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0.1

0.2

0.3

Infroduction

Digital has chosen to supply certain of its systems with computers
and peripherals that use the Small Computer System Intercon-
nect (SCSI) protocol as an interconnection method. Some of Digi-
tal’s devices implement the SCSI protocol by hardware and soft-
ware developed by Digital while some of the devices sold under
Digital’s name are designed or manufactured by other vendors.

This document specifies restrictions that apply to computers, pe-
ripheral devices, and driver software for the SCSI-1 interface that
are sold under the Digital name. It is intended for use by Digital
engineering groups that are involved in the design of SCSI de-
vices.

Prerequisite

This document contains information that is supplementary to the
ANSI SCSI specification. It is expected that any user of this docu-
ment will have a copy of the ANSI specification; therefore no text
has been included in this document to provide context for the
reader.

Document Overview

This document is organized so that each chapter matches the rele-
vant chapter in the ANSI SCSI-2 specification. The chapter titles
are the same as the chapter titles in the ANSI specification. The
appendices are different from the ANSI specification.

Industry practice for SCSI-1 disk drives is described in an unoffi-
cial document known as the "Common Command Set" (CCS). This
specification includes the relevant text from the CCS document as
it applys to Digital devices.

The protocol for power sequencing is contained in Appendix A.

Device specific exceptions to this specification will be contained in
Appendix B.

Since some of the device specific information contained here does
not have a counterpart in the ANSI specification, tables and fig-
ures have been gathered into Appendix C. For example, a table
has been added there that includes device specific information
about Digital disk and tape characteristics.
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11

12

13

14

This document lists the modifications and extensions to the ANSI
SCSI-1 specification that are required by Digital. The intent is to
document those items that are

1. required for integration of a new device with existing driver
software with minimal changes to the software, and

2. required for maximum compatibility between new devices and
existing devices.

Two general kinds of information is contained in the spec.

1. Information that defines the features that must be supported
by any implementation, and

2. Information marked "xxx IMPLEMENTATION NOTE", which
describes how features are implemented in particular Digital
devices.

Each section has a header that consists of a section number, a ti-
tle, one or more references to where relevant information may be
found, and a one line indication of why the requirement is needed.
The text of the section describes the requirements using the terms
"shall" for mandated features, "should" for recommended features,
and "may" for allowed features. Paragraph numbers are used
throughout the specification for reference purposes.

The intent is not to completely specify every Digital SCSI device.
Therefore, detailed information that pertains to one specific de-
vice is not included. This information may be found in the device’s
SCSI interface specification.

Implementations covered in this version are:

1. VMS requirements as defined in the SCSI Third Party Sup-
port documentation

TZ30

TZK50

QIC tape based on preliminary information
RZ22

RZ23

RZ55

IEZ11 IEEE Interface

VAXstations - NCR 5380 based

Implementations that will be covered in the SCSI-2 version of this
document are:

© ® N> oA W N
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2.

16  The following comments from reviewers have been noted and will
be incorporated into SCSI-2 version of this document.

1.

RDAT - no SCSI implementation yet

RRD40 - no information available

RRDA41 - no information available

RZ56 - SCSI-1 implementation

RZ57 - no information available

RZ24 - SCSI-2 implementation

scanner - no information available

DECstation - MIPS machines - no information available
VMS driver code - not incorporated yet

10. Ultrix driver code - not incorporated yet

11. SCSI-FDDI interface - no information available

12. SCSI-Ethernet interface - no information available
15  The following devices will not be covered.

1.

DECstations - Tandy machines will not be covered unless
there is participation by the relevant group

MicroVAX 2000.

Most of the sections in the ANSI spec marked "implementors
note” contain recommendations for how SCSI implementa-
tions should work. I suggest that all such sections be specified
as to whether they are required for Digital SCSI devices.
There are lots of them and I don’t know what to put for most
of them.

Default behavior needs to be clarified in a number of in-
stances.

Restriction on IDENTIFY message is needed: "The disconnect
privilege is not enabled unless specifically granted for each
command by the setting of bit six in the IDENTIFY message."

4. Resolution of the RESET and power-on sequencing in general.

Resolution of the code revision method in the INQUIRY com-
mand, which differs between RZ, RRD, and industry standard
devices.

Other message issues surrounding ABORT, STDR, etc.

DIGITAL RESTRICTED DISTRIBUTION Page viii




Digital SCSI Specification 0.1.7 - April 18, 1990
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18

19

20

7. Clarification of error behavior, such as command phase parity
errors.

8. Resolve the question of returning a write complete status on
devices that do buffering. Just a text change unless I hear ob-
jections.

9. I need to make another pass at the old notes in the SCSI and
SCSI_REVIEW notesfiles to see whether any further issues
should be added to this list.

10."Any device may operate as an initiator for the purpose of se-
lecting and sending a command to the processor in a single
processor configuration." Check whether this is true for Fire-
fox.

11. Additional comments are enclosed in brackets throughout the
text.

Use of the Specification

The requirements defined by this specification are based on Digi-
tal’s current implementations for SCSI-1 devices. A future version
of this document will describe Digital’s implementation of SCSI-2.

Designers should be aware that this Digital SCSI Specification de-
scribes the official Digital requirements, and that the existing
specifications for some old devices may conflict with this specifica-
tion. New SCSI devices shall comply with this Digital SCSI Speci-
fication.

In order to determine whether a device complies with this specifi-
cation a designer should

1. establish that his design meets the requirements of SCSI-1,
and

2. establish that his design meets the additional requirements of
this specification.

In order to specify a device that is functionally equivalent to an
existing Digital SCSI device, a designer should perform the above
steps, then establish that his design is compatible with the device
specification for the device with which his design is to be equiva-
lent. Since existing devices have been grandfathered into compli-
ance with this specification, it may not be possible to build a new
device that is both fully compatible with the old device and fully
compliant with the DEC SCSI Specification.
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0.5
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22

23

0.6

24

25

Digital Qualified Devices

Devices that are to be connected to a Digital system may be of two
types, Digital Qualified and Non-Qualified.

Digital Qualified devices are reviewed for correct operation with
Digital driver software and for compliant implementation of the
ANSI SCSI-1 specification, CCS, and all additional Digital re-
quirements. These devices are associated with a Device Specifica-
tion, which lists values of certain device-specific parameters that
are unique to that device. Several sections in this chapter indicate
where additional information is to be contained in the Device
Specification. All devices sold under the Digital name shall be
Digital Qualified.

Non-Qualified devices are those that have not been reviewed by
Digital, and no guarantee shall be made that such devices will op-
erate correctly when connected to a Digital system.

Document Maintenance

The information in this document is owned by the Digital SCSI
community. The Storage Systems Architecture Group (SSAG) has
undertaken tu prov1de a maintenance service for this specifica-
tion.

SSAG provides the following services in support of the SCSI com-
munity.

1. A directory is maintained at SSAG::SCSI$DOCUMENTS that
contains documents related to SCSI. This directory contains

a. this document,
b. the SCSI-1 specification,

c. the Command Command Set document (not currently
available—if you know of an electronic copy, let me
know),

d. the SCSI-2 specification in its latest form,

e. a pointer to documentation related to the SCSI Third
Party Support program,

f.  documents that describe Digital’s position regarding the
attachment of third party SCSI devices to its systems,

g. a pointer to documentation related to the VMS SCSI
driver software,
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26

27

28

29

h. a document that describes SSAG’s policy and procedure
for proposing ECOs to the specifications it maintains,

i. ablank ECO proposal form,

j- pointers to some SCSI overview information available
from outside sources, and

k. hints for working with DECwrite and postscript files.

2. An unrestricted notesfile for the discussion of general SCSI
questions is maintained at SSAG::ASK_SSAG. This notesfile
should be used for questions from marketing representatives
and those with a casual interest in SCSI.

3. A restricted membership notesfile is maintained for the dis-
cussion of technical SCSI issues. Membership in this confer-
ence is generally restricted to engineering personnel with a
valid reason for access to technical information about SCSL

4. A restricted membership notesfile for the discussion of issues
related to the maintenance of this document is maintained.
Membership is restricted to the specification review commit-
tee defined below. Currently the membership lists of the two
restricted conferences are the same.

5. A document ("SSAG Process Document") that describes the
method for proposing, drafting, and voting on changes to this
specification is provided. Representatives of Digital groups in-
terested in the Digital SCSI specification vote on proposed
Engineering Change Orders (ECOs) to the specification using
a prescribed voting procedure.

SCSI Architects

Digital has two members of the engineering staff who share re-
sponsibility for maintenance of Digital’s implementation of SCSI.

The Digital SCSI Architect is Rudy Stalzer, at
STLSEE::STALZER. Rudy is Digital’s primary representative at
the ANSI SCSI committee, and is the contact for questions about
SCSI as it applies to workstations, servers, and devices other than
storage devices.

The Storage SCSI Responsible Architect is Doug Hagerman, at
STARCH::HAGERMAN. Doug is the contact for questions about
SCSI as it applies to storage devices.

Please contact Rudy or Doug with any questions or comments
about this document or any other issue related to SCSI.
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1.1

1.2

Chapter 1
Scope

The goal of this specification is to maximize device interoperability for Digi-
tal SCSI-1 devices.

In addition to the requirements of the ANSI SCSI specification, Digital has
chosen to define certain additional restrictions and limitations on devices to
be sold as Digital SCSI devices. While the goal is that all Digital SCSI de-
vices be interoperable, since system level integration is not guaranteed by
the SCSI protocol, full compliance with this specification shall not be consid-
ered a replacement for system level verification.

ANSI SCSI is Underlying Requirement

This document defines the official Digital implementation of the SCSI-1 ar-
chitecture. The requirements stated herein are in addition to the ANSI
SCSI-1 requirements which shall be followed by any device that to be
shipped as a Digital SCSI device.

All disk drive products shall also comply with the CCS addendum to the
SCSI-1 specification. This specification includes all relevant text from the
CCS document.

compliance with this specification. This approach is taken because of the
practical impossibility of refitting the devices already in the field.

Types of devices that must meet these
requirements

This specification is applicable to the following types of devices sold under
the Digital name:

1. Host processors that have peripheral ports that are advertised as SCSI
compatible must meet this specification.

2. Hosts that have embedded SCSI peripherals that are not advertised as
SCSI compatible must meet this specification.
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,‘,,.v,,

—

~—

Digital SCSI Specification 0.1.7 - April 18, 1990

3. Hosts and peripherals that have ports that are based on SCSI but that
are not intended to be compatible with SCSI devices (such as DSSI
ports) are not required to meet this specification.

8 In coordination with the DSSI interface specification and the other appropri-
ate DSA interface specifications, it is intended that all Digital storage de-
vices be covered by some SSAG specification.

9 No restriction is placed on the implementation of optional features as long
as they are implemented according to the ANSI SCSI-1 standard, do not con-
flict with what we expect to be contained in the SCSI-2 standard, and do not
conflict with requirements of this document. Optional features must be
documented in the applicable device specification. In addition, the responsi-
ble engineering group should consider whether an ECO to this document
should be prepared to make such features mandatory for similar follow-on
devices.
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-~ Chapter 2
Referenced Standards and Organizations

10  The device shall comply with the ANSI SCSI-1 specification, X3.131-1986.
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12

13

14

15

16

17
18

19
20

21
22

Chapter 3
Glossary and Conventions

ANSI. The American National Standards Institute, an organization that de-
velops procedures which when followed result in American National Stan-
dards. X3, IEEE, EIA, and CBEMA are accredited standards organizations.
CBEMA is the organization which sponsors, among others, X3T9.2, the SCSI
committee.

CCS. Common Command Set. An addendum to SCSI-1 that describes addi-
tional requirements for direct-access devices.

DEC SCSI Compliant. This name is associated with any device sold under
the Digital name that is advertized as a SCSI device. While there is no "ar-
chitecture police", it is expected that everyone in Digital will understand the
advantages of a common approach to the problems associated with the SCSI
specification. Specific advantages include proper operation with Digital op-
erating systems, support by Digital diagnostics and field service, and re-
duced system integration difficulty.

Device. SCSI allows both storage and non-storage devices to be intercon-
nected. In this document, "device" means any device that can be connected
to the SCSI bus.

Device Specification. Every SCSI device marketed by Digital is described by
a device specification that states the technical description of the device, in-
cluding its SCSI interface implementation.

Digital Qualified Device. Digital Qualified devices are reviewed for correct
operation with Digital driver software and for compliant implementation of
the ANSI SCSI-1 specification, CCS, and all additional Digital require-
ments.

Direct Access Device. Disk.

DSA. Digital Storage Architecture, the overall approach to computer infor-
mation storage used by Digital in its memory and mass storage systems.

SCSI-1. The ANSI Small Computer System Interface (X3.131-1986).

SCSI-2. The ANSI Small Computer System Interface (X3.131-19xx). This
specification is still in preparation.

Sequential Access Device. Tape.

SSAG. The Storage Systems Architecture Group, the organization within

Storage that is responsible for the development, maintenance, and documen-
tation of the Digital Storage Architecture.
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23  Storage. Used in this document as a syhonym for Digital’s Storage and In-
formation Management Group (SIMG), which is responsible for the design
and manufacturing of Digital’s mass storage products.

24  Storage device. In this document, "storage device" means any mass storage
device that can be connected to the SCSI bus.
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Chapter 4
Physical Characteristics

4.1 Physical Description

25  ANSI SCSI-1 specification, Section 4.1.

Required for compatibility with all Digital implementations.

26  Single-ended drivers and receivers shall be used.

4.2 Connector Requirements

27  ANSI SCSI-1 specification, Section 4.3.

Required for compatibility with all Digital implementations.

28  All cable connectors shall be low density.

29  Non-shielded cable connectors may be used inside system boxes and other
enclosures that are required to meet FCC regulations as a unit.

30  Shielded cable connectors shall be used with cables that are to be used be-
tween enclosures.

31 The connectors shall be keyed to prevent cabling errors.

4.3| Shielded Connector Requirements

32  ANSI SCSI-1 specification, Section 4.3.2.

Required for compatibility with all Digital implementations.

33  In order to support daisy-chained connections, devices that use shielded con-
nectors shall provide two shielded device connectors on the device enclosure.

34 I System enclosures may provide one shielded device connector.

4.4 Electrical Description

35  ANSI SCSI-1 specification, Section 4.4.

Required for compatibility with all Digital implementations.

36  Devices to be connected to an external SCSI bus shall not have internal ter-
mination. Near-end termination may be provided within the system enclo-
sure only if the enclosure provides only one external connector. Far-end ter-
mination for any SCSI bus that is external to the enclosure shall be provided
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37
38

4.5
39

40

41

42

4.6
43

45

by a terminating connector plugged into the last SCSI jack. There shall be
no other terminators on an external bus.

SCSI lines shall exhibit high impedance when the device is powered off.

[Note to Best: SCSI requires that all grounds hook together, even in inter-
cabinet cables.] -

Terminator Power
ANSI SCSI-1 specification, Section 4.4.3.
Required for compatibility with all Digital implementations.

Each device, whether it is an initiator, target, or both, may provide termina-
tor power to the TERMPWR pin. Each separately powered enclosure shall
provide TERMPWR at at least one of its devices.

A current limiter is required. The current limiter shall not curtail current
below 1.0 Ampere, but shall prevent current greater than 1.5 Ampere. Cur-
rent limiting at 1.5 Amperes is required since it allows for alternative 2 ter-
minations.

[Note to Best: System enclosures come with one terminator per externally

accessible bus connector. Devices come with two connectors, and are daisy
chained. Customer should not have to buy a terminator unless he loses it.]

SCSI Bus

ANSI SCSI-1 specification, Section 4.5.
Required for compatibility with all Digital implementations.

The SCSI ID is a value ranging from 0 to 7 that defines the logical position
of the device controller on the SCSI bus. The device shall have user-
selectable switches, jumpers, or software so that the SCSI ID may be
changed easily in the field.

SCSI ID assignments may vary from system to system. However, the follow-
ing SCSI ID assignments should be used as initial defaults.

SCSI_1ID Device

7 processor on VAXstation 3520/3540
6 processor on VAXstation 3100/3150
6 processor on MicroVAX 3100/3150

6 processor on VAXserver 3100/3150

? processor on DECstation 2100
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K processor on DECstation 3100
? processor on DECsystem 3100
5 tape drive or floppy disk drive
2 to 4 disks drives
0 and 1 unassigned

46

47

4.7
48

49

4.8
50

51

52

53

54

The device logical unit number distinguishes between multiple units at-
tached to a single SCSI controller. Logical unit numbers from 0 to 7 may be
used.

Sub- logical unit numbers (SCSI-1) shall not be used.

SCSI Bus Signails

ANSI SCSI-1 specification, Section 4.6.
Required for compatibility with all Digital implementations.

The device shall generate odd parity during all information transfer phases
in which the device writes data to the SCSI bus, and it shall check odd par-
ity during all information transfer phases in which it reads data from the
bus.

Parity shall be generated and checked during the SELECTION phase and
the RESELECTION phase.

Configuration Rules

This section defines restrictions on bus configurations that are required to
maximize the chance of successful operation. These rules shall apply to sys-
tems built by Digital. These rules should apply to systems configured by cus-
tomers, but marketing considerations may require looser limits. Marketing
documents should make the appropriate restrictions clear to the customer.

Up to eight SCSI IDs may be used.

The total bus length shall not exceed a total of four meters, including both
inside and outside the boxes. Cables and terminators shall be supplied by
Digital.

At each bus connection, the maximum stub length shall be no more than 0.1
meters in length. Stubs shall be placed at least 0.3 meters apart.

The total number of boxes of any type connected to any single SCSI bus
shall not exceed four. Since Digital does not support multiple-host SCSI bus-
ses, the configuration shall be one host adapter and up to three other boxes.
There may be multiple devices (and therefore IDs) in a single box.
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5.4
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64

Chapter 5
Logical Characteristics

SCSI Bus Phases

[House: We should disallow the SCSI-2 technique for targets to respond to a
parity error during msg_out.]

[House: If a target uses unexpected bus free as an error mechanism, it
should act as though it got out a check condition status and prepare a re-
quest sense packet. Initiators should do the requeust_sense when they de-
tect the unexpected us free condition.]

ANSI SCSI-1 specification, Section 5.1.
Required for compatibility with all Digital implementations.

Digital imposes certain timing restrictions on bus phases to ensure that bus
phases proceed in a timely manner. Specific restrictions are described in the
sections below.

BUS FREE Phase

ANSI SCSI-1 specification, Section 5.1.1.
Required for compatibility with all Digital implementations.

The target device shall not drive any SCSI bus line after the deassertion of
BSY, except during selection or reselection.

ARBITRATION Phase

ANSI SCSI-1 specification, Section 5.1.2.
Required for compatibility with all Digital implementations.

The device shall support the ARBITRATION phase.

SELECTION Phase

ANSI SCSI-1 specification, Section 5.1.3.
Required for compatibility with all Digital implementations.
[BASED ON RZ22 SPEC TEXT]

The device shall use the following SELECTION phase timeout procedure.
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5.5
69
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71

72
73

74
75

76

77
78

79

Selection is timed out if the initiator does not detect a BSY signal from the
target after waiting a minimum of a selection timeout delay.

If this occurs, the initiator will continue to assert SEL and release the DATA
BUS. If the initiator has not detected BSY to be true after at least a selec-
tion abort time plus two deskew delays, it will release SEL allowing the
SCSI BUS to go to the BUS FREE phase.

The device shall ensure, when responding to selection, that selection was
still valid within a selection abort time of their assertion of the BSY signal.
Failure to comply with this requirement could result in improper selection.

The device shall not respond to selection if more than two SCSI ID bits are
asserted during the SELECTION phase.

RESELECTION Phase

ANSI SCSI-1 specification, Section 5.1.4.
Required for compatibility with all Digital implementations.

The device shall support RESELECTION.

When the initiator responds to a target reselection by asserting the BSY sig-
nal, the target shall deassert the SEL signal within 500 microseconds of the
BSY assertion. The target shall also assert REQ for the first command or
message byte within 500 microseconds of the BSY assertion.

The device shall not respond to selection if more than two SCSI ID bits are
asserted during the RESELECTION phase.

Additional restrictions on disconnection and reselection are defined in sec-
tion 5.15.

TZ30 IMPLEMENTATION NOTE

The reselection time out is 250 msec and the TZ30 retries the reselections 3
more times immediately after the first reselection timeout. The TZ30 per-
forms the reselection time out when the TO bit in the MODE SELECT pa-
rameter is not set.

If the TZ30 detects the reselection time out condition, it resets both the con-
troller and the drive in the same way as when it receives a bus-reset. The
next command is then completed with CHECK CONDITION and UNIT AT-
TENTION.

RZ22 IMPLEMENTATION NOTE

The RZ22 does not not check parity during reselection. It checks only
whether more than two SCSI ID bits are asserted on the DATA BUS.

The RZ22 makes four attempts to reselect the initiator. If a timeout occurs,
the following procedure is used to clear the SCSI BUS.
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84
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86

5.8
87
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I
5.9|
89

90

The drive continues to assert SEL I/O and releases the DATA BUS signals.
If the drive has not detected BSY to be true after at least a selection abort
time plus two deskew delays, the drive releases SEL and I/O allowing the
SCSI BUS to go to the BUS FREE phase. (This is option 2 of the reselection
timout procedures in SCSI-1.)

COMMAND Phase

ANSI SCSI-1 specification, Section 5.1.6.
Required for compatibility with all Digital implementations.

The device shall enter the command phase exactly once per command.
Linked commands shall not be used.

STATUS Phase

ANSI SCSI-1 specification, Section 5.1.8.
Required for compatibility with all Digital implementations.

A device shall enter the STATUS phase exactly once per command.

Storage devices shall not enter the STATUS phase following a WRITE com-
mand until the data has been written to nonvolatile media.

[Ando: During buffer mode write operations, the TZ30 returns complete
status as soon as all the data from the host is stored in the device’s internal
buffer, whether the data has been written to the tape or not.]

ATTENTION Condition

ANSI SCSI-1 specification, Section 5.2.1.
Required for compatibility with all Digital implementations.

The device shall respond to an ATTENTION condition at every phase transi-
tion as long as the initiator sets the ATN signal before it asserts the ACK
signal for the last byte of the previous phase. During the data phase, the de-
vice shall also respond to an ATTENTION condition at least once per milli-
second.

RESET Condition

ANSI SCSI-1 specification, SEction 5.2.2.
Required for compatibility with all Digital implementations.

Bus resets shall be done only by the primary initiator on the bus. In single
cpu configurations the primary initiator is the cpu. In multiple cpu configu-
rations one cpu must be established as the primary initiator.
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91| The device shall implement the hard reset alternative.

92  The device shall behave as follows following a bus reset, except when the re-
set occurs as a result of a power-on.

shall complete the write to the media.

2. The device shall be able to respond to a SCSI bus selection within 5 sec-
onds of the bus reset. The device is permitted to return one of the foll-
woing status values once it begins to accept bus selections:

a. BUSY status.

b. CHECK CONDITION status followed by NOT READY sense key in
response to the next REQUEST SENSE command.

c. CHECK CONDITION status, followed by UNIT ATTENTION sense
key in reponse to the next REQUEST SENSE command. UNIT AT-

TENTION may only be returned once per power-up/bus-reset, as de-
scribed in the SCSI-1 standard.

3. The device shall be able to respond to normal commands within 10 sec-
onds of the bus reset.

93  The device shall be able to handle multiple bus resets in succession with no
ill effects. The device shall recover within the time limits specified above fol-
lowing the last bus reset.

94 TZ30 IMPLEMENTATION NOTE

95 When the TZ30 detects a SCSI bus reset, it initializes the controller to its
power up condition, and performs its power-on self test. However, the drive
will not be initialized by the bus reset. If a tape is loaded, it will be reposi-
tioned to BOT.

I 1. If the device is block oriented and a write operation is active, the device

5.10 Message System Description

96  ANSI SCSI-1 specification, Section 5.5.
Required for compatibility with all Digital implementations.

97| [Blair: classify messages as supported by target or supported by initiator.]
98  The following messages that are optional in SCSI-1 shall be supported:

1. ABORT

BUS DEVICE RESET

COMMAND COMPLETE

DISCONNECT

AR S
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5.1
99 r
100

101

102

o

103

104

5.13
105

106

INITIATOR DETECTED ERROR
MESSAGE PARITY ERROR
MESSAGE REJECT

. NO OPERATION

10. RESTORE POINTERS

11. SAVE DATA POINTER

12. SYNCHRONOUS DATA TRANSFER REQUEST (Devices that support
synchronous data transfers.)

ABORT

ANSI SCSI-1 specification, Section 5.5.2
Required for compatibility with all Digital implementations.

The ABORT message shall be implemented so that when the target receives
an ABORT message, it terminates the current operation.

© ® N »

The device shall stop in a manner that does not cause side effects. For exam-
ple, parity errors shall not be written to the media, and devices which store
user data in volatile memory shall write the data back to nonvolatile media
before honoring the ABORT.

Following the abort operation the device shall operate as described above in
the guidelines for recovery from a RESET condition.

COMMAND COMPLETE

ANSI SCSI-1 specification, Section 5.6.5.
Required for compatibility with all Digital implementations.

The device shall not hold the BSY signal for more than 10 microseconds af-
ter sending the COMMAND COMPLETE message.

DISCONNECT

ANSI SCSI-1 specification, Section 5.6.6.
Required for compatibility with all Digital implementations.

The device shall adhere to the following rules for disconnecting from the bus
and reselecting the initiator.

1. The device shall proceed "quickly" through all phases of a SCSI com-
mand, and shall not hold the bus for "long" periods without disconnect-
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ing. The device shall disconnect when it is unable to transfer the next
byte or proceed to the next phase within 500 microseconds.

The device shall not hold the BSY signal for more than 10 microseconds
after sending the DISCONNECT message.

While the device is disconnected from the bus, it shall respond to a selec-
tion with ATN by entering the MESSAGE OUT phase and accepting the
message from the initiator. The device shall be prepared to properly
handle either the ABORT or the BUS DEVICE RESET message at this
time.

The device shall employ the second option described in this section of the
standard to release the bus, that is, the device shall not assert the RST
signal. If the initiator fails to respond to reselection, the device shall
time out the reselection attempt after 250 milliseconds as described in
the Reselection Timeout Procedure, section 5.1.4.2 of the SCSI-1 stan-
dard.

. After a reselection timeout, the target should retry the host at least four

times, but it shall not retry more than 10 times. In order to prevent the
retries from timing out other devices, the device shall delay at least 20
microseconds between retry attempts.

107 TZK50 IMPLEMENTATION NOTE

108 If the controller receives a message reject from the initiator after sending
the DISCONNECT message or the SAVE POINTERS message, no further
attempt is made to disconnect during the current command.

109

This message is used by the TK50 controller to ensure efficient use of the
SCSI bus. The TK50 controller disconnects upon any of the following condi-
tions.

1.

The controller is instructed to do a REWIND or LOAD/UNLQOAD with-
out the immediate bit set.

2. The controller does a tachometer calibration pass.

3. The controller is instructed to reposition by a SPACE command.
4. During the DATA TRANSFER phase, the controller’s data buffer be-

5.
6.

comes full during a write, empty during a read, or waiting for data dur-
ing a verify with data compare.

During a verify without the byte compare bit set.
During the performance of requested diagnostics.

110 The controller reconnects for the following conditions.

1.
2.

Upon completion of the command.

Upon buffer becoming available during a write.
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118
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122

3. Upon data becoming available during a read or verify.
TZ30 IMPLEMENTATION NOTE

The TZ30 disconnects upon any of the following conditions if the initiator
showed that it supports disconnection in its IDENTIFY message. The TZ30
disconnects immediately after receiving the command and reconnects when
the command processing is completed.

1. LOAD/UNLOAD/REWIND command without the IMMEDIATE bit set.
2. READ/WRITE/WRITE FILEMARKS/SPACE/ERASE command.
3. Level-1/Level-2 diagnostics.

RESTORE POINTERS

ANSI SCSI-1 specification, Section 5.5.2.
VMS IMPLEMENTATION NOTE

VAX/VMS always performs an implicit restore pointers operation when the
target reselects. The target should not use this message when reselecting as
it can waste roughly 200 microseconds of cpu time per I/O operation.

RZ55 IMPLEMENTATION NOTE

The drive issues a restore data pointers message if it detects a parity error
during the DATA OUT phase or COMMAND phase. If a parity error is de-
tected during the MESSAGE phase the drive will request all messages
again.

SAVE DATA POINTER

ANSI SCSI-1 specification, Section 5.5.2.
VMS IMPLEMENTATION NOTE

This message is used to save the context of an operation while a device is
disconnected from the bus. However, this message is not necessary or useful
when the target disconnects before starting to transfer data.

On VAX/VMS systems, the target should not use this message when discon-
necting before starting to transfer data as it can waste roughly 200 micro-
seconds of cpu time per I/O operation.

After the device has transfered data, it must issue the SAVE DATA POINT-
ERS message before disconnecting.
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Chapier 6
SCSI Commands and Status

Logical Unit Number

ANSI SCSI-1 specification, Section 6.2.2.
Logical Unit numbers may range from 0 to 7. SUBLUNSs shall not be used.
RZ22 IMPLEMENTATION NOTE

Since the drive has only one logical unit, the logical unit number must be set
to zero. ' :

Unit Attention Condition

ANSI SCSI-1 specification, Section 6.9.
Required for all Digital implementations.

A UNIT ATTENTION condition shall be created for each initiator whenever
a MODE SENSE parameter has been changed or the drive has been reset or
the removeable media may have been changed.

If a REQUEST SENSE command is received from an initiator with a pend-
ing UNIT ATTENTION condition (before the drive reports CHECK CONDI-
TION status), then the drive shall report any pending sense data and pre-
serve the UNIT ATTENTION condition for that initiator. (This is option 1 of
the procedures in SCSI-1 section 6.1.3.
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Chapter 7
All Device Types

130 The following commands shall be supported by all devices.

7.1 INQUIRY Command

131 ANSI SCSI-1 specification, Section 7.1.3. CCS page 11.
Required for CCS compatibility.

133 Inquiry data shall be returned in the following format.

Bit | 7 | €6 | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | I I | | I I | I
0 | Peripheral Device Type |
T R | pevics Type qualitier 1
21 T80 vers | mowh version | ANST version |
T3l Resezved | Response pata Fermat 1
T Additional Lemgth (1FRE) |
ST Request Semse Lemgth |
P Reserved |
T
o

133 Notes: ab = Digital device type identifier, e.g. ab = RZ for RZ22.
cd = Digital model number identifier, e.g. cd = 22 for RZ22.
ef = ROM Level in hex

gh = RAM Level in hex

Bytes 8-35 shall be ASCII characters.

Spaces in bytes 8-35 shall be set to (20H).
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134 The Response Data Format field shall be set to either (01H) to indicate com-
pliance with the Common Command Set or to (00H) to indicate that the de-
vice does not comply with the Common Command Set.

13 The ANSI version field shall contain (01H) to indicate that the device com-
plies with ANSI X3.131-1986 (SCSI-1).

13 The RMB bit shall be set to one.

7.2| REQUEST SENSE Command

187 ANSI SCSI-1 specification, Section 7.1.2. CCS page 6.
Required for SCSI-1 compatibility.

138 The following format shall be used for the EXTENDED SENSE DATA.

Bit | 7 | € | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | | | | I I l I |

0 | VAL | Error Class | Error Code |
T Segment Number |
T hesemvea U aemse mey
ST Logical Block Address (Ms3) |
LT Logical Block Address |
ST Logical Block Address |
T T Logical Block Address (Ls3) |
T Additional Sense Length |
e T Reserved |
T Reserved |
T T Reservea |
Tn T Reserved |
T T Additional Sense Code |
T Reserved |
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14 Reserved
15 Reserved

[
o
0
%]
()
d
®
Q.

17 Reserved
18 Number of Header Retries
19 Number of Data Retries

139 The Error Class/Error Code fields shall be set to (70H) to indicate the ex-

tended sense data format.

140 [House: Tapes report (71H) for deferred drror because they do write caching.
Should this (i.e. all of request sense) be put into the individual device spe-

cific chapters?]

141 Sense Key values (7H) through (AH) and (CH) through (EH) shall not be

used.

142 The REQUEST SENSE Error Codes shall be device specific. Refer to the de-
vice specification to determine the values chosen for a given device.

7.3 SEND DIAGNOSTIC Command

143 ANSI SCSI-1 specification, Section 7.1.6. CCS page 11.
Required for CCS compatibility.

7.4| TEST UNIT READY Command

1 ANSI SCSI-1 specification, Section 7.1.1.
Required for CCS compatibility
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- Chapter 8
Direct-Access Devices

145 The following commands shall be supported by all direct-access devices.

8.1 FORMAT UNIT Command

146 ANSI SCSI-1 specification, Section 8.1.2. CCS page 7.
Required for SCSI-1 compatibility.

141 [House: Should this be required?]

14 If the interleave value is zero, the drive shall use its default interleave value
of 1:1. If the interleave value is one, the drive shall place consecutive logical
blocks in contiguous ascending order. All other values are Digital specific
and defined in the Device Specification.

149 Three bits specify the format for the defect list sent to the drive. The follow-
ing defect list formats shall be supported.

Bit Reference Description
4 3 2 1 0
Fmt Cmp Defect Format

Dat Lst List

0 X X X X Format with no Defect Data
sent from the initiator to
the drive.

1 0 0 X X Format adding the defects
specified in the Defect List
to the known defects (see
Block Format).

1 1 0 X X Format using defects in the
Defect List as the full set
of known defects (see Block
Format) .

1 0 1 0 0 Format adding the defects
specified in the Defect List
to the known defects (see
Bytes From Index Format).
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1 1 1 0 0 Format using defects in the
Defect List as the full set
of known defects (see Bytes
From Index Format).

| 1 X 1 1 X To clear an existing set of
grown defects. X =1 or O
(i.e., don’t care)

15Q Each defect descriptor for the block format shall specify a four byte defect
block address that contains the defect. The defect descriptors shall be in as-
cending order.

151 RZ22 IMPLEMENTATION NOTE
152 The RZ22 drive always uses the default interleave value of 1:1.

8.2 INQUIRY Command

153 Required for all devices for CCS compatibility. See Chapter 7.

8.3 MODE SELECT Command

154 ANSI SCSI-1 specification, Section 8.1.7. CCS page 18.
Required for RZ22 compatibility.

151 [House: Should the PF bit be required?]

156 The following command format shall be used.

Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |

Byte | I I I I | | | I

0 | Operation Code (15H) |
Lm0 | meservea . 1ee
I Reserved |
T Reserved |
T T Parameter List Lemgth |

5 | meserved | meserved | \Fiag 12imk 1

157 If the Save Parameter (SP) bit is set to one, it indicates that the drive shall
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158

159

160

161

162

1. update the current mode values with the values defined in the folldwing
pages, .
2. save all savable pages, and

3. report command complete with no CHECK CONDITION status when
successfully completing the above.

Savable pages are pages for which preceding MODE SENSE commands re-
turned the PS bit of the page header set to one.

If the SP bit is set to zero, it indicates that the drive shall

1. update the current mode values with the values defined in the following
pages,
2. not save the savable pages, and

3. report command complete with no CHECK CONDITION status when
successfully completing the above.

The ERROR RECOVERY PARAMETERS page shall be supported by the
MODE SELECT command.

The Parameter List Length value shall be either 0 or 8, indicating 0 or 1
block descriptors per MODE SELECT command.

The following format shall be used for the MODE SELECT Parameter List.

Byte | MODE SELECT Header |

Reserved |

Block Descriptor Length |

| Block Descriptors |

Density Code |

e | o ——————————— - ———— i~ ————————————— - - — - - ——————————

e vt v (| - —— o ———————— - —— - O— - — - ———_—_———— - - —_———————— -

Reserved |
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163
164

8.4
165

166

167

16
16

|
5 | Blocks Length (MSB) |
______ I_.._......._-_._-_-—_-._-.__..._.____—--........._______.___..____
6 | Block Length |
______ '...__._.........._....__.._____.._.......___-__._......_....______.._..____
7 | Block Length (LSB) . |

The Number of Blocks field may be ignored if the drive supports only
all-user-blocks formatting.

The Block Length field shall contain 512.

MODE SENSE Command

ANSI SCSI-1 specification, Section 8.1.10.
Required for RZ22 compatibility.

The following command format shall be used.

Bit | 7 | 6 | 5 | 4 | 3 | 2 1 1 |1 0 |
Byte | | I I | I | I I
0 | Operation Code (1lAH) |
T mme o reservea T
T i eer | page coas T
ST Reserved |
T Allocation Lemgth |
| Reserved | Resezved | irisg 1zimk 1

Page Control Field (PCF): Defines the type of page parameter values to be
returned to the initiator. They are as follows:

Bit7=0 Bit6 =0 Report Current Values:

If the Page Code is equal to 3F(H), all pages implemented by the drive will
be returned to the initiator with all fields and bits set to current values.
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17(

171

172

173
174

174

171
178

18(

18]

If the Page Code is different than 3F(H), the page defined by the Page Code,
if supported by the drive, will be returned to the initiator with fields and
bits set to current values.

The current values are one of the following:

. | As set in the last successfully completed MODE SELECT command.
. | Identical to the Saved Values if saving is available and no MODE SELECT

command has yet been issued since the last power on.

. | Identical to the Default Values if no saving is available or if no Saved Values

are available.

Fields and bits not supported by the drive will be set to zero. The Page
Length byte value of each page returned by the drive indicates how many
bytes are supported within the particular page.

Bit7=0 Bit6=1 Report Changeable Values:

If the Page Code field is equal to 3F(H), all pages implemented by the target
are to be returned to the initiator with bits and fields that are allowed to be
changed by the initiator set to one. Fields and bits not allowed to be changed
by the initiator will be set to zero.

If the page code is different than 3F(H), the page defined by the Page Code,
if supported by the drive, will be returned to the initiator with bits and
fields that are allowed to be changed by the initiator set to one. Fields and
bits not allowed to be changed by the initiator will be set to zero.

The Page Length byte value of each page returned by the drive indicates
how many bytes are supported within the particular page.

Bit7=1 Bit6 =0 Report Default Values:

If the Page Code is equal to 3F(H), all pages implemented by the drive will
be returned to the initiatowith fields and bits set to the drive’s default val-
ues.

If the Page Code is different than 3F(H), the page defined by the Page Code,
if supported by the drive, will be returned to the initiator with fields and
bits set to the drive’s default values. Fields and bits not supported by the
drive will be set to zero.

The Page Length byte value of each page returned by the drive indicates
how many bytes are supported within the particular page.

The value of the fields returned with this code is intended to avoid confusion
over whether the value of zero is the default or the unsupported value.

Bit7=1 Bit6=1 Report Saved Values:

If the page code is equal to 3F(H), all pages implemented by the drive will be
returned to the initiator with the fields and bits set to the saved values.
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184

184

8.5

187
188

189

19(
191

192

If the Page Code is different than 3F(H), the page defined by the Page Code,
if supported by the drive, will be returned to the initiator with bits and
fields set to the saved values. The saved values are either:

. | The saved values during the last successfully completed MODE SELECT com-

mand.

. | Identical to the default values if saving is not available.

Fields and bits not supported by the drive will be set to zero. The Page
Length byte value of each page returned by the drive indicates how many
bytes are supported by the drive.

Page Code: Indicates which pages to return. The following Page Codes shall
be supported:

Page Code Meaning

(01H) Error Recovery Parameters

(02H) Disconnect/Reconnect Control Parameters
(03H) Direct Access Device Format Parameters
(04H) Rigid Disk Drive parameters

(05H) Flexible Disk Geometry Parameters
(25H) DEC Unique Page

Mode Sense Data

ANSI SCSI-1 specification, Section 8.1.10. CCS page 32.

[There is a problem here because some of the optional CCS bits aren’t sup-
ported by our devices. I need to figure out exactly which ones we want and
don’t want to support.]

The Vendor-unique page codes 20h - 3Eh shall be further subdivided as fol-
lows.

1. (20H) - (24H) Digital Device Unique

2. (25H) Digital Special Function Control Page

3. (26H) - (3EH) Vendor Specific
The Error Recovery Parameters page (01H) shall be supported.

The Disconnect/Reconnect Control Parameters page (02H) shall be sup-
ported.

The Direct Access Device Format Parameters page (03H) shall be supported.

The Rigid Disk Drive Geometry Parameters page (04H) shall be supported if
the device is a rigid disk drive.
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194 The Flexible Disk Drive Geometry Parameters page (05H) shall be sup-
ported if the device is a flexible disk drive.

194 The Digital Special Function Control page (25H) shall be supported. This
page shall contain non-volatile storage of Digital specific control informa-
tion.

191 This page shall be formatted as follows.

Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | I I | | I | | I

0 |IRsvd |Rsvd | Page Code = (25H) |

|
1 | Page Length = (17H) |
______ ' ——————— -~ ————— -~ — - —— - ———————
2 | Reserved |SPD |
______ I ——————— -~ —————— - — - - - - - ———————_—— -
3-24H| Reserved |

197 A Spin-up Disable (SPD) bit of 1 shall indicate that the drive will not spin
up on initial power up. A Spin-up Disable bit of 0 shall indicate that the
drive will spin up upon initial power up.

8.6/ READ Command

198 ANSI SCSI-1 specification, Section 8.1.4.
Required for SCSI-1 compatibility.

8.7 READ BUFFER Command

199 CCS page 39. ANSI SCSI-2 specification, Section 7.2.12.
Required for RZ22 compatibility.

200 There shall be no access to the drive’s medium during the execution of this
command.

201 The following command format shall be used.

Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | ] | | | | | I |
0 | Operation Code (3CH) |
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202

203

204

205

206

1 | LUN = 0 | Reserved ' |BCV=0 |
T Reserved |
ST Reserved |
LT Reserved |
ST Reserved
T Reserved |
T Allocation Lemgth (MsB) |
e T Allocation Length (LsB) |
S | Reserved | meserved | ieisg 12k 1

The Allocation Length specifies the number of bytes that the initiator has
allocated for returned data. The allocation length contains a four byte
header, followed by the READ BUFFER data called the available length.

An allocation length of zero shall cause no bytes to be transferred. This is
not an error condition.

If the allocation length is greater than the available length added to the four
bytes of the READ BUFFER header, then the READ BUFFER header and
the available length will be transferred to the initiator. It is not an error to
request an allocation length less than the available length.

The drive shall terminate the DATA-IN phase when the allocation length
has been transferred or when the READ BUFFER header and the available
length have been transferred to the initiator, whichever is less.

The following format shall be used for the READ BUFFER Header.

Bit | 7 | 6 | 5 | 4 | 3 | 2 |1 1 | 0 |
Byte | I | | | | | | |
0 | Reserved |
______ I—_—_—__————-._-.-_.-—.-.-.-___...---.-_-_.....-._.-__..-....____._
1 ] Reserved |
______ !........___——-........___—.-__..._.___—_._....-..___...__..__........-__._
2 | Available Length (MSB) ]

|

|

Available Length (LSB) |
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|
4 ] Data Byte 0 |
______ I.._..._._-.--.-..—_—.--...-..__....-._—-_..__..___..........________..
5 | Data Byte 1 |
______ l_____——————_-———_—___-————--——--_—__._...._.--_—_____
N+4 | Data Byte N ]

207 The Available Length field shall specify the drive’s buffer size.

8.8 READ CAPACITY Command

208 CCS page 11. ANSI SCSI-2 specification, Section 8.2.7.
Required for CCS compatibility.

209 The READ CAPACITY command shall provide a means for the initiator to
request information regarding the capacity of the drive.

210 The following command format shall be used.

Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | I I | I I | | I

0 | Operation Code (25H) |
T Em 0V meservea ietaar
T Logical Block Address (MsB) |
T Logical Block Address |
O Logical Block Address |
T Logical Block Address (LsB) |
e T Reserved |
R Reserved
| Reserved | meservea  Ummn
S| Reserved | Remervea . ieisg 1iimk 1
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211 The Partial Medium Indicator (PMI) bit, when set to zero, indicates that the
information returned in the READ CAPACITY data will be the logical
block address and block length (in bytes) of the last logical block of the drive.
The logical block address of the command descriptor block must be set to
zero for this option.

212 A PMI bit of one indicates that the information returned will be the last logi-
cal block address and block length (in bytes) of the last logical block address
after which a substantial delay in data transfer will occur. This logical block
address will be greater than or equal to the logical block address specified in
the command descriptor block.

213 The following format shall be used for the READ CAPACITY Data

Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | | | | I | | I |

0 ] Logical Block Address (MSB) ]
T Logical Block Address |
T Logical Block Address |
T Logical Block Address (LSB) |
T Block Lemgth (us®) |
ST Block Length |
e T Block Lemgth |
T T Block Length (Ls®) |

214 A drive shall indicate zero or unknown capacity by returning the value zero
in the Block Length field.

8.9 READ DEFECT DATA Command

215 ANSI SCSI-2 specification, Section 8.2.8.
Required for RZ22 compatibility.

216 The READ DEFECT DATA command requests that the drive transfer the
medium defect data to the initiator.

217 The following command format shall be used.
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214

214

]

221

229

223

Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | I I l | | I | I

0 | Operation Code (37H) |
T i mme o Resemvea T
Ty messrvea 1 5 1 & 1 pesect sist Fmt 1
ST Reservea
T Reserved |
T Reserved |
e T Reserved |
T T Allocation Length (usB) |
T Allocation Length (LsB) |
S | Reserved | meserves | ieisg 1iimk 1

When the Primary (P) bit is set to one, the drive shall return the primary
list of defects to the initiator.

When the Growing (G) bit is set to one, the drive shall return the growing
list of defects to the initiator.

When both the P and the G bits are set to one, the drive shall return both
the primary and growing list of defects. The primary shall be followed by the
growing list.

The Allocation Length specifies the number of bytes that the initiator has
allocated for returned defect data. An allocation length of zero indicates that
no defect data is to be returned. Any other value indicates the maximum
number of bytes that will be returned. The drive shall terminate the DATA-
IN phase when all allocation length bytes have been sent or when all avail-
able defect data has been sent, whichever is less.

Three bits specify the Defect List Format which is the format for the defect
list returned to the initiator.

Reference Bit Description

2 1 0
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224
224

226

227

228

229
230

231

0 x X The initiator requests that the defect list be
returned in Logical Block Format.

1 0 0 The initiator requests that the defect list be
returned in Bytes From Index Format.

1 0 1 The initiator requests that the defect list be
returned in Physical Sector Format.
Logical Block Format shall be supported by all drives.

For all types of defect list formats, the defect list shall contain a four byte
header followed by one or more defect descriptors as shown in the following
table.

The following format shall be used for the DEFECT LIST HEADER.

v ————————— - ————— - - ——— - ———— - — w—_—————— - ———_—— - — - - - - -

Defect List Length (LSB) ]

When the Primary (P) bit is set to one, it indicates that the primary defect
list has been returned by the drive.

When the Growing (G) bit is set to one, it indicates that the growing defect
list has been returned by the drive.

The Defect List Format specifies the format for the returned defect list.

The Defect List Length specifies the total length in bytes of the defect list.
For the logical block format, the defect list length is equal to four times the
number of defect descriptors. For the bytes from index format, the defect list
length is equal to eight times the number of defect descriptors. This length
does not include the four bytes of header.

The format for the Defect Descriptors for the logical block format and bytes
from index format are shown in the following tables.

The following format shall be used for the Logical Block Format Defect De-
scriptors.
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Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | | I | | I | | |
0 | Defect Block Address (MSB) |
U Defect Block Address |
T Defect Block Address |
T Defect Block Address (LsB) |

233 The Defect Block Address is a four byte value specifying the physical block

number of the defect.
234 The following format shall be used for the Bytes from Index Format Defect
Descriptors.
Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | I I I I I I I |
0 | Cylinder Number of Defect (MSB) |
U Cylinder Number of Defect |
T Cylinder Number of Defect (LSB) |
T Head Number of Defect |
LT Defect Bytes from index (MSB) |
T Defect Bytes from index |
e T Defect Bytes from index |
I Defect Bytes from index (LSB) |

235' The Cylinder Number is a three byte value specifying the cylinder number
of the defect.

23¢ The Head Number is a one byte value specifying the head number of the
defect.
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23]

238

239
240

241

8.1
24

o

244

Bytes From Index is a four byte value specifying the number of bytes from
index that the defect is located.

The following format shall be used for the Physical Sector Format Defect De-
scriptors.

Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | I | | | I I I |

0 | Cylinder Number of Defect (MSB) |
T Cylinder Number of Defect |
T Cylinder Number of Defect (LSB) |
T Head Number of Defect |
T Defect Sector Number (MsB) |
ST Defect Sector Number |
e T Defect Sector Number |
R Defect Sector Number (LSB) |

The Cylinder Number is a three byte value specifying the cylinder number
of the defect.

The Head Number is a one byte value specifying the head number of the
defect.

The Sector Number is a four byte value specifying the sector where the de-
fect is located.

READ LONG Command

ANSI SCSI-2 specification, Section 8.2.9.
This command is optional.

The READ LONG command shall transfer the specified sector of data and
ECC bytes to the initiator. The drive shall not correct the data field or the
ECC bytes.

The number of bytes transferred to the initiator will be the sector size (512
bytes) plus the number of bytes contained in the ECC field (6 bytes).
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245
246

247

248

8.11

249

251

This command is intended for diagnostic purposes.
The following command format shall be used.

Bit | 7 | € | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | l l | | | l I I

0 | Operation Code (3EH) |
L mm e 0 Reservea  imeiaar
T lemap || fogical plock address Gesm 1
T Logial Block Address |
LT Logial Block Address |
ST Logial Block Address (LS®) |
e T Reserved |
T Reserved |
e T e e ez T
0 | Reserved | Resezved  ieiag Izink |

The Logical Block Address specifies the Logical Block Address where the
READ LONG operation will begin.

The optional PHAD bit, if set to sone, specifies that the address is to be in-
terpreted as a physical address. If set to zero, the address is to be inter-
preted as a logical address. If the drive does not support the PHAD bit, a
READ LONG command with the PHAD bit set shall be returned with a
CHECK CONDITION status.

REASSIGN BLOCKS Command

ANSI SCSI-1 specification, Section 8.1.3.
Required for RZ22 compatibility.

This command shall be supported by all rigid disk drives and by all flexible
disk drives of over 10 MegaByte capacity.
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251

252
253

8.12

254
255

8.13

256
251

The data for the reassigned block shall be written on the media before the
old block is modified. A system of non-volatile flags shall be used to protect
the data in case of problems during the reassignment process.

RZ22 IMPLEMENTATION NOTE

This drive has a microcode bug that allows the drive to accept a "Reassign
Block" command with a defect list length that is not four times the number
of defect descriptors, without issuing a "Check Condition". The drive will ac-
cept the command, but it will not reassign the block. This could cause a pro-
grammer to believe the command was successful, but upon issuing a "Read
Defect” command with the "Grown List" bit enabled the block would not
have been logged as reassigned.

RELEASE Command

ANSI SCSI-1 specification, Section 8.1.9. CCS page 11.
Required for CCS compatibility.

The Extent Release option of the RELEASE command shall be supported.

REQUEST SENSE Command

Required for all devices for SCSI-1 compatibility. See Chapter 7.
The non-extended sense data shall be as follows.

Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | o0 |
Byte | | I I I I l I I

0 |ADVAL |Error Class|Error Code |

e e v v o | ————— - ——— - ———— "~ - —_— - - — - ——— - ——————————

Logical Block Address (LSB) |

The Address Valid (ADVAL) bit indicates that the bytes containing the
logical block address contain valid information related to the error.

The Error Class field indicates the type of error that occurred:
Bits Error Class

06 05 04
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0 0 O Disk drive errors
0 0 1 Target/Medium errors
0 1 O System related errors
0 1 1 Medium errors
1 0 0 Hardware/SCSI interface errors
1 0 1 Medium errors
1 1 0 Unit attention errors
1 1 1 Reserved for extended sense

26(

26]

8.14
262

263

8.1
26

8.16
265

266

8.17
267

8.18
268

The Error Code field defines the specific error that occurred. This is the
same error code that would be presented in the additional sense key field of
the extended sense data format.

If the ADVAL bit is set, the Logical Block Address field specifies the logical
block address associated with the error.

RESERVE Command

ANSI SCSI-1 specification, Section 8.1.8. CCS page 11.
Required for CCS compatibility.

The Extent Reservation option of the RESERVE command shall be sup-
ported.

SEND DIAGNOSTIC Command
Required for all devices for CCS compatibility. See Chapter 7.

START STOP UNIT Command

ANSI SCSI-1 specification, Section 8.1.11.
Required for RZ22 compatibility.

Upon receipt of a START/STOP UNIT command, the drive shall either spin
up and position the read/write heads to cylinder zero or spin down and posi-
tion the read/write heads in the landing zone, as indicated.

TEST UNIT READY Command
Required for all devices for CCS compatibility. See Chapter 7.

VERIFY Command

ANSI SCSI-2 specification, Section 8.2.19.
Should this be a required command?
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269 The verify command requests that the drive verify the data on the medium.
270 The following command format shall be used.

Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | I I | I I I I I
0 | Operation Code (2FH) |
______ l————-——————.—————-——————._.._—-——--—————_-_—————————
1 | LUN = 0 | Reserved |BytCk| RelAdr = 0]
______ |....__..._-.._..____——_—_.-_._____————__-..._____—_—....._..____
2 ] Logical Block Address (MSB) |
______ |......—---.—-———————————-—-————————-——————--——.—-_—————_.-
3 | Logical Block Address |
—————— l———————_————————-——————_—-——————--—————-—-———————_.—_
4 | Logical Block Address |
______ l—————————_—.-——---———————.———-——-———_....-..__————_-.._.._
5 | Logical Block Address (LSB) |
______ l————————_—.—_.—.—-————————-._.__-———.———_.._..__——_—__.__._
6 | Reserved |
______ l—-——.——.—.—__...._———-—-...__...__..--—__.-._..._____.....-______
7 | Verification Length (MSB) |
—————— l.-..-.--—-—-——.-————.—-—-_——_—...—_._-——--———.-_.._-___-.._..-_..
8 | Verification Length (LSB) |
—————— l..-.---—-—-————___-—--—-—-—.-————-.-.-—--—_.....-._——_-_-..
9 | Reserved | Reserved |Flag |[Link |

271 When the Byte Check (BytChk) bit is zero, the verification shall consist of
simply a medium verification (ECC).

272 A Byte Check value of one may be unsupported. When the Byte Check bit is
one, the command may terminate with a CHECK CONDITION status and
the sense key set to ILLEGAL REQUEST.

273 The Logical Block Address specifies the logical block where the verify opera-
tion will begin.

274 The Verification Length specifies the number of contiguous logical blocks of
data to verify. A verification length of zero indicates no logical blocks will be
verified. This is not considered an error condition. Any other value indicates
the number of blocks to be verified.

275 RZ22 IMPLEMENTATION NOTE
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276

8.19

277

27

8.2
279

ol

281

A BytCk bit of one is not supported. If set to one, the command will termi-
nate with a CHECK CONDITION status and the sense key set to ILLEGAL
REQUEST.

WRITE Command

ANSI SCSI-1 specification, Section 8.1.5.
Required for SCSI-1 compatibility.

Storage devices shall not enter the STATUS phase following a WRITE com-
mand until the data has been written to nonvolatile media.

WRITE AND VERIFY Command

ANSI SCSI-2 specification, Section 8.2.22.
Should this be a required command?

The WRITE AND VERIFY command requests that the drive write the data
trasferred from the initiator to the medium and then verify that the data is
correctly written.

The following command format shall be used.

Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | I I I | I I | I

0 | Operation Code (2EH) |
T am e 0 U reservea  inear
T Logical Block Address (MsB) |
T Logial Block Address |
LT Logial Block Address |
T Logial Block Address (Ls®) |
e T Reserved |
T Transfer Lemgth (usB) |
e T rransfer Length (LsB) |
S| Reserved | mesecved | ieisg 1iime 1
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282 When the Byte Check (BytChk) bit is zero, the verification shall consist of
simply a medium verification (ECC).

283 A Byte Check value of one may be unsupported. When the Byte Check bit is
one, the command may terminate with a CHECK CONDITION status and
the sense key set to ILLEGAL REQUEST.

284 The Logical Block Address specifies the logical block where the verify opera-
tion will begin.

285 The Transfer Length specifies the number of contiguous logical blocks of
data to transfer. A transfer length of zero indicates no logical blocks will be

transferred. This is not considered an error condition. Any other value indi-
cates the number of logical blocks that will be transferred.

286 RZ22 IMPLEMENTATION NOTE

287 A BytChk bit of one is not supported. If set to one, the command will termi-
nate with a CHECK CONDITION status and the sense key set to ILLEGAL
REQUEST.

8.21 WRITE BUFFER Command

288 CCS page 28.
Required for RZ22 compatibility.

289 The WRITE BUFFER command is used in conjunction with the READ
BUFFER command as a diagnostic fuctino for testing the drive’s buffer
memory and the SCSI bus integrity. There shall be no access to the drive’s
medium during the execution of this command.

290 The following command format shall be used.

Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | I | I | | | I |
0 | Operation Code (3BH) |
L Um0 L reserven e
T Reserved |
T Reserved
T Reserved |
I
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291

292

ol

294

295

5 I Reserved A |
e 1 Reserved |
N Transfer Length (MesB) |
e T rransfer Lemgth (LSB) |
o | meserved | messcred . \siag 1imk 1

The Buffer Control Valid (BCV) bit may be unsupported. If unsupported, it
shall be set to zero.

The Transfer Length specifies the maximum number of bytes to be trans-
ferred and retained in the drive’s buffer. The Transfer Length includes a
four byte header followed by the WRITE BUFFER data.

A Transfer Length of zero shall cause no bytes to be transferred. This is not
an error condition.

If the transfer length is greater than the available length plus four returned
in the header of the READ BUFFER command, no data will be transferred
and the drive will return a CHECK CONDITION status with the sense key
set to ILLEGAL REQUEST.

The Write Buffer Header shall have the following format.

Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | I l | | | | I I

0 | Reserved |
T Reserved |
T Reserved
T Reserved |
LT bata BYte 0 |
T bata Byte 1 |
T T bata Byte ™ |
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8.22 WRITE LONG Command

296 ANSI SCSI-2 specification, Section 8.2.23.
J Should this be a required command?
29

Upon receipt of a WRITE LONG command the target shall transfer a sector
of data and ECC bytes to the drive. The bytes transferred to the drive shall
be written in the data and the ECC fields for the particular sector specified
in the logical block address.

298 The number of bytes transferred to the drive shall be the sector size (512
bytes) plus the number of bytes contained in the ECC field (6 bytes).

299 This command is intended for diagnostic purposes.
300 The folloWing command format shall be used.

Bit | 7 | €6 | 5 | 4 | 3 | 2 |1 1 | 0 |
Byte | | I | | I I I |
0 | Operation Code (3FH) |
L Um0 ) meserved ineia)
T Logical Block Address (MSB) |
T Logical Block Address |
O T Logical Block Address |
T Logical Block Address |
e T Reserved
T Reserved |
| s 1 i er oom mawer )
o | Reserved | meserved | Ieisg 1nink 1

301 The Logical Block Address specifies the logical block address where the
WRITE LONG operation will begin.
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8.23 Vendor-Specific Fields and Values

302 ANSI SCSI-1 specification, several sections throughout Chapter 8.

303 Various fields and values throughout the SCSI-1 specification are marked as
"vendor-specific". Digital allows vendors free use of these fields and values.

8.24 WRITE EXTENDED Command.

304 The WRITE EXTENDED command requests that the drive write the data
transferred by the initiator to the medium.

305 The following command format shall be used.

Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | | I | I I | l |

0 | Operation Code (2AH) |
T mm a0 reservea T ineiaar
T Logical Block Address (MsB) |
T Logial Block Address |
LT Logial Block Address |
ST Logial Block Address (LSE) |
e T Reserved |
T rransfer Length (MsB) |
e T rransfer Lemgth (Ls®) |
0 | Reserved | meserved | izisg 1nink |

306 The Logical Block Address specifies the logical block where the write opera-
tion will begin.

307 The Transfer Length specifies the number of contiguous logical blocks of
data to transfer. A transfer length of zero indicates no logical blocks will be

transferred. This is not considered an error condition. Any other value indi-
cates the number of logical blocks that will be transferred.
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8.25 READ EXTENDED Command.
308 The READ EXTENDED command requests that the drive transfer data to

the initiator.
309 [House: Should FUA bit be required?]
313 The following command format shall be used.
Bit | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0 |
Byte | l I I I l I l 3
0 | Operation Code (28H) |
T T e 0| Reserved T ineiaa)
T Logical Block Address (MSE) |
Ty T Logial Block Address |
T Logial Block Address |
T Logial Block Address (LSB) |
e T Reserved |
T rransfer Lemgth (sB) |
T rransfer Length (LSB) |
S| Reserved | meserved | \eiag 1zimk 1

311 The Logical Block Address specifies the logical block where the read opera-
tion will begin.

312 The Transfer Length specifies the number of contiguous logical blocks of
data to transfer. A transfer length of zero indicates no logical blocks will be

transferred. This is not considered an error condition. Any other value indi-
cates the number of logical blocks that will be transferred.

8.26 SEEK EXTENDED Command.
313 Should this be a required command?
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314 The SEEK EXTENDED command requests that the drive position itself to
the specified logical block.

315 The following command format shall be used.

Bit | 7 | 6 | 5 | 4 | 3 1 2 |1 1 | 0 |
Byte | | | I I | I | I

0 | Operation Code (2BH) |
T w0 reserwea T
T Logical Block Address (MsB) |
T Logial Block Address |
O Logial Block Address |
T Logial Block Address (Ls®) |
P Reserved |
T Reserved |
e T Reserved |
| meserved | Resezved | ieisg 1ok 1

316 The Logical Block Address specifies the logical block for the drive to seek to.

8.27 Power-Up Characteristics
317 The drive shall default to not spin up on power up. A jumper may be used to

enable or disable this feature. The position of the jumper shall be readable
using Mode Sense Data Page (25H).

8.28 Bad Block Replacement Algorithm

313 [House: RZ57 will have automatic BBR with forced error flag.]
319 The following algorithm shall be used by all Digital driver software.
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320

321
322

323

324

325
326

327

328

329
330

331

332

When the disk class driver detects a read or write error, it tries the opera-
tion again several times. If appropriate, it reassigns blocks to prevent media
defects from causing future errors.

First, the driver detects an error during a read or write operation.

If the error is recoverable with retries only then the driver continues with
normal operations. No error is logged in the operating system.

If the original read fails with a non-recoverable error, the driver will retry
the operation three times. The first error will be logged with the operating
system as an EXT_SNS_DAT error (VMS error code 05). Any additional er-
rors on retries will not be logged. If all three retries fail in the same way, the
data is lost and the driver returns SS$_PARITY status and exits the algo-
rithm. (A reassignment would result in undetected user data corruption be-
cause there is no forced error bit in SCSIL.) There will not be any additional
errorlog entry associated with this exit from the algorithm. If the original
operation was a write, the class driver will proceed with the REASSIGN
since VMS has the correct data in memory.

If the error is recoverable with ECC the driver buffers the corrected data in
host memory and continues with the algorithm. A recoverable ECC error is
logged with the operating system.

Second, the driver retries the operation three times.

If a retry is successful (read without ECC), the driver exits the BBR algo-
rithm. Errors encountered on these class driver retries are not logged with
the operating system.

If all three retries require ECC to recover the data, the class driver will log a
reassign event with VMS and tell the disk drive to reassign the block.

If a non-recoverable error is encountered, the algorithm will go straight to a
reassign of the block. No error other than the reassign event is logged with
the operating system. The reassign event will be logged with the operating
system as a REASSIGN_BLK event (VMS error code 07).

Third, the driver attempts to reassign the block up to three times.

If the REASSIGN BLOCKS command fails, an error is logged with the oper-
ating system and the command is retried up to three times. Each REAS-
SIGN failure will be logged with the operating system as an EXT_SNS_DAT
error (VMS error code 05). If three attempts to reassign the block fail, the
driver will exit the algorithm. There will not be any additional errorlog entry
associated with this exit from the algorithm.

Fourth, if the reassignment succeeds, the driver writes the original data
buffered in host memory to the reassigned block.

If the write operation after the reassign fails and fewer than three writes to
the reassigned block have been performed, an error on the write operation is
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logged with VMS and driver returns to retry the command up to three times.
If three attempts to rewrite the data fail, the driver will exit the algorithm.
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9.1
334

33
33

9.2
337

9.3
338

339
340

341

342
343

344

Chapter 9
Sequential-Access Devices

The following commands shall be supported by all sequential-access devices.

ERASE Command

ANSI SCSI-1 specification, Section 9.13.
Required for TZK50 compatibility.

TZK50 and TZ30 IMPLEMENTATION NOTE

If the long bit is a zero, the controller completes this command immediately
with Good status. If the long bit is a one, the drive erases from the current
position to the end of the media.

INQUIRY Command
Required for all Digital devices. See Chapter 7.

LOAD/UNLOAD Command

ANSI SCSI-1 specification, Section 9.15.
Required for TZK50 compatibility.

TZK50 IMPLEMENTATION NOTE

The Retention Bit will be unused by the TK50 controller. It will accept this
bit either set or cleared, but the bit will have no effect.

The load bit of zero will indicate to the controller to unload the tape into the
cartridge. The load bit set to a one will be an accepted command but will
simply position the tape to the beginning of tape. The TK50 tape can only be
loaded from the cartridge via the front panel switch. If the load bit is set to a
one and the tape has not been manually loaded, a check condition will be re-
turned and the extended sense data sense key set to NOT READY.

TZ30 IMPLEMENTATION NOTE

If a tape cartridge is inserted and the Load Bit is zero, TZ30 unloads the
tape. If this bit is one, TZ30 tries to load the tape.

Since TZ30 implement autocalibration feature, host systems do not need to
issue the LOAD command.
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9.4 MODE SELECT Command
345 ANSI SCSI-1 specification, Section 9.11.
Required for TZK50 compatibility.

34§ TZK50 and TZ30 IMPLEMENTATION NOTE

347 The speed field in the Device-Specific Parameter byte is always zero.

348 If the buffered mode field is a zero, then the controller will transfer all data
from the buffer to the tape before it reports a GOOD STATUS on a write. If
the buffered mode field is a one, the controller will report a good status on a
write command as soon as it has transferred the data into its buffer.

349 The controller will not buffer data for more than one initiator at a time.
When data for multiple commands has been buffered and there is an error
on a command, the number that is put into the information bytes in the ex-
tended sense data will be the total remaining blocks from all commands.

35(Q The following format is used for the MODE SELECT Parameter List:

Bit | 7 | € | 5 | 4 | 3 |1 2 |1 1 | o0 |
Byte | I I I l I I I |
0 | 0 | o0 | o | o | O | O | o0 | o0 |
______ '___-_—_—_—_—_—_____---——--————-————-—————————___
1 ] Number of Records (MSB) |
—————— ‘_——-———————_——-———————————————__———-———_--————__
2 | Number of Records ]
______ I__—-—-_-____———--_____—————-—____—_____________-
3 | Number of Records (LSB) |
—————— '__——————__—_—-——-——————-——-——————-————_-_-______
4 | Reserved |
______ I-——---—-——_____-____-——---—-——-~————————_—_-____
5 | Record Length (MSB) |
______ I_______—_______—____-___—___—___-_______________
6 | Record Length |
—————— |__————————__——————————————————_————-————-———————
7 | Record Length |
______ I_——_——--___—___—_____——______--_____-_______-___
8 | Vendor Unique Length ]
______ I_______——________-_--____—____-_________________
9 | VU7 | TO | Reserved |NOFEXT| NOF |

351 The controller imposes a limit on the Number of Records field in the MODE

SELECT command. It is required to set the block size from current position
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3563

to end of media. Therefore, number of records must be set to 0. Any other
value will result in a check condition response and the extended sense data
sense key to be ILLEGAL REQUEST.

The record length, if other than 0, selects fixed record mode of the specified
length. A record length of 0, indicates variable length records.

The following Vendor Unique Parameters are defined.
1. Utilizing the Mode Set command, it is possible to place the drive into a

Direct Track Access mode that allows direct specification of the desired
track. When in this mode, the tape format has a deviation from the stan-
dard. Each track is treated as a separate tape. End of track is either
BOT or EOT depending on whether it is an odd track or even track.
Block numbering begins at 0 on all tracks.

This mode of operation is specified by setting VU7 to a one. The default
mode of operation after a reset or power up is non-direct track access. If
VU7 is set to zero, a TRACK SELECT command will terminate with
CHECK CONDITION and the sense-key will be ILLEGAL REQUEST.

To ensure proper operation the following guidelines must be followed:

a. If the previous mode was direct track access and the new mode is
non-direct track access, a rewind command should be issued.

b. If the previous mode was non-direct track access and the new mode
is direct track access, a Track select command should be issued.

. To enhance the streaming capabilities of the drive between records or

when bus data rates drop below 47 Kbytes/sec (TZ50) or 45 (TZ30), it is
possible to enable writing of streaming filler blocks to keep the tape
streaming. Setting a non zero value into the NOF field enables the writ-
ing of streaming fillers. The value of NOF is the allowable number of
consecutives fillers the controller may write to enhance streaming. A
value of 0 indicates streaming fillers may not be used.

If the drive must still reposition after writing a streaming filler block po-
sitions itself to rewrite the previous written streaming filler block(s). A
gap sync block is used as the streaming filler block in this case. This
means that a streaming filler block will not be included in the ECC cal-
culation and does not count as a block within an ECC entity. The default
mode of operation and reset or power up is to disable writing of stream-
ing fillers.

. The TZ30 (only) treats the NOFEXT (Number of Filler Extension) bit as

the fourth bit of NOF field. The initiator can direct the TZ30 to use a
filler count of up to 15 by using both NOFEXT bit and the three NOF
bits.
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9.5

354

352
35

357

358

359

9.6J
36

361

361

4. If the TO bit (Ignore Reselection Time Out) bit is set, the drive never
times out when performing RESELECTION.

In summary, the default condition is:
1. Non-direct Track Access Mode

Non-buffered Data Mode

Fillers Disabled

Variable Block Size

Reselection time out is enabled

MODE SENSE Command

ANSI SCSI-1 specification, Section 9.14.
Required for TZK50 compatibility.

TZK50 and TZ30 IMPLEMENTATION NOTE
Device Specific Parameters:

The mode sense will reflect the vendor specific values as defined under the
mode select command. The mode sense data header is followed by the block
descriptors.

The write protect bit when asserted indicates that the drive has detected the
write protect tab of the cartridge to be in the position to disable writing to
the cartridge. When the write protect bit is a zero, it indicates the currently
installed cartridge may be written on.

The buffered mode field will reflect the current mode set by a mode select
command or, if a mode select command has not been issued, will be a zero to
indicate the controller is in the non buffered mode of operation. The above
values will be set as indicated under the Mode Select command.

READ Command

ANSI SCSI-1 specification, Section 9.3.
Required for SCSI-1 compatibility.

TZK50 IMPLEMENTATION NOTE

Bit 7 in Byte 5 in the vendor specific bits of the control byte is used as the
PLR (Position Lost Recovery) bit. This bit is used by intelligent host soft-
ware to allow posible recovery from a hard read error. When this bit is set,
the controller searches for the beginning of an object with a number greater
then the current object number. The host software must be able to validate
the data as no guarantee is made as to the data’s validity. The possibility

AN S
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363
364

364

366

367

36
36

370

9.7

371

exists that a read beyond end of data could be performed with this bit set. It
is highly recommended that the host not attempt any writes after a read
command with the recovery bit set has been issued.

TZ30 IMPLEMENTATION NOTE

Once the TZ30 receives READ or SPACE FORWARD command, it continues
reading without waiting for the next READ or SPACE SCSI command. Dur-
ing a series of READ or SPACE operations, the drive, in many cases, will
therefore read the data before receiving the new READ or SPACE command.
This feature improves the TZ30 drive performance.

If the TZ30 has performed an ECC recovery process in reading and has com-
pleted the command successfully, it returns check condition status. The
drive reports this status by sending the RECOVERED ERROR sense key
with the "correctable ECC error" additional sense byte. The TZ30 reports
"correctable ECC error” every time it detects 20 correctable ECC errors.

The Position Lost Recovery (PLR) bit is used by intelligent host software to
allow possible recovery from a hard read error. When this bit is set, the con-
troller tries to search for the beginning of an object with a number greater
than the current object number where the hard read error was detected. The
host software must be able to validate the data read by a READ command
which PLR set. The possibility exists that a read beyond end of data could be
performed with this bit set.

It is highly recommended that the host not attempt any writes after a read
command with the PLR bit set has been issued.

The DMYRED bit is located as follows.

If the DMYRED (Dummy Read) bit is set, TZ30 executes dummy read opera-
tion. This is, TZ30 sends the fixed 512 byte data in the internal buffer in the
TZ30 controller to the host buffer instead of read data on the tape. If the bit
is set, TZ30 ignores all the other parameters in the command. This function-
ality in conjunction with dummy write facilitates to execute SCSI bus loop
back test for the initiator’s SCSI control hardware.

The TZ30 does not support the READ REVERSE command because it is un-
able to read the tape in reverse. The TZ30 terminates this command with
Check-condition. As the response for the next request-sense command, the
TZ30 returns the ILLEGAL REQUEST sense key with SCSI INVALID
COMMAND error code in the additional sense byte.

READ BLOCK LIMITS Command

ANSI SCSI-2 specification, Section 9.2.5.
Required for TZ30 compatibility.
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9.8 RECEIVE DIAGNOSTIC RESULTS Command

372 ANSI SCSI-1 specification, Section 7.1.5.
Required for TZ30 compatibility.

9.9J RELEASE UNIT Command

373 ANSI SCSI-1 specification, Section 9.12.2.

Required for CCS compatibility.

9.10 REQUEST SENSE Command
374 Required for all devices. See Chapter 7.

9.11 RESERVE UNIT Command

375 ANSI SCSI-1 specification, Section 9.12.1.
Required for CCS compatibility.

376 TZK50 IMPLEMENTATION NOTE

3771 The Third Party bit is used to indicate that the initiator is reserving the
TK50 for exclusive use by another SCSI device. When this bit is set, the fol-
lowing apply.

1. The TK50 controller will honor the RELEASE UNIT command only from

the initiator that originally issued the RESERVE UNIT command. A

| RELEASE UNIT command from all other initiators will terminate with
good status but will not release the unit.

2. The TK50 controller will still accept a BUS DEVICE RESET command
from any initiator.

3. The TK50 controller returns RESERVATION CONFLICT status for
other commands issued by initiators other than the one specified in the
third party device ID except for any RELEASE UNIT command, or a
RESERVE UNIT command from the initiator that originally issued the

I RESERVE UNIT command.

4. The Third Party Device ID is the SCSI bus address of the unit the con-
troller is being reserved for if the third party bit is set.

| 5. The TZK50 will support superceding reservations. If, while reserved, an-
other RESERVE UNIT command is received from the initiator originally
issuing the reserve unit command currently in effect, the new command
will supercede the previous reservation.

378 TZ30 IMPLEMENTATION NOTE
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373 The TZ30 supports the third party release option.

38 The Third Party Device ID field is ID of the third party device.

381 If the unit is reserved, when TZ30 receives the RESERVE UNIT command
from an initiator when the drive is not in operation, the drive becomes "re-
served". This state lasts until the drive receives the RELEASE UNIT com-
mand from the same initiator.

383 While reserved, any SCSI command (except for RELEASE UNIT) received
by the device from another initiator completes with the "reservation conflict"
status.

383 The RELEASE UNIT command from another initiator when the drive is re-
served will be ignored and completes with good status.

384 If the unit is not reserved, commands that the drive receives from any initia-
tor will be processed as long as the drive is not already performing a com-
mand operation.

384 If an initiator sends a command to the drive while it is processing a SCSI
command, other than a RESERVE UNIT command, which will be queued, or
a RELEASE UNIT command, which will be just ignored as described in the
previous section, then the command is rejected with busy status.

9.12 REWIND Command

386 ANSI SCSI-1 specification, Section 9.1.
Required for SCSI-1 compatibility.

387 TZK50 IMPLEMENTATION NOTE

384 When the controller has been placed in the direct track access mode by a
mode select command, a rewind command will mean to position the tape at
the beginning of track as opposed to the beginning of tape.

389 When the controller has been placed in the direct access mode of operation,
although it will accept a rewind command with the immediate bit set, it will
not return status until after the command has completed.

390 TZ30 IMPLEMENTATION NOTE

39] When the controller has been placed in the direct track access mode by a

9.18

mode select command, a rewind command will mean to position the tape at
the beginning of track as opposed to the beginning of tape.

SEND DIAGNOSTIC Command
Required for all devices. See Chapter 7.
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409

9.15

403
404

SPACE Command

ANSI SCSI-1 specification, Section 9.8.
Required for TZK50 compatibility.

TZK50 IMPLEMENTATION NOTE

In the code field of the SPACE command, a code of (02H) will not be sup-
ported. If this code is set, the controller will return the sense key to ILLE-
GAL REQUEST and return a status of check condition.

TZ30 IMPLEMENTATION NOTE

If the drive receives READ or SPACE FORWARD command, it continues
reading without waiting for the next READ or SPACE SCSI command. Dur-
ing a series of READ or SPACE operations, the drive, in many cases, will
therefore read the data before receiving the new READ or SPACE command.
This feature improves the TZ30 drive performance.

The code specifies what is to be counted when spacing.

A code of (00H) indicates to count records when spacing. If a filemark is en-
countered when spacing over records, the tape is positioned on the end of
tape (EOT) side of the filemarks if spacing forward and on the beginning of
tape (BOT) side if spacing in reverse. The command terminates with check
condition status. The response for the next REQUEST SENSE will be NO
SENSE with both filemark and ILI bits set in the extended sense data. The
valid bit will also be set. The information bytes of the sense data will be set
to the difference between the requested number of records to be spaced and
the actual number of records spaced.

A code of (01H) indicates to count filemarks while spacing. THe position is
on the EOT side of the Nth filemark if spacing forward and on the BOT side
if spacing in reverse.

A code of (02H) is not supported. If this code is set, the controller sets the
sense key to ILLEGAL REQUEST and returns a status of check condition.

If the physical end of tape is encountered during a SPACE command with a
code of (03H), the controller issues a check condition status, sets the EOM
bit, and sets the extended sense key to Medium Error.

TEST UNIT READY Command

Required for all devices. See Chapter 7.

The device shall return CHECK CONDITION with NOT READY sense key
as the response for this command in any of the following cases.

1. The device is rewinding the tape as the result of a REWIND command
with the IMMEDIATE bit set.

DIGITAL RESTRICTED DISTRIBUTION Page 9-8




Digital SCSI Specification 0.1.7 - April 18, 1990

9.1

40
404
407

404

409

41(
411

41

9.1
413

414
411

416

2. The device is loading or unloading tape as the result of a LOAD or UN-
LOAD command with the IMMEDIATE bit set.

3. The device is executing tape loading, unloading, or calibration as the re-
sult of an automatic calibration sequence.

4. No tape cartridge is loaded into the device.

WRITE Command

ANSI SCSI-1 specification, Section 9.4.
Required for SCSI-1 compatibility.

Storage devices shall not enter the STATUS phase following a WRITE com-
mand until the data has been written to nonvolatile media.

TZK50 and TZ30 IMPLEMENTATION NOTE

If the TK50 controller receives a request to write a record that is less than
512 Bytes, it will fill the remaining bytes in the block with zeros. These
bytes are considered used and will not be filled on subsequent writes.

If the controller receives a write request that does not fill an ECC entity, it
will write filler blocks for the remaining blocks. These blocks are to be con-
sidered empty and to be filled with data on subsequent writes and the ECC
blocks be recalculated and rewritten.

TZ30 IMPLEMENTATION NOTE

If the DMYWRT (Dummy Write) bit is set, TZ30 executes dummy write op-
eration. This is, TZ30 pulls out the fixed 512 byte data from the host buffer
and stores them into the controller’s internal buffer instead of actually write
them on the tape. If the bit is set, TZ30 ignores all the other parameters in
the command. This functionality in conjunction with dummy read facilitates
to execute SCSI bus loop back test for the initiator’s SCSI control hardware.

[Ando: DMYWRT and DMYRED bits are the 6th bit of the control byte. Pic-
ture needed.] '

WRITE FILEMARKS Command

ANSI SCSI-1 specification, Section 9.7.
Required for SCSI-1 compatibility.

TZK50 IMPLEMENTATION NOTE

The TK50 controller imposes a limit of 65535 filemarks for a WRITE FILE-
MARK command. Therefore the Number of Filemarks (MSB) is always a
zero.

TZ30 IMPLEMENTATION NOTE
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418

In conflict with the ANSI SCSI specification, the TZ30 treats a single
WRITE FILEMARKS command as a buffered mode write operation. During
buffered mode operation, the TZ30 returns the command status as soon as it
receives the command without waiting for the filemarks to be actually writ-
ten on the tape. Two consecutive WRITE FILEMARKS commands termi-
nates the buffered mode, causing two consecutive WRITE FILEMARKS to
be written on the tape. Status is returned after the completion of writing the
second filemark.

Also, when the accumulated number of filemarks on a tape becomes more
than 65535 in the WRITE FILEMARKS command, the TZ30 generates
check condition status. The sense key is VOLUME OVERFLOW with a tape
mark overflow error additional sense byte. (Refer to the TZ30 ERROR
SPECIFICATION for more detail.)
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Chapter 10
Commands for Printer Devices

419 All printer devices shall implement the SCSI-1 mandatory commands for
printer devices.

420 No additional requirements have been identified.
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430

Chapter 11
Processor Devices

All processor devices shall support the SCSI-1 mandatory commands for
processor devices.

Restrictions Applicable to All Processors

Required for compatibility with all Digital implementations.
The fast synchronous transfer option is not supported on any Digital device.

Any device may operate as an initiator for the purpose of selecting and send-
ing a command to the processor in a single processor configuration.

Any device may operate as an initiator for the purpose of selecting and send-
ing a command to the primary processor in a multi-processor configuration.

Devices may not select or issue commands to any other device on the bus.

Restrictions Applicable to Processors Using VMS

Required for compatibility with all Digital implementations.

On VAX/VMS systems, the maximum data transfer size is 64 kilobytes. If a
device needs to transfer more than this amount of data, the device must al-
low the data to be returned in multiple SCSI commands. A single SCSI com-
mand cannot transfer more than the maximum amount of data.

For performance reasons, the device should only transfer 16 kilobytes per
command.

Restrictions Applicable to Processors Using Ultrix
None identified yet.

Restrictions Applicable to Processors Using
MS-DOS

None identified yet.
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Chapter 12
Write-Once Devices

431 All write-once optical devices shall support the SCSI-1 mandatory com-
mands for write-once optical devices.

432 No additional requirements have been identified.
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Chapter 13
CD-ROM Devices

433 All CD-ROM devices shall support the SCSI-1 mandatory commands for CD-
ROM devices.

434 No additional requirements have been identified. I just got a copy of the
RRDA40 spec today. Don Blair suggests that Chapter 8 be customized to note
the specific cdrom issues.
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Chapter 14
Scanner Devices

435 All scanner devices shall support the SCSI-1 mandatory commands for scan-
ner devices.

436 No additional requirements have been identified.

DIGITAL RESTRICTED DISTRIBUTION Page 14-1




-

-

Digital SCSI Specification 0.1.7 - April 18, 1990

- Chapter 15
Optical Memory Devices

437 All optical memory devices shall support the SCSI-1 mandatory commands
for optical memory devices.

438 No additional requirements have been identified.
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Chapter 16
Medium Changer Devices

439  All medium changer devices devices shall support the SCSI-1 mandatory
commands for medium changer devices

440 No additional requirements have been identified.
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Chapter 17
Communication Devices

441 All communication devices shall support the SCSI-1 mandatory commands
for communication devices.

442 No additional requirements have been identified.
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Appendix A
Power Sequencing Protocol

A.1 Power On Protocols—Initialization Procedure
443 Required for compatibility with all Digital implementations.

444 The device must meet the following requirements after it is powered on.

1. Within 5 seconds of power on, the device must be able to respond to a
SCSI bus selection so that the operating system knows that there is an
active device at this SCSI ID. However, the device is permitted to return
any of the following errors until it is ready for normal operation.

a. BUSY status.

b. Check Condition status, followed by NOT READY sense key in re-
sponse to the next REQUEST SENSE command.

c. CHECK CONDITION status, followed by UNIT ATTENTION sense
key in response to the next REQUEST SENSE command. (Note that
UNIT ATTENTION may only be returned once per power-
up/busreset, as described in SCSI-1.)

2. Within 15 seconds of power-on, the device must be able to successfully
complete an INQUIRY command so that the device may be identified.

3. Devices must be able to respond to normal commands from an initiator
within 30 seconds of power-on.

443 After power has first been supplied to a device, power shall be continuously
supplied for the duration of bus operation.

444 Devices shall not be disconnected from the bus when power is applied.
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Appendix B
Exceptions
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C.1

44F

C.2

444

C3

449

Appendix C
Device Specific Parameters

The following device parameters are included for reference only.

Disk Device Specific Information

This section contains additional information pertaining to disk devices sold
by Digital.

Device Formatted Capacity Form Factor

RZ22 52 MBytes half height 3.5 inch
RZ23 104 MBytes half height 3.5 inch
RZ55 332 MBytes full height 5.25 inch
RZ56 665 MBytes full height 5.25 inch

Tape Device Specific Information

This section contains the detailed information pertaining to the specific se-
quential devices sold by Digital.

Device Formatted Capacity Form Factor
TZ30 96 MBytes half height 5.25 inch
TZK50 96 MBytes full height 5.25 inch

Processor Device Specific Information

The following modes of data transfer are supported by the various Digital
processors that support SCSI devices.

System Data Transfer Mode
VAXstation 3100/3150 Asynchronous
MicroVAX 3100/3150 Asynchronous
VAXserver 3100/3150 Asynchronous
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VAXstation 3520/3540

DECstation 2100
DECstation 3100
DECsystem 3150
DECstation 210
DECstation 316
DECstation 320

0.1.7 - April 18, 1990

Asynchronous and Synchronous

(do not support AEN)
Synchronous
Synchronous
Synchronous
Asynchronous
Asynchronous

Asynchronous

450 Whether the processor supports synchronous or asynchronous mode is deter-
mined by the type of SCSI interface chip used. The currently used chips are

as follows.
Chip

NCR 5380
NCR 53C9%4
SII

Data Transfer Mode

Asynchronous
Synchronous
Synchronous

C.4 CDROM Device Specific Information

451 This section contains the detailed information pertaining to the specific

CD-ROM devices sold by Digital.
Device Formatted Capacity Form Factor
RRD40 600 MBytes half height 5.25 inch
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