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CHAPTER 1

GENERAL INFORMATION

1.1 INTRODUCTION

The MVME319 Intelligent Disk/Tape Controller (IDTC) 1is a VMEmodule
containing a complete microcomputer which can control up to eight hard disk
controllers via the SASI/SCSI host adapter and either four floppy disk
drives or one FloppyTape drive plus two floppy disk drives directly. The
on-board processor, supported by firmware in ROM, an interrupt controller,
a DMA controller and 32K of dual ported RAM, relieves the system processor
of disk/tape controlling tasks.

Commands and status messages are transferred through a dual ported RAM
which 1is shared between the operating system and the MVME319 firmware.
MVME319 drivers are available for VERSAdos and UNIX SYSTEM V/68.

This manual provides general information, functional description,
installation instructions, operating instructions and maintenance
information for the MVME31l9 Intelligent Disk/Tape Controller, which is
shown in Figure l.l.

1.2 -SPECIFICATIONS

The specifications of the MVME319 Intelligent Disk/Tape Controller (IDTC)
are given in Table l.l.

1.3 REFERENCE MANUALS

The following manuals may be used for further information about the VMEbus,
the command channel software interface, the SASI/SCSI bus, the
XEBEC and ADAPTEC hard disk controllers and the Cipher FloppyTape drive:
- MVMEBS VMEbus Specification Manual

- M68KIPCS M68000/IPC Command Channel Software Interface Ref. Manual
= Shugart Ass. SASI Bus Specification

= XEBEC Inc. XEBEC S1410 5.25 Inch Winchester Disk Controller Manual

- XEBEC Inc. . XEBEC S1410A4 5.25 Inch Winchester Disk Controller Manual

- ADAPTEC Inc. ACB 4000 5 1/4" Winchester Disk Controller OEM Manual

= CIPHER Inc. Series 525 FloppyTape Cartridge Tape Drive Product
Description



Figure l.1: The MVME31l9 Intelligent Disk/Tape Controller
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Table l,1: MVME31l9 Specifications

T

CHARACTERISTIC

+

SPECIFICATION

o e

General

-+

The MVME319 Intelligent Disk/Tape Controller is
a VMEmodule for interfacing hard and floppy disk
drives and a FloppyTape drive with a VME system.

Local Microcomputer

ks
T

The 1local microcomputer consists of an MC68121
Intelligent Peripheral Controller with built-in
8-bit microprocessor, l16-bit timer, serial port
and dual ported RAM. This microcontroller is
supported by 16K ROM, 32K RAM, an interrupt
controller and a DMA controller.

VMEbus Interface

~data transfers with a 64 microseconds time-out

= i it
The IDTC command channel is accessed from the |
VMEbus through an option Al6:D8& slave interface.
The IDTC accesses system memory through an
option A24:D16 master interface and supervises

function. The option RWD bus requester 1is
selectable to operate on any one of the four
priority 1levels. The interrupter is selectable
to operate on any one of the seven priority
levels. ;

—

SASI/SCSI
Host Adapter

o

+

The SASI/SCSI disk controller interface 1is |
capable of controlling up to eight hard disk
controllers. Each controller may be connected
with one or two hard disk drives. For each hard
disk drive, the operating system may specify a
unique set of parameters.

Supported Hard Disks
and Controllers

il

-
The IDTC supports the XEBEC S1410/S1410A and
Adaptec ACB 4000 Winchester Disk Controllers and
a wide range of 5.25 inch hard disk drives.

=

Floppy Disk/Tape
Controller

P

T

The floppy disk/tape controller is capable of
controlling up to four floppy disk drives or one
FloppyTape drive plus two floppy disk drives.

Supported Floppy
Disk Drives

-
|
i

S (s
i s

——r
e

For each floppy disk drive the wuser may
independently select media size (5.25 or 8
inch), number of media sides (1l or 2), data
density (FM or MFM), sector size (128, 256, 512
or 1024 bytes), track format (IBM or Motorola)
and several other parameters (number of sectors
per track, number of cylinders, write
pre=compensation or read post=compensation,
interleave factor, spiral offset, stepping
rate).

Supported Tape
Drive

Fo P
T

One Cipher 525 FloppvTape using 1/4" tape
cartridges with a2 maximum formatted capacity of
25MB. The drive is controlled via the 8" floppy
interface of the MVME319.

I=a



Table

MVME319 Specifications (continued)

CHARACTERISTIC

; it 3

———
SPECIFICATION

Operating System

i

A dual ported RAM provides the path for commands

|
Interface and status messages o be transferred between '
the operating system and the IDTC. This command |
channel appears to the operating system as 256 |
memory mapped byte locations in the short 1
supervisory 1/0 address segment. The command and
status message transmissions between the %
operating system and the IDTC follow a specified |
command channel protocol. |
o — ——
IDTC Commands The IDTC commands include: ;
- IDTC configuration and diagnostics
- tape, hard disk and floppy disk parameter
initialization
- multiple sector read and write
- multiple sector verification
- track and disk formatting
- seek and restore operations
- disk and drive diagnostics
IDTC Status Messages The IDTC status messages include:
- operation complete
- IDTC self-test status
" - disk and tape drive status
- data and sector ID errors
- seek and restore errors
= 1invalid disk and tape accesses
- 1invalid commands
- disk and tape drive malfunctions
- disk controller malfunctions
i -t —t
Mechan. Dimensions Double height VME board with front panel
Board size: 233 mm * 160 mm
Front panel size: 262 mm * 20 mm
Connectors One 96 pole DIN 41612 connector for VMEbus,
one 50 pole connector for SASI bus,
one 50 pole connector for 8" floppy disk drives,
one 34 pole connector for 5" floppy disk drives.
Power Requirements + 5 V DC (+/= 5%), 3.7 A (typ), 4.6 A (max)
+12 V DC (+/- 5%Z), 30 mA (typ), 50 mA (max)
-12 Vv DC (+/- 5%), 20 mA (typ), 35 mA (max)
— + —
Environmental Operating temperature: 0 to 55 deg C
Conditions Storage temperature: -40 to 100 deg C
Operating humidity: 0% to 90% non condensing

S 18
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1.4 MANUAL TERMINOLOGY

1.4.1 Address and Data Formats

Throughout this manual, 2 convention has been maintained, whereby data and
address ©parameters are preceded by a prefix which specifies the numeric
format as follows:

>e

percent specifies a binary number
& ampersand specifies a decimal number
8 dollar §pecifies a hexadecimal number
none specifies a decimal number (default)

1.4.2 Electrical Signal Levels

A signal 1line 1is always assumed to be in one of two levels, or in
transition between these levels. Whenever the term 'high" is used, it
refers to a high TTL voltage level ( > +2.0 V ). The term "low'" refers to a
low TTL voltage level ( < +0.8 V ).

There are two possible transitions which can appear on a signal line, and
these will be referred to as "edges". A "rising edge" is defined as the
time period during which a signal line makes its transition from a 1low
level to a high level. The "falling edge" is defined as the time period
during which a signal line makes its transition from a high level to a low
level.

A signal 1is defined as "active low" if the function associated with the
signal line is valid or initiated by either a low level or a falling edge
on the signal line. The mnemonics of active low signals are marked with the
suffix "M, ’

A signal 1is defined as "active high" if the function associated with the
signal 1line is valid or initiated by either a high level or a rising edge
on the signal line.

1.4.3 Logic Signal States

-

The terms 'assert" and 'negate' describe the logic state of a signal
without indicating the associated voltage level. An active low signal 1is
asserted when 1its voltage level is low, it is negated when its voltage
level 1s high. An active high signal is asserted when its voltage level is
high, it is negated when its voltage level is low.

"

For signals which are driven by three-state or open-collector outputs, the
term ''release" describes the high impedance state of the corresponding
driver. Typically these signal lines are driven to a high voltage level by
pull=up resistors when all drivers on the line are turned off.

1-5
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CHAPTER 2

FUNCTIONAL DESCRIPTION —

2.1 INTRODUCTION

The MVME319 1Intelligent Disk/Tape Controller (IDTC) provides a wuniversal
interface between hard and floppy disk drives, a FloppyTape drive and the
VMEbus. It contains a complete microcomputer which relieves the system
processor(s) from disk/tape controlling tasks. The IDTC is capable of
controlling up to eight hard disk controllers via the SASI/SCSI host
adapter and either four floppy disk drives or one FloppvTape drive plus two
floppy disk drives directly.

The IDTC receives macro commands through a dual ported RAM which is shared
between the operating system and the local processor. The on-board
firmware resident program interprets and executes the macro commands and
returns status messages into the command channel after completion. The
IDTC supports two altermative protocols for the command and status
transmission between the operating system and the IDTC firmware.

To minimize VMEbus usage, data to be written or read on the disks or tape
is intermediately stored in local RAM and transferred from or to VME system
memory in blocks of up to 17K bytes. All data transfers between disk/tape
-drives, local RAM and system RAM are performed by a high speed DMA
controller, concurrent with the local processor’s program execution.

The IDTC firmware contains self-test routines which are executed after
system reset or by an IDTC command. Controller malfunctions are indicated
by a FAIL LED on the front panel.

The following paragraphs provide a functional description of the IDTC
hardware and firmware on a block level and detailed specifications of the
various interfaces (VMEbus, SASI/SCSI bus, floppy disk/tape interface).

2.2 HARDWARE OVERVIEW

For the following description, the .IDTC module is regarded as consisting of
functional blocks, as shown in Figure 2.l. For hardware details, Chapter 5
includes the schematic diagrams and an assembly drawing.

The microprocessing unit on the IDTC is the MC68121 Intelligent Peripheral
Controller (IPC). This very large scale integrated circuit contains an
8-bit microprocessor, a l6-bit timer, a serial port, and 128 .bytes dual
ported RAM on a single chip. The timer generates the time-slices for the
multitasking IDTC firmware. The serial port provides a 9600 baud
asynchronous RS232C communication interface for Motorola field service
diagnostics (i.e. it is not intended for user applications). The dual
ported RAM serves as the command channel between the IPC and the VMEbus.

The IDTC firmware 1is resident in two 8K-byte EPROMs. The program 1is
described in Paragraph 2.3.
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Four B8K-byte static RAMs are available for IDTC program data and for
intermediate storage of up to 17K bytes of tape, floppy and hard disk 1I/0
data. The RAM is dual ported and is accessed from the IDTC processor and
from the DMA controller concurrently. This allows the IDTC firmware to be
executed unhindered by peripheral data I1/0.

The AMS517A Direct Memory Access controller performs all data transfers
between VME system memory and local RAM, as well as between local RAM and,
through the peripheral interface, the SASI/SCSI host adapter and the floppy
disk/tape controller.

The VMEbus interface is compatible with the VMEbus Specification Rev.B. It
provides an Al6:D8 slave interface to the command channel and an A24:Dl6
master interface for system DMA. The command channel is accessed with the
address modifier <code $2D (short supervisory 1/0 access). The address
modifier code for the system DMA is specified in the IDTC command by the
calling program and may be any in the whole range from $00 to $3F.

Prior to accessing the VME system memory, the IDTC performs a bus
arbitration sequence. This is done by an option RWD (release when done)
VMEbus requester which asserts a bus request upon the IDTC processor’s
demand on a jumper selectable priority level. Once being bus master, the
IDTC executes pending system DMA tasks and then releases the bus after a
.maximum time of 64 microseconds.

Whenever the IDTC has placed a message into the command channel, it asserts
a VMEbus interrupt request on a jumper selectable level. The status/ID
bvte supplied during the interrupt acknowledge cycle is specified during
IDTC initialization by a command from the operating system. )

A detailed description of all VMEbus operations, including the bus
requester and interrupter functionmns, is given in Paragraph 2.4,

The AM9519A Universal Interrupt Controller provides for fast interrupt
response times by surrendering a unique interrupt vector to the IPC
processor for each local interrupt source.

Both the SASI/SCSI host adapter and the floppy disk/tape controller are
accessed through the local peripheral interface bus either from the IDTC
processor (for control operations) or from the DMA controller (for
peripheral data transfers). The SASI/SCSI bus interface is described in
Paragraph 2.5 and the floppy disk/tape controller in Paragraph 2.6.

2.3 FIRMWARE OVERVIEW

The program resident in the IDTC firmware performs the following functions:

= receive commands from the VMEbus through the command channel;

- analyze and validate the commands;

- transform the commands into micro operation sequences;

- supervise hard disk controller, floppy disk/tape controller, DMA
controller, VMEbus requester and VMEbus interrupter operations;

- place status messages into the command channel.



The firmware consists of a general purpose multi-tasking executive and
several specific tasks for disk/tape controller functions. Figure 2.2 shows
the block structure of the IDTC firmware.

Figure 2,2: MVME3l9 Firmware Structure

STATUS
PACXET

INTERRUPT TO ROST

Each time a command is written from the VMEbus into the command channel,
the IDTC processor will be interrupted. This interrupt starts a service
routine 1in the executive which checks the syntax of the received command.
If the syntax 1is 1invalid, an error message is placed 1in the command
channel, a VMEbus interrupt is asserted, and no further actioms will be
taken. If the syntax 1is valid, the command is forwarded to the task
DISPATCH.

The task DISPATCH classifies the commands in general commands, hard disk
commands and floppy disk/tape commands. Hard disk commands are transferred
to the task HDC, floppy disk/tape commands are transferred to the task FDC,.
The tasks HDC and FDC contain input queues which allow commands to be
stacked up and executed sequentially.

The tasks HDC and FDC first check all parameters in the received commands
to avoid peripheral malfunctions. Then the commands are transformed into
the appropriate micro operation sequences and executed.

VMEbus requester and DMA controller operations are supervised by time-out
functions. If a VMEbus request is not granted within l second or if a DMA
operation is not terminated within 2 seconds, the command execution will be
aborted and an error message will be returned to the command channel. Hard
disk and floppy disk/tape controller operations are supervised by checking
their status after the command execution.

After the completion of each command a status message is assembled which
contains information about the results and eventual errors. These messages
are transferred to the input queue of the task OUT.

When messages are put in the queue, the task OUT checks if any previous
message has been fetched by the operating system, and if so, places the
next status message into the command channel. Then a VMEbus interrupt . is
asserted to indicate that a new status message is available.

2-4




2.4 VME SYSTEM INTERFACE

This section supplies detailed specifications of all VME system operations
supported by the IDTC. Includes descriptions of VMEbus signals, system
memory access, VMEbus requester and interrupter, reset and self-test.

2.4,1 VMEbus Signals

The VMEbus interface provides the signal path between the IDTC and the
VMEbus backplane. The interface complies with all requirements for the
signal driver/receiver characteristics and bus operation protocols, as
specified in the VMEbus Specification Rev.B.

Table 2.1 identifies all VMEbus signals used by the IDTC on mnemonics and

functional descriptions. The locations of the VMEbus signals at connector
Pl are shown in Table 2.2,

Table 2.1: VMEbus Signal Description

+

SIGNAL

s
i

ik
T
abi
T

SIGNAL DESCRIPTION |
AOl..A23 ADDRESS BUS

23 address lines. In master mode, AOl..A31 are
three-state outputs for addressing system memory.
In slave mode, AOl..Al5 are inputs for addressing
the command channel. AOl..A03 are also inputs to
the interrupter for determining the priority level
of an interrupt acknowledge cycle.

iz
+
!

AMO. .AMS ADDRESS MODIFIERS

Six lines providing additional address information.

In master mode, AMO..AM5 are three-state outputs for

addressing system memory. In slave mode, AMO..AMS
are inputs for addressing the command channel.

;= T -_

D00..D15 DATA BUS

j 16 data lines. In master mode, D00..Dl5 are wused
for data transfer to and from syvstem memory. In |
slave mode, D00..DO7 are connected with the command
channel. D00..DO7 are also used by the interrupter
when supplying the status ID byte.

. I P IR
™

WRITE* WRITE ' |

An active 1low bidirectional signal that specifies
the direction of a data transfer: A high level
indicates a read operation, a low level indicates a
write operation. In master mode, WRITE* is a
three-state output; in slave mode, it is an input.

ik Pl I

g
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Table

2.1l: VMEbus Signal Description (continued)

+

AS*

ADDRESS STROBE

An active low bidirectional signal. The falling edge
indicates that a valid address is placed on the bus.
In master mode, AS* is a three-state output; in
slave mode, it is an input. During bus arbitration,
the rising edge of AS* indirates the end of the last
bus cycle.

o

DSO=*

+

DATA STROBE O

An active low bidirectional signal that indicates a
data transfer on the data lines D00..DO7. In master
mode, DSO* is a three-state output; in slave mode,
itydis an. loputs.

DSl*

DATA STROBE 1

An active low bidirectional signal that indicates a
data transfer on the data lines DO08...DlS. In
master mode, DS1* is a three-state output; in slave
mode, it is an input.

O

DTACK*

i

DATA TRANSFER ACKNOWLEDGE

An active low bidirectional signal that indicates
the successful completion of a data transfer. In
master mode, DTACK* is an input; in slave mode, it
is an open-collector output.

-

™

BRO*, .BR3*

BUS REQUEST LEVEL 0-3

One of these active low signals is connected with an
open—-collector output of the VMEbus requester. It
indicates that the module requests bus mastership.
The priority level is jumper selectable.

e i

BGOIN*.,.BG3IN*
BGOOUT*. .BG30UT*

BUS GRANT INPUTS LEVEL 0-3
BUS GRANT OUTPUTS LEVEL 0-3

Four active 1low signal pairs that form bus grant
daisy-chains through all bus requesters in the
system. One of these pairs is connected with an
input and a totem—pole output of the bus requester.
The priority level is jumper selectable.

The bus grant input indicates to the bus requester
that the module may be the next bus master if it has
a bus request pending.

The bus grant output propagates the bus grant signal
further down the daisy-chain when the module does
.not request the bus.

-

T
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Table 2.

o

l: VMEbus Signal Description (continued)

- - -—
BBSY* BUS BUSY
An active low open—-collector output signal
indicating that the module 1is the current bus
master. ’
IRQl*, .IRQ7* INTERRUPT REQUEST LEVEL 1-7
One of these active 1low open-collector output
signals is wused by the interrupter to generate an |
interrupt request. The priority 1level is jumper }
selectable.
IACK* INTERRUPT ACKNOWLEDGE
An active 1low input signal that indicates an
interrupt status/ID byte fetch on the data transfer
bus.
IACKIN* INTERRUPT ACKNOWLEDGE INPUT
IACKOUT* INTERRUPT ACKNOWLEDGE OUTPUT
An active low signal pair that forms an interrupt
acknowledge daisy chain through all interrupters in
the system.
The IACKIN* input indicates that the interrupter may
supply the status/ID byte if it has an interrupt
request pending on the acknowledged priority level.
The IACKOUT* totem-ﬁole output propagates the
acknowledge signal further down the daisy-chain when
the interrupter has no request pending on the
acknowledged priority level.
SYSFAIL* SYSTEM FAILURE
An optional active low open-collector output signal
indicating that a severe malfunction has occurred,
and that no further commands can be executed.
| SYSRESET* SYSTEM PESET '
An active low input signal that causes a complete
hardware and firmware reset of the module.
| GND | GROUND |
| +5V | + 5 VOLTS POWER
| +12v | + 12 VOLTS POWER |
| =12V | = 12 VOLTS POWER

ke

T
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Note:

Table 2.2

Connector Pl Signal Locations

2-8

+- - + -+ — -
PIN ROW A | ROW B ROW C PIN |
NO SIGNALS | SIGNALS | SIGNALS f NO. |
- - — e e
1 DOO BBSY* D08 1, |
2 DOl (BCLR*) D09 2 |
3 D02 | (ACFAIL*)| D10 3 |
4 D03 BGOIN* D11l 4 |
5 DO4 BGOOUT* D12 5 |
6 DO5 BGLIN* D13 6 |
7 D06 BGlOUT* D14 7|
8 DO7 | BG2IN* D15 8 |
9 GND | BG20UT* GND g |
10 (SYSCLK) | BG3IN* SYSFAIL*| 10 |
11 GND BG30UT* | (BERR*) | 11 |
12 DS1* BRO* |SYSRESET*| 12 |
13 DSO* BR1* (LWORD*) | 13
14 WRITE* BR2* AMS 4
15 GND BR3* A23 15
16 DTACK* AMO A22 16
17 GND AM1 A21 17
18 AS* AM2 A20 18
19 GND AM3 ALS 19 |
20 TACK* GND Al8 20
21 IACKIN* | (SERCLK) Al7 21
22 TACKOUT*| (SERDAT) Al6 22
23 AM4 GND AlS 23
24 A07 IRQ7* Al4 24
25 A06 IRQ6* Al3 25
26 A0S IRQ5* Al2 26
27 AO4 IRQ4* All 27
28 A03 IRQ3* Al0 28
29 A02 IRQ2* A09 29
30 A0l IRQL* A08 30
31 -12v (5V STBY)| +l12V 31
32 +5V +5V +5V 32
Signals in parentheses are not used by the IDTC.



2.4.2 System Memory Access

Peripheral data transfers between the disk/tape drives and VME system
memory are performed by the DMA controller and its support logic. The DMA
controller accesses the VMEbus through an A24:D16 master interface and
supports the complete 16M byte address map and all address modifier codes.

When the IDTC receives a disk/tape read or write command, it will load the
DMA controller with the starting system memory address and the address
modifier code specified in the command and with a cycle count evaluated
from the number of blocks to be read or written. Then it asserts a VMEbus
request. (The bus arbitration will be described in Paragraph 2.4.3)

As soon as the bus requester indicates bus availability, the VMEbus master
interface is enabled and the DMA controller starts transferring the data in
16-bit word read or write cycles. Up to 17K bvtes of peripheral data can
be intermediately stored in the IDTC local RAM and are transferred to or
from system memory in multiple bursts with a2 maximum duration of 64
microseconds per DMA operation (typical duration 53 microseconds).

All data transfers on the VMEbus are supervised by data transfer time-out
functions. If the accessed memory does not respond with a DTACK* signal,
the IDTC aborts the current DMA cycle and releases the VMEbus after a
maximum of 64 microseconds. If the transfer of the total data block to be
moved between local RAM and system memory cannot be terminated within 2
seconds, the IDTC will abort the DMA operation and return an error message
in the command channel. The occurence of a data transfer time-out
indicates that the specified addresses or address modifiers do not exist in
the system, or that the addressed memory location has responded with a bus
error signal.



2.4,3 VMEbus Requester

The VMEbus requester 1s responsible for the following tasks:

- assert a bus request when the IDTC indicates a system DMA request;
- acquire bus mastership when the bus request is granted;

- release the bus when the system DMA operation is terminated;

- propagate not requested bus grants to the next bus requester.

The VMEbus requester can be configured to operate on any one of the four
bus arbitration levels. This is done by setting the appropriate jumpers on
the jumper areas Kl, K2 and K3, as described in Paragraph 3.4.l.

The flow diagram in Figure 2.3 illustrates the operation sequence of the
VMEbus requester.

The IDTC firmware initiates a bus request by setting a local system DMA
request signal. This causes the VMEbus requester to assert BR%*,

The bus request is supervised by a bus request time-out counter. If the bus
request 1is not ackowledged within 1 second, the execution of the command
which has 1initiated the system DMA request will be aborted, and an error
message will be returned in the command channel.

The VMEbus requester however keeps BR* asserted until it receives a bus
grant - on the same priority level, regardless of the 1local system DMA
request status. This is necessary to obey the bus arbitration protocol as
specified for the VMEbus.

When the VMEbus requester has a bus request pending and it receives a bus
grant on the same priority level, it acquires bus mastership. After the
previous bus master has finished its last VMEbus cycle and negated AS*, the
VMEbus requester acknowledges the bus grant by asserting BBSY* and negating
BR*, and it enables the VMEbus master interface.

Now the DMA controller starts transferring data between the local RAM and
system memory. The maximum duration of each DMA operation is 64 micro-
seconds. As the VMEbus requester on the MVME319 module is of the
release-when-done (RWD) type, the system DMA operation will neither be
aborted by bus requests of other modules nor by assertion of BCLR¥*,

When the system DMA operation is terminated, the IDTC negates the local
system DMA request signal. Upon detecting this, the VMEbus requester tests
if BGIN* is negated and then negates BBSY* and disables the VMEbus master
interface. ) '

Any bus grant which is received at a time when the IDTC has no system DMA

request pending will be propagated to the next bus requester. The VMEbus
requester keeps BGOUT* asserted as long as BGIN* is low.

2-10




Figure 2.3: VMEbus Arbitration Flow Diagram
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Y
(IDTC negates system DMA request)
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2.4.,4 VMEbus Interrupter

The VMEbus interrupter is responsible for the following tasks:

- assert a bus interrupt when the IDTC requests a system interrupt;
- supply a status/ID byte during the interrupt acknowledge cycle;
- propagate not requested acknowledgements to the next interrupter.

The VMEbus interrupter can be configured to operate on anyone of the seven
interrupt levels. This is done by setting the appropriate jumpers on the
jumper areas K6 and K8, as described in Paragraph 3.4.2.

The interrupt status/ID byte which will be supplied by the VMEbus
interrupter in the interrupt acknowledge cycle must be specified in the

Configure IDTC" command by the operating system during svstem
initialization (see Paragraph 4.3.1.1).

The flow diagram in Figure 2.4 illustrates the operation sequence of the
VMEbus interrupter.

The IDTC firmware 1initiates a bus interrupt by setting a local system
interrupt request signal. This causes the interrupter to assert IRQ*.

When the VMEbus interrupter has an interrupt request pending and it
receives an interrupt acknowledge on the same priority level, it negates
IRQ* and supplies the status/ID byte to the interrupt handler.

Any 1interrupt acknowledge which the VMEbus interrupter receives on a level

different to its own will be propagated to the next interrupter. The VMEbus
interrupter keeps IACKOUT* asserted as long as IACKIN* is low.

2=12



Figure 2.4: VMEbus Interrupt Flow Diagram

(IPC requests system interrupt) r
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detect AS* asserted
compare interrupt level
Y
if interrupt level is different:
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assert IACKOUT*

detect IACKIN* negated
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2.4,5 Reset, Self-test, and Failure

The MVME319 module is reset when the VMEbus SYSRESET* signal is asserted.
This 1is wusually done automatically after power=-up or manually by a reset
switch which must be provided on a system controller module on the VMEbus.

After a system reset the IDTC performs an extensive local self-test of all
large scale integrated circuits (memory, command channel, timer, DMA
controller, interrupt controller). If the self-test program detects any
hardware malfunctions, the IDTC illuminates the FAIL LED on the front
panel. The VMEbus SYSFAIL* signal is connected with the 1local failure
signal via jumper K7, as described in Paragraph 3.4.4..

A system failure will also be indicated in the case of severe IDTC firmware
malfunctions. All IDTC functions are supervised by a program time-out
counter which 1is reset periodically by the IDTC firmware executive. The
system failure signal is asserted if a program error occurs and the counter
is not reset within 2.5 seconds.

When the IDTC has detected a system failure and turned the FAIL LED on, it
immediately stops executing and will not accept further commands. The
system must be reset for restarting the MVME319 module.

During .the self-test execution the IDTC is not <capable of processing
interrupts and any information in the command channel will be destroyed.

Therefore the operating system must not transmit any commands to the IDTC
within 10 seconds after a system reset.

The successful completion of IDTC self-test and initialization can be
checked by reading location $lFF in the command channel: data SOl
indicates that the IDTC is ready for the "Configure IDTC" command. All
other command channel locations will be cleared.
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2.5 SASI/SCSI BUS HOST ADAPTER

The IDTC supports the SASI (Shugart Associates System Interface) bus and
SCSI (Small Computer System Interface) bus. Both provide a physical and
logical standard for controlling peripheral devices, especially mass
storage units. The host adapter implemented on the IDTC supports the
command and status message protocols for driving up to eight
non-arbitrating Thard disk controllers (XEBEC S1410/S14104A, ADAPTEC
ACB 4000), each of them connected with one or two hard disk drives.

2.5.1 SASI/SCSI Bus Host Adapter Hardware

The SASI/SCSI bus host adapter provides the interface between the
peripheral interface bus on the IDTC and the SASI/SCSI bus. A block diagram
of the SASI/SCSI bus host adapter is shown in Figure 2.5,

The host adapter contains separate input and output registers for the
~ SASI/SCSI bus data and control signals, and an address decoder and
interface control 1logic for selecting the registers. The input/output
registers are accessed either by the IDTC processor (for selection, command
and status transfer, and completion sequences) or by the DMA controller
(for data transfer sequences). All SASI/SCSI bus signals (except ACK*) are
monitored and driven under control of the IDTC firmware which creates the
signal sequences according to the SASI/SCSI protocols. To improve the data
transfer rate on the SASI/SCSI bus, the REQ*/ACK* handshake is hardware
generated. ) :

Figure 2.5: SASI/SCSI Host Adapter Block Diagram
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2.5.2 SASI/SCSI Bus Signals

All .SASI/SCSI bus signals are available at connector P3. Table 2.4
identifies all these signals by mnemonics and functional descriptions. The
locations of the SASI/SCSI bus signals at connector P3 are shown in
Table 2.3. '

The SASI/SCSI bus host adapter provides TTL compatible high current drivers
which are capable of sinking at least 48mA at 0.5V and sourcing at least
3mA at 2.4V, All input signals are terminated with a 220/330 ohms resistor
network on the MVME319 module. All output signals have to be terminated on
the 1last hard disk controller on the SASI/SCSI bus to ensure proper
operation.

Table 2.3: Connector P3 Signal Locationms

| . PIN | SIGNALS | PIN |
+= —t ~ —+ -+

1 - GND. DBO* 2
3 GND DBLl* 4
5 GND DB2* 6
7 GND DB3* 8
9 GND DB4* 10
11 GND DB5* 12
13 GND DB6* 14
15 GND DB7* 16
17 GND (DBP*) 18
19 GND - 20
21 GND - 22
23 GND - 24
25 GND - 26
27 GND - 28
29 GND - 30
31 GND (ATN*) 32
33 GND (SPARE) 34
35 GND BSY* 36
37 GND ACK* 38
39 GND RST* 40
41 GND MSG* 42
43 GND SEL* 44
45 GND C*/D 46
47 GND |  REQ* 48
49 GND | I*/O 50

— "3 I n 1
T T T T

Note: Signals in parentheses are not used by the IDTC,




Table 2.4: SASI/SCSI Bus Signal Description

| SIGNAL | SIGNAL DESCRIPTION
—————— - —
DBO..DB? DATA BUS
8 bit bidirectional data bus for transferring data between
the IDTC and the hard disk controllers.
+ — —+
| SEL* SELECT
An active low output indicating that a valid controller 1ID
is placed on the data bus. ‘
- —- -—+
BSY=* BUSY
An active low input indicating that the selected hard disk
controller is ready for SASI/SCSI bus operations.
I*/0 INPUT/OUTPUT
This 1input specifies the data direction on the bus. A low
level indicates that the IDTC receives data from the bus, a
high level indicates that the IDTC transmits data on the bus.
C*/D CONTROL /DATA
This input specifies the information on the data bus. A low
level indicates command and status bytes, a high 1level
indicates data bytes.
MSG* MESSAGE
An active low input indicating that the hard disk controller
has completed the previous command.
REQ* REQUEST
An active low input that initiates a data transfer. When
I*/0 is low, REQ* indicates that the controller has placed
valid data on the bus, when I*/O is high, REQ* indicates
that the controller will accept data from the IDTC. |
ACK* ACKNOWLEDGE
An active low output that terminates a data transfer. When
I*x/0 is low, ACK* indicates that the IDTC has accepted data
from the hard disk controller, when I*/0 is high, ACK*
indicates that the IDTC has placed valid data on the bus.
| RST* RESET
An active low output that causes all hard disk controllers
on the bus to be reset and to enter an idle state.
| GND GROUND
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2.5.3 SASI/SCSI Bus Sequences

The interactions between the IDTC and the hard disk controllers obey the
protocols for the SASI/SCSI Dbus sequences which are described in the
following paragraphs.

2,5.3.1 Controller Selection and Command Transfer

Each disk operation is started with a controller selection. The IDTC first
checks if the SASI/SCSI bus is available, i. e. if the signals BSY*, REQ¥*,
. I*/0, and MSG* are high. e : . &

Then the IDTC presents the controller ID byte on the data bus and asserts
SEL*, In systems containing multiple controllers, each controller 1is
selected by setting one of the eight bits of the controller ID, while all
other bits are cleared. The following list shows the assignment of
controller IDs to controller numbers:

2

CONTROLLER # CONTROLLER ID

$01
$02
$04
$08
$10
$20
$40
$80

~NoOoO UL P WNDHEO

When receiving its ID byte and the SEL* signal, the selected hard disk
controller asserts BSY*., Upon detecting BSY* being low, the IDTC terminates
the selection sequence by negating SEL* and releasing the data bus.

After being selected, the hard disk controller requests the command
transfer from the IDTC by driving C*/D low and asserting REQ*. The IDTC
acknowledges this request by presenting the first byte of the command
descriptor block on the data bus and asserting ACK*, When receiving the
ACK* signal, the controller reads the command byte and negates REQ*. Upon
detecting REQ* being high, the IDTC terminates the transfer of the first
command byte by negating ACK* and releasing the data bus.

Then the IDTC waits for the next assertion of REQ* to present the second
command byte. The above described handshake sequence will continue wuntil
the complete command descriptor block has been transferred from the IDTC to
the controller byte by byte.

A detailed description of the command descriptor blocks 1is given in
Paragraph 2.5.4,

Figure 2.6 shows the timing diagram of the controller selection and command
transfer sequence.



Figure 2.6: Controller Selection and Command Transfer Timing
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2.5.3.2 Data Transfer

The hard disk controller initiates data transfers over the SASI/SCSI bus by
driving the C*/D signal high and specifying the direction of the transfer
on the I*/0 signal.

If data has to be read by the IDTC, the controller drives I*/0 1low,
presents the first data byte on the data bus, and asserts REQ*. The IDTC
acknowledges this request by reading the data byte and asserting ACK*. When
receiving the ACK* signal, the controller negates REQ* and releases the
data bus. Upon detecting REQ* being high, the IDTC terminates the transfer
of the first data byte by negating ACK*, Then the IDTC waits for the next
assertion of REQ* to read the second data byte. The described handshake
sequence will continue until the complete data block has been transferred
from the controller to the IDTC byte by byte.

Figure 2.7 shows the timing diagram of the read data transfer sequence.



Figure 2.7: Read Data Transfer Timing
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If data has to be written by the IDTC, the controller drives I*/0 high and
asserts REQ*. The IDTC acknowledges this request by presenting the first
data byte on the data bus and asserting ACK*. When receiving the ACK*
signal, the controller reads the data byte and negates REQ*, Upon detecting
REQ* being high, the IDTC terminates the transfer of the first data byte by
releasing the data bus and negating ACK*, Then the IDTC waits for the next
assertion of REQ* to write the second data byte. The described handshake
sequence will continue until the complete data block has been transferred
from the IDTC to the controller byte by byte.

Figure 2.8 shows the timing diagram of the write data transfer sequence.

Figure 2.8: Write Data Transfer Timing
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2.5.3.3 Status and Completion Message Transfer

Following the execution of a command, the hard disk controller initiates a
status and completion message transfer by driving the signals C*/D and I*/0
low. Then the controller presents the status byte on the data bus and
asserts REQ*. The IDTC acknowledges this request by reading the status byte
and asserting ACK*, When receiving the ACK* signal, the controller negates
REQ* and releases the data bus. Upon detecting REQ* being high, the IDTC
terminates the transfer of the status byte by negating ACK*,

Then the controller indicates the termination of the command execution by
asserting the MSG* signal, presenting the completion byte (S00) on the data
bus, and asserting REQ*. The IDTC acknowledges this request by reading the
completion byte and asserting ACK*, When receiving the ACK* gignal, the
controller negates REQ* and releases the data bus. Upon detecting REQ*
being high, the IDTC terminates the transfer of the status byte by negating
ACK*, At last the controller releases the SASI/SCSI bus and enters an idle
loop waiting for the next selection.

A detailed description of the status bytes is given in Paragraph 2.5.5.

Figure 2.9 shows the timing diagram of the status and completion message
transfer sequence.

Figure 2.9: Status and Completion Message Timing
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2.5.4 Command Descriptor Blocks

After being selected by the IDTC, the hard disk controller requests the
transfer of a command descriptor block (CDB) which specifies the operation
to be performed. SASI/SCSI controller CDBs are categorized in 8 classes.
The IDTC supports class O .(data transfer, non-data transfer, status)
commands and class 7 (diagnostic) commands, Both command classes have a
length of 6 bytes and the format described below.

Table 2.5: SASI/SCSI Command Descriptor Block

| Bt Jof o8B 8 fredadir ol Bo| Lofees
{ Byte OA;_ command class Ai command opcode -?
T Byte 1 i log. unit no. ] logical sector addr (high) ]
i Byte 2 ] logical sector addr (mid) |
} Byte 3 i logical sector addr (low)

[ Byte 4 ‘ number of sectors / interleave factor —T
[-Byte 5 | control byte |

!

Bits 5-7 of byte O define the command class. Valid classes are O and 7.
Bits 0-4 of byte O contain the command opcode.

Bits 5-7 of byte 1 specify the logical unit number (LUN) of the disk drive
to be accessed. The IDTC supports one or two disk drives being connected
with each controller, i. e. valid LUNs are O and 1.

For all commands involving disk operations (read, write, format, seek),
bytes 1, 2 and 3 specify the logical sector address (LSA) of the first
sector to be accessed. Bits 0-4 of byte 1l is the high order byte, byte 2 is
the mid order byte, and byte 3 is the low order byte of the LSA. The hard
disk controller organizes the data on the disk in sectors of 256, 512 or
1024 bytes and assigns a continuous logical sector address to each sector.
The operating system organizes the data on the disk in blocks of 256, 512
or 1024 ©bytes and assigns a continuous block number (CBN) to each block.
The block size must be at least the sector size. In the IDTC commands, the
disk access 1is specified by block size and CBN of the first block to be
read or written. The IDTC translates the CBN given in the IDTC command into
the LSA contained in the SASI/SCSI command according to the formula:

block size

logical sector address = continuous block number * -
sector size
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For all commands involving data transfers (read, write), byte & specifies
the number of sectors to be transferred. The IDTC translates the number of
blocks given 1in the IDTC command into the number of sectors contained in
the SASI/SCSI command according to the formula:

block size

nymber of sectors = number of blocks * —
sector size

For all disk format commands, byte 4 specifies the interleave factor.
Interleaving is a method of mapping logically contiguous sectors on a track
onto non-adjacent physical sectors. The interleaving factor is equal to
the number of physical sectors between two contiguous logical sectors plus
one. It should be adjusted for maximum system performance and may be in the
range from one up to the number of sectors per track minus one.

The best interleave factor for the XEBEC S1410 is 5, for the XEBEC S1410A
is 4 and for the ADAPTEC ACB 4000 is 2,

Byte 5 1is a control field which selects imbedded servo and stepping rate
options for the XEBEC S1410/S1410A disk controllers:

bit 7=5 : %000 = not. used
bit & : imbedded servo : %0 = drive without imbedded servo

%
Z1 drive with imbedded servo (S14104 only)

bit: 3 : %0 = not used

bit 2-0 : stepping rate : %000 3 ms not buffered
%100 = 200 us buffered
%101 = 70 us buffered

%110 = 30 us buffered
%2111 = 15 us buffered

For the ADAPTEC ACB 4000 disk controller byte 5 is not used and always $00.

The following table lists all SASI/SCSI commands supﬁorted by the IDTC.

Table 2.6: IDTC Supported SASI/SCSI Commands

| CLASS | CODE | DESCRIPTION |
0 | 800 Test drive ready
0 $01 Recalibrate
0 $03 Request sense status
0 s04 Format drive
0 s$06 Format track (XEBEC S1410/S14104)
0 $08 Read
0 s0A Write
0 SOB Seek :
0 s0C Init drive characteristics (XEBEC S1410/S14104)
0 $l5 Mode select (ADAPTEC ACB 4000)
7 S04 Controller diagnostics

|
|
|
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2.5.5 Status and Completion Bytes

After having executed a command, the hard disk controller transmits a
status and completion message to the IDTC. This message has a length of 2
bytes and the format described below.

Table 2.7: Expected SASI/SCSI Status and Completion Message

| "B~ bodhep i $i be vy alnidig S0 b@ad 4 ] 20
| Byte 0| 0 | 0 | pC. 0 | DC. | DC. |error| O |
[ Bpea L | © | 0 - 0 [COIPUD RQEURG 4 04|

DC. = don’t care
Because XEBEC and ADAPTEC controllers send different status and completion
messages in byte 0, only bit 1 in byte O is monitored by the IDTC.

Bit 1 of byte O will be set if the hard disk controller detected an error
during the command execution. Otherwise it will be cleared.

Byte 1 1is a zero byte which indicates that the command execution 1is
complete and the SASI/SCSI bus will be released.

2.5.6 Controller Sense Blocks

If the hard disk controller flags an error in the status byte, the IDTC
will transmit the "Request Sense Status" command to the controller. This
command causes the controller to return a controller sense block (CSB)
which describes the error being detected. The CSB has a length of 4 bytes
and the format described below.

Table 2.8: Expected SASI/SCSI Controller Sense Block

| 3w ¥ ] & 1.8 | & pemepaler 1-F 0 |
T SRS S + —- s
| Byte 0 | a.v.| O | error type| error code |
| Byte 1 | DC. | logical sector addr (high) |
| Byte 2 logical sector addr (mid)
| Byte 3 | logical sector addr (low)

DC. = don’t care

2-24



Bit 7 of byte 0O is the address valid bit. It will be set if the controller
sense block contains a valid address, otherwise it will be cleared.

Bit 6 of byte O is not used and will always be cleared.

Errors are categorized in four types: drive errors (type 0), controller
errors (type 1), command errors (type 2) and miscellaneous errors (type 3).
Bits 4-5 of byte O define the error type.

Bits 0-3 of byte O contain the error code.

For all errors occuring during disk accesses (read, write, format, seek),
bytes 1, 2 and 3 specify the the logical sector address (LSA) of the
defective sector. Bits 0-&4 of byte 1l is the high order byte, byte 2 is the

mid order byte, and byte 3 is the low order byte of the LSA,

The following table lists all error types and codes accepted by the IDTC.

Table 2.9: Accepted SASI/SCSI Errors

b L 2

| TYPE | CODE | DESCRIPTION
0 j SO | No error
0 31 No index signal
0 §2 No seek complete
0 83 Write fault
0 sS4 Drive not ready
0 $6 Track zero not found
0 $8 Drive still seeking
i} s0 Uncorrectable ID error
1 81 Uncorrectable data error
1 $2 ID address mark not found
1 ] $3 Data address mark not found
1 S4 Sector not found
1 $5 Seek error
1 $9 Bad track/ECC error during verify
1 SA | Format error
1 sC Bad drive format
1 $D Self-test failed
2 ( $0 Invalid command
2 Sl Illegal sector address
2 | 82 | Invalid parameter
2 | $3 | Volume overflow
2 | 84 1 Bad argument
2 S5 J Invalid logical unit number
3 ( $0 | RAM error
3 ‘ $1 Program error
3 1 82 ECC polynominal error
- - — e —
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2.6 FLOPPY DISK/TAPE CONTROLLER

The IDTC is capable of contrblling four floppy disk drives or one CIPHER
" 525 FloppyTape drive with SA 850 interface plus two floppy disk drives.

For each floppy disk drive the user may independently select media size
(5.25 or 8 inch), number of media sides (one or two), data density (FM or
MFM), format (Motorola or IBM) and several other parameters (sector size,
number of sectors per track, number of cylinders, wrire pre- or read
post-compensation, interleave factor, spiral offset, stepping rate).

The FloppyTape recording technique is MFM, with a format similar to the
IBM 34 floppy disk format. The data is organized into sectors which are
contained in fixed length segments on 6 streams on the tape. Sector length,
number of sectors per segment, and segment skip factor are user selectable.

2.6.1 Floppy Disk/Tape Controller Hardware

The floppy disk/tape controller provides the interface between the
peripheral 1interface bus on the IDTC and the floppy disk and tape drives.
A block diagram is shown in Figure 2.10.

The disk/tape drive operations are controlled by the Western Digital FD1793
Floppy Disk Controller and the supporting components for data separation
and write precompensation. In addition a control register is wused for
drive, side, and data density selection, and motor control. The floppy
disk/tape controller circuits are connected with the peripheral interface
bus on the IDTC.through an address decoder and interface control logic.
The controller is accessed either by the IDTC processor (for selection and
control operations) or by the DMA controller (for data transfers).

Figure 2.10: Floppy Disk/Tape Controller Block Diagram
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2.,6.2 Floppy Disk/Tape Signals

The floppy disk/tape controller provides two peripheral connectors: the
signals for 8 inch floppy disk or a FloppvTape drive are available at
connector P&, the signals for 5.25 inch drives are available at P5. Table
2,10 identifies all floppy disk/tape signals by mnemonics and functional
descriptions. The locations of the 8 inch drive signals at connector P4
are shown 1in Table 2.l1, the locations of the 5.25 inch drive signals at
connector P5 are shown in Table 2.12.

The floppy disk/tape interface provides TTL compatible high current drivers
which are capable of sinking at least 48mA at 0.5V and sourcing at least
3mA at 2,4V, All input signals are terminated with & 220/330 Ohms resistor
network on the MVME319 module. All output signals have to be terminated on
the last drive in the line to ensure proper operation.

Table 2.10: Floppy Disk/Tape Signal Description

t——— P O

| SIGNAL | SIGNAL DESCRIPTION

e - —
DRVO* DRIVE SELECT 0-3 }
DRV1*
DRV2* Four active low outputs used for selecting one of up to four

DRV3* floppy disk drives.

If a FloppyTape drive is connected, DRVO* and DRV1* gerve as

stream select signals together with SSl1*, DRV2* and DRV3* can

then be used as drive select signals for two additional floppy '
disk drives.

At P5, the DRV3* gignal is optiomnal and must be disabled if a
drive is connected which uses pin 6 for the READY* signal.

MOT* MOTOR ON

This active low output turns the drive motor on. MOT* is only
used by 5.25 inch floppy disk drives.

READY* READY

Floppy disk drives indicate at this active low input that the
drive 1is ready for performing operations. Note that some
5.25 inch drives use pin 6 for READY* or do not support READY*
at all. In such cases the IDTC can be configured to use the
INDEX* signal for checking drive readiness.

———
|

FloppyTape drives 1indicate with READY* that the cartridge is
in and the retention pass is completed.

¥
.
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Table 2.10: Floppy Disk/Tape Signal Description (continued)

| SIGNAL | SIGNAL DESCRIPTION
H 2 —
i INDEX* INDEX
Floppy disk drives apply a low pulse at this input each time
the index hole 1in the floppy disk is detected. The falling
edge of INDEX* defines the start of a track.
FloppyTape drives indicate the start of a segment with the
falling edge of INDEX*,

DUAL* | DUAL SIDED DISK ’
An active low input indicating that a duai sided disk 1is |
inserted in the drive. This signal is only supported by 8 inch
disk drives.

e ——— - —
| WPRT* WRITE PROTECT
An active low input indicating that the‘floppy disk or tape
cartridge in the drive is write protected.
+ —+ —

HLD* HEAD LOAD
An active low output that may be used by floppy disk drives to
load the read/write head on the disk.

1 3
| FloppyTape drives use HLD* to start the tape drive motor.

'SS1* SIDE SELECT
For floppy disk drives, this output specifies which side of
the disk will be accessed. A high level selects side 0, a low
level selects side 1.

FloppyTape drives use SSl* together with DRVO* and DRV1 as a
stream select signal. ;

| DIR* DIRECTION

For floppy disk drives, this output specifies the direction in
which the read/write head moves when step pulses are applied.
A high level causes the head to step outwards, a low level
causes the head to step inwards.

For FloppyTape drives, DIR* specifies the direction of tape
movement when step pulses are applied. A high level moves the
tape towards segment O and a low level towards segment 254,

+

s

-
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Table 2.10: Floppy Disk/Tape Signal Description (continued)

-+ - + ————
| SIGNAL | SIGNAL DESCRIPTION
STEP* STEP }
For floppy disk drives, a falling edge on this output causes
the read/write head to be moved one cvlinder in the direction
specified by the DIR* signal.
For FloppyTape drives, STEP* causes the tape to be moved one
segment in the direction specified by DIR*.
TROO* ~ | TRACK ZERO
Floppy disk drives indicate at this active low input that the
read/write head is positioned on cyvlinder number O.
FlopﬁyTape drives indicate with TROO* that the read/write head
is positioned on tape segment 0 of the selected stream. |
TG43* TRACK GREATER 43
This active low output indicates that the read/write head is
positioned on a cylinder requiring reduced write current (for
write  operations) or read-postcompensation (for read
operations). Note that the default number of the first
cylinder with reduced write current (44) may be altered during
disk parameter initialization. TG43* is only used by 8 inch
floppy disk drives.
WG* WRITE GATE
This output specifies whether data is read or written on <he
floppy disk or tape. A high level indicates a read operation
and enables the read logic on the drive, a low level indicates
a write operation and enables the write logic.
WD* WRITE DATA
This output transmits the data to be recorded on the floppy
disk or tape. Each low pulse of WD* causes the write current
in the head to be reversed.
| RDD* | READ DATA
This 1input receives the composite clock and data signal from
the floppy disk or tape. Each flux reversal on the recording
media causes a low pulse on RDD*,
+— — —
| GND | GROUND




Table 2.11: Connector P4 Signal Locations

— e —t————— —+
| PIN | SIGNALS |7 PIN |
1 GND - 2
3 GND - 4
5 GND - 6
7 GND TG43* 8
9 GND DUAL* 10
11 GND - 12
13 GND SS1* 14
15 GND - 16
17 GND* HLD* 18
19 GND INDEX* 20
21 GND READY* 22
23 GND - 24
25 GND DRVO* 26
27 GND DRV1* 28
29 GND DRV2* 30
31 GND DRV3* 32
33 GND DIR* 34
35 GND STEP* 36
37 GND WD* 38
39 GND WG* 40
41 GND TROO* 42
43 GND WPRT* 44
45 GND RDD* 46
47 GND - 48
49, GND - 50

+
+
i
!
:

Table 2.12: Connector P5 Signal Locations

pe o

| - PI8 | SIGNALS | PIN |

1 GND HLD* S
3 GND _— 4
5 GND DRV3* 6
7 GND INDEX* 8
9 GND DRVO* 10
4] GND DRV1* 12
13 GND DRV2* 14
15 GND MOT* | 16
17 GND DIR* 18
19 GND STEP* 20
21 GND WD* 22
23 GND WG* 24
25 GND TROO* 26
27 GND WPRT* 28
29 GND RDD* 30
31 GND SS1* 32
33 GND READY* 34

s i aiifle s e
- = T T ~

Note: Some 5.25 inch floppy disk drives use pin 6 for the READY* signal.
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2.7 FLOPPY DISK FUNCTIONS

The following paragraphs describe the fioppy disk controller operations,
functions and signals supported by the IDTC.

2.7.1 Drive Selection

Each floppy disk operation is started with a drive selection. The IDTC
translates the logical drive number specified in the IDTC command into the
physical drive number on the floppy disk interface and asserts the
corresponding drive select signal (DRVO*-DRV3*) as shown below:

DRIVE NUMBER DRIVE SELECT

4 DRVO=*
5 DRV1=*
6 DRV2*
7 DRV3*

Note that not all 5.25 inch floppy disk drives support the DRV3* gignal,
but wuse pin 6 of the drive connector for the READY* signal. If such drives
are used, the DRV3* output of the IDTC must be disabled bv removing jumper
K16, and only up to three 5.25 inch floppy disk drives may be installed.

To minimize the access time between successive operations on one drive, the

IDTC keeps the select signal asserted for 2 seconds after the completion of
any command, -unless another drive has to be selected immediately.

2.7.2 Drive Motor Control

Most 5.25 inch floppy disk drives provide a motor control input (MOT*) for
turning the drive motor on and off. To ensure a maximum motor and media
lifetime, the IDTC provides a timer function for the motor control: MOT* is
asserted or retriggered with each drive selection, and it will be negated
if no drive is selected within 30 seconds after a command is completed.

2,7.3 Drive Ready Detection

After selecting a drive and before performing any further operatioms, the
floppy disk controller will check if the drive is ready. All 8 inch and
most 5.25 inch floppy disk drives provide a READY* signal for this purpose.

If 5.25 4inch floppy disk drives have to be used which do not supply the
READY* signal at pin 34 of connector P5, the IDTC provides an optional
method for detecting drive readiness: The floppy disk controller may use
the INDEX* pulses for retriggering a monostable flipflop which generates a
READY* sigmal-for the secontredlerz: ;i This. bption .is selected in the
"Initialize Floppy Disk Parameters" command (See Paragraph 4.3.3.14).

However, for maximum system performance, it is strongly recommended to use
the READY* signal itself, whenever available at connector P5 pin 34.
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2.7.4 Head Load Control

Most modern floppy disk drives provide a head load input (HLD*) for loading
the read/write head on the disk. The floppy disk controller asserts HLD*
before any disk operation and will keep the head loaded as long as the
drive 1is selected. Seek, read and write operations on the disk will not be
started until the head load time of 50 milliseconds has been elapsed after
the assertion of HLD%*,

2.7.5 Stepping

Each time a low pulse is issued at the step output (STEP*) of the floppy
disk controller, the read/write head of the selected drive will be moved
one cylinder step in the direction determined by the DIR* output. The step
pulse length depends on the specified data density and is 2 microseconds
for MFM and 4 microseconds for FM, The DIR* signal is high for stepping
outwards and low for stepping inwards. DIR* is valid 12 microseconds before
the first stepping pulse is issued.

The stepping rate is the time interval between successive step pulses. It
may be defined for each drive in the attribute byte 1 of the '"Initialize
Floppy Disk Parameters" command according to the specifications of the
floppy disk drives used (See Paragraph 4.3.3.14). The following list shows
the available stepping rates for 5.25 inch and 8 inch floppy disk drives.

5.25 INCH 8 INCH

6 ms 3 ms
12 ms 6 ms
20 ms 12 ms
30 ms 15 ms

Read, write and verify operations on the disk will not be started until the
head settling time of 15 milliseconds has been elapsed after the last step
pulse.

2.7.6 Compensation

When using 8 inch floppy disks with double data density (MFM), it might be
necessary to compensate the flux shift on the media. This may be achieved
by two methods:* write-precompensation in the disk controller or
read-postcompensation in the disk drive. The IDTC supports both methods.

The method to be used may be specified for each floppy disk drive in the
"Initialize Floppy Disk Parameter" command (see Paragraph 4.3.3.14). This
command also specifies the number of the first cylinder with compensation.
The write precompensation is adjusted to a value of 200 nanoseconds.

When the read/write head is positioned on a cylinder requiring
compensation, the floppy disk controller asserts the output signal TG43*
This causes the drive to reduce the write current or to enable the
read postcompensation.
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2,7.7 Pnysical Disk Organization

The IDTC supports a wide range of different physical data organizations on
the floppy disks. For each disk, the number of disk sides, the number of
cylinders, the data density, the sector size, and the number of sectors per
track may be specified in the "Initialize Floppy Disk Parameters" command
(see Paragraph 4,3.3.14), The following table summarizes the valid values
for these parameters and illustrates their dependencies.

Table 2.13: Physical Floppy Disk Organizations

| DISK SIZE | 5.25 inch } 8 inch |
| # DISK SIDES | L or 2 | 1 or 2 |
+ —+ e —+
| # CYLINDERS | 40(48TPI) or 80(96TPI) | 77 |
- — —————— —
| DATA DENSITY |single (FM)|double (MFM)|single (FM)|double (MFM)|
| # BYTES/SECTOR |128]256|512]256|512|1024}128|256]512|256|512|1024]
| # SECTORS/TRACK | 16] 9| 5] 16] 9| 5| 26| 15] 8| 26] 15| 8]
+ Fmmt o e e e e e e e e e e e e -
| # SECTORS/TRACK 0 | 16).-9} .5}-16] .8} 4] 26} 15| B] 26| 14] 8]

2.7.8 Disk Capacity

The formatted floppy disk capacity (total number of data bytes per disk)
depends on the number of disk sides, the number of cylinders, the number of
sectors per track, and the sector size. It can be calculated wusing the
following formula:

# bvtes _ # bytes , # sectors
disk sector track

* # cylinders * # sides

2.7.9 Interleaving

Interleaving is a method of mapping logically contiguous sectors on a track
onto non-adjacent physical sectors. This technique is used for optimizing
the speed of systems which require additional processing time between
transferring successive sectors.

The interleave factor is equal to the number of physical sectors between
two contiguous logical sectors plus ome. It may be specified for each drive
in the "Initialize Floppy Disk Parameters" command (see paragraph 4.3.3.14)
and will affect the logical sector numbering during format operations. The
maximum value for the interleave factor is the number of sectors per track
minus one. The following table illustrates the logical sector numbering on
a track containing 16 sectors for several interleave factors.
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Table 2.14: 1Interleave Scheme

e 1 —

INTERLEAVE FACTOR LOGICAL SECTOR NUMBERS ON THE TRACK

| 1

1 152 o8 edr-Sosk o 00910 LI 12 13 1415 16 ¢
2 b8 P10 s 8O UEL 422 05 13 6 16 7 1558 16 - |
| 3 1 $3:°7 2218 .8 3714 .9 4 15 10516 4L &
13 i #1116 31015 4 $14 3 B1i13 2 7 12 ;
| 14 1.9 816 T 150604 S 13 412 311 210
; 15 1161516 13121110 9 8 7 6 5 4 3 2

As the IDTC provides a local buffer capable of storing one complete track,
it will reach its maximum speed with floppy disks being formatted without
interleaving. Therefore, it is recommended to specify an interleave factor
of | for floppy disks used mainly with the MVME319.

2.7.10 Spiral Offset

The spiral offset is a disk formatting technique which optimizes the system
speed when multiple continuous sectors are read or written which overstep
track boundaries. When the read/write head steps from one track to the
next, data transfers cannot continue until the head settling time has been
elapsed. To save one disk revolution when stepping from the last sector on
a track to the first sector on the next track, the logical sector numbers
on each track may be offset against the logical sector numbers of the
previous track by a specified number of physical sectors.

The IDTC provides an optional spiral offset of two sectors. This option is
selected in the "Initialize Floppy Disk Parameters" command (see paragraph
4.3.3.14) and will affect the logical sector numbering during format
operations. The following table illustrates the logical sector numbering
on a disk with 16 sectors per track without interleaving if the spiral
offset is used.

Table 2.15: Spiral Offset

| LOGICAL SECTOR NUMBERS ON THE TRACKS §

P

TRACK NUMBER

| i »

0 a2t 2B Le Srlipesy 8089 101112 13 L& 1516
1 LS 16 L 2 3 -Assimged. s8le9 10-11nl2 13 14
2 13141516 1 2 3 45 6 7 8 910 11 12
7 Jeenge @ 40 Va2 1328 at Indl6. " 15 2.5 3. 4. 5 B
78 Sreif 7 Biengl 105 e 20030l 157 161" "2 - 3.- 4
79 3 4 B G ETHEYESEI0IAT 12713 14 1546 1.2

2-34



2.7.11 Record Formats

The IDTC supports four formats for the data recorded on a floppy disk:
IBM 3740 and Motorola FM format for single density (FM) disks, and
IBM System 34 and Motorola MFM format for double density (MFM) disks. The
formats used have to be specified by the "Initialize Floppy Disk
Parameters" command for each floppy disk drive in the system before the
first disk access in a session (see Paragraph 4.3.3,14),

2,7,11.1 Single Density Formats

Single density floppy disks may be formatted either in IBM 3740 or in
Motorola FM format. In either format the sector size may be 128, 256 or
512 bytes. Depending on the sector size, the number of sectors per track
will be 16, 9 or 5 for 5.25 inch disks, or 26, 15 or 8 for & inch disks,
respectively.

The difference between the two formats.is the side and sector numbering
scheme in the sector ID fields on double sided disks: In IBM 3740 format
the side number byte reflects the physical disk side (0 or 1), and on both
disk sides the starting sector number is l. In Motorola FM format, however,
on both disk sides the side number byte is 0, and the sectors are numbered
from ! to n on side O, from n+l to 2*n on side 1 (where n is the number of
sectors per track).

Table 2.16 describes one track in IBM 3740 and Motorola FM formats.

2,7.11.2 Double Density Formats

Double density floppy disks may be formatted either in IBM System 34 or in
Motorola MFM format. In either format the sector size may be 256, 512 or
1024 bytes. Depending on the sector size, the number of sectors per track
will be 16, 9 or 5 for 5.25 inch disks,; or 26, 15 or 8 for 8 inch disks,
respectively. The difference between the two formats is the same as
described for single density floppy disks.

On double density floppy disks, track O on side O will always be formatted
in single density with a sector size of half the value specified for the
disk. If an even number of sectors per track is specified for the disk, the
number of sectors on track O will be the specified number. If an odd
number of sectors per track i1s specified for the disk, the number of
sectors on track 0 will be the specified number minus one. This formatting
method guarantees that track zero, where the operating system usually
stores the disk ID and the format parameters, can be read in any system for
defining the disk parameters.

Table 2.17 describes one track in IBM System 34 and Motorola MFM formats.
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Table 2.16: IBM 3740 and Motorola FM Formats
- e e e e e =
| NO. OF BYTES | CONTENTS | DESCRIPTION
40 SFE: «FF gap 0
6 $00,.00 2
1 SFC index mark
26 SEY .+ FF gap 1
) $00..00 "
1 SFE ID address wmark
I SXX track number:
800,827 For 5:25" 48 TPI
500...54F for 5.25" 96 TPI
500..:584C: for 8" 48 TPI
1 SEx side number:
$00, SO0l for IBM format
$00 for Motorola format this field
1 $xx sector number: repeated
$§01..810 for 5.25" IBM format 5, 9 or 16
$01..820 for 5.25" Mot format t> times for
$01..51A for 8" IBM format 5.25 inch,
$01..534 for 8" Mot format 8, .15 or 26
1 Sxx sector size: times for i
$00 for 128 bytes 8 inch disks |
S0l for 256 bytes
$10 for 512 bytes
2 SEXXXX ID CRC bytes
3.) SFF .. FF gap 2
6 $00..00 4
)| SFB data address mark
128/256/512 SHXs XX data
2 $XXXX "data CRC bytes
27 $FF..FF gap 3
XX SFF..FF gap &4

4
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Table 2.17: IBM System 34 and Motorola MFM Format

_Ar e, 1%

T

CONTENTS | DESCRIPTION

)
— -

| NO. OF BYTES

80 S4E. .4E gap O
12 $00..00 &
3 $E2 402 H
1 SFC index mark
50 S4E. . 4E gap 1
12 $00..00 " -
3 SAl..Al "
i SFE ID address mark
1 Sxx track number:

$005+ 827 For 5.25" 48 FRT
800, «$4F For 525" 96 TPL

$00,.84C for 8" 48 TPI
1 Sww side number:

$00, $01 for IBM format

$00 for Motorola format this field
1 SEX sector number: repeated

$01,.810 for 5.25" IBM format 5, 9 or 16
S0L..:820 for 5.25" Mot format E> times for

$01..81A for 8" IBM format 5.25 Anch,

801.. #8334 for 8" Mot format 8, 15 or 26
i} Sxx sector size: times for

$01 for 256 bytes 8 inch disks

$10 for 512 bytes
$11 for 1024 bytes

2 ' SRR ID CRC bytes
22 S4E. . 4E gap 2
12 $00..00 it
3 SAl..Al " i
1 SFB data address mark
256/512/1024 SXX. e XX data
2 SXXXX data CRC bytes
54 S4E. .4E gap 3
XXX S4E..4E gap 4

+
|
.
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2.7.12 Logical Disk Organization

The operating system organizes the data on the floppy disks in blocks of
256, 512 or 1024 bytes and assigns a continuous block number (CBN) to each
block. In the IDTC commands, the disk access is specified by block size
and CBN of the first block to be read or written. For locating the target
block on the floppy disk, the IDTC translates the' CBN given in the command
into side number, track number and sector number, using an intermediate
logical sector address (LSA).

All sectors on the floppy disk are given logical addresses, starting with
address O for sector 1l of track O on side 0, and assigning continuous
addresses in the order of ascending sector numbers. When the last sector of
a track on side O is reached, the addressing continues with sector 1 of the
same track number on side l. When the last sector of a track on side 1 1is
reached, the track number 1is incremented by one, and the addressing
continues with sector ! of the new track number on side O. This method
provides a unique logical sector address for each sector on the disk. Note
that these addresses do not appear physically on the disk; they are ounly
used by the IDTC firmware for the calculation process. '

Remember that on double density (MFM) floppy disks track O on side 0 will
always be formatted in single density (FM) with a sector size of half the
value specified for the disk. To achieve a constant logical sector size
throughout the disk, one logical sector on track 0 / side 0 of such disks
consists of two physical sectors.

The correlation between the continuous block number in the IDTC command and
the logical sector address is as follows:

log. sector address = continuous block number * 91955;5352—

sector size

The following examples illustrate the floppy disk organization. Table 2.18
shows the organization of a single sided, single density 5.25 inch floppy
disk with a sector size of 128 bytes and a block size of 256 bytes. Table
2.19 shows the organization of a double sided, double density 5.25 inch
floppy disk with a sector size of 256 bytes and a block size of 512 bytes.
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Table 2.18: FM Floppy Disk Organization Example

Track i 0 | 1--__ | 2

PSN ] SR - A oAt IS e U e O - RS PP AL S A TR TR S YO
LSA i B 177 foes] B 115 1798 T AT Leoel 3 1 31§ 32 . Jessuss
CBN I— 0 o 7 | 8 b | 15 1 16 .

Table 2.19: MFM Floppy Disk Organization Example

Track i 0 i | 1 .?j
Side } 0 1 1 | 0

PSN | 1] 2] 3] &]e..|13]16]15]16] 1 | 2 Jeee| 15 | 16 | 1 leeen..
LSA E B 1 1 Jews] B | 7 4 &8 § 9 lewsl 22 | 23 | 24 ?...TTT
CBN i 0 - 3 | 4 e | 11 g 12
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2.8 FLOPPYTAPE FUNCTIONS

The IDTC 1is capable of controlling a Cipher 525 FloppyTape with SA 850
interface, which appears to the controller like an 8 1inch floppy disk
drive. Because the data organization on a floppy tape is sector oriented
as on a floppy disk, single or contiguous blocks can be read or written
using the tape in a quasi start/stop mode.

The following paragraphs describe the FloppyTape operations, functions and
signals supported by the IDTC.

2.8.1 Drive and Stream Selection

The FloppyTape is selected as logical drive number 4. The tape contains b6
streams, which can be considered as the equivalent of disk sides. The IDTC
accesses a specific stream by using the drive select lines DRVO* and DRVI1*
plus side select line SS1* as follows:

DRVO=* DRV1#* SS1* Stream

OOk OO
QOO
OO~ O
LD~ O

To minimize the tape access time between successive operations on the same
drive, the IDTC will keep the select signals asserted for two seconds after
the completion of any command, unless another selection has to be made
immediately.

2.8.2 Drive Motor Control

The Head Load line on the SA850 interface serves as the FloppyTape Motor On
control signal. This signal is asserted in order to read or write data.
After assertion of the signal, a 400ms delay is introduced prior to any
data operation to allow the medium to reach full operating speed.

2.8.3 Drive Ready Detection

After having selected a drive and before performing any further operations,
the floppy disk/tape controller will check if the selected drive is ready.
The FloppyTape drive provides a READY* signal for this purpose. This signal
is asserted by the FloppyTape drive when a tape cartridge is inserted and
the retention pass is completed.
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The streams on the tape are divided into fixed length segments, which can
be considered as the equivalent of disk tracks. Each time the floppy
disk/tape controller asserts the STEP* control line, the tape is moved one
segment relative to the R/W head. The direction of movement is determined
by the state of the DIR* control line. If the DIR* signal is low, the tape
movement is dowmstream to the next segment; if the DIR* signal is high, the
tape movement 1s upstream to the previous segment.

2.8.5 Compensation

The floppy disk/tape controller 1is factory adjusted to give a write
precompensation of 200ns. This value may not be changed.

2.8.6 Physical Tape Organization

The FloppyTape is physically divided into 6 streams, each consisting of 255
fixed 1length segments. A segment may be considered as a track on a floppy
disk. Because the floppy disk/tape controller on the IDTC does not support
track numbers above 245, only segments 0-244 are used. The total number of
segments available is therefore 6 * 245 = 1470, Each segment is divided
into sectors as with a track on a floppy disk. The IDTC firmware supports
sector sizes of 256, 512 or 1024 bytes. The sector size determines the
maximum number of sectors per segment. i

Figure 2.11 illustrates the physical tape layout. Table 2.20 shows the

correlation between sector sizes, the resultant number of sectors per
segment and tape, and the tape capacity.

Figure 2.11: FloppyTape Layout

Stream D | Segment U | * = = = « & = = wing > |Segment 244| - - - - - >
Seream L | Gm = =i |Segment 244] < = = = = = = = = - - — | Segment 0
Stream 2 | Segment U | =~ = =~ = = = = = = = = > |Segment 244] - - - - - S
Stream 3 | < - - - - - |Segment 244] < = = = = = = = = - - - | Segment 0
Btrésm & | Segment D | = & = = = = = = = = « > |Segment 244] - - - - - >
Stream 5 | { = = = - - |Segment 244 < = = = = = = = = = - - | Segment 0 |

Table 2.20: Physical Tape Organization

| BYTES/ j SECTORS/ ] SEGMENTS/ | SECTORS/ TAPE ,

SECTOR | SEGMENT | STREAM | TAPE CAPACITY |

' 256 - b4 245 64680 16.6MB |
512 l 32 245 - 47040 24, 1MB
1026 | 17 245 24990 25.6MB
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2.8.7 Recording Format

The recording technique on the FloppyTape is MFM, with a format similar to
the IBM System 34 floppy disk format. The data rate is 500 Kbits/s.
Physical sector size and number of sectors per segment are user selectable
and specified with the "Initialize FloppyTape Parameters'" command (see
Paragraph 4.3.4,12). Table 2,21 shows the FloppyTape recording format.

.able 2.21: FloppyTape Recording Format

| NO. OF BYTES | CONTENTS | DESCRIPTION 5
1 - g b -
‘ 80 $4E..4E gap O
12 $00..00 sync bytes
3 €2, .62 control bytes
1 ; SFC index character
50 $4E. .4E gap 1
1.2 $00..00 gsector 1D sync bytes —————=———- i
3 SAl, . Al control character
1 SFE ID address mark
1 Sxx segment number ($00..S$F5)
1 $xx stream number ($00..305) E
a1 Sxx sector number ($00..$35)
1 $xx sector size:
801 for 256 bytes this field
$10 for 512 bytes %> repeated
$11 for 1024 bytes for all
2 SXXCEL ID CRC bytes sectors
22 S4E. .4E gap 2
12 $00..00 sector data sync bytes
3 SAl.,.Al control characters
1 $FB data address mark
256/512/1024 SEX e s XX data
2 Sz data CRC bytes
54/54/84 S4E..4E gap 3
XXX S4E..4E gap 4

2.8.8 Segment Skipping and Logical Streams

The Cipher 525 FloppyTape drive is provided for streaming operation. To
keep the tape streaming, the IDTC reads and writes data via a 21K buffer,
which accepts one complete tape segment. Because in most cases the time
interval between reading or writing a succeeding tape segment is too short
for copying data from or to a hard disk, 1-3 tape segments can be skipped
before transferring the next tape segment. The skipped segments are
accessed in 1-3 succeeding passes. The skip factor is specified in the
"Initialize FloppyTape Parameters'" command (see Paragraph 4.3.4.12).
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Figure 2.12 gives an example for a tape read with a skip factor of 2 in two
passes. Because each physical stream is read twice in this example, the
IDTC firmware would deal with 12 logical streams. A physical stream may

.consist of 1, 2, 3 or 4 logical streams according to the skip factors
I, 2, 3 and &,

Figure 2,12: Segment Skipping

LOG. STREAM ACCESSED SEGMENTS PHYS. STREAM
0 [0 =51 2 [=5] & [ = = S[260[=—5[247[=5 28—~ O
1 | e B e TR L = = = e 3 <—] 1 [<— <~ 1
2 (SO =517 (=51 T == = 5T20| =5 282|528k —-, 2
RN o vy g ey gy ol 06’ -3
I N e N S T e P A TF LT N
3 A=Al C = mm e k] T Gttt B
8 Sl Il—l S - ==~ S EET =3 358 =5 |~ ' D
7[R R 2R [2R0[C = = = & (=] 2 <1 0 =’ 1
5 a5l e B —m - = IHSIEIEIESIC N
0 |20k e AR PGB = e =] B l=] 2 = 0 [« 3

1. e e P B e SRAT =5 203 =5 -y b
11 Thh | <—| 2821 <— 25B]< = = <] & [4—] 2 |<—] 0 |< 5

2.8.9 Logical Tape Organization

The operating system organizes the data on the tape ‘in blocks of 256, 512
or 1024 bytes and assigns a continuous block number (CBN) to each block.
In the IDTC commands, the tape access is specified by block size and CBN of
the first block to be read or written. For locating the target block on the
tape, the IDTC translates the CBN given in the command into stream number,

segment number - and sector number, using an intermediate logical sector
address (LSA).

All sectors on the tape are given logical addresses, starting with address
0 for sector 1 of segment O on stream O, and assigning continuous addresses
in the order of ascending sector numbers. When the last sector of the
segment 1is reached, the specified number of segments is skipped, and the
addressing continues with sector 1 of the following segment on the same
stream. When the end of a stream is reached, the addressing continues with
the £first segment after skipping on the following logical stream. This
method provides a wunique logical sector address for each sector on the
tape. Note that these addresses do not appear physically on the tape; they
are only used by the IDTC firmware for the calculation process.

The correlation between the continuous block number in the IDTC command and
the logical sector address is as follows:

block size

log. sector address = continuous block number * ————————
sector size

The block size must be at least the sector size.
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2.8.10 Handling of Media Defects on the Tape

After formatting the tape, an automatic verification pass is performed by
reading all tape streams with the user specified segment skip factor. If a
sector cannot be found or a CRC error is detected, the corresponding
segment number is stored in a list in IDTC local RAM and the verification
continues with the next segment. At the end of the verification pass, the
controller writes this bad segment list into the fourth sector in segment 0
on stream 0 (logical sector address 3).

The bad segment list is shown in Table 2.22. It has a fixed size of 256
bytes and lists every bad segment by its physical segment number starting
with logical stream O. A total of 9 bad segments per logical stream are
allowed and if this is exceeded a '"Drive Error" occurs. Note that a tape
may have a maximum of 4 * 6 = 24 logical streams (segment skip factor = &)
and therefore 24 * 9 = 216 bad segments.

Table 2.22: Bad Segment List

BYTE # i DESCRIPTION ]
0-1 | total number of good segments on tape [
| 2-15 | $00 (not used) |
16 total number of bad segments on logical stream O
17-25 bad segment numbers of logical stream O in ascending order i
26 total number of bad segments on logical stream !
27-35 bad segment numbers of logical stream ! in ascending order
246 | total number of bad segments on logical stream 23
247-255 bad segment numbers of logical stream 23 in ascending order

= —
3 y

<+

Whenever sector #3 is read, the bad segment list is loaded into the IDTC
and the bad segments will be locked out for all further tape operations.

Note that a tape cartridge cannot be used if sector #3 is defective. Also
the user should never overwrite this secto<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>