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HP Series 6000 Models 335H, 670H, 670XP, 670FL, and 1.34FL

Printing History

New editions incorporate all update material since the previous edition.
Updating Supplements, which are issued between editions, contain additional
and revised information to be incorporated into the manual by the user. The
date on the title page changes only when a new edition is published.

Edition 1 February 1990
Edition 2 November 1990

Safety Symbols and Conventions
The following conventions are used throughout this manual:

m Jtalic is used for emphasis, and also for manual titles and diskette names.

Note Notes contain important information set off from the text.
Caution Caution messages indicate procedures which, if not observed,
could result in damage to equipment. Do not proceed beyond
‘ a CAUTION sign until the indicated conditions are fully
understood and met.
Warning Warning messages indicate procedures or practices which, if
not observed, could result in personal injury. Do not proceed
a beyond a WARNING sign until the indicated conditions are fully

understood and met.
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About This Manual

This manual provides detailed technical information about the following models
of the HP Series 6000 disk storage systems:

335H (product number C2200A)
670H (product number C2203A)
670XP (product number C2202A)
670FL (product number C2201A)
1.34FL (product number C2204A)

This manual is intended for service-trained HP Customer Engineers and others
involved in the service and support of these products. It is assumed the reader
has been properly trained and is familiar with the installation, operation, and
service of these products.

This manual should be inserted into handbook binder part number 9282-0683.
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FCC Statement
FOR U.S.A. ONLY

The Federal Communications Commission (in 47 CFR 15.105) has specified
that the following notice be brought to the attention of the users of this
product.

FEDERAL COMMUNICATIONS COMMISSION RADIO FREQUENCY
INTERFERENCE STATEMENT

Note: This equipment has been tested and found to comply with the limits for
a Class A digital device, pursuant to Part 15 of the FCC Rules. These limits
are designed to provide reasonable protection against harmful interference
when the equipment is operated in a commercial environment. This equipment
generates, uses, and can radiate radio frequency energy and, if not installed
and used in accordance with the instructions manual, may cause harmful
interference to radio communications. Operation of this equipment in a
residential area is likely to cause harmful interference in which case the user
will be required to correct the interference at his own expense.

The end user of this product should be aware that any changes or modifications
made to this equipment without the approval of Hewlett-Packard could result
in the product not meeting the Class A limits, in which case the FCC could
void the user’s authority to operate the equipment.
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FTZ Statements

FUNKENTSTORUNGSVORSCHRIFTEN
FUR DEUTSCHLAND
HERSTELLERBESCHEINIGUNG

Hiermit wird bescheinigt, da das Gerat in Ubereinstimmung mit den
Bestimmungen von Postverfiigung 1046/84 funkentstdrt ist. Der Deutschen
Bundespost wurde das Inverkehrbringen dieses Gerites angezeigt und die
Berechtigung zur ﬁberprﬁfung der Serie auf Einhaltung der Bestimmungen
eingerdumt.

Wird das Gerit innerhalb eines Systems betrieben, so muf bei
Inanspruchnahme der Allgemeinen Genehmigung FTZ 1046/84 das gesamte
System der oben genannten Genehmigung entsprechen. Wird das Gerat
innerhalb eines Systems betrieben das mit einer FTZ-Serienprifnummer
gekennzeichnet ist, und fiir welches eine Betriebsgenehmigung vorliegt oder
beantragt wird, so sind in der Regel keine weiteren Schritte notwendig.

ELECTROMAGNETIC INTERFERENCE REGULATIONS
FOR GERMANY
MANUFACTURER’S DECLARATION

This is to certify that the equipment is in accordance with the Radio
Interference Requirements of Directive FTZ 1046/84. The German Bundespost
was notified that this equipment was put into circulation and the right to check
the series for compliance with the requirements was granted.

If this equipment is to be operated with a system, and if the General License is
being claimed, the complete system must comply with the General Licensing
requirements. If this equipment is to be operated with a system which has its
own FTZ-Serial-License, and for which an operating license has been submitted
or applied, usually no further steps are necessary.
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VCCI Statements
FOR JAPAN ONLY

COEEIZ, BLEEHEE (ETHEX I zoME Ltiicso TR
ENHZXEIEHESR) TETHH TOBHBEEMIEEEMN & Lo FHLEEE
EREEEAERMNHES (VCCD) BEICEALTEDE T,

LhL, REEEX 7 V4, FLEvas v REBICGEELTIERICKE S &,
ZEBEORKNEILBIILEEHD T T,

MBHHBZE > TIELVROBOAZLTFS 0,

This apparatus is a class 2 ITE (information apparatus which may be used in
residential and adjacent areas) which meets the VCCI standards to prevent
radio interference in residential and adjacent areas. However, this apparatus
may become a source of radio interference if used within close range of radio
or television receivers. To ensure compliance, this apparatus must be operated
according to instructions included with the product.

Communication Statement For Canada Only

This digital apparatus does not exceed the Class A limits for radio noise
emissions from digital apparatus as set out in the radio interference regulations
of the Canadian Department of Communications.

Le présent appareil numérique n’émet pas de bruits radioélectriques dépassant
les limites applicables aux appareils numériques de Classe A prescrites dans

le réglement sur le brouillage radioélectrique édicté par le Ministére des
Communications du Canada.
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Product Information

Product Description
The product features include:

= HP 335H: 335-megabyte capacity with standard HP-IB controller
m HP 670H: 670-megabyte capacity with standard HP-IB controller
m HP 670XP: 670-megabyte capacity with HP-IB cache controller
m HP 670FL: 670-megabyte capacity with HP-FL controller

m HP 1.34FL: 1.34-gigabyte capacity with HP-FL controller

w 5.25-inch Winchester disk mechanism

m Integrated controller and power supply

w 17 millisecond average seek time

w Thin-film heads

w Built-in diagnostics

Parts Supplied
The following parts are supplied with the standard disk storage system:

m A product owner’s manual

m Power cord

u 1-meter HP-IB cable, part no. 8120-3445 (models 335H, 670H, and 670XP)
w 807-mm PBus cable, part no. 5061-3174 (models 670FL and 1.34FL)

Note A 1008-mm PBus cable (5061-3197) is available for connecting
92211Y or 19511A cabinets together. There is no PBus cable

# available for connecting any other cabinet configurations
together.
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Documentation

In addition to the owner’s manual included with each disk storage system, the
following documentation is also available:

m HP Series 6000 Disk Storage Systems Installation Guide, Models 335H, 670H,
and 670X P, part number C2200-90902. This guide is included with each
HP-IB product.

u CF Service Handbook for HP Series 6000 Disk Storage Systems , Models
335H, 670H, 670X P, 670FL, and 1.34FL,HP part number C2200-90905 (this
manual).

m Disk Product Specifications and Site Environmental Requirements, part
number 5955-3456.

Accessories
The following accessories are available:

m HP C2205A HP-IB Cache Controller Upgrade Kit - converts a 670H to a
670XP by replacing the standard HP-IB controller PCA with a cache HP-IB
controller PCA.

m HP C2206A HP-FL Controller Upgrade Kit - converts a 670H or 670XP to a
670FL by replacing the HP-IB interface controller PCA with an HP-FL fiber
optic interface controller PCA.

Note There are no accessories available to add a second disk
mechanism to a single mechanism disk storage system. The

i 1.34FL (C2204A) is the only supported dual-mechanism
product.

1-2 Product Information



HP Series 6000 Models 335H, 670H, 670XP, 670FL, and 1.34FL

Options
m 1BG - Delete fiber optic interface circuitry from 670FL and 1.34FL disk
storage systems.

m 0D4 - Delete CE installation for H- and XP-model disk storage systems. This
option allows customers familiar with HP-IB to install their own disk storage
systems. This option is not available on FL-model disk storage systems.

m AAM - Media retention option for products on HP service contracts. If
the disk mechanism fails while under contract, then the customer retains
the mechanism. This option is available for customers who store highly
confidential data.

= The local language options for owner’s documentation are
o ABJ - Japanese
o ABF - French
o ABD -German

Cabinets

The following four cabinet configurations are approved for mounting the

disk storage systems. If the disk storage systems are installed in any other
cabinets than those listed, the customer assumes the responsibility for ensuring
the cabinet configuration meets the necessary environmental and regulatory
requirements.

m HP 46299A - up to eight disk storage systems can be mounted in this 63-inch
(1600-mm) high, 19-inch EIA cabinet. The cabinet includes eight HP 35199C
rack adapter kits, a PDU, and eight power cords.

s HP 92211Y - this product accommodates up to four disk storage systems and
includes an HP 92211R Design Plus cabinet, an HP 922118 rack mounting
kit, a PDU, and four power cords.

m HP 19514A - up to eight disk storage systems can be mounted in this
cabinet. An HP 92211Q rack adapter kit is required to mount each disk
storage system.
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m HP 19511A - up to two disk storage systems can be mounted in this cabinet.

The HP 922118 rack mounting kit is used to mount the disk storage systems.
Two rack adapter kits are available for mounting the disk storage systems.

m HP 92211Q Rack Adapter Kit - used to mount one disk storage system in an
HP 19514A cabinet.

m HP 35199C Rack Adapter Kit - used to mount one disk storage system in the
HP 46299A cabinet.

Packaging Material
The following items are used to repackage the disk storage system:

m Shipping carton, part no. C2200-80017
w Foam cushions (2 pieces), part no. C2200-80016
® Anti-static plastic bag, part no. 9222-1030

Support Strategy

The product is designed to be repaired on-site to the field replaceable
assembly (FRA) level. The internal self-test and limited number of replaceable
assemblies allow the product to be repaired and returned to service quickly.
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Operating Specifications

The operating specifications and characteristics for the disk storage systems are
included in the product owner’s manual and the Disk Product Specifications
and Site Environmental Requirements, part number 5955-3456.

Product Support Package
Table 1-1 lists the contents of the recommended Product Support Package.

Table 1-1. Product Support Package Contents

Part No. Description

5960-0153 | CS80DISK Diagnostic Reference Manual
9300-1155 | Field Service Grounding Kit
8710-1426 | TORX" Field Kit
07937-60192 | PBus Connector Box
5061-3151 PBus Terminators
HFBR-3020 |HP-FL Fiber Optic Loopback Cable

*TORX is a product of the Camcar Division of Textron, Inc.
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Introduction

This chapter provides information on the environmental, installation, and
preventive maintenance requirements of the disk storage system.

Environmental Requirements

The operating specifications and characteristics for the disk storage systems are
included in the product owner’s manual and the Disk Product Specifications
and Site Environmental Requirements, part number 5955-3456.

Preinstallation

The following paragraphs describe the steps that must be performed before
installing the disk storage system.

Unpacking and Inspecting the Disk Storage System

Before unpacking the disk storage system, inspect the shipping carton carefully
for any signs of damage or mishandling that may have occurred during
shipping. If you suspect that damage may have occurred during shipping,
request that the carrier’s agent be present when the disk storage system is
unpacked. An unpacking sheet included in the shipping carton shows how the
disk storage system is unpacked and the contents of the shipping carton.
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After unpacking the disk storage system, inspect it carefully for any signs of
damage that may have occurred in shipment. If any damage is evident, contact
the local Hewlett-Packard Sales Office and the carrier involved.

Note Keep the packing material in case it should ever become
# necessary to repack the disk storage system for shipment.

In addition to the drive itself, the package also contains an interface cable
(HP-IB or PBus), a power cord, and user documentation.

Handling the Disk Storage System

To avoid accidentally damaging the disk storage system during installation,
observe the following precautions:

s When moving the disk storage system to its installation site, avoid any
sudden or jarring movements. The disk storage system can be placed back
into its original packing container to provide protection when moving.

m During installation, avoid dropping or bumping the disk storage system. A
sudden mechanical shock can damage it.

a The installation of FL-model disk storage systems requires handling the
HP-FL controller PCA. Remember to take all necessary precautions
regarding static electricity. Use the field service grounding kit (p/n
9300-1155) to provide the proper protection. The HP-FL controller PCA and
the disk mechanism are highly sensitive to electrostatic discharge (ESD) and
may be damaged if the proper precautions are not taken.

Serial Number

Locate the serial number on the rear panel of the disk storage system and
record the number in the product owner’s manual.
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Cabinet Mounting the Disk Storage System

The following paragraphs contain information on mounting the disk storage
system in the four approved cabinets. Refer to the appropriate information for
the cabinet that will be used. If the disk storage system will not be installed in
a cabinet, skip this section.

Note m The four cabinets included here have been fully tested and
found to comply with the necessary environmental and
i regulatory requirements. To ensure compliance with UL

Listing and CSA Certification requirements, only HP Series
6000 Disk Storage Systems may be installed in the cabinet.

= If using a cabinet other than the four listed below, make
sure the cabinet meets the necessary regulatory and
environmental requirements. The regulatory requirements
are listed at the front of this manual. In addition, factors
such as temperature, electromagnetic interference (EMI),
and adequate power distribution must be considered before
installing the disk storage system in an unapproved cabinet.
A complete regulatory evaluation of the proposed cabinet
configuration is strongly recommended.

u Some Hewlett-Packard computer systems include their own
cabinets which may be approved for mounting the disk
storage systems. Consult the system documentation for
approved cabinet configurations.

HP 46299A Cabinet

The HP 46299A Cabinet has been designed to accommodate eight disk storage
systems. Eight HP 35199C Rack Adapters have been installed in the cabinet in
the proper positions. The first adapter mounting tray is installed in the 170
hole down from the top, and the remaining mounting trays are installed in
every 9" hole.
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Warning To ensure cabinet stability, the leveling feet on the cabinet must

be lowered before installing the disk storage systems. Also, do
a not transport the cabinet with disk storage systems installed.
Moving a fully loaded cabinet could cause it to tip over.

To install each disk storage system, perform the following steps.

1.
2.
3.

Open the cabinet front door.
Loosen the two screws securing each flange to the cabinet. See Figure 2-1.

Slide the flanges aside so they will not interfere when putting the disk
storage system into the cabinet. Tighten the flange mounting screws just
enough to hold them out of the way.

. Carefully set the disk storage system on the mounting tray and slide it back

until it contacts the stop at the rear of the tray.

. Loosen the flange mounting screws and slide the flanges up against the disk

storage system. The flanges fit into the groove directly behind the front
panel. See Figure 2-1. If necessary, slide the disk storage system forward
slightly until the flanges are aligned properly.

. Tighten the two mounting screws on each flange to hold the disk storage

system in place.
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HP 92211Y Cabinet

The HP 92211Y Cabinet has been designed to accommodate four disk storage
systems. The disk storage systems are installed using the HP 92211S Mounting
Rail Kit. The kit mounting rails have already been installed in the cabinet in
the proper positions. The instructions for installing the disk storage system

are included with the remaining pieces of the mounting kit. Follow these
instructions, but skip the steps involving the installation of the rails.

Caution The installation instructions included with HP 922118
Mounting Rail Kit tell you to turn the product upside-down
‘ and remove the feet, The disk storage system does not have

feet that need to be removed. Never turn the disk storage
upside-down or it may be damaged.

To accommodate four disk storage systems, the mounting rails have been
installed in the proper hole positions in the cabinet upright posts. These hole
positions, counting from the bottom of the cabinet, are:

w3
w8
s 13
m 18

HP 19514A Cabinet

Up to eight disk storage systems can be installed in this cabinet. An HP
92211Q Rack Adapter kit is required to mount each disk storage system.
Complete instructions for mounting the disk storage system in the HP 19514A
Cabinet are included with the HP 92211Q kit.
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HP 19511A Cabinet

Up to two disk storage systems can be installed in this cabinet. The disk
storage systems are installed using the HP 92211S Mounting Rail Kit, which
includes complete mounting instructions.

To position the disk storage systems properly in the HP 19511A Cabinet, the
rails included with the kit must be installed in the proper hole positions in the
cabinet upright posts. These hole positions, counting from the bottom of the
cabinet, are:

m4
m 15
Caution The installation instructions included with HP 922118
Mounting Rail Kit tell you to turn the product upside-down
‘ and remove the feet. The disk storage system does not have

feet that need to be removed. Never turn the disk storage
upside-down or it may be damaged.
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Connecting the Disk Storage System to AC Power

Warning m The ac branch service must be properly current protected by
either a fuse or circuit breaker.
a m Use only a UL/CSA approved power cord, SVT type, rated for

suitable voltage and current. These power cords have two
conductors plus a ground. Failure to use the proper power
cord could result in a shock or fire hazard.

The method of connecting the disk storage system to ac power varies slightly
depending on whether the disk storage system is being installed in a cabinet.
Use the following list to determine how to connect the ac power cord for each
cabinet configuration.

m No cabinet - use the power cord supplied with the disk storage system to
connect to an ac power outlet.

m HP 19511A cabinet - use the power cord supplied with the disk storage
system to connect to an ac power outlet.

m HP 92211Y cabinet - use one of the power cords supplied with the cabinet
to connect the disk storage system to the power strip in the cabinet. Use
the power cord supplied with the disk storage system to connect the cabinet
power strip to an ac power outlet.

m HP 46299A cabinet - use one of the power cords supplied with the cabinet
to connect the disk storage system to the PDU in the cabinet. Instructions
for connecting the PDU power cord are included with the cabinet. If the
disk storage system has a voltage select switch, the switch must be set to the
240V position.
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Warning = Due to high leakage current, reliable ground circuit continuity
is vital for safe operation of the HP 46299A Cabinet. Never
g operate the cabinet with the ground conductor disconnected.

If there is any doubt about the integrity of the ground provided
by the supply circuit, a redundant ground path should be
created. An additional grounding terminal is installed at the
base of the left rear cabinet column for this purpose. See
Figure 2-2. To create a redundant ground path, connect a
conductor (12 AWG minimum) from the grounding terminal to

a reliable earth ground. Do not use conduit as the grounding
conductor because electrical shock can result if the ground
conductor opens.

= When installing the disk storage system in an HP 46299A
cabinet, make sure the power cables are routed properly to
avoid any pinching or binding when the cabinet door is closed.
The proper routing of the power cords is shown in Figure 2-2.

Route the disk storage system power cords inside the left rear cabinet
column. The four power cords from the upper half of the cabinet should be
routed down through the top and center cable clamps and then to the PDU.
The four power cords from the lower half of the cabinet should be routed up
through the bottom and center cable clamps and then to the PDU. Proper
cable routing is shown in Figure 2-2.

m HP 19514A cabinet - use one of the power cords supplied with the cabinet to
connect the disk storage system to the PDU in the cabinet.

m Other cabinets - follow the instructions included with the cabinet to
determine how to connect the ac power cord.
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Figure 2-2, Routing Power Cords in an HP 46299A Cabinet

3. PDU

1. Power cords

4. Redundant ground terminal

2. Cable clamps

2-10 Environmental/Installation/PM



HP Series 6000 Models 335H, 670H, 670XP, 670FL, and 1.34FL

Installing HP-IB Disk Storage Systems

This section contains detailed instructions for installing model 335H, 670H, and
670XP Disk Storage Systems.

Parts Required For Installation
The following items are required to install HP-IB disk storage systems:
m HP-IB cable - supplied with the disk storage system.

s Power cord - supplied with the disk storage system.

Controls and Connectors

The various controls and connectors used during installation of an HP-IB disk
storage system are shown in Figure 2-3 and Figure 2-4. Use the figures to
locate the corresponding parts on the disk storage system.
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HP Series 6000

Figure 2-3. HP-IB Front Panel

1. LINE ~ switch 2. Status display
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Figure 2-4. HP-IB Rear Panel

1. Address switch 4. Power cord connector
2. HP-IB connector 5. Voltage select switch !
3. Fuse! 6. Serial Number

1A fuse and voltage select switch are not included on disk storage systems
equipped with an automatic ranging power supply.
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Connecting the HP-IB Cable

Note The HP-IB has certain cabling restrictions that must be
observed when connecting any component to the bus. These
d restrictions and other technical information on HP-IB are

included in the product owner’s manual.

1. Switch off power to all components connected to the HP-IB.

2. Locate the HP-IB cable supplied with the disk storage system, or use a
suitable alternative.

3. Connect one end of the HP-IB cable to the HP-IB connector on the rear of
the disk storage system.

4. Connect the other end of the HP-IB cable to the computer system HP-IB.
5. Set the address switch to the desired HP-IB address.
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Connecting the AC Power Cord

Before connecting the ac power cord, refer to “Connecting the Disk Storage
System to AC Power” in this chapter to determine how the power cord is
connected for your cabinet configuration.

1. Check the LINE™ switch on the front of the disk storage system and make
sure it is in the 0 (OFF) position.

Note Disk storage systems equipped with an automatic ranging
power supply do not have a voltage select switch. This type of
d power supply automatically adjusts itself to operate on either of

the voltage ranges listed in step 2.

2. If the disk storage system has a voltage select switch, check the switch and
make sure it is set for the available ac line voltage. Set the voltage select
switch according to the following information:

If the input Set the switch

voltage range is: to this setting:
100 V to 120 V, 50 or 60 Hz 120V
200 V to 240 V, 50 or 60 Hz 240V

3. Locate the power cord you will use to connect to ac power.

4. Connect the power cord to the power cord connector on the rear of the disk
storage system.

5. Plug the power cord into the appropriate ac power outlet.
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Power-On Checkout

Caution m If the disk storage system has been exposed to temperature
extremes, allow two hours for the disk storage system to
‘ stabilize at room temperature and humidity before operating

it. Operating a disk storage system that is either very cold or
very hot could damage it.

m Following the installation of a HP C2205A Cache Controller
Upgrade Kit, the cache memory must be initialized before
performing a power-on checkout. Refer to “Initializing 670XP
Disk Storage System Cache Memory” for instructions on
initializing the cache memory.

1. Switch the disk storage system power on by setting the LINE™ switch to the
1 (ON) position.
2. Wait for the disk storage system to complete its internal self-test. The

self-test takes about 30 seconds to complete for a 335H or a 670H, and
about 60 seconds for a 670XP.

3. Check the status display. The green LED should be on and the amber LED
should be off, indicating a successful self-test.

If the status display indicates the self-test was successful, the disk storage
system is now ready for use.

If the disk storage system experienced a problem during the power-on self-test,
the front panel status display will indicate something other than a successful
test. Use Table 2-2 to determine the type of problem that occurred.

2-16 Environmental/Installation/PM



HP Series 6000 Models 335H, 670H, 670XP, 670FL, and 1.34FL

Note On drives with serial prefixes earlier than 3046, certain self-test
failures are not indicated on the status display. When such
i a failure occurs, the status display indicates that the drive is

ready. Drives with serial prefix 3046 and later have updated
diagnostic firmware that corrects this problem. On these drives,
all self-test failures are indicated on the status display.

Although you should be aware of this problem, it is not serious
enough to warrant a mandatory firmware update. The only
situation in which you may want to consider updating the
firmware is when troubleshooting a drive. The part numbers for
the updated firmware are listed in Table 2-1. The firmware is
located on the HP-IB or HP-FL controller PCA.

Table 2-1. Updated Firmware

Model Original Firmware Updated Firmware
335H, 670H C2200-89070 C2200-89080
C2200-89071 C2200-89081
670XP C2202-89070 2202-89080
C2202-89071 C2202-89081
670FL, 1.34FL C2201-89050 C2201-893060
C2201-89051 C2201-89061
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Table 2-2. Status Display Indications

Amber

Green

Disk Storage System Status

Off

off

off

Off

off

Flashing

NO POWER. There is no ac power to the disk storage
system. If the disk storage system is connected to ac power
and the "LINE switch is in the 1 (ON) position, the problem
may be a fuse or a failure of the internal power supply.

READY. The disk storage system has passed its self-test and
is ready to communicate with the computer. This is normal
operating status for the disk storage system.

SELF-TEST FAILURE. The disk storage system failed its
self-test. The failure was most likely caused by something
other than the controller PCA.

BAD CONTROLLER PCA. The disk storage system failed
its self-test due to a problem with the controller PCA.

DISK ACTIVE. The disk storage system is communicating
with the computer. This is normal operating status for the
disk storage system.
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Table 2-2. Status Display Indications (continued)

Amber

Green

Disk Storage System Status

Flashing

Flashing

Flashing

Oft

SELF-TEST IN PROGRESS. The disk storage system is
executing its internal self-test. This is the status you will see
immediately after turning the disk storage system on. The
self-test takes about 30 seconds to complete for a 335H or a
670H, about 60 seconds for a 670XP, and about 40 seconds
for a 670FL or 1.34FL.

If this display pattern continues, it indicates that the disk
storage system has entered a special diagnostic mode of
operation. This mode is activated by setting the address
switch to address 8 or 9. If the address switch has
inadvertently been set to one of these two addresses, turn the
disk storage system off, set the address switch to the proper
address, and turn the disk storage system back on.

DIAGNOSTIC MODE ERROR. This is an indication you
should not see under normal circumstances. It indicates that
the disk storage system has detected a data error during a
special diagnostic mode of operation. This mode is activated
by setting the address switch to address 8 or 9. If the address
switch has inadvertently been set to one of these two
addresses, turn the disk storage system off, set the address
switch to the proper address, and turn the disk storage
system back on.
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Initializing 670XP Disk Storage System Cache Memory

The model 670XP semiconductor write cache nonvolatile RAM (NVRAM)
must be initialized following the installation of the HP C2205A Cache
Controller Upgrade Kit, or when installing a cache controller PCA containing
new NVRAM. The initialization routine clears the NVRAM, thus ensuring
that unwanted data is not written to the disk media at power-on. Once the
NVRAM is initialized, a power-on checkout can be performed on the disk
storage system.

Caution The cache memory should only be initialized following the
installation of the HP C2205A Cache Controller Upgrade Kit,
‘ or when installing a cache controller PCA containing new

NVRAM. If the NVRAM is not initialized, unwanted data in
the NVRAM may be written to the disk media at power-on.

The cache initialization routine should not be performed on
NVRAM that has been in use in the disk storage system.
Initializing NVRAM that has been in use may destroy data
that has not yet been updated to the disk media.

1. Set the address switch to address 9.

2. Switch the disk storage system power on by setting the LINE™ switch to the
1 (ON) position.

3. Wait for the disk storage system to complete its initialization of the cache
memory. This takes approximately 60 seconds. Both status display LEDs
should be flashing when the initialization completes.

4. Switch the disk storage system power off by setting the LINE™ switch to the
0 (OFF) position.

5. Set the address switch to the desired HP-IB address.
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Installing HP-FL Disk Storage Systems

This section contains detailed instruction for installing model 670FL and
1.34FL Disk Storage Systems.

Caution Installation of the HP-FL disk storage system involves handling
the HP-FL controller PCA. Make sure you use the field
‘ service grounding kit (p/n 9300-1155), and handle the HP-FL

controller PCA only by its edges. The HP-FL controller PCA
is highly sensitive to ESD and may be damaged if the proper
precautions are not taken.

Note The HP-FL interface bus has certain cabling restrictions that
must be observed when connecting the fiber optic cable and
i the PBus cabling. These restrictions and other technical

information on HP-FL are included in the product owner’s
manual.

Parts Required For Installation

The following items are required to install HP-FL disk storage systems:
= PBus cable - supplied with the disk storage system.

= Power cord - supplied with the disk storage system.

= Fiber optic cable - supplied with the computer HP-FL interface.

= PBus terminators - supplied with the computer HP-FL interface.

® TORX screwdriver with T15 bit.

= Anti-static work station and wrist strap (part number 9300-1155).

Controls and Connectors

The various controls and connectors used during installation of an HP-FL disk
storage system are shown in Figure 2-5 and Figure 2-6. Use the figures to
locate the corresponding parts on the disk storage system.
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Figure 2-5. HP-FL Front Panel

1. LINE ~ switch 2. Status display

2-22 Environmental/installation/PM




HP Series 6000 Models 335H, 670H, 670XP, 670FL, and 1.34FL

OROACA0,
05950825450308
88808080 S

()

]

=\
S

é

o U

nepgg |0

:

Figure 2-6. HP-FL Rear Panel

otid

1. Address switch 7. Fiber optic connectors

2. PBus connectors 8. Serial number

(located behind I/O panel)

3. Configuration error LED 9. Fuse !

4. PBus fault LEDs 10. Power cord connector

5. FL optical status LED 11. Voltage select switch !

6. FL activity LED

1A fuse and voltage select switch are not included on disk storage systems
equipped with an automatic ranging power supply.
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Performing the Stand-Alone Self-Test

Before connecting a new disk storage system to the HP-FL interface, a
stand-alone self-test can be performed on the disk storage system. This
procedure verifies that the disk storage system is operating properly before it is
connected to the HP-FL interface. It is easier to isolate problems with the disk
storage system before it is connected to the HP-FL interface.

1. Remove the I/O panel. The panel is held in place with five T15 mounting
screws. See Figure 2-7.

2. Slide the HP-FL controller PCA out the rear of the disk storage system
until the PBus connectors are easily accessible. A mechanical stop will
prevent you from pulling the PCA out too far. See Figure 2-8.

3. Install PBus terminators in both PBus connectors on the HP-FL controller
PCA. Press the terminator into the connector until the extraction levers
snap into place. Make sure the terminators are installed in opposite
orientations. That is, one terminator must be installed with the white side
toward you, and the other terminator must have the gray side toward you.

4. Make sure diagnostic segment 1 of the address switch is set to the normal
position (0). See Figure 2-9.

5. Slide the HP-FL controller PCA back into the disk storage system.

6. Connect the ac power cord to the disk storage system. Refer to the
following section, “Connecting the AC Power Cord”, for information on
connecting the power cord.

7. Switch the disk storage system power on by setting the LINE™ switch to
the 1 (ON) position.
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Figure 2-7. Removing the /O Panel

1. I/O panel 2. T15 mounting screws
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-FL Controller PCA

Figure 2-8. Accessing the HP

3. Transmit fiber optic connector

1. PBus connectors

2. Receive fiber optic connector
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Figure 2-9. HP-FL Address Switch

1. Diagnostic switch segment 2. Address switch
segments
ADDRESS SWITCH SEGMENT
1 2 3 4
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
Diagnostic Mode! 1 X X X

1 Diagnostic segment 1 of the address switch must be set to
0 for normal operation. Setling the diagnostic segment 10 1
places the disk storage sysiem in a special diagnostic mode
used for troubleshooling.
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8. Wait for the disk storage system to complete its internal self-test. The
self-test takes approximately 40 seconds to complete.

9. Check the front panel status display. The green LED should be on and the
amber LED should be off, indicating a successful self-test.

Note

v

m If the disk storage system experienced a problem during the

self-test, the front panel status display will indicate the type
of failure. Use Table 2-2 to determine the type of problem
that occurred. The problem must be solved before proceeding
with the installation of the disk storage system.

On drives with serial prefixes earlier than 3046, certain
self-test failures are not indicated on the status display.
When such a failure occurs, the status display indicates that
the drive is ready. Drives with serial prefix 3046 and later
have updated diagnostic firmware that corrects this problem.
On these drives, all self-test failures are indicated on the
status display.

Although you should be aware of this problem, it is not
serious enough to warrant a mandatory firmware update.
The only situation in which you may want to consider
updating the firmware is when troubleshooting a drive.
The part pumbers for the updated firmware are listed in
Table 2-1. The firmware is located on the HP-IB or HP-FL
controller PCA.

10. Switch the disk storage system power off by setting the LINE™ switch to
the 0 (OFF) position.

11. Disconnect the ac power cord from the disk storage system.

12. Slide the HP-FL controller PCA out the rear of the disk storage system.

13. Remove the PBus terminators from the PBus connectors on the HP-FL
controller PCA.

The disk storage system is now ready to be connected to the HP-FL interface.
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Connecting the AC Power Cord

Before connecting the ac power cord, refer to “Connecting the Disk Storage
System to AC Power” earlier in this chapter to determine how the power cord
is connected for your cabinet configuration.

1. Check the LINE~ switch on the front of the disk storage system and make
sure it is in the 0 (OFF) position.

Note Disk storage systems equipped with an automatic ranging
power supply do not have a voltage select switch. This type of
# power supply automatically adjusts itself to operate on either of

the voltage ranges listed in step 2.

2. If the disk storage system has a voltage select switch, check the switch and
make sure it is set for the available ac line voltage. Set the voltage select
switch according to the following information:

If the input Set the switch

voltage range is: to this setting:
100 V to 120 V, 50 or 60 Hz 120V
200 V to 240 V, 50 or 60 Hz 240V

3. Locate the power cord you will use to connect to ac power.

4. Connect the power cord to the power cord connector on the rear of the disk
storage system.

5. Plug the power cord into the appropriate ac power outlet.
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Connecting the PBus

The steps involved in making the proper PBus connections are determined by
whether more than one disk storage system will be connected to the HP-FL
interface. Follow the appropriate procedure for your installation.

Connecting a Single Disk Storage System to the PBus

1. X not already removed, remove the I/O panel. The panel is held in place
with five T15 mounting screws. See Figure 2-7.

2. Slide the HP-FL controller PCA out the rear of the disk storage system
until the PBus connectors are easily accessible. See Figure 2-8.

3. Locate the two PBus terminators. The PBus terminators are included with
the computer HP-FL interface, not the disk storage system.

4. Install a PBus terminator in the inner PBus connector on the HP-FL
controller PCA. Install this terminator with the white side facing you. Press
the terminator into the connector until the extraction levers snap into place.

5. Install the second PBus terminator in the outer PBus connector. Make sure
this terminator has the gray side toward you. The terminators must be
installed in opposite orientations. That is, one terminator must be installed
with the white side toward you, and the other terminator must have the
gray side toward you.

6. Set the address switch to the desired HP-FL address. See Figure 2-9.

You are now ready to connect the fiber optic cable to the disk storage system.
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Connecting Multiple Disk Storage Systems to the PBus

Caution m The 670FL/1.34FL PBus cable (5061-3174) is not
interchangeable with the 7936FL/7937FL PBus cable
‘ (5061-3149). When connecting these two types of products,

use only the 670FL/1.34FL PBus cable. The 7936FL/7937FL
PBus cable may be damaged if it is used to connect a 670FL
or 1.34FL disk storage system.

m Make sure you observe the maximum cable length of 6.4
meters when connecting multiple disk storage systems to
the PBus. The PBus cable included with the disk storage
system should be used to make all PBus connections within
a cabinet. A 1008-mm PBus cable (5061-3197) is available
for connecting 92211Y or 19511A cabinets together without
exceeding the PBus cable limitation. There is no PBus cable
available for connecting any other cabinet configurations

together.
Note When installing multiple disk storage systems in a cabinet,
select the disk storage system in the bottom of the cabinet to
# serve as one end of the PBus. This will be the last disk storage

system you connect to the PBus, and will also be the one you
connect the fiber optic cable to. Using the disk storage system
in the bottom of the cabinet reduces the amount of fiber optic
cable exposed and reduces the possibility of damaging the
cable.

The disk storage system you choose to connect the fiber optic
cable to cannot be an option 1BG disk storage system; the fiber
optic cable cannot be connected to an option 1BG disk storage
system.
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1. Prepare each disk storage system for PBus connections by performing the
following:

a. If not already removed, remove the I/0O panel. The panel is held in place
with five T15 mounting screws. See Figure 2-7.

b. Remove the PBus cable clamp from the I/O panel. The clamp is held in
place with two T15 screws. See Figure 2-10.

c. Slide the HP-FL controller PCA out of the disk storage system until the
PBus connectors on the PCA are easily accessible.

Figure 2-10. Installing the PBus Cable Clamp

1. I/O panel 3. PBus cable clamp
2. PBus cable 4. T15 mounting screws
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2. Locate the PBus cables. One PBus cable is included with each disk storage
system.

3. Locate the two PBus terminators. The PBus terminators are included with
the computer HP-FL interface, not the disk storage system.

4. To connect the first disk storage system to the PBus:

a. Select the first disk storage system and install a PBus terminator in the
inner PBus connector. Install the terminator so the white side is facing
toward you. Press the terminator into the connector until the extraction
levers snap into place.

b. Select a PBus cable and an I/O panel.

c. Insert the strain relief fitting on one end of the PBus cable into the
right-hand cable clamp cutout on the I/Q panel. See Figure 2-10.

d. Place the PBus cable clamp over the strain relief on the PBus cable.
Make sure the clamp is positioned properly to hold the PBus cable
securely in place. See Figure 2-10.

e. Fasten the PBus cable clamp to the I/O panel using the clamp mounting
screw. See Figure 2-10.

f. Connect the PBus cable to the outer PBus connector on the disk storage
system.

g. Set the address switch to the desired HP-FL address. See Figure 2-9.
h. Slide the HP-FL controller PCA back into the disk storage system.

i. Install the I/Q panel on the disk storage system using the five T15
mounting screws.

5. To connect disk storage systems in the middle of the PBus:
a. Select another PBus cable and an I/O panel.

b. Install the selected PBus cable and the PBus cable from the preceding
disk storage system in the I/O panel cable clamp as described above.

c. Connect both PBus cables to the PBus connectors on the disk storage
system. The cable in the left-hand side of the cable clamp connects to
the inner PBus connector, and the right-hand cable connects to the outer
PBus connector.
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d. Set the address switch to the desired HP-FL address. See Figure 2-9.
e. Slide the HP-FL controller PCA back into the disk storage system.

f. Install the I/O panel on the disk storage system using the five T15
mounting screws.

g. Continue connecting disk storage systems in this manner until only one
disk storage system remains to be connected.

6. To connect the last disk storage system to the PBus:

Note If HP 7936 or HP 7937 disk drives are also connected to the
PBus, refer to the information at the end of this procedure
# before installing the second PBus terminator.

a. Install a PBus terminator in the inner PBus connector on the last disk
storage system. Make sure this terminator has its gray side facing toward
you.

b. Locate the last I/O panel.

c. Install the PBus cable from the next-to-last disk storage system in the
right-hand side of the I/O panel cable clamp.

d. Connect the PBus cable to the outer PBus connector on the disk storage
system.

e. Set the address switch to the desired HP-FL address. See Figure 2-9.

f. Do not install the I/O panel on the last disk storage system until the
fiber optic cable is connected..
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Terminating a PBus That Includes HP 7936/7937 Disk Drives

Caution The 670FL/1.34FL PBus cable (5061-3174) is not
interchangeable with the 7936FL/7937FL PBus cable
‘ (5061-3149). When connecting these two types of products,

use only the 670FL/1.34FL PBus cable. The 7936FL/7937FL
PBus cable may be damaged if it is used to connect a 670FL or
1.34FL disk storage system.

The HP 670FL and 1.34FL disk storage systems can share the same HP-FL
interface with HP 7936FL and HP 7937FL disk drives. When installing
terminators on a PBus containing these two types of products, make sure the
PBus is terminated as follows:

m If the disks at each end of the PBus are of the same type (both
670FL/1.34FL or both 7936FL/7937FL), the terminators must be installed
in opposite orientations. That is, one terminator must be installed with the
white side toward you, and the other terminator must have the gray side
toward you.

m If the disks at each end of the PBus are of different types (one 670FL/1.34FL
and one 7936FL/7937FL), the terminators must be installed in the same
orientation. That is, both terminators must have the same color (white or
gray) toward you.
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Connecting the Fiber Optic Cable

Note

v

This procedure is only required if a fiber optic cable will be
connected to the disk storage system. When installing multiple
disk storage systems on HP-FL, it is most convenient to
connect the fiber optic cable to a disk storage system located
in the bottom of the cabinet. This reduces the amount of fiber
optic cable exposed and reduces the possibility of damaging the
cable.

1. If not already removed, remove the I/O panel. The panel is held in place
with five T15 mounting screws. See Figure 2-7.

2. Slide the HP-FL controller PCA out the rear of the disk storage system
until the fiber optic cable connectors are easily accessible. See Figure 2-8.

3. Locate the fiber optic cable to be used. The fiber optic cable is included
with the computer HP-FL interface, not the disk storage system.

4. Identify the optical fiber marked with the white collar. This is the transmit
fiber. The unmarked fiber is the receive fiber.

Caution

When handling and routing the fiber optic cable, avoid making
any sharp bends or kinks that may damage the cable. All
bends in the cable must have a radius of 25 mm (1 inch) or
greater.

5. Route the optical fibers through the circular FL openings in the I/O panel.
The transmit fiber goes through the right-hand opening, and the receive
fiber goes through the left-hand opening. See Figure 2-11.
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Figure 2-11. Connecting the Fiber Optic Cable

1. Transmit optical fiber 4. Transmit fiber optic connector
2. White collar (identifies 5. Receive fiber optic connector
transmit optical fiber)

3. Receive optical fiber 6. 1/O panel
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Caution Tighten the fiber optic cable connectors only finger tight. Using
tools or excessive force to tighten the connectors may damage
“ the HP-FL controller PCA.

6. Connect the transmit optical fiber to the light-colored connector on the
HP-FL controller PCA. See Figure 2-11.

7. Connect the receive optical fiber to the dark-colored connector on the
HP-FL controller PCA.

8. Slide the HP-FL controller PCA back into the disk storage system.
9. Install the I/O panel using the five T15 mounting screws.
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Power-On Checkout

Caution If the disk storage system has been exposed to temperature
extremes, allow two hours for the disk storage system to
‘ stabilize at room temperature before operating it. Operating a

disk storage system that is very cold or very hot could damage
it.

1. Connect the ac power cord to the disk storage system. Refer to “Connecting
the AC Power Cord” earlier in this chapter for information on connecting
the power cord.

2. Switch the disk storage system power on by setting the LINE™ switch to the
1 (ON) position.

3. Wait for the disk storage system to complete its internal self-test. The
self-test takes approximately 40 seconds to complete.

4. Check the front panel status display. The green LED should be on and the
amber LED should be off, indicating a successful self-test.

5. Check the rear-panel HP-FL status LEDs to make sure the HP-FL interface
is configured properly. The HP-FL status LEDs should display one of the
following patterns:

w If a fiber optic cable is connected to the disk storage system and to a
functioning host computer, the green FL optical status LED should be on,
and all other LEDs should be off.

m If no fiber optic cable is connected to the disk storage system, all LEDs
should be off.

If the front panel status display and HP-FL status LEDs show the proper
indications, the disk storage system is ready for use.

If the disk storage system experienced a problem during the self-test, the front
panel status display and/or the HP-FL status LEDs will indicate something
other than a successful test. Use Table 2-2 and Table 2-3 to determine the type
of problem that occurred.
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HP Series 6000

Table 2-3. HP-FL Interface Status LEDs

LED State Indication
FL Optical Off | No fiber optic cable is connected to the disk storage system.
Status This is the normal indication on any disk storage system not
(green) connected to the computer. If a functioning computer is
connected and this LED is off, it may indicate a bad fiber
(Deleted on optic cable, an improper fiber optic cable connection, or a
option 1BG.) problem with the HP-FL circuits in either the disk storage
system or computer HP-FL interface.
On A fiber optic cable is properly connected to the disk storage
system and a functioning host computer.

FL Optical Off | No activity is detected on the fiber optic cable. This is the
Activity normal indication on any disk storage system not connected
(green) to the computer.

On Activity is detected on the fiber optic cable, indicating that
the computer is communicating with the disk storage system.
PBUS Off | All PBus connections have been made properly. In properly
Fault connected multiple disk storage system clusters, both PBus
(1 amber, fault LEDs on all disk storage systems will be off.
1 orange)
On A problem exists with the PBus connections. In single disk
(Either |storage system installations, this indicates a missing or
or both) | improperly installed PBus terminator.

In multiple disk storage system clusters, this indicates a
terminator or cabling problem as follows:

oThe same LED pattern on all disk storage systems indicates
a missing or improperly installed PBus terminator.

oA change in LED pattern indicates a PBus cabling problem.
The LED pattern changes between the two disk storage
systems not connected properly.
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335H, 670H, and 670XP Installation Quicklist

1.

W N oD

Connect the HP-IB cable.

2. Set the address switch to the desired HP-IB address.
3.
4

Check that the LINE™ switch is set to 0 (OFF).

. Check the voltage selection switch for the proper setting. (If an automatic

ranging power supply is installed in the disk storage system, there will be no
voltage selection switch.)

. Connect the ac power cable.
. Switch the disk storage system power on.
. Check the status display for a successful self-test indication. See Table 2-2.

. Configure the disk storage system into the host operating system.
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670FL and 1.34FL Installation Quicklist

1.

Remove the I/O panel and slide the HP-FL controller PCA out of the disk
storage system.

. Install PBus terminators in both PBus connectors.

. Check that the LINE~ switch is set to 0 (OFF).

4. Check the voltage selection switch for the proper setting. (If an automatic

© 00 N >

11.
12.

13.
14.
15.
16.

17.

ranging power supply is installed in the disk storage system, there will be
no voltage selection switch.)

. Connect the ac power cable.

. Switch the disk storage system power on.

. Check the status display for a successful self-test indication. See Table 2-2.
. Switch the disk storage system power off.

. Disconnect the ac power cable.

10.

Connect the HP-FL fiber optic cable, PBus cables, and PBus terminators
as required.

Set the address switch to the desired HP-FL address.

Slide the HP-FL controller PCA into the disk storage system and install
the I/O panel.

Connect the ac power cable.
Switch the disk storage system power on.
Check the status display for a successful self-test indication. See Table 2-2.

Check the rear panel HP-FL interface status LEDs for proper indication.
See Table 2-3.

Configure the disk storage system into the host operating system.
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Preventive Maintenance

The disk storage system requires no preventive maintenance.
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Configuration

The disk storage system itself requires no configuration other than voltage
selection and address switch setting described in the installation section of
chapter 2.

The information on configuring the disk storage system into the host operating
system is included in the system documentation. Table 3-1 identifies the
system manual containing the configuration information.

Configuration 3-1
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Table 3-1. Locating Configuration Information

Operating
Computer System System Manual
HP 9000 Series 300 HP-UX HP-UX System Adminisiration Tasks Manual
(7.0 and later) and
HP-UX Installing Peripherals
HP 9000 Series 800 HP-UX Configuring HP-UX for Peripherals
(7.0 and later)
HP 1000 RTE-A Driver Reference Manual
(5.2 and later)
HP 1000 RTE-6 Driver Reference Manual
(5.2 and later)
HP 3000 Series MPE/XL System Configuration Reference Manual
(2.0 and later)
HP 3000 Series MPE V System Operation and Resource Management
(Delta 8 and Reference Manual

later)




Troubleshooting

Introduction

This chapter discusses the strategy for troubleshooting the disk storage
system. Also discussed in this chapter are additional procedures involved in
troubleshooting the disk storage system. This includes steps such as isolating
the failing assembly, troubleshooting the disk mechanism, checking the power
supply, and troubleshooting HP-FL interface problems. Information on FRA
location and disk storage system cabling are included in this chapter. The
power-on self-test, an important tool for troubleshooting the disk storage
system, is also discussed in detail.

Troubleshooting Strategy

The basic troubleshooting strategy is to replace a suspect assembly and see if
the problem is solved. Because of the limited number of replaceable assemblies,
this procedure can be used to quickly repair the disk storage system.

The exact replacement procedure used depends on the nature of the failure:
repeatable or intermittent. The procedures for both types of faults are
discussed in the following paragraphs. By following these procedures, you will
be able to consistently isolate and repair problems as quickly as possible.

Although not discussed in the following procedures, the first troubleshooting
steps should always involve checking the cabling and the power supply. If the
power supply is suspect, refer to the section on checking the power supply
included in this chapter.
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Troubleshooting Repeatable Faults

A repeatable fault is one that can be easily reproduced within a reasonable
amount of time. Such failures may occur during self-test, or when exercising
the disk storage system using system diagnostics or the CS80DISK program. In
either case, the troubleshooting process is the same.

1. Replace the controller PCA first. Even if the status display or fault log
indicates a bad disk mechanism, replacing the controller PCA should be
your first action. Because the disk storage system diagnostics are not
fool-proof, there may be some situations where a controller fault is disguised
as a disk mechanism problem. Changing the controller PCA is the quickest
and most effective way of determining whether the controller PCA is at
fault. If the controller PCA is the problem, you have avoided unnecessarily
handling a good disk mechanism.

Note When replacing the controller PCA, make sure you follow the
removal and replacement procedures in Chapter 8. Especially
ﬁ obey the statements regarding the NVRAM when replacing

an XP cache controller PCA, and the statements regarding
the power supply jumper when replacing an HP-FL controller
PCA.

2. Try to recreate the problem. If the problem is gone, the controller PCA
was at fault. If the problem still exists, the problem lies with the disk
mechanism. If you are troubleshooting a dual-mechanism 1.34FL, your next
task is identifying which of the two mechanisms is bad.

3. If a repeatable fault is traced to the disk mechanism, the fault must be
isolated to either the ESDI PCA or the HDA. If the ESDI PCA is bad, it
can be replaced separately. If the HDA is bad, the entire disk mechanism
must be replaced. For more instruction on isolating disk mechanism failures,
refer to Disk Mechanism Troubleshooting in this chapter.

The steps involved in troubleshooting repeatable faults are illustrated in
Figure 4-1 and Figure 4-2.
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REPLACE
DISK MECHANISM

Figure 4-1. Troubleshooting Flowchart (Sheet 1)
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READ ERROR LOGS
AND RECORD DI SCONNECT
CYL ESDI_ CABLES

2

FROM
MECHAN | SM

MECHAN | SM 2
BAD

NO NO

MECHAN|SM 1 MECHANISM 1
BAD BAD

Figure 4-2. Troubleshooting Flowchart (Sheet 2)
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Troubleshooting Intermittent Faults

As the name implies, an intermittent fault occurs randomly and cannot be
duplicated easily. Such problems are difficult to isolate and repair. Because

the disk storage system already appears to be working normally, it is difficult,
if not impossible, to tell if replacing a particular assembly has corrected the
problem. The only course of action is to replace the most suspect assembly and
wait to see if the problem still occurs.

The contents of the error logs may provide important information in helping
you determine which assembly to replace when troubleshooting intermittent
failures. Using system level or off-line diagnostics, read the disk error logs and
the host system logs. Record any DERROR codes entered in the logs.

Table 5-2 is a detailed error code list which relates each error code to a suspect
hardware assembly. Locate the DERROR code(s), and note the suspect
hardware identified in the table. This information should help you make the
most correct choice on which assembly to replace.

Disk Mechanism Troubleshooting

The disk mechanism is the storage area for all user data. When a disk
mechanism is replaced, the customer must perform the time-consuming process
of restoring the data to the new disk mechanism. Consequently, thorough
troubleshooting must be performed to avoid replacing a disk mechanism
whenever possible.

Isolating a Defective ESDI PCA

The disk mechanism is made up of two separate assemblies: the ESDI PCA,
and the head/disk assembly (HDA). The disk storage system’s self-test
diagnostic can isolate a problem to the disk mechanism, but cannot identify
which of these two assemblies is defective.

Before replacing the entire disk mechanism, you must determine which
assembly is defective. If the problem is isolated to the ESDI PCA, the
PCA can be replaced separately, thus preserving the data on the HDA. If
the problem is with the HDA, the entire disk mechanism must be replaced.
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However, the entire disk mechanism should not be replaced until you have
determined conclusively that the HDA is defective.

To isolate the defective disk mechanism assembly:
1. Remove the disk mechanism. Refer to chapter 8 for removal instructions.
2. Remove the ESDI PCA from the HDA.

3. Install a known good ESDI PCA on the HDA. Make sure the ESDI address
on the good PCA is set to the same address as the suspect PCA.

4. Reinstall the disk mechanism.
5. Run the self-test diagnostic and check the results.

If the problem persists, the HDA is bad and the entire disk mechanism must be
changed. The HDA cannot be replaced as a separate assembly.

Troubleshooting the Dual-Mechanism 1.34FL

When troubleshooting a disk mechanism problem on a dual-mechanism 1.34FL,
your first step is to determine which of the disk mechanisms is at fault. The
procedure for identifying the defective mechanism varies depending upon when
the fault occurred.

Self-Test Failures

If the disk failure occurs during self-test, the failing mechanism can be quickly
identified using the following procedure:

1. If you have not already done so, replace the HP-FL controller PCA to
ensure it is not the cause of the problem.

2. Disconnect the ESDI data and control cables from disk mechanism 2.

3. Run self-test. If self-test passes, it indicates that mechanism 2 is causing the
problem. If self-test still fails, the problem lies with disk mechanism 1. Once
you have identified the faulty disk mechanism, use the techniques described
in the preceding section to determine if the ESDI PCA is the problem.

Caution Do not change the ESDI address switch setting on a disk
mechanism that has been removed from the disk storage
‘ system. If you do change the address, you may reinstall
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the mechanism in the wrong position. If the mechanisms

are swapped with addresses that correspond to their new
(incorrect) positions, self-test will pass and everything will
appear to be OK. However, you have now swapped the address
space, and data will be lost when the host attempts to access
the disk storage system.

When reinstalling the disk mechanisms in a 1.34FL, make sure each mechanism
is installed in its original position. If both disk mechanisms have been
removed, check the ESDI address switch settings on each mechanism to
determine its proper position. Figure 4-10 shows the relationship between the
ESDI address and disk mechanism position. The controller PCA associates a
specific ESDI address with each position. If the disk mechanisms are installed
in the wrong positions, the self-test will fail with a disk mechanism fault.

Run-Time Failures

For problems that do not occur during self-test, the logical cylinder address
associated with the fault or error can be used to determine which disk
mechanism is involved. The HP-FL controller PCA uses the cylinder address
field to select each disk mechanism. Cylinder addresses of 1448 or less indicate
a problem with mechanism 1; a cylinder address greater than 1448 indicates

a problem with mechanism 2. Refer to Media Addressing in Chapter 12 for

a discussion on the addressing structure used on single- and dual-mechanism
products.

Once the failing disk mechanism has been identified, you can use the Test
Level diagnostic command to isolate the disk mechanism if you wish to
troubleshoot further. The disk mechanism can now be handled as if it were a
single-mechanism configuration.

Note The FLEXDIAG diagnostic program allows testing a
model 1.34FL at the unit (host) or mechanism level. When
d performing tests on an individual mechanism, the addressing

structure is identical to that for a single-mechanism disk
storage system. See Figure 10-6. To properly interpret
addresses when testing a dual-mechanism
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disk storage system, you must remember whether the testing is
being performed at the unit or mechanism level.

Checking the Power Supply

Warning Use caution when checking the output of the power supply. With
power applied, hazardous voltages are present inside the disk
a storage system.

If the power supply is suspect, the output voltages can be checked at any of the
three connectors on the side of the power supply. The location for measuring
the output voltages and their proper values are shown in Figure 4-11.

If the power supply output voltages are incorrect, check the following:
1. Input line voltage.

2. External fuse. Some disk storage systems are equipped with an automatic
ranging power supply which is fused internally. It is not possible to check or
replace the fuse on an automatic ranging power supply.

3. The external fan connection to the power supply. If the external fan is not
connected to the power supply properly, one of the following will occur:

a. On an automatic ranging power supply, all output voltages will be
disabled if the external fan is not connected properly. To correct the
problem, switch the disk storage system power off, connect the external
fan, and switch the power on again.

b. On a standard power supply, the internal cooling fan in the power supply
is disabled if the external fan is not connected properly. This will cause
the operating temperature of the power supply to rise. If the supply
temperature rises too high, a thermal protection circuit shuts down the
outputs of the power supply. If thermal shut down occurs, switch the
supply off and connect the external fan. When the supply has cooled, it
can be switched back on.
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HP-FL Interface Troubleshooting

The following paragraphs discuss the special tools and techniques used to
isolate problems on the HP-FL interface.

HP-FL Troubleshooting Tools

Two hardware assemblies are available for troubleshooting disk storage systems
on the HP-FL interface.

u PBus connector box, part no. 07937-60192. Used in group installations to
bypass a suspect disk storage system. This allows a disk storage system to be
disconnected from the PBus for troubleshooting, while maintaining proper
PBus cabling for the remaining disk storage systems in the group.

m Fiber optic loopback cable, part no. HFBR-3020. Used during diagnostics to
connect the disk storage system fiber optic ports together. This cable must
be installed to successfully perform the diagnostic routine invoked when
segment 1 of the address switch is set to the diagnostic position.

Locating An HP-FL Cabling Problem

The first step in troubleshooting a problem on an HP-FL interface is to
establish that the interface cabling is connected and operating properly. The
HP-FL interface status LEDs provide a quick method for determining if the
problem lies with the interface cabling.

m Check the two PBus fault LEDs on each disk storage system. If all PBus
fault LEDs are off, it can be assumed that the PBus connections are not the
problem. If any PBus fault LEDs are on, refer to Table 2-2 to interpret the
display and correct the problem.

m Check the optical status LED on the disk storage system the fiber optic
cable is connected to. If the LED is on, it can be assumed that the fiber
optic cable is not the problem. If the LED is off, try moving the fiber optic
cable to another disk storage system in the group. If the optical status LED
on the second disk storage system remains off, the fiber optic cable may be
defective.

Troubleshooting 4-9



Models 335H, 670H, 670XP, 670FL, and 1.34FL HP Series 6000

Executing Diagnostic Mode Self-Test

If you suspect a problem with the HP-FL fiber optic interface, run the
diagnostic mode self-test. The diagnostic mode self-test is initiated by setting
segment 1 of the address switch to the diagnostic position. See Figure 2-9. A
fiber optic loopback cable must be connected to execute this test.

The diagnostic mode self-test performs a series of HP-FL interface loopback
tests, including a more rigorous test of the fiber optic interface. Data is written
out the transmit port and then read back in the receive port. This checks all
portions of the HP-FL fiber optic interface circuitry, including circuits not
tested during the normal diagnostic.

If a fiber optic loopback cable is not connected to the disk storage system, the
loopback test fails with a controller fault indication and the diagnostic mode
self-test halts.

Isolating A Defective HP-FL Fiber Optic Cable

If symptoms point to the HP-FL fiber optic cable, the cable should be checked
before replacing it. Detailed information on testing the fiber optic cable is
contained in the host computer HP-FL interface documentation. Refer to this
information to isolate a defective fiber optic cable.

Disconnecting a Disk Storage System From the HP-FL Interface

In some situations it may be desirable to isolate a suspect disk storage system
from other disk storage systems connected to the same HP-FL interface. In
such cases, the HP-FL interface cabling can be disconnected from the suspect
disk storage system without turning off the other disk storage systems in

the group. This allows a disk storage system to be serviced or removed with
minimal impact on the host computer and the remaining disk storage systems
in the group.

The fiber optic cable can be moved from a suspected bad disk storage system
to another disk storage system in the group. The fiber optic cable can be
connected to any disk storage system in the group, thus allowing the host
computer to continue communicating with the remaining disk storage systems.
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Note Option 1BG FL-model disk storage systems do not include
fiber optic circuits; the fiber optic cable cannot be connected to
d these disk storage systems.

The PBus can also be disconnected from the suspect disk storage system while
the other disk storage systems are operating. The physical design of the PBus
connectors ensures that a PBus cable or terminator can be removed without
causing any data corruption.

When the fiber optic or PBus cabling is disconnected, any transaction in
progress is aborted. When the cabling is reconnected, communication with the
disk storage systems is reestablished and the host computer retries all pending
transactions.

While the fiber optic cable or PBus cabling is disconnected, all disk storage
systems in the group are inaccessible (off-line) to the host. The length of
time the disk storage systems can remain off-line without disrupting the host
is system dependent. Refer to the appropriate system documentation for
information on system timeout values.

To avoid exceeding the host timeout value, the length of time the PBus is
disconnected must be kept to a minimum. To reduce the amount of time
the disk storage systems are off-line, use the following guidelines when
disconnecting a disk storage system.

m If the suspect disk storage system is at one end of the PBus, identify the
PBus cable linking the suspect disk storage system to the adjacent good
disk storage system. Disconnect the PBus cable from the good disk storage
system and install a PBus terminator in the vacant connector on the disk
storage system.

m If the suspect disk storage system is not at one end of the PBus, disconnect
both PBus cables from the suspect disk storage system and connect the
cables to a PBus connector box. This bypasses the suspect disk storage
system and maintains proper PBus cabling for the remaining disk storage
systems in the group.
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Self-Test

The self-test is executed at power-on or following a reset. The self-test can
also be initiated externally using system-level diagnostics or the CS80DISK
program. The controller PCA executes the diagnostic firmware routines,
checking every facet of the disk storage system operation.

The disk mechanism also performs its own self-test routine during power on.
When power is applied, the ESDI controller executes a series of tests to check
the operation of the disk mechanism. If the disk mechanism self-test was
successful, the controller PCA initiates additional tests on the disk mechanism
to verify that everything is operating properly. The results of the self-test are
passed to the status display.

Note m When running self-test on a dual-mechanism 1.34FL, a failure
on either disk mechanism will result in the same status
d display indication. Thus, you will be able to tell that a disk

mechanism failure occurred, but not which mechanism was at
fault. Refer to the Disk Mechanism Troubleshooting section
in this chapter for information on isolating the failing disk
mechanism.

m On drives with serial prefixes earlier than 3046, certain
self-test failures are not indicated on the status display.
When such a failure occurs, the status display indicates that
the drive is ready. Drives with serial prefix 3046 and later
have updated diagnostic firmware that corrects this problem.
On these drives, all self-test failures are indicated on the
status display.

Although you should be aware of this problem, it is not
serious enough to warrant a mandatory firmware update.
The only situation in which you may want to consider
updating the firmware is when troubleshooting a drive.
The part numbers for the updated firmware are listed in
Table 2-1. The firmware is located on the HP-IB or HP-FL
controller PCA.
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There are two self-test modes. The first is run-time mode, which is executed
during normal operation of the disk storage system. The second, or diagnostic
mode, performs the same tests as run-time but adds additional tests, including
a rigorous test of the disk media. The diagnostic mode is only used when
troubleshooting the disk storage system. The setting of the address switch,
which is read by the disk storage system at power-on, determines which
self-test mode will be executed.

Run-Time Mode Self-Test

When the disk storage system is powered-on or reset with the address switch
set to its normal setting, the disk storage system executes the run-time
self-test. The run-time self-test evaluates all aspects of disk storage system
operation, including seeks, reads, writes, and controller interface operation.
Following successful completion of the run-time self-test, the disk storage
system comes on-line, ready to communicate with the host computer.

If a failure occurs during run-time self-test, the status display indicates which
hardware assembly failed: the disk mechanism or the controller PCA. If the
disk mechanism failed, it may still be possible to access the disk storage system
to retrieve status and error information about the failure. If the controller
PCA failed, it will not be possible to communicate with the disk storage
system.

Diagnostic Mode Self-Test

The diagnostic self-test is selected by setting the address switch to a special
diagnostic position before the disk storage system is powered-on or reset.
When diagnostic mode is selected, the disk storage system begins the self-test
with the same series of hardware tests performed during the run-time self-test.
When these tests are complete, the disk storage system continues with

additional tests, concluding with a series of read-only error rate tests (RO
ERT).

The switch setting used to initiate diagnostic mode and the additional tests
performed vary according to the model of disk storage system. The following
paragraphs explain the test sequence for each model disk storage system.
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Note The address switch position used to select diagnostic self-test
constitutes an illegal channel address. Consequently, as long
d as the address switch remains in the diagnostic position, the

disk storage system remains off-line, inaccessible to the host
computer. To exit diagnostic mode and bring the disk storage
system back on-line, switch off disk storage system power,
return the address switch to its normal position, and then
switch power back on.

335H and 670H

On 335H and 670H disk storage systems, diagnostic mode self-test is selected
by setting the HP-IB address switch to position 8. Following the normal
hardware tests, the diagnostic performs a full-volume RO ERT (approximately
10 minutes) followed by a continuous loop of random RO ERTs.

670XP

The 670XP disk storage system executes two different test sequences depending
on the position of the HP-IB address switch.

When the address switch is set to position 8, the disk storage system performs
the same additional tests as an H-model disk storage system: a full-volume RO
ERT (approximately 10 minutes) followed by a continuous loop of random RO
ERTs.

Caution The NVRAM should not be initialized for any conditions other
than the two cited below. It is particularly important not to
# initialize the NVRAM following a loss of power to the disk

storage system, whether due to power failure or when switching
off power to service the disk storage system.

When power is removed from the disk storage system, the
NVRAM may contain valid data which has not yet been
written to the disk media. When power is restored, the disk
storage system will transfer any valid data still in NVRAM to
the disk media. However, if the address switch is set to 9 when
power is restored, the disk storage system will initialize the
NVRAM and any valid data will be lost.
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When the HP-IB channel address is set to position 9, the disk storage system
initializes the 4 kilobytes of write cache nonvolatile RAM (NVRAM) before
beginning the RO ERT cycle. Initialization of the NVRAM should only be
performed following the installation of the HP C2205A Cache Controller
Upgrade Kit, or when installing a cache controller PCA containing new
NVRAM. In these two situations it is desirable to clear the NVRAM of any
data it might contain. If the NVRAM is not cleared, unwanted data may be
written to the disk media at power-on.

670FL and 1.34FL

On 670FL and 1.34FL disk storage systems, the diagnostic mode self-test is
selected by setting segment 1 of the address switch to the diagnostic position.
A fiber optic loopback cable must be connected to the disk storage system
before beginning diagnostic mode.

The additional diagnostic tests begin with a series of HP-FL interface loopback
tests. This is a more rigorous test of the fiber optic interface. Data is written
out the transmit port and then read back in the receive port. This checks

all portions of the HP-FL fiber optic interface circuitry, including some not
tested during the normal diagnostic. This test is useful in isolating problems
in the controller fiber optic interface that may not be detected by the normal
run-time self-test.

If a fiber optic loopback cable is not connected to the disk storage system, the
loopback test fails with a controller fault indication and the self-test halts.

If the loopback tests are successful, the disk storage system continues with a
full-volume RO ERT followed by a continuous loop of random RO ERTs. The
full-volume RO ERT takes approximately 10 minutes for a model 670FL and
approximately 20 minutes for the dual-mechanism 1.34FL.

Note On Option 1BG FL-model disk storage systems, the HP-FL
loopback tests are not performed during the diagnostic mode
d self-test.
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Status Display

The activity and results of the self-test diagnostic are shown on the status
display.

During execution of the run-time mode self-test, both status display LEDs
flash. If the self-test is successful, the amber LED goes off and the green LED
remains on. If a hardware failure occurs during the self-test, the status display
is used to encode the failed hardware assembly.

When executing the diagnostic mode self-test, both LEDs in the status display
flash. Both LEDs continue flashing as long as the disk storage system executes
its RO ERT loop without detecting an error. If a data error is detected during
the RO ERT portion of the diagnostic mode self-test, the green LED goes off
and the amber LED remains flashing. If a hardware failure occurs, the status
display is again used to encode the failed hardware assembly.

The significance of the LED patterns is summarized in Table 2-2.

Configuration Error LED

The amber configuration error LED on the rear of the FL-model products
indicates a disk mechanism fault. If this LED is on, a disk mechanism fault
was detected during self-test. The mechanism fault status passed to the
configuration error LED is also passed to the front panel status LED display.
Consequently, if a disk mechanism fault occurred, it will be displayed by both
the configuration error LED and the front panel status display.
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FRA Location and Layout

Caution The disk mechanism and controller PCA in the disk storage
system are very susceptible to electrostatic damage. Use
‘ the field service grounding kit (p/n 9300-1155) to reduce the

risk of electrostatic damage when servicing the disk storage
system. Store static sensitive assemblies in an anti-static bag
immediately after removing them.

The locations of all FRAs within each model disk storage system are shown in
Figure 4-3 through Figure 4-6. The layout and cable connections for each FRA
are shown in Figure 4-7 through Figure 4-10.

Cabling

Before replacing any FRA, check all cabling inside the disk storage system for
proper connections. The cabling for each model disk storage system is shown in
Figure 4-12 through Figure 4-15.

Note m On dual-mechanism 1.34FL model products, the ESDI data
cables must be connected to the proper connectors on the
d controller PCA. Disk mechanism 1 must be connected to

data port 1 (J3) on the HP-FL controller PCA, and disk
mechanism 2 must be connected to data port 2 (J5). See
Figure 4-15. If the connectors are inadvertently swapped,
self-test will fail with a disk mechanism fault.

s The three connectors (J1 -J3) on the power supply
provide identical outputs. The connectors can be used
interchangeably.
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Figure 4-3. 335H and 670H FRA Locations

1. Disk mechanism 3. HP-IB controller PCA
2. Power supply
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Figure 4-4. 670XP FRA Locations

1. Disk mechanism 3. HP-IB cache controller PCA
2. Power supply
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Figure 4-5. 670FL FRA Locations

1. Disk mechanism 3. HP-FL controller PCA
2. Power supply
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Figure 4-6. 1.34FL FRA Locations

1. Disk mechanism 1 3. Power supply
2. Disk mechanism 2 4. HP-FL controller PCA

Troubleshooting 4-21



Modeils 335H, 670H, 670XP, 670FL., and 1.34FL HP Series 6000

To Disk To Power
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Figure 4-7. HP-IB Controller PCA Layout
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Figure 4-8. HP-IB Cache Controller PCA Layout
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Figure 4-9. HP-FL Controller PCA Layout
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Figure 4-10. Disk Mechanism Layout
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Figure 4-11. Power Supply Connector Pinout
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Figure 4-12. 335H and 670H Cabling
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Figure 4-13. 670XP Cabling
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Figure 4-14. 670FL Cabling
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Diagnostics

Introduction

For disk storage system problems that cannot be isolated by the power-on
self-test, the CS80DISK diagnostic program provides additional troubleshooting
capability. This chapter explains how the CS80DISK program can be used to
isolate and correct disk storage system problems.

In addition to CS80DISK, there are also system-level diagnostic programs
available for troubleshooting the disk storage system. Refer to the appropriate
system diagnostic manual for information on using these system-level
diagnostic programs.

CS80DISK Diagnostic Program

Note FL-model disk storage systems are not supported by the
CS80DISK program. The system-level diagnostic program
d FLEXDIAG is used to troubleshoot FL-model disk storage

systems. Refer to the appropriate system documentation for
information on running FLEXDIAG.

An important diagnostic tool for troubleshooting and isolating disk storage
system failures is the CS80DISK program, which acts as an interpreter linking
the disk storage system internal diagnostic utilities to a service-trained person.

CS80DISK can be used to test the disk storage system hardware by selectively
initiating desired portions of the self-test diagnostic. The diagnostic results can
then be retrieved and analyzed to aid in isolating the problem.
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Media integrity can be established and maintained using the CS80DISK
program. Error rate tests (ERTs) are used to identify areas of defective media.
When defective media is located, sparing operations are performed to move the
data to another area of the media. It is possible to reformat the entire disk
media using initialization routines.

CS80DISK provides access to the disk storage system fault and error logs.
Accessing and interpreting the contents of these logs is vital in isolating disk
storage system problems. The content and structure of these logs is covered in
detail later in this chapter. The CS/80 status message returned when using
CS80DISK also provides valuable information about disk problems.

All CS80DISK commands supported by the disk storage system, including any
product-specific information, are listed in Table 5-1. For detailed information
about the operation of the external exerciser program, refer to the CS80DISK
Diagnostic Reference Manual, part no. 5960-0153.
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Table 5-1. CS80DISK Commands

COMMAND DETAILS
BATCH No device-specific information.
CACHEOFF Model 670XP only. Turns off both read cache and write
cache.
CACHEON Model 670XP only. Turns both read cache and write cache
on.
CACHE LOG Model 670XP only. Returns number of correctable and

uncorrectable data errors detected during power-on
diagnostic. Correctable errors are defined as a single-bit
error in a byte of the cache memory. An uncorrectable
error is a double-bit error in a byte of cache memory.

CACHE STATS Model 670XP only. Returns read cache and write cache

statistics.
CANCEL No device-specific information.
CHANNEL No device-specific information.
CICLEAR No device-specific information.
CLEAR LOGS When clearing disk logs, all associated entries currently

in RAM are also cleared. Used to clear the cache log on
model 670XP disk storage systems.

CONFIGURE No device-specific information.
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Table 5-1. CS80DISK Commands (continued)

COMMAND DETAILS
DESCRIBE The disk storage system returns the following information:
Model: 2200, 2202, or 2203
Unit: 0
Type: DISK
Max Cylinder Address: 1448
Max Head Address: 7 (2200)
15 (2202/2203)
Max Sector Address: 112
Max Block Address: 1,309,895 (2200)
2,619,791 (2202/2203)
Current Interleave: 1
DEVICE No device-specific information.

DIAG H-model disk storage systems execute only the power-on
diagnostic (number 0). The duration of the diagnostic is
approximately 40 seconds.

The 670XP executes two diagnostics: diagnostic 0 performs
the power-on self-test but does not test cache memory.
Diagnostic 1 adds the cache memory test to the routines
performed by diagnostic 0. The times for diagnostics
0 and 1 are approximately 40 seconds and 60 seconds,
respectively.

ERT LOG Each head returns up to 106 entries. The format for the
Error Code Byte returned with each log entry is shown in
Figure 5-1.

EXIT No device-specific information.
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Table 5-1. CS80DISK Commands (continued)

COMMAND

DETAILS

FAULT LOG

The disk fault log contains up to 44 entries, is not read
destructive, and upon being read may include up to 30
entries contained in controller RAM.

TERROR/DERROR codes returned can be decoded using
Table 5-2. The Hardware Fault Register (HFR) bits are
decoded as follows:

BIT
0

e W

~

The significance of the Activity Number field is defined as

follows:

ACTIVITY NUMBER OF SEEKS

NUMBER
0
1-4

ERROR
Spindle speed error (ESDI)
Data path fault (Ctrl)
Seek fault (ESDI)
Write protect (ESDI)
Write fault (ESDI)
Command/status ESDI fault
Command/status ctrl fault
Data clock fault (Ctrl)

none

1-4

Sto7 (1second)

8 to 200 (1-30 seconds)

201 to 2,000 (30 seconds-5 minutes)
2,001 to 12,000 (5-30 minutes)
12,001 to 25,000 (30-60 minutes)
25,000 to 150,000 (1-6 hours)
150,000 to 600,000 (6-24 hours)
600,000 to 4,000,000 (1-7 days)
4,000,000 to 16,000,000 (1-4 weeks)
16,000,000 to 100,000,000 (1-6 months)
>100,000,000 (>6 months)
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Table 5-1. CS80DISK Commands (continued)

COMMAND DETAILS
HELP No device-specific information.

INIT MEDIA This utility destroys all user data. When executed, a
format data pattern (22 hex) is written in the data field of
all of the user sectors, and all preambles and postambles
are rewritten. The postamble reflects a CRC/ECC pattern
matching the header pattern plus format pattern.

Options allow the user to retain only primary spares (P),
retain primary and secondary spares (A), or initialize only
the maintenance tracks (M). All disk logs are cleared when
performing an INIT MEDIA operation.
PRESET No device-specific information.
PROCESS No device-specific information.
READ No device-specific information.
READCACHEOFF Model 670XP only. Turns off read cache. Write cache must
be disabled first.
READCACHEON Model 670XP only. Turns on read cache.
RF SECTOR Returns all of the data in a sector including the 6 header

bytes, 2 CRC bytes, and 12 ECC bytes. The sector address
value used when executing this command represents a
physical sector address. If the track on which the specified
sector resides has undergone a sparing operation, the
logical and physical sector addresses may not correspond.
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Table 5-1. CS80DISK Commands (continued)

COMMAND DETAILS
REQSTAT Field replaceable assemblies (FRA) are coded as follows:

0 = none (unable to isolate assembly)
1 = Controller PCA

2 = ESDI PCA or Disk mechanism

3 = Power supply

RESET STATS Clears cache table on the 67T0XP.
REV No device-specific information.

RO ERT Retrys are not performed during an ERT. No offset is
allowed when performing an ERT. The format for the
printed error information is defined in the details for the
ERT LOG command.

RUN LOG Each head returns up to 106 entries. The format for the
Error Code Byte returned with each log entry is shown in
Figure 5-2.
SDCLEAR No device-specific information.
SERVO TEST No device-specific information.
SPARE WARNING: The SPARE command will cause some data

loss. All attempts should be made to retain the data
before the SPARE command is used.
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Table 5-1. CS80DISK Commands (continued)

COMMAND

DETAILS

SPARE TABLE

TABLES
UNIT

UNIVERSAL CLEAR
VERSION
WRITECACHEOFF
WRITECACHEON

WRT ERT

The spare table is generated at power-on and stored in
controller RAM. Any spares added since power-on are
included in the table. Because the spare table is volatile,
the disk storage system always returns zero as the “number
of secondary spares” value, and as a result the secondary
spares are not printed.

All disk storage systems support the spare track table.

The disk storage system is addressed as unit 0. The
controller is individually addressable as unit 15.

No device-specific information.
No device-specific information.
Model 670XP only. Turns off write cache.

Model 670XP only. Turns on write cache. Read cache
must be on to enable write cache.

No offset is allowed when performing a WTR ERT. The
format for the printed error information is defined in the
details for the ERT LOG command.
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Error Logs

The disk storage system maintains three internal logs used to record error
information. The contents of these logs is accessed using system-level
diagnostics or the CS80DISK program. The logs reside on the disk storage
system maintenance tracks. The physical locations of the maintenance tracks
on the disk media are shown in Figure 10-6.

The logs contain valuable information for troubleshooting the disk storage
system. It is important that you know what information each log contains
and how to accurately interpret the information. This will help you quickly
determine which logs to read and how to use the log contents to identify
problems.

Note When using the FLEXDIAG diagnostic program to read the
logs on a model 1.34FL disk storage system, the logs for both
i mechanisms are returned when operating at the unit level.

When operating at the mechanism level, only the logs for the
currently selected mechanism are returned.

The disk storage system uses the ERT log and run-time log to record data
errors, and the fault log to record other types of problems.

ERT Log

This log contains data errors detected during an error rate test (ERT).
A separate ERT log is maintained for each data head. Each ERT log can
accommodate up to 106 entries: 5 in controller RAM, and 101 on the
outer-diameter (OD) maintenance track on the disk media.

ERT data errors are initially entered in controller RAM. The entries

are transferred from RAM to the disk media after five data errors have
accumulated, or at the conclusion of an ERT. Both RAM and disk media
entries are returned when the ERT log is read.

During an ERT, retrys are not attempted to recover data. Thus, only two
types of data errors are recorded in the ERT log: correctables, which the ECC
was able to correct; and uncorrectables, which the ECC was unable to correct.
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The structure of each ERT log includes a header followed by individual
data error entries. The log header includes data error counters, which are
incremented for each error, even if the error occurs repeatedly on the same
sector. The ERT log header includes the following information:

m Total number of data error entries in the log.

s Number of sectors transferred by the corresponding head.
m Number of correctable data errors.

m Number of uncorrectable data errors.

Following the header information, there is an entry for each sector that
experienced one or more errors during the ERT. If there were multiple errors
on the same sector, the information in the Error Code Byte represents an
accumulation of the various types of errors that occurred.

Each ERT data error entry includes the following information:

m Logical 3-vector address (cylinder, head, and sector) of the sector
experiencing the error.

a Error Code Byte. This byte is defined in Figure 5-1.
m Error type (correctable or uncorrectable).

m Occurrence count indicating the number of times the sector experienced a
data error.
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1=

lelslefofe] el
'
o} 0 = Correctoble error
o} 1 = Uncorrectable error
1 O = No error detected
1 1 = Pattern not used
O = No errors in sector header
1 = One or more errors in sector heoder
QO = No errors in data area
1 = One or more errors in doto area
QO = No errors in CRC byles

One or both CRC bytes

in errar

0
1

Ne froming byte error

Framing byte error

detected

Not used
in ECC bytes
in ECC bytes

0 =
1 = One or more errars

« A pority error in the ERT
error. This bit con only be set

No errors

log does not necessarily result

if enabled during an ERT executed

in a data

exerciser.

I f

the parity op—

using on early version of the external
is included, it should be set to "DISABLE" when running an ERT.
"parity” option included in later versions of the

tion
This
exerciser.

is not

Figure 5-1. Contents of ERT Error Code Byte
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Run-Time Log

The run-time log contains data errors detected during routine operation of the
disk storage system, not during testing. The structure and handling of the
run-time log is identical to that of the ERT log. However, there are important
differences in the significance of some of the data fields. These differences are
summarized below:

m The “number of correctable data errors” field in the run-time log header
indicates the number of times a single retry was required to recover data.
Data errors corrected solely by ECC (no retry required) are ignored.
Although counted in the log header, correctable error addresses are not
entered in the run-time log.

m The “number of uncorrectable data errors” field in the run-time log header
indicates the number of times two or more retrys were required to recover
data. Whether or not the data was ultimately recovered is indicated by
the Error Code Byte in the data error entry. All uncorrectable data error
addresses are entered in the run-time log.

m The run-time log data error entries include only uncorrectable errors. The
significance of the Error Code Byte returned with each run-time log entry is
shown in Figure 5-2.
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0 = ECC detected a correctable error
1 = ECC detected an uncorrectable error
Not used

0 = No errors in sector header

1 = One or more errors in sector header
0 = No errors in data area
1 = One or more errors in dato area

0 = Data recovered on first retry

1 = Dato not recovered on first retry, or read retries
not ol lowed

0 = Na errors in CRC bytes
1 = One or both CRC bytes in error
0O = No error in ECC bytes

1 = One or mare errors in ECC bytes

0 = Doto recovered within (wo or more reod retries ond before
timeout expires (default = 800 ms)

1 = Dota not recovered within timeout period (default = 800 ms)

Figure 5-2. Contents of Run-Time Error Code Byte
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Fault Log

All abnormal conditions that occur during operation of the disk storage system,
excluding data errors, are recorded in the fault log. The disk storage system
maintains a single fault log that can accommodate up to 74 entries: 30 in
controller RAM, and 44 on the outside-diameter maintenance track on surface
0 of the disk media.

Fault log entries are initially entered in controller RAM and then periodically
transferred to the disk media. Both RAM and disk media entries are returned
when the fault log is read.

The entries in the fault log are divided into two categories: events and faults.
The distinction between an event and a fault is related to their impact on
command execution. An event is a condition from which the disk storage
system can recover and still complete the current transaction. Events are
retried by the disk storage system in an attempt to continue the transaction. A
fault is a condition that causes the current transaction to terminate. A fault
represents a situation from which the disk storage system cannot recover,
consequently the failed operation is not retried.

During routine operation of the disk storage system, all faults are entered in
the fault log. In addition, up to five events associated with each fault are also
entered. Events that are retried successfully and do not lead to a fault are

not entered in the fault log. For example, if an offtrack condition (an event)

is detected, the disk storage system attempts to reposition the heads back

on track. If the attempt is successful, the offtrack event is not entered in the
fault log. However, if the disk storage system tries repeatedly without success
to properly position the heads, the operation is terminated and a servo fault
is entered in the fault log. Up to five of the offtrack events associated with the
fault are also entered.

When executing an ERT, the fault log entries are handled differently. During
an ERT, all events and faults that occur are entered in the fault log. An event
does not have to be associated with a fault to be entered during an ERT.
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Each entry in the fault log contains the following information:

m Current 3-vector address (cylinder, head, and sector). This is the last address
at which the disk storage system was able to successfully position the data
heads.

m Target address (cylinder, head, and sector). This is the address the disk
storage system was attempting to access when the error occurred.

m Hardware Fault Register. This byte is a collection of status bits from the
controller PCA and the disk mechanism. The purpose of this register is to
provide additional information when a fault in the data path occurs. The
significance of the individual register bits is defined in Table 5-1.

m Error Code. This is the TERROR/DERROR. Error codes are discussed in
the following section and listed in Table 5-2.

u Activity Number. This number represents the number of seeks that occurred
between faults. The range of seeks represented by each number is listed in
Table 5-1. The time values included in the table are approximations of the
time that would have elapsed between faults if the disk storage system was
operating on a “typical” host system under “normal” activity.
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Error Codes

The disk storage system encodes internal error conditions into 2-digit error
codes. These codes, which are entered in both the disk storage system CS/80
status bytes and the fault log, can be retrieved using system-level diagnostics
or the CS80DISK program.

A complete list of the error codes is contained in Table 5-2. The table lists
each error code in both decimal and hexadecimal format. If the error applies
only to a specific controller PCA, the affected controller is indicated. The error
code is followed by a description which also identifies each error as a fault or
event. Errors which could cause data corruption are identified.

The table includes a list of assemblies most likely to cause the associated error.
The suspect assemblies are listed in order of descending probability. In some
cases a corrective action rather than an assembly is indicated.

Note When the the suspect assembly is identified as “ESDI PCA or
disk mechanism”, the ESDI should be replaced first, followed
# by the entire disk mechanism. For information on isolating disk

mechanism failures, refer to “Disk Mechanism Troubleshooting”
in Chapter 4.

The disk storage system errors are divided into two categories: test errors
(TERROR) and disk system errors (DERROR). The classification of each error
is determined by when the error occurred.

TERRORS

A TERROR is an error that occurs during execution of the disk storage
system internal self-test diagnostic. When retrieving disk storage system status
following a self-test diagnostic failure, each TERROR will be accompanied by
a field replaceable assembly (FRA) code. The FRA code identifies the most
likely cause of the failure. The FRA codes correspond to the disk storage
system hardware assemblies as follows:
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FRA ASSEMBLY

0 None - disk storage system is unable to isolate assembly

1 Controller PCA

2 ESDI PCA or disk mechanism

3 Power supply

DERRORS

An error that occurs during any disk storage system activity other than the
self-test diagnostic is classified as a DERROR. The DERROR code defines

a specific malfunction that occurred during routine disk storage system
operation. If the same malfunction occurred during the self-test diagnostic, it
would be classified as a TERROR; consequently, certain error codes may fall
into either category.

Data Errors

All data read from the disk media is checked for errors before being transferred
to the host. When an error is detected, the disk storage system attempts to
correct the data using two techniques: error correction code (ECC) and read
retrys.

The first attempt at data correction is made using the ECC included in each
sector. If the high-speed ECC circuits can correct the data, the transfer of data
to the host is not interrupted.

If the data cannot be corrected using ECC, the disk storage system begins
read retrys to recover the data. The disk storage system performs up to 40
read retrys in an attempt to recover the data. If the data cannot be recovered
within the 40-retry limit, the data is declared unrecoverable.

Note During an ERT, read retrys are not implemented. Only ECC is
d used to correct errors detected during an ERT.
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Data Error Classifications

Data errors fall into one of four different classifications, depending upon the
action required to correct the data:

u Correctable - an error that was corrected using only ECC.

= Uncorrectable - an error that could not be corrected using only ECC. During
routine operation, the disk storage system will automatically begin read
retrys if the error is uncorrectable. However, during an ERT the disk storage
system does not perform read retrys, so the error remains uncorrectable.

m Recoverable - an error that was corrected using one or more read retrys.

m Unrecoverable - an error that could not be corrected within the limit of 40
read retrys.

Data Error Troubleshooting

The first step in determining the cause of data errors is to identify the nature
of the data error. Read the contents of the ERT log and run time log and
analyze the information. The formats for both logs are discussed earlier in
this chapter. The exact interpretation of these logs differs, so make sure you
remember which log you are reading when you examine the data.

The next step is to determine whether the error is “hard” or “soft”. Hard
errors are repeatable at a given address and indicate a media defect or a sector
that was written improperly. Soft errors occur randomly and are much less
severe because they do not result in data loss. In fact, soft errors may be
ignored if they occur infrequently.

After noting the error entries, a Read-Only (RO) ERT should be performed on,
and possibly around, the suspect sector(s). The results of the ERT should then
be compared with the original log entries to determine if the error is hard or
soft. In the latter case, the error may be gone.

If the error is hard, it may indicate a media defect that must be spared. This
can be determined by performing a Write-Then-Read (WTR) ERT on the
suspect media. This test will destroy any data on the tested portion of the
media, so back up any required data before proceeding. If the WTR ERT
reveals that the defect is still present, then the media is most likely at fault and
a sparing operation should be performed.

5-18 Diagnostics



HP Series 6000 Models 335H, 670H, 670XP, 670FL, and 1.34FL

If a hard error disappears after performing the WTR ERT, the media is not
likely at fault, and suspicion shifts to the mechanism electronics. Frequent soft
errors may also indicate a problem with the electronics.

Another source of soft errors is problems with the disk storage system
environment. Do not overlook possible problems with primary input power, or
RFI and ESD levels.
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NUMBER . SUSPECT
(hex/dec) ASSEMBLY
3/3 ‘LInternal cabling
- - 2.ESDI PCA or
‘disk mechanism
£ 3.Controller PCA
by the contm}lerk p.‘txmek
the time taken by the ser
the comrmand, This error is
expires before theisetvo syst
most cases the time allotte
allowed time for the servo to
command. Howevex, for so
time value is used if there is a
available to complete the com
4/4 ! 1.No ‘action required
An invalid executive progran unless error is
detected during the execution of - Fecurring,
program task. The execut mal - 2.Controller PCA
the occurrence of an
using an enumerat , event
This error mdlcates that a t.as t
an event value that it did
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NUMBER . ERROR SUSPECT
- (hex/dec) " . . ,' 10N ASSEMBLY
1A /26 ECALIBRATE Faul 1.No-action required
i tten unless error is
recurring.
2.ESDI'PCA or
disk mechanism

is sufficient time to de 50, If an attempt fails
because of a hardware event; the event is Iogged
and additional attempts are made. This error is
logged when no further recovery uttempts are
made.

ILLEGAL PRIMARY SPARE. (Fault). Secon 1.No action required{ -
(field) track sparing has alread on this '
unit, which prevents t| factory) spare
command from ‘being .

remapping in or
remapping.




 Models 335H, 670H, 670XP, 670FL, 2
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of the tracks.

future data loss |
cons1dered a fat'
broken: disk stor

[NUMBER “SUSPECT
* (hex/dec) ~ ASSEMBLY
1C/28 1.Run ERT on
suspect track.
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may be taken; that is
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1D/29  TRACK MAP ERRGR 1.No action required)
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Table 5-2. (continued)
NUMBER ERROR SUSPECT
(hex/dec) DESCRIPTION ASSEMBLY

ID/29 = If this error occurs during a Spare Block command

(cont)  while using the Retain No Data option, the disk
storage system can be safely power-cycled or
cleared in an attempt to reset the address map, If
this is successful, no adverse affects should remain;
however, the success or failure of the Spare Block
command that led to the error is not known.

If this error should oceur during a Spare Block
command while using the Retain Data option, the
possibility of loss of data exists. The operator
should immediately backup the device WITHOUT
clearing or power-cycling to save the data on the
track containing the target block address of the
Spare Block command. After the data has been
successfully backed up, the disk storage system
may be-reset or cleared to reset the address map.

Should this error oceur during an Initialize Media
command, there will be no loss of data. However,
the disk storage system should be power-cycled
or cleared; and the Initialize Media command

repeated; S = 5 ~
1E/30 © BAD'SPARE OR MAINTENANCE TRACK. L.Repeat Initialize
(Fault). During an Initialize Media retaining Media command,
spares, the controller was unable to verify any ; No action required
sector on a spare track or maintenance track. unless ‘ertor
: “ e recurs.
2.ESDI PCA or

disk mechanism
3. Controller PCA
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: Table 5-2. DERROR and TERROR Codes (continued)

NUMBER ERROR SUSPECT
(hex/dec) DESCRIPTION ASSEMBLY

1F/31 .~ WRITE FAILURE. (Fault) During diagnostic 1.Cycle power and
functional testing, a disk write was niot successfully -repesat test.
completed on a reserved self-test data track. No action required
: : unless error
recurs.
2.ESDI PCA or
disk mechanism
3. Controller PCA

20/32  READ FAILURE. (Fault) During diagnostic 1.Cycle power and

functional testing, a disk read was ot successfully repeat test.
completed on a reserved self-test data track. No action required
unless error
recurs.
2.ESDI1 PCA or

disk: mechanism
3.-Controller PCA

21/33! - CAN'T DETECT DATA ERROR (Fault) Dutmg 1. Controller PCA
diagnostic function testing; an uncorrectable data
etror could not be detected by the controller ECC
circuit during a disk read of the e5e] ed self-test
data track The dnagnostl ¢
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Table 5-2. DERROR and TERROR Codes (contmued)

NUMBER  ERROR SUSPECT
(hex/dec) DESCRIPTION e ASSEMBLY

23/35' - EMPTY DATA BUFFER ‘ CTED. 1. Controller PCA
(Fault) The coritroller DMA ¢ ‘ :
mterrupt mdlcatmg a DM A

with no data’‘contained in
The test expects to receive
controller DMA circuit
condition; :

TRACK SKIPPED NG FORMAT. (Fault)  1.See description
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< Table 5-2. (continued)
NUMBER ERROR SUSPECT
(hex/dec) DESCRIPTION ASSEMBLY

26/38 - UTILITY END. (Event). This event is logged at.~ 1.No action required
the end of 4 utility as a dummy error. The action
of logging this event will cause any events which
occurred during the utility to be copied from the
event-log into the fault log.

27/39  TOO MANY SERVO EVENTS (Fault). 1.1f error recurs,
Insufficient fault recovery time exists, or the sparing is advised.
maximoum number of allowable hardware events 2:ESDI PCA or
has occurred during recovery. Fault recovery is disk mechanism

invoked whenever a servo command fails. If there 3. Controller PCA
is insufficient time remaining to complete the

necessaty fault recovery, or the maximum allowed

number of events has occurred, this error-is logged

to indicate no further fault recovery attempts are

made. This is 4 terminator error for other events:

28/40  TOO MANY DISK EVENTS. (Fault) Insufficient . 1.If error Tecurs,
fault recovery time exists or the maximum number . sparing is advised.
of allowable hardware events has occurred during 2.ESDI PCA or
fault recovery. Fault recovery is invoked whenever . disk mechanism
a disk ‘command fails. If there is. msufﬁclent 3. Controller PCA
time remaining to complete necessary fault
recovery, or the maximul a.ilowed number of
events has occurred durmg atbempted recovery,
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Table 5-2. (continued)

NUMBER
(hex/dec)

ERROR : SUSPECT
DESCRIPTION ; ASSEMBLY

29/41

2B/43
(HP-1B)

NO INDEX PULSE. (Fault) The once-around,; or- - 1.Internal cabling

index mark, signal could not be detected during a - 2.ESDI PCA or

format operation: disk mechanism
3.Controller PCA

During media formatting, the sector address
counter is synchromzed with the index mark signal
so that the media is consistently addressed, or
“hard sectored” each time a format operation
is.done. The synchronization process involves
initializing the sector counter to specific value
during the sector in which the Index Mark signal
occuts. If the index mark is not detected at a
particular cylinder address, a search of a portion
of the entire disk volume is made to locate a
cylinder address at which the Index Mark can be
detected. If no indéx mark can be detected within
the search address space; this etror is logged.

CHANNEL INTERFACE FAULT. (Fault) A 1. Controller PCA
diagnostic test of the host channel interface circuit
in the controller failed:
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Table 5-2. DERROR and TERRGR Codes (conunued)

| NUMBER  ERROR
(hex/dec) _ DESCRIPTION

SUSPECT
ASSEMBLY

41/65 - LOOPBACK PARITY ERROR (Fault) A parity
(HP-IB) " error occurred dunng a channel loopba.ck
cormnmand. : .

41/65 ~ UNKNOWN DMA INTERRUPT. (Fault) The
(BP-FL)  disk storage system received what it thought was a
DMA interrupt, but it was ﬁlegal

42/66 . INVALID PuP COMMAND (Fault) Received an
(HP-FL) - “invalid PuP command. ;

43/67* " BAD TRANSPARENT. (Fault) An lllegal
(HP-FL) . transparent message was received.

44/682  COMMAND PARITY ERROR. (Fault). The
(HP-FL) - controller DMA reported a parity error in the
command phase of a transaction.

45/69° CHANNEL PARITY ERROR. (Fault) HP-IB
(HP-IB) interface circuit detected a parity error,

45/69*2 . EXECUTION MESSAGE PARITY ERROR.

(HP-FL) - (Fault) The controller DMA reported a parity
error during the execution message phaseof a
fransaction:

1Error could involve data ¢orruption.

Ignore hardware fault register contents returned with this error.

1.Interface cabling
2.Host computer
3.Controller PCA

1.No action required
unless error is
recurring.
2.-Controller PCA

1.No action required
unless error is
recurring.

2. Controller PCA

1:Host computer
2:Interface cabling
3.Controller PCA

1." Interface Cabling
2. Controller PCA
3. Host- Computer

1. Interface Cabling
2. Host Computer
3. Controller PCA

1. Interface Cabling
2. Controller PCA
3. Host Computer
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Table 5-2. DERROR and TERROR Codes (continued)

NUMBER ERROR SUSPECT
(hex/dec) DESCRIPTION ASSEMBLY

46/70° INBOUND BYTE FAULT. (Fault) The controller 1. Controller PCA
(HP-IB)  detected a bad hardware state of the HP-IB

channel interface circuit while decoding ‘a received

message byte.

46/70° HOST MESSAGE PARITY ERROR. (Fault). The 1. Interface Cabling

(HP-FL) controller DMA reported a parity error for a host 2. Controller PCA
message. 3. Host Computer

47/712 LONG HOST MESSAGE PARITY ERROR: 1. Interface Cabling
(HP-FL) (Fault). The controller DMA reported a parity 2. Controller PCA
error for a long host message.

48/722 TRANSPARENT MESSAGE PARITY ERROR. 1. Interface Cabling
(HP-FL) (Fault). The controller DMA reported a parity 2.  Controller PCA
error for ‘a transparent message.

49/73*  LOOPBACK PARITY ERROR. (Fault). The 1. Interface Cabling
(HP-FL) controller DMA detected a parity error for a 2.. Controller PCA
loopback message.

4B/75* COMMAND LENGTH ERROR. (Fault). There 1. Host Computer
(HP-FL) was an underrunjoverrun of command data to the 2. Controller PCA
disk storage system. 3. Interface Cabling

4C/76* EXECUTION LENGTH: ERROR. (Fault). 1. _Host Computer
(HP-FL) Incorrect length received for the execution phase. . 2. Controller PCA
3. Interface Cabling

4D/77*  HP-IB INTERFACE FAULT. (Fault) A hardwate 1. Controller PCA
(HP-IB)  fault was detected in the HP-IB interface ¢ircuit of
the controller.

*Ignore hardware fault register contents returtied with this error.
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(hex/dec)

NUMBER

 SUSPECT
~ ASSEMBLY

4D/772
(HP-FL)

4E/78" 2
(HP-IB)

LError could involve data cozmptlon e

2Ignore hardware fault regxster contents, retur ed th thls

: 3. Interface Cabling

flj .ocate and rewrite
; ‘offending sector.
2. Controller PCA

compléte énccessfully,

During data transfers from
host the mt;egnty of the da
generating a two byte' ¢
(CRC) value for each 256
the data leaves the channel, t ,
compared against a value ata at’
the time it was written on :
miscompare occlir, the mess
terminated and & completion
CRC niiscompare indicates ei
failure of the controller .
(ECC) circuit or the o

the data wntt.en on the disk
the CRC is not checked as t
the disk. In this case, al
read this data will result
niecessary to rewrite the ¢
correct the problem and pi
occurrences of thxs erTor.

error. i
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Table 5-2. DERROR and TERROR Codes (continued)

NUMBER
(hex/dec)

ERROR
DESCRIPTION

SUSPECT
ASSEMBLY

57/872
(HP-FL)

58/882
(HP-FL)

54,/90"
(HP-FL)

60/96

61/97

ILLEGAL LOOPBACK MESSAGE LENGTH.
(Fault), The host requested an lllegal loopback
message length.

ILLEGAL HOST MESSAGE LENGTH. (Fault).
The host requested-an illegal host message length.

PuP CONTROLLER ERROR: (Fault) The
controller firmware in the PuP processor
experienced an illegal condition.

CONTROLLER KERNEL FAILURE. (Fault} A
controller fault condition was detected which
required resetting the disk storage system. During
operation; certain faults can occar for which no
soft recovery mechanism is possible. Such faults
are illegal controller program states of unmaskable
controller processor interrupts which are caused by
temporary or permanent hardware failures. In case
the failire is temporary, the disk storage system is
reset by executing the power-on program, which
re-initializes the disk storage system. If the disk
storage system is able to recover by e
re-initialization, the power-on status is reported to
the host to'indicate that the state of the disk
storage system at the txme of the faxlure has been
lost.

CONTROLLER FAULT. (Fault) Data error
detection fault.

!Error could involve data corruptlon

1. Host Computer
2. Interface Cabling

1. ‘Host Computer
2. Interface Cabling

1.Controller PCA
2.Host Computer

1.Perform a reset.
No action required
unless error 18
recurring.

2.Controller PCA

1. ’ Controller PCA

?Tgnore hardware fault regxster contents returned with this error.
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Table 5-2. (continued)
NUMBER ERROR SUSPECT
(hex/dec) DESCRIPTION ASSEMBLY
62/98  ILLEGAL ESDI UNIT CONFIGURATION. 1. Set ESDI
(Fault) The ESDI switches on the disk mechanism switches to
are in an illegal state. Each ESDI'unit connected " proper positions.
on the ESDI bus has a DIP select switch: which 2.ESDI PCA or
is used to select the address on the busto which - disk mechanism
the ESDI unit will respond; as well as enabling or
disabling certain options. These switches must be
set to certain positions for proper operation.
For single unit configurations, the address must be
set to select unit address 1. The options switches
must be set as follows:
(1) Auto spinup : Enabled or Disabled (x)
(2) Aggressive Seeks : Disabled (0)
63/99  NO ESDI UNITS. (Fault) During initialization 1.Internal cabling

of the controller; no disk mechanism was found
on the 'ESDI bus: At power-on initialization
all addresses of the ESDI bus are checked to
determine how many ESDI units are attached
to the controller. If no ESDI units respond to
selection, this error is:reported.

2.Set ESDI
switches to
proper positions.
3.ESDI PCA or
disk mechanism
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NUMBER
(hex/dec)

SUSPECT
ASSEMBLY

64/100

65/101

t)  Llnternal cabling
2.ESDI PCA or
+ - disk mechanism

s

n
operation. This is par
configurations,
SELECT FAULT. (Fault “1.Internal cabling
‘ - 2.8et ESDI

- switches to

. proper positions.
~ 3.ESDI PCA or
- disk mechanism




" Computet
Museun

HP Series 6000 : ™ 35H, 670H, 670XP, 670FL, and 1.34FL

NUMBER ~ ERROR ' SUSPECT
{(hex/dec) D! o ASSEMBLY

66/102 : (Fault). A tim LInternal cabling
occurred- while | ' 1 hedisk -~ -2.ESDIPCA or

mechanism bec was bu disk mechanism
command. An' “unit indi “busy status

This fault is' logged if the timer expires prior to
the unit becoming available.

The ESDI unit indic is busy by deasserting
the COMMAND COMP E status line on the
ESDI interface. -

67/103  OFFSET FAULTS. (Event}. The controller 1.ESDI PCA or

attempted to write while track offset or disk mechanism
ise. The controller -
sets in an attempt

to read data from the disk when data errors are

detected. “These offsets must be reset prior to

writing on the dis! ITOT mdlcat& that the

controller muist reset oﬂ'sets ptior to domg the

write.

NOTE; Offsets are cun'ent.ly not used on the
controllers used in these products.

68/104 ~ POWER FAIL. (Event) The controller detected a  1.Environment
power fail status. A pow m condition was . 2.Power supply
indicated by the power supply. -~ .
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Table 5-2. (continued)
NUMBER ERROR SUSPECT
(hex/dec) DESCRIPTION ASSEMBLY

69/105 ~WRITE PROTECT. (Fault) The disk -
mechanism(s) have been write protected due
to a previously detected fault condition, -After
detection of a fault condition which indicates a
problem with either the controller or the ESDI
unit, a flag is set to prevent any further writes to
that. disk. "This is done to proteet. the unit from
loss of data. Power cycle will reset the unit.

6A/106 - AGGRESSIVE SEEK FAULT. (Event). A seek
fault was reported when a write was attempted
during position settling of the heads:

The HP-ESDI mechanisms provide a feature which
causes. the ESDI unit to report that a seek or

head switch has completed; even though the heads
have not completely fine settled into position. If
the controller attempts to write when the heads
have not settled, the unit will block the write and
indicate this fault. This feature may be defeated
by using either the configuration switch on the
unit-or a ESDI conﬁguratxon cammand from the
controller. :

NOTE: The controﬂers used in these products
cannot successfully use this feature. The feature
should not be used. Check FSDL optwn switch
settings to disable the feature :

6B/107 ~DATA ERROR QUEUE FULL (Event) The
queue for the data error correction program was
full, preventing the start of a disk read. During
disk reads, a buffer queue is used to quene
information for in correcting data errors with the
Error Correction Code (ECC). If this queue is full,
the disk read will not be started. ‘This prevent the
disk read from overflowing the error correction
program.

Undetermined. No
action required.

1:No action required |

This étror indicates
an excessive

error rate at the
address indicated.
Sparing should be
considered.
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Table 5-2. (continued)

NUMBER
{hex/dec)

ERBOR SUSPECT
DESCRIPTION ASSEMBLY

6C/108

6D/109
(HP-FL)

UNAVAILABLE UNIT. (Event). A disk 1.No action required.
mechanism could not be accessed in time because
it was unavailable during the time window

of required access. If a unit is “busy” (either
processing a fault condition or a previous
command) it is unavailable to accept new
commands. A timer 18 used to monitor the time
that has elapsed since the unit was determined
busy.. If this timer expires during an allotted
time window, thls fault condition is reported,

If an absolute maximum time has expired, then
DERROR 102 (5616) is reported

Note that this error does not necessanly indicate
‘ ntroller has zssued a

small it ma.y not. be p 881
complete. :

ESDI MECHANISM ' BSENT (Fault) At 1.Set ESDI

) i€ co L Uswitches to

expectmg 3 tw rwe conﬁguratmn but. was proper positions.

unable to select ,ESDI mecha.msm 1 - 2.Internal cabling
. ~ 3.ESDI PCA or

disk mechanism
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NUMBER
(hex/dec)

SUSPECT
 ASSEMBLY

6E/110
(HP-FL)

6F/111

 unable to select ESDL

~ 1.Set ESDI

. switches to
. proper positions.
. 2.Internal cabling
- 3.ESDI' PCA or
. disk mechanism

expecting a tw

CONTROLLER COt
diagnostic which tests
counter in the controller
sector timing mark counter
programmed number of sei
then cause a controller pro
interrupt service pr
hardware for operation d

The diagnostic programs th
after a certain numb Be
the sector address co
circuit does not have th
interrupt does not oceur:
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 [~umBER T SUSPECT
(hex/dec) T ASSEMBLY

72/114 JATA ' i Indicates an
¢ - excessive
--error-rate at the
‘address indicated.
. .Sparing should be
r  copsidered.

| ;
73/115 e IMA Th 1. Controller PCA

~ 1ESDIPCA or
isk mechanism
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Table 5-2. DERROR and TERROR Codes (continued)

7D/125

TE/126

NUMBER ERROR SUSPECT
(hex/dec) DESCRIPTION ; ASSEMBLY
7C/124' ERROR CORRECTION HEADER 1. Controller PCA
MISCOMPARE. (Fault) After successful data 2.ESDI'PCA or
error correction; the header field read from the disk mechanism

1 Error could- mnvolve data corruptmn -

disk did not match the target header. During disk
reads the controller hardware will automatlcaliy
compare the sector header read from the disk with
a reference header that is determined during the
position verification. If a header miscompare
occurs with no detected ECC error, a failt is
reported. See ERROR, 142 (8E1s). However, if
ECC errors are detected in the sectar, the header
comparison is not valid and comparison must be
deferred until the data error correction program
has completed correction of the sector,

HEADER MISCOMPARE FAULT. (Fault) The 1. Controller PCA
Header Miscompare error status is set in the

controller DMA. No other hardware error status is

set.- The header miscompare error status is

normally masked and should not be seen. If it

does occur, this indicates a contmller fanlt

SECTOR FRAME WORD ERROR, (Event). The 1. Controller PCA
controller has detected an error in the frame word

of the sector. Each sector on the disk has a

framing word which is ised for onizing
controller to the data pattern read .
The framing word is 8 bits in length. A fr
word error is indicated whenever twe of more bits -
are in error from the pattern used (OFE ;m '
indicate the frame word e

This information is norma.lly masked and is nnly
unmnasked optmna}ly dnrmg Error Rate Tests
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Table 5-2. {continued)
NUMBER - : ERROR o SUSPECT
- (hex/dec) DESCRIPTION ASSEMBLY

80/128 ~ ESDI STATUS MESSAGE PARITY ERROR LInternal cabling
(Event). The controller detected a parity error in  2.Controller PCA
the data/status message received from the disk 3.ESDI PCA or
mechanism. Each ESDI message received by the  disk mechanism
controller from the selected ESDI unit has a parity
bit to-detect odd bit errors in the 16-bit message

81/129  ESDI COMMAND TIMEOUT (Event). The 1:Internal cabling
controller/ESDI interface indicated an ESDI 2.Controller PCA
command-has timed out. The ESDI specification. ~ 3.ESDI'PCA ‘or
requires that the ESDI device handshake each bit  disk mechanism

of a 17-bit command ot 17-bit status message
within 10 ms. The hardware timer in the
controller that momtors this time has expired.

82/130  ESDI ATTENTION BEFORE COMMAND. 1.No ‘action required
' (Event) The sele d dzsk mechamsm asserted

83/131 l.Internal cabling
s 2:Controller PCA

was xssumg an ESDI com 3.ESDI'PCA or

decoded ' disk mechanism

86/134 2.ESDI PCA or

disk mechanism

Diagnostics 5-45




Models 335H, 670H, 6

NUMBER
(hex/dec)
87/135' VI

88/136! VE!
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~ SUSPECT
| ASSEMBLY
1. Controller PCA

"NUMBER
| (hex/dec)
8E/142

8F/143 1. Controller PCA

1.8paring advised.
2.ESDI PCA or
e disk mechanism

| 80/144
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Table 5-2, (cotmnued)
NUMBER ERROR. SUSPECT
(hex/dec) DESCRIPTION ASSEMBLY

91/145  'WRITE DMA DISK ERROR. (Event). The 1.Sparing advised.
controller disk DMA has the disk | ertot status 2.ESDI PCA or
during a write. disk mechanism

92/146 READ ECC TIMING FAULT. (Event} Durmg 1.Sparing advised.
a read, the ECC circuit in'the controller had the - 2.Controller PCA
Timing Fault status bit set. No other hardware
status was indicated. The ECC asserts the Timing
Fault status bit for a number of conditions. When
set with no other status, it usually indicates that
the ECC was programmed to be active during a
sector. and signals on the ESDI did not occur, The
status bit can be set for the following conditions:
(1) The sector timing mark did not occur within
the correct: time frame
(2) The Data strobe slgnal from the R,ead-Wnte
system did not occur or was not framed correctly
within the sector timing mark signal time window.

93/147 - WRITE ECC TIMING FAULT. (Fault). During a "1.ESDI PCA or
write, the EGC circuit in the controller had the disk ‘mechanism
Timing Fault status bit set.-No other hardware - 2.Controller PCA
status was indicated.
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NUMBER
| (hex/dec)

94/148

95/149

verification;

‘to compare the

target addr
the Header

read; this blt 3
status inform
indicate the reaso

670FL, and 1.34FL

~SUSPECT
~ ASSEMBLY

); The sector 1 Disk mechanism
- 2.Controller PCA

‘Controller PCA :
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96/150 R

97/151

9C/156 R DD L Cé!iﬁrdﬂ'er PCA ' -
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: NUMZB‘ER e
(hex/dec)
A2/162 UN

SUSPECT
 ASSEMBILY
_* “LInterns] cabling
-~ 2.ESDIPCA or
1 disk mechanism
- 8.Controller PCA

A3/163 - Linternal cabling
o “2.ESDI PCA or
.- disk mechanism
3.Controller PCA

Ad/164

A5/165

1.No action required
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NUMBER ~  ERROR  SUSPEOT
(hex/dec) ESCR - | ASSEMBLY
A6/166 ‘ NTE]

: 1.Internal cabling
id not correctly
the controller

AT/167 AND PARITY FAULT. (Event). 1Internal cabling
i ‘ a rror on the

AR/168 ' R NDIT! Event). I.Internal cabling
i s 2.ESDI PCA or
disk mechanism

power is disrup
occur {und:

power disruptic
must sense that
configured state

A9/169 1.No action required.|
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| (hex/dec)
| Bo/18s

| Bas18s
| BBj8T

BC/188
 BD/189
 BE/190

- BF/191

C0/192




_ Models 335H, 670H, 670XP, 670FL, an

HP Series 6000

NUMBER
(hex/dec)

- ‘SUSPECT
ASSEMBLY

C1/193

C2/194

C3/195

C4/196

C5/197

C6/198

C7/199

C8/200

ESDI UNIT INTE ult) The  LlInternal cabling
servo program of o system 2.ESDI PCA or
timed out while waiting vo interrupt. disk mechanism

" 1.No action required

fault is pending.

ESDI WRITE PROTE  LInternal cabling
e ~ 9.ESDIPCA or
digk kmechanism

MECHANISM A S ~1:Int§mal cabling |
POWER-ON. (E -~ 2.ESDI PCA or

not move from ¢  disk mechanism

~ Linternal cabling
~ 2.ESDI PCA or
disk mechanism

LInternal cabling :
 2.ESDI PCA or
: dixﬁsk:mechanism

:"‘I,Ijxlxtéma.l cabling
 2ESDIPCA o
e disk mechanism_

 1luternal cabling |
2.ESDI PCA or
disk mechanism
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Table 5-2. (continued)
NUMBER ERROR ' SUSPECT
(hex/dec) DESCRIPTION ASSEMBLY

D0/208 HEADER PARITY ERROR. (Fault) There was 1. Controller PCA
(HP-FL) - a parity error on-an ALINK header. No ertor
message is returned since the source is unknown:

D1/209 POWER-ON WRITE UPDATE CRC FAULT. - 1.NVRAM
(XP Only) (Fault) Write update data in NVRAM failed 2. Controller PCA
CRC check at power-on. Read and write cache
disabled. During power-on initialization, a check is
made to see if any writes were accepted mto the

CRC check is made of the RAM

the data is contained. If the CR
indicates that user data has

data on the disk is not coherer
disabled to prevent further data loss.

D1/209 TOO MANY ALINK TRANSACTIONS. (Fault) 1. Host computer

(HP-FL) A partu:ular source of (;r s exceeded the  2.Controller PCA
D2/210  POWER-ON WR!TE \TE FAILURE.  LIf this error
(XP Only) (Fault) Write update failed at po n. ‘occurs by itself,

h ~ the likely
initialization, a chec c f any writes  cause is.the
were aceepted into | : t . controller PCA
not written to disk. If so is written 2.If there are

: 1t} a other events
check of the CRC code, . t any - associated
resison, this DERROR is ret ‘No retries - with this error,
are attempted. The cache is  prevent - the likely
possible loss of user data. ‘ . canseis the -

Vi s : ESDI PCAor
disk mechanism
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| (hex/dee)

NUMBER

T SUSPECT
ASSEMBLY

D2/210
(HP-FL)  number of unprocessed headers excee

allowable number.

- D3/211
| (XP Only) , |
prevmusly failed 2 write update When a write
update fails; valid user data may or may not be
contained within the controller nonvolatile RAM.
If the host processor ignores a write update failure
error and attempts to read any of this data, this
DERROR is returned to warn the host tha,t the
data is probably mvahd

It is likely the host will attempt to spare
the location; however only a Spare Not-
Retaining-Data will eliminate the invalid
data: :

PBUS TIMEOUT. (Fault) A transadion ecesded
the allowable time on the PBus on the link disk
storage system. .

D3/211
(HP-FL)

1. Controller PCA

1.No action required

1.Host computer
2.Interface cabling
3.Environment
4.Controller PCA
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NUMBER
(hex/dec)

D4/212
(XP Only)

repyorted; C
data has

write fails;
data which

D4/212
 (HP-FL)

, 670XP, 670FL, and 1.34F
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Table 5-2. DERROR and TERROR Codes (continued)

NUMBER ERROR SUSPECT
(hex/dec) DESCRIPTION ASSEMBLY

D5/2131" INVALID NVRAM FORMAT DETECTED. 1.NVRAM
(XP.Only)  (Fault) The data pattern contained within the 2.Controller PCA
NVRAM was not the expected pattern. Read and
write cache disabled. The non-volatile RAM is
formatted with a pattern key word at the factory.
This keyword is checked during power-on, prior to
checking if data exists in the buffer to be written
1o disk. The keyword pattern should be present at
all times if the non- volatile RAM is functioning
correctly and the battery for the RAM data
Tetention is functioning properly. H this pattern is
not found correct; it indicates that the data
contents of the RAM are probably invalid. The
¢ache is disabled when this occurs.

The controller board should be replaced for this
failure. If for some reason it is not desirable to
replace the board, the RAM can be reformatted by

address 5. This

the RAM and refor , y

Note that if the data retention battery is weak or
¢ 1 s, the data integrity

problem will not be allevmted

D5/213 ' ALINK-PER. (Fa | interface 1.No-action required
(HP-FL)  detected an illegal p fot ; ‘ unless error is

< i [ - recurring.

and transmit inter fons. ~ 2.Controller PCA

: . . 3.Interface cabling

4.Host interface
(fiber optic
cable)

1Error could involve data corruption,
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Table 5-2. (continued)
NUMBER ERROR SUSPECT
(hex/dec) DESCRIPTION ASSEMBLY

D6/214
(XP Only)

D7/215
(XP Only)

THREE CONSECUTIVE DRAM ERRORS. 1. Controller PCA
(Fault) Three consecutive uncorrectable ECC
errots were detected in the controller DRAM.

The dynamic RAM on the controller PCA is
protected by ECC code.” During three consecutive
accesses of the DRAM, ECC errors were detected:
(This occurs during three host transactions), This
error indicates that the DRAM of the controller
is.probably faulty. The fault logs will contain

two DERROR 214s, followed by a DERROR 216.
A single DERROR 216 is niot cause to replace

the controller board if it is not followed by an
additional DERROR 216 and DERROR 214.

The cache function has been disabled to protect
data integrity. .

THREE DRAM ERRORS WITH CACHE 1.. Controller PCA
DISABLED. (Fault) Three consecutive :

uncorrectable ECC errors were detected in the

controller DRAM with the cache disabled. The

cache has either been disabled by the host or has

been disabled because of detected fault conditions:

Three consecutive accesses of the controller

DRAM have resulted in uncorrectable ECC errors.

The disk storage system will be write protected to
prevent corruption of any user data on the disk.
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DB/219!
| (P Only)

E3/227
(HP-FL)

F1/241
(HP-FL)

the control

11Error could involve dat

*Ignore hardware :féul ‘
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Table 5-2. DERROR and TERROR Codes (continued)

NUMBER
(hex/dec)

ERROR
DESCRIPTION

SUSPECT
ASSEMBLY

F2/242
(HP-FL)

F3/243
(HP-FL)

F4/244
(HP-FL)

F5/245
(HP-FL)

F6/246
(HP-FL)

F7/247
(HP-FL)

F8/248
(HP-FL)

F9/249
(HP-FL)

DATA PATH SELF-TEST ERROR (Fault)
During the loopback self-test, an error with the
full data path oceurred:

ODD NUMBER BYTE DATA PATH ERROR
(Fault) During the loopback self-test, an error with
an odd number of bytes in the data path occurred.

CHANNEL 1:OVERFLOW ERROR (Fault)
During the loopback self-test, an error occurred
when trying to force a.channel 1 overflow,

CHANNEL 0. OVERFLOW ERROR (Fault)
During the loopback self-test, an error occurred
when trying to force a channel 0 overflow.

CHANNEL 1 DISABLE ERROR (Fault) During
the loopback self-test, an errot occurred when
trying to force a channel 1 disable duringa
channel 1 write:

CHANNEL 1 WATCHDOG TIMER ERROR
(Fault) During the loopback self-test, an error

occurred when trying to create a watchdog timer
during a channel 1 write.

PBUS MATCH ERROR (Fault) During the
loopback self-test; an error with the match
function of the PBus occurred.

CHANNEL SWITCH ERROR (Fault) During the
loopback self-test, an error occurred when trying
totest the switch from channel 1.t0 0.

1.

1.

1.

1.

1.

1.

1.

.:Controller PCA

Controller PCA

Controller PCA

Controller PCA

Controller PCA

Controller PCA

Controller PCA

Controller PCA
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Table 5-2. (continued)
NUMBER ERROR SUSPECT
(hex/dec) DESCRIPTION ASSEMBLY
FA/250 PRONTO ERROR IN PARITY ERROR 1. Controller PCA

(HP-FL) DETECTION (Fault) During the loopback
self-test, an error occurred when checking the
Pronto’s ability to detect parity errors. The
Pronto chip is part of the HP-FL interface on the
controller PCA.

FB/251 PI ERROR IN PARITY ERROR DETECTION = 1. Controller PCA
(HP-FL) (Fault) During the loopback self-test, an error

occurred when checking the PI's (PBus interface)

ability to detect parity errors.

FC/252 DICE ERROR IN PARITY ERROR 1. Controller PCA
(HP-FL) DETECTION (Fault) During the loopback

self-test, an error occurred when checking the

DMA’s ability to detect parity errors;

FD/253 WATCHDOG TIMER ERROR (Fault) During the 1. Controller PCA
(HP-FL) loopback self-test, an error occurred when trying
to force a watchdog timer.
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There are no operating or maintenance adjustments required.
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Peripherals

This chapter does not apply to these products.
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Replaceable Parts

Introduction

This chapter includes the following information:
m Removal and replacement procedures.

m Replaceable parts.

m Field stocking inventory.

Preparation For Service

Warning To avoid the possibility of electric shock, always disconnect
the disk storage system from ac power before performing any
a servicing procedures.

Before working on the disk storage system, perform the following steps:
1. Switch off the disk storage system power.

2. Disconnect the ac power cord from the disk storage system.

3. Disconnect all interface cables from the disk storage system.
4

. If necessary, move the disk storage system to a location where all surfaces,
including the top, are easily accessible.

5. Make sure you and the disk storage system are properly grounded using an
anti-static work station and wrist strap.
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Removal and Replacement Procedures

Caution The disk mechanism and controller PCA in the disk storage
system are very susceptible to electrostatic damage. Use
‘ the field service grounding kit (p/n 9300-1155) to reduce the

risk of electrostatic damage when servicing the disk storage
system. Store static sensitive assemblies in an anti-static bag
immediately after removing them.

The following paragraphs provide detailed instructions for removing and
replacing the major disk storage system assemblies. The procedures are given
in the order in which disassembly normally occurs. The order of disassembly is
shown in Figure 8-3. To assist in the identification of the parts, references are
made to the index numbers used in Figure 8-3 through Figure 8-7. The index
numbers refer to Figure 8-3 unless specific reference is made to one of the other
figures.

Unless noted, the assembly is installed by reversing the removal procedure.

Note TORX hardware is used in the assembly of the disk storage
system. This hardware requires the use of special drivers. In
# this manual, any reference to this type of hardware will be

accompanied by the required driver size, for example, “T15”

Front Panel

1. Locate the two locking tabs on the underside of the front panel (Figure 8-3,
1).

2. Press in on the locking tabs and pull the lower edge of the front panel
forward until the panel separates from the disk storage system chassis.

To install the front panel:

1. Insert the tabs along the upper edge of the front panel into the slots in the
disk storage system chassis.

2. Lower the panel into position and press on the lower edge of the panel until
the locking tabs snap into the disk storage system chassis .
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Top Cover
1. Remove the front panel.

2. Remove the two T15 screws (Figure 8-3, 4) attaching the top cover (3) to
the rear of the disk storage system.

3. Slide the top cover back and then lift it off.
To install the top cover:

1. Position the top cover so the tabs on the inside of the cover fit into the slots
in the disk storage system chassis

2. Lower the top cover on to the disk storage system chassis and slide the cover
forward into place.

3. Secure the panel using the two mounting screws.

HP-IB 1/0 Panel

The following procedure applies to models 335H, 670H, and 670XP disk storage
systems.

1. Remove the front panel and top cover.

2. Disconnect the I/O cable (Figure 8-4, 3) from the HP-IB I/O panel
(Figure 8-3, 5).

3. Remove the three T15 screws (6) attaching the HP-IB I/O panel to the rear
of the disk storage system.

4. Remove the HP-IB I/0 panel.

HP-FL I/O Panel

The following procedure applies to model 670FL and 1.34FL disk storage
systems.

1. Remove the five T15 screws (Figure 8-3, 11) attaching the HP-FL 1/O panel
(10) to the rear of the disk storage system.

2. Carefully pull the I/O panel away from the disk storage system chassis
until the PBus and fiber optic connectors on the HP-FL controller PCA
(Figure 8-6, 1) are accessible.
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3.

Disconnect the PBus and/or fiber optic cables from the HP-FL controller
PCA and remove the HP-FL I/O panel.

Front Insert Assembly

1.
2.

Remove the front panel and top cover.

Remove the T15 screw (Figure 8-3, 15) holding the front insert clip (14) in
place.

3. Remove the front insert clip.

. Pull the front insert assembly (16) away from the front of the disk storage

system. The insert assembly is now held in place only by spring clips around
its edges.

Disk Mechanism

Caution m The disk mechanism is susceptible to mechanical shock
and vibration. Be careful to avoid bumping or jarring the
‘ disk mechanism when removing or installing it. The disk

mechanism should be placed on a padded surface while it is
out of the disk storage system chassis.

m Avoid touching the surface of the ESDI controller PCA while
handling the disk mechanism.

. Remove the front panel, top cover, and front insert assembly.

. Disconnect the three cables from the disk mechanism (Figure 8-3, 17). Press

down on the connector lock (Figure 8-3, 24A) tab to disconnect the ESDI
cables.

. Remove the T20 screw (18) securing the disk mechanism to the disk storage

system chassis.

. Slide the disk mechanism toward the rear of the disk storage system until

the mounting tabs on the disk mechanism disengage from the disk storage
system chassis.

. Carefully lift the disk mechanism out of the disk storage system.
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6. If the disk mechanism is being replaced, remove the four T10 screws (20)
securing the mounting bracket assembly (19) to the disk mechanism.
Remove the bracket and install it on the new disk mechanism.

Before installing a new disk mechanism, make sure the ESDI address switch on
the mechanism is set to the proper address. The location of the ESDI address
switch and the proper address settings are shown in Figure 4-10. If the disk
mechanism is set to an improper address, a disk mechanism fault will occur
during self-test.

Note When reinstalling a disk mechanism in a model 1.34FL, make
sure the mechanism is installed in its original position. If both
d disk mechanisms have been removed, check the ESDI address

switch settings on each mechanism to determine its proper
position. Figure 4-10 shows the relationship between the
ESDI address and disk mechanism position. The controller
PCA associates a specific ESDI address with each position. If
the disk mechanisms are installed in the wrong positions, the
self-test will fail with a disk mechanism fault.

ESDI PCA
Caution m The disk mechanism must be placed upside-down to remove
the ESDI PCA. In this position, the disk mechanism is very
‘ susceptible to mechanical shock and vibration. Be extremely

careful to avoid bumping or jarring the disk mechanism when
replacing the ESDI PCA. Place the disk mechanism on a
padded surface while removing the EDSI PCA.

m Make sure you observe the proper ESD precautions when
removing the ESDI PCA. Handle the ESDI PCA only by its
edges.

1. Remove the disk mechanism.

2. Carefully place the disk mechanism upside-down so the ESDI PCA
(Figure 8-3, 22) is accessible. Place the disk mechanism on a padded
surface.
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3.

Remove the four T10 screws (20) securing the mounting bracket assembly
(19) to the disk mechanism. Remove the bracket.

. Pull the connector lock (24A) off the ESDI PCA.
. Remove the four T10 screws (23) securing the ESDI PCA to the disk

mechanism. See Figure 8-1.

Note Do not mistakenly remove the two T10 screws securing the heat

d sink to the ESDI PCA.

6.

Carefully pull the ESDI PCA away from the disk mechanism until the three
cables connecting the HDA to the ESDI PCA are accessible. The ESDI
PCA will hinge to one side, providing easy access to the cable connectors.
See Figure 8-1.

. Disconnect the speed sense cable, the spindle drive cable, and the data cable

from the ESDI PCA.

Note Before installing a new ESDI PCA, make sure the ESDI
d address switch on the new ESDI PCA is set to the same

address as that on the old ESDI PCA. The location of the
ESDI address switch is shown in Figure 4-10. If the disk
mechanism is set to an improper address, a disk mechanism
fault will occur during self-test.
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Figure 8-1. Removing the ESDI PCA

1. ESDI PCA 5. Spindle drive cable

2. ESDI PCA mounting screws 6. ESDI address switch

3. Data cable 7. Terminator resistor pack
4. Speed sense cable 8. EPROM
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HP-IB Controller PCA
The following procedure applies to model 335H and 670H disk storage systems.

1.

Remove the front panel and top cover.

2. Remove the disk mechanism.
3.
4. Remove the PCA holder (Figure 8-4, 2) holding the HP-IB controller PCA

Disconnect all cables from the HP-IB controller PCA (Figure 8-4, 1).

in place. To remove the PCA holder, press in on the holder and pull it out
of the chassis.

. Slide the HP-IB controller PCA toward the rear of the disk storage system

until it can be lifted out of the disk storage system chassis.

HP-IB Cache Controller PCA
The following procedure applies to model 670XP disk storage systems.

1.

Remove the front panel and top cover.

2. Remove the I/0O panel.
3.
4. Remove the PCA holder (Figure 8-5, 3) holding the HP-IB cache controller

Disconnect all cables from the HP-IB cache controller PCA (Figure 8-5, 1).

PCA in place. To remove the PCA holder, press in on the holder and pull it
out of the chassis.

. Slide the HP-IB cache controller PCA out the rear of the disk storage

system.

Caution When replacing the HP-IB cache controller PCA, there is

controller PCA contains data that has not yet been updated to
the disk media. To avoid losing this data, the NVRAM should
be removed from the old controller PCA and installed on the
new PCA. This will allow the new controller PCA to update
the disk when power is applied.

If the original NVRAM itself has failed, it should be removed
from the new controller PCA and the new NVRAM installed.

‘ the possibility that the NVRAM (Figure 8-5, 2) on the old
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When installing a cache controller PCA with new NVRAM,
the cache should be initialized following the procedure in
“Initializing 670XP Disk Storage System Cache Memory” in
Chapter 2.

HP-FL Controller PCA

The following procedure applies to model 670FL and 1.34FL disk storage
systems.

1. Remove the front panel and top cover.

2. Remove the I/O panel.

3. Disconnect all cables from the HP-FL controller PCA (Figure 8-6, 1).
4

. Remove the PCA holder (Figure 8-6, 2) holding the HP-FL controller PCA
in place. To remove the PCA holder, press in on the holder and pull it out
of the chassis.

5. Slide the HP-FL controller PCA out the rear of the disk storage system.

Note When installing an HP-FL controller PCA in a model 1.34FL,
the ESDI data cables must be connected to the proper
d connectors on the controller PCA. Disk mechanism 1 must be

connected to data port 1 (J3) on the HP-FL controller PCA,
and disk mechanism 2 must be connected to data port 2 (35).
If the connectors are inadvertently swapped, self-test will fail
with a disk mechanism fault.

Before installing a new HP-FL controller PCA, perform the following steps:

1. Determine whether an ASTEC or DELTA power supply is installed in the
disk storage system. The ASTEC supply has a voltage selection switch and
external fuse; the DELTA supply has neither.

Caution Make sure the power supply jumper on the new HP-FL
controller PCA is in the location corresponding to the type of
‘ power supply installed in the disk storage system. Operating
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the disk storage system with the jumper in the wrong location
may damage the HP-FL controller PCA.

2. Check the location of the power supply jumper on the new HP-FL controller
PCA. See Figure 8-2. If the jumper is not on the connector corresponding
to the type of power supply installed, move the jumper to the proper
connector.

" The ASTEC power supply is a product of ASTEC Europe Limited.

™ The DELTA power supply is a product of DELTA Electronic Industries Co.,
Ltd.
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Figure 8-2. Checking the Power Supply Jumper

1. HP-FL controller PCA 3. DELTA connector
2. Power supply jumper 4. ASTEC connector
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Power Supply
1. Remove the front panel and top cover.
2. Disconnect all cables from the power supply (Figure 8-3, 25).

3. Remove the T20 screws (26) mounting the power supply to the disk storage
system chassis. The ASTEC supply is held in place with two screws, and
the DELTA supply is held in place with four screws.

4. Slide the power supply toward the front of the disk storage system until the
mounting tabs on the power supply disengage the slots in the disk storage
system chassis.

5. Lift the power supply out of the disk storage system.
Before installing a new power supply, perform the following:

1. If the power supply being installed has a voltage selector switch, make sure
the switch is set to the proper position before operating the disk storage
system.

Caution When replacing the power supply on an FL-model disk storage
system, make sure the power supply jumper on the HP-FL
‘ controller PCA is in the location corresponding to the type

of power supply being installed. Operating the disk storage
system with the jumper in the wrong location may damage the
HP-FL controller PCA.

2. When installing a new power supply in an FL-model disk storage system,
check the location of the power supply jumper on the HP-FL controller
PCA. See Figure 8-2. If the jumper is not on the connector corresponding
to the type of power supply being installed, move the jumper to the proper
connector.

Note The ASTEC supply has a voltage selection switch and external
d fuse; the DELTA supply has neither.
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Fan

1. Remove the front panel and top cover.

2. Disconnect the fan cable from the power supply.
3. Pull the fan cable out of its plastic cable guides.
4

. Remove the two screws (Figure 8-3, 33) mounting the fan (32) to the disk
storage system chassis.

5. Remove the fan.

Status Display
1. Remove the front panel and top cover.

2. Remove the disk mechanism. On dual-mechanism models, only the disk
mechanism directly behind the status display (Figure 8-3, 34) must be
removed.

3. Disconnect the status display cable from the power supply cable.
4. Pull the status display cable out of its plastic cable guides.

5. Remove the status display by pulling in on the plastic tab mounting the
status display to the disk storage system chassis.
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Replaceable Parts

The field replaceable parts common to all models of the disk storage systems
are listed in Table 8-1 and illustrated in Figure 8-3. Because the controller
PCA and its associated cabling differ significantly between models, these parts
are included in separate tables and figures. Also included is a list of cabinet
and rack adapter parts used in mounting the disk storage system.

The parts are listed in order of disassembly. Attaching parts are listed
immediately after the item they attach. Items in the DESCRIPTION column
are indented to show their relationship to the next higher assembly. In
addition, the symbol “- - - x - - -” follows the last attaching part for the item.
Identification of the items and the labels is as follows:

Major Assembly

*Replaceable Assembly

*Attaching Part for Replaceable Assembly

**Subassembly or Component Part

** Attaching Part for Subassembly or Component Part

**¥Sub-subassembly or Component Part

*** Attaching Parts for Sub-subassembly or Component Part

The replaceable parts listings provide the following information for each part:

a. FIG & INDEX NO. The figure and index number which indicates where the
replaceable part is illustrated.

b. HP PART NO. The Hewlett-Packard number for each replaceable part.

c. DESCRIPTION. The description of each replaceable part. (Refer to table
8-2 for an explanation of the abbreviations used in the DESCRIPTION
column.)

d. UNITS PER ASSEMBLY. The total quantity of each part used in the major
assembly.

The items included in the parts list can be ordered through your local
Hewlett-Packard Sales Office. Parts that can also be ordered directly from the
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manufacturer are identified in the description of the item. Common hardware
can usually be purchased locally.

Ordering Information

To order replaceable parts for the disk storage system, address the order to
your local Hewlett-Packard Sales Office. For the address of the nearest HP
Sales Office, contact a Hewlett-Packard Headquarters Office. Headquarters
Offices are listed at the rear of this manual. Specify the following information
in each order:

a. Model number and full serial number.
b. Complete Hewlett-Packard part number.

c. Complete description of each part, as provided in the replaceable parts
listing.
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Service Kit Contents

To adequately support the disk storage systems, the following items are
recommended for field service inventory:

PART DESCRIPTION
NUMBER

C2200-60013 Control Cable (335H, 670H)
C2201-60116 Control Cable (670FL, 670XP)
C2204-60421 Control Cable (1.34FL)
C2200-60013 Data Cable (335H, 670H)
(C2201-60115 Data Cable (670FL, 670XP)
C2204-60420 Data Cable (1.34FL)
(C2200-60001 Fan

! 07961-60004 I/O Cable (335H, 670H)

: C2202-60209 1/O Cable (670XP)

l 07961-60014 1/O PCA (335H, 670XP, 670H)

‘ C2200-60017 LED Cable

i C2201-60122 Mechanism Power Cable (670FL, 670XP)

| C2204-60412 Mechanism Power Cable (1.34FL)

i C2201-60123 Controller Power Cable (670FL, 670XP, 1.34FL)

| (C2200-60020 Power Cable (335H, 670H)

I

|

|

|
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Table 8-1. Disk Storage System Replaceable Parts

FIG.& UNITS

INDEX HP PER
NO. PART NO. DESCRIPTION ASSY
8-3- C2200A DISK STORAGE SYSTEM, 335 Mbyte, HP-IB REF

C2201A DISK STORAGE SYSTEM, 670 Mbyte, HP-FL REF
C2202A DISK STORAGE SYSTEM, 670 Mbyte, HP-IB REF
Cache
C2203A DISK STORAGE SYSTEM, 670 Mbyte, HP-IB REF
C2204A DISK STORAGE SYSTEM, 1.34 Gbyte, HP-FL REF

1 C2200-60008 |*FRONT PANEL 1
C2200-00002 |*NAME PLATE, 335H 1
C2201-00002 |*NAME PLATE, 670FL REF
(C2202-00002 |*NAME PLATE, 670XP REF
(C2203-00002 |*NAME PLATE, 670H REF
(C2204-00002 |*NAME PLATE, 1.34FL REF

3 (C2200-60016 (*TOP COVER 1

(Attaching Parts)
4! 0515-0390 |*SCREW, T15, 6 mm, M4.0 by 0.7 2
X ---

NOTE: Parts 5 through 9 are used on models
335H, 670H, and 670XP

5 (C2200-00009 |*HP-IB I/O PANEL 1
(Attaching Parts)

6! 0515-0390 |*SCREW, T15, 6 mm, M4.0 by 0.7 3
X ---

7 07961-60014 [HP-IB I/O PCA 1
(Attaching Parts)

8 0380-1332 |*HEX STANDOFF, 0.18 inch 2

9 2190-0074 |*LOCK WASHER 2
---X---

!These parts may be obtained locally by their description.
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Table 8-1. Disk Storage System Replaceable Parts (continued)

FIG.& HP DESCRIPTION UNITS
INDEX | PART NO. PER
NO. ASSY
NOTE: Parts 10 through 13 are used on models
670FL and 1.34FL
10 C2201-60025 |*HP-FL I/O PANEL 1
(Attaching Parts)
11! 0515-0390 | *SCREW, T15, 6 mm, M4.0 by 0.7 5
X -
12 C2201-60027 [*PBUS CLAMP 1
(Attaching Parts)
131 0515-0433 |*SCREW, T15, 8 mm, M4.0 by 0.7 2
X -
14 C2200-00023 |*CLIP 1
(Attaching Parts)
151 0515-0433 | *SCREW, T15, 8 mm, M4.0 by 0.7 1
e X---
16 C2200-60025 |[*FRONT INSERT ASSEMBLY 1
17 C2200-60051 |[*DISK MECHANISM, 335 megabyte (Used on 1
model 335H only)
C2201-60051 |*DISK MECHANISM, 670 megabyte REF
(Attaching Parts)
18! 2680-0309 |*SCREW, TORX, T20, 10-24, 0.5 inch 1
e X -
19 C2200-60005 [*MOUNTING BRACKET ASSEMBLY 2
(Attaching Parts)
20! 0515-2111 | *SCREW, T10, 0.25 in., 6-32 4
e X---
21 1400-0977 | **RFI CLIP 1
!These parts may be obtained locally by their description.
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Table 8-1. Disk Storage System Replaceable Parts (continued)

FIG.& HP DESCRIPTION UNITS
INDEX | PART NO. PER
NO. ASSY
22 97548-60028 [ **ESDI PCA, original version 1
97548-60128 | **ESDI PCA, newer surface-mount version REF
(Attaching Parts)
23! 0515-0372 **SCREW, T10, 8 mm, M3.0 by 0.50 4
- X---
24 1810-1176 ***TERMINATOR RESISTOR PACK 1
24A C2200-40012 [*CONNECTOR LOCK 1
25 C2200-60044 | *POWER SUPPLY, DELTA 1
C2200-60024 | *POWER SUPPLY, ASTEC (obsolete) REF
(Attaching Parts)
26 2680-0309 | *SCREW, TORX, T20, 10-24, 0.5 inch (used with| 2
ASTEC supply)
0515-0390 |*SCREW, TORX, T15, 6 mm, M4.0 by 0.7 (used 4
with DELTA supply)
e X -
27 2110-0010 |**FUSE, 5A, 250V, non-time-delay (Used in 1
ASTEC power supply only.)
28 07961-40004 [*ROCKER ARM 1
29 07961-40003 |*PUSH ROD 1
30 07961-60005 |*PUSH BUTTON ASSEMBLY 1
31 1460-2216 **SPRING 1
32 C2200-60001 {*FAN 1
(Attaching Parts)
33! 0624-0661 *SCREW, T20, 0.625 in., 10-14 2
X ---
34 C2200-60017 |*STATUS DISPLAY 1
35 1400-1567 *CABLE CLIP 4
36 C2200-60014 |*CHASSIS ASSEMBLY 1
37 C2201-80006 [ **RFI CLIP 6
!These parts may be obtained locally by their description.
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Table 8-1. Disk Storage System Replaceable Parts (continued)

FIG.& HP DESCRIPTION UNITS
INDEX | PART NO. PER
NO. ASSY
38 8120-3445 |*HP-IB CABLE, 1 meter (Model 10833A) 1
5061-3174 |*PBUS CABLE, 807-mm REF
39 8120-2371 |*POWER CORD, NEMA10A/CEE (903) 1
8120-0698 [*POWER CORD, NEMA15A/CEE (904) REF
8120-1351 |[*POWER CORD, BS 1363/CEE (900) REF
8120-1369 |[*POWER CORD, ASC 112/CEE (901) REF
8120-1689 |*POWER CORD, GMBH/CEE (902) REF
8120-1860 |[*POWER CORD, CEE/CEE, 1.5 meter (905) REF
8120-2104 |*POWER CORD, SEV/CEE (906) REF
8120-2056 | *POWER CORD, MDPP/CEE (912) REF
8120-4211 |[*POWER CORD, SABS/CEE (917) REF
8120-4753 | *POWER CORD, NEMA12A/CEE (918) REF
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Figure 8-3. Disk Storage System, Exploded View
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Table 8-2. Model 335H and 670H Controller PCA and Cabling

FIG.& HP DESCRIPTION UNITS

INDEX | PART NO. PER
NO. ASSY
8-4- C2200A DISK STORAGE SYSTEM, 335 Mbyte, HP-1B REF

C2203A DISK STORAGE SYSTEM, 670 Mbyte, HP-1B REF
(C2200-60037 |*HP-IB CONTROLLER PCA
07961-40011 |*PCA HOLDER
07961-60004 |*I/O CABLE
(C2200-60012 |*DATA CABLE
(C2200-60013 |*CONTROL CABLE
(C2200-60020 |*POWER CABLE

[= T =L G
— = = =
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Figure 8-4. Models 335H and 670H Controller PCA and Cabling, Exploded View
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Table 8-3. Model 670XP Controller PCA and Cabling

FIG.& HP DESCRIPTION UNITS
INDEX | PART NO. PER
NO. ASSY
8-5- C2202A DISK STORAGE SYSTEM, 670 Mbyte, HP-IB REF
Cache
1 (C2202-60001 |[*HP-IB CACHE CONTROLLER PCA 1
2 1818-4531 **NON-VOLATILE RAM, write cache 1
3 07961-40011 ;*PCA HOLDER 1
4 C2202-60209 |*I/O CABLE 1
5 C2201-60115 |*DATA CABLE 1
6 C2201-60116 |*CONTROL CABLE 1
: 7 C2201-60122 |*MECHANISM POWER CABLE 1
: 8 (2201-60123 |*CONTROLLER POWER CABLE 1
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Figure 8-5. Model 670XP Controller PCA and Cabling, Expioded View
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Table 8-4. Model 670FL Controller PCA and Cabling

FIG.& HP DESCRIPTION UNITS
INDEX | PART NO. PER
NO. ASSY
8-6- C2201A DISK STORAGE SYSTEM, 670 Mbyte, HP-FL REF
1 C2201-60004 |*HP-FL CONTROLLER PCA 1
C2201-60005 |*HP-FL CONTROLLER PCA, Option 1BG REF
2 07961-40011 |[*PCA HOLDER 1
3 C2201-60115 |*DATA CABLE 1
4 C2201-60116 [*CONTROL CABLE 1
5 C2201-60122 |*MECHANISM POWER CABLE 1
6 C2201-60123 [*CONTROLLER POWER CABLE 1
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Figure 8-6. Model 670FL Controller PCA and Cabling, Exploded View
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Table 8-5. Model 1.34FL Controller PCA and Cabling

HP Series 6000

FIG.& HP DESCRIPTION UNITS
INDEX| PART NO. PER
NO. ASSY
8-7- C2204A DISK STORAGE SYSTEM, 1.34 gigabyte, REF
HP-FL
1 C2201-60004 {*HP-FL CONTROLLER PCA 1
C2201-60005 {*HP-FL CONTROLLER PCA, Option 1BG REF
2 07961-40011 |*PCA HOLDER 1
3 (C2201-60124 | *DATA CABLE, mechanism 1 1
4 (C2204-60420 |*DATA CABLE, mechanism 2 1
5 (C2204-60421 |*CONTROL CABLE 1
6 C2201-60123 |*CONTROLLER POWER CABLE 1
7 C2201-60122 |*POWER CABLE, mechanism 1 1
8 C2204-60412 |*POWER CABLE, mechanism 2 1
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Figure 8-7. Model 1.34FL Controller PCA and Cabling, Exploded View
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Table 8-6. Cabinet and Rack Adapter Parts

HP Series 6000

FIG.& UNITS
INDEX HP PER
NO. PART NO. DESCRIPTION ASSY
46299A EIA CABINET REF
29453-60001 |*EIA RACK 1
5062-0268 |*FRONT DOOR 1
5062-0270 |[*REAR DOOR 1
35199C *EIA RACK ADAPTER KIT 8
(See below for 35199C parts)
8120-1860 |*POWER CORD 8
5061-3171 |*PDU 1
5061-3172 |*PDU POWER CORD 1
92211Y CABINET REF
922118 *MOUNTING RAIL KIT 1
92211T *FILLER PANEL KIT 1
92199E *POWER STRIP 1
8120-1575 |*POWER CORD 4
35199C EIA RACK ADAPTER KIT REF
5001-3349 |[*ADAPTER TRAY 1
(Attaching Parts)
0590-0804 |*SHEETMETAL NUT, 10-32 4
2680-0278 |*SCREW, T25, 0.5 in., 10-32 4
e X---
5001-3350 |*MOUNTING FLANGE 2
(Attaching Parts)
0590-0804 |*SHEETMETAL NUT, 10-32 2
0570-1366 | *SCREW, 10-32, 0.625 in., Phillips 2
I
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Table 8-6. Cabinet and Rack Adapter Parts (continued)

FIG.& UNITS
INDEX HP PER
NO. PART NO. DESCRIPTION ASSY
92211Q RACK ADAPTER KIT (For HP 19514A REF
Cabinet)
5061-3170 |*ADAPTER TRAY 1
(Attaching Parts)
0515-0433 *SCREW, T15, 8 mm, M4.0 by 0.7
N
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Diagrams

Introduction

This chapter includes the following figures:

m Figure 9-1. Disk Mechanism Signal Distribution

m Figure 9-2. 335H and 670H Signal Distribution

a Figure 9-3. 670XP Signal Distribution

m Figure 9-4. 670FL and 1.34FL Signal Distribution
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Figure 9-1. Disk Mechanism Signal Distribution
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Theory of Operation

Introduction

This chapter describes the operation of the disk storage system to the
functional assembly level. The disk storage system can be broken down into
the following major functional assemblies:

m HP-IB controller PCA or HP-FL controller PCA - manages the overall
operation of the disk storage system. The controller PCA coordinates the
flow of data between the host and the disk mechanism by programming the
ESDI PCA to perform the necessary data transfer.

m ESDI PCA - initiates and controls data transfers to or from the disk media
in the HDA. The ESDI PCA includes the servo and read/write circuits used
to locate and transfer data.

m Head disk assembly (HDA) - contains the disk media, data heads, and other
electro-mechanical assemblies used to store and retrieve information on the
disk media. The HDA operates under the direct control of the ESDI PCA.

m Power supply - develops and distributes the dc operating voltages.

Each of the major assemblies are discussed in the following paragraphs. In
addition, media format and the ESDI and HP-FL interfaces are also discussed
in this chapter.
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HP-IB Controller PCA

The HP-IB controller PCA manages the overall operation of the disk storage
system. The HP-IB controller PCA performs such higher-level functions

as target sector identification, disk sector formatting, sparing, data error
correction, and self-test diagnostics. The controller PCA serves as the interface
between the computer system HP-IB channel and the disk mechanism,
interpreting the host CS/80 commands and generating the proper ESDI
command to cause the disk mechanism to perform the data transfer.

The operations of the controller PCA are divided among six circuits:

m HP-IB interface

s DMA

m Processor control

m ECC

m ESDI interface

s Cache (670XP only)

These circuits are shown in Figure 10-1 and discussed in greater detail in the
following paragraphs.
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Figure 10-1. HP-IB Controlier PCA Functional Diagram

HP-IB Interface

As its name implies, the primary function of the HP-IB interface is to
implement the HP-IB channel protocol. This includes detection of all primary
commands, parallel poll and identify response, and the transmission of data
over the bus.

All data is transferred between the HP-IB interface and the DMA. The overall
operation of the HP-IB interface is controlled by the DMA.

DMA

The DMA manages the transfer of all data between the host and the disk
storage system. In its primary function, the DMA coordinates the flow of user
data between the host and the disk media. The DMA also transfers CS/80
command and status data between the host and the processor control.
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To manage the flow of data, the DMA uses two independent state machines.
An I/O state machine coordinates the transfer of data between the HP-IB
channel and the DMA buffer RAM. A disk state machine controls the transfer
of user data between the DMA buffer RAM and the disk mechanism. The

use of the two state machines and buffer RAM allow the DMA to match the
different operating speeds of the HP-IB channel and the ESDI bus.

The operation of the DMA is controlled by the processor control. To initiate a
data transfer, the DMA is programmed for the type (read or write) and length
of the transfer. The DMA then uses its internal state machines to synchronize
the flow of data between the host and the disk mechanism. The DMA passes
all CS/80 command and status information between the host and the processor
control.

The DMA also generates the CRC code, which it uses to detect the occurrence
of data errors.

Processor Control

The overall operation of the HP-IB controller PCA is managed by the
processor control. This circuitry contains a microprocessor and its supporting
hardware circuitry, including the ROM used to store the controller operating
system firmware.

The processor control implements its control through the use of various
firmware tasks. These tasks include such operations as decoding CS/80
commands, transferring user data, allocating hardware resources, executing
self-test diagnostics, correcting data errors, and detecting and reporting any
problems to the host.

The processor control initiates the various tasks by passing commands to the
other circuits on the HP-IB controller PCA. When a task is complete, status
is passed back to the processor control indicating the success or failure of the
operation.

The processor control communicates with the other circuits on the controller
PCA over its address bus and data bus. The processor control also passes
status information to the front panel LED status display during self-test.
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ECC

The ECC improves data reliability by detecting and correcting data errors. It
performs this function by monitoring all data transfers between the DMA and
the disk mechanism, and using a special ECC code to detect and correct any
data errors.

When data is written to the disk mechanism, the ECC generates 12 bytes of
ECC code which are appended to the data field of each sector. When the data
is read, the ECC uses the ECC bytes to detect the occurrence of any data
errors. If an error is detected, the ECC alerts the microprocessor control,
which performs the actual data correction. Up to six bytes in a sector can be
corrected using ECC.

ESDI Interface

The ESDI interface provides the communication link between the HP-IB
controller PCA and the disk mechanism. This circuitry is responsible for
implementing the ESDI protocol required by the disk mechanism. All ESDI
timing, selection, commands, status, and data transfers are controlled by this
circuitry.

The ESDI interface includes two data ports, allowing up to two disk
mechanisms to be connected to the ESDI. Fach disk mechanism has its own
dedicated ESDI data bus. The disk mechanisms share a common ESDI control
bus.

All user data is transferred between the DMA and the disk mechanism through
the ESDI interface. When writing data to the disk media, the ESDI interface
converts the parallel data format used by the DMA into the serial data stream
required for transmission over the ESDI data bus. When reading data from the
disk, the ESDI interface converts the serial ESDI data stream into the parallel
DMA format.

The ESDI interface uses status returned by the disk mechanism to detect disk
mechanism problems, and reports these problems to the processor control.
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Cache (670XP Only)

The cache contains the memory required to implement disk caching, which
improves disk performance by reducing the number of disk accesses required to
locate data.

The cache includes 2 megabytes of dynamic RAM used as read cache. The
RAM can be organized by the host into pages of 4, 8, 16, or 32 kilobytes in
length. The cache contains copies of the most recently accessed data. Before
performing a read operation, the cache is searched to determine if the required
data is in RAM. If it is, no disk access is required.

The cache also includes 4 kilobytes of NVRAM used during disk writes. When
writing to the disk, the data is stored in RAM and the host is immediately
informed that the write is complete. The data is then transferred to the disk
media at the first opportunity. This “immediate write” feature improves
system performance by quickly freeing up the host to perform other operations.
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HP-FL Controller PCA

The HP-FL controller PCA performs the same function as the HP-IB controller
PCA. As shown in Figure 10-2, many of the circuits are common to both
PCAs. The primary difference between the two controllers lies in the host
channel interface. Because most of the common controller circuits have already
been discussed for the HP-IB controller PCA, the discussion here is limited to
those circuits unique to the HP-FL controller PCA: the PBus interface, the
fiber optic interface, and the protocol processor.

________________________ .

|HP—FL CONTROLLER PCA lesp)

| . I

I KCONTROL

L DATA 1 TO

{pBUS PBUS DATA DMA ESD) BATE T DISK
INTERF ACE INTERFACE [N~ T [MECHAN | SMS

l DATA 2

| N

1 |

1 ECC 1

1 |
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Figure 10-2. HP-FL Controller PCA Functional Diagram
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PBus Interface

The PBus interface provides the HP-FL controller PCA access to the electrical
PBus. The PBus interface implements the required protocol to communicate
with other disk storage systems over the PBus. Bus arbitration, source and
receiver selection, information transfer, and bus resets are all handled by

the PBus interface. Under the direction of the protocol processor, the PBus
interface coordinates the flow of all information across the PBus.

The PBus interface provides access to the PBus for the fiber optic interface,
the DMA, and the protocol processor. Data transferred over the fiber optic link
is routed between the fiber optic interface and the PBus through the PBus
interface. The PBus interface routes segment header information between the
PBus and the protocol processor. And FLEX messages are transferred between
the PBus and the DMA through the PBus interface.

The PBus interface serves as the PBus source when it is writing data to the
bus, and as the PBus receiver when it is reading data off the bus. The PBus
interface can serve both functions simultaneously when it is transferring data
between its own fiber optic interface and its protocol processor or DMA. It
simply writes the data to the PBus and then reads it back in.

Included in the PBus interface are circuits which detect improper PBus cabling
or termination. If the PBus is not configured properly, the PBus interface
alerts the processor control, which passes the information to the PBus fault
LEDs on the rear of the disk storage system.

Fiber Optic Interface

The fiber optic interface connects the HP-FL controller PCA to the fiber optic
cable used to transfer data between the host and the disk storage system. This
circuitry allows the remainder of the HP-FL controller PCA to communicate
with the host over the fiber optic interface.

One of the primary functions of the fiber optic interface is to provide the
fiber optic conversion. The receive data path converts incoming light energy
to corresponding electrical signals, converts the serial data bits into parallel
format, and sends the data to the PBus through the PBus interface. The
transmit data path reverses the process for outgoing data. The fiber optic
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interface manages the flow of all data between the fiber optic channel and the
PBus.

The fiber optic interface implements the fiber optic protocol, ensuring that all
data being transferred over the link is formatted properly. It also checks for
errors in the transmitted data and handles data retransmission if necessary.

The fiber optic interface detects the presence of host activity on the fiber optic
cable and reports this information to the processor control for display on the
HP-FL status LEDs. The fiber optic interface is inactive on any disk storage
system not connected to the host via a fiber optic cable.

Protocol Processor

The protocol processor implements the higher levels of the HP-FL protocol.
This includes sending, receiving, and interpreting message segment headers to
manage the overall operation of the HP-FL interface.

At the direction of the processor control, the protocol processor can be
programmed to perform such operations as receiving a command, sending or
receiving an execution message, or sending a report. Once programmed, the
protocol processor uses the PBus interface to perform the required transfer over
the link.

As data is transferred between the fiber optic link and the PBus, the protocol
processor uses the information in the segment headers to manage the operation
of the link. The protocol processor monitors the progress of each transaction,
sequencing the PBus interface through the proper steps to complete the
operation. When the transfer is complete, the protocol processor informs the
processor control.

The protocol processor also detects any problem with the HP-FL interface and
reports these problems to the processor control.
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ESDI PCA

The ESDI PCA controls the direct operation of the HDA. Spindle speed, head
positioning, and data transfer, are all controlled by the ESDI PCA.

As shown in Figure 10-3, the ESDI PCA is divided into the following circuits:

m ESDI interface
m Microcontroller
m Disk controller
a Servo

m Read/write

m Spindle driver
m Actuator driver

ESDI interface

The ESDI interface serves as the direct electrical interface between the
controller PCA and the remainder of the ESDI PCA. This circuitry handles
all ESDI timing and protocol, including disk mechanism and head selection
decoding. The transfer of command, status, and configuration information is
coordinated by the ESDI interface. Internal registers allow the microcontroller
to program the operation of the interface and retrieve status information.
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Figure 10-3. Disk Mechanism Functional Diagram
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Microcontroller

The microcontroller manages the operation of the other ESDI PCA circuits.
The program memory, which contains the operating system firmware, is
internal to the microcontroller.

The microcontroller communicates with the rest of the circuits via four

I/0 ports. One of these ports serves as a combination address/data

bus, providing the microcontroller access to the internal registers of the
ESDI interface and disk controller. This allows the microcontroller to
manage such functions as spindle startup, ESDI interface transfers, head
selection, and servo and read/write timing. Incoming ESDI commands

and outgoing status/configuration information are transferred between the
microcontroller and the ESDI interface and disk controller through this port.
The microcontroller uses the same port to pass acceleration and position
information to the servo circuitry during seeks.

A second port is used to transfer control and timing signals to the servo and
read/write circuits. The remaining ports monitor and control other ESDI PCA
circuits.

The microcontroller coordinates the execution of the disk mechanism self-test
executed at power-on. This self-test checks all aspects of disk mechanism
operation. At the conclusion of the test, the microcontroller passes the results
to the ESDI interface for transmission to the controller PCA.

Disk Controller

The disk controller performs several functions including servo timing and
control, read/write timing and control, and spindle motor speed control.
The overall operation of these circuits is controlled by the microcontroller
via internal command and control registers. These registers allow the
microcontroller to program the disk controller to perform the required
operations.

The disk controller generates timing and control signals for both the servo and
read/write circuits. These circuits detect and decode the servo information and
synchronize all disk operations to these signals. The status of the mechanism
hardware is collected and stored in an internal status register for use by the
microcontroller.
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The disk controller also maintains the proper spindle motor speed. Using a
feedback signal from the HDA, the disk controller outputs control signals to the
spindle driver to ensure that the proper spindle speed is maintained.

Servo

The servo circuitry establishes and maintains the proper position of the
mechanjsm data heads. Servo information embedded in intersector gaps is used
to accomplish this task. The servo information is read from the disk, processed
through the read/write circuitry, and then passed to the servo circuitry. Using
this information, the servo outputs a signal to the actuator driver, which causes
the actuator to move the heads to the proper position.

The servo information is also used to generate timing and control signals for
the microcontroller and disk controller. These signals are used to determine
head position, provide feedback during seek operations, allow on-track/off-track
detection, and establish synchronization between the servo information and all
other disk operations. The microcontroller and disk controller generate control
signals to initiate seeks, keep heads on track, and control the operation of the
servo circuitry.

Read/Write

Under control of the microcontroller and disk controller, the read/write
circuitry transfers data between the ESDI channel and the disk media. During
write operations, the read/write circuitry accepts non-return-to-zero (NRZ)
write data and its associated clock from the ESDI interface. The incoming
NRZ data is encoded into 2-7 Run Length Limited (RLL) code, which is
transferred to the head interface in the HDA to be written on the media.

During a read, the data is read from the disk and transferred through the head
interface to the read/write circuitry. The read/write circuit translates the data
back into NRZ format, recovers the read clock, then transfers both clock and
data to the ESDI interface for transmission over the ESDI channel.

The read/write circuitry also recovers the servo information embedded between
sectors. This servo signal is output to the servo circuitry for use in head
positioning and mechanism timing.
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Actuator Driver

The actuator driver provides the current necessary to operate the actuator
assembly. The driver amplifies the position information provided by the servo,
and outputs the resultant current to the actuator.

Spindle Driver

The spindle driver provides the 3-phase current required to run the spindle
motor. During spin-up, the spindle speed is controlled by the microcontroller.
Once the motor is up to speed, the disk controller maintains the speed of the
spindle.

Head/Disk Assembly

The head/disk assembly (HDA) contains disks, heads, an actuator assembly,
head interface circuits, atmospheric controls, vibration isolators, and a spindle
assembly. An aluminum casting provides the supporting structure for these
parts. The entire assembly is sealed and is not field repairable or separately
replaceable. The operation of the HDA is controlled by the ESDI PCA. The
components of the HDA are shown in Figure 10-3.

Disks

The disks are 130 mm (5.1 inch) diameter aluminum substrate with a sputtered
thin-film surface. The disks are mounted on the spindle assembly in stacks

of four (C2200A) or eight (C2201A - C2204A) disks. Data is stored on both
surfaces of each disk.

Media format is discussed later in this chapter.
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Heads

There are eight (C2200A) or sixteen (C2201A - C2204A) data heads in the
HDA which write and read user data. The heads also recover the servo
information embedded between sectors. One thin-film head flies over each disk
surface on a cushion of air.

Actuator Assembly

Mechanical positioning of the read/write heads is achieved using a rotary
actuator. Actuator current is supplied by the actuator driver, which amplifies
position information from the servo circuits. A shipping latch captures the
heads at the inside diameter of the disks (away from user data) whenever
power is removed from the disk mechanism. This prevents the actuator from
moving until power is applied to the disk mechanism. At power-on, the
actuator driver releases the latch, allowing normal movement of the heads.

Head Interface

The head interface processes the data signals transferred between the
read/write heads and the ESDI PCA. The head interface includes write drivers
which provide the necessary current to the heads during write operations. Read
preamplifiers amplify data read from the disk before transferring it to the
read/write circuitry on the ESDI PCA. Additional functions performed by the
head interface include head selection and write control.

Spindle Assembly

The spindle assembly provides the mechanical mounting for the disks. The
spindle rotates on a ball bearing system and is driven by a brushless DC

motor attached to the HDA casting. The 3-phase drive current for the motor
is provided by the spindle driver on the ESDI PCA. Three Hall-effect sensors,
mounted on the spindle assembly, provide feedback signals to the spindle driver
for proper commutation.

Theory of Operation 10-15



Models 335H, 670H, 670XP, 670FL, and 1.34FL HP Series 6000

Power Supply

The power supply develops the dc operating voltages from the input ac line
voltage and distributes these voltages to the other assemblies in the disk
storage system. The dc voltages developed by the power supply are 45, +12,
and -12 vdc. The output voltages are not adjustable.

In addition to the dc voltages, the power supply also outputs a RESET status
signal, which is used by the controller PCA during power-on. At power-on,
RESET remains deactivated (low) until the +5 volt output reaches +4.75 volts
or higher, then RESET becomes active (high). RESET will be deactivated any
time the 45 volt output drops below 4.75 volts.

The power supply is a self-contained switch-mode supply mounted in its own
enclosure. An internal line filter reduces the level of line transients entering

the power supply and the amount of switching noise leaving the supply. An
internal fan provides cooling for the supply. A thermal protection circuit shuts
down the outputs of the power supply if the temperature of the supply rises too
high. When thermal shut down occurs, the supply must be turned off, allowed
to cool down, and turned back on.

The controls on the power supply include an on/off switch, an ac line input
connector, an external fuse, and a voltage selector switch. The dc voltages
are output to the other assemblies through three connectors. The pinout is
identical for each of these connectors. A fourth, smaller connector is used to
provide +12 volts to the external cooling fan.

Some products may be equipped with an auto-ranging power supply. This type
of supply automatically adjusts itself to the input voltage, eliminating the need
for a voltage select switch and external fuse. The supply is fused internally, but
this fuse should only fail if the power supply itself has failed.

An interlock circuit in the power supply detects the presence of the external
fan. If the external fan fails or is not connected to the power supply properly,
one of the following will occur:

m On an automatic ranging power supply, all output voltages will be disabled
if the external fan is not connected properly. To correct the problem, switch
the disk storage system power off, connect the external fan, and switch the
power on again.
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w On a standard power supply, the internal cooling fan in the power supply is
disabled if the external fan is not connected properly. This will cause the
operating temperature of the power supply to rise. If the supply temperature
rises too high, the thermal protection circuit shuts down the outputs of the
power supply. If thermal shut down occurs, switch the supply off and connect
the external fan. When the supply has cooled, it can be switched back on.

Disk Media

The disk storage systems contain the following number of disks:
a HP 335H - 4 disks

m HP 670H, 670XP, 670FL - 8 disks

m HP 1.34FL - 16 disks (2 mechanisms, 8 disks per mechanism)

Both surfaces of each disk are used for data storage. Each data surface is
accessed by a single data head.

Media Format

The surface of each disk is organized into a series of concentric tracks, with
each track subdivided into sectors. Each disk surface contains 1457 tracks
allocated as follows: 1449 user data tracks, 6 spare tracks, and 2 maintenance
tracks. The physical layout of each disk surface is shown in Figure 10-6.

The ESDI format used on the disk media divides each track into 57 sectors of
512 bytes each. The disk storage system controller divides each of these sectors
in half, creating 114 sectors each capable of storing 256 bytes of data. On each
track, 113 sectors are used for data and 1 is reserved as a spare. Figure 10-4
illustrates how each 512-byte sector is divided into two 256-byte sectors.

The maintenance tracks are reserved for service purposes. They contain the
disk storage system fault and error logs, as well as areas used to test the
read /write circuitry during self-test. The format of the maintenance tracks is
shown in Figure 10-5.
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Figure 10-4. Sector Format
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Description

Inter-sector position information.
Provides time to enable the write circuits.
Synchronizes read circuits (all zeros).
Status and address information.

Identifies beginning of header.

Physical address of spared sector on track (113
if no sector spare performed).

Bits 0 - 3 contain logical head address. When
set, bit 6 indicates primary retired spare, and
bit 7 indicates secondary retired spare.

Physical sector address.

Track status. When set, individual bits indicate
status as follows: bit 7 - primary track spare;
bit 6 - primary sector spare; bit 5 - secondary
track spare; bit 4 - secondary sector spare.

Logical cylinder address, most significant byte.
Logical cylinder address least significant byte.
User data.

Cyclic Redundancy Check used for error
checking.

Error Correction Code used for error detection
and correction.

Pad bytes ensure proper recording and recovery
of data.

Speed tolerance bytes.

Theory of Operation 10-19



Models 335H, 670H, 670XP, 670FL, and 1.34FL

Sector:

Sector:

Outer Diameter

R/W Test

Area for

Fault Log Power-on/
(Head 0 only) Diagnostic O

| |

0-3 4-7 8-11 12-15 16-19 20~-112 113

Runtog ‘ ’ Reserved Spare

Sector
Ertlog Reserved
for Future
Use

Inner Diameter

0-19 20-112 113
Spare
Sector
Reserved R/W Test
for Future Area for
Use Power—on/

Diagnostic O

Figure 10-5. Maintenance Track Format
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Media Addressing

Each data location on the disk media is identified by both a logical and
physical address. The two addresses differ because physical addressing takes
into account the presence of nondata tracks such as maintenance and spare
tracks, and logical addressing does not. The relationship between logical and
physical cylinder addresses for a single-mechanism disk storage system is shown
in Figure 10-6, and for a dual-mechanism disk storage system in Figure 10-7.

The host uses logical addressing when communicating with the disk storage
system. The disk storage system converts each logical address to its

physical equivalent, reducing each data location to its three basic addressing
components: cylinder, head, and sector. The conversion takes into account any
sparing operations which may have moved the data to a new physical location
on the disk media.

The addressing scheme used on the dual-mechanism model 1.34FL disk storage
system involves an additional feature. In addition to identifying the cylinder,
head, and sector, the disk storage system must also be able to identify which
disk mechanism is being addressed. This is accomplished by doubling the range
of cylinder addresses and dividing them between the two disk mechanisms.
This allows the disk storage system to use the cylinder address to select the
proper disk mechanism. As shown in Figure 10-7, cylinder addresses 0 through
1448 select disk mechanism 1, and cylinder addresses 1449 through 2897 select
disk mechanism 2.

This division of logical addresses between the two disk mechanisms plays an
important part when troubleshooting model 1.34FL disk storage systems.
By knowing the cylinder address where an error or fault occurred, it can be
determined which of the two disk mechanisms is faulty.

The FLEXDIAG diagnostic program allows testing a dual-mechanism 1.34FL
disk storage system at the unit (disk storage system) or mechanism level.
When performing tests on an individual mechanism, the addressing structure is
identical to that for a single-mechanism disk storage system. See Figure 10-7.
To properly interpret addresses when testing a dual-mechanism disk storage
system, you must remember whether the testing is being performed at the unit
or mechanism level.
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Figure 10-6. Single Mechanism Cylinder Addressing
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Media Sparing

Each data surface contains six spare tracks, and each data track contains one
spare sector. This spare media is used to relocate defective sectors discovered
during data transfers and media testing. When sparing a defective sector, the
disk storage system first attempts to use the spare sector on the data track. If
the spare sector has already been used, the entire data track is spared.

All sparing is done at the direction of the host. When initiating a sparing
operation, the host has the option of retaining all data on the track, excluding
the defective sector. If data is not retained, all data on the track with the
defective sector is lost.

Sector Sparing

When performing a sector sparing operation retaining data, the disk storage
system temporarily copies the contents of the track, excluding the defective
sector, to the nearest available spare track. The disk storage system reformats
the original track, mapping out the bad sector and replacing it with the spare
sector. The disk storage system then copies the data back to the reformatted
track in the proper logical addressing sequence, skipping the bad sector. This
reformatting technique avoids an additional latency when accessing a track
containing a spared sector.

When reformatting the track, the disk storage system writes the physical
address of the defective sector in the header of each sector on the track. This
information allows the disk to skip the proper sector in subsequent accesses to
the track. This header field contains the address of the spare sector (113) until
a sparing operation is performed on the track.

Track Sparing

If the spare sector has been used, the disk storage system must move the entire
track to an available spare track. Each data head has 6 spare tracks allocated
for this purpose. To improve performance, the spare tracks are located in two
areas: three at the inner diameter (ID) of the disk, and three at the outer
diameter (OD). See Figure 10-6.

When sparing a track, the disk storage system selects the next available spare
from the group that is closer to the defective track. This reduces the physical
distance between the original track and the spare. If all of the spare tracks
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from the selected group have been used, the next available spare from the other
group is used.

Defective maintenance tracks are spared automatically by the disk storage
system. No host intervention is required when sparing a maintenance track.

Spare Track Table

The disk storage system uses a spare track table to determine which tracks
have been spared. The spare track table is created during power on and stored
in controller RAM. The disk storage system builds the table by accessing each
group of spare tracks to determine which tracks have been used. If a spare
track has been used, its logical address is entered in the spare track table.
Before each subsequent seek, the disk storage system searches the table to
determine if the target address has been reassigned to a spare track. If the
target track has been spared, the disk storage system seeks directly to the new
location.

ESDI

The controller PCA communicates with the disk mechanism over the ESDI
interface. This industry standard interface allows up to seven disk mechanisms
to be connected to a single controller. In these products up to two disk
mechanisms can be connected to the ESDI interface.

ESDI comprises two separate busses: the control bus and the data bus. The
control bus is used to transfer control information between the ESDI PCA
and the controller PCA. Control signals perform such functions as mechanism
selection, head selection, data transfer handshaking, command/status transfer,
and read/write control. The control bus signals are multiplexed between disk
mechanisms. A disk mechanism must be selected before it can receive or
transmit information over the control bus. Only one disk mechanism can be
selected at a time.

Data and timing signals are transferred over the ESDI data bus. Each disk
mechanism has its own dedicated data bus. This allows the controller to
monitor the data signals without selecting the corresponding disk mechanism.
Data is transferred serially over the bus in differential NRZ format.
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Descriptions of the ESDI control signals and data signals are contained in
Table 10-1 and Table 10-2.

HP-FL

The HP-FL is a high-speed, serial, fiber optic interface. The interface
comprises two parts: the fiber optic link transfers data between the host and
the disk storage system, and the electrical PBus forms the communication
network for up to eight disk storage systems. This configuration allows a host
to communicate with up to eight disk storage systems over a single, thin fiber
optic cable.

Data is transferred between the host and the disk storage system optically. At
the disk storage system, the optical signals are converted to electrical levels and
transferred to the PBus. Once on the PBus, the data is directed to the desired
disk storage system.

Data transferred across the interface is organized into message segments. Each
segment includes header information indicating the type and length of each
segment. The segment header also contains addressing information for selecting
the proper disk storage system on the PBus. The segment header information
is stripped off by the fiber optic interface hardware on the controller PCA and
used to manage the operation of the link. The data content of the segment is
passed on to the remainder of the controller hardware for processing.

HP-FL uses the FLEX command set, which is an HP-FL implementation of the
CS/80 Instruction Set. Once the HP-FL protocol and formatting information
is stripped off, the disk storage system processes the message as it would any
CS/80 command.

Fiber Optic Interface

The host is connected to the disk storage system using a duplex fiber optic
cable. The cable contains two graded-index glass fibers: one for transmission,
one for reception. Each fiber is terminated by a 905-type SMA connector. The
maximum length of the fiber optic cable used for host/disk storage system
connection is 500 meters.
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Fach standard disk storage system contains a fiber optic connection. (These
connections are deleted on Option 1BG products.) Connection to the disk
storage system is made via two SMA connectors on the HP-FL controller
PCA. The fiber optic interface circuitry is active only if a fiber optic cable is
connected to the HP-FL controller PCA.

Note Although it is physically possible to connect more than
one host to a cluster of disk storage systems, multihost
d configurations are not supported.

PBus

The PBus is an electrical interface that works in concert with the HP-FL
optical interface to transfer information between a host computer and a disk
storage system or cluster of disk storage systems. Information is transferred
optically between the host and the disk storage system HP-FL port, where it
is converted to electrical signals. The PBus serves as the electrical interface
between the link port and the disk storage system(s).

The PBus can be configured with up to eight disk storage systems. A host
computer is connected to one of the disk storage systems via its HP-FL port.
The PBus forms the connecting link between the disk storage systems, forming
a network which allows the host to communicate with any disk storage system
on the bus.

The PBus comprises a synchronous 16-bit data bus with parity, and associated
control lines for managing the operation of the bus. The format of the
information transferred over the data bus is an extension of the HP-FL
message-level protocol. Additional addressing information is added to each
message segment to manage the flow of information over the PBus.

Each disk storage system contains its own internal PBus, which interfaces to
the external world via two parallel-wired connectors on the HP-FL controller
PCA. These connectors are used to daisy-chain disk storage systems together,
thus creating a common PBus for up to eight disk storage systems. The
connections between disk storage systems are made using PBus cables. The
total cable length of the bus must not exceed 6.4 meters.
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The bus is terminated using special PBus terminators which are plugged into
the unused connectors at each end of the disk storage system chain. Improper
termination will render the entire HP-FL interface inoperative.

Electrically, the bus uses differential drivers and receivers for all data and
control lines.The PBus signals and their functions are listed in Table 10-3. The
bus signal lines include 16 data lines, 2 parity lines, and 11 control lines used to
manage bus operation. Two additional lines detect improper bus termination.
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Table 10-1, ESDI Control Signals

SIGNAL DESCRIPTION
DRIVE The controller selects a disk mechanism by placing the binary
SELECT 1, 2, 3. |address of the desired disk mechanism on these three lines.
DRIVE SELECT 1 is the least-significant bit and DRIVE
SELECT 3 is the most-significant bit.
HEAD The controller selects a read/write head by placing the binary

SELECT 0, 1, 2, 3.

WRITE GATE.

READ GATE.

COMMAND DATA.

address of the desired head on these four lines. HEAD SELECT 0
is the least-significant bit of the address.

When activated by the controller, this signal causes the data on
the NRZ WRITE DATA lines to be written on the disk media.

When activated by the controller, this signal causes data to be
read from the disk media. The data is decoded and transferred
over the NRZ READ DATA lines.

The controller sends command data to the disk mechanism over
this line. Each command is sent in the form of 16 bits of serial
data plus 1 bit of parity. The first 4 bits are the CMD Function,
much like an Op Code. The next 12 bits, (the CMD Parameter
Field), are parameters of that CMD Function. The final bit is
used for odd parity. Commands include such operations as seek,
recalibrate, request status, request configuration, and initiate
diagnostics.
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Table 10-1. ESDI Control Signals (continued)

SIGNAL

DESCRIPTION

TRANSFER
REQUEST
and
TRANSFER
ACKNOWLEDGE.

READY.

DRIVE
SELECTED.

ATTENTION.

INDEX
and

SECTOR.

These two lines are used to handshake each bit of the serial

data on the COMMAND DATA and CONFIG/STATUS

DATA line. When the controller wishes to send a command to
the mechanism, it places the first bit of the command on the
COMMAND DATA line and enables the TRANSFER REQUEST
line. When the mechanism has received the bit, it enables the
TRANSFER ACKNOWLEDGE which signals the controller to
move on to the next bit. When the mechanism sends back data
on the CONFIG/STATUS DATA line, it puts the bit on the line
and enables the TRANSFER ACKNOWLEDGE line. When the
controller receives the bit, it enables the TRANSFER REQUEST

line.

This signal indicates to the controller that the mechanism spindle
motor is up to speed.

The mechanism activates this line when selected by the controller.

The disk mechanism uses this line to alert the controller that
the mechanism has experienced a fault or change of status. In
response to this signal, the controller should request status to
determine what has occurred.

These are timing signals generated by the disk mechanism and
used by the controller to synchronize read and write operations.
The controller uses these signals to enable READ GATE or
WRITE GATE at the proper times to read or write the desired
sectors.
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Table 10-2. ESDI Data Signals

SIGNAL

DESCRIPTION

NRZ WRITE DATA.

WRITE CLOCK.

NRZ READ DATA.

READ/REFERENCE
CLOCK.

COMMAND
COMPLETE.

This differential pair is used by the controller to send data to the
mechanism to be written on the disk media. The data transfer is
synchronized with the WRITE CLOCK signal.

This is the differential timing signal used by the mechanism when
writing data on the disk media. The clock is generated by the
controller.

Data read from the disk is transferred to the controller over this
differential pair. The read data is clocked by the READ CLOCK
signal generated by the mechanism.

The differential clock signal transferred over this line is
determined by the state of the READ GATE signal. When
READ GATE is inactive, the signal on this line is the reference
clock. When READ GATE is active, READ CLOCK is
transferred on this line.

When inactive, this signal indicates to the controller that
the mechanism is busy performing an operation. When the
mechanism is not busy, this signal is active.
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HP Series 6000
Table 10-3. PBus Signals

SIGNAL DESCRIPTION
PBus Data The 16-bit bidirectional data bus.
(PB00-PB15)
Parity Data bus parity lines used to ensure data integrity. MSBPARITY
(MSBPARITY, is associated with data lines PB08-PB15. LSBPARITY is
LSBPARITY) associated with data lines PB00-PB07.

End Of Segment
(EOS)

End Of Segment
Parity
(EOSPARITY)

Active Arbiter
(ACTARB)

Grant
Acknowledge
(GRANTACK)

Send Ready
(SENDREADY)

Receiver Ready
(RECVRREADY)

PBus Clock
(PCLK)

Match
(MATCH)

Asserted by source during information transfer to indicate that
the last word of the message segment is on the data bus. Also
used by bus arbiter during source selection to indicate that the
new source address is available.

Protects integrity of the EOS signal line. Always set to the
opposite state of EOS, except during source selection. Also used
during source selection to encode address bit 3..

When asserted, indicates the presence of an active bus arbiter.

Asserted by the currently selected source unit to indicate that the
bus is in use.

A data transfer handshake line asserted by the source when it has
valid data for the receiver. Also used when selecting a receiver,
and during source selection to encode address bit 0.

A data transfer handshake line asserted by the receiver when it is
ready to receive data from the source. Also used when selecting a
receiver, and during source selection to encode address bit 1.

The clock signal used to transfer data synchronously over the bus.
Supplied by the active bus arbiter.

When asserted, indicates that the data message segment just
received from the host has the same virtual circuit number as the
preceding segment. Also used during source selection to encode
address bit 2.
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Table 10-3. PBus Signals (continued)

SIGNAL DESCRIPTION
PBus Error Two signal lines used to detect the integrity of the PBus. The
(PBERRORI1, voltage levels on these lines indicate if the PBus is properly
PBERROR2) cabled and terminated.
Byte Indicates that an odd number of bytes are included in a message.
(BYTE) Asserted coincident with EOS to indicate that the last (odd) byte
of data is present on the most significant byte of the data bus.
Link Reset When asserted, forces all devices to disconnect from the PBus
(FLRESET) and enter their power-on initialization routines. Asserted in
response to a Remote Link Reset command from the host.
Bus Reset When asserted, resets the PBus. All devices disconnect from the
(BUSRESET) bus.
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For more information, refer to the following manuals:

m Disk Product Specifications and Site Environmental Requirements, part
number 5955-3456

m HP Series 6000 Disk Storage Systems Quner’s Manual, Models 335H, 670H,
and 670XP, part number C2200-90901 (English part number)

m HP Series 6000 Disk Storage Systems Quner’s Manual, Models 670FL and
1.34FL, part number C2201-90901 (English part number)

m HP Series 6000 Disk Storage Systems Installation Guide, Models 335H, 670H,
and 670X P, part number C2200-90902 (English part number)
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Service Notes

Introduction

This chapter contains a listing of all service notes published for the disk storage
systems. No service notes have been published at the time of this printing.
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cabinets
19511A, 2-6
19514A , 2-6
462994, 2-3
92211Y , 2-6
rack adapter kits, 1-4
supported configurations, 1-3
cable clamp

PBus , 2-33
cabling, 4-17
cache

theory of operation, 10-5
cache memory

initializing, 2-20, 4-15
cache NVRAM

replacing, 8-8
configuration error LED, 4-16

location , 2-23
connecting

ac power cord, 2-15, 2-29

fiber optic cable, 2-36

HP-IB cable, 2-14

PBus cable, 2-33

PBus terminators, 2-30, 2-33, 2-35

to ac power, 2-8

Index-2

connecting ac power cord
335H, 670H, 670XP, 2-15
670FL, 1.34FL, 2-29
connector box
PBus, 4-9
connectors
335H, 670H, 670XP, 2-11
670FL, 1.34FL, 2-21
controls
335H, 670H, 670XP, 2-11
670FL, 1.34FL, 2-21
CS80DISK, 5-1

D

data errors, 5-17
classifications, 5-18
logging in ERT log, 5-9
logging in run-time log, 5-12
troubleshooting, 5-18
DERRORS, 5-17
diagnostic mode self-test, 4-13
diagnostics
CS80DISK, 5-1
FLEXDIAG, 5-1
disk controller
theory of operation, 10-12
disk mechanism
1.34FL troubleshooting, 4-6
removal and replacement, 8-4
troubleshooting, 4-5
disk media
theory of operation, 10-17
disks
theory of operation, 10-14
disk storage system
cabinet mounting, 2-3
handling , 2-2
inspecting , 2-1
unpacking , 2-1
DMA
theory of operation, 10-3



documentation, 1-1

E

ECC
theory of operation, 10-4
environmental requirements, 2-1
error codes, 5-16
DERRORS, 5-17
TERRORS, 5-16
error logs, 5-9
ERT log, 5-9
fault log, 5-14
run-time log, 5-12
ERT log, 5-9
ESDI
theory of operation, 10-25
ESDI interface
theory of operation, 10-5, 10-10
ESDI PCA
removal and replacement, 8-5
theory of operation, 10-10
troubleshooting, 4-5
ESDI signals, 10-29
event
defined, 5-14
events
logging in fault log, 5-14

F

fan

removal and replacement, 8-12
fault

defined, 5-14
fault log, 5-14

hardware fault register, 5-15
faults

logging in fault log, 5-14
fiber optic cable

connection, 2-36

handling, 2-36

isolating when defective , 4-10

fiber optic connectors

location , 2-23
fiber optic interface

theory of operation, 10-8, 10-26
FL activity LED

location , 2-23
FLEXDIAG, 5-1
FL optical status LED

location , 2-23
FRA

layout, 4-16

location, 4-16
front insert assembly

removal and replacement, 8-4
front panel

removal and replacement, 8-2
fuse

location , 2-13, 2-23

H

handling , 2-2
hardware fault register, 5-15
HDA

troubleshooting, 4-5
head/disk assembly

theory of operation, 10-14
head interface

theory of operation, 10-15
heads

theory of operation, 10-14
HP-FL

loopback test, 4-15

theory of operation, 10-26
HP-FL address switch

location , 2-23

setting the address, 2-27
HP-FL controller PCA

removal and replacement, 8-9

theory of operation, 10-7
HP-FL interface

cabling problems, 4-9

Index-3



disconnecting devices while
troubleshooting, 4-10
troubleshooting, 4-8
troubleshooting tools, 4-9
HP-FL 1/0 panel
removal and replacement, 8-3
HP-FL status LEDs, 2-39
location , 2-23
HP-IB address switch
location , 2-13
HP-IB cable, 2-14
HP-IB cache controller PCA
removal and replacement, 8-8
HP-IB connector
location , 2-13
HP-IB controller PCA
removal and replacement, 8-8
theory of operation, 10-2
HP-IB interface
theory of operation, 10-3
HP-IB I/0O panel
removal and replacement, 8-3

}
initializing cache memory, 2-20, 4-15
initializing NVRAM, 2-20, 4-15
installation

335H, 670H, 670XP, 2-11

670FL, 1.34FL, 2-20

L

LINE~ switch
location , 2-12, 2-22

loopback cable, 4-9

loopback test, 4-15

media addressing

theory of operation, 10-21
media format

theory of operation, 10-17

Index-4

media sparing

theory of operation, 10-24
microcontroller

theory of operation, 10-12

NVRAM
initializing, 2-20, 4-15

o
options, 1-2

[

packaging material, 1-4
parts supplied, 1-1
PBus
connector box, 4-9
theory of operation, 10-27
PBus cable
T936FL/7937FL, 2-31
maximum length, 2-31
PBus cable clamp, 2-33
PBus connections
multiple disk storage system, 2-31
single disk storage system, 2-30
PBus connectors
location , 2-23
PBus fault LEDs
location , 2-23
PBus interface
theory of operation, 10-8
PBus signals, 10-32
PBus terminations
multiple disk storage systems, 2-33
single disk storage system, 2-30
with 7936FL/7937FL disk drives,
2-35
power cord connector
location , 2-13, 2-23
power-on checkout
335H, 670H, 670XP, 2-16



670FL, 1.34FL, 2-39
power-on self-test. See self-test
power supply

checking output voltages, 4-8

removal and replacement, 8-12

theory of operation, 10-15

troubleshooting, 4-8
preinstallation, 2-1
preventive maintenance, 2-43
processor control

theory of operation, 10-4
product description, 1-1
product support package, 1-5
protocol processor

theory of operation, 10-9

Q

quicklist
1.34FL, 2-42
335H, 2-41
670FL, 2-42
670H, 2-41
670XP, 2-41

rack adapter kits, 1-4
read/write
theory of operation, 10-13
removal and replacement, 8-1
disk mechanism, 8-4
ESDI PCA, 8-5
fan, 8-12
front insert assembly, 8-4
front panel, 8-2
HP-FL controller PCA, 8-9
HP-FL I/O panel, 8-3
HP-IB cache controller PCA, 8-8
HP-IB controller PCA, 8-8
HP-IB I/O panel, 8-3
power supply, 8-12
status display, 8-13

top cover, 8-2
replaceable parts, 8-14
run-time log, 5-12
run-time mode self-test, 4-13

sector sparing

theory of operation, 10-24
self-test, 4-11

diagnostic mode, 4-13

run-time mode, 4-13

status display, 4-15
serial number

location , 2-13, 2-23

recording , 2-2
service

preparation for, 8-1
Servo

theory of operation, 10-13
spare track table

theory of operation, 10-25
spindle assembly

theory of operation, 10-15
spindle driver

theory of operation, 10-14
stand-alone self-test, 2-24
status display, 4-15

indications, 2-18

location , 2-12, 2-22

removal and replacement, §-13
support strategy, 1-4
system configuration, 3-1

T

TERRORS, 5-16

theory of operation
actuator assembly, 10-15
actuator driver, 10-13
cache, 10-5
disk controller, 10-12
disk media , 10-17

Index-5



disks, 10-14

DMA, 10-3

ECC, 10-4

ESDI , 10-25

ESDI interface, 10-5, 10-10
ESDI PCA, 10-10

fiber optic interface, 10-8, 10-26
head/disk assembly , 10-14
head interface, 10-15

heads, 10-14

HP-FL , 10-26

HP-FL controller PCA, 10-7
HP-IB controller PCA, 10-2
HP-IB interface, 10-3
media addressing, 10-21
media format, 10-17

media sparing, 10-24
microcontroller, 10-12
PBus, 10-27

PBus interface, 10-8

power supply, 10-15
processor control, 10-4
protocol processor, 10-9
read /write , 10-13

Index-6

sector sparing, 10-24

servo , 10-13

spate track table, 10-25

spindle assembly, 10-15

spindle driver, 10-14

track sparing, 10-24
top cover

removal and replacement, 8-2
track sparing

theory of operation, 10-24
troubleshooting, 4-1

1.34FL disk mechanism, 4-6

data errors, 5-18

disk mechanism, 4-5

ESDI PCA, 4-5

HDA, 4-5

HP-FL interface , 4-8

U
unpacking , 2-1

v

voltage select switch, 2-15, 2-29
location , 2-13, 2-23
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