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NOTICE

ZETACO, Inc. has prepared this Technical Manual for use by ZETACO

personnel and its customers to assist in the installation,

operation and maintenance of the Model 990 SMD Disk Controller.

The information contained herein is the property of ZETACO, Inc.

and shall not be reproduced in whole nor in part without prior

written approval of ZETACO, Inc.

ZETACO, Inc. makes every effort to produce quality products and

documentation, however, the reader must be cautioned that changes
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documentation, lf you find errors or omissions, please notify

ZETACO, Inc. to remedy the problem. ZETACO, Inc. shall not be

responsible for any damages (including consequential) caused by

reliance on this material as presented.

If installation problems arise after you thoroughly review the
manual, please contact the ZETACO Customer Support Hotline at

(612) 941-9480.

Copyright 19860. All rights reserved.
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1.0 INTRODUCTION

1.1

The Custom Systems, Inc. 990 Storage Module Disk Controller

(990 SMD) interfaces any Texas Instruments' 990 Computer

System that uses the high-speed TILINE* bus with most

industry standard SMD Disk Drives and provides full

emulation of standard "DX" software.

FEATURES

eMedia compatibility with CD1400

-Interfaces to the high-speed TILINE bus and operates

with standard "DX" software

-Simultaneous Control of up to (4) SMD Interface Disk Drives

-Full use of Drive capacities to over 600 Mb

»-Mix Drives of differing types and capacities

~On-board 32 bit error checking and correcting of burst

errors up to 7 bits in length

-High speed Microprocessor deSign supports maximum transfer

rates

~-On-board Self-Test with error reporting and LED display

-Diagnostic test program included with each controller

~-Sector Interleaving

eSupport Overlap Seeks

-Offset Positioning and Clocking for Data Error Recovery

»-Full 2-Year Warranty

*TILINE 1S a registered trademark of Texas Instruments, Inc.

1-1
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The Interface to the computer system is the Texas
Instruments high-speed TILINE Bus.

The Drive Interface is the industry standard SMD Interface

with differential Drivers/Receivers. Up to four drives

per controller (CMD and LMD counts as two each). Cabling

is done with two cables per drive, a 26 Pin Ribbon Cable

("B" Cable) from each drive to the controller and a 60 Pin

Ribbon Cable ("A" Cable) is daisy chained from the controller
to each drive in turn, with a terminator on the last drive.

361.95 millimeters (14.25 inches) by 274.32

millimeters (10.8 inches) by 12.7 millimeters

(0.5 inches)

4.54 kg. - weight (10 pounds)

Includes cables, diagnostics and documentation

2.0 SPECIFICATIONS

2.1 INTERFACE

2.2 POWER

+5 VDC @ 6.1 Amps nom.

-12 VDC @ 0.5 Amps nom.

2.5 PHYSICAL

Dimensions:

Shipping Weight:

2.4 ENVIRONMENTAL

Operating Temperature: 0 to 55 C

Relative Humidity: 104 to 90% (non-condensing)

2-]





0 INSTALLATION.

In order to install the 990 SMD Controller into the

990 computer system the controller, the system and

the disk drive must be properly prepared.

ec

To prepare the system refer to Section 3.2.

To prepare the controller refer to Section 3.3.

To prepare the disk drive refer to Section 3.4

The TILINE address, interrupt level and a slot in the’

chassis should be selected per the T.1. standard for disk

subsystems. The standard selection for the primary disk

controller is: TILINE address OF800 Hex, interrupt level

13, chassis slot 7.

UNPACKING AND INSPECTION

On receipt of the 990 SMD from the carrier the shipping

carton should have been Inspected for any evidence of damage

or mishandling in transit. However, before installing the

controller it should be re-inspected.

lf the product has signs of damage then contact the

carrier and shipper immediately, specify the nature and

extent of the damage and if the carton is un-opened then

request that the carrier's agent be present when the

carton is opened. However, this technical manual was

inside of the carton and in that case it is already opened

sO keep the opened carton with the controller.

Custom Systems warranty does not cover shipping damage

however, all controllers shipped by Custom Systems are

insured and care should be taken by the User to preserve

all evidence of shipping damage.

For repair or replacement of any Custom Systems! product

damaged in shipment, call Custom Systems to obtain

Return Material Authorization Instructions.

All parts comprising the Model 990 SMD are shipped in

one container consisting of:

~-990 SMD Controller

»~Technical Manual

~-Controller to Drive Cabling (optional)

-Diagnostic Software

3-]



3.2

The optional controller to drive cabling is for one

disk drive and is fifteen feet long. The diagnostic

software is on 1600 BPI 1/2 inch tape. Other configurations

are available.

990 SYSTEM PREPARATION

For best results when changing the T.I. Model 990 system
configuration use only the configurations recommended

by T.1. for disk subsystems.

lf the 990 SMD controller is to have the primary system

disk on it then it should be configured for TILINE

address OF800 Hex, interrupt level 13 and use chassis slot

7. lf it is the secondary disk controller then refer

to your T.!. supplied “Hardware User's Guide" and/or

the "DX10 Operating System - Systems Programming Guide,

Volume V" for other configurations.

When a system configuration is selected then the DX10

Operating system must have all disk drives gened Into it.

lf no new disk drives need to be added (all drives, DSO1--

DSXX, are already generated into the system) then all that

needs to be done is to prepare the chassis slot (see Section

3.2.1) or else refer to your T.!. supplied "DX10 Operating

System - Systems Programming Guide, Volume V" to generate

a new system with the new drive added.

The selected TILINE address and interrupt level must not

be assigned to any other device in the system.

CHASSIS SLOT PREPARATION

The 990 SMD Controller occupies one full TILINE stot.

Most slots in the 990 Chassis have a jumper called the

"Access Granted" jumper. The slot chosen for the 990

SMD must have this jumper opened (or removed) before

installing the board. Some chassis require that wires

be cut, or that a switch be opened. Refer to your 7./.

Supplied "Hardware User's Guide" for additional

information. Figures 3.1, 3.2 and 3.3 depicts 6, 13, 17-

Slot chassis access jumpers or switches.

The selected interrupt level should be on the P2 side

of the selected chassis slot. lf it is not on the P2

Side but it is on the P1 side then the 990 SMD controller

may be re-configured with the interrupt on the P1 side

(refer to Section 3.3.2).

3-2
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If the selected interrupt level is not on the P2 or Pl

side of the selected chassis slot then the chassis interrupt

configuration may need to be changed or else a new level

Or slot need to be selected. Refer to your T.I. supplied

"Hardware User's Guide" when attempting to modify system

interrupts. However, not all chassis can have the

interrupts re-configured and then the interrupt level

or Slot will need to be re-selected, see Section 3.2.

To prepare the 990 SMD controller for use, the following

-~Set up the TILINE address switches to the selected address.

-~Set up the four configuration switches per the selected

The TILINE address that was selected in Section 3.2 needs

to be set up on the 990 SMD controller. This address is

the base address of the eight control words (see Section

4.0) that is used to transfer commands and status between

the system and the 990 SMD. This address is set with six

Figure 3.4 depicts the TILINE address switch bank and the

address combinations and their corresponding switch settings

T.I.'s standard base address for the primary disk controller

is OF800 Hex, for this address all six switches would be on.

3.3 990 SMD CONTROLLER PREPARATION

will need to be done:

-~If the interrupt is to be on the Pl instead of the P2
Side of the chassis then the interrupt jumpers will

need to be changed.

disk drives to be used.

3.3.1 TILINE ADDRESS SWITCH PREPARATION

Switches of an eight-bay dip switch. The dip switch is

located at I.C. location D3, refer to Figure l.l.

corresponding TILINE address bits. Only the first six

Switches are used for the TILINE address. All possible

are listed in Table 3.l.

3.3.2 ALTERNATIVE INTERRUPT SELECTION

If the interrupt is to be on the Pl side of the controller

instead of the P2 side (refer to Section 3.2.1) then two

Jumpers on the 990 SMD will need to be changed. Jumper

Wll-1 is for the Pl connector and jumper W1ll-2 is for the

P2 connector.

For the interrupt to be on the Pl connector then jumper

W11l-1 should be closed and jumper W1l1-2 should be open.

For the interrupt to be on the P2 connector then jumper

W11-2 should be closed and jumper Wll-1 should be open.

3-6
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SETTINGS FOR THE ADDRESS SWITCH

TABLE 3.1

CPU BYTE TILINE WORD ON = ZERO, OFF = ONE *

MSB LSB

ADDRESS IN HEX ADDRESS IN HEX SW6 SW5 SW4 SW3 SW2 SWI

F800 FFCOO ON ON ON ON ON ON

F810 FFCO8 ON ON ON ON ON OFF

F820 FFC10 ON ON ON ON OFF ON

F&30 FFC18 ON ON ON ON OFF | OFF

F840 FFC20 ON ON ON OFF ON ON

F850 FFC28 ON ON ON OFF ON OFF

F860 FFC30 ON ON ON OFF OFF ON

F870 FFC38 ON ON ON OFF OFF OFF

F880 FFC40 ON ON OFF ON ON ON

F890 FFC48 © ON ON OFF ON ON OFF

F8A0 FFC50 ON ON OFF ON OFF ON

F8BO FFC58 ON ON OFF ON OFF OFF

F8CO FFC60 ON ON OFF OFF ON ON

F8D0 FFC68 ON ON OFF OFF ON OFF

F8EO FFC70 ON ON OFF OFF OFF ON

F8FO FFC78 ON ON OFF OFF OFF OFF

F900 FFC80 ON OFF ON ON ON ON

F910 FFC88 ON OFF ON ON ON OFF

F920 FFC90 ON OFF ON ON OFF ON

F930 FFC98 ON OFF ON ON OFF OFF

F940 FFCAO ON OFF ON OFF ON ON

F950 FFCA8 ON OFF ON OFF ON OFF

F960 FFCBO ON OFF ON OFF OFF ON

F970 FFCB8 ON OFF ON OFF OFF OFF

F980 FFCCO ON OFF OFF ON ON ON

F990 FFCC8 ON OFF OFF ON ON OFF

F9A0 FFCDO ON OFF OFF ON OFF ON

FOBO FFCD8 ON OFF OFF ON OFF OFF

F9CO FFCEO ON OFF OFF OFF ON ON

F9DO FFCE8 ON OFF OFF OFF ON OFF

F9EO FFCFO ON OFF OFF OFF OFF ON

FOFO FFCF8 ON OFF OFF OFF OFF OFF

BOARD ADDRESS SWITCH SETTINGS 3.8



SETTINGS FOR THE ADDRESS SWITCH

CPU BYTE TILINE WORD ON = ZERO, OFF = ONE *
MSB LSB

ADDRESS IN HEX ADDRESS IN HEX SW6 SW5 SW4 SW3 SW2 SWI

FAOO {- FFDOO OFF | ON ON ON ON ON

FA10 FFDO8 OFF ON ON ON ON OFF

FA20 FFD10 OFF ON ON ON OFF ON

FA30 FFD18 OFF ON ON ON OFF | OFF

FA40 FFD20 OFF ON ON OFF ON ON

FA50 FFD28 OFF ON ON OFF ON OFF

FA60 FFD30 OFF ON ON OFF OFF ON

FA70 FFD38 OFF ON ON OFF OFF OFF

FA80 FFD40 OFF ON OFF ON ON ON

FA90 FFD48 OFF ON OFF ON ON OFF

FAAO FFD50 OFF ON OFF ON OFF ON

FABO FFD58 OFF ON OFF ON OFF OFF

FACO FFD60 OFF ON OFF OFF ON ON

FADO FFD68 OFF ON OFF OFF ON OFF

FAEO FFD70 OFF ON OFF OFF OFF ON

FAFO FFD78 OFF ON OFF OFF OFF OFF

FBOO FFD80 OFF OFF ON ON ON ON

FB10 FFD88 OFF OFF ON ON ON OFF

FB20 FFD90 OFF OFF ON | ON OFF ON

FB30 FFD98 OFF OFF ON ON OFF OFF

FB40 FFDAO OFF OFF ON OFF ON ON

FB50 FFDA8 OFF OFF ON OFF ON OFF

FB60 FFDBO OFF OFF ON OFF OFF ON

FB70 FFDB8 OFF OFF ON OFF OFF OFF

FB80 FFDCO OFF OFF OFF ON ON ON

FB90 FFDC8 OFF OFF OFF ON ON OFF

FBAO FFDDO OFF OFF OFF ON OFF ON

FBBO FFDD8 OFF OFF OFF ON OFF OFF

FBCO FFDEO OFF OFF OFF OFF ON ON

FBDO FFDE8 OFF OFF OFF OFF ON OFF

FBEO FFDFO OFF OFF OFF OFF OFF ON

FBFO FFDF8 OFF OFF OFF OFF OFF OFF

*See Figure 3.4 BOARD ADDRESS SWITCH SETTINGS
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Refer to Section 9.3.1 for information on how to open

Or close jumpers.

3.3.3 CONFIGURING THE 990 SMD CONTROLLER

The 990 SMD will control up to four logical disk Units

at a- time (Unit 0 through Unit 3) that may be of differing

types and capacities. For each one of the four units there

is a 4-Bay DIP Switch (the configuration DIP switches)

that will select one of fifteen drive types for the

corresponding unit.

TO CONFIGURE THE CONTROLLER:

First, fill out the worksheet in Section 8.0. The worksheet

will help place drives at the proper unit address. Then

it will help find the approriate configuration DIP switch

settings.

Second, set up the configuration DIP switches for each

unit per the worksheet. To locate the switches refer to

Figure 1.1 and for a closer look refer to Figure 3.5.

3.3.3.1 THE TWO RECORD CONFIGURATION EPROMS

The controller may be equipped with two configuration records

(Addendum 1 will indicate it if it is). To select one of

them use the address switch (refer to Figures 1.1 and 3.4)

bay seven (refer to Section 8.2), the switch is called

RECORD SELECT.

3.4 DISK DRIVE PREPARATION

It is beyond the scope of this manual to show all the

Switch settings of all the drives thus, the user must

refer to the disk drive documentation.

The unit address and the sectors per track will need to

be set up in the drive. Refer to the worksheet in

Section 8.0 for the disk drive unit address and the sector

setting. A multiple volume drive will need to be set to

the lower unit address. Refer to the Worksheet in Section 8.0.

3.5 INSERTING THE BOARD INTO THE CHASSIS

With system power turned off insert the board (component-

Side to the same side as the other boards in the chassis)

into the selected slot, with the disk cable headers

away from the backplane. Apply slight pressure to the

card ejectors (not the board's front edge or connectors....

damage may result) until the board is firmly seated into

the computer's backplane connectors.
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SETTINGS OF THE CONFIGURATION SWITCH

ON = ZERO, OFF = ONE *

THE EPROM MSB LSB

BANK SELECTED | SW4 SW3 SW2 SW]

0 ON ON ON ON

] ON ON ON OFF

2 ON ON OFF ON

3 ON ON OFF OFF

4 ON OFF ON ON

9 ON | OFF ON OFF

6 ON OFF OFF ON

/ ON OFF OFF OFF

8 OFF ON ON ON

9 OFF ON ON OFF

10 OFF ON OFF ON

11 OFF ON OFF OFF

12 OFF OFF ON ON

13 OFF OFF ON OFF

14 OFF OFF OFF ON

15 OFF OFF OFF OFF

NOTES:

* See Figure 3.5

Each one of the Four, Four-Bay Dip Switches will select the

EPROM Bank for the corresponding Unit. One Four-Bay Dip

Switch per Disk Unit.

CONFIGURATION SWITCH SETTINGS

TABLE 3.2



CABLING

Reference Figure 3.6 for proper cable connection and

Figure 1.1 for Header Locations and orientations. Be sure

to observe the arrows on the Headers and Plugs for proper

orientations.

As shown in Figure 3.6 the 60 Pin Cable (the A Cable)

connects between Ji and the first drive. Then as more

drives are added a new A Cable will go from the last

drive to the new one. The A Cable continues through drive

after drive in a daisy chain fashion up to the last drive

in the chain and that drive must have a terminator installed

in place of the missing cable.

Each drive must have a 26 Pin Cable (the B Cable) connecting

the controller with each drive in a radial fashion. Unit

O through Unit 3 will use Header J2 through J5 respectively.

The drive type selected for each Header must correspond to

the drive type plugged into its Header.

A multiple volume drive will use two B Cable Headers

(two units) but only one B Cable. The B Cable will go

from the drive to the B Cable Header for the lower unit

address. Refer to Worksheet in Section 8.0.

SYSTEM GROUNDING

Because the power system safety ground does not necessarily

satisfy all system grounding requirements, additional

connections are required to earth ground, referred to

as system ground. The controller and its attached

drive(s) must be connected to a single-point ground

system. Ground connections are made via ground braids

That pass from drive to drive, drive to computer chassis

and computer chassis to earth ground.

WARNING: To ensure proper ground return to earth, each

component in the system must be connected using a daisy

chain ground system. Both the AC and DC grounds within

each drive must be joined (consult drive manual). The

drives must then be joined by a daisy chain grounding

braid and connected to the grounding post at the rear of

the computer cabinet.
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POWERING-UP

Turn system power on. The 990 SMD will perform an initial
self-test. A "good" test is indicated by all LEDS being
off and if not then refer to Sections 5.0 and 12.0 for

diagnostic and trouble-shooting procedures.

It is recommended that the CSI Reliability be run to

verify a working sub-system. Refer to Section 7.0.





PROGRAMMING THE CONTROLLER

The CPU uses eight consecutive words of TILINE Memory

Space, from a selected Base Address (see Section 3.2)

to communicate with the controller. These eight words,

Control Word 0 (CWO) through Control Word 7 (CW7) (see

Figure 4.1) contain the following information:

CONTROL WORD 0 (CWO)

CwO contains the Real Time Disk Status of the selected

disk drive, if one is selected. Plus the Attention and

Attention-Mask Bits for generating an Attention Interrupt.

Only the Attention-Mask Bits may be written by the CPU.

CONTROL WORD 1 (CW1)

CWwl contains the Disk Command Codes, the starting Head

Address and Control Bits to assist in Data Recovery Operations.

CONTROL WORD 2 (CW2)

Cw2 contains the Starting Sector Address and the number

of sectors per record.

CONTROL WORD 3 (CW3)

CW3 contains the Starting Cylinder Address.

CONTROL WORD 4 (CW4)

CW4 contains the number of Bytes to be transferred between

the CPU Memory and the Disk.

CONTROL WORD 5 (CW5)

Cw5 contains the least significant bits of the TILINE

Memory Address, the Address is a Byte Address.

CONTROL WORD 6 (CW6)

CW6 contains the most significant bits of the TILINE

Memory Address, see CONTROL WORD 5 (CW5), and the drive

Select bits.

CONTROL WORD 7 (CW7)

Cw7 contains the Controller Status Bits, the Interrupt

Enable Bit and the Idle/Busy Bit. See Section 4.3 for

more detailed information on the Control Words.
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DISK STATUS

COMMAND

SECTOR ADDRESS

CYLINDER ADDRESS

TRANSFER COUNT

4EMORY ADDRESS

(UPPER)

INIT SELECT MEMORY ADDRESS

(LOWER)

/ONTROLLER STATUS

O = CONTROLLER BUSY
1 = CONTROLLER IDLE

NU - NOT USED MUST

BE SET TO ZERO

CW @

CW |

CW e

CW 3

CW 4

CWS

CW 6

CW 7

NSB LSB

lo 1 2 3l4 5 6 7. 1 1 1 1S |

o. | wk | we | us | nu | st | osa] nu ATTN (0 - 3) ATTMSK (0 - 3)
® ®

of 1{[2{[3}/o{[ 12] 3
| |
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0 1 1 - WRITE DATA

TIH —_- TRANSFER INHIBIT 1 0 6 - UNFORMATTED READ
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, | | |
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>| 1oLe/Busy - 1/0 RE-T - CONTROLLER EXECUTED IE - ID ERROR |
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CT - COMMAND TIMER
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CCI - INTERRUPT ENABLE DE - DATA ERROR

LO - LOCKOUT Tl - TILINE TIMEOUT
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4.1

Controller operation iS initiated by writing the desired

Command and its associated parameters into the appropriate

Control Words. The order in which the Control Words are

written is not important except that CW7, Bit 0 must be

written last. The controller will immediately begin

execution of the operation specified by the Control Words

as soon as CW7 iS written with a word that has Bit 0, MSB,

set to a zero. This puts the controller into the Busy Mode.

Any attempts by the CPU to write to a Busy controller will

result in a NOP-WRITE. A NOP-WRITE will complete

normally, except that the selected Control Word will not

be written into. :

Any attempts by the CPU to read any Control Word from a

Busy controller will result in an EXTENDED STATUS READ.

An Extended Status Read will pass four bits of information

to the CPU. The Status Bits and their locations in the

word read are:

Bit 0 Controller Idle/Busy, CW7 Bit O (MSB)

Bit 1 Control Slave Enable

Bit 2 Controller Bad

Bit 3 Error Code

Bit 4 through 15 are not used

see Section 5.0 for more information on these bits.

Berore writing a Command to the controller Control Words,

CW7 Bit 0 should first be checked to verify that the

controller is Idle, CW7 Bit 0 is a One, and will accept

the Command.

CONTROLLER COMMAND DESCRIPTIONS

The 990 SMD Controller upon receiving a Command from the

CPU will perform any one of the twelve basic disk system

Commands. These Commands are listed here for clarity

only with the detailed command descriptions and examples

deferred until later, in Section 4.4, for these descriptions

require complete Control Word information, in Section 4.3.

STORE REGISTERS

A Store Registers Command causes the Disk Controller to

return up to three words of disk sizing parameters to a

specified TILINE Memory location.
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WRITE FORMAT

A Write Format Command causes the Disk Controller to

format a track on the selected disk unit.

READ DATA

A Read Data Command will transfer data from a specified
disk location to a specified TILINE Memory location.

WRITE DATA

A Write Data Command will transfer data from a specified

TILINE Memory location to a specified Disk location.

UNFORMATTED READ

An Unformatted Read Command causes the Disk Controller

to return up to three words of Disk Format information

to a specified TILINE Memory location.

EXTENDED UNFORMATTED READ

An Extended Unformatted Read Command will transfer a specified

number of words from a specified Disk location, without

regard to the Disk Format or existing record boundaries,

to a specified TILINE Memory location.

UNFORMATTED WRITE

An Unformatted Write Command will transfer a specified

number of words from a specified TILINE Memory location

to a specified Disk location, without regard to the Disk

Format or existing record boundaries.

SEEK

A Seek Command will position the heads to a specified
cylinder address.

RESTORE

A Restore Command will clear certain disk errors and

reposition the heads of the selected disk drive to

cylinder zero.



T.I. SELF-TEST

The T.I. Self-test Command will cause the Disk Controller

to do no disk operation but just return to the CPU that

the controller is ready to go or no go.
re

ECC ON/OFF

An ECC On/Off Command will Enable or Disable the ECC

correction function of the Controller.

RE-TRY ON/OFF

A Re-Try On/Off Command will Enable or Disable the Re-Try

function of the controller.

When the controller has completed an operation it will enter
the Idle Mode. Upon entering the Idle Mode an interrupt
will be sent to the CPU if interrupts are enabled on

the controller. Upon error-free completion of a Command

the complete bit in CW7 will set. If the Command is

not error-free then the error bit in CW7 will be set.

The upper four bits in CW7 (Idle, Complete, Error and
Interrupt Enable) control the Command Completion Interrupt.

If this interrupt is to be on then bits Idle and Interrupt
Enable must be on (set to a one) and complete or error

4.2 COMMAND COMPLETION

4.2.1 COMMAND COMPLETION INTERRUPT

bits on (set to a one).

4.2.2 ATTENTION INTERRUPT

The lower eight bits of CWO control the Attention Interrupt.

If one of the Attention Mask Bits is on (set to a one)

and the corresponding Attention Bits are on and the
controller is in the Idle Mode, then an interrupt will

be sent to the CPU.
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4.3 FORMAT AND USE OF THE CONTROL WORDS

For most of the controller operations the Control Words

have fixed definitions with all exceptions noted in the

detailed Command Descriptions Section 4.4.

See Figure 4.1 for the Control Word Format.

CwO is the disk drive Unit Status Word and the Attention

Bits 0 through 7 contains individual status indicators

for the selected Unit. Bits 8 through 11 contain the

of the drive selected. Bits 12 through 15 contain the

Attention Mask Bits that are used with the Attention Bits

to generate an interrupt. Each bit is defined as follows.

Offline is set to indicate that the selected Unit is;

1) not powered up, 2) is not at the proper speed, 3)

Not Ready is set when the selected Unit is offline, is

performing a restore or seek operation, or that no Unit

Write Protect is set when the status from the selected Unit

indicates that the Unit is Write protected. When activated,

the Write protect circuit inhibits the disk drive write

logic and neither format information nor data can be

Unsafe is set to indicate that an unsafe condition exists

Operation, from being executed, or that no Unit is selected.

4.3.1 CONTROL WORD 0 (CWO)

Interrupt Enable Mask.

Attention Line Status of each Drive Unit regardless

4.3.1.1 OFFLINE (OL) - CWO, BIT O

is not loaded with a cartridge, 4) that an unsafe

condition exists, or 5) that no Unit is selected.

4.3.1.2 NOT READY (NR) - CWO, BIT l

is selected.

4.3.1.3 WRITE PROTECT (WP) - CWO, BIT 2

written on the disk.

4.3.1.4 UNSAFE (US) - CWO, BIT 3

that prevents any disk operation, except a restore

4.3.1.5 Cwo, BIT 4

Bit 4 of CWO is not used and will be set to zero.
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4.3.1.6 SEEK INCOMPLETE (SI) - CWO, BIT 5

The Seek Incomplete bit is set if the head carriage has

failed to locate the specified cylinder. Some Seek

Incomplete errors may be recovered from by performing

a restore operation and then repeating the desired

Operation,

4.3.1.7 OFFSET ACTIVE (OSA) - CWO, BIT 6

The Offset Active bit is set to indicate that data was

read from the disk using a head offset function in

a disk read command.

Bit 7 of CWO iS not used and will be set to zero.

4.3.1.9 ATTENTION LINES (ATTN 0-3) - CWO, BITS 8 - ll

The position encoded Attention Bits reflect the Ready/

Busy (a one Or zero respectively) status of each of

the four disk units. If a unit does not have the heads

into position to transfer data then that unit will be

Busy, else it will be Ready. The heads may not be ina

data transfer position just after a Seek or Restore Command,

CwO, BIT 8 = ATTENTION BIT 0 = UNIT 0

CWO, BIT 9 = ATTENTION BIT 1 = UNIT 1

CWO, BIT 10 = ATTENTION BIT 2 = UNIT 2

CWO, BIT 11 = ATTENTION BIT 3 = UNIT 3

4.3.1.10 ATTENTION MASK BITS (ATTNMSK 0-3) - CWO, BITS 12 - 15

The position encoded Attention Mask Bits control the

Attention Interrupt. To enable or disable an Attention

Interrupt for any of the four disk Units write a one or

a zero (to enable or disable respectively) into the

appropriate bits for the deSired drive units. When the

controller is in the Idle Mode, an Attention Line is ready,

and the appropriate Attention Mask Bit is enabled then an

Attention Interrupt will be sent to the CPU.

CWO, BIT 12 = ATTENTION MASK BIT 0 = UNIT 0

CWO, BIT 13 = ATTENTION MASK BIT 1 = UNIT 1

CWO, BIT 14 = ATTENTION MASK BIT 2 = UNIT 2

CWO, BIT 15 = ATTENTION MASK BIT 3 = UNIT 3
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4.3.2 CONTROL WORD 1] (CW1)

4.3.2.1

CWl contains the Command Code that specifies the desired

controller operation and the head address. Bits 0 through

9 control requested operations; Bits 10 through 15 contains

the surface address. This word is generally used only

as a Control Word, however, the head address is incremented

as disk operations are performed, and the head address

at the end of an operation can be read for diagnostic

purposes if desired. Bit functions are defined as follows.

EXTENDED COMMAND (EXT CMD) - CWl, BIT 0

4.3.2.2

The Extended Command bit is used with the three command

code bits (CWl, Bits 5 - 7) to increase the number of

possible command codes from 8 to 16. See Section 4.3.2.6.

CWl, BIT l

4.3.2.3

Bit 1 of CWl is not used and should be set to zero.

STROBE EARLY (SE) - CWl, BIT 2

4.3.2.4

This bit is used, when set to a one, to advance the Read

Data Strobing in the disk drive in attempt to recover

data that yields errors when read with normal strobe

Settings. Note that not all drives will have this function.

STROBE LATE (SL) - CW1l, BIT 3

4.3.2.5

This bit is used, when set to a one, to retard the Read

Data Strobing in the disk drive in an attempt to recover

data that yields errors when read with normal strobe

settings. Note that not all drives will have this function.

TRANSFER INHIBIT (TIH) - CWl, BIT 4

4.3.2.6

When Transfer Inhibit is set to a one no data will be

written into the TILINE Memory until this bit is reset

to a zero.

COMMAND CODES (CMD COD) - CWl, BITS 5 - 7

Table 4.1 lists the Command Codes and the Command Names.

Detailed Command Descriptions and Examples are given in

Section 4.4.
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4.3.2.7 HEAD OFFSET (OS) - CWl, BIT 8

This bit is used, when set to a one, to enable the disk

head offset positioning in an attempt to recover data that

ylelds errors with heads in the normal position. Note

that not all drives will have this function. See Section

4.3.2.8 for the offset direction.

4.3.2.8 HEAD OFFSET FORWARD (OSF) - CWl, BIT 9

If Bit 8 of CWl, see Section 4.3.2.7, has been set to a

one then Bit 9 of CWl will specify the direction of the

offset. To Offset Forward set Bit 9 to a one and to

Offset Backward set Bit 9 to a zero.

4.3.2.9 HEAD ADDRESS (HADD) - CWl, BITS 10 - 15

Bits 10 through 15 of CWl select the head and associated

platter surface, uSing a Standard binary representation.

Bit 15 is the LSB.

4.3.3 CONTROL WORD 2 (CW2)

CW2 contains the Starting Sector Address and sectors per
record. Normally this word is used only for control,

however, the Sector Address is updated during disk operations

and can be read for diagnostic purposes. Bit functions

are defined as follows.

4.3.3.1 SECTORS PER RECORD (SPR) - CW2, BITS 0 - 7

Since the Recording Format is always one sector per record,

these bits are ignored by the controller.

4.3.3.2 STARTING SECTOR ADDRESS (SSA) - CW2, BITS 8 - 15

These bits select the Starting Sector Address for any

disk data transfer, except Write Format.

4.3.4 CONTROL WORD 3 (CW3)

Cw3 contains the Starting Cylinder Address. Normally this

word is used only for control, however, the Cylinder

Address is updated during disk operations and can be read

for diagnostic purposes. Bit functions are defined as follows.
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4.3.4.1 STARTING CYLINDER ADDRESS (SCA) - CW3, BITS 0 - 15

4.3.5

These bits select the Starting Cylinder Address for any

Operation, using a standard binary representation. Bit

15 is the LSB. At the start of a disk operation a Seek

to the selected Cylinder Address is performed. An

Invalid Address will result in a Seek Incomplete (SI),

in CWO, Status from the disk and termination of the operation

with Unit Error (UE), in CW7, set.

CONTROL WORD 4 (CW4)

4.3.5.1

Cw4 contains the byte count for the transfer between the

disk and the TILINE. Normally this word is used only

for control however, the byte count is updated during

disk operations and can be read for diagnostic purposes.

Bit functions are defined as follows.

TRANSFER BYTE COUNT (TBC) - CW4, BITS 0 - 15

4.3.6

These bits, using a standard binary representation,

selects the number of eight-bit data bytes that will

be transferred between the disk and the TILINE. Bit 15,

the LSB, must be zero, so that only even byte counts can

be specified, because data is composed of two-byte words.

The Byte Count Range is limited by available TILINE

memory and the 64K-byte maximum specified in this Control

Word. Any attempt to transfer to or from non-existent

TILINE memory results in a TILINE Time-Out (TT) controller

Status, in CW7.

CONTROL WORD 5 (CW5)

CWw5 contains the 16 least significant bits of the 21 bit

TILINE Starting Address, with the five most significant

bits in CW6. The TILINE Address is a Byte Address and

data transfers is composed of two-byte words so Bit 15

of CW5 must be zero. Normally this word is used only for

control, however, the TILINE Address is updated during

disk operations and can be read for diagnostic purposes

Bit functions are defined as follows.



4.3.6.1 STARTING MEMORY ADDRESS (SMA) - CW5, BITS 0-15: CW6, BITS 11-15

4.3.7

Bits 0 through 15 of CW5 and Bits 11 through 15 of CW6

make up the 2] Bit Starting Address for TILINE transfers.

Using a standard binary representation the most significant

five hits of the Address is in CW6 Bits 11 through 15,

and the least significant 16 Bits is in CW5 Bits 0 through
15. CW5 Bit 15 must be set to zero, because data is

composed of two-byte words. Any attempt to transfer to

Or from non-existent TILINE memory results in a TILINE

Time-Out (TT) controller status, in CW7.

CONTROL WORD 6 (CW6)

4.3.7.1

Cw6 contains the Unit Select Bits, in Bits 4 through 7,

and the five most significant bits of the TILINE Address,

in Bits 11 through 15. Normally this word is used only

for control however, the TILINE Address is updated

during disk operations and can be read for diagnostic

purposes. Bit functions are defined as follows.

cwW6, BITS 0 - 3

4.3.7.2

CW6, Bits 0 through 3 are not used and should be set to

UNIT SELECT (US) - CW6, BITS 4 - 7

4.3.7.3

The position encoded Unit Select Bits select the drive

unit desired for use in the next operation. To select

a Unit set the appropriate Unit Select Bit to a one.

Note that only one Unit Select Bit should be set at a

time, and if no unit select bit is set then no unit will

be selected. The unit select bit assignment is as follows.

DRIVE UNIT 0 SELECTCw6, BIT 4

Cw6, BIT 5 DRIVE UNIT 1 SELECT

DRIVE UNIT 2 SELECTCW6, BIT 6

Cw6, BIT 7 DRIVE UNIT 3 SELECT

CW6, BITS 8 — 10

4.3.7.4

CW6, Bits 8 through 10 are not used and should be set to zero.

STARTING MEMORY ADDRESS (SMA) - CW6, BITS 11-15: CW5, BITS 0-15

CW6, Bits 1] through 15 contain the five most significant

bits of the Starting Memory Address. See Section 4.3.6

and 4.3.6.1 for more information on these bits.



4.3.8 CONTROL WORD 7 (CW7)

CW7 is the Controller Status and Control Word for all

controller operations.

Bit 0, MSB, contains the Idle/Busy Status - Control Bit.

Bits 1 and 2 contain the Operation Completion Status,

error or no error. Bit 3 contains the Completion Interrupt

Control Bit. Bit 4 contains a Control Bit for multiple

CPU applications. Bits 5 and 6 contain Controller Error

Re-Cover Status. Bits 7 through 15 contain the Controller

Error Status Bits. Bit functions are defined as follows.

4.3.8.1 IDLE/BUSY (IDLE) - CW7, BIT 0

The controller must be in the Idle Mode, CW7 Bit 0 = One,

for the processor to Read or Write the Control Words.

The Idle/Busy Status may be read at any time. If the

controller is Busy, CW7 Bit 0 = Zero, a Read of any

Control Word, will give four bits of information, these

bits are as follows:

BIT 0 = IDLE/BUSY, CW7 BIT 0 = ZERO (MSB)

BIT 1 = CONTROL SLAVE ENABLE

BIT 2 = CONTROLLER BAD

BIT 3 = ERROR CODE

See Section 5.0 for more information on these bits.

4.3.8.2 OPERATION COMPLETION STATUS (OCS) - CW7, BITS 1 AND 2

At the end of a command one of these Bits will be set

by the controller and will reflect the Error Status of

the command. If the command was error-free then the

complete bit (Bit 1) will be set, to a one, else the

error bit (Bit 2) will be set to a one.

The CPU may reset or set these bits as part of the Interrupt

Service or Status Checking Routine, or may leave it

alone until the next command is sent to the controller.



4.3.8.3 COMMAND COMPLETION INTERRUPT (CCI) - CW7, BIT 3

The Command Completion Interrupt Bit, CW7 Bit 3, is set

to a one by the CPU to enable the controller to interrupt

the CPU at the completion of a command. A Command Completion

Interrupt occurs when the following logical condition

1s met: :

IDLE and ((COMPLETE or ERROR) and COMMAND
COMPLETION INTERRUPT)

Note that if the CCI Bit is set while the controller |

is Idle and the Complete or Error Bit is set then an

Interrupt is generated immediately. The Interrupt

should be set only when resetting of the Idle Bit to

Busy is done.

The Attention Interrupts are independent of the CCI, see

Section 4.3.1.10.

ECC Corrected Bit is set by the controller to indicate

controller keeps a log of ECC corrections, for information

4.3.8.4 LOCKOUT (LO) --.CVWI7, BIT 4

The Lockout Bit, CW7 Bit 4, is used for in a Multiple

CPU system configuration. When CW7 is read by a CPU

the Lockout Bit will be set, by the controller. At

power-up, Or system reset, or at the end of a command

sequence Lockout will be reset.

4.3.8.5 RE-TRY (RE-T) - CW7, BIT 5

Re-Try is set by the controller to indicate that the

controller performed a Re-read of a sector during the

last read command.

4.3.8.6 ECC CORRECTED (ECC) - CW7, BIT 6

that the controller corrected a data error in one or

more sectors during the last Read Operation. The

on this log see Section 6.2,

4.3.8.7 CONTROLLER ERROR STATUS (CES) - CW7, BITS 7 - 15

These Bits are used to report any Error Status after a

command has completed. Bits 8 through 15 are all set

in the event of a Self-Test Error. Error information

for each bit is defined as follows.



4.3.8.7.1 ABNORMAL COMPLETION (AC) - CW7, BIT 7

4.3.8.7.2

If the controller gets a Power On Reset, an I/O

Reset, Or a Power Failure warning then any disk operation

is terminated and the Abnormal Completion Bit will be set.
er

MEMORY ERROR (ME) - CW7, BIT 8

4.3.8.7.3

The Memory Error Bit is set to indicate that system

memory got an error when the controller was reading it.

When (ME) comes up some operations will be terminated

and any remaining data counts are not transferred.

DATA ERROR (DE) - CW7/, BIT 9

4.3.8.7.4

During a Disk Read Operation if a Data Read Error is

detected that cannot be corrected or Re-Read then Data

Error will be set. The sector with the bad data will

be transferred to system memory.

TILINE TIME-OUT (TT) - CW7, BIT 10

4.3.8.7.5

The TILINE Time-Out Bit is set to indicate that system

memory did not answer the controller for a data transfer.

When TT comes up some operations will be terminated and

any remaining data counts are not transferred.

ID ERROR (IE) - CW7, BIT 1l

4.3.8.7.6

The ID Error Bit is set if the controller cannot find

the right Cylinder, Head and Sector Address from the Header

Data coming from the disk. (IE) causes command termination.

RATE ERROR (RE) - CW7, BIT 12

4.3.8.7.7

This bit 1s not used by the controller and will only be

set from a Self-Test Error, see Section 4.3.8.7.

COMMAND TIME-OUT (CT) - CW7, BIT 13

This Bit is set if an operation fails to complete ina

pre-determined amount of time. This Bit is also set if

a byte count greater then 510 is given for any Unformatted

Command. CT causes command termination.
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4.3.8.7.8 SEARCH ERROR (SE) - CW7/, BIT 14

4.3.8.7.9

The Search Error Bit is set to indicate that the controller

did not detect a Sync Character within an allotted amount

of time while attempting to read from the disk. (SE)

causes command termination.

UNIT ERROR (UE) - CW7, BIT 15

The Unit Error Bit is set when an operation is terminated

because of a disk drive error. To see what drive error is

active read Cwo.



4.4 DETAILED COMMAND DESCRIPTIONS AND EXAMPLES

Of the twelve Commands that the controller will perform

most of them will use the standard definitions of the

Control Words, as given in the Sections of 4.3.

For most of the Commands a Disk Address is required.

This _Address will be one of four types, Unit Select,

Cylinder Address, Track Address, or a Sector Address

with each type requiring the proceeding types, in the

order given. They make up the following types:

UNIT SELECT - Is a Unit Select in CW6.TYPE 1 -

TYPE 2 - CYLINDER ADDRESS - Is of Type 1 plus a Cylinder

Address in CW3.

TYPE 3 - TRACK ADDRESS -~ Is of Type 2 plus a Head

Address in CWl.

TYPE 4 - SECTOR ADDRESS - Is of Type 3 plus a Sector

Address in CW2.

If a Command requires system memory space then the Memory

Address in CW5 and CW6 will point to the first byte of

this space. The size of this Memory Space is defined by

the Byte Count in CW4. The Address and Count must be an

even byte address and count for the controller will transfer

data in two byte words. All odd addresses and counts

will be set down to the next even one.

The size of the Data Block to be moved, in a data transfer

command, is determined by the even byte count in CW4. The

controller will cross sector, head and cylinder address,

in that order, until the transfer count iS zero or an

error ends the command,

See Table 4.1 for a list of the Commands and Command

Codes with a detailed description and example given in

the following Sections.



Cwl,

BIT 0 BITS THE COMMAND

EXT CMD - 5 | 6 {7

* X / 0 | o| 0 STORE REGISTERS

* X o;o]1 WRITE FORMAT

* X O;1 {1 READ DATA

* X Oo;/1]1 WRITE DATA

0 1 | 01] 0 UNFORMATTED READ

* X 1/o]1 UNFORMATTED WRITE

* X 1/1 SEEK

0 1{/i1i]41 RESTORE

1 1/0] 0 EXTENDED UNFORMATTED READ

te] 1}/1j]1 T.I. SELFTEST

*#e ] lilil ECC ON/OFF

** l1ilijil RE-TRY ON/OFF

NOTES :

**

One or Zero

These Three Commands have the same Command Code, see the

Detailed Command Descriptions and Examples (Sections 4.4.10,

4.4.11, 4.4.12) for more information

LIST OF THE COMMANDS

AND COMMAND CODES

TABLE 4.1



STORE REGISTERS COMMAND

The Store Registers Command is used by the CPU to obtain

up to three words of disk sizing parameters for the disk

type configured at the selected unit address. One Store

Registers Command needs to be done for each one of the

four units that the controller will be controlling.

See Figure 4.2 for the format of the three words of a

Store Registers Command. Word One contains the total

number of Unformatted Words that can be recorded on a

disk track. With a fixed format, as indicated by a

value of zero in the words of overhead per logical

record, Word One defaults to formatted words per track.

Word Two, Bit 0 through 7, specify the number of sectors

per track, and Bits 8 through 15 specify the number

of overhead words per logical record. Word Three,

Bits 0 through 4 specify the number of heads per

cylinder, and Bits 5 through 15 specify the number of

cylinders per drive.

A Store Registers Command will only transfer up to three

words (six bytes), irregardless of a larger byte count

in CW4, to the address specified in CW5 and CW6. Refer

to Table 4.2 for an example of a Store Registers Command.

SET-UP

DATA IN HEX COMMAND

CVO 0000 Clear Attention Mask Bits

Cwl 0000 Store Registers Command; No Head

| Address is Required

CH2 0000 Not Used

cw3 0000 Not Used

C4 0006 Transfer Byte Count = 6

Cw5 1000 Starting TILINE Byte Address =

001000 Hex

Cw6 0800 Select Unit 0

CW7 0000 Initiate Controller Operation;

Completion Interrupt Disabled

EXAMPLE OF THE CONTROL WORDS

IN A STORE REGISTERS COMMAND

TABLE 4.2
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4.4.2 WRITE FORMAT COMMAND

The Write Format Command is used to format a track on the

selected Disk Unit. Only one complete track will be

formatted per Write Format Command.

Each sector of the track will be written with the framework

that defines it as a uniquely addressable data record in

the selected Disk Unit. The sector framework contains

a header-data field and the required gaps. See Sections

10.0 and 11.0 for more detailed format information. The

Data Field will be filled with a fill word read from the

Specified memory address. Note that this Command will

not change the Address or Count in CW4 through CW6.

Refer to Table 4.3 for an example of a Write Format Command.

SET-UP

DATA IN HEX COMMAND

CWO 0000 Clear Attention Mask Bits

CWwl 0102 Write Format Command; Head

Address = 2

CwW2 0100 One Sector per Record; Sector

Address is not Required

CW3 O1A2 Cylinder Address = 1A2 Hex

cw4 |/ 0000 Not Used

CW5 | | 1200 The TILINE Byte Address for the
Fill Word = 031200 Hex, See

: CW6 for Upper Part

Cv/6 | 0403 Select Unit l; Upper Part of
TILINE Address = 03

CW7 1000 Initiate Controller Operation;

Completion Interrupt Enabled

EXAMPLE OF THE CONTROL WORDS

IN A WRITE FORMAT COMMAND

TABLE 4.3
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4.4.3 READ DATA COMMAND

The Read Data Command is used to get a block of data, up

to 65536 bytes, from the selected disk unit. The controller

will seek to the specified track address, find the starting

sector then start transferring data to the Memory Space

Addressed by CW5 and CW6. The size of the data block to

be transferred is in CW4, the byte count. When the

controller encounters the end of a Sector, Head or Cylinder

and the transfer count iS non-zero the controller will

cross that boundary and continue transferring data.

Refer to Table 4.4 for an example of a Read Data Command.

SET-UP

DATA IN HEX COMMENTS

CwO 0000 Clear Attention Mask Bits

CW1 0201 Data Read Command; Starting

Head Address = l

CW2 0104 One Sector per Record; Starting

Sector Address = 4

CW3 0105 Starting Cylinder Address = 105 Hex

Cw4 1500 Transfer Byte Count = 1500 Hex

Cw5 8100 Starting TILINE Byte Address =

008100 Hex

CW6 0200 Select Unit 2; Upper Part of TILINE

Address = 00

CW7 1000 Initiate Controller Operation;

Completion Interrupt Enabled

EXAMPLE OF THE CONTROL WORDS

IN A READ DATA COMMAND

TABLE 4.4
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4.4.4 WRITE DATA COMMAND

The Write Data Command is used to put a block of data, up

to 65536 bytes, on to the selected disk unit. The

controller will seek to the specified track address,

find the starting sector then start transferring data

from the Memory Space Addressed by CW5 and CW6 to the

disk. The size of the data block to be transferred is

in CW4, the byte count. When the controller encounters

the end of a Sector, Head or Cylinder and the transfer

count iS non-zero the controller will cross that

boundary and continue transferring data.

If the data does not fill all of the last sector then that

sector (the part without data) will be zero filled

before going to the disk.

Refer to Table 4.5 for an example of a Write Data Command.

SET-UP

DATA IN HEX COMMAND

CVW0 0000 Clear Attention Mask Bits

CW1 0302 Write Data Command; Starting

Head Address = 2

CW2 O12B One Sector per Record; Starting

sector Aduress = 2B Hex

CW3 02C3 Starting Cylinder Address = 2C3 Hex

CiW74 2300 Transfer Byte Count = 2300 Hex

CW5 4206 Starting TILINE Byte Address =

054206 Hex, See CW6 for the

Upper Part of the Address

CW6 0105 Select Unit 3; Upper Part of the

Starting TILINE Byte Address = 05

CwW7 1000 Initiate Controller Operation;

Completion Interrupt Enabled

EXAMPLE OF THE CONTROL WORDS

IN A WRITE DATA COMMAND

TABLE 4.5
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4.4.5 UNFORMATTED READ COMMAND

The Unformatted Read Command iS used to get sector format

information per track. This Command will return up to

three words. The first word contains the Head and Cylinder

Addregses. The second word contains the Sectors per

Logical Record Number (for a fixed format this number

1s 01 Hex) and the Sector Address. The third word contains

the Record Word Count. If desired a genuine unformatted

Read from the disk may be done, for this use the Extended

Unformatted Read Command.

Refer to Figure 4.3 for the data format of the three

words returned by this Command and Table 4.6 for an example

of an Unformatted Read Command.

SET-UP

DATA IN HEX COMMAND

Cwo 0000 Clear Attention Mask Bits

CWl 0401 Unformatted Read Command;

Head Address = 1

CW2 0100 One Sector per Record; the

Physical Sector Address = 0

CW3 0102 Cylinder Address = 102 Hex

Cw4 0006 Transfer Byte Count = 6

CW5 2000 Starting TILINE Byte Address =

! 002000 Hex

: CW6 0400 Select Unit 1]

| CW7 1000 Initiate Controller Operation;
| Completion Interrupt Enabled

(

EXAMPLE OF THE CONTROL WORDS IN

AN UNFORMATTED READ COMMAND

TABLE 4.6
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4.4.6 EXTENDED UNFORMATTED READ COMMAND

The Extended Unformatted Read Command is used to read

data (up to 510 bytes) from the selected disk, irregardless

of the sector format or sector boundaries. The controller

will seek to the specified track address, find the starting

sector then start transferring data from the disk.

Note that the controller needs to find a sync byte

before data can be transferred to the system, and the

data to be transferred starts just after the sync byte.

This command will not cross track boundaries.

Refer to Table 4.7 for an example of an Extended

Unformatted Read Command.

SET-UP

DATA IN HEX COMMAND

Cwo 0000 Clear Attention Mask Bits

CW1 8402 Extended Unformatted Read Command;

Head Address = 2

Cw2 0100 One Sector per Record; the Physical

Sector Address = 0

CW3 0123 Cylinder Address = 123 Hex

Cw4 0300 Transfer Byte Count = 300 Hex

CW5 2200 Starting TILINE Byte Address =

002200 Hex

CVI6 0800 Select Unit 0

CW7 1000 Initiate Controller Operation;
Completion Interrupt Enabled

EXAMPLE OF THE CONTROL WORDS IN AN

EXTENDED UNFORMATTED READ COMMAND

TABLE 4.7
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4.4.7 UNFORMATTED WRITE COMMAND

The Unformatted Write Command is used to write data (up

to 510 bytes) to the selected disk, irregardless of the

sector format or sector boundaries. The controller will

seek to the specified track address, find the starting

sector then write a Lead Gap, a Synchronization Character,

and the Block of Data, an ECC Field, and zeros to the

next sector mark. This Command will not cross track

boundaries.

Refer to Table 4.8 for an example of an Unformatted Write

Command. |

SET-UP

DATA IN HEX COMMAND

CWO 0000 Clear Attention Mask Bits

Cwl 0500 Unformatted Write Command;

Head Address = 0

CW2 0100 One Sector per Record; the

Physical Sector Address = 0

CW3 00C2 Cylinder Address = 0C2 Hex

Cw4 0250 Transfer Byte Count = 250 Hex

CW5 1000 Starting TILINE Byte Address =

001000 Hex

Cw6 0100 Select Unit 3

CW7 1000 Initiate Controller Operation;

Completion Interrupt Enabled

EXAMPLE OF THE CONTROL WORDS

IN AN UNFORMATTED WRITE COMMAND

TABLE 4.8
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SEEK COMMAND

The Seek Command is used to start the heads, of the

selected disk unit, moving to the Cylinder Address

speciffed in CW3. Once the controller has started the

heads moving it will go back to the Idle Mode (note

that the Head move may not be done at this time) however,

the controller may be glven another command. fo find

out if the Heads are done moving use the Attention

Bits or Attention Interrupt Mask in CWO.

Seeks are not performed on a drive that has more than

one Logical Unit in it (multiple volume drives).

Refer to Table 4.9 for an example of a Seek Command.

SET-UP

DATA IN HEX COMMAND

CwOo 0004 Set Attention Mask Bit for Unit 1

(Attention Interrupt Enabled)

Cw 0600 seek Command

CWw2 0000 Not Used

CW3 0124 Cylinder Address = 124 Hex

Cw4 0000 Not Used

CwW5 0000 Not Used

CW6 0400 Select Unit 1

Cy7 1000 Initiate Controller Operation;

Completion Interrupt Enabled

EXAMPLE OF THE CONTROL

WORDS IN A SEEK COMMAND

TABLE 4.9
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4.4.9 RESTORE COMMAND

The Restore Command is used to re-initialize a disk drive

that has an Unsafe or Seek Incomplete Error Status, in CWO.

This Cemmand may be sent to any Unit at any time to try

to clear a Unit Error. Once the controller has started

the re-Initialization it will go back to the Idle Mode

but the drive is doing a Long Seek to cylinder zero.

When the controller is back into the Idle Mode it may

be given another Command. To find out if the Long

Restore Seek to zero is done use the Attention Bits

or Attention Interrupt Mask in CWO.

A Restore on a drive which is two logical units will

result in both logical units being re-initialized.

SET-UP

DATA IN HEX COMMAND

CwO 0008 Set Attention Mask Bit for Unit 0

(Attention Interrupt Enabled)

CW 0700 Restore Command

CW2 0000 Not Used

CWS 0000 Not Used

CW4 0000 Not Used

CW5 0000 Not Used

CW6 0800 Select Unit 0

CWw7 1000 Initiate Controller Operation

Completion Interrupt Enable

EXAMPLE OF THE CONTROL

WORDS IN A RESTORE COMMAND

TABLE 4.10
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4.4.10 T.I. SELF-TEST COMMAND

The T.I. Self-Test Command is a NOP Command to the 990

SMD Controller. No operation is performed but the

returning of a Go/No-Go Status. For more information

about CSI 990 SMD Self-Test see Section 5.0.

Refer to Table 4.11 for an example of a T.I. Self-Test

Command.

4.4.11 ECC ON/OFF COMMAND*

The ECC On/Off Command is used to Enable or Disable the

ECC Correction Function of the controller. Refer to

Section 6.0 for more information on the ECC Correction

Function of the Controller.

The ECC On/Off is a sub-function of the T.I. Self-Test

Command. Refer to Table 4.11 for an example of an ECC

On/Off Command.

4.4.12 RE-TRY ON/OFF COMMAND*

The Re-Try On/Off Command is used to Enable or Disable

the Re-reading Function of the Controller. The number

of Re-reads the controller will try per sector is two.

The Re-Try On/Off is a sub-function of the T.I. Self-Test

Command. Refer to Table 4.11 for an example of a Re-Try

On/Of£E Command.

*NOTE A power on Reset or IORESET will Enable the ECC and

Re-Try functions.
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SET-UP

DATA IN HEX COMMAND

Cw0 0000 Clear Attention Mask Bits

CWl : 8700 T.I. Selftest*

CW2 0000 Not Used

CwW3 * The Test Select Bits

Cw4 0000 Not Used

Cw5 0000 Not Used

CwW6 0000 Not Used

CW7 0000 Initiate Controller Operation;

Completion Interrupt Disable

NOTE:

*For ECC and Re-Try Commands

CW3 = OEOF ~— ECC ON

CW3 = OE00 ~ ECC OFF

CW3 = OFOF - RE-TRY ON

CW3 = OFOO ~- RE-TRY OFF

EXANPLE OF THE CONTROL WORDS IN A T.I.

SELF-TEST; ECC AND RE-TRY ON/OFF COMMANDS

TABLE 4.11
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5.0 990 SMD SELF-TEST

Sl

The controller features extensive self-testing which is

run upon power-up or whenever the controller receives

a Reset, either from the Reset switch on the programmer

panel .r from a Reset (RSET) instruction.

When_the self-test begins, the controller is placed in the

Busy Mode and the Controller Busy and Fault LEDS become

lit. If all tests pass successfully with no errors, all

LEDS will go out, and the controller will enter the Idle Mode,

SELF-TEST ERRORS

5.1.1

If any errors occur during the Self-test, the fault LED

will remain lit and the Error code LED will blink,

displaying a code to indicate the section of the test in

which the failure occurred. See Section 5.1.2 for an

explanation of the Error Display Codes.

While displaying the Error Code, the controller is

placed in an Idle Mode for slave reading and writing

of the control words. The Error Code multiplied by

2 is returned in Control Word 2 and the lower byte of

Control Word 7 is set to OFF Hex.

ERROR DIAGNOSIS

The five LEDS on the front of the controller board from

left to right represent Interrupt Pending (yellow),

Controller Busy (green), Command Time-Out, Controller

Fault and Error Code. Section 9.2 contains a complete

description of these indicators.

If a Section of the Self-test fails, Fault and Error

Code LEDS should be lit. Refer to the follwing Section

for Error Code explanations. If the controller is unable

to display an Error Code, the other LEDS may be examined

to help determine the nature of the malfunction.

If no LEDS are lit and the controller's control words

cannot be accessed, remove power from the chassis and

check to see that the controller board is seated firmly

in the chassis slot. Verify that power is being supplied

to the slot the controller occupies, either by inserting

another board or meaSuring that +5 -—0.25 vde is present

on the controller.

If Command Time-Out is the only LED lit, the controller's

microprocessor is unable to execute basic instruction

Stepping, test conditions and may be in a Halt state

Or looping near the start of the microprogram.

If Busy and Fault become lit, and Command Time-Out

approximately 1/2 second later, the self-test may be

Suspended in a loop or the controller's microprocessor

held in a Wait state,
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5.1.2 ERROR DISPLAY CODES

When a section of the self-test cannot pass successfully,

the controller will display an Error Code by blinking

the Error Code (right-most) LED to indicate the section

of the test which failed. This code may be used to help

in isolating the area of the malfunction to a particular

region of the controller.

ERROR CODE FAILURE DESCRIPTION

2 Blinks MICROPROCESSOR REGISTER TEST FAILURE:

Unable to perform arithmetic functions,

move data between registers.

3 Blinks DATA BUS, LITERAL DATA WORD, ARITHMETIC

TEST CONDITION FAILURE:

Could not transfer and successfully test

for correct data read from the firmware

bus to the microprocessor over the

controller data bus.

4 Blinks MICROPROGRAM ADDRESS SEQUENCER TEST FAILURE:

Unable to sucessfully execute various

address control instructions, load and

use internal counter.

5 Blinks CONTROLLER RAM TEST FAILURE:

Unable to properly address, increment

address, write and read correct data

from the controller's random-access

memory over the controller's data bus.

6 Blinks DISK FORMAT CONTROL SEQUENCER TEST FAILURE:

Unable to Simulate a disk write command

without errors or calculate and read

correct ECC results.
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6.0 ECC CORRECTION AND RE-TRY

6.1

To insure high data integrity, the 990 SMD performs on-

board error checking and correcting on each sector of

data as it is read from the disk. An error correcting

code (ECC) with a 32-bit character is used, capable of

correcting burst errors up to 7 bits in length.

The polynomial that is used:

29 27 172 + x77 4 x47 + x7 4 xx32 4 x30 15 +X> + x41

When the controller detects that an error has occurred,

it will attempt to correct the bad bits of data and

restore it to memory. If the correction iS Success-

ful, the ECC corrected bit (bit 6 of Control Word 7)

1s set and the Read command is resumed. The controller

also records pertinant information of the correction in

a log in controller RAM (Section 6.2).

If an error is found then the controller will re-read

the sector a certain number of times in an attempt

to obtain correctable data. The same ECC error code

must be found at least twice to do a correction. If all

attempted re-tries and corrections fail, the Data Error

bit (bit 9 of Control Word 7) is set, and the Read command

1s terminated.

ECC AND RE-TRIES ON/OFF

The CPU may disable or enable the controller's ability

to correct data and/or re-read sectors in which ECC

errors are detected. This is done with an Extended

Restore command. See Sections 4.4.11 and 4.4.12 for ~TM

full descriptions of these commands. Both functions

are enabled upon controller initialization.

When detecting an ECC error, the controller first checks

to see if the ECC corection function is enabled. If

disabled, it will then check to see if re-tries are

enabled. If both functions are disabled, the controller

will set the Data Error bit and terminate the Read command.
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6.2 ERROR CORRECTION LOG

Each time an ECC correction on read data is performed

by the controller, it records the cylinder, head and

sector addresses of the disk, the bit offset of the error

from the beginning of the sector, and an 7 bit error

burst mask which, when excluSive-or'd with the error

burst, results in corrected data.

The log is used by the 990 SMD Reliability and Surface

Analysis programs to inform the user of the location

and extent of any media defects that may exist on the

disk surfaces. |
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7.0 DIAGNOSTIC AND RELIABILITY

The Diagnostic Support for the 990 SMD+ consists of
a Rellability Program. Attached to It is a copy
of the CSI Debugger Utility. The purpose of the

program Is to test for proper operation and rellability

of the 990 SMD+ Controller. If this [Is to be done it

must. be assumed that the drive is not at fault, although

many of the errors and their displays may help in

determining a disk drive malfunction. The program will

look for a 911 at CRU address >100 first and if one does

not exist, It will expect a 931 CI 403 at >F980 on unit O.

7.1 CSi DEBUGGER UTILITY

The CS! Debugger (Debug for short) Is a program debugging
utility that can be a very helpful subsystem. It consists

Of Memory Modification and Display Commands as well as

Program Control Commands.

7.1.1 DEBUG COMMAND DESCRIPTIONS

7.1.1.1 MM - EXAMINE AND/OR MODIFY MEMORY

Allows the User to examine and/or modify any Memory

location (0-64K).

7.1.1.2 MW - EXAMINE AND/OR MODIFY WORKSPACE REGISTERS

Allows the User to examine and/or modify the Workspace
Registers in use at the time a breakpoint Is hit.

7.1.1.3 SB _- SET AND/OR DELETE BREAKPOINT

Allows the User to set a Breakpoint at any one word

location. Upon entry of Command, the previous breakpoint

is cleared.

7.1.1.4 DM = DISPLAY A BLOCK OF MEMORY

Allows User to specify a Block of Memory to be displayed

one page at a time.

7.1.1.5 SE = START EXECUTION

Allows User to start Program Execution at a specified

location using a specified workspace.
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7.1.1.6 CB - CONTINUE FROM BREAKPOINT

Allows the User to continue execution from a Breakpoint

and/or set a new Breakpoint. NOTE: Upon entry of the

Command the old Breakpoint is cleared. The new Breakpoint

cannot be the same as the old one.

FM - FILL MEMORY

Allows the User to fill a specified area of memory.

Allows User to continuously Read or Write any Memory

Allows the User to set an Offset to be added to all

Allows User to return to the exact location Debug was

Allows User to execute any CRU Command.

Allows User to get a list of all available Commands.

Allows User to start execution of the attached program.

7.1.1.7

7.1.1.8 TL —- TEST LOOP

location.

7.1.1.9 SO - SET OFFSET

Memory Reference Commands.

7.1.1.10 RE - RETURN TO TEST

called from in a program.

7.1.1.11 CC - CRU COMMANDS

7.1.1.12 LC - LIST COMMANDS

7.1.1.13 ET - EXECUTE TEST

7.1.1.14 MR - MODIFY TPCS REGISTERS

Allows User to modify TPCS Registers. This Command loops

on the eight locations starting at the specified

address.
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7.1.2 DEBUG USAGE SUGGESTIONS AND NOTES

The interrupts are disabled down to Level 1 during the

execution of the debugger.

The MR Command is very useful for giving instructions to

a TILINE Device and then checking the results.

/ - This entry will cause some Commands to not

modify the present location but display the

next.

SP ~ This entry will exit all Commands except

DM where it will get the next page.

'RETURN' -~ This entry will exit all Commands if nothing

proceeds it. It is used to terminate all

entries,

<— - This entry will Backspace one location and

allow re-entry of the last entered character.

BUFF - This will automatically use the Buffer Address

Supplied by the attached program as an entry.

It will work on DM, MM, MR and FM.

The purpose of the 990 SMD Reliability (Reli for short)

1s to operate the entire subsystem in a manner which is

Close to that in which the system itself would operate

7.2 990 SMD RELIABILITY

it in but still retain the ability to display and log

error conditions in a way in which they can be useful.

7.2.1 RELIABILITY COMMAND DESCRIPTIONS

7.2.1.1 SHOW PORT SETTINGS

This iS a very special Command. This Command will allow

you to read extensive technical information from the

controller. On the first page will be the revision level

and subset information and a list of Drive types available

in the EPROM. At the bottom is a list of how each port

is set for Drive type. This will allow you to verify

that the switches are properly set. By entering a unit

Selection you will be able to see Specific information

about the unit you selected and its selected Drive type.
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FORMAT DISK

The Disk will be formatted using the Store Registers

information. This is simply a quicky format to enable

running of the relfability. If an error occurs it

will be re-tried and displayed.

SURFACE ANALYSIS

This routine is used to find and log bad tracks for

running an error-free pass of the reliability. The

entire disk is written, then read and the data checked.

lf an error occurs the operation is re-tried. If after

all the re-trys, and on a read, the error persists it

is logged as a bad track. The bad track map is then put

on Track 0, Sector 1 with each word containing a Track

Number. A 1234 Hex is then written into Track 0, Sector 0

in Word OA4 Hex to signify that a bad track map has been

bullt. NOTE: This map is not of the TI form so as to

prevent the User from using it as a substitute for the TI

Format and Initialization.

COMMAND STRING UTILITY

7.2.1.5

The Command String Utility is a routine that will allow

you to build up a string of 1 = 20 Commands to be executed

in order. A loop capability is also available as wel!

as error displaying during running.

SEEK EXERCISER

This routine will simply do seeks to a drive and report

the errors. It obviously will not do any real operation

on any multi-volume drives. The converging pattern seeks

from 0 to the max, then to 0 + 1 To max -1 etc.

ECC ON/OFF

This call will turn Off/On the ECC Correction Logic in

the controller. Remember, Reset always turns it on.

SOFTWARE RE=TRYS ON/OFF

This call will allow you to set any count of Software

Re-trys between 0 - 8. It is reset to 8 at program restart.
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This call will allow you to set a trace count from zero

to six and then enable or disable the trace option. MTrace

1S an option which will display the starting and ending

TPCS Registers when an error occurs. If the trace count

is set for two or more the history of operations can be

This call will allow you to enable or disable the printer.

It also will allow the change of address and port selection.

NOTE: The printer mentioned above is the CSI 990-LPT.

7.2e1.8 TRACE ON/OFF

determined.

7.2.1.9 PRINTER ON/OFF

722e1.-10 RELIABILITY

This routine is the heart of this program. Its purpose

is to randomly select a Drive, do a Seek-Write-Read

combination, and then check the data. All errors are

displayed and most are logged as hard (errored on all

re-tries) or soft (recovered on a re-try). Random

Seeks and Restores are dispersed among the other

commands at random. If a unit gets an unrecoverable

error it is taken off the list of available units and

the other units continue to run. If all available

units are removed the program will stop execution of the

reliability.

On detection of a controller data error the data

received is tested up to the actual amount transferred

in order to show the erroring data.

On detection of an ECC Correction the program will

interrogate the controller to show the corrected data

error.

Refer to the Flow Charts for further information.
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7.2.2 RELIABILITY SPECIAL FEATURES

During execution of the various routines the numeric

keys can be used for control. The "9" key will always

be hit to display a list of the keys that can be used

at that time. The "0" key will always jump [mmediately

During a display to the screen the display can be halted
by hitting a space key. Hitting any other key will re-

This is the Unit under test at the time of error.

7.2.2.1 SPECIAL KEYS

to the debugger. Other keys are:

1 - Restart Program

2 - Get New Command String

3 - Exit to Debug

4 - List Error Totals

5 =- Enable/Disable Printer

6 - Enable/DIisable Trace

7.2.2.2 DISPLAY STOP

start the display.

7.2.53 RELIABILITY ERROR REPORTING

7.2.5.1 UNIT NUMBER

7.2.3.2 CYLINDER/HEAD/SECTOR

These are the ending values after operation completion

except on Error 1. In that case they are the Starting Values.
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7.20303 ERROR CODE

This value will tell you what the error is. The errors

are prioritized so that a lower value error proceeds a

larger value error. Refer to Table 7.1.

- 15

14

13

12

li

10

OF

OE

OD

OC

OB

OA

09

08

07

06

05

04

03

02

Ol

00

Time Out waiting for ATTN

Time Out waiting for INTR

ECC Corrected

Controller Executed Re-Read

Search Error

Command Timer

Rate Error

ID Error

TILINE Time Out

Controller Data Error

Memory Error

Abnormal Completion

Seek Incomplete

Unsafe

Write Protect

Not Ready

Offline

Improper Error Status

No Error

RELIABILITY ERROR CODE LIST

TABLE 7.1
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7.22324 WORD CT

The Word Count is that which remains after operation

completion except on Error 1. In this case it is the

beginning value.
er

7.2.3.5 COMMAND

This is a code that relates to the Command in execution.

Refer to Table 7.2.

00 - Store Register

Ol - Format

O02 - Read

03 - Write

04 -

05 -

06 - Seek

07 - Restore

COMMAND LIST

TABLE 7.2

7.2.3.6 ADDRESS

This is the Address in the controller at the operation

completion except on Error 1. In this case it is the

Starting value.

7.23.7 STATUS

This is the value of TPCS 7 on operation completion.

7.2-3-8 TPCS REGISTERS

These are the starting and ending values of the controller

registers except on Error 1. In this casSe they are invalid.
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7.2.3.9 RE-TRYS - HARD

Re-trys will specify the number of software re-trys before

the operation was successfully completed. Hard means that

the operation failed on all software re-trys.
ec

DATA- COMPARE ERROR

If the buffer compare routine finds an error and it is

not testing on a controller data error or an ECC Display

it will display the erroring data and a trace (if enabled).

If it is doing a data error check or an ECC Display it

will only display the erroring data.

Data format consists of the address in the good data buffer,

the good data, the bad data, the word count from the

buffer start and a total error count. Only the first

The printer display 1S set up to print to a CSI 990 LPT

at address QFAOO Hex on Port P4. These parameters can

be changed with the printer command.

Follow the TI Tape Booting Procedure to load the

Reliability program. The program is a sequential object

file designed to be loaded at address QAO Hex.

The program will come up running automatically.

The program will print "WELCOME TO THE CSI DISK SUPPORT

PACKAGE". To proceed hit carriage return.

7.2.3.10

three errors are displayed.

7.2.4 PRINTER DISPLAY

7.3 LOADING RELIABILITY

7.3.1 BOOTING

7302 RUNNING

7.4 FLOW CHARTS

The basic Flow Charts for the Main Routines in the

Reliability is as follows.
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FLOW CHART FOR FORMAT DISK

(s7#n7_)

GET
UNIT #

LO

RESTORE ERROR?

NO

LO STORE

REGISTERS ERROR?

NO

<

YES

YES

SCexir )



FLOW CHART FOR INITIALIZE DISK PART loka

( s7arr_)

GET LO
UNIT # RESTORE ERRORP> SS

NO

DO

LS) STORE

| PEGUISTERS

ERROR PS

NO

| CLT TRACK

—>Cevr)

wf



FLOW CHART FOR INITIALIZE O/SK PART 20fk

GET TRACK
aa

TRANSFER INHIBITED

SET N/T

FLAG

0,06, 6

ee
NO

aa
GN“

EX/T



FLOW CHART FOR RELIAB/LITY PART / of

TRKE OUT

OF LIST

TAKE OUT

REGESTERS
20 STORE |

OF LIST

NOT YES
DONE,

ERROR 7

VO

ANNOT

PLAD



CLOW CHART FOR RELIABILITY PART 2 0f3

OO COMPARL
READ BUFFERS

YES [ KE - READ
ERROR? EHALT WITH ECC§

RETRYS OFF

NO } |

| Z
COMPARE
BUFFERS

<—_|_~
D0

RESTORE

LEROR 7 CHALT

NO
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FLOW CHART FOR RELIAB/LITY PART ZS of F

EHALT

(Ev7er )

1S YES a

ir, ( RETURN )

NO

/S NO 4

ae RE TRY )
VES

18 17 YES (

DATA ERROR {RETURN )

V0





8.0 CONFIGURATION WORKSHEET

The 990 SMD will work with most Disk Drives that use

the Control Data Corporation (CDC) Storage Module Drive

(SMD) interface. Of the large number of disk drives with

this rmterface only 15 different types of drives may be

configured at a time. However, more than 15 different

Models of disk drives may be supported at a time.

EXAMPLE: The Drive Type Code of 2.00 may be used with

the following Disk Drives:

CDC 9762

CDC 9730-80

CDC 9710

Century T-82

Kennedy 5380

Kennedy 7380

Tecstor 85

These seven Drives belong to just one Drive Type.

The 990 SND is equipped with two configuration EPROMS

that contain the information necessary for the 15

different drive types (and is called a subset). To change

Subsets one would just change the EPROMS to the subset of

disk drives desired. For more information on changing

subsets call the CSI Sales Department.

Addendum 1 contains the information about the subset

that the controller is equipped with. This information

is as follows:

-The SUBSET CODE and REVISION LEVEL

-The DISK DRIVES SUPPORTED

-(SW4, SW3, SW2, SW1) The configuration switch settings

-~(BANK) The EPROM BANK NUMBER

-(SECT) The Sectors per Track

-(SIZE MB) The Formatted Size in M-Bytes

~(DT CODE) The Drive Type Code, for CSI use
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8.1 FILLING OUT THE CONFIGURATION WORKSHEET

The Worksheet is Table 8.l.

FIRST:

ec

.

SECOND:

Write in the disk drives to be used at each unit,

part 1A or 1B.

-NOTE that the system disk should be put at Unit 0.

-PART 1A: is for use with Single volume disk drives,

that is drives with only one disk in a physical

unit. Either one removable disk or one fixed

disk but not both.

-PART 1B: is for use with multiple volume disk

drives that is drives with two disks in a physical

unit. This type of disk drive will use two

consecutive unit addresses on the controller.

In Addendum 1] under DISK DRIVES SUPPORTED for

multiple volume drives it will say 1f£ it is

a (Removable or Fixed), (Upper Unit or Lower

Unit) volume. A multiple volume drive can use

only the following configuration:

UNIT 0 UNIT l UNIT 2 UNIT 3

<Lower Unit:Upper Unit>

<Lower Unit:Upper Unit>

<Lower Unit:Upper Unit>

<Lower Unit:Upper Unit><Lower Unit:Upper Unit>

-NOTE that if no drive is to be put at a unit address

then write NONE into part 1A for that unit.

For each unit write in the BANK NUMBER, CONFIGURATION

SWITCH SETTINGS and the SECTORS/TRACK. The

information will be found in Addendum l.

-~JUST look under DISK DRIVES SUPPORTED for the

drive and the other information will be on

either side of it.

-~NOTE that the right drive type (BANK) is selected

for multiple volume drives (lower Unit) or (Upper

Unit).
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8.2 THE RECORD SELECT SWITCH

If (see Addendum 1) the controller is equipped with two

records then all drive types selected must come from just
One record at a time. The record select switch is used to

Select one of the records (refer to Figures 1.1 and 3.4).

- THE SWITCH THE RECORD SELECTED*

ON The Lower Record

OFF The Upper Record

*NOTE: Refer to Addendum 1
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9.0 SWITCHES, JUMPERS AND INDICATORS OF THE 990 SMD CONTROLLER

To locate the switches, jumpers and indicators refer to

Figure 1.1.

9.1 SWITCHES OF THE 990 SMD

Of the five switches four of them are four-bay DIP switches

used to configure the controller. These switches are called

Configuration Switches, with one switch per each one of the

four "B" cable headers. The configuration switches will

select one of the 16 banks in the configuration EPROMS,

Refer to Section 3.3.3, Figure 3.5 and Table 3.2 for

more information on these four switches.

The fifth switch is the Address Switch and is an eight-

bay DIP switch. The first six switch bays are used to

select the controllers base TILINE Address (DX10's primary

disk address is OF800 Hex). Address switch bay seven is

used when the configuration EPROMS are 2732's as the upper

most address bit (refer to Sections 3.3.3.1 and 8.2).

Switch bay eight is used to enable/disable the hardware

(CS! use only).

For more information on the TILINE address switch see

section 3.3.1, Figure 3.4 and Table 3.1.
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INDICATORS OF THE 990 SMD

The 990 SMD controller has five LED Indicators, three

red, one green and one yellow.

The yellow LED Is on when the controller has an active

interrupt going to the system. If the yellow LED is on

all the time then the system is not answering the

controller's interrupt.

The green LED is on only when the controller is busy

executing a command or running self-test. The LED is

known as the busy LED.

The three red LEDS are used for error indicators. The

center LED Is the controller fault LED and will be on

when running self-test. When self-test passes success-

fully (no errors) this light will go out. If there is a

fault then this LED will stay on and an error code will

be displayed. The error code LED is the red LED farthest

from the green busy LED, see Section 5.1.2 for more

information on the error code LED. The red LED next to

the green busy LED is the command time-out LED. The

command time-out LED is on if the controller is not

running or if not able to run self-test.
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9.3 JUMPERS OF THE 990 SMD

9.3.1

Of the nine jumpers on the controller only four are to be

Changed in the field. The other five are for use by CSI

only, «used in PC Board configuration and check-out.

Wll-1 & 2 To be used to change the interrupt from

the P2-connector over to the Pl-connector,

refer to Section 3.3.2.

W14-1 IS FOR CSI USE ONLY. To be used to override

address switch number eight, for check-

out only. This jumper should be closed for

use. =

W17-1 & 2 IS FOR CSI USE ONLY. To enable the use

of 2732 in place of 2716 for the configuration

EPROMS. Refer to Section 3.3.3.l.

W23-1 & 2 IS FOR CSI USE ONLY. To be used to change

the disk base unit address. This is a

CSI configurable option.

W23-3 & 4 Some disk drives use over 1024 cylinders

and need a Tag-Bit-10 however, some

drives will ground this line in the cable.

The jumpers are for the drives that ground

the lines and must be opened for them.

OPENING OR CLOSING A JUMPER

When modifying jumpers the board should be placed on a

flat surface with the component side up. Make sure that

the right jumper is to be modified (refer to Figure l.l

and the silkscreen on the board). Take care not to let

any solder splatters or metal flakes get on the board.

A closed jumper will have an electrical connection

between the ends of the jumper (this may be a wire or

a piece of foil on the board). An open jumper will have

no electrical connection between the ends of the jumper

(no wire or foil on the boarad).

The jumper may already be in the state desired and no

modifying is needed.

To open a jumper is to remove the electrical connection,

if a wire, then remove the wire, else if a foil then cut

the foil. When cutting the foil make sure that it is

the jumper foil that is going between the two ends of the

Jumper (jumper foils are on the component side only).

To close a jumper is to make an electrical connection, to

do this use a soldering iron and solder a wire between

the two ends of the jumper (put the wire on the component

Side). The wire should be long enough to go between

the jumper holes but not too long.
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10.0 CSI (TI) DISK SECTOR FORMAT

The standard CSI (TI) sector format is shown below. Upon

receiving a Write Format Command, the controller records

the required gaps, ID Header and Data Field fill word

Onto each sector of the specified track.

GAP l ID HEADER DATA ECC GAP 2

Bytes: 35**

Gap l

ID Header

*Data

ECC

Gap 2

**NOTE that the

7 * 4 12**

- 35 bytes of zero (min.) for disk

tolerance and PLO Sync

- Sync (1 byte)

Cylinder Address (2 bytes)

Head and Logical Sector Address (2 bytes)

Word of Zeros (2 bytes)

- Data Field: length may vary and is a

function of the Drive Type Bank selected

for the particular drive unit (see

Addendum 1) the standard length is 256

bytes

- 4 bytes Data Field Error Correction Code

- 12 bytes of zero (min.) for end-of-sector

tolerance

two gaps may vary as a function of the drive.
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11.0 DISK MEDIA CONFIGURATION

11.1

This Section contains a basic description of disk

addressing techniques used by the 990 SMD. Because

the 990 SMD offers control of drives of different

capacities and physical characteristics, the number of

cylinders, heads, sectors per track and interleave factor

varies from drive to drive.

DISK ADDRESSING

11.2

The 990 SMD can control up to four logical disk units.

Each unit contains one or more platters, and a head

carriage assembly which positions the read/write heads

over the data surfaces of the platters. The cylinder

address is used in positioning the heads over the disk

Surface. The combination of a cylinder and head address

Specifies a particular track address of a surface.

Once the controller has directed the drive to a particular

track, it locates the specified sector by reading and

comparing the sector ID Headers. Once the cylinder,

head and sector addresses are correctly verified, the

controller may read or write the data field of the

sector.

Using direct addressing, the 990 SMD may control up to

2048 cylinders and 32 heads (tracks per cylinder) per

logical drive unit, and up to 128 sectors per track.

INTERLEAVING AND HEAD SKEWING

The 990 SMD uses sector interleaving to allow the controller

sufficient time to finish sector operations and set-up for

transfer of the next sequential sector. When the disk is

formatted, the sector number written in the ID Header

of each sector is not the true physical sector, but

rather a number calculated by the controller based on

the interleave factor for the particulr drive. The

interleave factor is the number of physical sectors

from one logical sector to the next Sequential logical

sector of a track.

Head skewing is used to allow the controller sufficient

time after completing an operation on the last logical

sector of a track to select the next head before logical

sector zero passes under the head. The head skew is the

number of physical sectors a surface's logical sectors are

Shifted forward with respect to those of the previous surface.

The head skew required may vary from drive to drive due

to head switching characteristics.





12.0 TROUBLE-SHOOTING PROCEDURES

12.1

When a problem occurs as a result of either equipment

malfunction or installation configuration, diagnostics

and visual inspection should be used to help locate the

problem.

First, the CSI Reliability program and associated commands

should be run on the controller to get specific information

on the nature of the problem. Using the results should

then simplify locating the problem. To use the RELI

program, see Section 7.0.

If the CSI RELI is not available, examination of DX10

error codes and system log information for more specific

results can also be useful.

If running diagnostics and consulting the following

checklists cannot identify the problem, or the controller

board appears to be malfunctioning refer to the section

"Customer Service" at the front of this manual for

further assistance,

CONTROLLER CHECK

1. Does the controller pass Self-Test? Refer to Section

5.0 to determine if the controller board has an

internal malfunction.

2. Check controller to drive cabling; see Section 3.6.

Check for frayed or broken wires at cable plugs.

Make sure "B" cables are in their proper headers

on controller.

3. With power OFF, remove the controller and re~-check

all switches; see Section 3.3. Does the TILINE

address selected match the operating system

configuration?
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12.2 DISK DRIVE CHECK

12.3

1.

2.

ls the shipping carriage lock on the drive, if any,

in the unlocked position?

Refer to the drive documentation to verify switch

settings. Does the manual clearly define switch

position polarity regarding the table symbols?

(1 = ON or OFF?, etc.)

ls the drive set for the proper unit address?

ls the drive set for the proper number of sectors.

per track? This value may be found in Addendum 1

of this manual.

With some drives, the calculated value to set the

sector size switch does not come out even, or is

off a count. This may cause shortened sectors,

or long sectors and a short last sector, resulting

in search errors on pre-formatted packs or excessive

bad tracks on new disks. When configuring a drive

for the first time it may be necessary to adjust

this setting up or down single counts until the

correct sector size is found.

Are the drive cables connected with Pin 1 to Pin 1

of the headers? If the drive is dual port are the

cables connected to the correct port connectors?

Check cables for frayed or broken wires at the plugs.

Are all drives grounded together and to the chassis

via ground strapping? See Section 3.6.1.

CHASSIS CHECK

1 e ls the controtler in the proper slot? A chassis

configuration sheet should be used is selecting a

slot with the proper TILINE priority in relation

to other high speed controllers in the system.

Does the interrupt level of the slot match the

operating system configuration? Is the interrupt

taken from the same chassis connector that the

controller is configured for? See Section 3.3.2.

Verify that the controller is the only device using

the selected TILINE address.

Check to see that the access grant jumper has been

removed from the chassis for the controller's slot,

and the jumpers for all unused slots of lower

priority are in place.
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CUSTOMER SERVICE

Our warranty attests the quality of materials and workmanship

in our products. If malfunction does occur, our service

personnel will:assist in any way possible. If the difficulty

cannot be eliminated by use of the following service instructions

and technical. advise Is required, please phone Custom Systems

giving the serial number, board name, model number and problem

description. You will be placed in contact with the appropriate

technical assistance.

PRODUCT RETURN

Pre~return Checkout.

lf controller malfunction is suspected, the use of test software

is needed to determine if the controller is the problem and what

in particular Is wrong with the controller. The tests applicable

to this board are !isted on the next page of the manual. Please

run the test sequence BEFORE considering product return.

Returned Material Authorization.

Before returning a product to Custom Systems for repair, please

ask our Engineering Secretary for a "Returned Material Authorization"

number. Each product returned requires a separate RMA number.

Use of this number in correspondence and on a tag attached to the

product will ensure proper handling and avoid unnecessary delays.

Returned Material Information.

Information concerning the problem description, system configuration,

diagnostic program name, revision level and results, I.e., error

program counter number should be included with the returning

material. A form is provided for this information on the next

page of the manual.

Packaging.

To safeguard your materials during shipment, please use packaging

that is adequate to protect it from damage. Mark the box

"Delicate Instrument" and indicate the RMA number(s) on the

shipping label.





(include with returning material)

MATERIAL RETURN INFORMATION

er

All possible effort to test a suspected malfunctioning controller

should be made before returning the controller to Custom Systems,

Inc. for repair. This will: 1) Determine if in fact the board

is defective (many boards returned for repair are not defective,

causing the user unnecessary system down-time, paperwork, and

handling while proper testing would indicate the board is

working properly). 2) Increase the speed and accuracy of a

product's repair which is often dependent upon a complete

understanding of the user checkout test results, problem character-

istics, and the user system configuration. Checkout results for

the 990 SMD Controller should be obtained by performing the

following tests.

FUNCTION TEST RESULT

SMD Selftest

Reliability

Other tests performed:

Please allow our Service department to do the best job possible

by answering the following questions thoroughly and returning

this sheet with the malfunctioning board.

1. Does the problem appear to be intermittent or heat sensitive?

(If yes, explain).

2. What operating system and revision are you running under?

3. Describe the system configuration (i.e. peripherals, I/O

controllers, model of computer, etc.).

4. Has the controller been returned before? Same problem?

To be filled out by CUSTOMER:

Model #:

Serial #:

RMA #:

Returned by:

(company name)
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Please give us your comments.

Please use this form to send us your comments regarding

tnis Tecnnical Manual. Your Input is greatly appreciated!

Propiems will de promptiy addressed and action faken as

necessary. lf you wish a written reply, please furnish

your name and mailing aadress. Thank you.

Date.

Name Title ww Lk

Firm ee ee

Address. ee ee ee ek

City/State/Zip ee ee

TECHNICAL MANUAL TITLE.

DOCUMENT NUMBERL_UW_ REVISION JU

ERRORS IN MANUAL:

SUGGESTIONS FOR IMPROVING EITHER THE MANUAL OR THE PRODUCT:
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DESCRIPTION: ZETACO DISK CONTROLLER DIAGNOSTIC

Product of ZETACO, 1986
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potty STATL* 7 DAISKD? 7 errr tee t ttt settee

.DUSR X=10

. NOMAC X
1.0 PROGRAM NAME: DISKD.SR

2.0 REVISION HISTORY:

REV. DATE

00 02/17/83 5
01 09/07/83 ; ANOTHER RDY UNIT WARNING,1 HD

3;ERR°'C22, AOS BOOTSTRAP(400'S),

3;NO OFFSET TESTS FOR CMD!S
02 03/28/84 3295C,296 AND BMX: TESTS ©

;DEV ICE CODE ‘CHANGE ROUTINE

03 £06/12/84 ;ZDF1 CHANGES, A5 TESTS ‘17-76

04 08/21/85 ;DISABLE VIRTUAL, WEL-RECAL,
. 3;D1SK SIM PARMS

05 11/20/86 3297, 6214, HELP, DMA PTR, IORST

'3.0 MACHINE REQUIREMENTS:

NOVA/ECL IPSE/MY FAMILY CENTRAL PROCESSOR

MINIMUM of 16K READ/WRITE MEMORY a

ZETACO DISK CONTROLLER (ZEBRA TYPE)

0-3 DISK DRIVES:

TELETYPE or CRT and CONTROL

4.0 TEST REQUIREMENTS: N/A

5.0 SUMMARY :

The ZETACO DISK CONTROLLER DIAGNOSTIC PROGRAM

is a HARDWARE DIAGNOSTIC for the ZETACO DISK

CONTROLLERS and DRIVES. The Device Code may be 20-76

OCTAL with the Default being 27. |

6.0 RESTRICTIONS:

This Program has no Restrictions as to Single or

Dual Processor Hardware Configuration. However, the

Diagnostic may be run on ONLY ONE CPU at a time and

must be the only Program being run within the Disk

sy stem,
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7.0 PROGRAM VESURIPTION/ THEORY OF OFCRAT ION:

7

~~

~

21 "A" TESTS

BUSY, DONE,
DISK SELECT

.2 "B" TESTS

START, BUSY,

RECAL IBRATE,

INTERRUPT: DI

CHECK:

1/0 BUS SELECT LOGIC

LOGIC, CONTROLLER RAM

CHECK:

CLEAR LOGIC

ATTN, INTERRUPT LOGIC

SABLE, INTA LOGIC

That SEEKS to CYL'S 0;1/2 CYL MAX, and CYL MAX

can at least be EXECUTED and SET DRIVE BUSY.
READY/ SEL ECT LOGIC

> "C" TESTS

That the CA REGISTER

CHECK:

VIA DCH or BMC REQUESTS

That a WRITE can be EXECUTED

SELD, CLEAR LOGIC

That SEEK/WRITE Operations can be EXECUTED
WRITES to Different HDS, SECTORS

MUL TI-SECTOR WRITES

The’ INCREMENT HEAD LOGIC

ILLEGAL SECTOR, SURFACE, CYLINDER Conditions

-4 “"E" TESTS CHECK:

That a READ may be EXECUTED

8 SECTOR WRITE/READ OPERATIONS (9 Different

Data Patterns) at CYL'S 0;1/2: CYL MAX and CYL MAX

with Full Core Compare:

Data VERIFY Function (Normal

OFFSET MQDES:

ILLEGAL COMMAND TRAPS

WRITE CYL# to HEAD 0,SECTOR 0 of All Cyl

WRITE HEAD #

WRITE SECTOR

Each of the

Disk Address

o> "F" TESTS

to SECTOR O:of All

INCREMENTS properly

Heads on

and with Forced Errors)

inders

CYL O

# to All Sectors of Head 0,CYL O

above Operations is followed by

a Corresponding READ/CHECK Operation to Verify

ing Logic.

CHECK:

The Format Logic on CYL 0,HEAD 0,SECTOR QO,

A SET BAD SECTOR FLAG given and TESTED.

s' set to Normal after Completion

of these Tests.

The FORMAT: i

-6 "S" TESTS ARE SEEK EXERCISERS

Performs RANDOM SEEKING.

by a Read to ‘Head O, sector 0

Each SEEK is Followed

Performs RANDOM OVERLAPPED SEEKING to TWO DRIVES.
Each SEEK is Followed by a Read to Head 0,Sector QO.

Ul is’ the the Primary Unit under Test and U2

is the next

lf only 1 Dr

after a Pass

Drive found ina 1 ,2,3,0 ETC.

Ive, Test is Bypassed. Test

is Achieved on All| Drives.

search.

Is’ only run
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SWITCH SETTINGS

Location "SWREG"

Location will

the Operator.

SWITCH OPTIONS

Different bits and their

is used to select the program options.

be set according to the answers supplied by

The Options can be changed or verified by

using one of the commands given

This

in Sec. 8.3.

Interpretation at location

"SWREG" is as follows:

BIT OCTAL BINARY INTERPRETATION

VALUE VALUE sos

1 40000 0 LOOP on ERROR

000000 1 SKIP LOOPING on ERROR

2 20000 0 PRINT to CONSOLE

000000 1 ABORT PRINT OUT to CONSOLE

3 10000 0 DO NOT PRINT @ FAILURE

000000 1 PRINT '%@ FAILURE:

5 02000 Q DO NOT PRINT on the LINE PRINTER

000000 1 PRINT°on the BYTE 1/0 LINE PRINTER(DC17)

6 01000 0 DO NOT HALT on ERROR

000000 1 HALT on ERROR

7 00400 0 N/A

000000 1 DISABLE FORMATTING HD O, CYL O, SEC 0

8 00200 0 N/A

000000 1 RECAL IBRATE during SCOPE LOOP

9 00100 0 N/A

000000 1 1 SECOND DELAY during SCOPE LOOP

10(A) 00040 0 N/A
000000 1 PRINT TEST #'S and FIRMWARE REVISIONS

11(B) 00020 0 N/A

000000 1 PROGRAM will EXIT to ODT when not In

TESTS Fi-F3 SWT Is Set to 0 upon EXIT

12(C) 00010 0 SKIP LONG: RAM TEST |
000000 1 LONG CONTROLLER RAM TEST

16(G) 00000 0 DO NOT PRINT on the DMA LINE PRINTER

100000 1 PRINT:on the DMA LINE PRINTER(DC 17)

SWITCH COMMANDS

Once the Program starts executing the state of any of

the Bits can be changed by Hitting KEYS 1-9, A=-Z. The

Program will Continue Running after Updating the Options.

Each Key will Complement the state of the Bit affiltat-

ed with it, thus Bit 4 can be Altered by Hitting Key 4.

setting of any Bit of Location "SWREG" will Set Bit 0.

(Default Mode Is defined as all Bits of SWREG Set to 0)
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"CR" — A "RETURN" can be typed to Continue the Program
after its locked In a Switch Modification Mode

°D This Command given at any time will reset "SWREG"

: to Default Mode and Restart the Program.

°R This Command given at any time will Restart the

Program. Switches are left with the values they

had before the Command was issued.

°0 This Command given at any time will cause the

Program Control to go to ODT.

M This Command given at any time will print the

Current Operating Modes.

0 This Command given at any time will lock the

Program into Switch Modification Mode where

more than 1 Bit can be changed.

9.0 OPERATING PROCEEDURE/OPERATOR INPUT:

9.1 Load the Program

9.2 STARTING ADDRESSES

—* 200-To [IDENTIFY DISK TYPE (INITIALIZE)

PROGRAM then PROCEEDS to 500.

2Z01-OQDT DIRECT ENTRY ONLY

Z202-RANDOM SEEK EXERCISERS. (1 PASS of DIAG FIRST)

SEEK EXER 1 is a SINGLE DRIVE EXERCISER

SEEK EXER 2 ts TWO DRIVE EXERCISER with SEEK OVERLAP

500- DIAGNOSTIC (RESTART)

9.5 The Program Prints"PASS" following each

Complete Pass through the Tests. Random

Seek Exerciser performs 1000 seeks

per "PASS Message.

9.4 Device Code of Controller is Requested (27 is Default)

9.5 Unit Numbers to be Tested are Requested to which the

Operator Enters the'Unit Numbers to be Tested, Separating

the Individual #'s by a<,> or <Space>, :

9.6 Operator is Requested to Enter 1, if Unit Characteristics

Displayed are INCORRECT, and Wants to LOOP on Reading them.
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When an ERROR Is Detected the Program Prints the ERROR

PC, AC'*S 0,1,and 2 at the point of ERROR, the Program then

goes Into a Scope Loop between the Entries to .SETUP and

~LOOP allowing the Operator to Set SWPAK. In General the

ERROR PC will point to a Call ERROR,

The Printout will be of one of the following Formats:

A. STANDALONE CONTROLLER TEST FAILURES=

B. STATUS ERRORS

MODE UNIT # DATA

CYL # HEAD # SECTOR #

ACI( STATUS) SHOULD =ACO :

DESCRIPTIONS of FAILING STATUS BITS

C. MEMORY/DISK ADDRESS ERROR

MODE UNIT # DATA

CYL # HEAD an SECTOR #

ENDING MEMORY/DISK ADDRESS ERROR:

ACT(MA/DA) SHOULD =ACO |

C. INTERRUPT TIMEOUT

MODE UNIT # DATA

CYL # HEAD # SECTOR #

INTERRUPT TIMEOUT © :

Additional Test Significance can be found In the Program

Listing, although It is hoped that a need for the Listing

will be Minimal. SWPACK(SWREG) will provide all Control

over Test Loop Options’ and Printouts.

Data Errors will result in the 1st 3 Good/Bad pairs and

their Addresses being Printed along with the Total Count.

lf an ECC Error is Detected, the Call EHECC will

Acknowledge the Fact and Return to the Main Test for

the Data Compare. Printouts result on the 1st Error Pass

only. As the Check Routine Checks the entire Read Buffer,

any Error accompanied by an ECC Error, terminating the

Read, may cause all Data In succeeding Sectors to appear Bad.

Tests that perform a Recal ibrate have a 2 SEC, Delay bullt
Into the Scope Loop. Set SWPAK 9 = 1 to Introduce an

additionait 1 Second Delay during the Scope Loop.

In General each successive Test Assumes all Previous Tests

work, Bypassing Errors can result in confusing situations

in the setup of more Complex Tests.
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OCTAL DEBUGGER (ODT)

This Diagnostic Is equipped with a built in ODT which can be

accessed by hitting CONTROL O at any time durtng the execution

of the Program (after Setting the Parameters). On entering ODT

the Address of the Location having the next instruction to be:

executed will be typed-out.

The following Conventions are used by the ODT:

? Pressing any Illegal key causes the ODT to respond

with a "2", '

@ ODT is ready and at your service.

An ODT Command has the followtng Format:
LARGUMENT_J[ COMMAND ]

An Argument may be one of the following:

NEXP! An OCTAL Expression consisting of OCTAL Numbers

separated by Plus (+) or Minus (=) signs. Leading

Zeros need not be typed.

"ADR" An Address is the same as an Expression except

: that Bit 0 Is neglected.

A Command Is a single teletype character

The Locations That can be EXAMINED and MODIFIED by the user
are called CELLS. These CELLS are of two Types: Internal CPU

Cells and Memory Locations. The Command to OPEN one of the
Internal Registers is of the’form "nA" where n Is any OCTAL
Expression between 0 and 7.

0-3 For ACCUMULATORS 0-3

4 For PC of the next Instruction to be Executed in the

event of a "P" Command.

5 CPU and TTO Status

BIT INTERPRETATION

15° Status of TTO DONE FLAG

14 Status of INTERRUPTS (ION FLAG)

13 Status of CARRY BIT

6 Address of the Location having the BREAK POINT (If any)

7 Instruction at the BREAK POINT Location |

Other Commands to OPEN Cells are:

"ADR"/ Open the Cell and Print its contents

of Open the Cell currently pointed to by the Pointer and

Print its contents.

-t+"ADR"/ Add "ADR" to the Pointer, Open the Cell and Print its

contents.

- MADR" / subtract "ADR" from the Pointer, Open the Cell and

Print its contents.

"CR" The Return Key Is used to Close the Open Cell with or

without Modification.

"LF! Line Feed is used to Close the Open Cell with or without

: Modification and to Open the succeeding Cell.

CTRL Close the Open Cell with or without Modification and

Open the preceeding Cell.

/ Close the Open Cel! without Modification, and Open the

Cell pointed to by Its contents.

+NADR"/ Close the Open Cell without Modification, and Open the

Cell pointed to by its contents + "ADDR",

-"ADR"/ Close the Open Cell without Modification, and Open the

| Cell pointed to by its contents - "ADR",
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Once a Cell has been opened its contents can be Modified by

typing the New Value the Cell is to contain in the form of

an OCTAL Expression followed by "CR" or "LF". If at or = Is

typed'as the first character of the Expression then the Value

of the Expression jis Added to or Subtracted from the Olid

contents of the Cell. The Address itself or an Expression

rejative to the Address can be Deposited by typing a "." or

:,+/-OCTAL Expression", A Rubout Command given right after

opening'a Cell allows the Modification of its contents as If

they were typed In just before the Command was issued.

Other ODT Commands:

RUBOUT This Key is used to Delete ERRONEOUSLY typed digits.

' Each time the Key Is pressed the right most digit is

Deleted and Echoed on the Terminal. If the Rubout

Key is pressed right after:'opening a Cell then It

Deletes the right most digit of the Cells contents.

This allows the Modification of the Cell as if its

contents were typed in just before the Key was pressed.

"ADR"B Insert a BREAK POINT at Location "ADR", .

: Only one Break Point can be inserted and any entry to

ODT after Executing a Break Point will cause It to be

Deleted.

D Delete the Break Point if any.

P Restart the Execution of the program at CURRENT Location

"ADR"R Start Executing the program at "ADR" after an IORST.

K Kill the String typed so far. The ODT responds with a

"?"TM and the Open Cell is closed without Modification.

= Print the OCTAL Value of the INPUT only.

This will Close any Open Cells without Modification and

will not Open a Cel]

NOTE: In Programs which RELOCATE THEMSELVES the

user should place Break Points ONLY In the

ORIGINAL PROGRAM AREA. If a Break Point is

placed outside this area the results will

be unpredictable.
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12. SPECIAL NOTES/ SPECIAL FEATURES:

12.1 If the Disk Pack has BAD SECTOR FLAGS Set on Cylinder
0, or on the First 8 Sectors of Head 0 of any Cylinder,

Error Printouts will result when the Flags are Encountered.

12.2 Tests Fi-F3 alter the Format on CYL 0,HD 0,SEC O for

purpases of Checking the FORMAT Logic and BAD SECTOR Logic.

SWPAK7 should be Set to 1°in order to stop Program from

executing the Format. .

12.3 Some Scope Loops will require a Recalibrate To

Initialize the Disk Drive following a failure. Set

SWPAK 8 = 1 to Introduce the Recalibrate to the Unit

under Test. |

12.4 DISK PACKS

Only use’ Disk Packs Formatted by the DISKF Pack Formatter

Program. The Diagnostic Program will Write over most of

the Disk Surface,

RUN TIME:

The Run Time for a PASS {Is approximately: 3 MIN.
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DESCRIPTION: ZETACO DISK CONTROLLER RELIABILITY PROGRAM

Product of ZETACO, 1986
GG TI GG EI III A I GE

er sTITL- OC DISKR- tt tt tts

»~DUSR X=4°

“ NOMAC X
31.0 PROGRAM NAME: DISKR.SR

we we We we We We W&
32.0 REVISION HISTORY:

; REV. DATE
00 02/09/83 ;

; 01 09/07/83 3;S$120 # SKP TOGETHER, STACK AND
; ;AOS BOOTSTRAP AT 400,°NO VERIFY

; ;W/RANDOM DATA TEST 502 SWT 10:
; 02 03/28/84 ;ADD RELEASE’ COMMAND TO RC:
; ;FOR DUAL PORT, DAISY:CHAIN

; ;DISK SECTOR PULSE COUNTER

; ;DEVICE CODE CHANGE ROUTINE

; 3502 PAT 24 SECTOR !
; 03 05/30/84 sZDF1, ~

a

; 04 08/21/85 ;DISABLE VIRTUAL, UP TO 2048.
; ;CYLS, 40 HDS !

3

; 05 11/20/86 ;MULTI DC 500 & 505, DMA PTR
; ;MAJOR - : !

35.0 MACH INE REQUIREMENTS:

; NOVA/ECLIPSE/MV FAMILY CENTRAL PROCESSOR
; 16K READ/WRITE MEMORY

; ZETACO DISK CONTROLLER (ZEBRA TYPE)

; O-3 DISK DRIVES:

; TELETYPE or CRT and CONTROL

34.0 TEST REQUIREMENTS: N/A

39.0 SUMMARY ;

; The ZETACO DISK CONTROLLER RELIABILITY PROGRAM is a

; MAINTENANCE PROGRAM designed to EXERCISE and TEST the

; ZETACO SMD DISK SUB=SYSTEMS and 1-4 DISK DRIVES. The
; DISK DRIVES ‘may be shared between TWO Computers.

; The Device Code may be 20-76 OCTAL with the Default
; belng 27.
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1. The DISK DRIVES may be shared between TWO Computers in
which case: the following Programs may be running In each

Computer:

STARTING ADRESSES'S (SA) 500,501 RANDOM RELIABILITY

SA 503 COMMAND STRING (If a RELEASE Command fs Included

in the Command String)

If no Drives are to be Shared, there are no other

Restrictions as to the running of these Programs on a

Dual Processor sy stem.

2. Any Combination of Drives may be Tested by this Program

at a single time.

PROGRAM DESCRIPTION/THEORY OF OPERATION:

A. RELIABILITY TEST (SA 500)

A Random Number Generator is used to select a Disk Drive,

Cylinder, Head,Beginning Sector, and Number of consecutive

sectors. Random Data Is then Generated, Written, and Read.

The Sequence is repeated indefinately. If running Multiple

Units, Over Lapped SEEKS are employed, If the next Random

Unit is different from the current Unit under 1/0 Execution.

B. RELIABILITY TEST (SA 501) with OPTIONS

same as A, Except that Operator is given Options on Data

Patterns and may choose a Constant Cylinder, Head, Sector

or # or Sectors. Any Letter response to CYL,HEAD ETC.

gets Random function for that Variable. A Carriage Return

only gets the Random function for all Variables.

The Operator is also asked to respond to JITTER OPTION

(YES/NO). If YES, a Random Del ay(0-40,50MS)-is Inserted

Into the Background Loop to create a more’ asynchronous

Disk 1/0 Loop.

C. INCREMENTAL DISK ADDRESS TEST (SA 502)

Operator Is given Option on Data; Requested Data is first

Written (SEE SWPAK10) over the entire Pack. Then the Data

Is Read from all Sectors . This Insures that‘all Disk

Blocks are useable and are Formatted properly. The Test

is then repeated for all Ready Disks, and PASS Its Printed.

The sequence is repeated indefinitely. :

#NOTE

SWPAK8=1, puts Program into Read ONLY Mode ## SA'S 501,502 ONLY.

lf SA 501- Data must INOTI be Random. :

All Numbers entered above must be in Octal. Any Non-Octal

Input is treated as a letter. Any Jetter input for CYL,Head,

sector, or # of Sectors gets Random function In the Rel lability

Test with Options.
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As a trouble’shooting aid the service engineer may type in

their own TEST LOOP. After starting at 503, three ARGUMENTS

must be entered in response to three program questions;

"UNIT", "DATA", and "COMMAND STRING". All numbers must be

entered In OCTAL..

l. UNIT: Type unit # or carriage return
od to use the previous entry

Il. DATAs RAN=RANDOM
— ALO=ALL ONES

ALZ=ALL ZEROS

PAT=155555 PATTERN

ROT=155555 PATTERN Rotated on

Successive Passes,

FLO=FLOATING ONE PATTERN

FLZ=FLOATING ZERO PATTERN

ADR=ALTERNATING CYLINDER and

HEAD, SECTOR: WORDS

VAR=Existing words entered previously as

described below

Alternatively enter a string of up to 7

OCTAL 16 bit words to be used as DATA.

The words entered are used repeatedty

to make up a sector block. Type carriage

return to use the previous entry.

lil. COMMAND STRING :

OPTIONS READ HEAD, SECTOR, #SECTORS

WRITE SAME.
SEEK CYLINDER

RECAL IBRATE

LOOP (go to beginning or LR)

DELAY N (N=DELAY in MS)

TRESPASS — :

RELEASE

OFF (OFFSET FORWARD)

OFR (OFFSET REVERSE)

LR (begin’LOOP here)

VERIFY (WRITE)

Oe «ese e« © e& ee @& @=—“OO~INDWAWNH—
anh enh RQ — e

13. FORMAT CYL,HD, SECTOR

14. MEMORY ADDR,DATAC( WRITE) (CONTROLLER MEMORY COMMAND)

15. Ty pe Carriage Return’ to use the
previous COMMAND STRING.

Note that either SPACES or a COMMA

may be used aS an argument delimiter.

Each response Is terminated by

typing carriage return. If more

room is needed on a line, type J ine

feed to space to the next | Ine. The

word "SAME" used with READ, or WRITE,

will cause the previous disk address

Parameters To be used,

An R typed while a string is being executed wil

cause the program to return to command string start.

The ESCAPE KEY will bypass UNIT and DATA prompts to

the command string prompt. ©

The following example would cause UNIT
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READ it back and CHECK. Data Is specified

as ALTERNATE WORDS of: ZEROS then ONES.

UNITs 1

DATA: 0,17/7777

COMMAND STRING: SEEK 50 LR WRITE 5,2,2 READ SAME LOOP

The following example would WRITE 0 to

CONTROLLER MEMORY location 1500 :°(OCTAL)

UNIT: 1

DATA: N/A

COMMAND STRING: MEMORY 101500,0

NOTE: Upper memory bit = 1 defines a WRITE

E. QUICKIE FORMATTER (SA 504)

Formats’ Pack and HALTS. There is NO Verify, NO Flags are

set, and NO Error Checking. Ct

F. RUNALL (SA 505)

Program alternates between the Programs described [In 7.B

(4 Data Patterns =-PAT,RAN,FLZ,FLO) and 7.C(6 Data Patterns

-PAT, RAN, RAN“2,ZEROES, ONES, ALT) and 7.H, and fn that order.

G. SEEK EXERCISER (SA 506)

Program provides a SEEK scan sequence converging from the

extreme Outermost Tracks into the adjacent track in the

center, then diverging again to the extremes.

H, RANDOM SEEK EXERCISER (SA 507)
Program provides a Random SEEK sequence

###G,H all SEEKS in G/H are followed by a1 Sector Read but

with no Data Check. All SEEKS are timed with’ MAX,MIN, and

AVE. times being Logged in MS. SEEK Paths for MAX,MIN Values

are also Logged. Ho

|. ERROR COUNT/LOG RECOVERY (SA 510)

In the event a‘'Program was stopped during a run, the Error

Logs may be recovered at this Starting Address.

**¥*MUST be done before any Program RESTART as Program

Initiatization Zeroes alli Logs.

OPERATING MODES/ SWITCH SETTINGS:

SWITCH SETTINGS

Location "SWREG" Is used to select the program options.

This Location will be set according to the answers

Supplied by the Operator. The Options can be changed

or verified by using one of the commands given In Sec,

8.35 :

SWITCH OPTIONS |

Different bits and their Interpretation at location

"SWREG" is as follows:

BIT OCTAL BINARY INTERPRETATION

VALUE VALUE so
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000000 1 SKIP LOOPING on ERROR

2 20000 0O PRINT to CONSOLE

000000 1 ABORT PRINT OUT to CONSOLE

4 04000 0 PRINT PASS

000000 DO NOT PRINT PASS

5 02000 0 DO NOT PRINT on the LINE PRINTER

000000 ] PRINT°’on the BYTE 1/0 LINE PRINTER(DC17)

6 01000 0 DO NOT EXIT to ODT on ERROR

000000 1 EXIT to ODT on ERROR

7 00400 0 NOT USED

000000 1

8 00200 0 N/A

000000 1 For READ ONLY MODE (SA 501,502)

9 00100 0 N/A

000000 1 BYPASS DATA CHECK

10(A) 00040 0 N/A

000000 1 DO VERIFY After WRITE (SA 502 ONLY and

NOT RANDOM DATA) :

11(B) 00020 0 N/A
000000 1 ENABLE BAD SECTOR PRINTOUTS

12(C) 00010 O N/A
000000 1 HALT on DRIVE ERROR prior to

Recovery RECALIBRATE Operation

13(D) 00004 0 NO TRACE |
: 000000 1 TRACE PRINTOUT on ERROR

16(G) 00000 O Do NOT PRINT on the DMA LINE PRINTER

: 100000 1 -PRINT‘on the DMA LINE PRINTER(DC17)

SWITCH COMMANDS

Once the Program starts executing the state of any of

the Bits can be changed by Hitting KEYS 1-9, A-Z. The

Program will Continue Running after’ Updating the Options.

Each Key will Complement the state of the Bit affilliat-

ed with it, thus Bit 4 can be Altered by Hitting Key 4.

setting of any Bit of Location "SWREG" will Set Bit 0.

(Default Mode Is defined as all Bits of SWREG Set to 0)

OTHER COMMANDS (°° = CONTROL KEY)

"CR" A "RETURN" can be typed to Continue the Program

after its |ocked in a switch Modification Mode

°D This Command given at any time will reset "SWREG"

: to Default Mode and Restart the Program.

°R This Command given at any time will Restart the

Program. Switches are left with the values they

had before the Command was Issued,
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~U iniS COommanad given at any Time wlll cause The

Program Control to go to ODT.

M This Command given at any time will print the

Current Operating Modes.

Q- This Command given at any time will lock the

Program Into Switch Modification Mode where

more than 1 Bit can be changed,

OPERATING PROCEEDURE/OPERATOR INPUT:

A. Verify drive (s) are ready on-line

B. Load Program

C. To RUN other than TEST 505, Enter CONTROL "O"

at 9.2, Enter STARTING ADDRESS followed by an "R"

STARTING ADDRESS

200 Read Unit Characteristics and then RUN ALL TEST (505)

500 RELIABILITY TEST, ALL CYLINDERS

501 RELIABILITY TEST, (OPTIONS) -

502 INCREMENTAL DISK ADDRESS TEST

503 COMMAND STRING INTERPRETER a

504 QUICKIE FORMATTER ©

505 RUN ALL ©

506 SEEK EXERCISER (CONVERGING, DIVERGING PATTERN)
507 SEEK EXERCISER (RANDOM PATTERN)
510 ERROR COUNT/LOG RECOVERY

511 MULTIPLE DEV ICE CODE ENTRY

Operator is requested to enter DEV ICE CODE of CONTROLLER

(DEFAULT 27).

STARTING ADDRESS is Displayed and Operator is requested to

SET SWPAK followed by a Carriage Return (SEE 8.3).

Operator’ is requested to enter YES/NO to Exercise Maps, If

present and supported,

MONTH, DAY, YEAR (I.E. 77...), HOUR, & MINUTE (If LCR] is

given this routine is bypassed).

Operator is requested to enter YES/NO if any DUAL VOLUME

DRIVES (CMD'S).

Operator is requested to enter YES/NO to CONTROLLER CORRECTION,

if it Is enabled.

Unit Numbers, Types, and their Characteristics are then

Displayed, (The Operator should Verify these values) Operator

is then requested to enter UNIT NUMBERS to be tested (0-3).

Operator is then requested to enter TYPE of disk ( to create a

User Defined enter 10)

A. | If TYPE entered is 10, enter 0, 1, 2, or 3 to

RE-DEFINE a disk TYPE

B. # of HEADS for NEW TYPE (in DECIMAL)

C. # of CYLINDERS for NEW TYPE (in DECIMAL)

D, # of SECTORS for NEW TYPE (in DECIMAL, CANNOT be

: DOWNSIZED) — : ) ot

E. RETURN to 9./

## A LCR] only response to Unit Numbers, will leave Unit

information In previous state.

## A LCR] only response to YES/NO wil! DEFAULT to NO.

OPERATOR INPUT CONTROLLED PRINTOUTS ARE AS FOLLOWS:

L = FIRST 100. BAD SECTORS, DATA, or ADDRESSES
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OFFSET CORRECTS

*¥*¥NOTE** Any Character typed will end Printouts at the next

Change’of Data Type.

PROGRAM OUTPUT/ERROR DESCRIPTION:

All Errors are Identified, Counted, and the Program is

routed via base to a call to CKSW. on the basis of Switch

settings (SEE 8.2) The Program will go Into a scope loop,

or proceed, depending on the SWPAK Settings.

Upon |oss of Ready and a Single Drive, the Program willl

print the appropriate Error Message and will not proceed

until Ready is returned. If Multiple Drives exist, The

Program will continue with the remaining Drives. If ‘the

down Drive Is placed back On-|ine, the Program will resume

Testing of that Drive. The above also applies to the loss

of Write enable if the Program Is in a Write Mode.

RECALIBRATE - Any unusual Status is reported immediately

and an Error Return executed,

SEEK = Positioner Fault Status increments Seek Error

Counter. Any Error Status results In Status Printout and

Error Return. A Recaiibrate will be performed by the Error

Handler. Program will Log the first 20. Cylinders TO/FROM

on finding Seek Errors, So

WRITE = Following "DONE" on a Write, Errors are checked in

the’ sequence shown below. Error recovery proceedure Is

outlined for each case. If the Error Is not present the

next Check is made.

Orive Status (DIB) is Checked 1st for both Read and Write

before any DIA Checks are made.

1. READ/WRITE TIMEOUTS, DATA LATE, ILLEGAL SECTOR, PARITY,

DATA VERIFY, or any DRIVE FAULTS= Increment the appropriate

Error Count, Print the II!egal ‘Status and do an Error Return.

Any Drive Fault will cause a Recalibrate to be performed by

the Error Handler.

2. ADDRESS ERROR= Repeat the Write, if Test Passes the

second time, increment the Soft Address'‘Error Count and do

a Normal Return; otherwIlse increment the Hard Address Error

count and do an Error Return,

lf a Hard Cylinder Address Error occurs, a Read on an

adjacent Head will be attempted to determine whether the

Fault should be classed as a Seek Error or an Address Error.

The First 20. Address Errors will have thelr Addresses Logged.

3. BAD SECTOR= Log the Disk Address (1st 100.) and do a Normal

Return. No'Printout will result unless SW1I1=1, although the

|\/0 Operation was prematurely terminated. A "SOFT" Error will

be Recorded if the Sector under Test Passes at Least 1 of 4

Retrys. The Log denotes SOFT Errors by a count greater than 0,

representing the Error Count tallied. ***SEE 10.3A.

4. ENDING MEMORY ADDRESS - Increment the Memory Address Error

Count, Print the Error Message, Check for a Disk Address Error
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5. ENDING DISK ADDRESS = Increment the Disk Address Error

Count, Print the Error Message, and do an Error Return,

READ = All Read Errors with the exception of Data related

Errors are handled the same as described for the Write

Operations.

DATA ERRORS - Data Is REREAD 3 X (4X if ECC UNDETECTED) If

Program is In Write/Read Mode and Data ia Bad all 4 ‘tries,

A Hard Error Count Is incremented and an Error Return is

taken. If Data Is Good on any of Four tries, a Soft Error

Count is incremented and a Normal’ Return is taken.

lf the Program is itn a Read ONLY Mode (IE. Read Mode for any

2902 Program or when 505 is running a 502 Program), the Data

will be REREAD an additional 4 times in both Offset Forward

and Offset Reverse Modes before the Problem is classed as a

Hard Error.

Thus Total retries for a Hard ECC Detected Error In a Read

ONLY Mode Is 12 (13 for ECC UNDETECTED), and 4 if Ina

Write/Read Mode (5 if ECC UNDETECTED). ***SEE 10.3A

Any Successful REREADS while In an Offset Mode will be

Printed and Logged. The Disk Addresses of all Data problems

will be Printed and the First 100. will be Logged. The First

Threé Good/Bad word pairs and respective Addresses will’ be

Printed.

lf SWPAK9=1 (Bypass Data Check) Hard or soft Data Errors

wilt be determined by ECC status.

ECC (ERROR CORRECTION CODE) ANALYSIS

All Read Passes Including retries will have the ECC results

Logged as per the following 4 Categories:

1. ECC CORRECTED -The ECC detected and successfully

corrected the’ DATA’ ERROR,

2. NON=CORRECTABLE ECC -The ECC detected and CORRECTLY

diagnosed the'Error Pattern as UNCORRECTABLE.

3, ECC UNDETECTED -The ECC Falled to detect a Data Error.

This may be'a Malfunction of the ECC Logic, but it is

more |ikely one of the following problems:

A Failure of the Drive to Write a Sector.

*NOTE-= A Check should be made In the Bad Sector Log to see

whether a Write Operation may have encountered a Soft or

Faulty Bad Sector indication, which would have terminated

the Write.

A Fallure in the Controller Data paths.

4. ECC FAILED ~Two Conditions may fall Into this Category.

4A. An ECC Error was detected but with no Accompanying

Data Error. A Check IS made to see whether the ECC Words

point to an Error within the two Appended Write ECC Words.

If such an Error ts determined to be the case, the Error

wlll be Logged as Correctable and no ECC Falled message

will result. This type of Error should represent only a
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Error results, Then an ECC Problem would be Indicated.

lf the ECC does not point to the two Appended Write ECC

Words, then an ECC Failed message (ist Pass only) will

result and the Actual ECC Words Read from the Controller

willl be printed.

4B. An ECC Error was detected, but the ECC either Failed

to Correct a Correctable Error, or tried to Correct an

Uncorrectable Error. These Conditions (Possibly caused

by Problems other than ECC) will result in a printout

(Ist Pass only) of the Simulated Write and Simulated

Read ECC Words plus the Actual Read ECC Words as Read

from the Controller.

The Simulated Write ECC Words are the result of a

Program Simulation of the ECC Logic on what the Program

believes to be the Write Data (A Write Error will cause

this Assumption to be False), and represents what the

Program believes should have been written as the Actual

two Write ECC Words on the Disk.

The Simulated Read ECC Words are the result of another

Program Simulation of the ECC Logic on the Read Data

in Memory, and represent what the Program believes

should be Read from the Controller as the two ECC

Words. The Actual Read ECC Words are those two Words

as Read'from the Disk Controller.

ERRORS=- Error Status Is printed whenever encountered

as follows:

'MODE' UNIT: NI

CYL= 'Nt HEAD 'N! SECT 'N! #SECT '!N!

DIA/DIB STATUS= ‘Nt - 'DESCRIPTIVE MESSAGE! |

Where CYL,HEAD, SECT refer to the final Disk Address at

the point of Error, and #SECT refers to the Number of

sectors already done in the Multiple Sector Transfer.

When Data Errors are found, only THREE are printed per

encounter plus the Total Number of Errors.(See PARA 5)

lf the Data Error is ECC UNDETECTED and the System is

Mapped, the Map, Physical tK Address, and the DCH

Logical Addresses are also printed. |

When Looping Is Involved (Retried or for Scoping)

Status is printed on the Ist Pass only.

STATISTICS -

Type a W during random testing to get a Report of the

Number of Sectors Written(and/or)Read, plus Error Counts

in Decimal. Also Listed Is a Count for Controller

Corrects/Unit (on Board ECC Correction and Offset Corrects)

Type L for First 100. Disk Addresses of Bad Sectors and

Data Errors, and First 20. of Address Errors and Seek

Errors (Seek Path). If Error Addresses are encountered

more than once (1st Pass), a Count of up to 32. will be

recorded In the Log. Also a Count of up to 15. Hard Errors

will be recorded. This Count will be A subset of the the

first Count,



The Address Information will be In OCTAL while the Counts

wili be DECIMAL.

Type § for Seek Timing Statistics If running either Seek
Exerciser. — : | :
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This Reliability [ts equipped with a built in ODT which can be

accessed by hitting CONTROL O at any time during the execution

of the Program (after Setting the Parameters). On entering ODT

the Address of the Location having the next Instruction to be:

executed will be typed-out.

The following Conventions are used by the ODT:

2 Pressing any Illegal key causes the ODT to respond

with a "7",

@ ODT [Is ready and at your service.

An ODT Command has the following Format:

LARGUMENT_JLCOMMAND ]

An Argument may be one of ‘the following:

NEXP" An OCTAL Expression consisting of OCTAL Numbers

separated by Pius (+) or Minus (=) signs. Leading

Zeros need not be typed.

MADR" An Address is the same as an Expression except
: that Bit 0 is neglected.

A Command Is a single teletype character

The Locations that can be EXAMINED and MODIFIED by the user

are called CELLS. These CELLS are of two Types: Internal CPU

Cells and Memory Locations. The Command to OPEN one of the

Internal Registers Is of the’'form "nA" where n is any OCTAL

Expression between 0 and 7.

0-3 For ACCUMULATORS 0-3

4 For PC of the next Instruction to be Executed In the

event of a "P" Command,

5 CPU and TTO Status

BIT INTERPRETATION

15° Status of TTO DONE FLAG

14 Status of INTERRUPTS (ION FLAG)

13 Status of CARRY BIT |

6 Address of the Location having the BREAK POINT (If any)

7 Instruction at the BREAK POINT Location

Other Commands to OPEN Cells are:

"ADR"/ Open the Cell and Print its contents

of Open the Cell currently pointed to by the Pointer and

Print its contents.

ot"ADR"/ Add "ADR" to the Pointer, Open the Cell and Print its

contents.

~"ADR"/ Subtract "ADR" from the Pointer, Open the Cell and

Print Its contents.

"CR" The Return Key Is used to Close the Open Cell with or

without Modification.

nLRFM Line Feed is used to Close the Open Cell with or without

Modification and to Open the succeeding Cell.

CTRL Close the Open Cell with or without Modification and

Open the preceeding Cell.

/ Close the Open Cell without Modification, and Open the
Cell pointed to by its contents. |

+"ADR"/ Close the Open Cell without Modification, and Open the

: Cell pointed to by Its contents + "ADDR",

-"ADR"/ Close the Open Cell without Modification, and Open the

: Cell pointed to by its contents - "ADR",
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Once a Cell has been opened Its contents can be Modified by

typing the New Value the Cell Is to contain [In the form of

an OCTAL Expression followed by "CR" or "LF", If at or - is

typed'as the first character of the Expression then the Value

of the Expression is Added to or Subtracted from the Old

contents of the Cell. The Address itself or an Expression

relative to the Address can be Deposited by typing a "." or

:,+/-OCTAL Expression", A Rubout Command given right after

opening'a Cell allows the Modification of Its contents as If

they were typed in just before the Command was issued,

Other ODT Commands:

RUBOUT This Key is used to Delete ERRONEOUSLY typed digits.

' Each time the Key is pressed the right most digit Is

Deleted and Echoed on the Terminal. If the Rubout

Key is pressed right after:‘opening a Cell then it

Deletes the right most digit of the Cells contents.

This allows the Modification of the Cell as if its

contents were typed in just before the Key was pressed,

"ADR"B Insert a BREAK POINT at Location "ADR",

: Only one Break Point can be inserted and any entry to

ODT after Executing a Break Point will cause it to be

Deleted.

D Delete the Break Point if any.

Pp Restart the Execution of the program at CURRENT Location

"ADR"R Start Executing the program at "ADR" after an IORST.

K Kill the String typed so far. The ODT responds with a

: "?" and the Open Cell is closed without Modification.

= Print the OCTAL Value of the INPUT only.

This will Close any Open Cells without Modification and

will not Open a Cel|

NOTE: In Programs which RELOCATE THEMSELVES the

user should place Break Points ONLY in the

ORIGINAL PROGRAM AREA. If a Break Point is

placed outside this area the resulfs will

be unpredictable,
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In addition to the previously |IIisted ODT Commands, there

is available a Command Set that allow Map Transtations for

Debugging purposes,

Map Command Format

The Letter "M" {s used to specify a Map Command and is

used In conjuction with the Set of Characters that form

the Map Command Group. A Map’ Command Is thus formed Dy

using the Letter "M" and following It with the desired

Command Letter (Such as "MT", "MA", ETC.)

Map Command Errors

lf a Map Command is entered and the Error Message "No Map"

appears, then either:

A) A Map was not found

B) The Program does not support Mapped oObT.

Map Commands

Note: All Map Commands must be preceeded by an "M" to

indicate that they are Map Commands.

mam Enable User "A" Map Translations.

Wee. Enable User "B" Map Translations

mye Enable Map Translations with the last "User"

myn Disable Mapping

mp Map Supervisor Last Block

wen Print Single Map Entry

ny" Print Map Entry Table
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1. A CR only response to Unit Numbers, ETC will leave

Information In Previous State.

2. The Program will Account for up to a MAX. of 2**31 Sectors

Written or Read. Special Test runs exceeding this’ facility

will require an OPERATOR'S TEST LOG to augment software
accounting. 2**31 Sectors = ‘Approx. 2* 10**9 Words.

4. SWPAK7=1, Program halts after write with Read Verification

allowing operator to change packs. SWPAK8=1, Puts Program into

Read only mode ## SA'S 501,502 Only. If SA 501-Data must INOT!
be Variable. start at the above selected Address.

5. All Numbers entered In 7.0 must be In Octal. Any Non-Octal

input [ts treated as a Letter. Any Letter Input for CYL, HEAD,

SECTOR, or # of SECTORS gets Random function [In the Reliability

Test with Options,

6. At times the ECC may attempt to Correct a Non=-Correctable

Data Error and the Simulated ECC and Actual ECC will Match

even though an ECC Fallure will have been Printed. This Is

Due to a Failure of the ECC Polynomial itself to Distinguish

between two different Error Patterns. One Correctable and one

Uncorrectable. This is !INOT! a Hardware Failure.

PROGRAM RUNTIME:

Program Runtimes are substantially reduced with Memories of

16K or Larger. Program can use up to 24K using 2 Buffers

and up to 32K using 4 Buffers in the Random Reliability

Tests,

Runtime is defined as Time from Start to a "PASS" Message.

Typical runtime for a Read only or Write only Pass of SA

502 (Incremental Disk Address Test) is Approx. 3 and 1/2

Minutes with a Nova 800 (or Faster CPU) with at least 24K

Of Memory, and 96 Megabyte, :
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DESCRIPTION: ZETACO DISK CONTROLLER FORMATTER PROGRAM

Product of ZETACO, 1986
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TATE: DISKF >> 7-0 eee

.DUSR X={0°

»~NOMAC X

PROGRAM NAME: DISKF.SR

REVISION HISTORY:

REV. DATE

00 02/09/83 ;

01 08/23/83 ;ADUB FOR ALT1 (STTD), AOS BSTRAP

;(400'S) en
02 03/28/84 ;DISK PULSE COUNTER, ERROR LOGS,

3200. ERRORS, MSB FOR BAD SECTOR
;LOG, DEVICE CODE CHANGE ROUTINE

05 05/30/84 3ECC ON WRITE, ZDF I

04 08/21/85 ;DISABLE VIRTUAL, UP TO 2048. CYLS

05 11/20/86 3297, 40 HDS, DMA PTR, WELLEX,

s|ORST

MACH INE REQUIREMENTS:

NOVA/ECLIPSE/MV FAMILY CENTRAL PROCESSOR

16K READ/WRITE MEMORY

ZETACO DISK CONTROLLER (ZEBRA TYPE)

O-3 DISK DRIVES:

TELETYPE or CRT and CONTROL

TEST REQUIREMENTS: N/A

SUMMARY :

The ZETACO DISK CONTROLLER FORMATTER PROGRAM

Is designed to FORMAT and CHECK DISK PACKS and

MEDIA to be used [n DISK SYSTEMS. The PROGRAM is

INOT! A MAINTENANCE PROGRAM and ASSUMES the HARDWARE

to be in WORKING ORDER. The PROGRAM wiil HALT on

any NON=DATA’ related ERRORS. It is also recommended

That ON-BOARD ECC be SOFTWARE or CONFIGURED DISABLED

when FORMATTING. The Device Code may’ be 20-76 OCTAL ©

with the Default being 27.

RESTRICTIONS:

This Program has no Restrictions as to Single or

Dual Processor Hardware Configuration. However, the

Formatter may be run on ONLY ONE CPU at a time and

must be the only Program being run within the Disk

sy stem,



,/.V FRUORAM VESURIFLION/ TRCURT UF OFERATION:

A. FORMATTER PROGRAM (STARTING ADDRESS <SA> 500)

The disk is first formatted after which a "FORMAT DONE"

message is printed. Then a 055555 pattern is written to

the entire pack and read back 2 times, A random seek

test is performed, and "PASS" is printed. The data pattern

is then rotated 1 bit and the WRITE/READ/READ/SEEK process

is repeated. At the completion of the number of passes

entered by the operator, A log is available to be printed

and the drives are released.
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proccss it- is’ Recommended that> at LEAST-3-PASSES-(W/R/R/S)3,with
On-Board ECC DISABLED, be allowed to insure Pack: Quality.

lf time permits, longer runs will further insure

Reliability.
CHK KKKKKKKKEKK KEKE KEK KKK KKK KKK KKK KKK KKKKKKKKKKKKEKKEKKKRKKKKKEES

gcc Any HARD- DATA-or- ADDRESS- ERRORS-witt-resutt-in-the-BADB

SECTOR FLAG being set in that sector. Any "SOFT DATA" or

"ADDRESS ERROR" ADDRESS encountered TWICE cause the BAD

SECTOR FLAG to be set, Any other error will cause the

program to print the fallure and halt.
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A HARD ADDRESS ERROR is defined as such after 2 ATTEMPTS

have been made BOTH resulting in an ADDRESS ERROR: A HARD

DATA ERROR is defined as such after 2 or MORE of 10

WRITE/READ RETRY!S have been unsuccessful.we we We We
; B. CHECK PROGRAM ONLY (SA 501)

; Same as SA 500 except that Initial pack format operation Is

; bypassed,

; C. STATISTICS

; Type'L'for 1ST 200. disk addresses of BAD SECTORS, DATA and

; ADDRESS ERRORS, plus a statistic table of overall errors.

; ¥*¥NOTE**® Any character typed while executing this log will

; end It-at the next change of data type.

; D. LOG RECOVERY (SA 502)

; Use to recover log of program after it has stopped to get a

; LOG PRINTOUT.

E. COMMAND STRING INTERPRETER (SA 503)

As a trouble shooting aid the service engineer may type In

their own TEST LOOP. After starting at 503, three ARGUMENTS

must be entered In response to three program questions;

"UNIT", "DATA", and "COMMAND STRING". All numbers must be

entered In OCTAL.we We Wo Woe Wo We
I. UNIT: Type unit # or carriage return

to use the previous entrywe &

ll. DATA: RAN=RANDOM

—_ ALO=ALL ONES

ALZ=ALL ZEROS

PAT=110110 PATTERN

FLO=FLOATING ONE PATTERN

FLZ=FLOATING ZERO PATTERN

ADR=ALTERNATING CYLINDER and

HEAD, SECTOR WORDS |

V AR= Existing words entered previously as
described belowwe wo Wo We We We We We We We

; Alternatively enter a string of up to 7
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The words entered are used repeatedly

to make up a sector block. Type carriage

return to use the previous entry.

lll. COMMAND STRING:

OPTIONS READ HEAD, SECTOR, FSECTORS

: WRITE SAME -
SEEK CYLINDER

RECAL IBRATE

LOOP (go to beginning or LR)

DELAY N (N=DELAY in MS)

TRESPASS : :
RELEASE:

OFF (OFFSET FORWARD)

‘ OFR (OFFSET REVERSE)

‘ LR (begin’LOOP here)

‘ VERIFY (WRITE)

‘ FORMAT CYL,HD, SECTOR

‘ BAD (BAD SECTOR) CYL,HD, SECTOR

. MEMORY ADDR,DATACWRITE) (CONTROLLER MEMORY COMMAND )

‘ Type Carriage Return’'to use the
previous COMMAND STRING.

Note that either SPACES or a COMMA

may be used aS an argument delimiter.

Each response is terminated by

typing carriage return. If more

room is needed on a line, type |ine

feed to space to the next line. The

word "SAME" used with READ, or WRITE,

will cause the previous disk address

parameters to be used.

An R typed while a string Is being executed will

Cause the program to return to command string start.

The ESCAPE KEY will bypass UNIT and DATA prompts to

the command string prompt. |

The following example would cause UNIT

1 to SEEK CYLINDER 50, then repeatedly

WRITE’ SECTORS 2 and 3 of HEAD 5, then

READ it back and CHECK. Data is specified

as ALTERNATE WORDS of ZEROS then ONES.

UNITs 1

DATA: 0,177777

COMMAND STRING: SEEK 50 LR WRITE 5,2,2 READ SAME LOOP

The following example would WRITE 0 to

CONTROLLER MEMORY location 1500°-(OCTAL)

UNIT: 1

DATA: N/A

COMMAND STRING: MEMORY 101500,0 |

NOTE: Upper memory bit = 1 defines a WRITE
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OPERATING MODES/ SWITCH SETTINGS:

SWITCH SETTINGS

Location "SWREG" [is used to select the program options.

This Location will be set according to the answers

supplied by the Operator. The Options can be changed

or verified by using one of the commands given In Sec,

8.3 
.

SWITCH OPTIONS

Different bits and their. interpretation at jlocation

"SWREG" is as follows:

BIT OCTAL BINARY INTERPRETATION

: VALUE VALUE : SO

40000 0 LOOP on ERROR

000000 ‘1 SKIP LOOPING on ERROR

2 20000 0 PRINT to CONSOLE

000000 1 ABORT PRINT OUT to CONSOLE

5 02000 0 DO NOT PRINT on the LINE PRINTER

000000 1 PRINT’on the BYTE 1/0 LINE PRINTER(DC17)

11(B) 00020 0 N/A |
000000 ‘1 ENABLE BAD SECTOR PRINTOUT

16(G) 00000 oO DO NOT PRINT on DMA LINE PRINTER
100000 1 ~PRINT*‘on DMA LINE PRINTER(DC17)

SWITCH COMMANDS

Once the Program starts executing the state of any of

the Bits can be changed by Hitting KEYS 1-9, A-Z. The

Program will Continue Running after’ Updating the Options.

Each Key will Complement the state of the Bit affillat-

ed with it, thus Bit 4 can be Altered by Hitting Key 4.

Setting of any Bit of Location "SWREG" will Set Bit 0.

(Default Mode is defined as all Bits of SWREG Set to 0)

OTHER COMMANDS (© = CONTROL KEY)

"CR" A "RETURN" can be typed to Continue the Program

after [tts locked in a Switch Modification Mode

°D This Command given at any time will reset "SWREG"

: to Default Mode and Restart the Program.

°R This Command given at any time will Restart the

Program. Switches are left with the values they

had before the Command was issued.

°0 This Command given at any time will cause the

Program Control to go to ODT.

M This Command given at any time will print the

Current Operating Modes.

0 This Command given at any time will lock the

Program into Switch Modification Mode where

more than 1 Bit can be changed.
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A. Verify drive (s) are ready on-|/ine

B. Load Program .

C. To RUN other than TEST 500, Enter CONTROL "0"

at 9.2, Enter STARTING ADDRESS followed by an "R"

STARTING ADDRESS (SA)
200 ~ Read Unit Characteristics and then Run FORMATTER (500)

500 FORMATTER/CHECK PROGRAM

501 CHECK: PROGRAM ONLY

502 ERROR LOG RECOVERY

503 COMMAND STRING INTERPRETER

Operator Is requested to enter DEV ICE CODE of CONTROLLER

(DEFAULT 27)

Operator is requested to SET SWPAK followed by a Carriage

Return (SEE 8.3)

MONTH, DAY, YEAR (I.E. 77...), HOUR, & MIN (If LCR] Is

given this routine is bypassed) |

Enter # of Passes for Test Completion (If LCR] is given

this routine is bypassed)

Operator is requested to enter YES/NO to CONTROLLER CORRECTION,

if it is enabled

Unit Numbers, Types, and thelr Characteristics are then

Displayed, (The Operator should Verify these values) Operator

is then requested to enter UNIT NUMBERS to be tested(0=3)

Operator is then requested to enter TYPE of disk ( to create a

User Defined enter 10)

A. lf TYPE entered Is 10, enter 0, 1, 2, or 3 To

RE-DEFINE a disk TYPE

B. # of HEADS for NEW TYPE (In DECIMAL)

C. # of CYLINDERS for NEW TYPE (in DECIMAL)

D. # of SECTORS for NEW TYPE (in DECIMAL, CANNOT be

DOWNSIZED) © ot

E, Return to 9./7

OPERATOR INPUT CONTROLLED PRINTOUTS ARE AS FOLLOWS:

L = First 200. BAD SECTORS, DATA, or ADDRESSES
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PROGRAM OUTPUT/ERROR DESCRIPTION:

1. ERRORS=- Error status is printed whenever encountered.
When Data Errors are found ONLY THREE are printed per

encounter. (see paragraph 10.3)

2. If Errors are encountered more than once, a count

will be recorded and a BAD SECTOR FLAG SET. All address

information will be printed I[n- OCTAL. :

3. ERROR REPORTING AND RECOVERY

All Errors are identified, and the program is routed

via base to a call to CKSW. with the exception of

ADDRESS and DATA ERRORS. The program will then loop

for operator intervention, on the basis of SWPAK (see 8.)

RECALIBRATE = Any unusual Status is reported Immediately

and an Error return executed.

SEEK = Positioner Faujt status results In Status Printout

and Error return,

WRITE ~- Following "DONE" on a WRITE, Errors are checked

in the sequence shown below. Error recovery procedure

is outlined for each case. If the Error is not present

the next check is made.

DRIVE STATUS (DIB) is checked 1st for both Read and Write

before any DIA checks are made.

4. READ/WRITE TIMEOUTS, DATA LATE, ILLEGAL SECTOR,

ECC(DATA OK), or any: DRIVE: FAUL T- Print the illegal Status
and do an Error return, :

5. ADDRESS ERROR= Repeat the Write, lf Test passes the
second time, do a Normal return; Otherwise flag as Hard, Set

the BAD SECTOR FLAG for that Sector and do an Error return.

lf a HARD Cylinder Address Error occurs, a Read on an

adjacent Head will be attempted to determine whether the

Fault should be classed as a Seek Error or an Address

Error. The First 30. Hard Address Errors will have their

Addresses Logged.

6. ENDING MEMORY ADDRESS -Print the Error Message,

Check for a DISK ADDRESS and do an Error return.

7. ENDING DISK ADDRESS =-Print the Error Message and

do an Error return.

READ - All Read Errors with the exception of Data related
Errors are handied the same as described for the Write

Operations.

DATA ERRORS = Data Is reread 9 times. If Data its BAD on

2 or more of 10 tries, a HARD Error Count Is incremented,

the BAD SECTOR FLAG is set In that Sector, and an Error

return is taken. If Data Is good on all retries, the

Error Is considered SOFT and a normal return Is taken,

The 1st 200. Data Errors (HARD or SOFT) are Logged.



lt. 0 DEBUG HELP:

;OCTAL DEBUGGER (ODT)
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This Formatter Is equipped with a built in ODT which can be

accessed by hitting CONTROL O at any time during the execution

of the Program (after Setting the Parameters). On entering ODT

the Address of the Location having the next instruction to be:

executed wlll be typed-out.

The following Conventions are used by the ODT:

a Pressing any Illegal key causes the ODT to respond

with a "2", : -

@ ODT Is ready and at your service.

An ODT Command has the following Format:

LARGUMENT_JL COMMAND
An Argument may be one of the following:

NMEXP" An OCTAL Expression consisting of OCTAL Numbers

separated by Pius (+) or Minus (=) signs. Leading

Zeros need not be typed,

"ADR" An Address Is the same as an Expression except

that Bit 0 is neglected.

A Command is a single teletype character

The Locations that can be EXAMINED and MODIFIED by the user
are called CELLS. These CELLS are of two Types: Internal CPU

Cells and Memory Locations. The Command to OPEN one of the

Internal Registers is of the'form "nA" where n-is any OCTAL

Expression between QO and 7.

0-3 For ACCUMULATORS 0-3

4 For PC of the next Instruction to be Executed In the

event of a "P" Command.

5 CPU and TTO Status

BIT INTERPRETATION

15° Status of TTO DONE FLAG

14 Status of INTERRUPTS (TON FLAG)

13 Status of CARRY BIT: :

6 Address of the Location having the BREAK POINT (If any)

7 Instruction at the BREAK POINT Location:

Other Commands to OPEN Cells are:

"ADR"/ Open the Cell and Print its contents

of Open the Cell currently pointed to by the Pointer and

Print Its contents.

et"ADR"/ Add "ADR" to the Pointer, Open the Cell and Print its

contents. |
~"ADR"/ Subtract "ADR" from the Polnter, Open the Cell and

Print Its contents.

"CR" The Return Key Is used to Close the Open Cell with or

without Modification.

MLRM Line Feed is used to Close the Open Cell with or without

Modification and to Open the succeeding Cell.

CTRL Close the Open Cell with or without Modification and

Open the preceeding Cell.

/ Close the Open Cell without Modification, and Open the
Cell pointed to by Its contents.

t"ADR"/ Close the Open Cell without Modification, and Open the

| Cell pointed to by its contents + "ADDR",

-"ADR"/ Close the Open Cell without Modification, and Open the

: Cell pointed to by its contents - "ADR",
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Once a Cell has been opened Its contents can be Modified by

typing the New Value the Cell is to contain [n the form of

an OCTAL Expression followed by "CR" or "LF", If at or = Is

typed'as the first character of the Expression then the Value

of the Expression Is Added to or Subtracted from the Old

contents of the Cell. The Address Itself or an Expression

relative to the Address can be Deposited by typing a "." or

:,t+/-OCTAL Expression", A Rubout Command given right after

opening'a Cell allows the Modification of Its contents as If

they were typed in just before the Command was issued.

Other ODT Commands:

RUBOUT This Key Is used to Delete ERRONEOUSLY typed digits.

Each time the Key Is pressed the right most digit Is

Deleted and Echoed on the Terminal. If the Rubout

Key Is pressed right after'‘opening a Cell then it

Deletes the right most digit of the Cells contents.

This allows the Modification of the Cell as if Its |

contents were typed in just before the Key was pressed.

"AOR"B Insert a BREAK POINT at Location "ADR",

: Only one Break Point can be Inserted and any entry to

ODT after Executing a Break Point will cause It to be

Deleted.

D Delete the Break Point If any.

P Restart the Execution of the program at CURRENT Location

"ADR"R Start Executing the program at "ADR" after an IORST.

K Kill the String typed so far. The ODT responds with a

"?" and the Open Cell is closed without Modification.

= Print the OCTAL Value of the INPUT only.

This will Close any Open Cells without Modification and

will not Open a Cell

NOTE: In Programs which RELOCATE THEMSELVES the

— user should place Break Points ONLY in the

ORIGINAL PROGRAM AREA. If a Break Point Is

placed outside this area the results will

be unpredictable.

SPECIAL NOTES/ SPECIAL FEATURES:

1. The Program is !NOT! a Maintenance Program and assumes

the HARDWARE to be [n'‘working order. The Program wil

HALT on any NON-DATA related Errors. °

Z. it ts recommended that at Least 3 Passes (W/R/ R/S) be
allowed (see below) to insure pack quality. If time

permits, longer runs will further insure quality.

PROGRAM RUNTIME:

Program runtimes are substantially reduced with memories
Of 24K or larger. Runtimes are also dependant on CPU

Ty pe, Drive Size and Drive Type.

» EOT


