable from the
interface. - .

The unformatted bytes par sector may be adjusted by the drive to meet the
drive*s requirements. If adjusted, the drive should attenpt to retain the
mmber of sectora per track desired by the controller {imformatted bytes per
track divided by controller-requsated unformatted bytea per sector) but may
sat a different number if format restrictions on the drive require this.

After setting a new value for Unformatted Bytes per Sector the dmtmller
shall re-request the Unformatted Bytea per Sector and Sectors per Track
Confiquration Responses te verify that the drive is set to the expected
valuen.

7.14 HIGH ORDENt SEEK ADDRESS (1010} (x-O)

If Seek Abeclute Address is implemented this coomand iz used to define the
value of the upper 4 bits of the Seek Address in bitas 3-0. This command
shall be issued prior to the Seek command (0000) if the high order value in
the address has changed mince the previous seek was executed. COMMAND
COMPLETE is asserted when the high order seek address is valid, has been
accepted. and the drive ia ready to execute the next command. If the address
is invalid e.g. out of range, ATTENTION shall be asserted in conjunction
with OOMMAND OOMPLETE. ‘

If Seek Distance/Direction is imglemented this command ia used to define the
value of the upper four bits of the seek diatance in hita 3-8. This command
shall be issued prior to the seek command (G000) if the high order distance
value has changed, or if the direction has changed, mince the previcus seek
vas executed. OOPMAND COMPLETE in amserted when the high order seek distance
ie valid, has been » and the drive is ready to execute the next
conmand. If the seek distance im invalid, i.e. out of range, ATTENTION shall
be asserted in conjunction with COMMAND OOMPLETE.
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' '
iCommand ! '
Modifier ! Function t
iBits 11-8; H
i 0000 ! Absolute Seek Address H
+ 0001 ! Direction towards Track Minimwm H
1 001 0 Direction towards Track Maximwn '
00 i1L} H
H to | Reserved H
i 3 I 3 O :

TABLE 7-25A HIGH ORDER SEEK ADDRESS MODIFIERS
7.15 FORMAT {1011) (x-0} (Optional)

This command is used to format one track on the disk. It is used only when )
unformatted media iz supported by the drive. Beader fields and clocking bitsa
shall be laid down by the drive. The controller is responsible to check the
validity of the recorded fields. -

Thia command is optional and manufacturer specific.

7.17 Resexved (il01)

7.18 SET QONFIGURATION (1110) (DO}

This optional command should be rejected if it is not epported.

‘The Soft Switch Number provides up to 16 Identification valuer and the Soft
Switch Parameter is a modifier. See Table 7-29.

Soft Switch modifiers are used to configure disk drives capable of handling
variable freguency recording, sometimes referred to as MCAV {Modified
Congtant Angqular Velocity) or as Notched drives. The disk may be divided
into zones of recording frequency that support a different number of seciors
per track. If a disk can adapt itself to any frequency it shall do so by
reporting x'FF' in response to Request Configuration with Subscript 11.

The controller may use Set Configuration with synchronized drives to sel
thiaithe selcted) drive to act as maater (7-0 = x*01°) or as slave Lo
ancther drive {7-0 = x"00"). .

The controller my use Set Configuration to identify the 2one to he worked
with (the first zone ia mmbered as 1 and begins at cylinder 8},

If the drive ia configurable to operate with any valid zoning confiquration
the controller chooses, the drive shall accept the commands to set the
mmber of Tracke per Zone and Sectors per Track to apply in that zone,

When a drive has been set to cperate with a zone, ther all information
reported is relative to that zone. To find the configuration of a notched
drive the controller shall repeat the same procedure for each zone {as it
would for a drive which does not support notches) until the command is
rejected because there are no more zones.
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Whun set to Zone U the drive shall not respord as a notched deive but as a
reqular drive with only one recording Erequency, that of the inner radius.

Soft Switch mwdifiers are available for the vendor to use as a method of
defining configuration information. The implementation of this feature
providee users the advantage of reduced installation effort and vendora the
advantage of being able to set up automatic testing procedures for different
drive configurationsa, - )

As an example of the way in which this command may be used by a vendor, the
dip switches couid be pumbered and parameter used to identify how the
switches are to be set (1=0On, 0=0ff}. Thia comnand would then override any
physical position to which the switches are set.

It is recommended that the device be capable of retaining the switch
configuration information between power cyclee.

15 114 113 332! 10 2 9. 81716514

b oo

H 312100
i (M0 Function | Switch Ro | Switch Parameter H
i1 1 a:¢ 0 0 0 :
H H to i Vendor Unigue H
H t0 'x x x! H
H 11 0 0 o H
H H to i Reserved t
H 10 1 1 H
H i1 1 0 0 Set Drive as Synchronized Master |
H i1 1 0 1} Notched Drive Zone Number :
: tT 1 1 0! Notched Drive Tracks/Zone i
H i1 1 1 1. Notched brive Sectora/Track H

Example: If a magnetic disk drive is capable of mpporting soft or hard
sector operation according to the setting of Dipswitch 1 then the
configuration would be described aa follows:

Set Soft Sector
Set Hard Sector

1 1@ 1 ¢

0 0 0 1 xxxx xx0)
T xxxx xxl0

y ===

TABLE 7-29 SET QONFIGURATION SOFT SWITCH PARAMETER BITS

7.19 Reserved (11111
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8. READ, WRITE AND FORMAT PARAMETERS
8.1 CRITICAL READ FUNCTION TIMING PARAMETERS {D-x}

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

8.1.1 Read Initialization Time.

A read operation may not be initiated until (0.7*18G) following head mwitch.
Drivea not able to meet 15 usec head swWitching time shail drop COMMAND
OOMPLFTE upon a head switch. '

8.1.2 HEAD GATE Timing

READ GATE way not be asserted during a Write Splice area (READ GATE shall be
negated one bit time minimm before a Write Splice area and may be asserted
one bit time minimm after a Weite Splice area),

READ GATE shall be enabled within 16 bit times from where the write function
wan previounly initiated or according to the mubacripted values provided in
Request General Configuration subscripts. The write function iw defined by
either:

o leading edge of WRITE GATE or

© trailing edge of ADDRESS MARK ENABIE during hard soctor format (as
defined in Figure 10-14) or soft sector format.,

8.1.3 Read Propagation Delay

DCata (read) at the interface is delayed by up to 9 bit times From the data
recorded on the disk media or according to the subscripted value provided in
Request General Configuration subacripts. See manufacturer's drive product
specification for exact value if subacripting is not supported.

8.1.4 READ CLOCK Timing

READ CLOCK and READ DATA are valid within the namber of PLO sync field bytes
specified by the drive configuration after Read Enable and a PLO sync field
is encountered. The READ/REFERENCE CIOCK line may contain no transitions for
up to two REPERENCE CLOCK periods for transitions batween reference and read
clocka. The tranmition period shall also be onu-half of a REFERENCE CLOCK
period minimm with no shartened pulge widths, :

8.1.5 REFERENCE CLOCK Valid Time

The READ/REFERENCE CLOCK lines ahajl contain valid reference clocks within
two REFERENCE CLOCK pericds after the negation of READ GATE. Pulse widths
shall not be shortened during the transition time but clock transitions may
not occwr for up to two REFERENCE CLOCK periods.,

8.1.6 READ CLOCK Valid Time

The READ/REFERENCE CLOCK line shall cintain valid Read elocks within Dwe.
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Clock periods after Bl synchronization is eslabl ished. Pulse: widths shall
not be shortensd during the REFERENCE CLOCK to READ CLOCK trapsition tine,

but missing clocks may occur for up to two clock perioda.

8.2 CRITICAL WRITE FUNCTION TIMING PARNMETERS (D-x)

Controller timing variations in the record-update function are a!lowed if
the following drive~dependent write {and inter-related read} Liming
parameters are met:

8.2.1 Read-to-Write Recovery Time

Asguming head selection ia slabilized, the time lapse from negating READ
GATE Lo asserting WRITE GATE shall be five REFERENCE CLOCK periods minimum.

8.2.2 WRITE CLOCK-to-WRITE GATE Timing

WAITE CLOCKs shall precede WAITE GATE by a minimm of two and a half
REFERENCE _m periods.

8.2,3 Write Driver Plus Data~Encoder Turn-On From WRITE GATE

The write driver plus data-encoder turn-on time {write splice width) is
between 3 and 7 REFERENCE CLOCK periods or defined according o the
subscripted value provided in Request Genaral Configuration subscripts.
8.2.4 HWrite-Driver Turn-0Fff from WIITE GATE

To account for data-enceding delays, WRITE GATE shall be held dn for at
least two byte times afler the last bit of the information to be recorded.

8.2,5 Write-to-Read Recovery Time

The time lapee before READ GATE or ADDRESS MARK ENABLE can be asserted after
negating the WRITE GATE is defined by the “iSG Bytes after Index/Sector” in
Configuration Data Regponse.

8.2.6 Head Switching Time

WRITE GATE shall) be negated at least 1 usec before a head change.

WRITE GATE shall not be amserted until 15 usec after a head change or
OFMAND OOMPLETE is asserted.

B.2.7 Write Propagation Delay

Write data received at the I/0 connector shall be delayed by the write data
encoder by up to 8 bit times maximam prior to being recorded on the media.
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- 8.3 HARD SECIORED DRIVE {D-x)

The following section iz included aa an example of a fixed sector format
implementation.

B.3.1 Fixed Sector Fonmat Rules

The record format on the disk is under control of the controller. The INDEX
and SECTOR pulses are available for uee by the controller to indicate the
beginning of a track and allow the controller to define the baginning of a
sector. A muggested format for fixed data records is shown in Figure 8-1.

The format presented in Figure 8-1 consists of four functional areas;
Intersector Gap, Address, Data, and Format Speed Tolerance Gap. The Data
area- is used to record the system's data filea. The Address area is used to
locate and verify the track and sector location on the disk whers the Dala
areas are to be recorded. INDEX and SECTOR pulses are provided by the drive.
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. INDEX/SECTON
N —
HR B
: - ~ Address Area et H
Rt L B "1 . "1E 'l:: b T S H *1 i-“
+ * + *
PO ISYNC! i 'SEC-{FLAG:ADDR :MII(ESS:
ISG ISYNC (PTRN;CYLINDER 'HEAD:TOR :STA-!CHECK: PAD !
iBYTES!BYTE!meb jab! o iTus :BY']‘E:S: BYTES !
n:u:l:‘.':l:lil:n:Z:
SECTOR _ _
___, \._
Rk
e Data Area e HE
S S N bt SRS WL *) *3 ; %3
IWRITEIPLO  1SYNC! ¢ DATA | DATA (FORMAT |
iSPL~ ISYNC (PTEN! DATA FIELD } OMBCK : PAD : SPEED | ISG
i ICEIBYTES BYTE! 1 i BYTES | BYTES :TOL GAP!
T2 ¢ n i n

HES D T n Poon

*1 These areas are examples only, and may be structured to suit individual
customer requirementa

°2 The mamber of check bytes is controller-defined.

=3 Eatablished by device and reported in response to Request Configuration
Commands

*4 Format Speed tolerance gap is reguired if REFERENCE CLOCK is not tied to
rotational speed. The applicability of this gap is defined in the
Configuration data.

NOTE: All byte numbers indicated are minimams.

FIGURE 8-1 FIXFI} SECTOR FORMAT

8.3.2 Intersector Gap {(ISG}

" ‘The minimum Intersector Gap sizée is determined from the configuratjon data.

The Intersector Gap provides a separation between each sector. The gap size
is chosen to provide for the following:

a) Drive recuiired write-to-read recovery time (the minisum time between
negation of WRITE GATE and assertion of READ GATE or ADDRESS MARK ENABLE
which is specified in the "1SG Bytes after Index/Sector™ in
Configuratijon Data Response.

bi Other drive required 19G times.

o) Variations in deteclbing INDEX amd SECTOH.
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d} Controller decivion time between seclors.

All but the laat are used by the manufacturer as the basis of determining
the “Bytea per ISG" specified in the Configuration Data Response.

8.3.3 Address Area

The addresw area (Figure B-1) provides a positive indication of the track
and sector locationa. The address area is normally read by the controller
and the address bytes verified prior to a data arsa read or write. The
address area is normally only written by the controller during a formatc
function and thereafter only read to provide a positive indication of the
sector location and eatablish the boundaries of the data area. The addreus
area conaists of the fields described heiow.

8.3.3.1 PLO Sync Field

These bytea are required by the drive to allow the drive's read-data phase-
locked oacillator to become phase and £ synchronized with the data
bits recorded on the media. The controller shall send zeros during this
time.

8.3.3.2 Byte Sync Pattern

Thig field (one hyte minimum)} establishes byte synchronization (i.e. the
ability to partition thia enmuing serial bit stream into meaningful
information groupings, much as bytex} and indicates to the contyoller the
beginning of the ID information. The Byte Sync Pattern shall contain more
than a single cne bit to improve the confidence level of detection.

8.3.3.3 10

These bytes are user-defined and interpreted by the controller, A sugaested
format consists of five bytes, which a)lows two bytes to define the cylinder
address, one byte to define the head address, one byte to define the sectar
addreas, and one byte to define flag status.

8.3.3.4 ADR Check Bytes - (ID Check Codes)

An appropriate error-detection mechaniem is generated Ly the controller and

applied to the addresa for data integrity purposes. These codes are written -

on the media during formatting. Data integrity is maintained by the
controller recalculating and verifying the addreas Field check coden when
the 1D is read. ADR check bytes are user defined,

8.3.3.5 ABR Pad - (ID Pad)

The ID Pad (two bytes minirum) shall he 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. There pad bytes shall be zeros.

8.3.4 Data Area N
The data area (Figure 8-1) is used to record data fielda. The conlents of

the data fields within the dats area are spacified by the host system. The
remaining parte of the data area are specificd and interpreted by the disk
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- tonbrofler to recover the data fields and ensure their integrity. The data

area consists of the fields described below.
8.3.4.1 Write Splice

This area is required by the drive to allow time for the write drivers to
turn on and reach recording amplitude sufficient to ensure data recovery.
Thia area shall be allowed for in the format and the controller shall send
zeros during this time. The resulting splice from a minimm 2 bit pulse
shall be at most ane byte long.

S51nce a write splice is caused by a transition of WRITE GATE, khere is no

write splice created when ADMHESS MARK ENABLE transitions while WRITE GATE
is active {see Figure 10-14 and Figure 10-16}.

8.3.4.2 PLO Sync bytea

These hyl_:en- are required when reading to allow the drive's phase-locked
oscillator to become phase and f synchyonized with the data bits
recorded in the media. The controller shall send zeros during these byte
times. .

8.3.4.3 Byte Sync Pattern

The Sync Pattern l(one byte minimm} egtablishes byte synchronization and

-indicates; to the controiler, the beginning of the data field. The Byte Sync

Pattern shall contain more than a single one bit to improve the confidence
leve] of detection. '

8.3.4.4 Data Field
The Data Field containe the information recorded by the controller.
8.3.4.5 Data Check Bytea

The Data Check bytes, commonly referred to as BEOC (Error Check Code or Error
Correction Code). are generated by the controller and written on the media
at the end of the NData Field. Data integrity is maintained by the controlier
recalculating and verifying the Data Check Bytea or applying error
corvection algorithma if applicable after the Data Field iz read. The Data
Check Field is vser defined. L :

8.3.4.6 Data Field Pad’

The Data Field Pad bytes shall be a two byte minimwn issucd by the
controller. The field in raquired by the drive to ensure proper recording
amd recovery of Lhe last bits of the data Field check codes. The cuntroller
shall send zeros during these byte times.

8.3.5 Format Speed Tolerance Gap .

This gap ie required if the Format Speed Tolerance Gap is Required bit is
set in the General Configuration Response. If this gap in required, the size
13 determined by the controller and ia;

tnformatled sector length * .01 (if configuration flag it 11 1s. 9
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or
Onformatted sector length * .02 SAf configuration flag bit 11 is 1)

This yap, if remired, shall ba between each sector. The byte pattern in
this gap shall be zeroa.

8.3.6 Fixed Sector PID Sync Format Timing

The beginning of each PiD Sync field shall be specified by the controller.
For compatibility with Controller Soft Sector mode of operation, the
beginning of the Header PLO Sync Field may be specnfmd by the trailing edge
of the ADDRESS MARK ENABLE mignal when WRITE GATE is auserted. Ses Figure
10-14 and Figure 10-16.

An alternative method that may be used to define the beginning of the Header
PLO syn: field is to negate and then assert WRITE GATE immediately prior to
the astart of the Header PLO sync field. See Pigure 10-15.

6.4 SOFT SECTORED MIVE {D-x)

The following section is included as an example of an Address Mark
implementation of a soft sector format.

The purpose of the format im to organize s data track into smaller
secuentially numbered blocks of data called sectors.

8.4.1 Soft Sector Format Rules

The format shown below in Fxgure 8-2 im mimilar to the format commonly used
for hard sectored disk drives and indicates minimum requirements.
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_ INDEX
I\ —_
BRELE : -

H T ——— Midress Area -
—-—— (e ¥ gm—— [ et e Foan
o HEL- HEL X B bt BEAEEE) R SR M B *1 .

- . * *
IADDRESS!  (PLO !SYNC! H ISEC-IFLAGIADDR | ADDHESS
I5G ! MAHK [PADISYNC !PTIRNI!CYLINDERHEAD:TOR STA-ICHECK! PAD !
H H iBYTESBYIE:msb isb! H iTUS IBYTES! DYTES !
n 3 3 1 1 .+ 1 2 I 1 | S W] n 2 :
1{--- Address Field --->!
H .
m—— Data Area —=> H
Had BT HE K LS : 2 S B A1 1 " ! *3
IWRITE!PLD  (SYNC! i DATA ! DATA FORMAT !
iSPL~ ISYNC (PTRN! DATA FIELD P GHECK ! PAD | SPEED | ESG
1 ICEIBYTES | BY'TE! 1 » BYTES | BYTES |TOL GAP:
HEES S S A O n a1 2 & ol oA

*1 These arsas are examgles only, and may be structured to muit individual
customer reguirements

*2 The number of check bytes is user-defined.

*3 Established by device and reported in response to Request Configuration
Conmands.

*4 Format Speed tolerance gap is required if REFERENCE CLOCK is not tied to
robational speed. The applicability of this gap is defined in the
Configuration data.

*5 Thia ia part of the PLO Sync Fieid to allow for READ GATE assertion
delays. The controller should treat this as an additional byte in the
PLO SYNC field.

NOTE: All byte numbers indicated.are minimms.
FIGURE §-2 SOFT SECTORED FORMAT

The soft sectored format has the: beginning of each sector defined by an ID
Address Mark followed by a2 prewritten identification (ID) field which
containa the sector, cylinder and head address plus flag information. The ID
field is then followed by a user supplied data field.

The definitions of the functional areas shown in the soft sectored format
are identical to those deascribed for the hard sectored format. There are
some additional fields in this format and they are the Address Mark fiecld,
Addresa Mark Pad, and ISG speed tolerance gap.
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8.4.2 Addresa Mark Field

The address mark field is a field 24 +/-1 bits long and is found before the
PLO sync field in the addrems area. The content of this Field im drive
dependent and i® written hy the drive when o commanded by WRITE GATE and
ADDRESS MARK ENABLE asserted simultanecusly.

Detection of Addreaw Mark indicates the location of the beginning of a
sector. :

8.4.3 Addreus Mark Pad

The Addreas Mark Pad byte followa the Addresa Mark field and ia to be
conaidered as an additional byte in the PLD Sync field. It's puvpose is to
allow for READ GATE assertion delays after detecting the ADDRESS MARK FOUND
signal.

8.4.4 Interaector Gap {ISG} Speed Tolerance Gap
The ISG im included in the format to allew for all those itema discussed in

section 8.3.2. In addition it ahall also account for intersector speed
tolevance if required.

There may also be an extended ISG at the end of the track if recuired. This
gap is written during a format and is used aa a Filler and to allow for
speed tolerances. Thia gap shall extend from the end of the lamk sector on
the track up to the leading edge of index. The aumber of bytes in this gap
are not included in the Configuration Data Response retwned by the drive.

8.4.5 Soft Sector Format Timing

This timing ia mainly to support drives that utilize unique encoding for PLO
sync fielda. The beginning of each PLO sync field shall be specified by the
controller. The beginning of the header PLO aync field shall be mpecified by
the trailing edge of the ADDRESS MARK ENABLE signal when WRYITE GATE ia
apserted. See Figure 10-16 for timing.

8.5 RITICAL READ FUNCTION TIMING PARAMETERS (x-0)

Oontroller variations of the read timing are allowed 1f Lhe follewing drive-
dependent parameters are met:

8.5.1 Read Initialization Time.

A read operation may not be initiated until 15 us following a head change to
awitch to the other surface,

8.5.2 READ GATE Timing
READ GATE shall be negated during a Write Splice area on an Optical disk.
8.5.3 Read Propagation Delay

Data {read) at the interface is delayed by up to 12 kit times from the data
recorded on the disk media, See specific drive praduct specification for
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exact value.
8.5.4 READ CLOCK Timing

READ CLOCK and READ DATA are valid within the maber of PLO Sync field bytes
specified by the drive configuration after Read Enabie and a BIO Sync field
is encountered. The READ/REFERENCE CLOCK line may contain no transitions for
up Eo two REFERENCE CLOCK periods for transitions between REFERENCE CIOCK
and READ CLOCK. The transition period shall also be one-half of a REFERENCE
CIOCK period minimum with ne shortened pulse widtha.

8.5.5 REFERENCE CLOCK Valid Time

The READ/REFERENCE CLOCK signal shall contain valid REFERENCE CLOCKS within
two REFERENCE CLOCK periods after the negation of READ GATE. Pulse widths
shall not be shortened during the transition time but clock transitions may
not occur for up to two REFERENCE CLOCK periods.

The clock pulsea may not always be symmetrical in wave form, but the leading
&dge correlates to the bit vecording rate of the drive. Asserted pulse
widtha shall not be shortened, but negated pulse widths may be extended.
8.5.6 READ CLOCK Valid Time

The READ/REFERENCE CLOCK line whall contain valid READ CIOCKs within two
Clock perioda after PLO Synchronization is established. Pulse widtha shall
not be shortened during the REFERENCE CLOCK to READ CLOCK transition time.
8.6 CRITICAL WRITE FUNCTION TIMING PARAMETERS {x-0}

Controller timing variations in the recording function (read beader/write
data) are allowed if tha following drive-dependent write ftand interrelated
read) timing parameters are met:

8.6.1 Read-to-Write Recovery Time

Asmaming head selection is stabilized, the time lapaa from negating Read
Gate to asserting WRITE GATE shall be five REFERENCE CLOCK periods minimam.

B.6.2 WRITE CINCK-to-WRITE GATE Timing

Write Clocks whall precede WRITE GATE by a minimm of Uwo and a half
REFERENCE CLOCK periods.

B.6,3 Write-Driver Plug Pata-Frcoder Turn-On From WRITE GATE

The write driver plus data-encoder turm-on time (write splice width) 1s
between 3 and 7 REFFRENCE CIOCK periods.

8.6.4 Write-Driver Turn-Off £rom WRITE GATE

To account for data-enceding delays, WRITE GATE shall be held on for at Lxast
two hyte times after the last bit of the information to be recorded.
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B.6.5 Write-to-Read Recovery Time
Write to Read recovery time iam < or = 10 useca.
B.56.6 Head Switching Time

WRITE GATE shall be negated at leaat 1 us hofore a head change to switch o
the other surface. WRITE GATE may not be asserted until 15 us after a head
change or COMMAND OOMPLETE is asserted.

B8.6.7 Write Propagation 'Delay

Write data received at the ¥/0 connector shall be delayed by the write data
encoder by up to 12 bit times maximum prior to being recorded on the media.

8.7 OPTICAL FORMAT (x-O)

This section usea SECTOR pulses available Erom the drive and describem a
fixed sector implementation.

8.7.1 Format Rules

The record format on the diek is not necesasariily uwnder control of the *
controller, but is either pre-formatted by the media supplier or under
control of the drive. There is more than one method for manufacturers to
pre-format diska. The INDEX and SECTOR puleea are available for use by the
controller to indicate the beginning of a track and sector zero, and the
beginning of sectors other than zaro respectively. :

The controlier is responaible for the contents of the available recording
ared as repregsented in Fiqure 8-3.

Inter Sector Gap
+ PLO Sync Bytey
* Syne Pakterm
H ) ® Motor Speed Tolerance Gap +

PR

b et ' T ¢ $mm—
H H B \HEADER,, H i H H DATA H H H H
H H H LADRESS ] ' h H H REQORPING ! H H
H H H } AREA ! H H H H AREA : H H H
* + + + b
HEEH H + Data Pad Bytes

v+ * Recording Pattemn

i
|
H + PLD Sync Bytes
!+ Write splice
+ Header Address Pad Byles
* Optional - may or may not be present
FIGURE 8-3 FIXED SECTOR OPTICAL FORMAT

A variety of physical formats ave supported by optical disk manmifacturers,
The eorrelation between formal and interface is shown in the appendices.
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¥Fields commonly used by such formata are deseribed below.
8.7.2 Intersector Gap (15G)

The minimun Intersector Gap size is determined from the configurabion data.
The Intersector Gap provides a separation hetween each sector. The gap size
is chosen to provide for:

o Drive required writu-to-read recovery time {minimum time between negation
of WRITE GATE and ausertion of READ GATE}.

o Drive required head switching time (between read-write and write-read).
o Controller decision makmg time between sectors.

o Other drive required ISG times.

0 Variations in detecting INDEX and SECTOR.
8.7.3 Addrena Area

The addreas area provides a positive indication of the track and sector
locations. The address area is nomally read by the controller and the
addreas bytes verified prior to a data area read or write. The address area
may be pre-recorded on the media by the manufacturer. It is xead by the
controller to provide a positive indication of the sector location and
establish the boundaries of the data area. The address area typically
consists of thue following bytes, . -

8.7.3.1 PLO Sync Field

These bytes may be reguired by the drive to allow the drive's read-data
phase-locked cscillator to become phase and £ Synchronized with the
data bits recorded on the media. The controller shall send zervos during this
time.

8.7.3.2 Sync Pattern Byte(s)

Thiz fisld establishes byte Synchronization (i.e. the ability to partition
this ensuing serial bit stream into meaningful information groupings, such
as bytes) and indicates to the controller the beginning of tha address field
information. It is recommended thai: the Sync Pattern Byteis) contain more
than a singie one bit for a greater confidence level of detection.

The drive may ayntheaize a Sync Pattern, and if it fails to be presented on
Lhe firat attenpt to read a sector, the drive ie responmible to recover on
the next revolution. The sector pulse preceding a Sync Pattern may or may
not have been presented under the circumstances when a drive fails to
present Sync Pattern.

8.7.3.3 Address Field

These bytes are user—defined and interpreted by the user®s controller.



X3T9.3/87-005 FEnhanced Small Device I/F Rev 1.3 5/18/87 Page 8-13

bk

8.7.3.4 Addreas Field Check Code

An appropriate error-detection mechanignm may be generated and applied to the
addresa field for identification purposen. These codea are typically
recorded on the media during formatting. If data integrity is maintained by
the drive these fieldm are not presented over the interface. If they are
presented, integrity is maintained by the controller recalculating and
verifying the Address Field Check Code when the address field in read.

8.7.3.5 Sector Write Status

If the media has been certified by the manufacturer this field contains zero
to indicate the sector has been certified as usable by the mamifacturer. If
thia byte containa any ones, then the sector cannot be recorded because jt
has been flagged as defectivé by the manufacturer. ‘

The controller may choose to igrore this field, and consider it part of the
gap but it it poasible that the drive will abort any attempted write
operationa if the byte containg any ones,

8.7.3.6 Addreas Field Pad

The Addresa Field Pad byte(s) are written by the controller if they are
required by the drive to enmue proper recording and recovery of the last
bita of the addresa—field check codes. The pad byte{a) shall be zeroa,

8.7.4 Data Area

The Data Area iz used to record data fields. The contents of the data fields
within the Data Area are epecified by the hoat syatem. The remaining parta
of the Data Area are specified and interpreted by the disk controller to
recovex th; data fields and ensure their integrity. The Data Area typically
congiste of: . . '

8.7.4.1 Write splice

The controller shall send zeros during thia area,

8.7.4.2 PLO Sync bytes

These bytes may or may not be required when reading to allow the drive's
phase-locked oscillator to become phage and frequency Synchronized with the
data bits recorded in the media. The controller shall send zeros during these
byte timea (if any).

8.7.4.3 Recording Pattern Byte(s)

if thia field is used ia conjunction with PLO Sync bytes it is used to
establish byte Synchronization and indicates Lhe beginning of the data field
to the controller.

Dizks which retain synchronization without the use of PLO Sync require that
the Recording Pattern bytes be used te indicate the beginning of the data
field to the controller,

Optical disks with pre-revorded data rxpaire Lhat the control ler recoqni ze
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the manufacturer's Recording Pattern Byteia).

Drives shall provide for the poszibility that a Recording Pattern may not be
detected, and provision be made for synthegizing the presentation of one.

8.7.4.4 Data Field

The data field containg the host system's data files. A data field may bw
conatructed from seguents which contain data {in multiples of 128 bytes) and
ite ampsociated Error Correction Code {in miltiples of 8 bytes). NOTE: The
rultiples need not ba the same value. 8y using segments to construct large
data fields, a simple and straightforward encoder/syndrome calculator can be
used instead of having to use the type of more complex ECC needed to handle
large fields of contiquous data.

8.7.4.5 pata Field Check Codes

The Data Field check Codes are genérated by the controller and written at
the end of each data segment. Data integrity is maintained by the controller
recalculating and verifying the Data Field Check Codes, and applying error
correction algorithme if applicable on each Data Field segment read.
8.7.4.6 pata Field pPad

The Data Field Pad bytes may not need to be issued by the controller if the
ISG is an acceptable period for the drive to ensure proper recording and
recovery of the last bits of the data field check coden. If any bytes are
required, the controller shall send zeros during these byte times.

8.7.5 Format Speed Tolerance Gap

If this gap is required after the last sector of a track, the byte pattern
in the gap shall be zeros.

B.7.6 Post Field Area

A Poat Field Area may be used to point to an updated record when the current
sector is to be daleted. The Post Field Area consists of: ’

8.7.6.1 Write Splice

The controller ahall send zerom during this area.

8.7.6.2 PLO Sync bytes

These bytes may or may not be required when reading to allow the drive's
phase-locked oscillator to become phase and frequency Synchronized with the
data bits recorded in the media. The controller shall send zeros during thess
byte times (if any).

8.7.6.3 Recording Pattern Dyte(s)

If this field is used in conjunction with PLD Sync bytes 1t 15 used to

establish byte Synchronization and indicates the heginning of the data field
to the contraller.



X3T9.3/87-005 PFnhanced Small Device I/F Rev 1.7 5/18/87 Page H-15% XITY.3/87-005

95!

Disks which retain synchronization without the use of PLO Sync require that
the Recording Pattern bytels} be used to indicate the beginning of the datls
field to Lhe controller.

Optical disks with pre-recorded Poot Fields require that the control ler
recognize the manufacturer's Recording Paltern Bytelu).

8.7.6.4 Poat Field,

Thia field may contain addreasing information which can point to a
replacement sector. .

8.7.6.5 Post Pield Check Codes

The Poat Field Check Code bytes are generated by the controller and written
on the media at the end of the Poat Field. Data integrity is maintained by
the controller recalculating and verifying the Post Field Check codea or
applying Error Correction algorithms, if applicable when the Post Field is
read. The Post Check field is user defined. -

8.7.6.6 Post Field Pad

The Poat Field Pad bytes shali be ismued by the controller and are reguired
by the drive to ensure proper recording and recovery of the last bits of the
Post Field check coden. The controller shall send zeros during thege hyte
tires,
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9. RECOMMENDATIONS -

The control of a device is based on the Cammand Data transferred serially to
the drive and the Configuration and Status data transferred serially frum
the drive to the controller. This section describes recommended
initialization and error recording procedures.

The normal operation is shown in Figure 10-17. Abnormal conditions of the
drive are swumarized in Figure 10-18 through Figure 10-25.

The following mections are organized as fol lows:
Section 9.1 defines normal operation.
Section 9.2 defines commnication error {fault) handling.

Section 9.) defines the recomnended controller interpretation of
configuration data, :

Section 9.4 defines error recovery techniques based on the received status
data from the drive.

Section 9.5 defines the recommended controller interpretation of standard
status.

Section 9.6 defines some miscellaneous integrity points.
9.1 NORMAL OPERATYION OOMMAND TRANSEER

A command ism sent to the drive via the COMMAND DATA Jine {the Interlocked
REQ-ACK handshake protocol ia not shown). The drive negates the OCOMMAND
COMPLETE line to signify reception of the first bit of Command Data’ and
asserts OQMMAND OOMPLETE when the conmand has been executed in ite entirety.
COMMAND CCMPLETE being asserted with ATTENTION negated pignifiea that no
ervors were encountered by the drive during reception or execution of the
command ,

See Figure 10-17.

For normal command operation, none of the status or confiyuration data
responses need be transferred. This simple interface operation should be
cagily implemented by both drive and controller manufacturers. The
recommended’ “Fault/Abnormal ™ condition handling procedure is provided to
increase the compatibility between drive and controller manufacturera. None
of the reconmended procedures violate or take exception Lo this standard.
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9.2 JANDLING COMMAND THANSFER ERRDHS

The intent of this section is to define onderly detection, termination and
resynchronization Lechniques for errors (or Eaults) which occur as a result
of commmication of Command and Configuration/Statuy data. Both Lhe drive
actions and the controller actions are defined.

The orderly detection, termination and resynchronization techniques for
these faults covered in Section 9.2.2, ’

Section 9.2.3 defines the next higher level of controller and drive recuvery
techniques for communications faults.

Communication faults can be grouped into the following three categories:
9.2.1.1 Interface Fault '

An interface fault occura when either the drive or the controller fails to
respond to the appropriate edge of the TRANSFER REQ/TRANSFER ACK interlocked
handshake protocol within the .specified 10 msec limit. With this fault, less
than 17 bits of command or status data may be transferred prior to
terminating the commnications protocol. This type of fault may occur with
or without ATTENTION previously asserted.

9.2.1.2 Pafil;y Error

This oocurs when either the drive or the controller detects a parity error
on appropriate Command or Configuration/Status data. This fault is detected
after a compiete 17 bits of Coummand or Configuration/ Status data has heen
tranaferred. This type of fault may ocour with or without ATTENTION
previously asserted. . .

9.2.1.3 Invalid or Unimplemented Command Fault

These Lypes of faults {from a camunications viewpoint) could occur at the
drive doe to an even mumber of bit errors (from 2 to 16) which were not
detected by the "odd parity bit" logic. The drive logic may then decode the
resultant command as an Invalid or Unimplemented command.

Note: The drive cannot determine whether an Invalid or Unimplemented command
decode is due to an even mmber of bit errors or an actual Tnvalid or
Unimplemented command sent by the controller. These types of faults may

occur ‘with or without ATTENTION previously asserted.
9.2.2 Detection and Resynchronization

In normal operation, the ATTENTION line is negated when the controller first
attengts to cunminicate with the drive using the commind protocol (ane
Figure 10-20 Comvunications Fault). '

For this case (ATTENTION initially negated), the termination and
resynchronization technique is that the drive asserts ATTENTION followed by
activation of QUMMAND OOMPLETE. The activation of ATTENTION informs the
controller that a fault has been detected by the drive and also requires
that the controller terminate the transfer.
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The drive should assert COMMAND COMPLETE after ATTENTION is asserted and
after it has been deteymined that the controller has teminated any transfer
in process. After COMMAND OOMPLETE is asserted the drive and the controiler
will both be resynchronized, with the drive expecting the First bit of a
command transfer (usually a Status Reguest command) over the intecface.

It ix also possible for the ATTENTION line to be asserted (Figure 10-21:
Communications Fault) when the controller is attempting to commnicate with
the drive {i.e. when the controller attempts to send the Read Statua Cosmmand
to the drive to determine the cause of another fanlt detected in the drive
such as a Write Fault, Seek Fault, etc).

If a comunications fault occura when ATTENTION ia already asserted, it ia

not possible for the drive to assert ATTENTION to inform the controller that

a commnications fault has been detected and to terminate any transfer in
process.

For this case, (ATTENTION already aaserted); the drive shall create an s
Interface Fault on the next request for a bit transfer, if applicable, to
request thal the controller terminate the tranafer. Thus, the controller
must allow for the possibility that a controller detected Interface Fault
could be due to the drive informing the controller that a communications
error -haa occurred. . .

The contyoller should respond to a detected Interface Fault by terminating
this transfer and waiting for the drive to assert OOMMAND OOMPLETE. When the
drive asserts OOVMAND COMPLETE, the drive and the controller shall be

resynchronized with the drive expacting the firut bit of a command bransfer
over the interface. :

These concepts are further defined in Figure 10-22 through Figure 10-25.

Figure 10-22 and Figure 10-23 define the interface protocol for a drive
detected Interface Fault which occurred when TRANSFER REQ was asserted with
ATTENTION previously negated and ATTENTION previously asserted respectively.

In Figure 10~22, the drive signifies detection of the fault by activating
ATTENTION. After ATTENTION is asserted the controller should negate TRANSFER
REQ and not send another TRANSFER REQ until after COMMAND OOMPLETE is
asserted.

In Figure 10-231, the drive doea not reaspond to another TRANSFER REQ after
the interface fault im detected and prior to the activation of OOMMAND
OOMPLETE. If the controller sent another TRANSFER REQ after the fault was
detected by the drive, the "no rewponss by the drive™ would create an
Interface Fault at the controller, rotifying the controller that the drive
had detected a previous Interface Fault from the controller.

Figure 10-22 and Figure 10-23 1llustrate an Intecface Fault which resulted
from a 10 muec time out measured from the leading edge of TRANSFER ACK. An
Interface Fault would also oocur if the controller faila to send [request )
the next bit of data within 10 msecs (measured From the trailing edge of
TRANSFER ACK}. For this Interface Fault condition the notes and Liming of
Figure 10-22 and Figure 10-23 are also applicable excepl thal both TRAKSEFI
REQ and TRANSFER ACK are already negated when the Taterface Fault condit on
iy detected.
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Figure 10-24 and Figure 10-25 define the interface protocnl Eor either a
Parity Error, Invalid Command or Unimplemented Command fault with ATTENTION
previously negated and ATTENTION previously assested. In Figure 10-24 and
Figure 10~-25, the error occurrad on a cawmand sent Ly the controller which
world result in status or configuration data being sent back by the drive.
Thus, the controller i=m expecting to assert TRANSFER REQ for the first bit
of Configuration/Status data after sending the parity bit of the command
data. .

In Figure 10-24, the drive asserts ATTENTION to signify that the fault has
bean detected. However, the drive cannot guarantee whether TRANSFER REQ is
anserted or negated when ATTENTION is asserted. In addition, for this type
of fault, ATTENTION will probably be assarted after the TRANSFER ACK, foi
the parity bit of the command data has been negated. Thus it is the
coptrollers responsibility to mwonitor the ATTENTION and OOMMAND OOMPLETE
lines to insure that correct resynchronization occurs per Figure 10-24.

In Figure 10-25, ATTENTION waa previocualy amserted and cannot be used to
inhibit the TRANSFER REQ for the first bit of Configuration/Status data {or
terninate this TRANSFER RE{M . For the case shown in Figure 10-25, the key
assumpt ion made by the drive is that the controller will assert TRANSFER REQ
for the first bit of Configuration/Statua data within 10 meec after the
trailing edge of the TRANSFER ACK for the parity bit of the Command.

If the Controller has not requested the first bit of Configuration/Status
data within this 10 meec time out, the drive shall assert OOMMAND CCMPLETE.
if the controller asserts THANSFER REQ for the first bit of
Configuration/Status data within this 10 ssec, the drive shall create an
interface Fault to the Controller which will ther signify that
regynchronization is to occur. (The drive ahould alao nob respond to any
subsequent THANSFER REQS which occur within 10 msec of the last TRANSFER REQ
for thie sequence due to the 10 meec timecut denoted by note *4 in Figure
10-25). . . .

If a commnication fault, as defined by Ficure 10-24 or 10-25, occurred on a
command which did not expect status or configuration data to be transferred
back to the controller, the controller should not iesue a THANSFER RE) for
the first bit of Configuration/Status data. For these Communication fault
conditions, the notes and Liming of Figure 10-24 and Figure 10-25 are
applicable except that TRANSFER REQ shall not be asserted by the controller
for the first bit of Configuratjon/Status data as defined at *3 in Figure
10-24 and 10-25.

9,2.3 Recovery Pratoonl

Thia section definea the controller and tllrhve recovery actions necessary to
recaver from copmnications faulta. This section asgumes that a
compunications fault waa the only type of fault that haes ocourred. {Multiple
fault recovery is covered in Section 9.4).

The recovery protocol for handling comminicaticns faults is E.I]I“l'ﬂrlzr:fi in
Figure 18-26 (Comunications Faults - Recovery Proktecol). Figure 10-26
explanation is as followa:

* A} Assume a commnications fault ocourred on the original command transEer
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tand was detected and resynchronized per Section 9.2.2), and ignore
posaibilities *1, *3 or *6. For this case, the controller should revpest
status, obtain the statun from the drive, observe that only a asingle
cumunications fault bit was set, reset allention and then resend Lhe
original command, s
b) Aamme a comunications fault oceurred on the original command transfer
hut also allow possibility *1 to oocur. For this case, a communications
fault i% also going to be detected on the Roquest Status Command. This shail

wag set for the original command). If possibility *1 occurs, the control ler
should recover by reissuing the Request Status command and then proceeding
as in case a. Note - the contraller should remember that a retry was
required {see Section 9.4); however, if only Comunications fault bits are
set, tha recovery mode does not change.

<) Assme a communication fault occurred on the original command transfer
but alss allow possibility 43 to ocour. For this case, a cammnications
fanlt is also detected on the original status read from the drive {and
therefore uninterpretable by the controller). An additional commnications
fault bit should be set in the drive's statug responae if an Interface Fault
was detected by the drive. (No status bit ahould be get if the Controller
detected a parity error fault). If poasibility *3 occurs, the controller
shall reigsue the Requast Status Camrand in order to obtain the statua,
Subsequent recavery is the ame a% case b, -

U‘\ d} Asmane a commmications fault ocorred on the original command transfer
W but also allow possibility *6 to occur. For this casa, the controller

received the original atatus responge from the drive {which was assumed to
have only a single commnications fault bit set} but the drive detected a
communications error on the Reset Attention Command and was unable to reset
attempt to resend the Resst Attention command at least 3 times befores

If the ATTENTION line is negated with the reismied Reset Attention Commaned,
the controller may then reimsue the original command.
e} Ansume all combinationa of Figure 10-26.

9.3 CONFIGURATION DATA

Configuration data should be read by the controller whenever a drive is
firat powered on. After a drive has completed a power twrn on sequence, the
drive shall assert the ATTENTION line and also set the "Power On Conditian )
Exists™ bit in the Standard Statug response.

9.3.1 Interpreting Magnetic Disk General Config Data

9.3.1.1 Bit 15: Mot a Magnetic Disk Drive

If this bit is a zero, the device is a magnetic disk drive acting in
arcordance with Lhe standard, otherwise Lhis bit is 4 one.
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9.3.1.2 .Bit l4: Famat Speed Tolerunce Gap Recuired

The interpretation of Lhis bit is dependent upon the sectoring mechanism
which it dafined by bits 1 or 2 of the General Configuration Response,

Ef Bit 14 is a zero, the required format speed tolerance 0ap size is zero
bytes between sectors. If Bit 14 im a one, then a format speed tolerunce gap
is required between each sector with a minimam number of bytes as defined in
Section B.3.5 for hard sectored drives and Section B.4.5 for saft sectored
drives.

Note: On soft sectored drives the contpoller should format the last sector
on the Lrack and then send format data of zeros until the Index Pulse is
received. At physical end of track, zero dytes (in addition to the gap of
the last sector) shall vesult if the disk is rotating at the upper limit
{dizk rotating fast} but if the disk is rotating more slowly then the gap in
the last sector shall be extended to include more bytea.

9.3.1.3 Bit 13: Track Offset Option Available

If Bit 13 is a zero, the controller should not attempt to utilize the "Track
Offset” command am an extended rebry method of recovering data from the
media which cannot be read without a track offset. If Bit 13 iz a zero and a
"Track Offset™ comand is received, the drive should respond with an
"Invalid ar Unimplemented Command Fanlt.™ If Bit 13 is a one, the controller
should vtilize the "Track Offset* command as an extended retyy method of
recovering data from the media which cannot be read without a track offset.

9.3.1.4 Bit 12: Data Strobe Offset Option Available

Same definition am Bit 13 with the words “Track Offset™ replaced by “Data
Strobe Offset.”

9.3.1.5 Bit 11: Rotationa} Speed Tolarance is > G.5% and ¢ 1.0%
Typically, this bit is only interpreted by the controller if the "Format

Speed Tolerance Gap Required™ (Bit 14) bit jg a 1. See Bit 14 definition for
the controller's interpretation of Speed Tolerance, :

‘Lf Bit 1l=1, the rotational speed plus data clock rate tolerance is < 0.5%;

If Bit 11=0, the rotational speed plua data clock rate tolerance ig > 0.5%
and <1.0%, _

9.3.1.6 Bit 10: Transfer Rate > 10 Mz

If Bit 10 is a 1, the disk drive NRZ Data Tranafer Rate is greater than 10
Miz. Per the current specificaticn, the rate ia > 10 Mz and <15 Miz.
Otherwise, Bit 10 is a zero. £ this bit iz 4 1, the controller should be
capable of operating with up to at least a 15 MHz Data Rate. .

9.3.1.7 Bit %: Transfer Rate 5 MHz, <10 Miz.

If Bit. 9 is a 1, the disk drive MHZ Dala Transfer Rate is greater than 3 Mig
but less than or oqusl to 10 Miz, Otherwisa, Bit 9 ts a zero. If Lhiu bit is
4 b, the controller should be capable of vperating with mp Lo at least 4 10
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Mz Data Transfer Hate.
9.3.1.8 Bit 8: Transfer rate (5 M2

1f Bit B is a 1, the disk drive NRZ Data Transfer Rate iy equal to or less
than 5 MHz. Otherwise, Bit 8 is a zero. If thia bit is a one, the controller
should be capable of operating with up to at leant a 5 Muz data tranafer
rate.

9.3.1.9 Bit 7: Removable Cartridge Drive

If Bit 7 is a 1, the disk drive ia capable of containing removable media. If
Bit 7 ie a 0, the disk drive is not capable of containing removable media.

If Bit 7 is a 1, all status bite and configuration bits for removable media
are applicable and should be interpreted by the controller. If Bit 7 is a 0,
none of the status bits or confiquration bits for removabie media are valid
and should be logic zeros if read from the drive. :

When checking for removable media capability, the controller should alsc
check if fixed media is present in order to determine the appropriate head
addresales) encoding to reference the removable and the fixed diskis) in the
drive. Head addressirg is continuous from 0 through both removable and fixed
disks. If removable media is present, head 0 should be on the removable
media drive. (The mmiber of heads, both fixed and removable, is contained in
tha "Number of Heads™ General Configuration response.

9.3.1.10 Bit 6: Fixed Drive

Ef Bit & im a 1, the disk drive containg Fixed media (whether the drive also
containg removable media is defined by Bit 7). If Bit 6 is a 1, all status
bits and configuration bits for fixed media are applicable and shall be
interpreted by the controller. If Bit 6 is a 0, none of the status or
configuration bits for Fixed media are valid and should be zeros if read
from the drive. Also, if Bit 6 is a zero, then either Bit 15 (not a magnetic
disk drive) or Bit 7 (removable cartridge drive) should be set to indicate
the device type.

9.3.1.11 Bit 5: Spindle Motor Control Option Implemented

If Bit 5 im a 0, the drive should automatically turn the spindle motor on
upon power up. The Spindle Motor Stopped status bit (Bit 9) indicates the
current state of the spindle motor when the Standard Status bits are read
from the drive. The Control commands with command modifiers 0010 {Stop

Spindie Motor) and 0011 (Start Spindle Motor) are invalid. The inwvalid or
Inimplesented Command Fault sbatus bit (Bit 5) whould b set 1 the mitor

control commands are sent to the drive,

1f Bit 5 is a 1, the controlier is responsible for turning on the spindle
motor with the Start Spindle Motor command. The Spindle Motor Stopped status
bit {Bit 9) indicates the current state of the spindle motor when the
standard statos bits are yead from the drive. The Stop Spindle Motor Cormand
is an optional command if the Spindle Motor Control Option Implemented bit
(Bit 5) is a 1. The Invalid or Uninplemented Command Fault status bit {Bit
5) should be set if the Stop Spindle Motor command is received but is not
uplenented in the drive.

£379.3/87-005  Enhanced Small Device §/F Rev 1.3 5/18/87  Page 9-H

9.3.1.12 dit 4: Head Switch Time 215 Usec

This bit shall be set to zero if the head switch time iz (15 usec. COMMAND
COMPLETE shall not be affected by changea in the Head Select lines (HEAD
SELECT 2(0), 2(1), 2{2) and 2{3)) if Bit 4 is a zero.

1f Bit 4 is a 1, the time required to switch heads im greater than 15 usec.
The drive shonld negate OOMMAND OCMPLETE within 15 usec. from a change of
state of the HEAD SELECT lines and should assert OOMMAND OOMPLETE when the
head change has been performed.

Note: If a head change is not desired when a unit is selected or deselected,
then the HEAD SELECT linea should contain the desired head address as
previously selected at least one microsecond prior to the reselection of the
unit and one microsecond after the UNIT SELECTED signal is negated for a
unit deselect sequence.

9.3.1.13 Bit 3: Nobt MFM

If Bit 3 iz @ 1, then the drive does nok employ an MFM encoding method to
write data on the media. If Bit 3 is a 0, an MPY encoding method is used.
This bit state may be used by controllecs to select Disk Data Ervor
correction methods (The utilization of enmd.mg other than MPM may result in
larger data error burst lengtha). If this bit is a 1 the controller shall
ensure that the start of a PLO aync field ia defined.

9.3.1.14 Bit 2: Contioller Soft Sectored .‘Mdl'eil Mark)

If Bit 2 is a 1, then the drive format mode iz Controller Soft Sectored
(Address Mark). The controller shouid formmat the drive according to the
quidelines in Section 8.4. The ADDRESS MARK ENABLE and ADDRESS MARK FOUND
signale are valid and are deacribed in Section 6.2.7 and Section 6§.3.7
respectively. Configuration Data of Unformatted Bytes per Sector and Sectors

- per Track are not applicable {and are undefined). The Set Bytes Per Sector

comuand is an Invalid emmand when the drive is operating in the Soft
Sectored mode.

Bits 0, 1 and 2 of the Configuration Responss bits retwrned from the Reguest
Configuration command are matually excluaive.

9.3,1.15 Bit 1: Drive Hard Sectorad {Sector Pulsea)

if Bit | is a 1, then the drive format mode ie Drive Hard Sectored (Sector
Pulaes) and the controller should format the drive acnording Lo the
guidelinew in Secbion 8.3. Hequest. Configuration comnale with command
modifiers 0101 (unformatted-bytes per sector) and 0118 (sectors per track)
are valid comnands and the drive should respond with the current ssctor size
information. The sector size may be modified with the Set Bytes Per Sector
commend if implemented by the drive. -

Bits 1 and 2 of the Configuration Response bits returned from the Recuest
Configuration command are mutnally exclusive.

9.3.1.16 Bit 0: Reserved

This bt shall always be seb te zero.
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9.3.2 Magnetic Disk Commands Determined Tnvalid by Confiy Data

In addition to dafining the drive configuration which allows the controiler
to self configure for the specific drive attachaed, the contents of tha
General Configuration response should also be utilized to define certain
commanda as invalid for this drive. Thess invalid commands should not. bo
igeued to the drive by the controller. :

Commands which may be invalid for a drive depending on the ntate of General
Configuration response bits are defined as followa:

a) Magnetic diek specific commands are not valid for an optical drive, and
viea versa, Status and Configuration Recquest commands are valid for all
drives.,

b} Data Strobe Offset and/or Track Offaet commands are not valid if the
drive does not implement the applicable option. :

©) The Start and Stop Spindle commands are not valid if spindle motor
control ability ia not implemsnted by the drive. Even if spindle motor
control is available in the drive, the Stop Spindle command may or may not
be a valid command. In this case the controller can only determine the
v'a‘:i:it_v of the Stop Motor command by attempting to iasue this command to
t! rive, '

d) .The Bet Bytes Per Sector command is nat valid if the drive's sector
mechanisn is Address Marks. The Set Bytes Per Sector conmand may or may not
be valid if the drive'g sector mechanism is Sector Pulses. In this case, the
controller can only determine the validity of this comnand by attempting to
issue the Set Bytes Per Sector command. ) : .

@) The use of subscripts other than zero is valid only if the drive has
reported that it supports mubscripting. All features requiring suhscripted
data are invalid if subscripting is not. sapported.

XIT9.3/87-005  Enhanced Small Device 1/F Rev 1.3 5718787 Page Y-10

2.4, Reconmended Controller Responses to Status Conditions

Status data should be requested by the Controller whensver the ATTENTION
line ia asserted. This section covera the general philosophy for handling
faults, 1/0 control signal status, ftatus bit interpretation, and command
utilization for error recovery. -

9.4.1 General Evror Recavery Philosophy

As indicated in Figure 10-18, Figure 10-19 and Figure 10-26, the normal
procedure to recover from a Fault condition detected by the drive (indicated
by ATTENTION being aBserted), is for the controller to first isaue a Request
Status Command, read the Standard Status response and then issue 3 Reset
Attention Command to reset the fault condition in the drive,

The only notable exception to this rule occura when the Vendor Unigue Status
Available bit is set and the controller desires to read the Vendor tnigue
Status. In this case, the controller should read the Vendor Unique Status
responses prior to issuing the Reset Attention Command because the Reset
Attention Command shall also reset the Vendor Unigque Status responses (these
regponses are remset by virtues of resetting Standard Status bits 11-0 with
the Reset Attention Command).

The general philosophy is that a drive should recover from a fault state by
attempting recovery techniques when the Reset Attention Command is received
li.e. the drive shall attempt to become operational if pomgible). In some
cases, depending on the status bits which were set, additional recovery
commands may be required by the contyroller {e.9. a command to eliminate a
track offset condition, taumn on the spindle motor). Ea addition, the drive
should utilize an amserted ATTENTION line to inhibit reads or writes if an
internal fault condition eximts., ' .

Once the controller hae determined that a fault condition exists (i.e.
ATTENTION asserted) the controller should terminate the current operation
and properly read and reset the Standard Status, After receiving a valid
Standard Status response the controller may then proceed to decode the
status bits and perform error recovery based on atatus bits set.

If the controller cannot recover from the fault detected after three
retries, the controller should proceed by reading Vendor Unique Status (if
available) and reporting this status to the gyatem. When reading Vendor
Unigue Status, the controiler mhould read all available responses, as
specified in configuration data, in sequence starting with the Firet
location. ) : } 3

If a Parity Error, Interface Fault, or Invalid Command fault should orcur
while reading Vendor Unigue Status, the controller should recover from the
error and continue reading at the location where the error avcurred,

9.4.2 [/0 Status for Error Recovery

Table 9-2 shows all possible states of the I/0 control signals and the
subsequent valid commands which may be sent by the controlier For each of
these states.

Table 9-2 nweals that. no command transfor myy be anitiated by the
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contraller if either TRANSEER REQ or TRANSFER ACK is asserted, or if CUMMAND

COMPLETE is negated. .

Table 8-2 also reveals that the RFADY line is utilized to imdicate that the
apindie motor iz up to spesd. The READY line being negated does nok
necessarily indicate a fault condition in the drive. For example, The
spindle may have been stopped by a previous command.

The applicability of the potentially valid commanda listed in Table 3-2 ave
explained more fully in Section 9.5.

H TOOMMAND: } XFR | XER

{READY ;OOMPLTE! ATTN | RBQ | ACK !

H SIGNAL OONOITION H VALID QOMMANDS :
¢ x 3 x 1 x ! 0 ! 1 ; None H
ix ! x L x i1 ! 0 ! None H
+ + + + + *
Pox b ox b x t 1 31 ! None H
0 D Y L6 ) 0 ! Fone H
P03 L i 0 % 0 ! 0 ! Any Status Request command *, Start !
' H H H H ¢ Spindle 4%, Stop Spindle *%, or H
H H H : H i Initinta Diagnostics :
P00 1 @ 1 { 0 ! 0 ! Any Status Regquest command *, Reset |
: H H : H i Attention, or Initiate Diagnostics H
1 o 0 1 0 ! C . None . H
10 0 4 1 10 ! 0 ! Nopa H
t1 0 1 0 0 ! 0 ! Any conmand ®, ** H
FI S | H 0 0 Any Status Request command *, Reset |
N N

. oo

n
i Attention, or Initiate Diagnostics

- e o
P

x - May be either 0 or 1

* Vendor Unique status is only valid if Vendor Unigue Status
Available bit in the Standard Status Response is set to L.

“* If appropriate Configuration Data bit is asserted.
NOTE: A Seek, Read or Write cannot be injtialized:
if READY (defined only as the spindle motor is up to speed) or
OQOMMAND OOMPLETE is negated or
if ATTENTION is asserted,

TABLE 9-2 1/0 QONTROL SIGNAL STATES FOR FRROR RECOVERY
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9.5 STAMDARD STATUS

Standard Status bits 15-12 are status bits which do not cause ATTENTION to
be aswerted when set. The controller should chack these bits as a potential
reason for a fanlt being set by the drive in response to a controller
attempted operation or invalid read data.

Standard status bits 11-0 are set to 1 and cause ATENTION to be assected to
advise when a fault condition or change of status otcure that the controller
may not be aware of. :

9.5.1 Interpreting Magnetic Diak Standard Statua
9.5.1.1 Bit 15_: Regerved

This bit shall always be set to zero.

9.5.1.2 Bit 14: Removable Media Not Present

Thiz bit shall be set by the drive to indicate that the resovable media has
been removed. The controller may not seek, read, or write to this device
until removable media is in place. If the controller attempte to perform a
write operation on removable media while this bit is set, Write Fault should
occur. A seek attempt shall resalt in an Yovalid Compand status.

9.5.1.3 Bit 13: Write Protected Removable Media

Thin bit shonld b sot by the drive to indicate thal the romovable media hau
been write protected. The controller may mot write to thia device if this
bit i met. If tha controller attempts to perform a write on removable media
while this bit is set, a Write Fault should occur.

9.5,1.4 Bit 12: Write Protected, Fixed Media

This bit shall be set by the drive to indicate that the fixed media has been
write protected. The controller may not write to this device if this bit is
set. If the controller attempts to perform a write on fixed media while this
bit is set, a Write Fault should occur.

9.5.1.5 Bit 1l: Reserved
This bit shall always be set to zéro.
9.5.1.6 Bit 10: Reserved
Thig bit shall always be set to zero.
9.5.1.7 Bit 9: Spindle Motor Stopped

This bit is set to indicate that the spindle motor is not up to speed. A
change of state on this bit due to a Start Spindle Motor Command or a Stop
Spindle Motor Cammand should not cause ATTENTION to be assarted (1.c. any
command which changes the state of this kit should not cause ATTENTION to be
asserted if the command is successfully executed). The controller should
depend on OOMMAND COMPLETE and READY with ATTENTION negabod to determioe
when the Start Spindle Motor or Stop Spindle Motor comnand hag boeen executed
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properly.

If this bit is set, the controller should verify that the spindle mator
control option is impjemented before attempting to send the Start Spindle
Motor Command. Once the controller has sent the Start Spindle Motor Conmand,
the controller should wait for COMMAND QOMPLETE and READY to be asserted
with ATTENTION negated to indicate that the spindle motor is up to speed. A
tun;gg diagram for a succeasful spindle start sequence ia shown in Figure
1027,

9.5.1.8 Bit 8:; Power On Reset Conditiona Exist

This bit is set after a Power On Sequence occurs or when an internal drive
fauit condition occurs which would cause an internal Power On Reset
operation to occur {(e.g. a momentary loma of a DC wvoltage}. This bit is
intended to notify the controller that the drive has reinitialized itself to
the default drive characteristics le.g. default mumber of bytes per sector).

If this bit is set, the controller should read the configuration responses
to determine if the default drive characteristics ace the demired operating
conditions and/or send the required commands to the drive to set up the
desired drive operating conditions. The control ler should also check the
Spindle Motor Stopped bit in the status response and perform a Motor-On
sequence if needed.

9.5.1.9 Bit 7: Command Data Parity Fault

This bit should be set by the drive when a parity error is detected on the
command data received from the controller. The drive shall not attempt
execution of a command if a parity error is detected.

9.5.1.10 Bit 6: Interface Fanlt

' This bit ghall be sat when an interface protocal timeout ie detected by the

drive.
9.5.1.11 Bit 5: Invalid or Unimplemented Command

This bit is set by the drive when any of Lhe following commands are

raueiw_ad.'

a) A Command Function (bita 15-12 of the conmand) defined as Reserved by
the atandard.

b} A legal Command ﬁmct.ion plus a Comnand Modifier defined as reserved n
the standard.

<} A legal command which is pot implemented by the drive.

d} A legal command with an invalid command parameter {e.q. illegal seek
addreas) . :

e} A legal command which the drive does implement, but is not able ta
execute at this time (e.g. a Seek command while the spindle motor is
stopped) .
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If Bit 5 is sct, the cuntroller should verify configuration for the command
being used. .

Y.5.1.)2 Bit 4: Seek Fault

This bit should be set for any reason the drive suspects that a seek

function has not been executed properly. IE this bit is set, the controller
should reset Standard Status, perform a-calibrate and reissue the Seck
command a minimm of three times prior to defining that the drive may

require operator intervention. This bit is intended bto indicate that a
transient lor potentially solid) problem exists with the drive positioning
aystem. This bit should not be set for an invalid seek address received from
the controller. )

9.5.1.13 Bit 3: Write Gate With Track Offset

This bit should be set when WRITE GATE is amsserted with a non-zero Track
Offmet set in the drive. If thia bit ig Bet, the controller should restore
the Track Offaset to zero and re-perform the write operation..

9.5.1.14 Bit 2: Vendor Unique Status Available

This bit should be aet by the drive to indicate that vendoi unigue sthtus is
now valid. The controller js not required to read this vendor unique statua.
Vendor Unique Status is only intended to be utilized by trained field
maintenance personnel and is not intended to be interpreted by disk
controllers or operating systems. The Vendor Unicue Status responses should
be read by the Controller and sent back to the system for a print out of
these codea which may then be utilized by the field maintenance personne).

9.5.1.15 Bit 1: Write Fault

This bit is set to indicate that a Write Fault condition has occurred in the
drive and that further writing shall be inhibited until the fault is cleared.
The drive should assert the ATTENTION line in real time when the Write Fault
condition is detected. The controller should inbibit writing once ATTENTICN
i detected in order to ascertain on which sector the Write Fault occurred.

9.5.1.16 Bit 0: Removable Media Changed

Thig bit should be set by. the drive to indicate to the controller that the
removable media may have been changed . i

9.5.2 Error Recovery Commands For Magnetic Disk

Table 9-3 lists the applicable commands and a recommended order for the
controller to issue thepe recovery commands. It ia assumed that a single
status bit is set in the Standard Status response. Table 9-4 lists the
priority in interpreting multiple status bite set in the Standard Status
response, ’

In Table 8-3, mmbers enclosed in circles depote the order in which the
indicated recovery comand should be issued, In Table 9-3, numbers
identified by asterisks are notes and not associated with the arder in which
recovery oxomands are issued. The Standard Status Bita 12, 13 and 14
indicate conditions in the drive that are probably not changeable viathe
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command interface to the drive and manual intervention likely to be is
rexpiired. The order in which the recovery commands are issned is straight
forward. The Initiate Diagnostice Command should not be utilized until the
controller has attempted the indicated recovery command sequences at least
threa timea and has failed to correct the fault indicated.

Table 9-4 indicates the priority in which standard status bits should bx:
interpreted {and the recovery actions specified in Table 9-3 taken) if
maltiple Standard Status bits are set. Table 9-4 liats three conditions
which affect the priority in which the Standard Status bits are interpreted.
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Power {n Condition

Spindle Motor Stopped by Stop comnand:
Reserved! H
Reserved

Write Protected - Fixed Media:
Write Protected - Removable Media!
Resovable Media Mot Present |
Reserved; H

15 (14 113 (12 {11 10 : 9 8

PR
<+
.
i
i
]
-

In condition I, the Standard Status response waa read successfully on the i0p Code! Cosmnand STANDARD STATUS RESPONSE !

firat attempt. Condition I indicates that no commnications® faults LA et 4 + -t

were detacted on either the Request Statua Command or the tranafer of Status o | Seek HE H H I [ H
data to the controller, Therefore, any communications fault bit set [ | i Recalibrate I

(Parity Fault, Interface fault, or Invalid or Unimplemented Command Fault 14 | Select Head Group {JENE T T A S

bit) should be applicable to the originally sent command. v 5{0) | Reset Attention H H H H : H 1 INNY ) I

¢ 542) ! Stop Spindle - A T

In condition II of Table 9-4, the status was not succesafully read on the i 513} | Start Spindle ) [ S S

Eirst attempt. Any communications fault bit set may be due to a i 640,1). Data Strobe Offset~0 | H i H H H : H H

detected commmications fault on either the Request Status Command or v 6(Y) ! Data Strobe Offset - S S T

the tranafer of Standard Status data to the costroller. For this case, any ¢ 70, 1)) Track Offset~0 A T A A

other status bitg should be checked first to determine the original cause P Y | Track Offset LER R A T S

for ATTENTECN. Thie fault condition shouid be cleared. If no other bits are ! 8¢x) | Initiate Diagnostics | | I { I I g3 |

set, any oommnications fault bit set would indicate a HR ! Set Byteg par Seckor ! 1 I 1 ! i 1 i)}

commnications fault on the original command. e : ’ +

. + Status H

- Condition III is hamically the same as Condition II, except that ATTENTION + + r——t + L ——

was anserted not as a result of a comand transfer to the drive, thua a t 20} | General Status H H H H H H H H i

\ﬂ commmnications fault wag not the reason for the ATTENTION line being P 2{x}y | Vendor Unigue Status ! ' H H H - H H

O asserted. } 310) ! Gemeral Configuration | 3 H H H H ' 1 73

. ! 3{x) | Specific Configuration ! ! | ¢ !} 1 l#3!l

i Other Actions L7 WL AL R L -

L ¥ ¥ +

#n - Priority of command usage.
*1 - Manual intervention probably required

*2 - Manual intervention reguired if command not supported by drive.

*1 - Controller may require reinitialization and/or special interpretation.
*4 - Manual intervention probably required if controller cannot reset fault.
*5 - Any one of these commands will réatore Track Offset to zero.

TABLE 9-3A COMMANDS USED T0 RECOVER FROM REPORTED STATUS
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Removable Media Changed; Power On Condition;
Write Fault: Spindle Motor Stopped by Stop command!

Vendor Unique Status: @ ! Removable Media Changed! | !
Write Gate with Track Offset Fault! H HEH Write Fault; ' H H
Seek Fault: H H H H Vendor Unique Status! H H H H
Invalid or Unimplemented Command Fault: H H : H H Write Gate with Track Of fset Fault! H H H H H
Interface Fault: | - Seek Fault: : : : i ¢ '
Command Data Parity Fault! ¢ 1 @ ol Invalid or Unimplemented Command Fault: | @ § ¢+ ! 1
: Fo— bty Formbmnd——— Interface Fault: ) H L H i
PTi6.5i43 3121110 Command Data Parity Fault: ¢ ! : 1 ¢ ; 1 1
* + + + * ta——g S ¥ ——— » + +
10p Code! Command H STANDARD STATUS RESPONSE H :9:8:7:6:5:4:3:2:120:
. * . + * + * * + + + +
H ) i Seek [T XIRE 73 T B | Attention Set During L e e
H i Recalibrate L T 3 711 T S ! Command Sequence O R T S T S S B Y
HE | i Select Head Group - L H 3 1504511236 !nininin:
i 5(0) ! Reset Attention H A R Y T R IR UY O { Status Read Successfully ! ! { : : 3 1 1 L
| 3(2) i Stop Spindle I A T S T ! On First Attempt (S T R T R R S S
¢ 5(3) | stare Spindle H H H H H ! H H H el + + + + * +
: 6(0,1)} Data Strobe Offsat-0 H H H h H H i H H i Attention Set During ' H i H ' H : i ' i H
! 6{Y) ! Data Strobe Offmet [ N [ } Command Sequence I T e T T B
i 740,1)! Track Offset-0 L A ] - i i + 211 i*8 49 i*10: 3 !nin!n'n!
{7Y) | Track Offset L L T { Status Read Succesafully ! ! : ; ! ! : 1 1 1
i 8(x) ! Initiate Diagnostics ! ! e 83 1 2y ! On First Attempt L e L e e
HE ] i Set Bytemper Sector ! ! ! ! ! S + - e D e et T
+ * $—— At it ¢ i Attention Set while L e
i Status H :mmwmmrted:?:l:n:n:n::l:l:n!ﬁ?ni
+ + + L L e T Jovsy * + + -t
T~ i 20) ; General Status A I
U\ i 2(x}  Vendor Unigue Status : ! ! { i NOTE: Standard Status bits 15-10 do not cause ATTENTYION to be asserted.
A 30 | General Configuration ! H H ' H I H 1 = Highest Priority 10 = Lowest Priority L
¢ 3ix} | specific Configuration ! H H H H : H H H n = Bits that may be tested in any order after those with priority.
+ M + + * = Bits that shonld be tested with the priorities indicated after
+ - t + bt tomm b g all other bits have been determined NOT to be the cauge of
i Other Actions H H Hial LT 1 B Hial I I ATTENTION being asserted.
+ + + + + +
TABLE 9-4 STANDARD STATUS BIT PRICRITY
#n - Priority of comand usage. )
*1 - Manual intervention probably required 9.6 MISCELLANBOUS
"2 - Manual intervention required if command not supported by drive.
*3 - Controller may require reinitialization and/or special interpretation. The controller should guarantee that a drive is deselected and WRITE GATE is
*4 - Marwal intervention probably recquired if controller cannot reset fault. negated if the controller ia powered up or down while power is still applied
"5 - Any one of these commands will restore Track Offset to zero. to the drive.
TABLE 9-38 OOMMANDS USED TO RECOVER EROM REPORTED STATUS ' The drive should not déestroy data on the media if the drive is powered up or

down while power is applied to the controller and the controller is not
activating WRITE data mignala.

The drive need not implement special logic to detect the deselection of a
drive prior to completion of a Command or Configuration/Status’ transfer. The
defined comunication fanlt protocol resynchronization features should
detect thia condition if the drive iy adverae:ly affected.
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14. TIMING

10.1 DESKEWING

The controller shall provide cable deskewing for all signale originating
from the device, Tha device ghall provide for cable deskewing for ail
signals originating in the device.

10.2 SYWEBOLS

Certain symbols are used in the Liming diagrams. These aymbols and their
respective definitions are listed below.

/ or A - signal transition lasserted or negatad)

< or > - data tranaition {asserted or negated)
KAXXKK - undefined but not necessarily released
*+ « =« = the "other” condition if a signal is shown with no change
#n - used to mumber the sequence in which events occur e.g. #a, #b

I/ = a degree of uncertainty as to when a aignal may be asserted

A M __ - adegres of uncertainty as to when a signal way be negated

T ~ HNominal Clock Period
/T ~ Bit Time

Within each figure the timing tems i.e. tA, tB eto are repeated. There is
no continuity of definition of tA From one figure to another.

10.3 TERMS

The interface uses a mixture of open collector TTL signals for control and
differential mignals for data, The terms asserted and negated are used for
conaistency and to be independent of electrical characteristics.

Asgerted - the negative logic signal is tiue i.e. zera,
- the differential signal is positive i.e. one.

Kegated - the negative logic #ignal is false i.e onpa.
= the differential signal is negative L.e. zero

Cther terms may be used in lieu of actual nubers so that Liming may be
determined separately for different drivea and their sagported cable Lypes.

QX = Cable Delay Maximm - The cable propagation delay bamed on the
maximm length of cable in the configuration in which this interface ia
used
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{Contraller connector)

TRANSFER REQ i _/ N /
. : =» tE i- :
: i H T NOTE 1
OOMMAND DATA  XXXXXXX< INXXXNNKKXS
H ' H H =2 IEGIC- )
TRANSFER- ACK / i v
: H V H H HE i
To=ditZig~ H EHHS HEHE H + H £
! ! i : -ritzic-
{Drive connector) ~>IEZI¢- } ->itzic- T HENE A
" H H . H H H L
TRANSFER REQ VA \ . /
. [] . - i 1 [ +
" [ 1 . . 0 3
o o P
COMAND DATA  X000000000C YX0000KKKNKC
X ~>ith K- |} =2tCi<~} =>itBi(~-
H H H H
i : o
TRANSFER ACK / ! \
. # =>i tD (- - tF (-

Label Min. Max. Units .. Label Min. #ax. inits
ta  0.050 - usecs., tE 0.050 10,000 usecs,
th * 0.050 10,000 - G usecs. tF 1] 10,000 [Frt
tc 0 - - usecs. tG* o 10,000 ~ tB usecs.
b o 10,000 usecs. tZ 0 oY usecs,

NOTE 1: tG timing applies on all except last bit.
# tG + tB muat be less than or equal to t0 milliseconds,

FIGURE 10-1 ONE BIT TRANSFER TIMING (TO DRIVE}
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{Controller connector) ' thrive connector)
TRANSFER REQ e T Y 2 WRITE GATE L o/ N
H =2 th - =) LG - H H
H 1 H H ¢ NOTE 1 ~=> tA (— tB -
H H ] i H : H
TRANSFER ACK / i S _ ADDRESS MARK v \ -
' H H H H ENABLE H H
: H H H H .
) H H Label Min. Max. Units Label Min., Max. Units
OONFIG/STATUS  XXXXNXNXXXXXXNI0OIXXK< PEEUAXXKAXXKY .
DATA H =>itA 14~ 1} =3 tBi¢- A 1 - Bit Time tB 23 p Bit Times
1 1 L] L] Ll [
H HE H H H .
i e ~ L S H & $E 8N HEECS H & ¢
{Drive connector) o~ EHE I AT HEEH + H 4 H FIGURE 10-3 WRITE ADDRESS MARK TIMING
) [l 1} .
TRANSFER REQ A \ /
HE H oo H {Drive connector)
TRANSFER ACK N T DRIVE
T -3 E i< , SELECT  XNXC _ XXNONOGOON00CK KON K KIDONO0N00NK
b 200-1 : : :
L . [} +
[] L] — & .
CONFIG/STATUS  XXXXKXXXOOXXKNKNKC 20000000K¢__ 1= A >} (= tB =)=~ th -—2
DATA ' L H DRIVE : : L
~. : SELECTED  _ / \ £
O Labhel Min., Max. Units Label Min. Mak. Units - tc -3
‘\J tA * 0,050 10,000 - tC wusecs. [43] 0.050 10,000 wsecs. Labe}l Min. Max. Units Label Min. Max. Units
tB 0 - [ tE ] 10,000 usecs.
tCc* 0 10,000 - tA usecs. w0 [ 10,000 usecs. tA 1] 1.00 uBecs. 44 0.100 - UBOCS ,
tz [ o B 1] 1.00 usecs. th 0.100 - usecs,
NOTE 1: tG timing applies on all except last bit. ) FIGURE iD-4 DRIVE SELECT TIMING

" tA + tC mat be less than or equal to 10 milliseconds.

FIGURE 10-2 ONE BIT TRANSFER TTMING-FROM DRIVE
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HE 16 Command Bits ~r»i{~= *1 16 Information —->!
H + 1 Parity Bit H + L Pariby Bit o
TRANSFER : ! : ; i : : i
REQ b §d\_ /7y A\ DN 11 S o
: T ; : Y :
, . N . v v h .
[} a . + 1] 1 1 L}
COMMAND . : : : ¢ :
DATA _< IXR//%C . .
a1 : : ' : HY B :
H H H i ' H H H
TRANSFER H H :
ACK e der_ti_ \ JICHEN_ 4 F o
HE H 7 H H H : 78 H
QONFI1G/ HEH : H H H H H :
STATUS N H H H H H
DATA "__ < YXS 7RNXC >
Vo Vo i | #£ H :
H | H H H H H
b H O H H H : H H
[ H H : H H H
QHAND TR ! R
OCMPLETE M 'z ¢TI [/ 3
: 7, h H H H H i
v H | H i H H i _
ATIN <~ /*5
] [ [} i [ " O *
L] t 3 1 L] k] L} 1]
K== Transfer from =il Transfer from -2
' Controller to Drive H Drive to Controller :

"1 Applicable for all Request Status and Configuration commands.

*2 QOMMAND QUMPLETE is negated for all commands to the drive. OOMAND )
QMPLETE shall be negated following the assertion of TRANSFER REQ and
the maximm time by which OOMAND OOMPLETE shall be negated is 100 nuecs
after TRANSFER ACK is asserted.

*3 COMMAND OOMPLETE is asserted to signify completion of execution of a
conmand. Applicable for all commands.

"4 COMMAND OOMPLETE is asserted to aignify completion of the requested
Configuration/Status tranafer.

*3 If an error was encountered during the current command, ATTENTION shall
be asserted at least 100 nsec before QUDMAND OOMPLETE is asuserted.

FIGURE 10-5 TYPICAL OPERATTION(S}
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{Drwve connector)

i« t >
INDEX iy ) L
P HE Y. ~> A e

Label Min. Max. Units
The period {t) is the reciprocal

tA 0.500 500 ugecsa. of the rotational speed.

FIGURE 10-6 INDEX PULSE TIMING

INDEX ! LY
-3t thA I¢-- H H -~ tA i{--
' H H H H H H
SECTOR / Y AN
i¢-- last gector -->}! i{— mector 1
lagt sector minus 1 —->!} i{~~ mector 0 --3!

Label Min. Max. Units
ta 0,500 500 usecs.,

FIGURE 10-7 SECTOR PULSE TIMING



.
~
=X

X3T9.3/87-005 Enhanced Smail Device I/F Rev L.3  5/18/87 Page 10-7
(Control ler connector)
AM ENABLE ! \ . -
‘: i tA -—>!
AM FOUND / : | S
: : '
H H H
4 + -
i ADDRESS MARK H PLD SYNC
s +
; : a
H H i
READ GATE !
' [P E— Y ———]
H T H O H
(Drive connector) =+ H H =rieZic-
AM ENABLE / H \
i H }
H H H
) H H
AM FOUND /*1 [ \
== tX +———=>{ =3 th i~
/7 +
A.IIZRESS MARK H PLO SYNC
I
REARD GATE /
Labe)l Min. Max. Units Label Min. Max. Units
tA 0 - usecs,
tB 0 0.100 usecs. tX Determined by Drive
tz [+ oMK usecs. Manufacturer

*1 Leading edge indicates the location of the end of an Addresas Mark

NOTE: There shall be no more than an 8 bit delay between Address Mark
detection at the drive and the assertion of ADDRESS MARK FOUND at
the contraller connector.

FIGURE 10-8 - READ ADDRESS MARK TIMING

K3 3487-005  Enhanced Soall Device (/F llev 1.3

5 18787  Page L0-8

REFER L o L . o . _ _
SENCE S N/ N_ b N_ P ST T T
CLDCK “3 I<-tA >} H L H H -»th <-
bl | H Vo2 ' H H H
0 H a H 1 : 0 H .1 H [} H 1] H 1) H
READ : : : R : ! !
DATA, / Y / \
T . T i o v y 7
+ [l [ [} L] L} L] » L]
H RN < 4 ClH HEE 3 o s H 4 ' H H
H o H H HE H H '
READ S R U0 R T S S S SR
CIOCK  _/ N_J N F N 5NN s
=t =>») H H H H =3 tE i<~
Hot | : H H H H H H
H "2 4 : . H H :
Libel Min. Max. Dnits Label Min. Max. Units
tA 0.%200 1.100 T tC {Set Up Time) 0.31F - T
B 0.425 0.575 T tD  (Hold Time) 0.31 - T
LE 0.425 0.575 T

*1

"2
*3

*4

All times are measured in fractions of the clock period. T is the
nominal period of the clock mignaiz and is the inverse of the REFERENCE
or READ CLOCK fresmency. )

Phase relationship between REFERENCE CLOCK and NRZ WRITE DATA or WRITE
CLOCK is mot defined.

REFERENCE CLOCK is valid when READ GATE is inactive. READ CLOCK ia
valid when READY is asserted.

Similar period symmetry shall be +/- 4 nesecs between any two adjacent
cycles during reading or writing.

FIGURE 10-9 [DW SPEED PORT (0~15Mhz) DISK MRZ READ DATA TIMINGS
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(All signals are measured at the drive connector)

REFFR - — e R -
TENCE /N /NN TN TN TN T
CLOCK *3 i{-tA ->! H bl I H : -2ItB 14—
Hot § H H H H H Lo -
. 0 H 0 H 1 H 1) ! 1 } [} i 0 H 0 H
READ H C H i H H H H
DATA Y /! A
[ [l 1 L [ » L [] n 13
[ " * * 0 L] L] 1 L} ’
: ~)ILFi<= | HE M 7 H H H
i L [ 1 H :
READ — N LR 1 H s
aock _ /s N_ /0 N/ \_ SN Ao L VY A
HET S v : : H =>itD i¢- !
i*4 ' H H H H IR 4 e
‘ 2 H H H H ! :
Labal Min. Max. Unita Labe) Min., Max. Units
tA 0.950 1.050 T tD 9.408 - T
tb 0.408 - T tD 0,592 - T
tc 0.592 - T tE ({Set Up Time) 13.0 - nsec
tF {Hold Time) 13.0 - nsec
*l Soma times are moamured in fractions of the clock period, T is the
naminal period of the clock signals and iam the inverse of the REFERENCE
or READ CLOCK frequency. : )
*2 phase relationship between REFERENCE CLOCK and NRZ WRITE DATA or WRITE
CIOCK is not defined.
*3 REFERENCE CINCK ‘im valid when READ GATE is inactive. READ CLOCK is
valid when READY is asserted.
*4 Similar period symmetry shall be +/- 2 nsecs between any two adjacent

cyclea during reading or writing.

NOTE: When operating at 24 MHz the fol Jewing values shall be used;:

tB = 17 nsec tB = 17 nsec

FIGURE 10-10 HIGH SPEED FORT (10-21Mhz) DISK NRZ READ DATA TIMINGS

X409.3,87-005 Fobanced Small Device 1/F  Rev 1.3 5/18/07  page 10-10

REFER —— — o o — . _
~ENCE _ / A A A A A A NS N
CLOCK i-ta - H 21 H H =3B i<-
Had § H HE H H : H H
1] H o : 0 B 1 H 0 ¢ 1§ H 1} H [+] H
WRITE H H H H H H H H
DATA / \ / \
H H = tEi¢(~ | HIEH  H T H i
: H H I H H R H & H
WHITE o ! N S T —_— H 1
QoK _/ M NN TN A A
H i H H H H -XtD <
H H i 4 =3 H H H
Label Min. Max. Units Label Min. Max. {Units
tA 0.900 1.100 T tD 0.210 0.79% T
tB 0.450 0.550 T tE (Set Up Time} 0.200 - T
tc 0.210 0.790 T tF {(Hold Time} 0.200 - T

*L All times are measured in fractiona of the clock period. T ia the

minal prried of the clock signain and im the inverse of the REFERURNCE

or READ CLUCK frepancy.

"2 Phase relationship between REFERENCE CLOCK and NRZ WRITE DATA or WRITE

CLOCK is not defined.
*3 The WRITE CLOCK shall be the same frequency as the drive supplied

REFERENCE CLOCK {i.e. the WRITE CLOCK is the controller received and

retranspitted DRIVE REFERENCE CLOCK.

"4 Similar period syrmmetry shall be +/- 4 nszecs between any two adjacent

cycles during reading or writing.

FIGURE 10-11 Ifm SPEED PORT (0-15MH%) DISK NRZ WRITE DATA TIMINGS
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{REFERENCE CLOCK is measured at the drive connector;

WRITE DATA and WRITE CLOCK are measured at the controller connector)

REFFR e - _ — . i .
L A A N R N S VU A N S VU e W e VU A
CLOCK IC—EA -3} Sy : t ->iEB 1¢- !
i1 : L B : ' §re K-
1} " 1] 1 » [ . ]
6 4 1 0o 1 [ S A A
WRITE : H H H H H i H
DRTA ' ) !/ \
a ] n 1 a . n a n I3
L] L . 1 L] L] 1 a L] L}
' i ~HERiK- |- HIE 13 - e H g t i
H H LI oo H :
WRITE 1 i —_—t o} N —_ i
COCK  __/ N F NN N N TN
H ' i H H ! =»itD 1<~
i H H *§4 {7 %3 H V=2 -
Label Min. Max. Unita Label Min. Max. Units
th  0.950 1.050 T tD ¢.312 - T
tB  0.408 . T tE ‘ 0.668 - T
Le 0.592 - T tF  (Set Up Time) 5.0 - neec

tG  (Hold Time) 5.0 - neex:

“l Scme times are measured in fractions of the clock period. T ia the
nominal period of the clock signala and is the inversa of the REFERENCE
or READ CLOCK frexuency.

*“2 Phase relatlonshxp between REFERENCE CLOCK and NRZ mms DATA or WRITE
CLOCK is not dafined.

*3 The WRETE CLOCK shall be the same Erequency as the drive mgpplied
REFERENCE CLOCK (i.e. the WRITE CIOCK is the controller received and
retranmnitted DRIVE REFERENCE CIOCK.

*4 Similar period symetry shall be +/- 2 nsecs between any two adjacent
cycles during reading or writing.

i+ When operating at 24 MHz the following values shall be used:
= 17 naec tD = 13 naec

FIGURE 10-12 HIGH SPEED PORT {10-21MIZ) DISK NNZ WRITE DATA TIMINGS

XITY, 3A037-005  Enluced Small ODevice 1/F ltev 1.3 3718787 Bage 10-12

oo +—~- Stamndard Periods + ' .

v v \Y v v

H 1<~= Extended Period --» H i H
REFER L . o e . o
BE .S N /T Y N N s W
CLOCK
WRITE : :
DATA / \ / \_
WRITE . o - _
Clock _J/ A/ P N e N A N e
DATA BITS 0 | [+ I g i3 0 ) S
READ - o
aock /S F VRS AR N A N B N
NRZ o H
READ : / \ / -
DATA H H H H : H

Standard Period: A symmetrical wave form which is the reciprocal of the
steady state clock period.

Extended Period: A wave form in which the negated level is longer than the
asserted level by more than the specified clock tolerances
Externded periods are drive specific.

There shall be no clock periods presented whach are less than the
specified minimum periods i.e. no slivers.

There shall In: no clock periods which extend more than 15 minimm periods.
Mata 1s latched on the leading edge of Clock Period.

FIGURE 10-13  liluh SPEED PORT AND OPTICAL NHZ TIMING PERIODS
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mmm B —— Data Area ———%]

o b r—— L e B e tm——— et et m—————y ey

i ADDIESS TWRTTE PLO |FORMAT | H

H PAD  1SPL- ISYNC! ¢ SPEED ! ISG !

H BYTES | ICE! H VTOL GAP :

+ + Tanant + L

! INDEX/SECTOR i SECTOI .
I SN

: ! WRITE GATE [ %2 :

' itAL cana )

! \_/ A\ S H

H : i H

¢ ___i ADDRESS MARK ENABLE H __:

/R YA

*1 Tranasition required only if the disk ia read after a format and prior to
a data field write update.

*2 Controller mst re-initialize timing for each sector relative to SECTOR
pulse (need not negate WRITE GATE).

*3 Trailing edge of ADDRESS MARK ENABLE {negation) signifies the start of
*Header PLO Sync Field. Drive will nat write an Addreas Mark on the disk.

Y
™~ Label Min. Max. Units Label Min. Max, Unita
~ ta 2 - Bit Timew

NOTE: The use of Address Mark Enable a)lows writing of an Address Area
without a write splice between the IsG Gap and the Sync field,

FIGURE 10-14 FIXED SECTOR FORMAT TIMING -~ ALTFRNATIVE 1

XSTU BABT7-005  Enhance? Snall Device I Rev 1.3 S 1887 Dag: L0-13

HEtt Address Area e H fata Area --->:
e —— —————— 1————0————P.-._i + + r sealt e — - *
WRITEPLO SYNC! TADNDR ADDILESS JWRITE . PLO | TPORMAT
. 184 SPL- 1SYNCIPTRN: (CHECK:  PAD. ,SPL- S¥YNC! v SPEED I IsG
' i ICE: IBYTE: VBYTES BYTES | ICE: H VTOL GAP. H
b 1 4 tpagut * Ly .
_ i INDEX/SECTOR H SECTOR |__
WA o
i1 WRITE GATE Had HalH :
HE . iEA} I
veaah_ /%3 . N/ A\ H

1l Transition required only if the disk is read after a format and prior to
a data field write update. ’

*2 Controller mist re-initialize timing for each sector relative to SECTOR
puise (need not negate WRITE GATE at this point),

"3 Leading edge of WRITE GATE (aasertion) defines a Write Splice and the
start of the Header PLO Sync Field.

Label Min. Max. Units label Min. Max. Unita
tA 2 - Bit Timen

NITE: Alternativae 2 ju papaired on inkn imploment ed with a high el
port.

FIGURE 10-15 FiXED SECTIOR FORMAT TIMING - ALTERNATIVE: 2
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&9/

H e Address Area =) Data Area --—»>} ATTENTION __ s Fault Detected - »
+ P * ‘ Vonvaok + t
H +ADDRESS . H TADOR | ADIMESS IWIRITE ) PLO | tFORMAT H COMMAND ———— — — — —
! ISG | MARK IPAD! ICHECK! PAD  !SPL- !SYNC !} ! SPEED ! [SG ! DATA _docs___ /M __  /BAM___JRCN__ /[ ‘_
' H H H 1BYTES! BYTES | ICE}BVTES! iTOL GAP H H ' : : ' H : i H
ety s ' + Vorewet + + H H H H H : H H H H
v H ! OCMMAND e I H L : . _
HE.- H H OOMPLETE S A 4 \_ 7 Y A
i__ | INDEX H H : : i ' H H :
— A .
HEH ! [ STATUS o/
i | WRITE GATE =2 Al H "
j ) " T 0C Original Command Lf Applicable: RA Reset Attention
HE H H RS Request Status RC Recovery Command{s)
o ADORESS MARK ENABLE H e SR Status Response
/ "1\ /
. : FIGURE 10-18 ABNORMAL OPERATION - FAULF DETECTED BY DRIVE WHILE
Label Min. Max. Unite Eabel Min. Max. tnics ATTEMPTING TO EXECUTE A COMMAND
tA 2 - Bit Times
*1 Trailing edge of ADDRESS MARK ENABLE signifies the start of the Header
PLO Sync Field : : ATTENTION _ / Fault Detected \
*2 Transition required only if the disk is read after a format and prior to .
a data field write update. OOMMAND
DATA /B \ FRA\___/BC©
H NOTE: Not required on disks implemented with a high speed port. H H H H H H : H
H H H H H H H H H H
: FIGURE 10-16 SOFT SECTOR FORMAT TIMING OOMMAND i H H
H . OOMPLETE \ / A ! A} /
: ' H : H H H 1
- . a . . [ - - . a . . . . STATUS / A
ATTENTION
RS Request Status If Applicable: RC Recovery Command{s}
OO IAND SR Status Response
DATA __/ Original
! H FIGIRE 10-19 ABNORMAL OPERATION - POWER TURM ON OR FAULT DETECTED BY
H ' Command H DRIVE WITHOUT A COMHAND GR OONFIG/STATUS DATA TRANSFER
OOMMAND H 1{~ Execution ->|
COMPLETE \ /
H B :
STATUS !

¢ FIGURE 10-17 NORMAL OPERATION - NO ERIRORS OR FAULTS
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Lg/

:

COMPLETE f#c

Drive and controller are synchronized to “Command
Tranafer Stata" for subsequent recovery el
#a Serial commnications fault detected.
#b Drive asserts ATTENTION to inhibit further bit tranafers and notify
the controller that a fault has been detected.
#c Drive asserts COMMAND OOMPLETE after "Orderly Termination.,*

FIGIRE 10-20 OXMUNICATIONS TRANSFER FAULT, ATTENTION PREVIOUSLY NEGATED

COMPLETE - /4 '

Drive and controller are synchronized to "Commmand .
Trahsfer State” for subsequent recovery -—

#a Serial comminications fault detected. .

b Drive lor controller) generates an "Interface Fault™ on the next
request for a bit transfer (if applicable} o 1nhibit further bit
transfers and notify the controller that a fault has heen detected.

#c Drive asserta COMMAND COMPLETE after "urderly Termination.®

FIGURE 10-21 QOMMUNICATIONS TRANSFER FAULT, ATTENTION PREVIOUSLY ASSERTET

XIP9. 387005 Enluecesd Siall Device [/F Rev 1.3 5/18/87 Page 1lU-i8

TRANSFER e o
WED L LN T T 17 i A
- J0 s > s H
TRANSFER Cl o b
ACK R A " / L
Iy !
12 :
/7
ATTENTTON / I '
OOMMAND ) . /7 :
OUMPLETE / ITa \

*1 Interface fault detected by the drive.
*2 TRANSFER ACK is negated and ATTENTION is agserted.

Drive seta COMMAND COMPLETE when TRANSFER REQ is negated.
*3 Controller initiates Request Status command,

H FIGURE 10-22 INTERFACE FAULT (<17 BITS TRANSFERRED, TRANSFER REQ=1)
WITH ATTENTION PREVIOUSLY NEGATED .

TRANSFER : L ‘ :
REQ / STD v T W
1= 16 e 3! ir :
P : 1<- 10 ms ->! !
TRANSFER i ! : 1
ACK e B " f L
*2 74 :
: !
ATTENTEON 1
T/ :
COMMAND ! "
COMPLETE  _ YLEWY, \

“l Interface fault detected by the drive.

*2 TRANSFER ACK is negated and ATTENTION is asserted.

*3 Drive Bets COMMAND OOMPLETE after TRANSFER REQ is negated continuoualy
for 10 mscvs (repired in'case controller attempte to send apother
transfer as a part of this transfer so that the drive will create an
interface fanll. to stop the contro)ter).

*4 Controller initiates Request Status command.

H FIGURE 10-23 ENTEREACE FAULT WITH ATTENTION PREVIOUSLY ASSERTED
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TRANSFER TRANSFER _
REQ L T Y L T S 7 Y o L REQ o) U I L N I XA A T T
H Ir H H H H £l H
H | 1<=10 ms->!} (-10 mg-> i <~10 ms—). H
TRANSFER : : ] TRANSFER _ ; : : P
MK _ / \ 7 / 1y ACK / A £ .
H Iy H H H H H /7 H
i ' 2 H H
I 1 o . 7 .
ATTENTION /o | Iz ATTENTION . . . . - . . . . . . - . . . -
-2 H i H H
. L} L] L]
OMAND ' R M COMAND o
COMPLETE L i o COMPLETE I W/
*1 Last bit of Command Data transfer. _ "] Last bit of Command Data transfer.
*2 Attention set by drive could occor before or after TRANSFER ACK im : “2 Prive discovers error and starts looking for TRANSFER REDQ negated
negated. If it occurs after TRANSFER ACK is amserted, it could occur contimously for 10 mesecs.
before or after TRANSFER REQ is negated. *3 Controller asserts first TRANSFER REQ for Config/Status Data Transfer
*3 First TRANSFER REQ of Config/Status Data Response can oocur before but removes it after interface fault created by the drive to stop
ATTENTION is asserted. controller.
*4 TRANSFER RE} ia negated and ATTENTION is asserted, Drive asserts OOMMAND "4 TRANSFER ACK i= negated and ATTENTION is asserted. Drive asserts OOMMAND
OOMPLETE after TRANSFER REQ is negated. OMPLETE after TRANSFER REQ is negated continnoualy for 10 meecs.
*5 Controller initiates Request Status command. *5 Controller initiates Request Status command.

! FIGURE 10-24 PARITY ERROR OR INVALID COMMAND FAULT WITH STATUS DATA RESPONSE 7 FIGURE 10-25 PARITY ERRORt OR INVALID OOMMAND FAULT WITH STATUS DATA RESPONSE
EXPECTED BY CONTROLLER, AND ATTENTION PREVIOUSLY NEGATED

EXPECTED BY CONTROLLER, AND ATTENTION PREVIOUSLY ASSERTED
)

~J
O
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L7

ATTENTION / 5 einm -
OO TAND — } .
COMPLETE Y 7 h) ! ) /
STATUS 8RN o
QOMMAND Aoch / RS \_ . / RA N
1 H H H ' H
e r—————— + — =% e e — t— e
H Pousibility H i Poasibility H v Possibility |
H "1 H ' =3 H H " H
/7 /!
ATTENTION ’ I A\
COMMAND L7 S _ A T ) _
OOMPLETE b / A It /A PV BN / \ /
/I /
I3!4t5
STATUS f/_J/SRN__ /FERA_/
/7 !/
coMAND /RSN FREN_ 4/ /RS A RAN _ /RA N
i =2 ) P L s
OC = Original Command RA = Reset Attention
RS = Recuest Status SR = Status Response .

4
L5

*6
*7

Drive detects serial commmnication faults and seta appropriate status
bit.

Gontroller reissues Request Status command which is accepted by the
drive.

NAE: Controller should issue Request Status command a minimm of three
times.

Drive detects interface fault, scts Interfuce Fault Status bit. and
creates an interface fault at controller OR controller detects interface
fault OR parity error on STATUS

Controfler re-requests status, NOTE: Conditions *1 and *2 may occur.
Good status received at controller.

NOTE;: Controller should perform this Hejuence a manimam of three Cimes.

Drive detecta *1 OR is unable to resel ATTENTION.

Controller reiamsues Reset Attention command {Cordition *5 may occur).
NOTE: Controller should issue the Reset Atlention command a miniman of
three Limes. After third time, if A 'ENTION is still asserted,
controller should Read Status to Find out why ATTENTION is asserted.

FIGIRE 10-26 COAMUNICATIONS FAULLS REQOVERY PROCEIXRE

X2 3/07-005  Enhanced Smaill Deviee I/F Rev 1.1 5/18:07 Page 10-32

ey

COMMAND
COMPLETE / \ / v / A / \ S5

“1 Request Standard Status.

*2 Request Status and ATTENTION.

*3 Request Configuration {Optional}.

"4 Start spindle motor,

*3 REAIN and COMMAND COMPLETE asserted with ATTENTION negated indicates
motor is up to speed. .

** ATTENTION due to a power on sequence which resulte in the spindle not
started or a spindle which waa previously started ia stopped.

FIGURE 10-27 TIMING DIAGRAM FOR A SUCESSFUL SPINDLE START SEQUENCE
VIA A MOTOR ON QUMMAND
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APPENDIX A: MAGNETIC DISK DEFECT L1ST

The drive’s defect list is capable of being read in modified soft sectoriad
operation as well as hard sectored,

The defect list shall reside on Sector D of the maximm cylinder and be
repeated on two other cylinders; maximmn cylinder minus B and cylinder 4095
(x"FFF'}. Thig allows for redundancy should an ervor occur on the maximm

cylinder.

All ESDI disks shail ship with copies of the defect 1ist on three cylinders.,
Thé cylinder at the address of 4095 is a drive-unique location. 1t may be
located anywhere on the drive that the manufacturer chooses.

The manufacturer shall guarantee that either maximm cylinder or the
cylinder at 4095 ia error free.

The sector D of each murface will contain the defecta for that surface only.

The format for the data field portion (see Figure A-1) of thie sector is
rormally 256 bytea with 2 bytes of CRC (x{16) + x(12) + x(5) + 1):

© Defect locations are 5 bytes long and the bytes are defined in
Figure A-1.

o‘l‘hestarl:oftheactmldefactnayheaf.fbymr.o?bitndnetothe
one byte resolution. This resolution is drive dependent.,

o The end of the defect list for each surface will be indicated by 5
bytes of ones in the defect location field or the end of the sector.

o The Byte Count fieid is the number of bytes from INDEX.

o The CRC check bytes should be used if that capability exists but
may be ignored if multiple reads are a more desirable approach.

The following rulea apply to the reading (and writing} of the Defect List:
© The CRC seed shall be zero {intitialized state}

o The Sync Byte will be included in the CRC calculation {applies to both
header and data fields).

© Header and Data fields are recorded (and read) most aignificant byte
firat. .

Provision has been made for fiuture growth in the number of bytes in a Defect
List data sector by defining the following fields in the two least
significant bits of the Header field Flag byte. Bits 7-2 shall be zero.

X3T9.3/87-005  Enbancod Smail Device L/F Rev 1.3 S/L8/87 Page Agyr2

4 ———— e .

iBit §iBit 0;

+ . —— .
¢ 0 ! 0 . 256 Byte Defect List Data Field

.0 0 11 512 Byte Defect List Data Field !
i1 1 0 ! Reserved for 1,024 Byte Defect List Data Field :
v 1 1 1 | Reserved for 2,040 Byte Defect List Data Field !

Only one size of Defect List shall be recorded per drive and muat be the
minimum sector size which will contain the locations of Ehe maximam punber
of defecto al lowed per track. .

A 256 byte Defect List data field can list up to SO defects, and a 512 byte
data field can iist up to 101 defacta.

NOTE: On drives developed prior to this atandard being defined there may be
a deviation from the formatting rulea as not all drives provide a write
eplice between the header and data fields. The controller may first try
recovering the data field assuming that a write splice ia formatted between
the header and the data field. If the data Field cannot be read without
error then the controller may then asmme that there is no write splice
formatted between the header and the data field, and retry the read °
function.
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__ INDEX/SECTOR
A N
H Vo
N H HO S Ct Address Area ———i
WRITEIPLD {SYNC! H ISEC-IFILAGIADDR (ADDRESS:
ISG iSPL- iSYNC |PTRNICYLINDER HEAD:TOR !STA-ICHECK: PAD
i ICEIBYTES{BYTE!m&b lsb! H iTUS !BYTES! BYTES !
Hex G0 00 00 :FE! *3 |43 *3 3! *3: O0p !
Size 20 0% 1 =2 1 2 {171y orio02 02
HEES Data Area e H
TWRITEIPLO  iSYNC! i DATA | DATA |
1SPL~ ISYNC (PTRNI DEFECT LIST ! CHECK {| PAD | ISG
i ICE!BYTES!BYTE! | BYTES | BYTES !
Hex 00 00 FE “5 %4 1 00 i 00
Size S T LY H 256 P2 12 inm

*1 Drives with a High Speed Port require that a write splice be formatted
at the start of the PLO Sync field.

*2 PLO Sync Field and ISG are as reported in response to Request
Configuration commands.

*3 Cylinder = Maximas Cylinder or (Maximm Cylinder minus 8) ar 4095
Head = 0, 1, eto Sector = 0 Plag = x'00" or x'01*

*4 X{16) + Kﬂ.z} + XI5} + 1

*5 .

+: + Iy ¥
Date | Defect : Defect | Defect | // | Defect ! Defect !
:Lmation:[pcation:lacat.ion: 7 iLocation:Location;

f/

Field ! MOYHPP | CCBBL | OCBBL cceBL @ /) | OCBAL | CCRHL .
' b f et *
Bize ! 6 1 5 HE.-1 I 5 HE ¥ t5 HE.-1 '
* + + 17 *
The Date consists of six ope-byte fields:
M=Month: x®01-0C* D=Day: x'01-1F' Y=Year: x'52-xx’
HeHiead: x*'00-xx' P=Pad: x*00° psPad: x*00°

The Defect Location conaiste of three fields:
= MSB and LSB of cylinder address.
BB =MSBalﬂl.SBofbytecamt. from index.
= Length of error in bits (NOTE: raesclution is within 7 bit cella of
atart of the flaw)
The last Defect Location entry is followed by x'FF* to end of sector.
The controller should recognize either 5 bytes of x'FF' or end of sectur
as terminating the list. )
Header and Data Field bytes are recorded with Most s:gmflcanr_ Byte and
Mogt Significant Bit first.

NOE: The manufacturer may choose 1o pad the PLO Syt ares by up ta four
byles beyond those reported in Conf igurat ion b,

X3, 1/87-005%  Enharend Small Device 1/F Rev 1.3 5/18/87

FIILKE A-1

DEFECT LIST PORMAT

Page App-4
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APPENDIX B: DISK DEFECIS
Not all defects can be factory identified. If the vantrol lar detects a

B.1 Manufacturer Certified Optical WORM Media defective sectur during vperation (thia is posgible un the nest revolut ion
if the host respires that each sector written be verifiod as correct ly
If the manufacturer formata and certifies the media, each sector with recorded and readable), then an alterpate st be assigned dynamically.
defecks large enough to cause unrecoverable errors is typically identified )
in the header address. This identification is used by the drive to prevent The controller shall begin reading at the firat sector in the Flaw Map -
the controller attempting to write into such a sector. following the entries for factory identified defects. when the First non-
: ) recorded sector is vead, then the address of the defective sector and its
The controller can build ita own Flaw Map Ly scanning the media and reading assigned allernate is used by the controller to write the data in the
all the Header Addresses in order to locate those which are flayged as . alternate sector. :
defective by the manufacturer. Alternatively, it could find the defective : :
sectors during normal operations, and dynamically assign alternate sectors If the data is written successful ly in the alternate sector then the sector
at that time. Algorithma to manage defective sectors are controler dependant containing the entry is written to the Flaw Map.- If the data could not be
and there are several alternative methods which may be used. - ) successfully written to the altemate sector, then a new alternate is
_ . assigned and until data is succeesfully recorded in an alternate, no entry
If the controller is using the media in a atrictly sequential application, ig written to the Flaw Map. )

there is no need to assign alternates, but girply use the following sector
to record the data. .

B.2 Optical WORM Disk Considerations

In applications which use optical WORM disk a8 a randonly acceasible media
a camprehenaive defect management scheme must be provided. The following are
considerations that may be followed when asaigning altemate sectors.

When a new cartridge is loaded, read into memory the contents of the Flaw
Map {which is maintained by the controller). If thim is a “virgin" cartridge
i.e, never been loaded before then there iz no Flaw Map, so this should be
reportad back to the host. It is amsumed that the host will then load
another cartridge, or request the controller to Scan the new one and build a
Flaw Map.

S/

controller only a short seek away from the requested sectar.

If the Flaw Map is loaded into controllec nemory when a cartridge is loaded,
then alternates could be agsigned (irst to the gpare on-track sector, and if
already assigned, to the next closest available. Note: {f a disk drive does
not provide the opticnal Post Field there is no means to record the addresy
of the alternate sector other than in the Flaw Map. On a high capacity
optical disk the Flaw Map is likely to exceed the RAM capacity of many
cuntrol lers, : .

Re-allocating defective sectors could be done dynamically, but then each
Aector of the Flaw Map would contain only one entry, being the address of
the defective sector, and the address of ils alternate (since the media is
not re-writable)., A more efficient use of space is to scan a cartridge when
initially loaded and build a Flaw Map that has as many entries per sector as
can be fitted, The first sector of the Flaw Map should be the last one
written by the controller, and should colitain the address of the last sector
in the Flaw Map that holds factory-identificd sectors. This address should
e loadesd into conl.roller neRory . ) :
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APPENDIX C: DISK ERROR OCORRECTION
C.1 ERROR CORRECTION REQUIREMENTS

The requirements for defect management and error correction for disk drives,
especially those utilizing optical technology are established by initial and
end-of-life dafect rates. With optical diska, allowing for margin, an
initial defect rate as high aa 1.0E-4 must be accommodated, and the defect
rate at end-of-life is expected to be twice the initial defect rate,

C.1.1l INITIAL DEFECTS

One of the most powerful methods for handling initial defect® is retiring
bad nectors.

On optical diska it is not practical to retire all sectors containing a
defect when the disk has an initial defect rate as high as 1.08-4. In this
case the area to be retirved rust be mmaller than a sector or mmall defects
meeting some criteria must be left for BOC to handle. Large defects must
atill be retired. :

Magnetic disks have a much lower defect rate, and it is practical to retire
all sectora which contain a defect. The BOC is used as an error recovery
method for occasional errora and im not a strategy for data integrity.

©C.1.2 END-OF-LIFE DEFECTS

With optical diske tha and—of-life defects must be handled by BOC. The |
selectad code miet handle initial defects that wece left for BOC at the tine
of writing plus new defects that have surfaced between initial writing and
end-of~life. :

Code selection im influenced by defect rates and length distributions and
the drive'a ability to clock over various defect lengths.

C.1.3 ERROR TOLERANCE REQUIRED THROUGHOUT

when architecting a drive and controller one'nust strive for error tolerance
in all areas of the architecture. In the case of high error rate media much
as optical disk, all special fields must bo orror tolerant., This :ncludes
but is not limited to sync patterns and hexder Fielda.

C.1.4 ERFOR-TOLERANT SYNC PATTERNS

There are two ways to handle aync pattern errors. Fiest an ecror-tolera wyne
pattermn can be used. Ervor-tolerant sync pullerns have been used in the past that
can be detected at the proper time even if several random bita of the patbtern
are in error. Other error-tolerant sync palterns have been used that can be
detected at the proper time even if there is a burst error anywhere in bhe
pattern. A large defect can conpletely wipe oul even an error-tolerant BYIC
pattern.

Another way to handle sync pattern ecrors is to architect the drive and
contLroller such that no single sync pattern is required to be detected. IF the
kit timing is vorrect and the syne puttern is not, detected, just keep reading.
This is possible only if peeicds of Liming uncectainly between seclors,
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anabagous to those caused by a write splice 1n magnelic recording, are
avoided.

The drive/contiroller architecture should provide for several conuecutive
sync patterns to be in errvor without causing a loss of data. Even if the
architecture avoids timing uncertainty botween sectors, Lhere may still be
some timing uncertainty between the last sector of a track and the first
sector of a track. In thia case, special care must be taken so that a defect
in the first sync pattern of a track does not cause a loas of data.

It iz also possible to use a combination of the above technigues.

If 2 16-bit 8ync pattern is used and the defect rate is 1.0E-4 then the
probability that a2 sync pattern contains a defect is 1.6E-3. Under these
conditions and assuning 50 eync patterns Lheader and data} per track,

_ roughly one of ten tracka would contain a defective sync pattem.

€.1.6 ERROR TOLERANT HEADER FIELDS

It is possible to use ECC on the header fields as wel} aa data fields. .
However, the header field is such a small field that a large defect could
completely wipe it out. Another approach is to use an error detection code
on the header and store in it track and sector addreas information only.
The idea is that addrees information can be generated from tracl
orientation. :

Assuming eight-hyte header fielda, a defect rate of 1.0E-4, and 25 sectors
pear brack, soughly one of six tracks would cuntain a dofoctive hoader.
Whether or not a lest revolution can be tolerated in defective header
handling deperds on performance reguirements.

C.1.7 DEFECT CONSIDERATIONS

For optical media, the initial defect rate that the BCC must handle is that
associated with defects that were intentionally left for BOC at the time of
writing. The defect rate will increase over a period of time toward the
end-of-life defect rate.

For magnetic media, the EOC is typically used to handle errors that result
from “grown defects” (i.e. latent defecta not identified in the factory scan
or field certification). Autoomati¢ reallocation of aFfected sectors is one
strategy that a controller may adopt,

It is posaible to monitor the error correction threshalds and pusa flags Lo
Hhue uker oy narginal mectors bafors data become wicorrectabila, One {lay
would respwest thal o particular sector be retired, while anuther would
recquest that the entire piece of media be retired, Obviously, this type of
defect prognosis is effective only if the media is read periodically.
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C.2 ERROR CORRECTION CODES
Controller manufacturers may choose ko use any BCC that suita their purpose.

On remowable media it is degsirable to use a conmon error correcting code
that may help to achieve formt compatibility and minimize the developmnt
efforts of controller companies.

C.3 DIAGNOSTIC CONSTDERATIONS

In many implementations hardware computes the syndromes buk is not invalved
in the correction algorithm, which is totally contained in software. 1n

thia case, it is easy to distinguish between hardware and software failures
by testing the software Firat. First test all tables contained in software,
then mpply syndromes to the software for which proper responses are known.

There are several approaches to diagnosing the hardware. The approach used
in controllers for magnatic media devices requires the implementation of
"read long™ and "write long" commands within the controller which bypaas the
ECC circuitry. The "read long™ command is identical to the normal read
command except that redundancy bytes are read as if they were data hytes.
The “write lomy* command is identical to the normal write command except
that redundancy bytes to be written are supplied, not generated by hardware,

The "read long™ command ia used to read a known defect-free data record and
its redundancy bytes. A simulated error condition i XOoR'd into the record
and the modified data record plus redundancy bytes are written back, using
the “write long” command, On readback, using the normal read command, an
BQC error should be detected by the controller circuitry and the correction
routines should generate correct responses for the error condition
sinmlated. The test im repeated for several simulated error conditions,
correctable and uncorrectable.

The approach described above can ba used for optical WORM diska but has the
disadvantage of using up write-once media. Also, the corrupted daka record
read back is more likely to contain real errors along with the simulated
ones than is the case with magnetic disks.

Another approach would be to put the controller in a spacial diagnostic mode
where write is inhibited, The controller is in a write nmode for accepting
data, but.is in a read mode for BECC processing, thus supplying to the ECC
circuits a data record pius redundancy bytes which containg known error
conditions. Correct syndrome generation can then b verified,
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C.4  BUFFER QUNSIDERATIUNS

Carrection tines for the code arc established by the implenentatbion
alternatives sulocted and the speed of the processor performing the
correction algorithm. The amber of cerrors correctable without lusing o
vevolut ion is Jdepemdent on correction tumes, data transfer vate, and buffer
strategy. Several of the many possible strategies are outlined below. Wath
2ach strateqy, data are delayed by one sector time, plus the btime recuired
for correction.

Correction times must be conwidered when selecting a processor and buffer
strategy. In many cases, three or more buffer will be required,

C.4.1 SINGLE BUFFER STRATEGY WITH SECTOR INTERLEAVING

Using a single buffer with sector interleaving, the amount of time available
for correction is established by the interleave factor. An interieave
factor of two would allow only one sector time for both correction and
buffer unload, Buffer unload to the host would have to be faster than

buffer load from the device in order to have any time for error correction.
If an interleave factor of three is used and buffer unload im at least as
fast as buffer load, error correction would be allowed a minitum of one full
sector time.

C.4.2 IWO BUFFER STRATEGY WITH NO SECTOR INTERLEAVING

The two buffer atrategy with mo sector interleaving reguires that data
tranafer to the hoat be faster than data transfer from the device, The only
time available for correction is the difference in time between loading a
buffer Erom the device and unloading a buffer to the host.

C.4.3 THREE BUFFER STRATEGY WITH NO SECTOR INTERLEAVING

The three buffer strategy with no sector interleaving allows one Full sector
time for correction. One buffer could be receiving data from the device, a
second buffer could be undergoing correction, and a third buffer could be
tranaferring data to the host. : ‘

C.nl.*l. BUFFERING OF SYNDRCMES AS WELL AS DATA

The strategies above assume that syndromes are not buffered i.e. syndromes
for one sector have to be used before syndromes for the next sector are
generated. It is posaible to implement multiple buffering such that on
mulliple sector reads, both data and syndromes are buFfered. Software starts
perfoming error vorrection when buffering of data and syndromes is corplata
for Lhe first wector. Only whien 3 buffer has been correcled iv it releass]
to the host.. Orientation is noL lost in severe error casca provided that the
number of sector times of acomulated delay does not exceed the mumber of
buffers. After an error correction delay, the loat time can be made up if
data transfer to the host is faster than data transfer from the device.

C.5 ERASURE POINTERS

The correction capability of an EIMC scheme can be inproved if additional
external information can be provided to indicate where the errors are
located in the data. This informaton is called erasu: }aspd ers. Eratire

.
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pointers mark a byte as being bad according to some eriteria. This critera
may include marginal anplitude, run length violations, or marginal timing.

Within ESDI, a special read command can be initiated by which erasure
pointera are transferred across the ESDL interface in place of noomal read
data on the NRZ read data lines. The pointers are coincident with the “bad
bytes”. Pointera are tranaferrsd for the ECC check bytes, CRC bytes, and
associated data field only. All other fields associated with the sector in
question are transferred across the intexface as in an ordinary read
operation.

Upon processing a sector in the buffer and finding it bad despite retry
procedures, the processor can reread the sector using the erasure read
comand. This will place the erasure pointer information into the buffer for
use in the EOAC algorithm.
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AFPENDIX D: OPTICAL DISK FORMATS
There im a wide variety of optical formats which may be supported by ESDI.
D.1 ESDI FORMAT

Figure D-1 illustrates a recammended format ahowing both drive and
controller characteristics which consiata of Five functional areas:

1} ISG - intersettor Gap

2) Address Field

3} Data '

4) Post Field Gap (Optional}
5} Forwat Speed Tolerance Gap

The Addreas area is used to locate and verify the Lrack and sector location
on the Disk where the Data areas are to be recorded. The Data are=a is used
to record the aystem’s data files. The optiona) Post Field area may be used
to provide the address of alternate sectors.

These fields are used am described in the standard.
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* ! alliws o system Lo ensure thak all reading and’or wrikimy is done Lo Lhe
i ESDI Header Address H correct cartridge,
v v
* + * v 4 o Track Address - This field ia uscd to define the track that the headis)
o*3 L a3 ) *3 =33 *3 0 30 3 A} a3 o=y are to be pusiktioned to,
+ + ¥ # t .
i ISG IPLO  ISYNC [WORID WIPE!TRACK ‘SECTOR! FLAG !ADRESS!SECTOH |ADRSS: o Sector Address - This field defines the address of the sector on the
H 15YNC [PATTRN!ID NMBER | ADDRESS | ADRESS | STATUS! CHECK'WRITE ! MAD ° track,
H 'BYTES! BYTES:{optional}.msb lub! {{optl) | topt 1 ) : STATUS : BYTES |
+ * + * + + + © Flag Status - This field contains flag information recorded by the
12l 2-n) 1.2 4 H 2 4+ 1 ) N 2 3 1 } 32q: controller and pertinent to the sector. If Bit 0 is set to one it indicates
= + + * + * the second surface of a cartridge.
D.1.2 Fixed Sector Timing
H Data : The timing provided in Figure D-2 supporta drives that are pre-formatted
v . v with header information.
+ + + a— + + +
R T 3! x| HEX B H ~3 HEEEE B B + Inter Sector Gap
+ t toamant i+ PLO Sync Bytea
WRITEPLO  RECRDG! +CHECK . H 1CHECK | DATA ! H H + Sync Pattern
‘SPL- [SYNC !PATTRN! DATA FIELD 1BYTES) + DATA FIELD OYTES: PAD H H H
¢ ICE!BYTES: BYTES! 1 1o : n ! n iBYTES! H H h + Header Addresa Pad Bytes
+ cenaat + HERT I !+ Write Splice
i 1-20 20! 1-2! 128n ! Bn: H 128n i 8n ) 1-n HE S i1+ PLO Sync Bytes
+ cesset t t - I i 3 i+ Recording Pattern
* B } 1 . 1] L] 1]
ool I R H
! H H t H H H Inter Soctor Gap +
* . * mm——— + : H H i H H ! Data Pad Bytes « H
H Optional Post Field Area 4 | WOptnl! : [ ! i : ' ' ' :
v v v v + + + + + + +
* N + Fmmm——t {0 1 HEADER! § ! v DATA A
T A T R SR LY B 7 T TR Poes 't 1 lADRESS! ! ! ! ! RECORDING ! : !
M + + ' st Poov b T AREAT L L AREA -
IWRITE!PLO RECRDG! 'POST {POST : MOTOR e mtmmmt N
i SPL~ ISYNC |PATTRN!POST FIELD CHECK, PAD | | SPEED; I H H I
i ICE!BYTES! BYTES! ‘BYTES |BYTES ) T GAP) ~Index/ N fooN
+ 1 * h + $om—— * Sector H H i I !
11-2 § 2-n} 1-2: . ' n !ln;: : O-n . . o ' :
+ + 4 e . wWrite A /e A

B Gate
*1 These fielde may be structured to suit individual customer requiremnts,

*2 The number of check bytes is user-defined.

*3 Established by device and may be reported in response to Request
Configuration Commands.

*4 This area may not be present.

“3 Motor Speed tolerance gap, if any, after last sector only.

FIGURE D-1 REQOMMENDED FIXED SECIOR OPTICAL FURMAT
D.1.1 Address Field

© World Wide ID (opticnal) - This field miy be used by the manufaclurer of
the matia to identify every address wilh the 32 bit identification or serial
number of the media. Optical disk car ridges are o storage and archival
mrdiun which have many Llibrary spydications. The pretsence of thiy Cield

* Write splice to be a minimm of 8 bits
** Controller shall reinitialize timing with each sector pulse

FIGURE D~2 FIXED SECTOR OPTICAL DISK TIMING
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D.2 OPTIMEM FORMAT

Figure D-3 and Figure D-4 illustrate the relationship between physical
format and timing at the interface.

Asasnss Tnsert Optimem Figure flure #astanaxs

FIGURE D-3 OPTIMEM ESDI FORMAT READ TIMING (PRELIMINARY)

Q3/

FIGURE -4 OPTIMFM ESDI FORMAT WRITE TIMING (PRELIMINARY}
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APPENDIX E:  THANSMISSION LINES AND THEIR EFFECTS ON LINE DREVERS

Most line drivers have output impedance of 100 ohma or less and are capable
of driving 100 chm lipes. When driving long lines the resistance of Lhe
rrapsmission line must be considered. I Lhe TR drop of the line becomes
significant the voltage swing at the receiver input will be dramaticaily
reduced.

It im important to terminate the transmission line in its characteristic
imnpedance. In general, receivers are designed to have high impedapce inguta
relative to the transmiasion line. Input impedances of 10 K ohms ¢r yreater
insure that the receivers do not load the transmission line,

The output signals £rom drivers are capable of rise and fall times of 1
nsec/valt or faster i.e. high frequency componentz of 1 Gliz or greater.
These frequencies are attenuated by the transmiesion line and can result in
significant reduction in the rise and fall time at the input of the
receiver. The attenuation of the line is a function of the line loases and

its length.

When the transmission line atteniates the high frequency signal, the rise
ard Eall rate of the signal at the receiving end are reduced. This increase
in rise and fall time at the input of the receiver will result in placing
the input in an undetermined state for an extended period. Since noise from
other sources can cause perfurbations on the input signals, jitter at the
output of the receiver can result. The signals will appear as variable width
pulses at the output of the receiver.

It im essential that the driver and recejiver be located closs to the edge of
the PCB (printed circuit board) te reduce the mismatch between the board and
the transmission line, and to minimize reflections and hence distortion, as
the board ie not matched to the line. Variations in the length of the board
metallization can affect delays, and efforts should be made to maintain
equal lengtha. Thia delay introduced by the PCB is approximately 0.15
nsec/inch of metallization.
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APPENDIX ¥: HIGH SPEED DATA PORT CORSIDERAVIONS USING ECL

The 41LG Line Driver and 41LF Line Receiver are high speed parts suitable
for use in the high speed data port. Optiacuwm operation of these circuitbs
requires proper temination of the tranmnisgion line or twidled mir. The
411G iw typically a 25 ohm line driver 'and is specified at 50 ohmu.

The 411G ia an emitter follower line drjver whose output signal swing is
virtualy independent of output curcent. The output voltage, both high and
low, has a logarithmic variation with current. ’

Whan uaing the 410G line driver it ia necessary to terminate each output
with a resistor in order that a diacharge path be provided as shown in
Figure B-1. For proper matching the driver end termination should be

Ze = 2 * 70 and not exceed 2.5 * Zo. When working into a line impedance, Zo,
the termination at the far end to minimize wignal distortion whould be Z:o.

G =~ 12 meters wr——~————ma=3!

H / H i
AN \ H L]
AW / Ze / =1 A

Te———] ) —— Zo Za HE
H -} — ! =1/
A - ' LY
H ) : !
!
A
/ Ze

FIGURE E-] APPLICATION ENVIRONMENT

The skew of the 411G line driver is typically leaa than 0.5 neec and
quaranteed to be lesa than 1 nsec. The variation in skew between two
identical paths in the same package is typicaily less than 0.2 nsec. The

UG line driver and 41LF line receiver in eombination have been shown to
have lesa than 20% distortion of the cutput wave shape of the 41LF line
receiver when operating with transmiasion lines up to 12 meters at 25 Miz ag
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APPENDIX G: RS-422 DIFFERENTIAL COMPONENTS

EIA Standard R5-422, comronly referred to as R5-422, defipes the alectrical
characteristics of balanced voltage digital interface circuits. Drivers and
receivers which ment the specifications of RS-422 have been in use for many
years for high speed dabty transmission. RS-422 hag been defined to ensure
that transmission of data is done reliably and providea a "standard® set of
characteristica for aultiple vendors to design to, providing compatibility
between vendor circuits. :

G.1 CHARACTERISTICS
G.1.1 Driver
The balanced driver characteristice specified in RS-422 are am follows:

o A drivar circuit stould resalt in a low impedance (100 Olvs or lens)
balanced voltage séurce that will prodice a differential voltage to the
interconnecting cable in the range of 2V to &V.

© With & test Joad of 2 resistors, 50 Ohma each, connected in series
between the driver cutput terminala, the maghitude of the diffarential
voltage (VT) measured between the two output terminats shall be equal to or
greater than 2V, or 50% of the magnitude of VO, whichever is greater, For
the opposite binary state the polarity of VT ia reversed (V).

o During transitions of the driver output between altermating binary
utates, the diffecential woltage measured across 100 Ohm Joad shall
monotonically change between 0.1 and 0.9 of VSS less thap 0.1 of the unit
interval or 20ns, whichever is greater. Thereafter, the asignal woltage shail
not change more than 10% of VSS from the steady state values until the
binary state occurs.

G.1.2 Receiver
The electrical characteristics of the receiver specified in H5-422 are:

o The receiver shall not require differential input voltage more than 200w
Lo carrectly the intended binary state, over an entire common-mode
voltage range of -7 to +7. The common-mode voltage (VM) is defined as the
algebraic mean of the 2 voltagea appearing at the receiver input terminals
with respgect to the recejver circuit ground. This allows for operationa
where there are ground differences cansed by IR drop and noise of up to +/-
.

o The receiver shall maintain corvect operation for a differential input,
signal ranging between 200pV and 6V in magnitude.

o The maxinum voltage between either receiver input terminal and receiver
circuit ground shall not exceed 10V {Veignal + WV common-mode) in
magnitude. Alsn, the receiver shall tolerate a maxuman differential signal
of 12V applied across its input temminala without being damaged.

@ The total load {(up to 10 receivers) shall not have a resiatance more than
0 Ghms ak (s input points.

»
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G.2 HR5-422 LINE DRIVEHS/RECEIVERS AND ESDL G.2.2 Allowable Skews
Tabie G-1 showe allowable skews (READ/REFERENCE CLOCK to WRITE CIOCK) for

The ESDI specification permits any Line Driver/Receiver meeting 85-422 to
o v o selected data rates.

meet the recuirements except for the timing specifications. Selecting from
available devices requires knowledge of the interface connection followed by

a comparison between the data treansfer timing specifications and * - K
manufacturers published data, ’ H Data Rate in Megabits/second H
H 5 10 1% 20 L
HEAD CLOCK and READ DRATA are supplied by the drive when in read mode. + + + +
REFERENCE CLOCK is supplied on the same pin as HEAD CLOCK when not in read | LA LA/F) R (nsec} ) 200.0 ! 100.0 } 66.7 | 50.0 : 41.60 :
rode. . . H H H H H H H
! Low Speed Port : : ' : : :
REFERENCE CLOCK is accepted by the contro)ler and is used to generate WIRITE H B min. {.45tA} (nsec) | 90.G ! 45.0 ! 30.0 ! 22.5 ! 18.70 :
CLOCK and to synchronize WRITE CLOCK to WRITE DATA. READ/REFERENCE CLOCK and t tC min. (.21tA) (nsec) ! 42.0 ) 21,0 1la4.0: 10,5 8.73:
READ DATA are measured at the drive and WRITE CLOCK and WRITE DATA are i Total skew insec) | 48.0 : 24.0: 16.0! 12.0: 9.9 !
measured at the controller. H H H H H H :
i High Speed Port ! H H H H :
For the controller, the READ/REFERENCE CLOCK received from the drive is i tB min.{.408tA) (nsec) ! 61.6 ! 40.B ! 27,2 ! 20.4; 17.0 '
guaranteed to meet the minimm/maximm timings. This signal will pass i D min.(.312cA) (nsec) | 62.4 | 31,2 : 20.8: 15.6 ! 13.0 !
through the cable, a Line Receiver, appropriate controller circuitry, a Line i Total skew (nsec) : 19.2 ;7 8.6, 6.4! 4.8 4.0 !

Driver and the connector. It sust then meet the WRITE CLOCK and WRITE DATA
timings. Each element in this path causes some distortion. -
TABLFE G-1 ALLOWABLE SKEW
The performance requirements of ESDI vary with data rate and also depends on
whether the Low Speed or High Speed Port specifications are being designed
to. RS-422 devices offer a range of guaranteed and typical performance
Aevels which apply over a variety of operating conditiona, .

G.2.2 RS-422 DEVICES

Table G-2 liste data for RS-422 devices appropriate for ESDI applications:

Inplementors ashould be careful in selection of the proper components to . - * ¥
ensure the optimum trade—off between cost and data errors due to gpulse { PART NO/TYPE © SKEW (nsec)! TEMP | PWR SUP | STATUS |
digtortion. RS-422 devices tend to minimize the probability of data errors H i dmax) i ityp)i : H !
due to normal or common mode noise. + - + ¢ +
. ! XN34B6 Quad Recedver | NA I BA ! 25C ! W v ind.std |

Skew is the key factor contributing to pulse distortion. It is also referred P KX34B7 Quad Driver ! NA ! 2 ! 25C ! S5¢ i ind.atd |
to as Differential Delay and is the difference between the circuit delay of i : i H ol i . ;
a positive—going tranaition and that of a negative-going transition. It is ! KX26153) Quad Driver ! 6 | 2 § 25C ! SV i ind.std |
usuaily designated Tplh~Tphl. ' X261S32 Quad Revr O NA I RA L 25C ¢ SV i ind.std ;|
) . " F] " ) " N L]

The effect of skew is to shorten or lengthen a pulse by the amount of the ¢ DSA921 Single Xovr ; H H H :
skew. In the ESDI document the allowable skew is the minimam lor maximmm) H Receiver | 5.0 | 0.5 ! 0-70C | 5V+-10% | NSC H
original signal pulse width (e.q.READ/REFERENCE CIACK) minua (or piuva) the H Driver 6.0 1053% % ; * i " H
mifimun {or maximam) pulse width at the end of the circuitry (WRITE CLOCK) . 1 DSB922/23 Dual Xewr H H H H H
The actual skew ia the algebraic mumm of the individual skews. H Receiver : 5.0 | 0.5 ! 0~70C | 5V+-10% ! NSC 3
H Driver 1 6.0 105 * H " ' " H

| DSAY21A Single Xcve H H : H H

H Receiver | 3.5 | 0.% | 0-70C | 5ve-10% | NSC H

: Driver 275 005 00 - H " H

1 058922/23a Dual ¥ovr | H i H H :

H Receiver 3.5 1 0.5 | 0-70C ; Sve-10% | NSC H

H Driver V2,75 L 0.5 R - H - H

TABLE G-2. APPROPRIATE RS-422 DRIVERS/RECEIVERS/TRANSCEIVERS
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G.3 Calculation of Allowable Skew
Aa an example of calculating allowable controller of reuitry skew;

Asaume: 24Mbits/Sec Data rate
D.25nsec cable skew
2X typical transceiver performance
High Speed Port specification.
Allowable skew = 4.0 — (0.25 + 1.0 + 1.0} naec
4.0 - 2,25 naec
1.75 nsec

LU I ]
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AFPENDIX H: DISK SERVOS

Bue to the very Light tolerances of high performance disk drives, the drive
rust actively follow the data track around the disk. This Lechnique is
called “"servaing®. To do this, information is permanently written on the
drive which controla the servo process. This data i conwonly referred to as
“servo data™. In addition to track foliowing, servo data may be used to
control clocking, data recovery, verify seek pogition, and other functions
within the drive. These functions are invisble to an outside controller.

sk servoing technicques affect the way in which data may be written on the -
disk and may restrict the sector sizes used or number of sectora available
on a track.

Disk servo techniques may be divided into several broad clagses:

© No servo data: Some Jow performance hard disks do not use any recorded
servo data, Instead, they depend on mechanical tolerances being tight encugh
to follow the track. Most Floppy disks alec use this technique. There is no
restriction on where data is written.

© Dedicated servo aurface: One murface of the diek is used to hold servo
information. There is no servo information on data tracks and data may be
‘written anyplace on the disk. This technigque is normally only used on
magnetic disks, as optical disks don't have dedicated surfaces.

© Servo embedded continuously around the disk: In this scheme servo data is
frequently written around the disk. The drive makes this invisible to the
controller by extending the read clock (extended periodal. This technique is
invisible to the controller, though the drive may place some restrictions on
where data is written. This method is more common with optical disks.

0 Servo embedded every sector: There im servo information written on the
disk in the inter sector gap of each sector. The sector size and number of
sectora per track is typically fixed.

© Servo embedded less frequently;: The drive embeds serve information
periodically arcund the disk but not necessarily every sector (e.q. four
gervo regions per track). More than one sector fits between servo regions ag
4 rule. A simple version of thia technigue is a single servo area at the
index pulse, in which case servo area ig invieible to the controller.

© Combinations of servo techniques: Various combinations of the above
techniques are also pomgible, e.qg. a dedicated sepve may be combined with
servo data embedded each sector. When combinations exist, the form most
restrictive on data formatting dictates how the drive may be used,

The primary impact on the interface of the servo technique used in the drive
is on head switch times and how data may be written on the digk.

Bead switch times: Drivea which do not use serve data embedded on data
tracks can typically switch heads within the game cylinder in a very short
time (< 15usect. Drives with embedded serve data typically respire a longer
head switch time, around | ms to 3 ms. ESOI reports this fact via a general
configuration hit. For long head switch times the drive mist negatr CCMMAND
CMPLETE until the head switch is canplete and the controller must wart for
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QOMMAND OOMPLETE assertion before operating on the new track.

Where data may be writken on the disk: This depends on the servoing
technique. Aa a general rule, data may not be written in a servo area so the
drive mst prevent the controller from doing so. This is done by controlling
the ISG {Inter Sector Gap) aize and the Unformatted Bytes per Sector and
Sectors per Track permitted by the drive. This discussion primarily applies
to magnetic dieks, ae optical disk drives control the disk Format either
through pre-formatted media or through the format command.

The restrictions, if any, are generally divided between no servo data on the
track, servo embedded every sector, and servo embedded less often.

o No servo on data track: when theve is no servo information on the data
track, the contioller has complete control over disk format. Both hard and
soft sector formats may be used and any sector size and sectors per track
may be used &.g9. if a drive of thia type has 20,000 unformatted bytes per
track it might be able to be formatted with any of:

1 sectors | unformatted | formatted :
i per track | bytes per sector ! bytes per mector !
H 9 H 2104 H 2048 !
! 18 ! 1080 H 1024 H
4 k- 568 H 512 H
H 64 H 312 S 56 H

o Servo embedded every sector: When servo is embedded in every sector, the
servo area is reported by the drive as the ISG and ISG After Index
parameters. The drive prohibite writing to this area and the controller
takes this into acoount when formatting the drive. Bubedded servo drives of
this type are hard sectored and typically smupport a single sector size e.g.
a drive of this type might have 20,000 unformatted bytes per track which are
divided into 32 sectors of 625 unformatted bytes each, for use with a 512
byte formatted sector size.

© Servo embedded less frecuently: When servo is embedded less frequently
then the drive must ensure that all servo areas are within I5Ga but may
generate sector pulses more frequently. Drives of this type are hard
sectored.

The drive can sugport more than one sector between servo areas and protect
the servo areas ¢ither by making all track 15Gs large enough to enconpass
the servo information or by using an invisible gap for servo areas. Since
controllers typically ignore the area between the end of a data field and
the next sector or index puise, the drive can report a small ISG between
normal sectors then extend the ISG inviasibly when serve information is
present e.g. suppose a drive has four servo regions with 5000 bytes between
each region.

Uaing the second method above {invisibly extended ISG), the drive will

report 20,000 Unformatted Bytes per Track {space exclusive of servo regions) .

The unformatfed sector size is computed assuming a track of 20,000 bybess
with an integral number of sectors Fitting within each 5000 byle area e.g.
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1.125 byte Unformatted Sector Size for L1024 byte sectors.

The drive generates INDEX/SECIOR pulses every 1125 bytes, but delays the
SECTOR/ INDEX puilse at each servo area to the epd of the merve area. This
extra ISG is invisibie to the controller and not reported back to it. This
allows a amall ISG e.g. 16 bytes, to be used with an inviaible I5G of 32 or
48 bytes for servo data.

In this example, the drive might support the following standard sector
sizesa: ’ :

¢ sectors | unformatted | formatted i
v per track | bytes per sector | bytes per sector !
H 4 H 5000 H 409 i
H a H 2500 H 2048 H
H 16 H 1250 i 1024 H
: 32 H 625 H 512 H
H 56 H 357 H 256 H

Operation of the Set Unformatted Bytes per Sector command (if implemented)
ia different from non-embedded serve drives. The controller cannot assume
that Sectors per Track equalas Unformatted Bytea per Track divided by
Unformatted Bytes per Sectar. Instead, the drive must adjust sectors per
track s an integral mumber of sectora fit between-each servo region. In
order to handle the defect list, in this situation the drive should adjust
Unformatted Bytes per Sector to evenly spraad the requested mectors within
the servo area. Otherwise & large remainder could exist in each servo area
which complicates computations of the sector each defect is part of.

Because of these restrictions, the controller should verify the Unformatted
Bytes per Sector and Sectors per Track actuaily used by the drive after
issuing a Set Unformatted Bytea per Sector. When the defect list is written
it ignores sexvo areas when reporting defect offsets from index. This is
consistent with reporting track sizes exclusive of servo areas. Defect
locations may be in error by a few bytes per servo area, however the
controller should be able to identify the sector each defect is contained
within.
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APPENDIX I: DETERMINING READ GATE ASSERTION/NEGATION TIMES
1.1 DEFINITIONS

The following times are defined to sirplify formila writing. All values arc
meagured in bit times:

Trdd = Raad Data Delay: aa defined in the sl‘;ardﬂrd.

Twdd = Write Data Delay: aa defined in the standard.
Trgw = READ GAYE Window Size: as defined in the mtandard.
Twas = Write Splice Size: as defined in the standard.
Trds = Mark Detection Skew: as defined in the standard.

¥cra = Controller AEAD GATE assertion delays: Time measured from’
detecting a mark to asserting READ GATE.

Tem = Controller READ GATE negation delays: Time measured from
latching the last READ DATA bit from the interface {assertion of
READ CIOCK) to the negation of READ GATE.

Tewa = Controller WRITE GATE assertion delaya: Time measured Eream
detecting a mark to asserting WRITE GATE.

Tcan = Qontroller ADDRESS MARK ENABLE negation delaya: Time measured
from detecting a mark to negating ADDRESS MARK ENABLE.

Tows = Controller write splice size: Time that WRITE GATE ia negated
between the address area and the data ares.

1.2 READ GATE NEGATIGN (PAD SIZE)

There i& a mininum pad wize that is required to be written by the controller
that will ensure that READ GATE will not be amserted during the time that
WRITE GATE was previougly asserted or negated. This pad requirement results
from the fact that drives have certain delays associated with recording and
reading data: .

o When data is written to the media, there are delaya between the time when
the controller eent the data and the time it ig actually recorded on the
media.

0 There is another delay from when data is detected on the media to the
time when the controller gets it across the interface.

0 The controller my have additional delays that cause it to delay negating
READ GATE after receiving the last valid data bit (typically check bits}.

The minimrm pad size that a controller miat secord ig defined by the fornmla
below:

Tpad = Trdd + Twdd + Torn  {measured in bit times)
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[.3 BEAD GATE ASSERTION FOR ADDHESS AREA READ
1.3.1 RFAD GATE Assertion for Alternative 1 Hard Sector Format
READ GATE aasertion tume in determined by ADDRESS MARK ENAHMLE and Mark
Detection Skew tiwes, The minimm time from the assertion of INDEX or SECTGR
to the asasertion of READ GATE isa:

Trgmin = Tmda + Tcan
The maximm time, if there in a Aecad Gate Window time is:

Trgmax = Tida + Tcan + Trow
Whether or not there is a Read Gate Window time, the controller must turn-on
READ GATE so that the drive reads the required mwber of PLO Symc bytes (as
defined in configuration data) before detecting the first bit of the header
or data area. The controller muat also consider any detection delays (Tcral
in determining when to aseert READ GATE.
I.J.2 READ GATE Assertion for Alternative 2 Hard Sector format
READ GATE aseertion time is detemined by Mark Detection Skew, Write Splice’
Size, and WRITE GATE assertion times. The minimum time from the assertion of
INDEX or SECTOR to the assertion of READ GATE ia:

Tromin = Tmda + fowa + Twes )
The maximum time, if there is a Read Gate Window time ia:

Trgmax = Ninda + Towa + Twes + Trgw

- Whether or not there is a Read Gakte Window time, the controller mist turm on
- READ GATE mo that the drive reada the required number of PLO Sync bytes (aa

defined in configuration data) before detecting the first bit of the header
or data area. The controller must also consider any detection delays {Tcra)
in determining when to assert RFAD GATE.

I.3.3 READ GATE Assertion for Soft Sector Format
READ GATE assertion time is defined in Section 10 and is not discussed here.

The controller must turn on READ GATE mo that the drive reads the required
mmber of PLO Sync bytea (aa defined jn configuration data) before detecting
the firat bit of the header or data area. The controller must also consider
any detection delays (Tcra) in determining when to assert READ GATE.

I.4 READ GATE Amsertion for Data Area Read

Data area reads are keyed off the end of the address area READ DATA, rather
than a mark signal. READ GATE amsertion times are determined by Read anvd
Write Data Delays, amd Write Splice Size. The minimm time from the gl 1on
of READ GATE for Lhe address area and the assertion of READ GATE for Lhe:
data area is:

Trgmin = Tpad (actual) + Tows + Twss



X119.3/47-005 Enhanced Small Device L/F Rev 1.3 5/18/87  Page Appmi7

2%/

The maximum time, if there ig a Read Gate Window Lime 18
Trgmax = Tpad (actual) + Tows + Twsa Trom

Whether or not there is a Read Gate Window Lime, the contruller must turn on
READ GATE so that the drive reads the required number of MO Sync bylen (as
defined in configuration data) before detecting the First bit of the header
or data area.
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APPENDIX J: MAGNETIC DISK FORMATTING

After a4 format of the disk, either a normal format or a NDefect List format,
réad operations before the first write operation may fail if the header
field 18 delayed by the value specified as the Read Data Propagation Delay,
This delay requires some compensation in order to reliably read data fields
before the first update write operation.

There are two common solutions to the problem.

4.1 Twor Pase Format

Immediately after the format operation {done with an extended PLO Symc Field
after the header), all the data fields are rewritten with the demired PLO
Sync field mize. This ccnpensates for the read channel detay.

J.2 One Pass Format with Read Channel Compensation

During the format operation a pad is added between the header and the data
field. usually while WRITE GATE is negated. This pad length im egual to the
Read Data Propagation Delay. This has the effect of causing the write #plice
to be moved to a position consistent with that produced by an update write
operation. :

J.3 Defect List Format

One of thoese two methods should be used by the manufacturer bo record the
Defect Lisk.



