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PREFACE

This manual provides information regarding the installation, programming,
operation, and servicing of the iISBC 215™ Winchester Disk Controller.

Related documents include:

The 8086 Family User’s Manual, Order No. 9800722

Intel MULTIBUS™ Specifications, Order No. 9800683

Intel 8080/8085 Assembly Language Reference Manual, Order No. 9800301
MCS-86™ MACRO Assembly Language Reference Manual, Order No. 900640
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8089 Assembler User’s Guide, Order No. 9800938

iSBX™ Bus Specification, Order No. 142686

iSBX 218™ Flexible Disk Controller Hardware Reference Manual, Order No.
121583
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GENERAL INFORMATION

CHAPTER 1

1-1. INTRODUCTION

The Intel iSBC 215™ Winchester Disk Controller
allows up to four Winchester technology disk drives
(see Table 1-2 for disk specifications) to be interfaced
with any Intel Multibus™ interface compatible
computer system. It supports drives that use either
open loop head positioning (Shugart SA600, SA1000
and SA4000, Quantum Q2000 or Fujitsu 2300, RMS
500, CDC Finch or Memorex 101) or closed loop head
positioning (Pertec D8000 or Priam 3350 and 3450).
It’s design is based on the Intel 8089 1/0 Processor,
which allows Direct Memory Access (DMA) trans-
fers, error detection and correction, and data
management. The controller can operate in a multi-
processor environment and is fully compatible with
all Intel 8-bit and 16-bit computers. The number of
tracks per surface, sectors per track, bytes per sector
and alternate tracks per surface are software select-
able for each drive unit. (In addition, the Memorex,
14" Shugart and Priam drives require that the sector

size be set internally as shown in Chapter 2.) The
single board assembly also features automatic error
recovery and retry, transparent data error correction
and multiple sector transfers. Seek operatigns on
multiple drives can be overlapped with a read/write
operation on another drive. The iSBC 215 controller
is fully compatible with Intel 8086 CPU 20-bit
addressing.

A typical multiple drive system using four Winches-
ter disk drives and the iSBC 215 controller is shown
in Figure 1-1. The controller also provides two Intel
iISBX™ Bus connectors, J3 and J4, which allow other
storage devices such as floppy disk drives or magnetic
tape cartridge drives to be interfaced with Multibus
interface compatible systems. The Intel iSBX 218™
Flexible Disk Controller, for example, attaches to one
iSBX™ Connector, J4, allowing the controller to be
interfaced with up to four double-density floppy disk
drives. Figure 1-2 shows a typical multiple drive sys-
tem using four 5%” or 8” floppy disk drives, theiSBC

INTERNAL
TERMINATOR
DRIVE 0 DRIVE 1 DRIVE 2 DRIVE 3

READ/WRITE CABLE

CONTROL CABLE

| IRl

J2 \

I J3 J4

I P1

P2
(Not used)

Muitibus™
Connector

iSBC 215™ WINCHESTER DISK CONTROLLER

Multibus™ Interface

Figure 1-1. Typical Multiple Drive System Using Winchester Disk Drives
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General Information

215 controller and the iSBX 218 Flexible Disk Con-
troller. It should be noted that the controller can
interface concurrently with Winchester disk drives
through connectors J1 and J2, and with other
storage devices through the iSBX™ Connectors, J3
and J4.

1-2. DESCRIPTION

The iSBC 215 Winchester Disk Controller is a single
board assembly. It may reside in any Intel backplane
or in a custom-designed configuration that is
physically and electrically compatible with the Intel
Multibus interface.

The host Central Processing Unit (CPU) communi-
cates with the Disk controller via four blocks of
information in host memory. Once the controller is
initialized, a CPU 1/0 write to the controller Wake-
Up Address initiates disk activities. The controller
accesses the four blocks in the host memory to
determine the specific operation to be performed,
fetches the required parameters and completes the
specified operation without further CPU intervention.

The controller board generates all drive, control and
data signals and receives the drive status and data

iSBC 215

signals required to perform the entire disk drive
interfacing task. During a disk read operation, the
controller accepts serial data from the disk, inter-
prets synchronizing bit patterns, verifies validity of
the data, performs a serial-to-parallel data conver-
sion, and passes parallel data or error condition
indications to host memory. During a disk write
operation, the controller performs parallel-to-serial
data conversion and transmits serial write data and
the write clock to the drive. As part of the disk
format and write function, the controller appends an
Error Checking Code (ECC) at the end of each ID
and data field. Using this ECC, the controller
hardware can detect errors of up to 32 bits in length;
controller firmware can correct errors of up to 11 bits
in length (see Figure 1-3).

The Intel 8089 I/0 Processor provides optimum
performance with minimum CPU overhead. An Intel
8288 Bus Controller and 8289 Bus Arbiter control
access to the Multibus interface. Intel 2732 EPROMs
provide on-board storage of the controller /0
control program and a resident diagnostic exerciser,
and 2114 Static RAMs provide local memory for data
buffering and for temporary storage of read/write
parameters.

INTERNAL
TERMINATOR—,

DRIVE 0 DRIVE 1

1 1

DRIVE 2 DRIVE 3

|| |

DISK CONTROLLER
(CONNECTS TO J4)

| iISBX 218™ FLEXIBLE

. VAN

P2
(NOT USED)

MULTIBUS™
CONNECTOR

MULTIBUS™ INTERFACE

Figure 1-2 Typical Multiple Drive System Using Flexible Disk Drives
and iSBX 218™ Flexible Disk Controller
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iSBC 215 General Information

CONTROLLER FIRMWARE
CORRECTS ERRORS WITHIN ’(—S 1" BITS—)‘ DEFECT
11 CONSECUTIVE BITS

CONTROLLER FIRMWARE
DETECTS ERRORS WITHIN l(—i 32 BlTS————*—————H DEFECT
32 CONSECUTIVE BITS.

Figure 1-3. Automatic Error Checking and Correction

1-3. SPECIFICATIONS Table 1-2 lists typical characteristics of the Winches-
ter disk drives that are compatible with the iSBC 215
Table 1-1 lists the physical and performance specifi- controller.

cations of the iSBC 215 Winchester Disk Controller;

Table 1-1. Board Specifications

COMPATIBILITY

CPU: Any Intel mainframe or any Multibus™ interface compatible CPU. The
controller can operate with either 16- or 20-bit addresses and with either 8- or
16-bit data bus widths.

Disk Drive: Winchester disk drives (see Table 1-2); both open-loop and closed-loop head
positioning types.

Two versions of controller firmware (located in ROMs U87 and U88) are
available, one for use with open-loop type drives and one for closed-loop
drives.

Flexible disk drives through on-board iSBX™ Connector (see iSBX 218™
Flexible Disk Controller specifications)

1-3



General Information iSBC 215
Table 1-1. Board Specifications (Continued)
DATA ORGANIZATION AND CAPACITY
Bytes per Sector Bytes/ SECTORS '
and Sectors per Sector 5%" Rotating 14" Fujitsu 2300/ 8” 14"
Track: Memory Systems | Shugart Memorex Pertec | Priam | Priam
128 54 96 64 69 70 104
256 31 57 38 42 42 62
512 17 31 21 24 23 34
1024 9 16 11 12 12 18
Formatted Disk Bytes FORMATTED CAPACITY/DRIVE?
Capacity: Sector 5%" Rotating Control Data 8" Shugart/ 14"
Memory Systems Corp Quantum Shugart
128 8.40 MBytes 29.25 MBytes 7.08 MBytes 19.86 MBytes
256 9.65 MBytes 28.03 MBytes 8.12 MBytes 23.58 MBytes
512 10.58 MBytes 24.98 MBytes 8.91 MBytes 25.65 MBytes
1024 11.21 MBytes 19.50 MBytes 9.43 MBytes 26.48 MBytes
Bytes FORMATTED CAPACITY/DRIVE? (Cont.)
Sector Fujitsu/ 8" 14"
Memorex Pertec Priam Priam
128 7.99 MBytes 12.35 MBytes 23.29 MBytes 22.40 MBytes
256 9.49 MBytes 15.03 MBytes 27.94 MBytes 26.71 MBytes
512 10.49 MBytes 17.17 MBytes 30.62 MBytes 29.29 MBytes
1024 10.98 MBytes 17.18 MBytes 31.95 MBytes 31.02 MBytes

Drives per Controller: Winchester Disk Drives — Up to four 8" Shugart, Quantum, Pertec or Priam
drives through connectors J1 and J2 (see Table 1-2); up to two Memorex

drives or 14" Shugart drives.

Flexible Disk Drives — Up to four 5%" or 8" drives through the iSBX 218
Flexible Disk Controller connected to the iSBC 215™ board’s iSBX™
connector, J4.

The controller hardware can detect errors of up to 32 bits in length; controlier
firmware can correct errors of up to 11 bits in length (see figure 1-3).

Error Detecting and Correction:

CONTROLLER CHARACTERISTICS

Mounting: Occupies a card slot in iSBC 604/614 Modular Cardcage/Backplane or equiv-

alent Multibus™ backplane connector.

Physical Characteristics:

Width: 17.2 cm (6.8 inches)
Length: 30.5 cm (12.0 inches)
Height: 1.3 cm (0.5 inches)
Weight: 0.54 kg (19 ounces)

Power Requirements: +5 Volts £5% @ 3.25 amperes maximum;

—5 Volts +5% @ 0.15 amperes maximum.

NOTE

Jumper and on-board voltage regulator allow —5 Volts or —12 Volts
from Multibus™ connector to be used as voltage source for —5 Volt.

Environmental:

Temperature: 0°C to +55°C, operating (+32°F to +131°F).
—55°C to +85°C, non-operating (—67°F to +185°F).
Humidity: Up to 90%, non-condensing.

Maximum allowable for corresponding selection of Bytes per Sector.

2Applies to the following drive models: 5%" RMS 512, Control Data Corp 9410-32, 8” Shugart SA1004, Quantum Q2010, 14"
Shugart SA4008, Memorex 101, Fujitsu 2301, Pertec D8000, 8" Priam 3450 and 14" Pram 3350.
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General Information

Table 1-2. Winchester Disk Drive Characteristics

Rotating Control Shugart Fujitsu
Memory Data Corp [SA1004'/ Quan 2301° Pertec Priam
Systems 512! 9410-322 tum Q2010 | Memorex 101 D8020? 3450

Capacity (Unformatted) [12.7 MBytes [31.89 MBytes [10.6 MBytes [11.7 MBytes [20.13 MBytes |34.94 MBytes
Read/Write Surfaces 8 4 4/23 4 3 5
Tracks/Surface 153 595 256 P44 466 520
Bytes/Track 10.4 KBytes 13.4 KBytes 10.4 KBytes 12 KBytes 14.4 KBytes 13.4 KBytes
Transfer Rate 625 KBytes/sec|806 KBytes/sec|524 KBytes/sec|593 KBytes/sec|864 KBytes/sed{806 KBytes/sec
Average Access Time 70 msec 50 msec 70 msec 70 msec 50 msec 50 msec
Rotational Latency 8.33 msec 8.33 msec 9.6 msec 10.1 msec 8.34 msec 8.3 msec
Track to Track 3 ms 10 ms 19 msec 20 msec 12 msec 10 msec

'Open loop step positioner.

3Quantum Q2010 has 2.

2Closed loop servo voice coil technology.







CHAPTER 2
PREPARATION FOR USE

2-1. INTRODUCTION

This chapter provides information for use in prepar-
ing and installing the iSBC 215 Winchester Disk
Controller. Included are instructions for unpacking
and inspection, installation, setting switches,
installing jumpers, and interfacing the controller
board with the Multibus connector and disk drives.

2-2. UNPACKING AND INSPECTION

On receipt of the iISBC 215 controller from the
carrier, immediately inspect the shipping carton for
evidence of damage. If the shipping carton is
damaged or water-stained, request that the carrier’s
agent be present when the carton is opened; if the
carrier’s agent is not present at the time of opening,
keep the carton and packing materials for subse-
quent agent inspection.

For repairs or replacement of an Intel product
damaged during shipment, contact Intel Technical
Support Center (refer to Chapter 5) to obtain a
Return Authorization Number and further instruc-
tions. A copy of the Purchase Order should be
submitted to the carrier with the claim.

Carefully unpack the shipping carton and verify
that the following items are included:

e iSBC 215 Winchester Disk Controller Printed
Wired Assembly

e iSBC 215 Winchester Disk Controller Schematic
Diagram

2-3. BOARD INSTALLATION
CONSIDERATIONS

The iSBC 215 controller can be installed in any Intel
cardcage/backplane or any user-designed backplane
that is compatible with the Multibus interface and
meets the controller’s power and Multibus connector
dimensional requirements. The controller occupies
one backplane slot.

When installing the controller in a serial priority
environment (e.g., within any of the Intel system
chassis), wiring modifications are required to
support serial priority; a daisy-chain technique, see
Figure 2-1, establishes priority, The priority input
(BPRN/) of the highest priority master is tied to
ground. The priority output (BPRO/) of the highest
priority master is then connected to the priority

HIGHEST LOWEST
PRIORITY PRIORITY
Fo BPRN/ —CO] BPRN/ FO BPRN/
(NOT INTERNALLY
CONNECTED)
BPRO/ BPRO/ BPRO/ [O—C

Figure 2-1. Serial Priority Resolution




Preparation for Use

input (BPRN/) of the next lowest priority master,
and so on. (“/” following the signal name indicates
an active low). This technique can accommodate a
limited number of masters due to gate delays
through the daisy-chain.

2-4. POWER REQUIREMENT

The board requires a +5 Volt +5% power supply at a
maximum current of 3.25 amperes, supplied through
the Multibus connector. When interfacing with 8”
Shugart/Quantum drives, an additional -5 Volt 5%
source at 150 milliamperes maximum is required.
This -5-Volt supply can be obtained directly from the
Multibus connector or from an on-board regulator
that uses either the -10 or -12-Volt source from the
Multibus connector (refer to Paragraph 2-14). When
interfacing with an iSBX Bus through J3 or J4,
additional voltage sources of +12 Volts, -12 Volts or
both may be required, also supplied through the
Multibus connector. (See individual iSBX Board
specifications for tolerances and current require-
ments of these supplies.) Before installing the
controller in a system chassis, make certain that the
associated power supplies can supply the additional
current that the controller board requires.

2-5. COOLING REQUIREMENT

When the controller is installed in a high tempera-
ture environment, make certain the ambient operat-
ing temperature does not exceed +55°C.

iSBC 215

2-6. MULTIBUS™ CONNECTOR

The controller communicates with the CPU and
other boards via the Multibus interface. Table 2-1
lists the Multibus connector pin assighments; Table
2-2 describes the controller Multibus interface
signals. Figure 2-2 provides a diagram of the
controller/Multibus interface timing signals and a
table of the timing requirements. Table 2-3 gives
current requirements and other characteristics
related to the controller/Multibus interface.

The controller is connected to the Multibus interface
through connector P1, an 86-pin, double-sided,
printed circuit edge connector with 3.96 mm (0.156
in) contact centers. Connector P2 is not used.

2-7. SWITCH/JUMPER CONFIGURATIONS

A number of switches and jumpers (see Table 2-4) are
provided on the controller board that allow the user
to conveniently set the controller for the system
environment in which it is to operate (8-bit or 16-bit
system data bus, 8-bit or 16-bit [/O addressing, etc.)
and for the type of drive to which it is to be
interfaced (Shugart/Quantum, Memorex, etc., or
1SBX board). Figure 5-1 shows the location of these
switches and jumpers on the board. They should be
set, as described in the following paragraphs, prior
to installing the board in a cardcage or backplane.

Table 2-1. Multibus™ Connector P1 Pin Assignment

P1 (Component Side) P1 (Circuit Side)
Pin {Mnemonic* Description Pin Mnemonic* Description
1 GND Signal GND 2 GND Signal GND
3 +5V +5Vvdc 4 +5V +5vdc
Power 5 +5V +5Vdc 6 +5v +5Vvdc
Supplies 7 +12Vv +12vdc 8 +12v +12vdc
9 -5V —5Vvdc 10 -5V —5Vdc
11 GND Signal GND 12 GND Signal GND
13 BCLK/ Bus Clock 14 INIT/ Initialize
15 BPRN/ Bus Pri. In 16 BPRO/ Bus Pri. Out
Bus 17 BUSY/ Bus Busy 18 BREQ/ Bus Request
Controls 19 MRDC/ Mem Read Cmd 20 MWTC/ Mem Write Cmd
21 I0RC/ 1/0 Read Cmd 22 IOWC/ 1/0 Write Cmd
23 XACK/ XFER Acknowledge 24 INH1/ Inhibit 1 disable RAM
Bus 25 Reserved 26 INH2/ Inhibit 2 disable PROM or ROM
Controls 27 BHEN/ Byte High Enable 28 ADR10/
and 29 CBRQ/ Common Bus Request 30 ADR11/ Address
Address 31 CCLK/ Constant Clk 32 ADR12/ Bus
33 INTA/ Intr Achknowledge 34 ADR13
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Table 2-1. Multibus™ Connector P1 Pin Assignment (Continued)
P1 (Component Side) _ P1 (Circuit Side)

Pin |Mnemonic* Description Pin Mnemonic* Description

gg’ :m% Parallel gg :mg; Parallel
Interrupts 39 INT2/ Interrupt 40 INT3/ Interrupt

41 INTO/ Requests 42 INT1/ Requests

43 ADRE/ 44 ADRF/

45 ADRC/ 46 ADRD/

47 ADRA/ 48 ADRB/

49 ADRS8/ Address 50 ADRY/ Address
Address 51 | ADR6/ Bus 52 | ADR7/ Bus

53 ADR4/ 54 ADRS5/

55 ADR2/ 56 ADR3/

57 ADRO0/ 58 ADR1/

59 DATE/ 60 DATF/

61 DATC/ 62 DATD/

63 DATA/ 64 DATB/
Data 65 DATS8/ Data 66 DATY/ Data

67 DAT6/ Bus 68 DAT7/ Bus

69 DAT4/ 70 DATS/

71 DAT2/ 72 DAT3/

73 DATO/ 74 DAT1/

75 GND Signal GND 76 GND Signal GND

77 Reserved 78 Reserved
Power 79 —12V —12Vdc 80 —12V —12vdc
Supplies 81 +5V +5vdc 82 +5V +5Vdc

83 +5V +5vdc 84 +5V +5Vdc

85 GND Signal GND 86 GND Signal GND

* /" tollowing the-signal-name-indicates an active low.

Table

2-2. iSBC 215™ Controller/Multibus™ Interface P1 Signal Descriptions

Signal

Functional Description

ADRO/, ADRF/
ADR10/-ADR13/

BCLK/
BHEN/

BPRN/

BPRO/

BREQ/

BUSY/

CBRQ/

DATO/-DATF/

Address. These 20 lines transmit the address of the memory location or |/O port to be accessed. For
memory access, ADRO/ (when active) enables the even byte bank (DAT0/-DAT7/) on the Multibus™
connector; i.e., ADRO/ is active for all even addresses. ADR13/ is the most significant address bit.

Bus Clock. Used to synchronize the bus contention logic on all bus masters.

Byte High Enable. When active low, enables the odd byte bank (DAT8/-DATF/) onto the Multibus™
connector.

Bus Priority In. When low indicates to a particular bus master that no higher priority bus master is
requesting use of the bus. BPRN/ is synchronized with BCLK/.

Bus Priority Out. In serial (daisy chain) priority resolution schemes, BPRO/ must be connected to the
BPRN/ input of the bus master with the next lower bus priority.

Bus Request. In parallel priority resolution schemes, BREQ/ indicates that a particular bus master
requires control of the bus for one or more data transfers. BREQ/ is synchronized with BCLK/.

Bus Busy. Indicates that the bus is in use and prevents all other bus masters from gaining control of
the bus. BUSY/ is synchronized with BCLK/.

Common Bus Request. Indicates that a bus master wishes control of the bus but does not presently
have control. As soon as control of the bus is obtained, the requesting bus controller raises the
CBRQY signal.

Data. These 16 bidirectional data lines transmit and receive data to and from the addressed memory
location or /O port. DATF/ is the most-significant bit. For data byte operations, DAT0/-DAT7 is the
even byte and DAT8-DATF/ is the odd byte.

2-3
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Table 2-2. iSBC 215™ Controller/Multibus™ Interface P1 Signal Descriptions (Continued)

Signal Functional Description

INIT/ Initialize. Reset the entire system to a known internal state.

INTO/-INT7/ Interrupt Request. These eight lines transmit interrupt requests to the appropriate interrupt handler.
INTO/ has the highest priority.

IOWC/ 1/0 Write Command. Indicates that the address of an 1/0 port is on the Multibus™ connector address
lines and that the contents on the Multibus™ connector data lines are to be accepted by the addressed
port.

MRDC/ Memory Read Command. Indicates that the address of a memory location is on the Multibus™ connector
address lines and that the contents of that location are to be read (placed) on the Multibus™ connector
data lines.

MWTC/ Memory Write Command. Indicates that the address of a memory location is on the Multibus™ connector
address lines and that the contents on the Multibus™ connector data lines are to be written into that
location. )

XACK/ Transfer Acknowledge. Indicates that the address memory location has completed the specified read or
write operation. That is, data has been placed onto or accepted from the Multibus™ connector data
lines.

Master Command Access Timing

BUSY/ BUS ACCESS BUS RELEASE
.___\/ y_
l——tDsﬂ

ADDRESS V ADDRESS STABLE v

_/\

l__—fAH

'w—'DHW——l
READ DATA }—DATA STABLE#

}w—'sc—’ tonr —i———l
COMMAND

(MRDC/OR MWTC/) \ /
tosx t)(»(r:o——l

WRITE DATA X DATA STABLE

XACK/
Slave Command Timing
1/0 ADDRESS >\4 ADDRESS STABLE 7\<;
LlSAs«»l '4—'5AH-——->|
1/0 WRITE DATA \/ \/
(FROM SYSTEM CPU) /N DATA STABLE "\
<—>+——1SDS <«—tSDHW —>|

COMMAND /
(1owc/) \

- tacc 4___,,, tXKO
XACK/ \ /

Figure 2-2. Master Command Access Timing

Y
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Bus Exchange Timing

‘4———— tBCy ——-——>I<—— tBL —»|<—— tBH—>

~<—{DRQ—>|

BREQ/ \
<«————tWAIT <—DBPN
BPRN/ o \
toaw=—'<——>| F—»’—-lonv
BUSY/ o
|~<—iosvo—>
BPRO/ 2— \
Time in Nanoseconds
Parameter Description
Minimum Maximum
tsAs 50 Address Setup Time to I/O0 Command
tsps 0 Data Setup Time to I/0O Command
tSAH 15 Address Hold Time from I/0O Command
tSDHW 30 Data Hold Time from 1/O Command
tACC 8000 1/0 Access Time
txko 100 XACK/Hold Time from I/O Command
tBCcy 125 Bus Clock Cycle Time
tBL 65 Bus Clock Low
tBH 35 Bus Clock High
tDRQ 35 Bus Request Delay
tpBY 60 Bus Busy Turn On Delay
tDBYF 35 Bus Busy Turn Off Delay
tDBPN 15 Priority Input Setup Time
tbBPO 25 BPRO/Serial Delay from BPRN/
tWAIT © Requesting Master Bus Access Time
tpB 50 Busy to Address/Data Delay
tsc 50 Address/Data Setup to Command
tXKCO 750 XACK/ to Command Turn Off
tAH 50 Address Hold Time
tDHW 50 Data Hold Time
tDHR 0 Read Data Hold Time
tDsX 0 Data Setup Time Before XACK/

Figure 2-2. Master Command Access Timing (Continued)
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Table 2-3. iSBC 215™ Controller/Multibus™ Interface Signal Characteristics

1. Driver Requirements:

lon = High Output Current Drive
loo = Low Output Current Drive
Co = Capacitance Drive Capability
TRI = 3-State Drive

0O.C.= Open Collector Driver

TTL = Totem-pole Driver

2.  Receiver Requirements:

lih = High Input Current Load
lit = Low Input Current Load
C) = Cap Active Load

Driver 1, 3 Receiver 2, 3
Bus Location Type loL lon Co Location e hn C,
Signals
Min_ . Min , Min,, Max, . Max , . Max,
DATO/- Masters TRI 32 —5000 300 Masters —0.5 125 18
DATF/ and
(16 lines) Slaves
ADRO/- Masters TRI 32 —5000 300 Slaves —-0.8 90 18
ADR13/,
BHEN/
(21 -lines)
MRDC/, Masters TRI 32 —-5000 300 Slaves —0.7 50 18
MWTC/
Slaves —-0.4 20 5
IOWC/
XACK/ Slaves TRI 48 —2000 300 Masters —-1.2 60 18
BCLK/ Master —0.5 60 18
BREQ/ Each TTL 10 —400 60
Master
BPRO/ Each TTL 10 —400 60
Master
BPRN/ Master -0.5 60 18
BUSY/, All O.C. 20 - 250 All -0.5 60 18
CBRQ Masters Masters
INIT/ All -0.5 60 18
INTO/- Slaves O.C. 40 - 300
INT7/
(8 lines)
Notes:

Low and High Voltage Requirements:
Receiver:
0=ViL=0.8V
20V=V|H=5.5V
Driver:
0=VoL=0.5V
2.4V=Von=5.5V

2-8. WAKE-UP ADDRESS SELECTION

The controller communicates with the host CPU
through four IO communications blocks located in
the host memory. When the controller is to receive
instructions, it goes to the beginning address of the
first I/0 communication block. This address is
called the wake-up address (WUA). The WUA may
be at any address in host memory. Sixteen WUA

switches (S1-1 through S1-8 and S2-3 through S2-10,
see Figure 5-1) are provided on the controller board
that allow the user to set the controller for the
selected wake-up address. The function of each
switch is shown in the table in Figure 5-1. Any
switch set to ON represents a logical 1.

The controller multiplies the settings of the WUA
switches by 24 (shifts the number four places to the
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left) to create a 20-bit WUA. Note that due to this
shift, the four least-significant bits of the selected
WUA must be zeros. When accessing host memory,
the controller transmits the entire 20-bit WUA
through the Multibus interface. If the host memory
uses 16-bit addressing, the four most significant bits
of the 20-bit WUA must be zero. This is accomplished
by setting the four most significant bits of the WUA
switches (S1-1 through S1-4) to zero.

Table 2-4. Configuration Jumpers
and Switches

Function

Pin or Switch

Wake-Up Address

8-Bit or 16-Bit System
Data Bus Capability

8-Bit or 16-Bit Host
Processor 1/0O Port
Addressing

Interrupt Priority Level

Any Request
Common Bus Request
Voltage Selection

Winchester Drive
Manufacturer Selection

iSBX Bus Control

S1-1 through S1-8
S2-3 through S2-10

S2-1

S2-2

W19-C to W19-0
through W19-7

w18
w23
W20- and W21

W1, W2, W5, W6
through W10
W13 through W17, w22

W3, W4, W11 and W12, W24

2-9. WAKE-UP 170 PORT
ADDRESS SELECTION

The host processor communicates with the controller
through an 1/0 port. The WUA switches also set the
address of this I/0 port. For a host processor with
8-bit I/0O port addressing, bits 0 through 7 of the
unshifted WUA determine the wake-up I/0 port
address; for a host processor with 16-bit I/O port
addressing, bits 0 through F determine the address.

1/0 Address Selection switch S2-2 on the controller
board (see Figure 5-1) determines the type of I/0 port
addressing the host processor uses: ON for 16-bit
addressing; OFF for 8-bit addressing.

2-10. SYSTEM DATA BUS SELECTION

System data bus selection switch S2-1 on the con-
troller board (see Figure 5-1) sets the controller for
the type of system data bus with which the controller
is to interface: ON for 16-bit bus, OFF for an 8-bit
bus. This switch allows the controller to use its 16-bit
data transfer mode to access the system bus (if the
system memory supports 16-bit accesses), even
though the host processor only supports 8-bit
accesses.

Preparation for Use

2-11. INTERRUPT PRIORITY LEVEL

The controller’s internal interrupt request signal can
be assigned to any of eight interrupt priority levels
(INTO/ to INT7/) on the Multibus connector. To
select the interrupt request priority level, place a
jumper link as shown in Table 2-5 and Figure 5-1.

Table 2-5. Interrupt Priority Level Selection

Wire Wrap
Priority
Level Selected From Pin To Pin
0 W19-C W19-0
1 W19-C W19-1
2 W19-C W19-2
3 W19-C W19-3
r W19-C W19-4
5 W19-C W19-5
6 W19-C W19-6
7 W19-C W19-7

2-12. ANY REQUEST SELECTION

The any request function allows the controller to be
set to relinquish control of the Multibus interface
following a request from:

1. A higher priority device only (jumper be-
tween pins W18-1 and W18-2 on the control-
ler board).

2. Any device, lower or higher priority, (jumper
between pins W18-1 and W18-3).

Figure 5-1 shows the location of the selection pins.

2-13. COMMON BUS REQUEST

The common bus request function allows the con-
troller to take advantage of higher bus transfer rates
by arbitrating for the use of the bus only when other
bus controllers have access requests pending. The
controller will:

1. Arbitrate for the bus on every access, (jumper
between pins W23-1 and W23-2 on the controller).
This mode is used when other bus controllers do
not implement common bus request.

2. Arbitrate for the bus to acquire the bus for the
first access and rearbitrate only when another
bus controller requests use of the bus.

2-14. WINCHESTER DRIVE INTERFACE

The iSBC 215 Winchester Disk Controller has been
designed to communicate with any of four unique

2-7
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Table 2-6. 8” Winchester Drive Manufacturer Selection

MANUFACTURER
Jumper Function
No. Memorex/
8" Shugart/[14” Shugart
5%"” RMS | Quantum [Fujitsu 2300{ Pertec Priam CDC
From To |From To |From To |From To | From To | From To
W1 1 3 1 3 1 3 1 2 1 2 1 3 Open/Closed Head Positioning
w2 — — — —_ 1 2 —_ — 1 2 1 2 Vendor Select
W5 1 2 1 3 1 2 1 2 1 2 1 3 RD —
wé 1 2 1 3 1 2 1 2 1 2 1 3 RD + Level
w7 1 2 1 3 1 2 1 2 1 2 1 3 RDCL + Select
w8 1 2 1 3 1 2 1 2 1 2 1 3 RDCL -
w9 — — 1 2 - — — — — — 1 2 Shugart Tri-State Select
W10 1 2 1 2 — — 1 2 1 2 1 2 Radial Select
W13 1 2 1 2 1 3 1 2 1 3 1 3 Hard/Soft Sectoring
w14 1 2 1 2 1 3 1 3 1 3 1 3 Shugart AM Control
W15 — —_ —_ - 1 2 1 2 1 2 1 2 Shugart GAP Control
W16 1 2 1 2 1 3 1 2 1 3 1 3 Hard/Soft Sectoring
W17 1 2 1 2 1 2 1 2 — — 1 2 INDEX Select
w22 1 2 1 2 1 2 1 3 1 2 1 2 Pertec RD Clock Select
Ng;la-nE's not installed
The iSBX bus control jumpers, W3, W4, W11 and W12, are factory wired for the configuration required when the
iSBX Bus is not being used. See Paragraph 2-17 and Table 2-9 for a description of the use of these jumpers.

Winchester technology disk drive interfaces: 8”
Shugart/Quantum, Memorex/14” Shugart, Pertec
and Priam.! The Shugart, Quantum and Memorex
drives use a stepper motor for head positioning
(called open-loop head positioning); the Pertec and
Priam drives use a linear positioner coupled with a
servo surface on one disk for position feedback
(closed-loop head positioning).

1The manufacturer’s models with which the control-
ler interfaces are: 8" Shugart (Models SA1002 and
SA1004), Quantum (Models Q2010, Q2020, Q2030
and Q2040), Memorex (Models 101 and 102), 14"
Shugart (Models SA4004 and SA4008), Pertec (Model
D8000), Rotating Memory Systems (Models 506 and
512) and Control Data Corporation (Models 9410 24
and 32), Priam (Models 570, 1070, 2050, 3350 and
3450).

The controller can control up to four 8’ Shugart,
Quantum, Pertec or Priam drives, or up to two
Memorex or 14” Shugart drives. It cannot control
drives of different manufacturers concurrently.

The jumpers listed in Table 2-6 allow the controller
to be set for the selected drive type. In addition, two
versions of the controller firmware (located in ROMs
U87 and U88) are available, one for use with open-
loop type drives and one for closed-loop drives.
Boards configured for use with open-loop drives
come from the factory with open-loop firmware
installed and with jumpers preset for 8” Shugart/
Quantum drives; boards configured for closed-loop

2-8

drives come with closed-loop firmware and with
jumpers preset for Pertec drives. Converting the
controller from the 8” Shugart/Quantum interface to
a Memorex/14” Shugart interface or from Pertec to
Priam merely requires changing the connections of
some of the jumpers as shown in Table 2-6 and
Figure 5-1. Converting the controller from an open-
loop interface to a closed-loop interface, and vice
versa, requires the ROMs to be changed in addition
to changing jumpers.

Interface cables must also be constructed and in-
stalled according to the type of drive being used as
described in Paragraph 2-15.

2-15. -5-VOLT SELECTION (8” SHUGART/
QUANTUM CDC DRIVES ONLY)

Figure 5-1 shows the location of the Voltage Selection
pins for the -5 Volt power supply. Install jumpers as
described in Table 2-7 to select -5 volts either from
the Multibus connector or from the on-board regula-
tor and to select the voltage source for the regulator.

2-16. CABLING REQUIREMENTS

Interface cables between the controller and the disk
drives must be fabricated according to the type of
drive being used and the number of drives. Figures 2-3
through 2-7 show the connector pin assignments for
the controller and for each type of drive. A 50-pin
mass-terminated socket connector 3M 3425/6050 or
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equivalent, is recommended for mating with J1 of
the controller board. A 40-pin 3M 3417-6040 or
equivalent connector is recommended for mating
with J2. The mass-terminated sockets are easily
attached to flat ribbon cable using the jig that the
connector manufacturer supplies. The Control Cable
that connects to J1 requires a 50-conductor ribbon
cable; the Read/Write cable that connects to J2
requires one or two 20-conductor ribbon cables,
depending on the drive configuration (refer to Para-
graph 2-16). Cable length for the control cable cannot
exceed a total length of 10 feet; total length for any
Read/Write cable must not exceed 10 feet. See the
respective service manual for the type of connectors
required for the cable end that connects to the drives.

Each of the cables shown in Figures 2-3 through 2-7
require a number of wire cross-overs “scrambling”
between the controller connectors and the drives. It
is suggested that the scrambling be done at the drive
interface connector.

NOTE

The cabling and drive interconnecting infor-
mation given in Paragraphs 2-15 and 2-16
and in Figures 2-3 through 2-6, reflect the
specifications at the time this manual was
printed. Before proceeding with construction
of interconnecting cables, check the drive’s
hardware reference manual for current pin
assignments and interface requirements.

2-17. DRIVE INSTALLATION

The requirements for connecting the controller to the
disk drive or drives varies between drive types. The
following discussion and Figure 2-10 describes the
specific interconnection requirements for each drive
type.

Shugart SA1000 or Quantum Q2000. When
connecting the controller to a single 8’ Shugart/
Quantum drive, a Shugart SA1200 Data Separator
and three interconnecting cables are required (see
Figure 2-10. One control cable and one NRZ read/
write cable are required to interface the controller
with the drive and data separator, respectively. A
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separate MFM read/write cable is then required to
transmit read/write information between the data
separator and the drive.

When controlling multiple drives, Drive 0 (which is
called the master and is equipped with the data
separator) allows control and read/write data to be
routed to and from up to three additional slave
drives. The control cable for multiple drive configur-
ations is daisy-chained from the master to the slave
drives. Physically, the cable consists of a ribbon
cable with an in-line connector for each drive. One
MFM read/write cable is required from each slave
drive to the master drive.

Memorex 101 and 102 or Shugart SA4000. The
controller can drive one or two Memorex/14"” Shugart
drives. When connecting the controller to a single
drive, both a control and a read/write cable are
required. When controlling two drives, a single
cable, such as the control cable described for the
Shugart/Quantum drives, is required that daisy-
chains the control information to both drives as
shown in Figure 2-10. A split (bifurcated) cable is
required to route NRZ read/write data to and from
the two drives.

Pertec D8000 and Priam 570, 1070, 2050 and
3450. The connector on the Pertec and Priam drives
transmit both control and read/write data. When
connecting the controller to a single drive, a bifur-
cated (split) cable that combines the control lines
and the read/write lines from the controller is
requires as shown in Figure 2-10. When controlling
multiple drives, a cable such as the control cable
described for the Shugart drives is required that
daisy-chains the control and read/write information
between the four drives.

RMS 500. When connecting the controller to a
single RMS drive, an RMS Data Separator and three
interconnecting cables are required. See Figure 2-8
similar to Shugart SA1000 and Quantum Q2000
above.

Table 2-7. -5-Volt Selection

Jumper From To Function
w21 1 2 Select -5 volts from Multibus™ connector
1 3 Select -5 volts from regulator (requires jumper to be set on W20)
W20 1 2 Select -10 volts from Multibus™ connector as source for -5 Volt regulator
1 3 Select -12 volts from Multibus™ connector as source for -5 Volt regulator

29
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8” Shugart/Quantum Drive Cable Wiring Diagrams

8" Shugart/Quantum Drive 0
Mating Connector

50-Pin

© 0 N O O h WD =

» W W W W W W WOow WOWMNMNDNNDNDNDNDNDNODN = 4 A -l

Ground (GND)

iSBC 215 Controller*
Mating Connector J1

50-Pin

-Head Select 22 (-HS2/)

Yy

-SEEK COMPLETE (SKCOMY/)

Ground (GND)

YY

Ground (GND)

-HEAD SELECT 2°(-HS0/)

Ground (GND)

YY

“HEAD SELECT 2 (-HS1/)

Ground (GND)

JINDEX (INDEX/)

Ground (GND)

-READY (READY/)

YY Jv YYVY

-DRIVE SELECT 1 (US0/)

-DRIVE SELECT 2 (US1/)

Y

Ground (GND)

-DRIVE SELECT 3 (US2/)

Ground (GND)

-DRIVE SELECT 4 (US3/)

Ground (GND)

-DIRECTION IN (DIR/)

YYYYYYY

-STEP (STEP/)

-WRITE GATE (WRGATE/)

Y

Ground (GND)

-TRACK 000 (TRACK 0/)

Ground (GND)

-WRITE FAULT (FAULT/)

Ground (GND)

YYYYYY

46 through 50 — no connections

Figure 2-3. 8” Shugart/Quantum

30
27

19
44

31
26

32

39
15
35
11

22

23
47
24
48
25
49
21

20

13
38
17
41

34

Drive Interconnecting Cable Requirements

Shugart Data Separator iSBC 215 Controller Connectors*

Mating Connector J5

20-Pin

AN = o b b ek ke
O W 0O ~N O U h WN =2 O

" Shugart Data Separator

© 00 N O O A WN =

-READ GATE (RDGATE/)

J1 Mating Connectors J2

50-Pin

Ground (GND)

-AMF (SECTOR/)

Ground (GND)

-WRAM (ADMKENY/)

Ground (GND)

YYYYYY

-RWC (RDWRCURY/)

12
36
16
37
42
40

40-Pin

Ground (GND)

+NRZ WRITE DATA (WRO0+)

-NRZ WRITE DATA (WRO0-)

Ground (GND)

+WRITE CLOCK (WRCLO-)

-WRITE CLOCK (WRCLO+)

Ground (GND)

+READ CLOCK (RDCLO+)

-READ CLOCK (RDCLO-)

Ground (GND)

+NRZ READ DATA (RDO+)

-NRZ READ DATA (RDO-)

Ground (GND)

YYYYYYYYYYYYYY

Mating Connector
20-Pin

© 0 N O O &~ W N =

N — =t b o ol o
O W O ~NO O A WDND =+ O

-DRIVE SELECTED/

27
8
5

24

25

26
6
7
3

23
4

21
2

22

8” Shugart/Quantum Drive 0

Mating Connector

20-Pin

Ground (GND)

SPARE

Ground (GND)

SPARE

Ground (GND)

SPARE

Ground (GND)

+TIMING CLK

-TIMING CLK

Ground (GND)

Ground (GND)

+MFM Write Clock

-MFM Write Clock

Ground (GND)

Ground (GND)

+MFM READ DATA

-MFM READ DATA

Ground (GND)

Ground (GND)

YYYYYYYYYYYYYYYYYYYY

*iSBC 215™ Controller (signal name) in parentheses.

© 00 NO O A WN =

N = b d ed el o ed d ek
O © 00 NO O, & WN - O
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1 —————P 49/33

2 —————— 3 50/34
1 ————3 13

©

2 —= 20

8" Shugart/Quantum/RMS
Drive 0

-

1 — 3 25

26— P 50 2H— 3 40

Shugart/Quantum :

@ 50-Pin Card @ 40-Pin 3M Female
Edge Connector

@ — 20-Pin Card
34-Pin Card @ - P
Edge Connector Edge Connector

iSBC 215 Controller

=

50-Conductor
Ribbon Cable

J1 Scramble Wires
at drive.

|

20-Conductor
B Ribbon Cable
52 — —
(——
Data Separator
Drive 0 Data Separator
20-Conductor -
b Ribbon Cable

Figure 2-3. 8” Shugart/Quantum Drive Interconnecting Cable Requirements (Continued)
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Fujitsu 2300/Memorex/14” Shugart Drive Cable Wiring Diagram

Memorex/14” Shugart Drive
Mating Connector

50-Pin

-Head Select 0 (-HSO0/)

iSBC 215 Controller*
Connector J1

50-Pin

Ground (GND)

-Head Select 1 (-HS1/)

Ground (GND)

-Head Select 2 (-HS2/)

Ground (GND)

© 0O N O A WN =

-Index (INDEX/)

—
o

YYYYYY

Ground (GND)

e
-

-Drive Ready (READY/)

Y
N

Ground (GND)

—_
w

-Sector/Byte Clock (SECTORY/)

-
H

Ground (GND)

—
[$)]

-Drive Select 1 (US0/)

e
o

Ground (GND)

pury
~

-Drive Select 2 (US1/)

ey
oo}

Ground (GND)

pre
©

-Drive Select 3 (US2/)

N
o

Ground (GND)

N
pare

-Drive Select 4 (US3/)

[\
N

YYYYYYYYYYYYY

N
w

-Direction (DIR/)

N
S

Ground (GND)

N
()]

-Step (STEP/)

N
(2]

YYY

[\¥]
<

-Fault Clear (FLT CLR/)

N
o]

N
©

-Write Gate (WRGATE/)

[
o

Y

Ground (GND)

w
g

-Track 0 (TRACK 0/)

w
N

Ground (GND)

w
w

-Write Fault (FAULT/)

w
»

Ground (GND)

w
a

-Read Gate (RDGATE/)

w
[«

Ground (GND)

w
J

Ground (GND)

w
©

YYYYYYYYY

*iISBC 215™ Controller (signal name) in parentheses.
**When interface with a 14" Shugart drive pins 15 and 16 on
both radial connectors should be swapped: pin 15, +PLO
Clock (RDCLO+); pin 16, -PLO Clock (RDCLO-).

Figure 2-4. Fujitsu 2300/Memorex/14” Shugart Drive Interconnecting Cable Requirements

26
30

31
27
32

15
40
11
36
16
41
22
47
23
48
24
49
25

21
44
20

18

13
38
17
33

35
12
37
40

Memorex/14" Shugart Drive
Mating Connector

Drive 0 20-Pin

Seek Complete (SKCOMO/)

iSBC 215 Controller*
Connector J2

40-Pin

Ground (GND)

W N OO O WN =

-Write Data (WRO0-)

[{e]

10 “Write Data (WR0+)

1 Ground (GND)

12 -Write Clock (WRCLO-)

13 +Write Clock (WRCLO+)

Ground (GND)

14

15"—PLO Clock (RDCLO-)

16 +PLO Clock (RDCLO+)

17 Ground (GND)

18 +Read Data (RDO+)

-Read Data (RDO-)

19

20 Ground (GND)

Memorex/14"” Shugart Drive
Mating Connector
Drive 1

20-Pin

-Seek Complete (SKCOM1/)

YYYYYYYYYYYYYY

29
10
5
24
22
26
6
4
23
3
25
21
2
7

iSBC 215 Controller*
Connector J2

40-Pin @

Ground (GND)

-Write Data (WR1-)

© 00 N O O h W N =

+Write Data (WR1+)

_
o

Ground (GND)

—
—_

-Write Clock (WRCL1-)

-
N

+Write Clock (WRCL1+)

-
w

Ground (GND)

—_
E-N

-PLO Clock (RDCL1-)

e
(6]

+PLO Clock (RDCL1+)

-
=]

Ground (GND)

-
~

+Read Data (RD1+)

—
o]

-Read Data (RD1-)

-
[{e]

Ground (GND)

N
o

YYYYYYYYYYYYY Jr

38
13
14
33
34
35
15
31
32
12
16
30
1
36
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Preparation for Use

1 P 49 1 P 25 1 ——3 20
2 —P 50 26 I 50 21— 40
1 ) 19 50-Pin Card 40-Pin 3M Female
Edge Connector Connector
50-Pin 3M Female 20-Pin Card
Connector Edge Connector
2 — P29
Memorex/14" Shugart
Drive 0 iSBC 215 Controller
- ——
— e 50-Conductor I
F— -~ - —_ _Ribbon Cable — - R
\ — [, [
A} — _ _ E— — 1
J1
Memorex/14"” Shugart
Drive 0
O)=== - ©,
T - D -
< — Memorex/14" Shugart _______40-Conductor —— -
— Drive 1 - - Ribbon Cable

O

Memorex/14"” Shugart

Mating

Connectors
Scramble Wires
at drive.

J2

Figure 2-4. Fujitsu 2300/Memorex/14” Shugart Drive Interconnecting Cable Requirements

(Continued)
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Pertec Drive Cable Wiring Diagram

Pertec Drive Mating Connector iSBC 215 Controller Connector*
so-pin () J150-Pin (2) J2 40-pin (3)

; 1/0 Bus Bit 0 (BUS 0/) - 2;
3 1/0 Bus Bit 1 (BUS 1/) > o
4 1/0 Bus Bit 2 (BUS 2/) > o7
5 1/0 Bus Bit 3 (BUS 3/) > 3
6 1/0 Bus Bit 4 (BUS 4/) > 28
7 1/0 Bus Bit 5 (BUS 5/) 2
g /O Bus Bit 6 (BUS 6/) ; 29
o 1/0 Bus Bit 7 (BUS 7/) - 5
10 Ground (GND) > 30
11 Ground (GND) > 31
12 Call Request (COMMANDY/) e 7
Ground (GND)
13 - > 32
14 Drive Request > 8
is Ground (GND) > 33
16 Transfer Acknowledge (BUS ACK/) - 14
17
18 Safe (GND)
;3 Drive Ready > 11
21 Ground (GND) > 36
29 I1/0 Ready (SKCOM/) > 19
03 Ground (GND) - 37
04 Write Gate > 13
o5 Ground (GND) > 38
26 Read Gate >~ 12
07 Ground (GND) ; 39 54
o8 Read/Wr.lte Data Plus (RDO- and WRO-) I > 2
29 Read/Write Data Minus (RDO+ and WRO+) _ > 21
10 Gr?und (GND) > 40 l 5
31 Unit Select 0 > 20
32 Unit Select 1 > 23
Unit Select 2 -
23 Unit Select 3 ; 2:
35 Ground (GND) - 41
36 Read/Write Clock Plus RDCLO-) > 23
37 Read/Write Clock Minus (RDCLO+) > 3
38 Ground (GND) > 44
Read/Write Address Mark (ADMKENY/)
39 > 42
40
41 Address Mark Detect (SECTORY/) > 18
Ground (GND)
42 > 47
Index
43 > 15
44
45 Ground (GND) > 22
46 Ground (GND)
47 > 4
Zg Ground (GND) *iISBC 215™ Controller (signal name) in parenthe&s. »s

Figure 2-5. Pertec Drive Interconnecting Cable Requirements
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1 ———-—)- 49 {———— P25 1—P 20
2 50 26 ——————————FP 50 21 ———————P 40
@ @ 50-Pin 3M Female Connector @ 40-Pin 3M Female Connector
Sc:ir‘):c iSBC 215 Controller
- —_—

@z_-‘—'“ E@

50-Conductor
Ribbon Cable

Pertec Mating J1
Connector
Scramble Wires 1 @
at drive. 40-Conductor —— ]
Ribbon Cable —]
J2

Figure 2-5. Pertec Drive Interconnecting Cable Requirements (Continued)
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. Priam Drive Cable Wiring Diagram
Priam Drive Mating Connector iSBC 215 Controller Connector

50-Pin @ J1 50-Pin @ J2 40-Pin @

; +DBUS 0 (BUS 0/) N 2;
3 +DBUS 1 (BUS 1/) > o
4 +DBUS 2 (BUS 2/) > o7
5 +DBUS 3 (BUS 3/) > 3
6 +DBUS 4 (BUS 4/) > o8
7 +DBUS 5 (BUS 5/) > 2
8 +DBUS 6 (BUS 6/) ; -
g +DBUS 7 (BUS 7/) > 5
10 Ground (GND) - 30
11 -READ GATE 12
12 Ground (GND) > 31
:i Ground (GND) > 32
15 -WRITE GATE > 13
16 Ground (GND) > 33
17 0 > 7
15 R > 20
+AD1 4
19 TADO : 45
z? Ground (GND) : i;
20 -DRIVE SELECT 1 _
03 -DRIVE SELECT 2 : 03
o4 -DRIVE SELECT 3 : o4
05 -DRIVE SELECT 4 ; 05
%6 Ground (GND) > 38
Ground (GND)
27 —» 39
zg -HEAD SELECT 3 .~ 13
30 -HEAD SELECT 2 > 18
31 -HEAD SELECT 1 > 10
32 Ground (GND) > 41
33 -INDEX - 15
a4 Ground (GND) >~ 19
35 -READY > 11
36 Ground (GND) > 44
37 -SECTOR MARK > 16
38 Ground (GND) - 47
39 +WRITE DATA > s
-WRITE DATA
40 > 24
a1 Ground (GND) > 92
42 +WRITE CLOCK > 2%
43 -WRITE CLOCK > &
44 Ground (GND) - 4
45 +READ/REFERENCE CLOCK - 23
4% -READ/REFERENCE CLOCK - 3
47 Ground (GND) > 05
48 +READ DATA > 21
49 -READ DATA -
50 Ground (GND) *iSBC 215™ Controller (signal name) in parentheses.: 7

Figure 2-6. Priam Drive Interconnecting Cable Requirements
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1 > 49 11— 25 11— 20
2 ————————— P 50 26 ————————P 50 21 ——————F 40
@ @ 50-Pin 3M Female Connector @ 40-Pin 3M Female Connector
B?i?l'en iSBC 215 Controller
+-—_ ___>
50-Conductor ]
Ribbon Cable

Priam Mating J1
Connector
Scramble Wires
at drive.
40-Conductor —— | @
Ribbon Cable _ —————
J2

Figure 2-6. Priam Drive Interconnecting Cable Requirements (Continued)
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iSBC 215

5%" RMS Drive 0

Mating Connector
34-Pin é

-Head Select 22 (-HS2/)

51%” RMS Drive Cable Wiring Diagrams

iSBC 215 Controller*
Mating Connector J1

50-Pin

Ground (GND)

Write Gate (WRGATE)

Ground (GND)

-SEEK COMPLETE (SKCOM/)

Ground (GND)

Track 000 (TRACKO1)

-t
- O © O NG A WN =

Ground (GND)

Write Fault (FAULT/)

e
N

Ground (GND)

-
w

-HEAD SELECT 2° (-HSO0/)

-
H

Ground (GND)

ey
[$)]

— -
N O

-HEAD SELECT 2' (-HS1/)

Py
(o]

Ground (GND)

Y
o

-INDEX (INDEX/)

N
o

Ground (GND)

N
phre

-READY (READY/)

[\
N

Ground (GND)

N
w

Step (STEP/)

N
£

YYYYYYY

N
[&]

-DRIVE SELECT 1 (US0/)

N
[«

Ground (GND)

N
<

-DRIVE SELECT 2 (US1/)

nN
(o]

Ground (GND)

N
©

-DRIVE SELECT 3 (US2/)

(9]
o

Ground (GND)

w
-

-DRIVE SELECT 4 (US3/)

(]
N

YYYYYYY

w
w

-DIRECTION IN (DIR/)

w
H

Y

15
39
1
35
20

22
47
23
48
24
49
25

21

RMS Data Separator

Mating Connector
20-Pin G)

RMS Drive 0

Mating Connector

20-Pin
] -DRIVE SELECTED/ > 1
2 Ground (GND) >
3 SPARE > 3
4 Ground (GND) > 4
5 SPARE > 5
6 Ground (GND) > 6
7 SPARE > 7
5 Ground (GND) > 8
o +TIMING CLK > 9
10 -TIMING CLK > 10
i1 Ground (GND) - 11
12 Ground (GND) > 12
13 +MFM Write Clock > 13
14 -MFM Write Clock > 14
15 Ground (GND) > 15
16 Ground (GND) > 16
17 +MFM READ DATA > 17
-MFM READ DATA o
:: Ground (GND) : ::
20 Ground (GND) > 20

RMS Data Separator
Mating Connector J5

iSBC 215 Controller Connectors*
J1 Mating Connectors J2

20-Pin 50-Pin @ 40-Pin

] -READ GATE (RDGATE/) > 12

o Ground (GND) > 35

3 -AMF (SECTORY/) > 16

4 Ground (GND) > 37

5 -WRAM (ADMKEN/) > 42

6 Ground (GND) > 40

7 -RWC (RDWRCURY/) > 07
8 Ground (GND) > g
0 +NRZ WRITE DATA (WRO0+) > 5
10 -NRZ WRITE DATA (WRO0-) > 24
1 Ground (GND) > 25
12 +WRITE CLOCK (WRCLO-) > 26
13 -WRITE CLOCK (WRCLO0+) > 6
14 Ground (GND) > 7
15 +READ CLOCK (RDCLO0+) > 3
16 -READ CLOCK (RDCLO0-) > 23
17 Ground (GND) > 4
18 +NRZ READ DATA (RDO+) > 21
19 -NRZ READ DATA (RDO-) > 2
20 Ground (GND) > 20

*iSBC 215™ Controller (signal name) in parentheses.

Figure 2-7. 54" RMS Drive Interconnecting Cable Requirements
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Control Data Corp Drive Cable Wiring Diagrams

Drive Mating
Connector

50-Pin @

© 00 N O A WN =

NN NN N NNN = Ao d e od b

iISBC 215 Controller*
Mating Connector J1

50-Pin @

36
37
38
39
40
41
42
43

a4

45
46
47
48
49
50

Step (STEP/)

20

Write Gate (WRGATE/)

Y

\/

Ground (GND)

13

TRACK 0 (TRACK 0/)

38

Yy

Ground (GND)

17

Write Fault (FAULT/)

35
9

Ground (GND)

YYY

(SECTORY/)

33

Ground (GND) a7

Read Enable (RDGATE/) : 12

Fault Reset (FLTCLR1) > 18

-Head Select 2' (HS4) _

Ground (GND) > 31 Vee

o (HSO/ Byte Clock*

Head Select 2° (HS0/) > 26 to Sector

Ground (GND) » 30 | Pulse Conversion
Logic

-INDEX (INDEX/) .

Ground (GND) 4 20

Drive Ready (READY/)

Ground (GND) ; ;; J2 - 29 (SKCMO)
Byte Block |
Ground (GND) > 40

Drive Select 1 (US0/) > 22

Ground (GND) > 47

Drive Select 2 (US1/) > 23

Ground (GND) > 48

Drive Select 3 (US2/) > 24

Ground (GND) > 49

Drive Select 4 (US3/) > 25

-Direction (DIR/) > 21

Ground (GND) > 44

Drive Mating Connector

Y

16
iSBC 215 Controller

20-Pin Mating Connector J2
1 » J1-15
2 > J2 - 10
3 » To Sector Generator Board
4

5

6

7 > J1-11
g Write Data + (WRO0+) > 5
10 Write Data - (WRO0-) ; 04
1 Ground (GND) > 22
12 Write Clock + (WRCLO+) > 2
13 Write Clock - (WRCLO-) > 6
14 Ground (GND) > 4
15 Servo Clock + (RDCLO+) > 3
16 Servo Clock - (RDCLO-) > 23
17 Ground (GND) > 38
18 Read Data + (RD0+) > D1
19 Read Data - (RDO-) > 2
20 Ground (GND) > 7

*Refer to Drive Manufacturer for Application Details

Figure 2-8. Control Data Corporation Drive Interconnecting Cable Requirements
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1 P 49 1 I 25 1—P 20
2 I 50 26 4) 50 21 P 40
1 ) 19 50-Pin Card 40-Pin 3M Female
Edge Connector Connector
50-Pin 3M Female 20-Pin 3M Female
Connector Connector
2 ——— P 29
Memorex/14” Shugart
Drive 0 iSBC 215 Controller
- —_—

© e ———— T ®

N T T 50-Conductor R
F_.w .- _ __ Ribbon Cable — e

J1

Memorex/14” Shugart
Drive

J2

Scramble Wires
at drive.

Figure 2-9. Control Data Corporation Drive Interconnecting Cable Requirements
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DRIVE DATA
0 SEPARATOR

DRIVE 1 DRIVE 2 DRIVE 3

1 1 1 1 1 r

N I O I

R/W READ/WRITE
READ/WRITE
CONTROL
READ/WRITE
—
CONTROL
| ‘Internal Termination:
LJ J 220/330 O, RPAK,
J1 J2 DIP @ IC Location
iSBC 215 Shugart - 8C
CONTROLLER Quantum - J6
RMS -
INTERFACE WITH 8" SHUGART/QUANTUM OR 5%" RMS DRIVES NOTE
Termination locations
may change. Consult
manufacturer’s
DRIVE 0 DRIVE 1 hardware reference
manual for drive.
1 1 1 1 2Internal Termination:
220/330 O, RPAK,
DIP @ IC Location
Memorex - 18D
Shugart - 3H
READ/WRITE
CONTROL
a1 J2
iSBC 215
CONTROLLER
INTERFACE WITH MEMOREX/14" SHUGART DRIVES
DRIVE 0 DRIVE 1 DRIVE 2 DRIVE 3

1 1 1

CONTROL AND
READ/WRITE

READ/WRITE

CONTROL 3Internal Terminator:
220/330 QRPAK,

DIP, located @

Pertec - U134
Priam - Near Interface
Connector
J1 J2
iSBC 215
CONTROLLER

INTERFACE WITH PERTEC AND PRIAM DRIVES

Figure 2-10. Controller to Drive Interfacing
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Table 2-8. J3 and J4 Pin Assignments

Pin Mnemonic Description Pin Mnemonic Description
43 MD8 MDATA Bit 8 44 MD9 MDATA Bit 9
41 MDA MDATA Bit A 42 mDB MDATA Bit B
39 MDC MDATA Bit C 40 MDD MDATA Bit D
37 MDE MDATA Bit 3 38 MDF MDATA Bit F
35 GND Signal Ground 36 +5V +5 Volts
33 MDO MDATA Bit 0 34 MDRQT M DMA Request
31 MD1 MDATA Bit 1 32 MDACK/ M DMA Acknowledge*
29 MD2 MDATA Bit 2 30 OPTO Option 0

27 MD3 MDATA Bit 3 28 OPT1 Option 1
25 MD4 MDATA Bit 4 26 RDMA Terminate DMA
23 MD5 MDATA Bit 5 24 Reserved
21 MD6 MDATA Bit 6 22 MCS0/ M Chip Select 0
19 MD7 MDATA Bit 7 20 MCSs1/ M Chip Select 1
17 CND Signal Gnd 18 +5V +5 Volts

15 IORD/ /0 Read Cmd 16 MWAIT/ M Wait

13 IOWRT/ 1/0 Write Cmd 14 MINTRO M Interrupt O

11 MAO M Address 0 12 MINTR1 M Interrupt 1

9 MA1 M Address 1 10 Reserved

7 MA2 M Address 2 8 MPST/ iSBX Multimodule

Board Present

5 RESET Reset 6 MCLK M Clock

3 GND Signal Gnd 4 +5V +5 Volts

1 +12V +12 Volts 2 -12Vv -12 Volts

All undefined pins are reserved for future use. *The iSBC 215 does not drive this signal.

2-18. iISBX MULTIMODULE™ INTERFACE

Controller board connectors J3 and J4 have each
been designed to interface with Intel iSBX I/0
controllers or other I/O modules designed to meet
the Intel iSBX Bus Specifications. The Intel iSBX
218 Flexible Disk Controller connects to the J4
connector and provides an interface between the
i1SBC 215 controller board and up to four 5%4” or 8”
double density flexible (floppy) disk drives. The
iSBX 218 controller interfaces directly with the iSBC
215 software as described in Chapter 3. Instructions
for installing the iSBX 218 controller on iSBC 215
board are given in Paragraph 2-18.

2-22

1/0 modules that interface the iSBC 215 controller
with other storage devices such as magnetic tape
cartridge drives or bubble memories can also be
designed and connected to J3, J4 or both, (see Table
2-8). The device select function of the iSBC 215 soft-
ware allows the controller to be interfaced with up to
256 devices through an iSBX connector, J3 and J4.
Note that DMA Acknowledge Pin 32 is not con-
nected on the iSBC 215. A more detailed description
of the iISBX Bus is given in the Intel iSBX Bus Speci-
fication manual, Order No. 142686.

The iSBX bus control pins, W3, W4, W11, W12 and
W24 (see Table 2-9), control the External Terminate,
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%ﬁ/\)

% %

iSBC™ 215 BOARD

Figure 2-11. Installing the iSBX 218™ Board on the iSBC 215™ Controller Board

and DMA request lines on the iSBX bus. (See Figure
5-1 for the location of these pins on the controller
board.) The asterisks in Table 2-9 indicate the
required jumper configuration for these pins when
the iSBX bus is not to be used. Information on the
use of these pins for user designed iSBX bus inter-
faces is given in Paragraph 3-32.

Instructions for writing controller-to-drive interface
software for I/0O modules designed to the iSBX Bus
Specifications are given at the end of Chapter 3.

2-19. iSBX 218™ BOARD INSTALLATION

The iSBX 218 board connects to J4. Six screws and
three threaded spacers secure the Multimodule board
to the controller board as shown in Figure 2-9. Before
installing the iSBX 218 board, install a jumper wire
between pins W12-1 and W12-3 and between pins W4-
1 and W4-2 on the iSBX 215 board. A single cable
that transmits both control and read/write informa-
tion is required to connect the iSBX 218 controller to
the flexible disk drives as shown in Figure 1-2. Refer
to the iISBX 218™ Flexible Disk Controller Hardware
Reference Manual, Intel Order No. 121583, for
further installation details and operating information.
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Table 2-9. iSBX™ Bus Control Jumper Pins

Pin
Pins | Connection | Function

W3 1-2* External Terminate (J3) terminated
on controller board.
— External Terminate (J3) driven by
iSBX 1/0 Controller
W4 1-2* External Terminate (J4) terminated
on controlier board
— External Terminate (J4) driven by
iSBX 1/0 controller
W11 1-2 OPOQO0 (J3) driven
1-3 OPO1 (J4) driven
- OPO00 and OPO1 receiving
w12 1-2 OP10 (J3) driven
1-3 OP11 (J4) driven
—* OP10 and OP11 receiving
W24 1-2 The iSBX 1/0 controller on J4 uses

DMA request and the iSBX i/O con-
troller on J3 does not use DMA re-
quest or is not installed.

1-3 The iSBX 1/0 controller on J3 uses
DMA request and the iSBX 1/0 con-
troller on J4 does not use DMA re-
quest or is not installed.

—* Either both iSBX I/0 controllers are
not installed or both use the DMA
request or neither use the DMA
request.

*Required configuration when either the external termi-
nate function or when the iISBX™ Bus is not being used

(factory wired).

2-24
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2-20. POWER UP/DOWN
CONSIDERATIONS

If power is applied to, or removed from, the system
while a drive is READY, a spurious disk write
operation could occur. To prevent this from happen-
ing always ensure that the drives are not spinning
when system power to the controller is switched on
or off.

2-21. DIAGNOSTIC CHECK

A PROM-resident self-diagnostic may be used to
verify the controller operation. Instructions for
execution of the diagnostic are given in Chapter 3.
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CHAPTER 3

3-1. INTRODUCTION

This chapter describes the programming conven-
tions that must be followed to initiate and monitor
the transfer of data between the host memory and a
disk drive (or the iSBX connector). Included in this
section are a discussion of: disk organization, track
sectoring format, disk controller communications
protocol, interrupt handling, the use of disk control
functions, and special instructions for programming
1/0 transfers through the iSBX interface.

3-2. PROGRAMMING OPTIONS

The iSBC 215 Winchester Disk Controller has been
designed to interface with Winchester technology
disk drives as specified in Chapters 1 and 2. The
board also has two iSBX connectors that allow it to
communicate with other I/0 devices through an
iSBX 1/0 Controller such as the iSBX 218 Flexible
Disk Controller.

The iSBC 215 controller contains a ROM resident
1/0 transfer program, designed to control data
transfers between the controller and Winchester
drives as well as between the controller and flexible
disk drives connected to the iSBX 218 controller.
Paragraphs 3-5 through 3-30 provide instructions for
using the iISBC 215 controller firmware.

In addition, the iSBC 215 controller can also execute
programs that the user has written in 8089 assembler
code to control other I/0 devices through the iSBX
bus on the board. Instructions for writing and using
these programs are provided in Paragraphs 3-31 and
3-32.

3-3. DISK ORGANIZATION

In the following discussion, a head is assumed to be
associated with a single disk surface. Each surface
can have up to 4096 tracks (circular data paths
numbered 0 through 4095). The set of tracks on
multiple recording surfaces at a given head position
or location is referred to as a “cylinder” (see Figure
3-1). A drive that has 4096 tracks per surface thus
has 4096 cylinders.

Each track is divided into equal-sized sectors. Each
of these sectors includes a sector identification block
with error checking information and a data block,
also with error checking information. The iSBC 215
controller allows the user to select the size of the data
block; the size of the data block then determines the
maximum number of sectors permitted per track (as
shown in Table 1-1).

HEAD

KJ
/]

)
\//

(.

X

TRACK

SURFACE

4

A

CYLINDER

Figure 3-1. Disk Drive Organization and Terminology
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3-4. TRACK SECTORING FORMAT

The controller generates the format of the sector
identification block, the data block and the error
checking fields of each sector of the disk, one track at
a time. Figure 3-2 shows how the controller organizes
this information for 8” Winchester drives. Refer to
Paragraph 3-14 and 3-15 for further information on
track formatting. Refer to the iSBX 218™ Flexible
Disk Controller Hardware Reference Manual for
information on flexible disk track formatting.

iSBC 215

3-5. CONTROLLER 1/0
COMMUNICATIONS BLOCKS

The host processor and the disk controller use four
blocks of host memory and one host 1/0 port to
exchange instructions and status. The I/0 commu-
nications blocks are titled: Wake-Up Block, Channel
Control Block, Controller Invocation Block and I/0
Parameter Block. Sixty-eight bytes of host memory
must be dedicated to the I/O communications
blocks.

INDEX

NDEX
R /S L
AM OR
AP | SFCToR| GAP | ritrp |GAP| am | PIELD | 5AP | sEcToR| GAP | FiELn | GAP | am2| BikLD SECTOR|GAP| miiD | GAP | am2 | BIELD [GAPS
1 |puLse | 2 0 3 0 4 |'puLse | 2 1 3 1 PULSE | 2 n 3 n S
T e nomGH] ek er | sECTOR | HEAD |ECC VNS | DATA BYTES (128, 256, 512 or 1024) |ECC
BYTES 1 1 1 1 1 a 4
GAP AND FIELD SIZES IN BYTES
FUJITSU 2300/
) MEMOREX/
8" SHUGART/RMS/ 14" SHUGART
FIELD QUANTUM CDC 9410 - 32 PERTEC PRIAM
GAP 1 1 0 1 0
ADDRESS MARK 1 02 3 02
OR SECTOR PULSE
GAP 2 0 12 14 12
ID FIELD 9 9 9 9
GAP 3 12 14 20 20
ADDRESS MARK 1 0 0 0
(Beginning of
Data Field)
DATA FIELD
Bytes/Sector
128 133 133 133 133
256 261 261 261 261
512 517 517 517 517
1024 1029 1029 1029 1029
GAP 4 17 8 22 8
8" Shugart/Quantum drives only.
2Sector Pulse
3GAP 5 is of indeterminate length. It is residual unused space.

Figure 3-2. Sector Data Format
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HOST
PROCESSOR

WAKE-UP
BLOCK

CHANNEL
CONTROL
BLOCK

CONTROLLER
INVOCATION
BLOCK

1/0
PARAMETER
BLOCK

DATA
MEMORY

—————— —
|
INTEL | DISK
8089 DRIVE
10P | UNIT
O
|
|
RAM
l

Figure 3-3. Host CPU-Disk Controller Interaction Through the I/0 Communications Block

NOTE

Following the initialization of the controller,
the Wake-Up Block, Channel Control Block
and Controller Invocation Block must be
maintained at their assigned locations. The
location of the I/0 Parameter Block can be
changed providing that the I/O Parameter
Block Pointer in the Controller Invocation
Block is changed to correspond to the new
location.

The controller uses these blocks to perform three
basic functions: initialize the controller, check and
transmit status, and obtain user selected disk access
functions and parameters. In addition to these /0
communications blocks, certain controller functions
(such as track formatting) also require data/para-
meter buffers in host memory. Dedicated locations in
host memory, however, are not required for these
buffers. One I/0 port in the host processor’s address-

able I/0 space is also required. The host uses this
port, called the Wake-Up I/0 Port, to initiate
controller activity.

The sequence in which the controller accesses these
blocks varies with the type of operation being
performed, but for general data transfers (reads or
writes), the blocks are accessed as follows:

@ The host loads the I/0 Parameter block in
system memory with a command and para-
meters for the function the controller is to
perform (for example read data). See Figure 3-3.

@ The host then transmits a wake-up command
(01H) to wake-up I/0 port, signaling the control-
ler to go to I/0O communications blocks for
instructions.

@ The controller goes to the Channel Control
Block and links its way through the Controller
Invocation Block to the I/0 Parameter Block.
(The Wake-Up Block is used only during control-
ler initialization and by 8089 firmware.)
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At the I/0 Parameter Block, the controller reads
the command and parameter data into its RAM
and begins the data transfer function.

@ The controller reads data from the selected drive
into its RAM, then performs a DMA transfer of
the data from RAM into system memory.

When the data transfer is complete, the control-
ler posts the status in the Controller Invocation
Block, sends an interrupt to the host and awaits
further instructions.

These 1/0 communications blocks are accessed in a
similar manner when performing a write function.

A detailed description of these blocks and the data
required in each is provided in Paragraphs 3-7
through 3-11. Refer to Paragraphs 2-7 through 2-10
for a discussion of selecting the wake-up address,
wake-up I70 port address and 8-bit or 16-bit host.

3-6. HOST CPU-CONTROLLER-DISK
DRIVE INTERACTION

Figure 4-2 shows a simplified block diagram of the
major hardware sections of the host CPU, host
memory, controller and disk drives. The host system
memory contains all the controller I/O communica-
tions blocks, as well as the data buffers. The host
initiates controller activity through the wake-up I/0
port, which it addresses through the Multibus inter-
face. The Intel 8089 I/0 processor (IOP) handles all
communications between the host CPU, host mem-
ory and disk drives, once the host has initiated con-
troller activity. Controller operations software is
contained in on-board PROM. RAM on the controller
board facilitates intermediate data storage between
the host and the disk drive. The iSBX bus provides a
second I/0 transfer path between the controller and
an 1/0 controller such as the iSBX 218 Flexible Disk
Controller.

3-7. WAKE-UP 1I/O PORT

To invoke controller activity, the host CPU transmits
a wake-up command byte to the controller through
the wake-up I/0 port. Three wake-up commands are
allowed:

00H CLEAR INTERRUPT — Con-
troller to host interrupt is reset;
controller reset is cleared.

01H START OPERATION — In-
structs controller to start the
operation that the elements of
the I/0 parameter block define.

3-4
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02H RESET CONTROLLER — Per-
forms hardware reset of control-
ler. A clear interrupt (00H) must
be initiated following this com-
mand. (Each time the controller
is reset, the communications
link between the controller and
the host must be re-established
through the Initializing func-
tion.)

03H through FFH Reserved.

The sixteen wake-up address switches on the control-
ler board determine the address of the wake-up I/0
port as described in Paragraph 2-9.

3-8. WAKE-UP BLOCK

The Wake-Up Block is the first of the I/O communi-
cations blocks (see Figure 3-4). It is used to establish
a link between the controller and the I/0 communi-
cations blocks in host system memory.

3-9. CHANNEL CONTROL BLOCK

The controller uses the Channel Control Block to
indicate the status of the internal processor (the
Intel 8089 I/0 Processor) and to invoke processor
program operations. The Channel Control Block
requires 16 bytes (see Figure 3-5). Except for the
BUSY 1 flag (byte 1) and the Controller Invocation
Block address (bytes 2 through 5), the information
contained in this block is used to invoke controller
operations that are transparent to the host.

3-10. CONTROLLER INVOCATION BLOCK

The controller uses the Controller Invocation Block
(CIB) to post status to the host CPU and to locate the
starting address for the controller’s on-board disk
interface program. The status semaphore byte (byte
3) has a special purpose. The host uses this byte to
indicate to the controller whether it has read the
current contents of the status byte and is ready for a
status update. The Controller Invocation Block
requires 16 bytes (see Figure 3-6).

3-11. I/0 PARAMETER BLOCK

The I/0 Parameter Block (IOPB) contains the
controller operating commands, which define the
function the controller is to perform (read, write,
etc.), and the parameters of the function (memory
address, disk head and cylinder, etc.). The I/0
Parameter Block requires 30 bytes of host memory
space. Figure 3-7 describes the function of each byte.
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Programming Information

7 0 7 0
1 (Reserved)* 01H 0 <«——— Wake-Up Address
3 CCB Offset 2
5 CCB Segment 4

* Set to all zeros.

Byte Function
0 SYSTEM OPERATION COMMAND — Must be set to 01H.
1 Reserved.
2 through 5 CHANNEL CONTROL BLOCK (CCB) ADDRESS — Address of first byte of Channel Control Block.
(Address = Offset + Segment X 2%).
Figure 3-4. Wake-Up Block
7 0 7 0
1 BUSY 1 CCW 1 0
3 CIB Offset 2
5 CIB Segment 4
7 (Reserved)* 6
9 BUSY 2 CCWw 2 8
11 CP Offset 10
13 CP Segment 12
15 CONTROL POINTER 14
* Set to all zeros.
Byte Function
0 CHANNEL CONTROL WORD 1 — Indicates location of Intel 8089 I/O Processor control store program:
01H — Controller local memory (ROM)
03H — Host system memory. (Used only when executing user written I/O program from host memory.
(Refer to paragraph 3-32.)
1 BUSY 1 FLAG — Indicates whether controller is busy or idle.
00H — Idle
FFH — Busy
2 through 5 CONTROLLER INVOCATION BLOCK (CIB) ADDRESS — Address of fifth byte of Controller
Invocation Block.
6 and 7 Reserved.
8 CHANNEL CONTROL WORD 2 — Must contain 01H.
9 BUSY 2 WORD — Not meaningful to host CPU.

10 through 13

14 and 15

CONTROL POINTER ADDRESS — Address must point to the Control Pointer in the next sequential
word.

CONTROL POINTER — Must be set to 0004H.

Figure 3-5. Channel Control Block
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7 0 7 0
1 Op. Status (Reserved)* 0
3 St. Sema. CMND Sema. 2
5 CSA Offset 4
7 CSA Segment 6
9 I0PB Offset 8
11 10PB Segment 10
13 12
(Reserved)*
15 14

* Set to all zeros.

Byte Function

0 Reserved.

1 CONTROLLER OPERATION STATUS — Bits 0 through 2 indicate event completed. Bit 3 indicates
the device that completed the event. Bits 4 and 5 indicate drive associated with event. Bit 6 indicates
error: soft (recoverable), 0, or hard, 1. Bit 7 indicates a summary error that can be checked through
the transfer error status function (refer to paragraph 3-28).

Tes[«[3]2[ 1] o]
l—-> Operation Complete
—— > Seek Complete
———— > Media Change Detected
» Device: 0 = Winchester Disk Drive
1 = iSBX 218™ Flexible Disk Drive

»  Unit ID
» Hard Error
» Summary Error

2 COMMAND SEMAPHORE — Controller does not use this byte. It is provided for use as a multi-
processor interlock.

3 STATUS SEMAPHORE — Controller posts status only when this byte is 00H; when new status has
been posted, controller sets byte to FFH. When host CPU has read status, it sets this byte to 00H.

4 through 7 CONTROL STORE PROGRAM ADDRESS — Starting address of controllers on-board disk interface
program. Set to 0000H.
‘zéznggehd‘f’ I/0 PARAMETER BLOCK ADDRESS — Address of first byte of 1/O parameter block.

Figure 3-6. Controller Invocation Block

3-12. TYPICAL CONTROLLER
OPERATIONS

The following section describes how to set up the I/O
communications blocks in the host memory, how to
initialize the controller and how to perform the
various data transfer operations. It is assumed that
the controller board has been properly installed as
described in Chapter 2.

3-6

3-13. INITIALIZING THE CONTROLLER

The controller must be initialized before any data
transfer activities between the host system memory
and the disk drives can be initiated. Initialization of
the controller involves:

1. Establishing a link between the 8089 and the
[/0 communications blocks in host system
memory.
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Programming Information

7 0 7 0
1 (Reserved)* 0
3 (Reserved)* 2
5 4
Actual Transfer Count
7 6
9 Device Code 8
1 Function Unit 10
13 Modifier 12
15 Cylinder 14
17 Sector Head 16
19 DB Offset 18
21 DB Segment 20
23 22
Requested Transfer Count
25 24
2 e 2
29 o e 29

* Set to all zeros.

Byte

Name and Function

0 through 3
4 through 7

8 and 9

10

Reserved.

ACTUAL TRANSFER COUNT — Count of bytes actually transferred between the system and the disk
or controller. Four-byte binary number, least significant bits in first byte. Controller writes count to
IOPB following termination or completion of an operation. If count does not match requested transfer
count, operation was prematurely terminated; check status. When performing the track formatting
function, a count of 6 is set in the Actual Transfer Count word. When performing the status transfer
function, the count is set to 12. When initializing drive 0, this word has a special function. It is used to dis--
play the controller firmware’s version number as shown below:

"T"J s|4fs]2]1]o]

Version Minus 1

Y

DEVICE CODE — Code for type of device being accessed.
0000H — 8" Winchester Drive 0003H — iSBX 218 5%" Flexible Disk
0001H — iSBX 218 8" Flexible Disk
UNIT — Code for drive unit being accessed: bits 0 and 1 address unit code; bits 2through 7 are reserved.

[7]e[s]2]s[2]1]o]
T Unit: — > Volume:

0 through 3 0 — Fixed
1 — Removable

FUNCTION — Code for operation to be performed. Refer to following discussion of typical controller
operations for a detailed discussion of these operations:

00H INITIALIZE
01H TRANSFER STATUS
02H FORMAT

Figure 3-7. I/0 Parameter Block Description

3-7



Programming Information iSBC 215
03H READ SECTOR ID
04H READ DATA
05H READ TO BUFFER AND VERIFY
06H WRITE DATA
07H WRITE BUFFER DATA
08H INITIATE TRACK SEEK
09H - 0BH Reserved
0CH iSBX EXECUTE
ODH iSBX TRANSFER
OEH BUFFER /O
OFH DIAGNOSTIC
12 and 13 MODIFIER — Code to modify function codes.
Bit 0 Suppresses interrupt on command completion when set to 1.
Bit 1 Automatic retries for error recovery are inhibited when set to 1.
Bit 2 Allows READ DATA, READ TO BUFFER AND VERIFY, WRITE DATA and
WRITE BUFFER DATA functions to be modified to read or write deleted
data, respectively, through the iSBX 218™ 1/0 controller: 0 = Normal Data;
1 = Deleted Data.
Bits 3 through 15 Reserved.
14 and 15 CYLINDER — Binary number specifying logical cylinder code; bit 0 is least significant bit of number.
16 HEAD — Binary number specifying logical head code; bit 0 is least significant bit of number.
17 SECTOR — Binary number specifying logical sector code; bit 0 is least significant bit of number.
18 through 21 DATA BUFFER ADDRESS — Address of first byte in host system memory data (parameter) buffer.
22 through 25 REQUESTED TRANSFER COUNT — Count of bytes requested to be transferred between the system
and the disk or controller. Four-byte binary number, least significant bits in first byte. See description
of ACTUAL TRANSFER COUNT, bytes 4 through 7 in IOPB.
26 through 29 GENERAL ADDRESS POINTER — General purpose address pointer.

Figure 3-7. 170 Parameter Block Description (Continued)

2. Reading the parameters that describe the disk
drives with which the controller is to interface
into the cegtroller’s RAM buffer, using the
Initialize function (FUNCTION = 00H).

This initialization must be performed following a:

1. Power-on event.

2. Controller reset (02H written to the wake-up I/0
port).

After the controller has been initialized, any of the
data transfer functions described in Paragraphs 3-14
through 3-25 can be performed in any sequence.
(Refer to Paragraphs 4-12 through 4-15 for a detailed
explanation of controller initialization.)

The following procedure gives the sequence in which
the controller initializing activities must be per-
formed. Prior to initializing the controller, check that

NOTE

When the system is first powered-on, the
Pertec or Priam drives will not spin until
each has received an initialize command.
For each drive, the initialize command thus
cannot be completed until the drive has
reached its operating speed and entered the
ready state. This spin-up time varies from
approximately 20 seconds for the Priam
drives to 90 seconds for the Pertec drives.

The Shugart and Memorex drives spin-up as
soon as power is applied. If an initialize
command is issued to a unit that has not yet
reached operating speed, a not ready error is
posted.

To initialize the controller, the host CPU must
perform the following steps:

1. Establish addresses for the four I/0 com-
munications blocks in host memory:

the system data bus switch (S2-1), the host system Wake-Up Block 6 Bytes
I/0 address switch (S2-2), the wake-up address Channel Control Block 16 Bytes
switches (S1-1 through S1-8 and S2-3 through S2-10), Controller Invocation Block 16 Bytes
and the interrupt level jumper have been set as [/0 Parameter Block 30 Bytes

described in the procedure titled Switch/Jumper
Configurations in Chapter 2.

Remember that the address of the first byte of
the Wake-Up Block must be equal to the wake-up
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10.

11.

12.

address set in the controller’s wake-up address
switches times 2¢. For example, if the switches
are set to 0673H, the address of byte 0 of the
Wake-Up Block is:

06730H 20-Bit Addressing
6730H 16-Bit Addressing

Set up the shaded bytes in the Wake-Up
Block (see Figure 3-8).

Set BUSY 1 flag (Optional). Set the BUSY 1
flag (byte 1 of the Channel Control Block) to
non-zero (FFH). This allows the host to monitor
the BUSY 1 flag to find out when the initializa-
tion procedure is complete.

Reset the controller. Host writes a 02H to the
wake-up I/0 port.

Clear the reset. Host writes a 00H to the
wake-up 1/0 port.

Establish the host-controller communica-
tions link. Write a 01H to the wake-up I/0
port. The controller goes to the Wake-Up Block
in host memory and records the address of the
Channel Control Block, then goes to the Channel
Control Block and clears the BUSY 1 FLAG. On
all subsequent 01H commands to the wake-up
I/0 port, the controller will go to the Channel
Control Block.

Set up the shaded bytes in the Channel
Control Block as shown in Figure 3-8.

Set up the shaded bytes in the Controller
Invocation block as shown in Figure 3-8.
Be sure the STATUS SEMAPHORE, byte 3, is
set to OOH.

Set up the shaded bytes in the I/0 Para-
meter Block as shown in Figure 3-8. Be sure
the UNIT, byte 10, is set for the correct unit
number and the FUNCTION, byte 11, is set for
the Initialize function (FUNCTION = 00H).
Initialize unit O first.

Establish parameter buffer. Set up a disk
drive parameter data buffer with the parameters
for the drive to be initialized as shown in Figure
3-8. Be sure the data buffer address in the I/0
Parameter Block points to the first address of
this data buffer.

Start initialize function. Poll the BUSY 1 flag
(Byte 1 of the CCB) and write a 01H to the wake-
up 70 port when the flag is zero. The controller
goes to the Channel Control Block, then links its
way through the Controller Invocation Block
and I/0 Parameter Block and reads the disk
drive parameters for the unit specified.

Respond to and process the resulting inter-
rupt or status or both.
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13. Reset 1/0 Parameter Block. Set the UNIT,
byte 10, for the next unit to be initialized and set
the data buffer address, byte 18 through 21, for
the beginning address of the unit’s disk para-
meters.

14. Repeat steps 9 through 12 for each drive
unit. Note that the initialization procedure
MUST BE PERFORMED FOR ALL FOUR
DRIVE UNITS, starting with unit 0, even if one
or more of the drives do not exist. Initialize all
unattached drives with all zeros.

15. Initialize flexible disk drive units. If an
iSBX 218 controller is installed on the iISBX 215
controller board, repeat steps 9 through 14 for all
four flexible disk drive units.

NOTE

The Winchester disk drive units must be
initialized before initializing the flexible
disk drive units.

The controller is now initialized. This procedure
need not be repeated except after a power-on or a
controller reset. For all subsequent disk activities,
the host communicates with the controller through
the Channel Control Block, the Controller Invocation
Block and the I/0 Parameter Block.

3-14. TRACK FORMATTING

The Format Track function (FUNCTION = 02H)
writes the gaps, sector headers and data fields (see
Figure 3-2) on a track — one track per command. A
track can be designated as a normal, assigned
alternate or defective track. A defective track always
points to an assigned alternate track. Refer to the
discussion of alternate and defective track handling
in Paragraph 3-15.

Use the following procedure to format a track.

1. Set up the I/0 Parameter Block as shown
in Figure 3-9.

2. Set up a 6-byte data buffer for the type of
track to be formatted as shown in Figure 3-
9. A track can be designated as a data track,
assigned alternate track or defective track. The
user pattern is repeated throughout the data
field of every sector. In the case of a defective
track, the user pattern is a pointer to the
alternate track. If the alternate track is defective,
it can not be used to point to another alternate.
An interleave factor of 1 corresponds to consecu-
tive sectors.

39
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3. Inmitiate the format operation. Write a 01H to
the wake-up 1/0 port.

4. Respond to and process the resulting inter-
rupt or status or both.

iSBC 215

NOTE

Always format the last track on head 0 as a -
data track. This track should then be re-
served for use by the on-board diagnostic.

Wake-Up Block

7 07 0 Wake-Up Address
3 Switches must
0 point to this byte.

4

1 (Reserved)

Channel Control Block

(Reserved)

Controller Invocation Block

Op. Status (Reserved) 0

3 CMND Sema. 2
Starting address
5 4~ tor controllers
on-board
7 6 program.
9 8
1 10
13 12
(Reserved)
15 14

1/0 Parameter Block

7 07 0

1 (Reserved) 0 -

3 (Reserved) 2

5 4

Actual Transfer Count

7 6

9 8
1" 10
13 Modifier 12
15 Cylinder 14
17 Sector Head 16

Requested Transfer Count
25 24
27 General Address Pointer Offset 26
29 |  General Address Pointer Segment 28

Data Buffer

7 0 7 0

* Bytes 5 and 6 are a word, 5 being .the low byte,
6 the high byte.

Note: Set up the shaded bytes in each of the 1/0
communications blocks and in the data buffer.

**This byte defines the bit encoding scheme
when initializing a flexible disk unit connected
to the iSBX 218™ controller: 00H for FM (single
density) and 01H for MFM (double density). The
iSBX 218™ controller does not support 128 bytes
per sector in the MFM mode.

Figure 3-8. I/0 Communications Blocks Linking
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I/0 Parameter Block

7 07 0
1 (Reserved) 0
3 (Reserved) 2
5 4
Actual Transfer Count

Requested Transfer Count
25 24
27 General Address Pointer Offset 26
29 General Address Pointer Segment 28
NOTE

Select one of
the three depending
on the type of

Data Buffer track being formatted.
7 07 0
1
Format Data Track

3

5

1

3 Format Assigned Alternate Track
5

1

3 Format Defective Track
5

“Byte 1 — low byte; byte 2 — high byte.

Figure 3-9. Track Formatting
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DATA TRACK
AREA

ALTERNATE
TRACK AREA

TRACK ZERO

Figure 3-10. Alternate Track Formatting

3-15. ALTERNATE AND DEFECTIVE
TRACK HANDLING

It is suggested that each disk surface be divided into
two areas (see Figure 3-10), the data track area and
the alternate track area. The user assigns the
number of tracks in the alternate track area,
typically 1 - 2% of the total number of available
tracks on the surface. If a disk surface has 512
tracks, tracks O through 500 would constitute the
data track area and tracks 501 through 510 would
constitute the alternate track area. The last track
at Head 0 must be reserved for the diagnostic
program.

When a track within the data track area is deemed
defective, the host reformats the track, giving it a
defective track code and entering the address of the
next available alternate track in the data fields. The
alternate track that is selected must be formatted as
an assigned alternate track.

When the controller accesses a track that has been
previously marked defective, it will automatically
invoke a seek to the assigned alternate track and use
the alternate as if it were in the data track area. This
operation is automatic and is invisible to the user,
except for the added time required to complete the
operation.

3-12

3-16. DATA TRANSFER AND
VERIFICATION

Nine data transfer and verification command
functions are allowed, selected through the FUNC-
TION byte in the I/O Parameter Block: Read Sector
ID, Read Data, Read Data to Buffer and Verify,
Write Data, Write Data from Buffer, Initiate Track
Seek, Execute iSBX 1/0 Program, I/0 Transfer
through iSBX Bus, and Buffer 1/0.

NOTE

All data transfers between the host system
memory and a disk drive unit are buffered
through the controller’s on-board RAM
buffer. During a write, the controller per-
forms a DMA transfer of a one-sector block
of data from the host system memory to the
RAM buffer. It then transfers the sector
serially from the RAM buffer to the disk in
two byte increments. When reading from the
disk, the controller performs a serial transfer
of a sector of data from the disk to the RAM
buffer in two byte increments. When the
entire sector has been read into the RAM
and all error checking has been completed,
the controller then performs a DMA transfer
of the one-sector block from the RAM to host
system memory.
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The controller contains a burst error checking code
(ECC) computing circuit that creates an error
checking code for each sector ID and each data block
written into disk memory. When reading data from
the disk, the controller verifies the sector ID and the
information in the data blocks using these error
checking codes. If errors are detected that can be
corrected (occur within an eleven-bit burst or less),
they are corrected and the remainder of the operation
is completed. If the error cannot be corrected, the
sector is re-read. If after 3 retries the errors remain
uncorrectable, the operation is terminated and a
Hard Error is indicated in the operation status byte
(byte 1) of the Controller Invocation Block. To obtain
detailed information on the nature of the error,
perform the Transfer Error Status function (refer to
Paragraph 3-28).

Each of the data transfer and verification functions
is described in detail in the following paragraphs. To
use any one of these functions, the host CPU must
perform the following steps:

1. Set up the I/0 parameter block as shown
in the paragraph describing the function.

2. Initiate the operation. Write a 01H to the
wake-up 170 port.
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3. Respond to and process the resulting inter-
rupt or status or both.

3-17. READ SECTOR ID

The Read Sector ID function (FUNCTION = 03H)
searches for the first error free sector ID on the
selected track and writes the contents of the sector
ID field into a 5-byte data buffer in host memory (see
Figure 3-11). An implied seek, head select or volume
change, is not performed. The Read Sector ID is
performed on the cylinder, volume and head that the
previous function selected. One use of this function
is to search the alternate track area for tracks that
have not been assigned as alternates.

To perform this function, set up the shaded bytes in
the I/0 parameter block as shown in Figure 3-11,
and reserve a b-byte data buffer in host system
memory.

3-18. READ DATA
The Read Data function (FUNCTION = 04H) reads

data from the disk into host system memory. It
begins reading with the first byte of the selected

1/0 Parameter Block

1 (Reserved) 0
3 (Reserved) 2
5 4

Actual Transfer Count

6
8
10
12
15 Cylinder 14
17 Sector Head 16
o o
21 20
23 22
Requested Transfer Count
25 24
27 General Address Pointer Offset 26
29 General Address Pointer Segment 28

Figure 3-11.

Byte 4

Flags \.T./
I t Zeros
Sector Size

Data Buffer

1 High Cylinder Low Cylinder 0
3 Sector Head 2
Flags 4

[71e]s]4]s]2]1]o]

00 — 128 Bytes
01 — 256 Bytes
10 — 512 Bytes
11 — 1024 Bytes

» Track Type

00 — Normal

01 — Assigned Alternate
10 — Defective

11 — Invalid

Read Sector ID

3-13
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sector and ends reading when the requested byte
count is reached, end of media is reached or a hard
failure is detected. If multi-sector data transfers are
requested the controller automatically seeks to the
next sector, the next head and the next cylinder, in
that order. Automatic head increments are supported
only within the volume, fixed or removable, but not
between volumes, for example, fixed across to
removable. The last sector, head and track address
in the data track area defines the end of media. An
implied seek is invoked if the current head position is
different from the specified track identification. The
DATA BUFFER address set in the I/0 parameter
block is the address in host system memory where
the first data byte read from the disk is to be
transferred. Since the data being transmitted from
the disk drive is buffered in the controller’s RAM,
data overruns cannot occur. To perform this func-
tion, set up the shaded bytes in the I/O parameter
block as shown in Figure 3-12.

I/0 Parameter Block

7 07 0
1 (Reserved) 0
3 (Reserved) 2
5 4
Actual Transfer Count
7 6
9 8
11 10
13 12
15 14
17 16
19 18
21 20
23 22
25 24
27 General Address Pointer Offset 26
29 General Address Pointer Segment 28

Figure 3-12. Read Data

3-19. READ DATA INTO CONTROLLER
BUFFER AND VERIFY

The Read Data into Controller Buffer and Verify
function (FUNCTION = 05H) reads data from the
disk into the controller on-board RAM and checks
the ECCs to verify the sector ID and data fields for
all sectors affected. It begins reading with the first

3-14
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byte of the selected sector and ends reading when the
requested byte count is reached, end of media is
reached or a hard failure is detected. The multi-
sector data verification is supported through the
auto-sector, auto-head, auto-cylinder protocol de-
scribed for Read Data function. End of media and
implied seek are also supported as described for the
Read Data functions.

The Read Data into Controller Buffer and Verify
function has three applications:

1. Allows data to be verified after it has been
written from host system memory to the disk.

2. Allows data to be transferred from one disk
location to another by coupling this function
with the Write Data from Controller Buffer
function.

3. Allows data to be transferred from an Winches-
ter disk to a device connected to the iSBX bus. To
perform this operation, the Read to Buffer and
Verify command is coupled with either the iISBX
Execute command or the Write Buffer Data
command (iISBX 218 controller is specified to
receive the data).

To perform the Read Data into Controller Buffer and
Verify function, set up the shaded bytes in the I/0
parameter block as shown in Figure 3-13.

1/0 Parameter Block

1 (Reserved) 0
3 (Reserved) 2
5 4
Actual Transfer Count
7 6
9 8
11 10
13 12
15 14
17 16
19 Data Buffer Offset 18
21 Data Buffer Segment 20
23 22
25 24
27 General Address Pointer Offset 26
29 General Address Pointer Segment 28

Figure 3-13. Read Data into Controller
Buffer and Verify
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3-20. WRITE DATA

The Write Data function (FUNCTION = 06H) writes
data from host system memory onto the disk. It
begins reading from the specified host data buffer
address and writes to the first byte of the selected
sector. It ends writing when the requested byte count
is reached, end of media occurs or a hard failure is
detected. When writing to more than one sector, the
sector selection is automatic as described for the
Read Data function. Auto-head increments and
implied seek are also supported as described for the
Read Data function. If writing ends in the midst of a
sector, the remaining area of the sector is filled with
Z€ros.

To perform this function, set up the shaded bytes in
the I/0 parameter block as shown in Figure 3-14.

1/0 Parameter Block

1 (Reserved) 0
3 (Reserved) 2
5 4
Actual Transfer Count
7 6
9 8
11 10
13 12
15 14
17 16
19 18
21 20
23 22
25 24
27 General Address Pointer Offset 26
29 General Address Pointer Segment 28

Figure 3-14. Write Data

3-21. WRITE DATA FROM CONTROLLER
BUFFER TO DISK

The Write Data from Controller Buffer to Disk
(FUNCTION = 07H) writes data from the controller
on-board RAM onto the disk. It begins reading from
the first address of the controller’s data buffer
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(4010H) and writes to the first byte of the selected
disk sector. It ends writing when the requested byte
count is reached, end of media occurs or a hard
failure is detected. When writing to more than one
sector, the sector selection is automatic as described
for the Read Data function and the data in the buffer
is repeated for each sector written. Auto-head
increments, implied seek and end of media are also
supported as is described for the Read Data function.
If writing ends in the midst of a sector, the remaining
area of the sector is filled with zeros.

To perform this function, set up the shaded bytes in
the I/0 parameter block as shown in Figure 3-15.

1/0 Parameter Block

1 (Reserved) 0
3 (Reserved) 2
5 4
Actual Transfer Count
7 6
9 8
11 10
13 12
15 14
17 16
19 Data Buffer Offset 18
21 Data Buffer Segment 20
A —
23 22
25 24
27 General Address Pointer Offset 26
29 General Address Pointer Segment 28

Figure 3-15. Write Data From Controller
Buffer to Disk

3-22. INITIATE TRACK SEEK

The Initiate Track Seek function (FUNCTION =
08H) positions the read/write head on a specified
track, if the head is not already on that track. When
issued sequentially to several drives, this command
allows multiple disk drives to perform concurrent
(overlapping) seeks. If a seek to a cylinder beyond
the end of media, including alternates, is initiated,
the drive automatically performs a rezero operation
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and posts invalid address error. If an operation
complete interrupt is enabled, it is invoked when the
seek command has been initiated and a seek com-
plete interrupt (which is always enabled) is invoked
when the seek is completed. The operation complete
interrupt allows a function to be initiated on a
second drive while the seek is being performed on the
first drive.

To perform this function, set up the shaded bytes in
the I/0 parameter block as shown in Figure 3-16.

1/0 Parameter Block

1 (Reserved) 0
3 (Reserved) 2
5 4
Actual Transfer Count
7 6
9 8
11 10
13 12
15 14
17 Sector 16
19 Data Buffer Offset 18
21 Data Buffer Segment 20
23 22
Requested Transfer Count
25 24
27 General Address Pointer Offset 26
29 General Address Pointer Segment 28

Figure 3-16. Initiate Track Seek

iSBC 215

To perform this function, set up the shaded bytes in
the I/0 parameter block as shown in Figure 3-17.
The outlined bytes are optional. Their use depends
on the requirements of the user written I/0O program.

3-23. EXECUTE iSBX™ I/0 PROGRAM

The Execute iSBX I/0 Program function (FUNC-
TION = OCH) transfers program control to a pro-
gram stored in the controller on-board RAM memory.
This program must be coded in 8089 assembler code.
It is loaded into RAM using the Buffer I/O function
(FUNCTION 1/0 = 0EH). Program control is trans-
ferred to the RAM address specified in the General
Address Pointer, bytes 26 through 29 in the I/0
parameter block. Upon completion of the program,
the program must exit to ROM location 00C5H. The
programs, which this function activates, are written
to perform I/0 transfers to peripheral devices
through the iSBX bus (refer to Paragraphs 3-31 and
3-32 for more information concerning the use of this
function).

3-16

1/0 Parameter Block

1 (Reserved) 0

3 (Reserved) 2

Actual Transfer Count

n
(o) BN

7

9 Device Code 8
11 Unit 10
13 Modifier 12
15 Cylinder 14
17 Sector Head 16
19 Data Buffer Offset 18
21 Data Buffer Segment 20
23 22

Requested Transfer Count

25 24
27 26
29 28—

l—When accessing controller RAM,
General Address Segment must be
set to 0000H.

Figure 3-17. Execute iSBX™ Interface
1/0 Program

3-24. 170 TRANSFER THROUGH iSBX™ BUS

The I/0 Transfer Through iSBX Bus function
(FUNCTION = 0DH) transfers a block of data be-
tween host system memory and the iSBX bus ports.
The beginning address in host system memory and
the number of bytes to be transferred is specified in
the respective locations in the I/O parameter block.
The iSBX bus port address, width of the port (8 bit or
16 bit), direction of transfer and mode of transfer are
specified in the cylinder and head locations of the
1/0 parameter block (Refer to Paragraphs 3-31
through 3-32 for more information concerning the
use of this function.)

To perform this function, set up the shaded bytes in
the I/0 parameter block as shown in Figure 3-18.
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1/0 Parameter Block Byte 14 and 15
iSBX™ Bus I/O Port Address|
1 (Reserved) 0
Port iSBX Bus Port Address Assignments
3 (Reserved) 2 J3- J3- J4- J4a-
Channel 0 | Channel 1| Channel 0 { Channel 1
5 4
Actual Transfer Count 0 C070 C0BO CoDO COEO
7 6 1 cor1 coB1 coD1 COET1
9 8 3 C073 CcoB3 BOD3 COE3
4 C074 CcoB4 CoD4 COE4
" 10 5 Co75 coB5 CcoD5 COES5
13 12 6 Co76 coB6 CoD6 COE6
7 Cco77 coB7 coD7 COE7
15 14
17 Sector 16
19 18 Byte 16
21 20 [ 7]6]s]4]a]2]1]0]

23

25

—
22
24
27 General Address Pointer Offset 26

10 - Unsynchronized DMA Mode
1 - Synchronized DMA Mode

0 - 8 Bit Transfer
1 - 16 Bit Transfer

Reserved

YY 1

29 General Address Pointer Segment 28

0 - From iSBX™ Interface to Host
1 - From Host to iSBX™ Interface

Figure 3-18. I1/0 Transfers Through iSBX™ Interface

3-25. BUFFER 170

The Buffer I/0 function (FUNCTION = 0EH)
transfers data between the host system memory and
controller on-board RAM. Beginning addresses in
the host system memory and controller buffer
memory are specified. Data transfer begins at these
addresses and ends when the requested byte count is
reached. Since the controller has only 64K bytes of
local memory address space, the most significant
bytes of the REQUESTED TRANSFER COUNT
(bytes 24 and 25) are ignored.

Data transfers from the host system memory
to the controller-buffer must be written to
addresses within the range of 4000H to
4600H.

The beginning address in controller memory and the
direction of data transfer are specified in the
CYLINDER and HEAD fields, respectively:

Bytes 14 and 15 Starting controller memory ad-

dress:

Bytes 14 and 15 Starting controller memory ad-

dress:
Byte 15 — High Byte
Byte 14 — Low Byte
Direction of data transfer:
00H — From controller to host
FFH — From host to controller

Byte 16

The Buffer I/0 function has three applications. Its
primary purpose is for use with the diagnostic
program. It also allows memory-to-memory transfers
with a minimum of host overhead. In addition, it
allows down-loading of user written, I/O transfer
control programs from system memory to controller
memory. Such programs allow 8089 control of 1/0
transfers through the iSBX bus as discussed in Para-
graph 3-23.

To perform this function, set up the shaded bytes in
the I/0 parameter block as shown in Figure 3-19.
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1/0 Parameter Block

1 (Reserved) 0

3 (Reserved) 2

5 4
Actual Transfer Count

7 6

9 Device Code 8

1"
13
15
17
19
21
23
25
27

General Address Pointer Offset

29 General Address Pointer Segment

Unit address must be entered even

10-€«— though the specified unit is not ac-

12

14

TL
18

20
22
24
26
' 28

cessed.

Starting Controller

Memory Address:
Byte 15 - High Byte
Byte 14 - Low Byte

Direction of
Data Transfer:
Byte 16 - 00H (from controller to host)
FFH (from host to controller)

Figure 3-19. Buffer 170

3-26. DIAGNOSTIC

The diagnostic function (FUNCTION = 0FH) causes
the controller to perform a go/no-go self-diagnostic
test that verifies internal data and status electronics
and checks position and read/write electronics in
the disk units. The diagnostic test program is con-
tained in the controller’s on-board PROM.

The diagnostic track is always located on a drive
unit’s last (highest number) track of head 0. When
allocating memory space for the disk unit, this track
must be dedicated to the diagnostic program. When
initiating the diagnostic program, the head and
cylinder are selected automatically, the user selects
the drive unit. The diagnostic test is divided into
three parts. The upper byte of the MODIFIER field
(byte 13) determines the part of the diagnostic test
that is executed:

Byte13 Function Executed

00H Controller seeks the designated diag-
nostic track, performs a read ID and
verifies the track position. It then

writes and reads sector 0 with a

3-18

55AAH data pattern and verifies
that the data read matches the data

written.

01H Controller performs a ROM check-
sum test to verify the contents of
ROM.

02H to  Controller recalibrates the drive.

FFH

Any errors in the reading or writing are posted in the
error status registers.

To perform this function, set up the shaded bytes in
the 1/0 parameter block as shown in Figure 3-20.

3-27. POSTING STATUS

When the controller has completed an operation:
(read data, seek track, etc.), it posts the operation
status in byte 1, the OPERATION STATUS byte, of
the controller invocation block, using the following
procedure:
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1/0 Parameter Block
1 (Reserved) 0
3 (Reserved) 2
5 4
Actual Transfer Count
7 6

11

13

15 Cylinder 14
17 Sector Head 16
19 Data Buffer Offset 18
21 Data Buffer Segment 20
23 22

Requested Transfer Count

25 24
27 General Address Pointer Offset 26
29 General Address Pointer Segment 28

Figure 3-20. Diagnostic

1. The controller checks the STATUS SEMA-
PHORE byte (byte 3 of the controller invocation
block) for 00H.

2. Ifthe STATUS SEMAPHORE byte is non-zero,
it indicates that the host CPU has not checked
the OPERATION STATUS byte for the last
status posted. When the host CPU does check
the operation status, it sets the STATUS SEMA-
PHORE byte to 00H and clears the interrupt.

3. When the controller reads 00H in the STATUS
SEMAPHORE byte, it posts the current status
in the OPERATING STATUS byte, sets the
STATUS SEMAPHORE byte back to non-zero
and sets an interrupt if enabled (see MODIFIER,
bytes 12 and 13, in Figure 3-7).

4. The host CPU in turn, either polls the STATUS
SEMAPHORE byte periodically for a non-zero
or is interrupted, indicating that new status is
present.

The status posted includes: operation complete, seek
complete, media change detected and errors detected.
If an error was detected, the unit on which the error
occurred and an indication of whether the error was
a hard error or a summary error is posted (see Figure
3-6). A more detailed description of the error is

Programming Information

recorded in the error status buffer in the controller
memory. To examine this error status the user
transfers the information in the error status buffer
from the controller to host system memory using the
transfer error status function (FUNCTION = 01H)
described in Paragraph 3-28.

It should be noted that error status information is
not cumulative. The error status buffers are cleared
at the beginning of each new command operation,
except the Transfer Error Status Command.

3-28. TRANSFER ERROR STATUS

The Transfer Error Status function (FUNCTION =
01H) transfers error status from the 12-byte error
status buffer in the controller memory to a data
buffer in the host system memory. The user can then
examine the status bits to determine the cause of the
error. Table 3-1 shows the information stored in each
byte of the error status buffer. Table 3-2 describes
which kind of errors are indicated by the setting of
the hard (unretrievable) error and soft (retrievable)
error bits in bytes 0 through 2. To perform the
Transfer Error Status function, set up the shaded
bytes in the I/0 parameter block as shown in Figure
3-21.

1/0 Parameter Block

1 (Reserved) 0
3 (Reserved) 2
5 4
Actual Transfer Count
7 6
9 Device Code 8
11 10
13 12
15 Cylinder 14
17 Sector 16
19 18
21 20
23 22
Requested Transfer Count
25 24
27 General Address Pointer Offset 26
29 General Address Pointer Segment 28

Figure 3-21. Transfer Error Status
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Table 3-1. Error Status Buffer

Byte Function
0 and 1 HARD ERROR STATUS — See Table 3-2.|
2 SOFT ERROR STATUS — See Table 3-2.
3 and 4 DESIRED CYLINDER
5 DESIRED HEAD AND VOLUME
6 DESIRED SECTOR
7 and 8 ACTUAL CYLINDER AND FLAGS®
9 ACTUAL HEAD AND VOLUME
10 ACTUAL SECTOR
11 NUMBER OF RETRIES ATTEMPTED
*Flags located in bits 4 through 7 of byte 8.

3-29. INTERRUPTS

The controller normally posts interrupts to the host
on three conditions:

1. Command complete
2. Seek complete
3. Media change (change disk pack)

The interrupt on command complete can be disabled
by entering a one in bit 0 of the Modifier word in the
1/0 parameter block (bytes 12 and 13). The seek
complete and media change interrupts can not be
disabled. To clear an interrupt, the host writes a 00H
to the Wake-Up 1/0 port.

Pins on the controller board allow the interrupt
priority level of the controller to be set from 0 to 7.
Refer to the discussion of interrupt priority level
selection in Chapter 2.

3-30. CONTROLLING DATA TRANSFER
THROUGH THE iSBX™ BUS

Two iSBX connectors, J3 and J4, are provided on the
iSBC 215 board, which allow access to the control-
ler’s iSBX bus. The iSBX bus is an Intel standard
1/0 interface (refer to the Intel iSBX™ Bus Specifica-
tion, Manual Order No. 142686 for detailed informa-
tion on this standard). It provides 16 data lines and
three address lines, providing a total of eight 16-bit
I/0 ports per connector. Using both J3 and J4, the
iSBC 215 controller can thus communicate through
the iSBX bus with up to 16 separate peripheral ports.

The iSBX 218 Flexible Disk Controller connects to
iSBX connector J4 and allows communication with
up to four flexible disk drives. In addition, users can
design I/0 controller devices that interface with the
iSBX bus and use the 8089 to control data transfer.
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Two methods are available to control the transfer of
data between the iSBC 215 controller and a device
connected to the iSBX interface:

1. Commands from the iSBC 215 controller ROM
based 1/0 program.

2. User written I/0 program.

The iISBX 218 Flexible Disk Controller uses the ROM
based I/0 program to control data transfers to and
from the flexible disk drives, as described in
Paragraphs 3-5 through 3-29. The following para-
graphs describe how data can be transferred between
the iSBC 215 controller and a user designed 170
controller connected to the iSBX bus, using either
the ROM based I/0 program or a user written I/0
program.

3-31. 170 TRANSFERS USING iSBC 215™
CONTROLLER RESIDENT FIRMWARE

As has been described at the beginning of this
chapter, the controller has a ROM based 1/0
transfer program that is designed to control Win-
chester drives through the on-board drive interface
or flexible disk drives through an iSBX 218 board,
which has been attached to iSBX connectors J4. The
iSBX TRANSFER command in this program can
also be used for general data transfer between the
host system memory and a user designed I/0
controller, which has been connected to the iSBX
bus.

The iISBX TRANSFER command allows the transfer
of data between the host memory and the iSBX bus
in the same manner as with the WRITE DATA or
READ DATA commands. In this case, however, the
user must provide the necessary interface hardware
between the iSBX connector(s) and the I/0 device
with which the controller is to communicate. This
interface can be very simple, involving data buffers
and limited handshaking capability, or as sophisti-
cated as the disk drive interface circuitry used in the
iSBX 218 and iSBC 215 controllers. The complexity
of the interface will depend on the type of I/0 device
being interfaced with and the desired data transfer
rate.

3-32. DATA TRANSFER USING USER
WRITTEN I/0 TRANSFER PROGRAMS

A second method of initiating and controlling data
transfer between the host and the iSBX interface is
through a user designed program written in 8089
assembler code. This method is more difficult to
implement, but also more flexible. Such programs
can be executed either from host memory or from the
iSBC 215 controller on-board RAM.
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Table 3-2. Bit Functions in Hard and Soft Error Bytes

moom>»©

ing to unit connect request.

2 0 through 2 Reserved for future use.

the expected cylinder address.

Byte Bit Function
0 0 through 2 Reserved for future use.
3 RAM ERROR — Controller RAM error was detected.
4 ROM ERROR — Controller ROM error was detected.
5 SEEK IN PROGRESS — Indicates a seek was already in progress for a unit when another
disk operation was requested.
6 ILLEGAL FORMAT TYPE — Both alternate track and defective alternate track flag set indi-

cating an attempt to create an alternate track for a defective alternate track, which is not
allowed, or an attempt to access an unassigned alternate track.

7 END OF MEDIA — End of media was encountered before requested transfer count
expired.
1 8 ILLEGAL SECTOR SIZE — Sector size read from the sector ID field conflicts with sector size

information that controller specified in initialization command.

DIAGNOSTIC FAULT — Micro-diagnostic fault detected.

NO INDEX — Controller did not detect index pulse.

INVALID COMMAND — Invalid function code detected.

SECTOR NOT FOUND — Desired sector could not be located on selected track.

INVALID ADDRESS — Invalid address was requested.

SELECTED UNIT NOT READY — Selected unit is not ready, not connected, or not respond-

F WRITE PROTECTION FAULT — An attempt has been made to write to a write protected unit.

3 DATA FIELD ECC ERROR — Error has been detected in the data field of a sector. If bit 6
in Controller-Invocation status byte (byte 1) is set, error is hard and uncorrectable. If bit 6 is
not set, error is soft and correctable.

4 ID FIELD ECC ERROR — Error has been detected in the ID field of a sector. If bit 6 in
Controller-Invocation status byte (byte 1) is set, error is hard and uncorrectable. If bit 6 is
not set, error is soft and correctable.

5 DRIVE FAULT — Hardware fault detected in selected drive unit. Fault characterized by:
read/write fault, positioner fault, power fault or speed fault.
6 CYLINDER ADDRESS MISCOMPARE — ID field contains a cylinder address different from

7 SEEK ERROR — Hardware seek error was detected.

Executing the program from host memory is inher-
ently slower than executing the program from on-
board RAM, because it requires constant access of
the Multibus interface. This method, however,
allows the size of the program to be virtually
unlimited. The procedure for executing a program
from host memory is much the same as for executing
a program stored in controller local memory:

1. I/0 communications blocks are established in
host system memory.

2. The Wake-Up Address switches in the controller
are set for the address of the first byte of the
wake-up block.

3. The host initiates program execution with 01H
written to the wake-up 170 port.

There are two important differences in the set up of
the I/0 communications blocks when executing I/0
programs from host system memory.

1. Byte 0 of the channel control block must be set to
03H to indicate to the controller that the I/0
program is located in host memory.

2. The controller invocation block becomes the I/0
parameter block. Refer to the 8086 Family User’s
Manual, Manual Order No. 9800722 for detailed
information on setting up an I/O parameter
block when the I/0 program is to be executed
from host system memory.

Executing the program from on-board RAM presents
space limitations, but allows data transfers to be
performed at the 8089’s full program execution
speed. To overcome some of the limited RAM space
problems, the program can be divided into shorter
routines, which are stored in the host memory and
read into RAM as needed. Separate routines might
thus be written for disk formatting, checking status,
writing and reading. The iSBX EXECUTE com-
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mand, allows an I/0 transfer routine or program
that is stored in iSBC 215 controller RAM to be
started from a host program. When writing an I/0
transfer program, the following software and
hardware considerations should be noted.

170 PORT ADDRESSING

The eight iSBX bus ports reside in the controller’s
memory mapped [/0 space, with each 1/0 port
being given two addresses: one to connect it to
connector J3 and another for J4. Table 3-3 shows
these addresses. To access any of these ports for a
data transfer, the 8089 merely executes a write or a
read to the address of the selected port.

Table 3-3. iSBX™ Bus I/0 Port Addresses

Port iSBX Bus Port Address Assignments
J3- J3- Ja- J4-
Channel 0 | Channel 1 | Channel 0| Channel 1
0 CO070 CcoBo CcoDo COEO
1 Co71 CoB1 COoD1 COE1
3 Co073 coB3 BOD3 COE3
4 C074 coB4 COoD4 COE4
5 Co75 Co0B5 CoD5 COE5
6 CO076 coB6 CoD6 COE6
7 co77 coB7 CcoD7 COE7

RAM SPACE ALLOCATION

The controller RAM is used for a variety of purposes,
and as such, only a portion of it is available for
storage of an iSBX bus I/0O program and its
parameters. The available RAM space is shown in
Table 3-4. Note that enough space has been reserved
in the data buffer to store an entire 1024 byte disk
sector of data. If the sectors are to be smaller or if for
some other reason less data buffer space is needed,
some of this space can be used for program storage.

Table 3-4. iSBC 215™ Controller RAM
Available for Program and Parameter Storage

Description Address Range

Data Buffer*
Program Storage

4000 to 440F

4410 to 45FF
46C0 to 473A

4600 to 46BF

47B0 to 47CF
47EQ to 47FF

Scratch PAD*
Variable Storage**

*May be modified by 215 command usage
**Not available if iSBX 218 is installed
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In writing a program in 8089 assembly code, refer-
ence to the 8089 Assembler User’s Guide, Manual
Order number 9800938 and the 8086 Family User’s
Manual, Manual Order No. 9800722 is essential. The
8089 offers a number of techniques for implementing
handshaking between the 8089 and the iSBX bus,
including the user of wait states and DMA transfers
(essentially an interrupt driven mode) of whole
blocks of data. These and other interfacing tech-
niques are discussed in this user’s guide.

HARDWARE CONSIDERATIONS

There are two groups of interface control lines
between the 8089 and the iSBX bus. The first group
includes handshake and control lines; the second
group includes program lines.

Table 3-5 lists the first group of lines. The 8089 uses
these lines directly to control data transfer through
the iSBX bus.

Table 3-5. 8089 Handshake and Control Lines
on the iSBX™ Bus

iSBX Bus
J3 or J4 Pin Description Mnemonic
34 Request DMA Transfer MDRQT
32 Acknowledge DMA Transfer | MDACK/
16 Initiate Wait State MWAIT/
6 Multibus Clock MCLK
15 1/0 Read IORD/
13 1/0 Write IOWRT/
26 Terminate DMA Activity TDMA

The second group of lines are used for control and
status. The 8089 accesses these lines through a read
to memory mapped [/0 address 8000H for connector
J3 and 8008H for connector J4. Table 3-6 lists these
lines, their pin assignments and bit assignments.

Jumpers can be connected on the iSBC 215 controller
to allow the 8089 to also write bits onto the Option
lines (as shown in Table 3-7). The option lines on
only one of the interface connectors may be driven at
a time. To drive the lines, the 8089 writes to memory
mapped 170 port 8018H. Bit 1 drives OP00 or OP01,
but not both at one time, bit 2 drives OP10 and OP11,
but not both at one time. All other bit positions in
the data word must be set to zero when driving
the Option lines.
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Table 3-6. Control and Status Lines on the iSBX™ Interface
Connector 1 Address Connector 2 Address Pin iSBX Bus
J3 8000H Ja 8008H No. Description Mnemonic
OPO00 Bit B OPO1 Bit 3 30 Option 0 OPTO
OP10 Bit C OP11 Bit 4 28 Option 1 OPT1
INTROO Bit 9 INTRO1 Bit 1 14 Interrupt O MINTRO
INTR10 Bit A INTR11 Bit 2 12 Interrupt 1 MINTR1
MOPST/ Bit 8 M1PST/ Bit 0 8 iSBX Board Present MPST/
Table 3-7. Jumper Connections Allowing
Option Lines to be Driven
iSBX
Line Connector Jumper Connection PARAMETER
BLOCK
OPO0O J3, OPO W11, 1-2
OP11 J4, OPO W11, 1-3
OP10 J3, OP1 W12, 1-2 GA POINTER
OP11 J4, OP1 W12, 1-3
NOTE -

If an iSBX controller is not installed on the
iSBC 215 board, or if an iSBX controller that
has been installed on a particular iISBX con-
nector does not drive its respective Termi-
nate DMA Activity line, the connector’s
corresponding jumper (W3 1-2 or W4 1-2)
must be installed.

PROGRAM EXECUTION

When loading and executing a user written I/0
transfer program or routine, the following procedure
is used:

1.

Load the program or routine into RAM using the
BUFFER I/0 command from the iSBC 215
controller firmware.

Execute the iSBX EXECUTE command to start
the program. Note that the General Address
Pointer in the I/0O parameter block for this
command must point to the address of the start
of the program in on-board RAM (see Figure
3-22). Also, upon entering the program, the
following 8089 registers are defined as:

GA: 7E00H Scratch Pad Stack
IX: 0 to 3 Unit Number

Exit from the program must always be to ROM
location 00C5H and the 8089 BC register must
be set to FFH and the 8089 GC register must be
set to 7F3BH.

iSBX INTERFACE
PROGRAM

o

—

00C5H

ROM

Figure 3-22. Execution of iSBX™ Bus
1/0 Program From RAM

3-33. EXAMPLE CONTROLLER
1/0 PROGRAM

Appendix A provides an example of a host processor
program to initiate data transfers between the host
system memory and disk drives through the iSBC
215 controller.
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PRINCIPLES OF OPERATION

CHAPTER 4

4-1. INTRODUCTION

This chapter provides a functional description of the
iSBC 215 Winchester Disk Controller circuit opera-
tion. The discussion assumes that the reader has a
working knowledge of digital electronics and has
access to the individual component description of
each integrated circuit used on the board. As a
prerequisite, the reader should be familiar with the
programming conventions discussed in Chapter 3 of
this manual, and the functional operation of the
Intel 8089 I/0 processor and the Multibus interface.
Familiarity with the disk drive’s operation and
interface specifications will also prove beneficial in
understanding the controller operation.

4-2. SCHEMATIC INTERPRETATION

A set of schematic diagrams for the controller board
(Figure 5-3) and a component location diagram
(Figure 5-2) are included in Chapter 5 of this manual.

The schematics are drawn to standard drafting
conventions with input signals entering from the left
and output signals exiting to the right. Input and
output signals between individual sheets of a
schematic include a location coordinate code imme-
diately preceeding (input signals) or following
(output signals) the signal name. This code defines
the location of the origin or destination of the signal

within the schematic diagrams. The first digit of the
code is the schematic sheet number, and the last two
characters specify the zone defined by the horizontal
and vertical grid coordinates, which are printed
around the perimeter of each schematic sheet. For
example, the code “7B8” indicates that the origin or
destination of the associated signal appears on sheet
7 of the schematic set within the zone defined by grid
coordinates “B” and “8”.

An “X” for one of the grid coordinates indicates an
entire vertical column or horizontal row on the
schematic sheet. For example, the code “7BX”’
indicates the entire “B” zone on sheet 7.

The logic symbols used in this manual are drawn as
specified in ANSI Standards 14.15 and Y32.14.
Standard definitions are used for symbols and active
line levels on inputs and outputs (see Figure 4-1). A
small circle on the input of a logic element indicates
that a relative low level is needed to activate the
element. The absence of a circle indicates that a
relative high level is needed to activate the element.
Output levels are indicated in the same manner.
Logic gating symbols are drawn according to their
circuit function rather than the manufacturer’s
definition. For example, the gate, which the truth
table in Figure 4-1 defines, can be drawn in one of
the two configurations shown, depending on its cir-
cuit application.

ACTIVE INPUT ACTIVE ACTIVE INPUT ACTIVE
RELATIVE OUTPUT RELATIVE OUTPUT
HIGH A RELATIVE A[B{Y| Low A RELATIVE
5 _|ano): L s )on)
L{H[H q
HIH
ACTIVE INPUT ACTIVE ACTIVE INPUT ACTIVE
RELATIVE OUTPUT RELATIVE OUTPUT
LOW A RELATIVE [A[BlY HIGHA RELATIVE
I HIGH vy LILIH LOW Y
D AL e Jorde
o L L
HIHIL

o

EXCLUSIVE
OR

Figure 4-1. Logic Conventions
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In addition to the inversion symbol convention,
signal nomenclature also follows an active state con-
vention. When a signal (or level) is active in its low
state, the signal name is followed by a virgule or
“slash” (e.g., XACK/); when a signal is active in its
high state, the slash is omitted from the signal
name, (e.g., XACK). This convention corresponds to
putting a bar over a signal name to indicate it is
active in its low state (e.g., XACK).

4-3. FUNCTIONAL OVERVIEW

General. The function of the iSBC 215 Winchester
Disk Controller board is to allow the host system to
access any location on a specific disk of a selected
disk drive and either:

1. Transfer data to that disk location from system
(host) memory (write operation), or

2. Transfer data from that disk location to system
memory (read operation).

To accomplish this task, the controller circuitry is
divided into two sections (see Figure 4-2):

1. Logic that controls communications and data
transfer between the host processor and the
controller through the Multibus interface, and

iSBC 215

2. Logic that controls data transfer between the
controller and the disk drive(s) through the disk
interface, and between the controller and the
iSBX bus through the iSBX bus interface.

The Intel 8089 I/0 processor (IOP) controls the data
transfer process, using a program stored in on-board
ROM. It receives instructions from the host processor
through four I/0 communications blocks in system
memory. Once the host instructs the controller to
begin a data transfer, the 8089’s internal processor
makes a DMA transfer to or from system memory,
independent of the host processor.

2K bytes of RAM are included on the board for inter-
mediate storage of data and to allow on-board error
checking. This data buffer allows DMA transfer to
be made between the controller and host system
memory, which minimizes Multibus™ overhead and
eliminates disk drive overruns.

Communicating with the host. Figure 4-3 pro-
vides a detailed block diagram of the controller. The
Bus Arbiter and the Bus Controller manage the
transfer of data between system memory and con-
troller through the Multibus interface. The Bus
Arbiter negotiates with the current bus master for
control of the Multibus interface. The Bus Controller
generates control signals that gate data transfers
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Figure 4-2. Simplified Block Diagram of iSBX 215™ Controller
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between system memory and the on-board RAM. It
also controls the transfer of data from RAM to the
disk communication circuitry.

The Multibus interface Address Latches transmit 20-
bit addresses to system memory via the Multibus
interface. The Multibus interface Data Transceiver
transmits data either to or from system memory via
the Multibus Interface. The controller data bus is 16-
bits. The Data Transceiver uses a byte-swap tech-
nique to allow data transfer with either an 8-bit or
16-bit system memory.

The Wake-Up Address Comparator is used to assign
the controller a host system I/0 port address and to
set up a communications link between the 8089 IOP
and the I/0 communications blocks in system
memory. (A detailed discussion of the controller
initialization procedure is given in Chapter 3 and in
Paragraphs 4-12 through 4-15 in this section.)

Communicating with the disk. The 8089 IOP
treats the ROM, RAM, iSBX I/0 ports and disk
communications side of the controller circuitry as
local memory. The Local Address Latches transmit
16-bit addresses to local memory. The Local Data
Transceiver transmits data either to or from local
memory. Some of the addresses in local memory
provide access to local I/0 ports (see Paragraph 4-20
for a detailed discussion of local I/O ports). The
Address Decoder decodes these addresses and
generates chip select or enable signals that control
the transfer of data to and from the disk. For
example, the address 8028H enables the 16-Bit Write
Buffer to receive a data word from the local memory.
The ROM and RAM are also assigned specific
ranges of addresses in local memory.

The 16-Bit SER/DES (Serializer/Deserializer) per-
forms the serial-to-parallel and parallel-to-serial
conversion required to transfer data between the
disk and system memory. The 16-Bit Write Buffer
and the 16-Bit Read Buffer provide intermediate
storage for a single 16-bit parallel word between the
RAM and the SER/DES. On a write operation, a 16-
bit word is transferred from RAM to the write buffer.
The SER/DES then converts the word from parallel
to serial and transmits it to the disk through the
write data driver. On a read operation, a 16-bit serial
word is transmitted from the disk through the Read
Data Receivers to the SER/DES. The SER/DES
then performs a serial-to-parallel conversion and
stores the resulting parallel word in the read buffer.
The Write Data Driver and the Read Data Receivers
are designed to generate and read the differential
NRZ drive signals.

The 32-Bit ID Comparator determines when the
selected sector on the disk is found during the search

Principles of Operation

for sector ID operation that precedes a write or read
function. When a write or read is initiated, the 32-bit
sector identification (cylinder, head and sector
number) is loaded in the 32-Bit ID Comparator.
Sector IDs from the disk are then read and compared
with the selected sector ID. When the selected sector
is found, data transfer is initiated.

The 32-Bit ECC Generator creates an error checking
code (ECC) that is appended to the end of each sector
ID field and to each data field (see Figure 3-2). This
ECC is used for error checking and correction of data
errors. It allows all the errors in a burst of up to 11
bits to be corrected, and allows errors in a burst of 32

bits to be detected.

The Gap Control Logic controls the spacing of data
within a sector. Three programmable Counters,
which count disk clock pulses, provide timing for the
Gap Control Logic. The ability to program the
Counters allows the disk(s) to be formatted for a
number of different record sizes and gap lengths.

The Disk Control Logic transmits disk control -
information to the disk drive units through the
Control Line Drivers. The Input Control Logic
receives status information from the disk drive units
and controls the sequencing of the controller read
and write operations.

The iSBX Interface provides the ability to connect
Intel iISBX Multimodule devices to the controller
board in order to control other I/0 devices such as
flexible disk drives or magnetic tape cartridge
drives. The iSBX interface is discussed in more
detail in Paragraph 4-25.

A more detailed overview of the read and write
operations is given in Paragraph 4-29 through 4-33.

4-4. DETAILED FUNCTIONAL
DESCRIPTION

The detailed functional description of the iSBC 215
Winchester. Disk Controller circuitry is divided into
two major sections: Controller to Host Communica-
tions and Controller to Disk Communications.
Within each of these sections, the following subjects
are discussed:

Controller to Host Communications:

e Multibus™ Interface

e 8089 IOP

¢ Bus Arbiter

e Bus Controller

e  Multibus™ Data Transfer Logic -
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o Controller Initialization

o Wake-Up Address Comparator

e Controller Reset and Clear

e Establishing a Link with I/0 Communications

Blocks
e Interrupt Priority
e Memory Map
e ROM
e RAM
e 1/0 Port Decode Logic

Controller to Disk Communications

e Controller to Disk Drive Interface
e DMA Mode

e Disk Formatting

o Write Data Transfer

e Read Data Transfer

e SER/DES Logic

e Sync Byte Comparator Logic
e 32-Bit ID Comparator Logic

e ECC Generator Logic
e Status Register Logic

e Line Drivers and Receivers

4-5. CONTROLLER TO HOST
COMMUNICATIONS

The following discussion provides a detailed func-
tional description of the section of the iSBC 215
Winchester Disk Controller that communicates with
the host through the Multibus interface.

4-6. MULTIBUS™ INTERFACE

The 8089 IOP communicates with the host processor
and the system memory through the Multibus
interface. The Multibus interface signal description
and pin configurations are explained in Chapter 2. A
detailed description of the Multibus interface
operation can be found in the Intel Multibus™ Speci-
fication Manual Order Number 9800683.

4-7. 8089 1/0 PROCESSOR (I0OP)
The 8089 IOP, U84 (4X4), is a microprocessor device

that has been designed specifically to perform high
speed 1/0 transfers of data between system memory
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and mass storage devices such as disk drives. Its
ability to perform DMA data transfers independent
of the host processor allows it to carry out most
system memory-to-disk transfers of data simultane-
ously with other host processor operations. Refer to
The 8086 Family User’s Manual, Manual Order
Number 9800722 for a detailed explanation of the
8089 and supporting IC devices.

A number of 8089 control lines have important func-
tions in the controller design. The PWR-RST line
(4D1), when pulled high, resets the 8089 to the
beginning of its internal firmware control program.
Channel Attention line CA (4B4) allows the host to
gain the attention of the 8089. On the first channel
attention following a reset, the 8089 fetches the
contents of address FFFF6H and begins an internal
initialization procedure. On subsequent channel
attentions, the 8089 looks to the I/O communications
blocks in system memory for further instructions.
Refer to Paragraphs 4-12 through 4-15 for a detailed
discussion of the controller initialization procedure
and the use of the CA line.

The Bus Interface Unit (BIU) in the 8089 controls
the controller local data bus cycles, transferring
instructions and data between the 8089 IOP and
external memory or the disk. Every bus access is
associated with a register tag bit that indicates to
the BIU whether the host system memory or local
memory is to be addressed. The BIU outputs the type
of bus cycle on status lines S0/, S1/ and S2/. The
8288 Bus Controller decodes these lines and provides
signals that selectively enable one bus or the other.

The 8089 is a 16-bit processor, but it is capable of
making both single-byte fetches (8-bit system
memory) or two-byte fetches (16-bit system memory).
The address zero line, IADR-0 (5B7), controls the
byte swapping facility of the controller when
communicating with an 8-bit system memory.

4-8. CLOCK CIRCUIT

The clock circuit consists of U55, an 8284A Clock/
Driver (4C6), and a 15 MHz crystal. The 8284A
divides the crystal output by three to produce the 5
MHz CLK necessary to drive the 8089 IOP. The
8284 A produces a reset signal (RST), which is used
on power-up to reset the 8089, Interrupt Latch U56
(3B5) and the Read/Write Control logic. In addition
to the reset signal, the 8284A also produces a
synchronized ready (RDY) input to the 8089. A high
on the RDY line received from the addressed device
(XACK/ from external memory or the iSBX interface,
or RDY from the on-board read/write port), indicates
that the memory or read/write port has accepted
data during a write operation or data is ready to be
read during a read operation.
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Figure 4-4. Bus Arbiter and Bus Controller Logic

4-9. BUS ARBITER

The 8289 Bus Arbiter, U90 (3D6), controls the 8089
IOP’s access to the Multibus interface (see Figure 4-
4). The 8289 monitors the 8089’s status lines (S0/,
S1/ and S2/). When the lines indicate that the 8089
needs a Multibus interface cycle, and the 8089 does
not presently control the bus, the 8289 activates a
bus request (BREQ/). The low on BREQ/ is trans-
mitted to the bus priority resolving circuitry in the
host processor, which returns a low on Bus Priority

In line BPRN/, giving the 8089 access to the
Multibus interface. Having received access to the
Multibus interface, the 8289 activates its busy signal
(BUSY/), indicating to the other masters on the
system that the Multibus interface is in use. The
8289 then activates the address enable signal
(AEN/), which is transmitted to the 8288 Bus
Controller, U91 (3C4), to enable its command
outputs, to the 8284A Clock Generator, U55 (4C6), to
enable its bus ready logic, and to the System
Address Latches, U81, U82 and U83 (4X2), to allow
an address to be gated on to the Multibus interface.
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Jumper pins W18-1, 2 and 3 allow the user to select
the Any Request option. A jumper installed between
pins W18-1 and 2 causes the controller to relinquish
control of the Multibus interface following a request
from a higher priority device only. A jumper
- installed between pins W18-1 and 3 causes the
controller to relinquish control of the Multibus

interface following a request from any device, higher

or lower priority.

4-10. BUS CONTROLLER LOGIC

The 8288 Bus Controller, U91 (3C4), decodes the
status line outputs (S0/, S1/ and S2/) from the 8089
IOP and generates the appropriate bus cycle signal.
Table 4-1 shows the different signals generated for
each configuration of the IOP’s status lines.

Table 4-1. 8089 Status Line Decodes

Status Input CPU Cycle 8288 Command
S2/ 81/ S0/
0 0 0 [Instruction Fetch, INTA/
Local
0 0 1 |Read Memory, IORC/
Local
0 1 0 |Write Memory, IOWC/, AIOWC/
Local )
0 1 1 |Halt None
1 0 0 |Instruction Fetch, MRDC/
System
1 0 1 |Read Memory, MRDC/
System
1 1 0 |Write Memory, MWTC/, AMWC/
System )
1 1 1 |Passive None

These bus cycle signals can be divided into two
groups: those which allow the 8089 to access system
memory (MWTC/ and MRDC/) and those which
allow the 8089 to access local memory (I-AIOWC/
and I-IORC/). The 8089 uses the I/O Read (I-IORC/)
and I/0 Write (I-AIOWC/) signals to read informa-
tion from the local ROM, U&7 and U88, (6X7), or to
read from or write to the local RAM, U99 through
U102, (6X4). The 8089 also uses I-IORC/ and I-
AIOWC/ to gate on the Read and Write Function
Decoders, U35 and U36 (5B2 and 5A2). The function
decoders are explained further in Paragraph 4-20.

The 8288 Bus Controller also generates a group of
signals that control address and data flow through-
out the iSBC 215 controller. The Address Latch
Enable line (ALE) is used to strobe addresses from
the 8089 into both the system Address Latches, U81-
U83 (4X2), and the Local Address Latches, U85-U86
(6X7).
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Data Transmit/Receive (DT/R), Data Enable (DEN),
and Peripheral Data Enable (PDEN/) control the
data flow through the controller. DT/R controls the
direction of data transmission through the Multibus
interface and local transceivers. If DT/R is high,
data is transmitted either on to the Multibus
interface through transceivers U96, U97 and U98
(4X7) or on to the local bus through transceivers U52
and U53 (4X6). If DT/R is low, the data transfer is in
the opposite direction, into the 8089 through one of
the two sets of transceivers. DEN and PDEN
controls the selection of the transceivers. If DEN is
high the Multibus interface transceivers U96, U97
and U98 are enabled, and if PDEN/ is low (indicat-
ing a peripheral cycle) local transceivers U52 and
Ub53 are enabled.

4-11. MULTIBUS™ INTERFACE DATA
TRANSFER LOGIC

The controller has three sets of Multibus interface
data transceivers: low-byte transceiver U97, which
buffers DAT-0/ through DAT-7/, high-byte trans-
ceiver U96, which buffers DAT-8/ through DAT-F/,
and swap-byte transceiver U98, which takes the
data from DAT-0/ through DAT-7/ on the Multibus
interface and switches it to high-byte data bus lines
ADS8 through AD15 on the controller board (see
Figure 4-5). This byte-swap is performed only when
the controller is interfacing with a 16-bit system
memory in byte mode. In this case, every odd
address read from system memory is transmitted to
the high-byte data lines of the controller. The
procedure is reversed when writing to the 8-bit
system memory. Three signals control the trans-
ceiver: ENBL HI BYTE/ (5C1), which controls the
high-byte transceiver; ENBL LO BYTE/ (5C1),
which controls the low-byte transceiver (derived
from ADRO/); and ENBL SWAP BYTE/ (5C1),
which controls the swap byte transceiver. Figure 4-5
shows when each of the control signals is active.

4-12. CONTROLLER INITIALIZATION

Before data can be transferred between system
memory and the controller, the controller must be
initialized. The initialization procedure, which is
described in Paragraph 3-12, involves:

1. Resetting the 8089 IOP.
2. Clearing the reset.

3. Establishing a communication link between the
8089 and the I/O communications blocks in
system memory.

4. Reading the disk drive parameters from system
memory to the controller on-board RAM.
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Figure 4-5. Data Transmission Between Multibus™ Interface and Controller Data Transceivers

The following paragraphs describe the hardware
operations that take place during this initialization
procedure. (See Figure 4-6.)

4-13. WAKE-UP ADDRESS COMPARATOR

For the purpose of resetting the controller, clearing
the reset or getting the attention of the 8089 IOP
(raising CA), the host addresses the controller as an
I/0 port in its system 1/0 space. To perform one of
these functions it writes a one byte command to the
specified I/0 port called the wake-up I/0 port. Table

4-2 shows the three possible commands. The user Command Description
determines the address of the I/0 port at which the 00H Clear Interrupt and Clear Reset
controller is to reside (called the “Wake-Up Address”) 01H Channel Attention (Start 8089 10P)
and sets the address on the Wake-Up Address 02H Reset 8089 |OP

switches S1-1 through S1-8 and S2-3 through S2-10
(2X6), on the controller board. When the host issues a
write command (IOWC/) to the Wake-Up Address in
system I/0 space, U77 through U80 (2X5) on the
controller compare the address with the switch
settings. If they agree, WAKEUP/ is pulled low,

enabling the controller to decode the command on
the Multibus interface data lines and determine the
action to be taken.

The host may use 8-bit or 16-bit I/O port addressing.
The user sets switch S2-2 (2A7) to indicate to the con-
troller the type of addressing that is being used.
When S2-2 is open (8-bit addressing), pin 9 of U75 is
held high, creating a “don’t care” situation for the
outputs of High-Byte Wake-Up Address Comparators
U77 and U78.

Table 4-2. Host Wake-Up Commands

As it is discussed in Chapter 3, the controller also
uses the setting of the Wake-Up Address switches to
calculate the address of the first byte of the Wake-Up
Block, which is the first I/O communications block
in system memory.
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Figure 4-6. Wake-Up Address Logic

4-14. CONTROLLER RESET AND CLEAR

The first operation that must be performed during
the initialization of the controller is a reset of the
8089 IOP. To reset the 8089, the host processor writes
an 02H to the wake-up address. The WAKE-UP/
line goes low and gates the 02H (DAT-9/ high and
DAT-1/ low) into the Wake-Up Decoder, U65 (3B7),
producing a low on the controller reset (CNTLR
RST/) line. A low on CNTLR RST/ resets the 8089
(4X4), resets Read/Write Control Logic U42 (sheet 8)
and clears Control Register U3 (12B5). Once the
controller has been reset, the host processor writes a
00H (Clear Interrupt) to the wake-up address, which
clears the reset. The Wake-Up Decoder U65 decodes
the highs on DAT-0/ and DAT-1/ to raise CNTLR
RST/.

4-15. ESTABLISHING A LINK WITH 1/0
COMMUNICATIONS BLOCKS

Following a power-up event or a software reset (02H
written to the wake-up I/0 port), the link between
the controller and the I/O communications blocks in
system memory must be established. To establish
this link, a clear reset (00H) is written to the wake-up
1/0 port followed by a channel attention (01H). The
01H is gated into U65, producing a high on CHNL
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ATTN, which in turn raises the CA input to the 8089
IOP (4C4).

Being the first Channel Attention following reset,
the 8089 begins an internal initialization process.
The first step of this process is to do a fetch of
address FFFF6H. The address is transmitted on the
8089 Address/Data lines (AD0-AD15) to latches U85
and U86 (5B7). Gates U66 and U72 through U76
(5D4) decode the output of these latches. The output
of U76 enables U89 (5D3), gating the status of the 16-
bit SYS BUS switch (S2-1) through Data Bit 0 line
(DAT-0/) to the 8089. Switch S2-1 on (16 Bit SYS
BUS/ low) indicates that the host memory system
supports 16-bit data transfers and S2-1 off indicates
8-bit data transfers. Inverter U89 also generates
Transfer Acknowledge (XACK/), which is sent to the
8089 (through the 8284A) indicating that the
operation has been completed.

After determining the width of the system bus (8-bit
or 16-bit) the 8089 fetches the addresses shown in
Figure 4-7 as part of the initialization sequence.

Fetching addresses FFFF8/9H gates zeros into the
8089. Fetching addresses FFFFA/BH causes the
GATE SWS/ line (6C1) to go low. GATE SWS/ gates
the settings of the wake-up address switches, S1-1
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through S1-8 and S2-3 through S2-10 through buffers
U93, U94 and U95 (2X3) and into the 8089. The 8089
multiplies the settings of the wake-up switch by 2*, to
determine the 20-bit address of the wake-up block,
the first I/O communications block in system
memory. The 8089 then uses this address to fetch the
wake-up block and establish a link with the I/0
communications blocks. On subsequent channel
attentions (host writes 01H to the wake-up I/0 port),
the 8089 skips the wake-up block and goes directly to
the channel control block, the second I/0O communi-
cations block. The 8089 uses the channel control
block to obtain the starting address of the controller’s
ROM resident I/0 transfer program (also called the
channel control program). From this point on, this
firmware program directs the controller activities.
One of the first operations of the firmware is to
again fetch the starting address of the wake-up
block. It then links its way through the channel
control block and the controller invocation block to
the I/0 parameter block where it obtains instruc-
tions and parameters for a specific I/O operation.

FFFF6
FFFF8

8-BIT FFFF9 ] 16-BIT

SYSTEM BUS FFFFA SYSTEM BUS
FFFFB

Figure 4-7. Address Fetches In Initialization
Sequence.
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Figure 4-8. Local Memory Map

4-16. INTERRUPT PRIORITY LOGIC

Wire wrap pins W19-C and W19-0 through W19-7
(3B2) allow the user to select the interrupt priority of
the controller with respect to other peripherals in the
system. To issue an interrupt to the host, the 8089
IOP writes an 0100H to local I/0 port 8010H. A high
on data line BDAT-8 and a low on write decoder line
WDC10/ is then generated, causing interrupt latch
U56 (3B5) to pull its output high and pull the selected
interrupt line to the Multibus interface low. A 00H
written to the system I/0 port wake-up address,
clears the interrupt (refer to Paragraph 4-14).

4-17. LOCAL MEMORY MAP

As was discussed in the Functional Overview, the
8089 IOP addresses the ROM, RAM, iSBX I/0 ports
and the disk communications side of the controller
circuitry as local memory. Figure 4-8 shows a map of
this local memory. The following paragraphs
discuss the ROM, RAM and I/0 ports.

4-18. ROM

The controller ROM, which contains the 8089 IOP’s
disk control program, consists of two (4K x 8-bit)
ROM devices, U87 and U88 (6X7). On any read from
local memory in the range of 0000H to 1IFFFH, chip
select decoder U65 (5B4) decodes address lines
IADR-E and IADR-F and pulls ROM chip-select line
CSROM/ low, enabling the ROM devices.

4-19. RAM

The controller RAM consists of four (1K x 4-bit)
RAM devices, U99 through U102 (6X4). On any read
or write to local memory in the range of 4000H to
47FFH, chip select decoder U65 (5B4) pulls RAM
chip-select line CSRAM/ low, enabling the RAM
devices.

4-20. LOCAL MEMORY MAPPED 1/0
PORTS AND iSBX™ I/O PORTS

The 8089 IOP views the controlling devices in the
disk control circuitry (such as ID comparators,
counters, write buffer, read buffer, etc.) and the iSBX
bus ports as local I/0 ports, each with an addressin
local memory space. To enable one of the disk
control devices, the 8089 executes a read or a write to
the devices respective address. On any read or write
to local memory in the range 8000H through 8038H,
chip select decoder U65 (5B4) pulls its pin 10 low.
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Table 4-3. Local 1/0 Ports

Address Read (U33 Enabled) Write (U32 Enabled)
Enable Line | Function Enable Line Function

8000H RDCO00/ Read Disk Status WDCO00/ Write control data to disk drive and en-
able AM SEARCH/, RDGATE and WRT
GATE.

8008H -WDCO08/ Clear index and ID not compare latches

8010H WDC10/ Write to disk control register.

8018H RDC18/ Raise 8089 Ch 2 CA input. wDC18/ Write to Unit Select and Control register

8020H RDC20/ Read contents of counter 2 WDC20/ Load counter 0

8022H RDC20/ Read contents of counter 1 WDC20/ Load counter 1

8024H RDC20/ Read contents of counter 2 WDC20/ Load counter 2

8026H WDC20/ Write mode word

8028H RDC28/ Read contents of read buffer wDC28/ Write data to write buffer

8030H WDC30/ Write sector ID to high comparator,
start track format operation.

8038H WDC38/ Write sector ID to low comparator

When this low on pin 10 of U65 is accompanied by a
low on I/0 read line I-IORC/, read 1/0 port address
decoder U36 (5B2) is enabled; when the low on pin 10
of U65 is accompanied by a low on I/0 write line I-
AIOWC/, write I/0 port address decoder U35 (5A2)
is enabled. When enabled, U35 or U36 decode local
memory address lines IADR-3 through IADR-5 to
select the desired disk control device. Table 4-3
shows the address of each local I/0 port and its
function.

The two iSBX bus connectors, J3 and J4, on the
iSBC 215 board provide access to the controller’s
iSBX bus. The iSBX bus provides 16 data lines and
three address lines, providing a total of sixteen 16-bit
I/0 ports per connector. Each of these I/0 ports has
an address in local memory space (see Table 4-4).

Table 4-4. iISBX™ Bus 1/0 Port Addresses

Port iSBX Bus Port Address Assignments
J3- J3- Ja- Ja-
Channel 0 | Channel 1 | Channel 0 | Channel 1
0 C070 C0oBO CcoDo COEO
1 Co71 Co0B1 COoD1 COE1
3 Co073 CcoB3 BOD3 COE3
4 Co74 coB4 CoD4 COE4
5 CO075 CoB5 CoD5 COE5
6 CO076 CcoB6 CcoDé COE6
7 co77 CcoB7 CoD7 COE7

When the 8089 executes a read or a write to one of
these ports, chip select decoder U65-9 (5B4) activates
the CSMMIO/ line. Gates U30 (13C3) and inverter
U31 (13C4) decode the CSMMIO/ and IADR-4 lines
to select either J3 or J4. Address lines IADR-1,
IADR-2 and IADR-3 are transmitted to connectors
J3 and J4, pins 11, 9 and 7, respectively (5C1), to
select the I/0 port on the selected connector.
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4-21. CONTROLLER TO DISK DRIVE
COMMUNICATIONS

The following discussion provides a detailed func-
tional description of the section of the iSBC 215
controller that communicates with the disk drive
through the Winchester drive interface, and a
description of the controllers interface with the iISBX
bus through iSBX connectors, J3 and J4. The

~ discussion is broken into four areas: (1) description

of the disk interface and iSBX bus signals; (2)
explanation of how the controller formats a disk
prior to performing the read and write functions; (3)
explanation of how writes and reads are performed,;
and (4) descriptions of the various circuits that
perform the data transfer.

4-22. CONTROLLER TO WINCHESTER
DISK DRIVE INTERFACE

All the signals that are transmitted between the
controller board and the 8 Winchester disk drives
are transmitted through either the Control Cable
(J1) or the Read/Write Cable (J2). The physical
configuration of these cables is described and
illustrated in Chapter 2. All the signals transmitted
between the drives except for the read, write and
clock signals are TTL level. The read, write and
clock signals are transmitted as differential signals.

The interface signals that the controller supports are
described in the following paragraphs. Each of the
drive manufacturers, Shugart/Quantum, Memorex,
Priam and Pertec, use the available lines differently.
For the specific use of the lines being employed,
consult Figure 2-3 through 2-6 and the drive manu-
facturer’s user manual.
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4-23. CONTROL CABLE SIGNALS 1.

Control and status information is exchanged be-
tween the controller and the drive through the
Control Cable. Output signals are defined as those
signals that the controller transmits and input
signals as those the controller receives. The Control 5.

Principles of Operation

Device Select (Output)
Head Select (Output)

Priam and Pertec Only)

Control (Output)
Status (Input)

-~

Cable is connected to J1 on the iSBC 215 board and
goes to the first drive and up to three subsequent
drives in a daisy chain fashion as shown in Figure

2-7. The functions of the 37 Control Cablelines can be

divided into five categories:

transmitted through the Control Cable.

Table 4-5. Control Cable Line Functions

Line Name l Function [ Description
DEVICE SELECT
US0/-US3/ [ Unit Select I Four lines; each selects one of four disk drive units.
HEAD SELECT
HS0/-HS3/ [ Head Select [Four binary coded lines select one of sixteen heads in selected drive.

GENERAL PURPOSE DATA BUS (Priam and Pertec Only)

BAO/ and BA1/

Power Condition
Bus Address

BUS0/-BUS7/ Data Bus Eight-bit, bi-directional data bus transmits command and status information

between controller and drives. Data transmitted includes head and cylinder data.
COMMAND DATA

WRGATE/ Write Select Enables the write circuitry in drive, permitting write data that is sent to the drive
through the Read/Write cable to be written on the selected disk surface. Used
with AD MK EN/ line to write address mark on soft sectored disk.

RDGATE/ Read Select Enables the read circuitry in drive, permitting data to be read from the selected
sector of the disk. Used with AD MK EN/ to read address mark from soft sectored
disk.

DIR/ Direction Controls direction in which head is moved (Low = in, High = out) when stepping
head positioner.

STEP/ Step Head Initiates movement of head in direction that DIR/ has specified.

COMMAND/ Command Data Indicates command data is present; used in bus cycle handshaking.

PARAMETER/ Parameter Data Indicates parameter data is present; used in bus cycle handshaking.

DRIVE REQ/ Status Data Indicates status data is present; used in bus cycle handshaking.

BUS ACK/ Bus Acknowledges a bus cycle; used in bus cycle handshaking with commands,

Acknowledge parameters and status.
AD MK EN/ Address Mark Enables writing or detecting of address marks (beginning of sectors) when used
Enable in conjunction with WRGATE/ and RDGATE/, respectively. Refer to SECTOR/

under status data.

FLT CLR/ Fault Clear Clears FAULT/ line in selected drive. Signal has no effect if fault condition has
not been corrected.

SAFE/ Controller Indicates to drive that power condition of controller is safe.

Two binary coded lines specify source or destination register in selected drive
for bus data.

STATUS DATA

INDEX/
SECTOR/

FAULT/

ILL ADR/
SK COM/

READY/

Index

Beginning of
Sector

Fault Condition

Illegal Address
Seek Complete

Drive Ready

Pulse received from selected disk drive once every disk revolution.

Signal indicates beginning of a sector: address mark for soft sectored disks,
sector pulse for hard sectored disks.

Indicates to controller that an unsafe condition has been detected in the selected
drive, which would make the reliability of read/write operation questionable.
Normally, logic in drive disables the read, write and positioning circuitry until
rezero operation, fault clear or operator intervention occurs.

Indicates drive has received an illegal cylinder address.

Indicates to controller that selected drive has successfully completed the initial
head load, seek operation, or rezero operation within drive specified time limits.

Indicates that drive is powered up and is ready to receive or transmit data.
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Table 4-5. Control Cable Line Functions (Continued)

Line Name |  Function I Description
STATUS DATA (Continued)
WR PRO/ Write Protected Indicates that the selected drive is set for write protected operation. Controller is
then inhibited from writing to the drive.
TRACK 0/ Track Zero Indicates that heads of selected drive have been positioned to cylinder (track)
zero.

4-24. READ/WRITE CABLE
SIGNALS

Read Data, Write Data, Clocks, and two status lines
constitute the information exchanged over the
Read/Write cables. Output signals are defined as
those signals that the controller transmits to the
disk drives, and input signals those that the
controller receives. For the Memorex or 14” Shugart
drives, the Read/Write cables are connected from the
controller to the disk drive in radial fashion, that is
one cable from the controller to each of the drives. J2
provides read, write and clock signals for two drives,
for example, RDO (+ and -) and RD1 (+ and -). One of
these signals goes to physical address 0 and the
other to physical address 1. When using 8” Shugart,
Quantum, Priam or Pertec drives, only the signals
associated with physical address O are used. These
signals are then daisy chained between drive units
allowing the controller to communicate with up to
four drives. Chapter 1 describes the cabling require-
ments for the various drive manufacturers. The
physical configuration of these cables is explained
and illustrated in Chapter 2. Table 4-6 describes the
function of each of the lines transmitted through the
Read/Write Cables. Note that the read, write and
clock signals are differential signals, requiring two
lines in the cable; the status lines are TTL level
signals.

4-25. CONTROLLER TO iSBX™
CONNECTOR INTERFACE

All the signal and control lines transmitted between
the controller and the iSBX bus are transmitted both
through connectors J3 and J4. These lines are
discussed only in general in this manual as they
pertain to the remainder of the discussion of the
controller interface with the Winchester drives. For a
more detailed discussion of these lines refer to the
Intel iISBX™ Bus Specification, Manual Order No.
142686.

It should be noted that the controller does not sup-
port any parallel-to-serial or serial-to-parallel con-
version of data for transmission through the iISBX
connectors. It interfaces with any device connected
to these connectors through an 8 or 16-bit parallel
bus and a number of control and handshake lines.
The interface thus resembles the read/write port,
made up of the write buffer and the read buffer, that
is used in the controller interface to the Winchester
drives.

The names in the schematic diagrams for the signal
and control lines from the iISBC 215 Controller that
are connected to iSBX connectors J3 and J4 often
differ from the respective line name from the iSBX
bus specifications. Table 4-7 lists both the iISBX bus
mnemonic and the controller line name for each line
in the 1ISBX bus that the controller supports.

Table 4-6. Read/Write Cable Line Functions

Description

Write Data line pairs transmit serial NRZ data from the controller to the drive for
recording on the disk surface. Write Clock synchronizes data transfer.

Write Clock line pairs transmit clock signal to drive that is used to synchronize
write data transmission. Write Clock is derived from Read Clock, which the con-
troller receives from the selected drive. Since the Read Clock is obtained from
the rotating disk, it reflects any speed variations and thus ensures the proper bit
rate transmission when writing as well as when reading.

Read Data line pairs transmit serial NRZ data from the disk drive to the controller.
The controller converts the differential signal into TTL levels for transmission to
the host memory. The Read Clock synchronizes Read Data transfer.

Read Clock line pairs transmit clock signal to controller that is used to synchro-
nize read data transmission and as a timing signal for the controller disk interface
circuitry. Read Clock is derived from rotating disk.

Same as SECTOR/ signal transmitted to controller through Control Cable, one
signal from each physical address.

Same as SKCOM/ signal transmitted to controller through Control Cable, one
signal for each physical address.

Output signal used to control the write electronics for the inner tracks with higher

Line Name Function
WRO0 and WR1 |Write Data
(+ and -)
WRCLO and Write Clock
WRCL1
(+ and -)
RDO and RD1 Read Data
(+ and -)
RDCLO and Read Clock
RDCL1
(+ and -)
SECTO0/ and Beginning of
SECT1/ Sector
SKCOMO/ and |Seek Complete
SKCOM1/
RD WR CUR/ |Reduced Write

Current bit densities.
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Table 4-7. iSBX™ Bus Mnemonic-to-Controller Line Name

iSBX Bus iSBX Bus
Pin Mnemonic J3 Ja Pin Mnemonic J3 Ja
43 MD8 IDAT-8 IDAT-8 44 MD9 IDAT-9 IDAT-9
41 MDA IDAT-A IDAT-A 42 MDB IDAT-B IDAT-B
39 MDC IDAT-C IDAT-C 40 MDD IDAT-D IDAT-D
37 MDE IDAT-E IDAT-E 38 MDF IDAT-F IDAT-F
35 GND GND GND 36 +5V +5V +5V
33 MDO IDAT-0 IDAT-0 34 MDRQT DREQO DREQ1
31 MD1 IDAT-1 IDAT-1 32 MDACK/ N/C N/C
29 MD2 IDAT-2 IDAT-2 30 OPTO OPOQO OPO1
27 MD3 IDAT-3 IDAT-3 28 OPT1 OP10 OP11
25 MD4 IDAT-4 IDAT-4 26 TDMA EXTRO EXTR1
23 MD5 IDAT-5 IDAT-5 24
21 MD6 IDAT-6 IDAT-6 22 MCS0/ CSMMIO0/ CSMMIO2/
19 MD7 IDAT-7 IDAT-7 20 MCS1/ CSMMIO1/ CSMMIO3/
17 GND GND GND 18 +5V +5V +5V
15 IORD/ I-IORC/ I-IORC/ 16 MWAIT/ MWAITO/ MWAIT1/
13 IOWRT/ I-AIOWC/ I-AIOWC/ 14 MINTRO INTROO INTRO1
11 MAO IADR-0 IADR-0 12 MINTR1 INTR10 INTR11
9 MA1 IADR-1 |ADR-1 10
7 MA2 IADR-2 IADR-2 8 MPST/ MOPST/ M1PST/
5 RESET PWR RST PWR RST 6 MCLK CCLK CCLK
3 GND GND GND 4 +5V +5V +5V
1 +12v +12V +12V 2 -12Vv -12v -12V
All undefined pins are reserved for future use.

4-26. CONTROLLER TO DISK DRIVE
INTERFACE TIMING

The following paragraphs provide a detailed discus-
sion of the inter-circuit timing that occurs when
formatting a disk, writing to a disk or reading from a
disk. The discussion is provided to describe the inter-
action of the timing logic shown on Sheet 8 of the
Schematic Diagram, with the disk drive interface
receivers and drives shown on sheets 9 through 12
and the other data transfer circuitry described in
Paragraphs 4-31 through 4-36.

4-27. DMA MODE

In general, when the controller is performing a read
or a write function it locates the area of the disk
where the read or write is to be performed, then
enters its DMA mode to perform the actual transfer.
(The process of locating the area to be read or written
to is discussed in the following paragraphs.) In the
DMA mode, the 8089 IOP (see Figure 4-2) controls
the transfer of data between the local RAM block
and the write and read buffers (called the read/write
port). The data transfer circuitry on the controller
board controls the transfer of data between the read/
write port and the disk.

The RDY (Ready) line (8D1) is used for hand shaking
between the 8089 and the data transfer circuitry.
When RDY is low, the 8089 is quiescent; when RDY
is high, the 8089 performs a DMA transfer of data
either from local RAM to the write buffer (block-to-
port) or from the read buffer to local RAM (port-to-
block). Gates U40, U41 and U12 (8D3) control the
RDY line.

To perform a write or a read, the 8089 executes firm-
ware to set up data (write only) and condition the
hardware for the selected operation. It then enters
the DMA mode and attenipts to transfer data. At
this time: the TIME OUT line (8D8) is low; the
MWAIT/ line is high; the R/W GATE line (8D1) is
high (see Figure 4-9); U21-8 (8D3) is high, held so by
the low on the ENBL XFER line (8D1); and the
R/WDC 28 line, the output of U11-11 (8D7), is low.
The low on R/WDC 28 is thus keeping RDY acti-
vated. On this first attempt to transfer data in the
DMA mode, the 8089 activates either RDC 28/ or
WDC 28/ (8D8), depending on whether a read or a
write is being performed, respectively (refer to
Paragraph 4-31). When RDC 28/ or WDC(C28/ is
activated, the R/WDC 28 lines is activated, lowering
RDY and putting the 8089 into its quiescent (wait)
state. When the controller’s data transfer circuitry
has found the area on the disk where the read or
write is to begin, it activates ENBL XFER (8D1). On
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the next occurance of a Bit Ring-0 pulse, BR-0 (8D1),
following the activation of ENBL XFER, U21-8
(8D3) is activated, activating RDY. The 8089 then
immediately performs the data transfer (writes a
word into the write buffer or reads a word from the
read buffer) and lowers R/WDC 28. On the next
clock into U21-11, U21-8 is raised. On the 8089’s next
attempt to perform a data transfer, R/”WDC 28 is
also raised, lowering RDY. The data transfer does
not occur and the 8089 goes into its wait state.
During this time, the SER/DES either transfers the
word from the write buffer to the disk or reads
another word from the disk into the read buffer.
Then on the next BR-0 pulse, RDY is again activated
and the next DMA data transfer occurs. The 8089
continues in this DMA mode until the R/W GATE
line is lowered.

Note that two other lines have potential control over
the RDY line. The TIME OUT line (8D8) is provided
to allow the 8089 to be activated if a sector cannot be
found on a cylinder. While the drive is searching for
a sector, the RDY line is held low. If after two
revolutions, the drive does not locate a sync byte, the
time out line is raised. U41 (8D3) gates the TIME
OUT signal through to U12 (8D1) and activates
RDY.

The MWAIT/ line (8D8) is an iSBX Interface control
line, derived from MWAITO0/ and MWAIT1/ (13D8).

iSBC 215

MWAIT/ exercises the same control over the RDY
line as U40 (8D3) and can thus be used to set up a
handshaking arrangement between an I/0 control-
ler connected to one of the iSBX interface connectors
(J3 or J4) and the 8089. Refer to the discussion of the
8089 in the 8086 Family User’s Manual for a more
detailed explanation of the various uses of the 8089
wait states.

4-28. DISK FORMATTING

Before the surfaces of a disk can be used for the
writing and reading of data, the disk must be
formatted. Formatting is the operation of writing all
the address fields, gaps, ID headers, etc. for the
complete disk. The controller performs this operation
under software control. The software routine that
controls this disk formatting operation allows only a
single track to be formatted for each Format
command. The host thus issues a new Format
command to the controller board for each track to be
formatted until the formatting of the entire disk is
complete.

The implementation of the Format command is
divided into two operations. During the first opera-
tion, address marks (soft sectored disks only), gaps
and ID fields are written during a single disk
revolution. During the second operation, data fields
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Figure 4-9. Timing Diagram for RDY Signal
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are written (using the write data sequence described
in Paragraph 4-31) with user supplied data. The
second operation requires two disk revolutions, one
to write the odd physical data fields (1, 3, 5, ...) and
one to write the even physical data fields (0, 2, 4, ...).
Three disk revolutions are thus required to format a
single track. The hardware execution portion of the
format operation is discussed in the following
paragraphs. This discussion pertains to the format-
ting of a soft sectored disk. The iSBC 215 controller
supports both soft and hard sectored disks.' The
formatting procedure, however, is essentially the
same. The differences are described at the end of this
section, along with the slight differences in the
sector format used with the Shugart/Quantum
drives. When the Format command is issued to the
controller, the 8089 IOP performs a seek to the
desired track (cylinder) to begin the format operation.

'A soft sectored disk (as used in Shugart/Quantum
and Pertec drives) requires an address mark to be
written at the beginning of each sector during the
formatting operation. Hard sectored disks (as used
in Memorex and Priam drives) provide a sector pulse
at the beginning of each sector, thus address marks
do not need to be written.

Principles of Operation

When the heads are positioned over the selected
track, the 8089 writes a COH (for unit 0), a C8H (for
unit 1), a DOH (for unit 2) and a D8H (for unit 3) to
I/0 port 8018 (decoded as WDC 18/). The activation
of WDC18/ enables U3 (12A5) and activates the
WRT GAT-F and FORMAT lines (12B1) and WRT
GATE (12C1) (see Figure 4-10). WRT GAT-F and
FORMAT enable the controller format control
circuitry. The controller then writes all zeros to the
drive while the 8089 waits for the receipt of the first
INDEX/ pulse (11D8).

The receipt of INDEX/ sets latch U34 (11D6), which
in turn sets bit F of the Status Register, U44 (11D5).
To monitor the Status Register, the 8089 polls (reads)
1/0 port 8000H bit F (decoded as RDC 00/). Upon
detecting Index, the 8089 writes a XXXXH to I/0
port 3030H (decoded as WDC 30), which triggers U63
(8B7), activating the WRT AM/ line (8B1) and
causing the first address mark to be written on the
disk through the ADMKEN/ line (12D1).

The time that the 8089 allows between the detecting
of Index and the activating of U63 (8B7) is approxi-
mately 11 byte times, which is the time the controller
requires to perform a number of firmware steps in
preparation for writing the first address mark and
ID field, (see Figure 3-2 for a pictorial representation
of the track format). During this time, the 8089
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Figure 4-10. Timing Diagram for Disk Formatting Sequence
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writes the sync byte (0019H) to the write buffer, U46
and U49 (7C7 and 7D7), by writing to I/0 port 8028H
(decoded as WDC 28/). It performs this operation in
preparation for writing the ID field on the track.

The activation of WRT AM/ also starts counter 1,
CTR 1 of U69 (8A7). (The 8089 preset the counters in
U69 at the beginning of the format operation.) When
CTR 1 times out at the end of 11 byte times, it
activates the WRT XFER/ line through U63-7 (8C3),
and starts CTR 2. The activation of WRT XFER/
initiates the 8089’s DMA mode (as discussed in
Paragraph 4-27), during which time the sync byte
and the sector ID are written onto the disk. CTR 2
times out at the end of the ID field, starting CTR 0
and activating the ECC TIME line (8B1). During the
ECC TIME, the ECC code from the ECC generator is
written following the ID field (refer to Paragraph 4-34
for a description of the operation of the ECC genera-
tor). At the end of ECC TIME, the END TIME line is
enabled, which lowers the WRT XFER/ line and
takes the 8089 out of the DMA mode. After the last
ID field is written, the FORMAT line is deactivated,
which inhibits the writing of any additional address
marks.

CTR 0 is set for a time equal to the ECC+G3+DATA+
G4, which the 8089 sets according to the sector size
selected for the drive. When CTR 0 times out, it
activates WRT AM/ and CTR 1, which begins the
formatting of the second sector. This procedure is
repeated until the 8089 determines that the last ID
field has been formatted. The 8089 then begins
searching for the Index pulse. Upon receipt of Index,
the RST FRMT/ line is activated, resetting WRITE
GATE-F and FORMAT, and inhibiting the writing
of the next address mark. The 8089 then continues
through the Format routine to the second operation,
which is the writing of the data fields with user
supplied data. The write data function, discussed in
Paragraphs 4-29, describes the write data operation.

For hard sectored disks, a jumper is connected
between terminals W16 1-3 (8B8). The formatting of
the first sector thus begins when the first SECTOR/
pulse from the disk following the INDEX/ is
received, rather than when WDC 30/ is activated.
When the SECTOR/ line (11B8) is activated, it
activates the INDEX-SECTOR/ line (11C1), which
starts CTR 1. Formatting then continues in the same
manner as with soft sectored disks, except that the
beginning of the next sector occurs at the receipt of
the next SECTOR/ pulse rather than at the timing
out of CTR 0.

The 8” Shugart/Quantum drive sector format differs
in two ways from that of the other three drive types.
In the 8” Shugart/Quantum drives, an address mark
is placed before both the ID field and the data field,
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with no gap between the address mark and the sync
byte. In addition, a D9H is used for the sync byte in
the data field rather than a 19H. When the controller
sync byte detector circuit, U54, U68 and U73 (7B5),
detects a sync byte (19 or D9) following an address
mark and, the SR-6 (7B1) line is activated, (D9 only
detected), the DATA SYNC and IDNCMPRL lines
are activated through latch U37 (9A6). DATA SYNC
and IDNCMPRL then set bits 3 and 6, respectively,
of status register U10 (11C5) indicating to the
controller the presence of the data field instead of an
ID field. In the Memorex, 14” Shugart, Pertec and
Priam drives, a data field is assumed to follow an ID
field without an intervening address mark.

A second difference between the 8” Shugart/
Quantum drive and the other three drives is that
with the 8” Shugart/Quantum drives, a 4EH pattern
is written in the gaps rather than zeros. Inverters
U58 and U17 (8D6) and gates U19 (8D5) creates the
4EH pattern. U40 and U60 (8A3) gate the pattern
through to the SER/DES when the SHUGART and
WRT GAT-F lines are activated during a format.

4-29. WRITE DATA TRANSFER

The write operation is divided into two steps: (1) read
sector ID and (2) write data. When a write is
initiated, the 8089 IOP writes 0006H to I/O port
8000H (decoded as WDCO00). Latch U24 (12C5) then:
activates the AM SEARCH/, ADMKEN/ and RD
GATE/ lines, which enables the drive to search for
the address mark and enables the controllers read
circuitry (see Figure 4-11).

The 8089 has previously written to I/O port 8020H
(decoded as WDC20/) to load counters 0, 1 and 2 of
U69 (8A7). It also writes to I/0 ports 8030H and
8038H (decoded as WDC30/ and WDC38/), loading
the ID of the sector to be written to, into the 32-bit ID
comparator logic.

When the address mark (or sector pulse) is detected,
SECTORY/ is activated, which activates the AMFND-
SECTOR/ line (11B1). The low on AMFND-
SECTOR/ resets U34 (8C7) and deactivates the ID
FIELD line. The low on the ID FIELD line, deacti-
vates the AMMKEN/ line and activates the ALW
SYNC SRCH, initiating the search for the sync byte.
(Note that with the Shugart drives, the sync byte
follows the address mark directly. The activating of
AM FND-SECTOR/ thus activates ALW SYNC
SRCH directly through jumper W14 1-2 (12C3).)

In searching for the sync byte, serial data from the
disk is read into the SER-DES. Sync byte comparator
U73 and U54 (7B5) monitors the outputs of the SER-
DES and pulls the SYNC BYTE/ line (7B1) low
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Figure 4-11. Timing Diagram for Write Data

when 19H —the sync byte — is detected. The
enabling of SYNC BYTE/, enables the SYNC FND/
lines (9C1), which in turn activates the ID compara-
tor U1, U2, U22 and U23 (9DX) and word clock U20
(8D7). (See the discussion of the Sync Byte Compara-
tor Logic in Paragraph 4-32.)

SYNC FND/ also raises the ENBL XFER line, (8C1),
which enables the ECC Generator logic (7AX) and
Ready Latch U21 (8D4), and gates on counter 0 of
U69 (8A7).

The 32-bit comparator (see Paragraph 4-33) com-
pares the ID read from the disk with the ID of the
selected sector. At the end of the ID time, counter 0
times out, pulling the ECC TIME/ line (7A8) low and
initiating the ECC compare (see Paragraph 4-34). If
the ID and the ECC are valid, bit 6 of the controller
status register U10 (11C5) is reset. At the end of ECC
time, U42-10 (8B2) activates the END TIME line
which resets RD GATE. The 8089 then checks bit 6
of control status register U10 (11C5). If the bit is
inactive, the 8089 continues with the write operation.
If the ID or ECC are not valid (bit 6 active), the AM
ENABLE and RD GATE lines are then reasserted

and the controller searches for the next address
mark.

To begin the second step of the write operation, the
8089 writes a 01H to I/0O port 8000H (decoded
WDCO00/) and enables the write gate (WRT GATE),
through U24 (12B5), enabling the drive’s write
circuitry. When counter 0 times out, counter 1 is
started. Counter 1 is set for a time interval equivalent
to the ECC time plus GAP 2. When counter 1 times
cut, counter 2 is started and the U63-7 (8C3) is set,
activating WRT XFER/. WRT XFER/ enables write
buffers U46 and U49 (7C7) and the ECC comparator
logic (7AX), and raises the RDY line high indicating
to the 8089 that the write buffer is ready to receive
data.

The 8089 then enters its DMA mode to write data
from local RAM to the disk (see the discussion of the
DMA mode in Paragraph 4-27). The controller con-
tinues transferring data to the disk in this manner
until Counter 2 times out, indicating the end of the
data field, and raises the ECC TIME line. With the
ECC TIME line activated, the ECC generated during
the data transfer is written to the disk. END TIME
then terminates the write operation.
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Figure 4-12. Timing Diagram for Read Data Transfer

4-30. READ DATA TRANSFERS

The read operation is divided into two steps: (1) read
sector ID and (2) read data. The reading of the sector
ID is performed in the same manner as for the write
operation (see Figure 4-12).

When the desired sector is located, the RD GATE is
again raised to search for the sync byte of the data
field. When SYNC FNDY/ is activated, counter 2 is
started through U61-8 (8C4) and U59 (8B6), the ECC
generator is enabled and the RDY line is activated,
initiating the DMA read data transfer mode. Data is
then transferred from the disk to local RAM for the
duration of counter 2.

When counter 2 times out, ECC TIME is activated.
Following ECC TIME, END TIME is raised, termin-
ating the read operation.

4-31. SER/DES LOGIC

The serial/deserialize logic performs two functions:
(1) converts parallel data words into a serial string of
bits to be sent to the disk drive during a write
operation, and (2) converts a serial string of bits into
16-bit words during a read operation. The SER/DES
logic is made up of Write Buffer U46 and U49 (7C7),
SERializer/DESerializer U47 and U50 (7C5), Read
Buffer U48 and U51 (7C4), and Selector U70 (7A7).
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During a write operation (WRT XFER/ low), the
8089 IOP writes to I/0O port address 8028H. Write
170 port address decoder U35 (5A2) decodes this
address and pulls WDC28/ low, clocking the data to
be written to the disk (BDAT-0 through BDAT-F)
into write buffer U46 and U49 (7C7). A high on load
serial register line LDSR (7C6), derived from word
clock U20 (8C7) loads the contents of the write buffer
(SR-0 through SR-F) into the SER/DES (7C5).
Read/write clock R/W CLK-B (7B8) then clocks the
data bit by bit through the QH’ output of U50 (7D5),
and through selector U70 (7A7) to the WRT DATA
line. R/W CLK-A clocks the serial data string on
WRT DATA through U18 (10C3) to the selected
drive.

During a read operation, the R/W CLK-B (10B1)
gates the serial data string (RD DATA) from the disk
drive through U18 (10B4) and selector U70 (7A7) and
into the SI input of U47 (7C5), creating a 16-bit
parallel word. Bit ring-0 line BR-0 (7B8) then clocks
this word into read buffer U48 and U51 (7C4). BR-0
is derived from word clock U20 (8C7). With the read
buffer loaded, the 8089 initiates a read to I/O port
address 8028H. Read 1/0 port address decoder U36
(5B2) decodes this address and pulls RDC28/ low,
which clocks the data word from the read buffer onto
internal data bus IDAT-0' through IDAT-F.
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4-32. SYNC BYTE COMPARATOR LOGIC

The sync byte comparator detects-the presence of a
sync byte during a read operation and synchronizes
word clock U20 (8C7) with the data. A sync byte is
written preceding each sector ID and each data field
to indicate to the controller that data to be read is
forthcoming (see Figure 3-2). The sync byte value is
always 19H except for the Shugart/Quantum drives,
which use a D9H for data fields.

During a read operation, sync byte decoder U54 and
U73 (7B5) monitors the output of the SER/DES, U47
and U50 (7C5). When a 19H is detected, SYNC
BYTE/ goes low indicating the presence of the sync
byte. SYNC BYTE/ and the next output of R/W
CLK-B set the SYNC FND flip-flop, U57 (9C6).
SYNC FND activates word clock U20 (8C6), and
activates the read/write logic (sheet 8). A further
explanation of the sync byte logic can be found in
Paragraphs 4-29 through 4-31.

4-33. 32-BIT ID COMPARATOR LOGIC

The 32-bit ID comparator logic compares the sector
ID of the record being searched for with the sector ID
being read from the disk drive. The sector ID is made
up of the flags, cylinder number, sector number and
head address.

To load the sector ID of the record being searched for
into 32-bit ID comparator Ul, U2, U22 and U23
(9DX), the 8089 IOP writes to I/O ports 8030H,
enabling the WDC30/ and WDC38/ lines, respec-
tively. WDC30/ and WDC38/ initiate the loading of
the sector ID into the ID comparator. This loading
occurs prior to performing either a read or write data
operation. The ID compare operation begins after
the sync byte of an ID field has been detected (SYNC
FND). R/W CLK-B clocks the ID information, which
is stored in the ID comparator, out of U22 (pins 7 and
9) bit by bit. U26 (9D2) compares the serial string of
bits with the sector ID from the disk drive (RD-
DATA). If the two sector IDs differ, ID no-compare
line ID NCMPR/ is activated; if they are the same,
ID NCMPRY/ is raised. Selector U70 (7A7) ORs the
ID NCMPR/ and the ECC NCMPR/ lines (see
Paragraph 4-37). The resulting ID-ECC NCMPR/
lines is latched into U37 (9B6). The Q/ output of U37,
ID NCMPR-L, is transmitted to bit 6 of status
register U10 (11C5). The 8089 IOP then reads the
contents of the status register and checks the
condition of bit 6. Bit 6 being set high indicates that
the record read from the disk was either not the
record being searched for or had an ECC error;
conversely, bit 6 being set low indicates that the ID
field compared and that there was not an ECC error.
" The 8089 IOP can then read or write the data portion
of the record.
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4-34. ECC GENERATOR LOGIC

The error checking code (ECC) logic performs two
functions: (1) during a write operation, it generates a
four byte ECC polynomial that is appended to the ID
field (format operation only) and the data field
(normal write) of a record (see Figure 3-2), (2) during
a read operation, it regenerates the ECC polynomial
and compares it to the ECC field read from the disk
record to ensure that the correct data was read from
the drive.

During a write operation, serial data (either an ID
field or a data field) is transmitted from the
SER/DES (7C5) through selector U70 (7A7) and into
the ECC generator through pins 1 and 2 of U103
(7A6), where the ECC polynomial is generated. At
the same time a high on the WRT XFER DLYD line
(7B8), transmitted through gate U68 (7B4), enables
the serial data to be transmitted through U71 (7A2)
and selector U70 (7A7) to the WRT DATA line, where
it is transmitted to the disk. At ECC time (end of
data field), WRT XFER DLYD goes low, inhibiting
write data from being transferred through gate U68
(7B4). The ECC TIME/ line goes low, causing the
ECC polynomial to be written onto the disk through
U71 (7A3), U70 (7A7) and the WRT DATA line.

During a read operation, serial data (again either a
sector ID or a data field) is read into the ECC
generator through selector U70 (7A7) and into the
SER/DES through U71 (7A3) and U70. At ECC
time, U71 compares the ECC polynomial from the
ECC generator bit by bit with the ECC polynomial
from the disk and transmits the difference through
U70 to the SER/DES for storage in RAM. If the
difference is zero, the ID-ECC NCMPR/ line is
pulled high indicating correct data or sector ID
(Paragraph 4-33). If the result of the comparison is
non-zero, the difference is called the error syndrome.
The 8089 uses syndrome to correct errors in a sector
ID or data field (if correctable).

4-35. STATUS REGISTER LOGIC

Status register U10 and U44 (11X5) and U9 (11B3)
transmit status information from the selected disk
drive, the iSBX interface and various lines within
the controller disk interface circuitry to the control-
ler. When the 8089 IOP issues a Read Status
command, or checks status as an internal operation,
read decode enable lines RDC 00/ and RDC 08/ are
acticated, causing the contents of status registers
U10 and U4, and U9, respectively to be transferred
onto the internal bus (IDAT-8 through IDAT-F). The
8089 then analyzes the status information and either
uses it for an internal operation or communicates the
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Table 4-8. Status Register Bits

iSBC 215

Function
Bits 8000H (Upper Byte) 8000H (Lower Byte) 8008H (Lower Byte)
U44 (11D5) U10 (11C5) U9 (11B3)
F Index
E Drive Request
D lllegal Address
C Option Bit 10*
B Option Bit 00*
A Interrupt 10*
9 Interrupt 00"
8 iSBX Board Present at J3*
7 Time Out Write Protected
6 ID No Compare Track Zero
5 Bus Acknowledge Vendor
4 Fault Option Bit 11~
3 Data Sync Option Bit 01~
2 Seek Complete Interrupt 11*
1 Ready Interrupt 01*
0 0 iSBX Board Present at J4*
*iSBX Bus lines.

status of the data transfer operation to the host pro-
cessor through system memory (Controller Invoca-
tion Block). Table 4-8 lists the status register bits.
Refer to Chapter 3 for information on the status
information transmitted to the host.

4-36. LINE DRIVERS AND RECEIVERS

All the serial data and high speed clock signals
transmitted between the controller and the disk
drive use differential pair line drivers and receivers.
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The polarity on these lines is positive true logic i.e.,
when the + side of the line is more positive than the -
side of line, a positive logic “1” is being transmitted.

The controller’s differential drivers, U16 (10X3) are
referenced to O volts and +5 volts. The controller’s
receivers that receive differential signals from the
Memorex, 14” Shugart, Pertec and Priam drives,
U13 (10X6), are also referenced to 0 volts and +5
volts. The receivers for the 8” Shugart and Quantum
drives receive differential signals, Ul5 (10X5), are
referenced to -5 volts and +5 volts.



CHAPTER 5
SERVICE INFORMATION

5-1. INTRODUCTION

This chapter provides service and repair assistance
instructions, service diagrams, a complete electronic
parts list for the printed circuit board assembly and
a reference to the controller’s self diagnostic.

5-2. SERVICE DIAGRAMS

The controller board jumper and component loca-
tions, and schematic diagrams (Figure 5-1 through
5-3) are included at the end of this chapter. Note that
these diagrams are intended only for reference; they
reflect the iISBC 215 controller design at the time this
manual was printed. The schematics and component
location diagrams packaged with the controller
reflect the design version shipped and thus super-
cede the diagrams in this manual.

5-3. SERVICE AND REPAIR ASSISTANCE

United States customers can obtain service and
repair assistance from Intel by contacting the Intel
Product Service Hotline in Phoenix, Arizona.
Customers outside the United States should contact
their sales source (Intel Sales Office or Authorized
Distributor) for service information and repair
assistance.

Before calling the Product Service Hotline, you
should have the following information available:

a. Date you received the product.

b. Complete part number of the product (including
dash number). On boards, this number is usually
silk-screened onto the board. On other MCSD
products, it is usually stamped on a label.

c. Serial number of product. On boards, this num-
ber is usually stamped on the board. On other
MCSD products, the serial number is usually
stamped on a label.

d. Shipping and billing addresses.

If your Intel Product warranty has expired, you
must provide a purchase order number for
billing purposes.

f. If you have an extended warranty agreement, be
sure to advise the Hotline personnel of this
agreement.

Use the following numbers for contacting the Intel
Product Service Hotline:

Telephone:

All U.S. locations,
Except Alaska, Arizona, & Hawaii

(800) 528-0595
All other locations: (602) 869-4600
TWX Number:
910 - 951 - 1330

Always contact the Product Service Hotline before
returning a product to Intel for repair. You will be
given a repair authorization number, shipping
instructions, and other important information
which will help Intel provide you with fast, efficient
service. If you are returning the product because of
damage sustained during shipment or if the product
is out of warranty, a purchase order is required
before Intel can initiate the repair.

5-4. SELF DIAGNOSTIC

A self diagnostic is provided with the iSBC 215
controller, stored in the on-board PROM. It performs
a go/no-go test of the controller hardware and
firmware. If the controller passes the test, it
indicates with a high degree of certainty that the
controller is operating properly. See the discussion of
the diagnostic in Chapter 3 for a description of the
program and instructions for initiating the operation.

5-5. REPLACEABLE COMPONENTS

This section contains the information necessary to
procure replacement components directly from
commercial sources. Component manufacturers
have been abbreviated in the parts list with a two to
five character code. Table 5-1 cross-references the
manufacturer’s code with the name and location of
the prime commercial source. Table 5-2 lists all the
replaceable components on the controller board.
Note that the components that are available com-
mercially are listed in the “MFR CODE” column as
“COML” and that they are ordered by description
(OBD). Procure commercially-available components
from a local distributor whenever possible.
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Table 5-1. Code for Manufacturers
Mfr.
Code Manufacturer Location
BECK |Beckman Instruments Inc. Fullerton, CA
BOUR |Bourns, Inc. Riverside, CA
CRYST |Crystek Ft. Meyers, FL
CTSK |CTS Keene, Inc. Paso Robles, CA
DALE |Dale Electronics Columbus, NE
FAI Fairchild Semiconductor Mt. View, CA
INTEL [Intel Santa Clara, CA
MOT Motorola Phoenix, AZ
SNGMO [Sangamo-Weston, Inc. Pickens, SC
SPEC Spectrol Electronics Corp. City of Industry, CA
SPRG |Sprague Electronic Co. Adams, MA
3M 3M Co. St. Paul, MN
TI Texas Instruments Dallas, TX
VIK Viking Industries, Inc. Chatsworth, CA
COML  Any Commercial Source; Order By Description
(OBD)
Table 5-2. Controller Board Electrical Parts List
Reference Designation Description Mfr. Part No. Mfr. Code - Qty.
C1, C2 Capacitor, 22uF, Tant, £10%, 15V 150D226X9015B2 SPRG 2
C3 Capacitor, 2.2uF, Tant, =10%, 20V 150D225X9020A2 SPRG 1
C4 Capacitor, 0.33uF, Cer. Z5U OBD COML 1
C5 Capacitor, 10uF, Tant, =10%, 20V 150D106X9020B SPRG 1
C6 Capacitor, 10pF, Mica, £5%, D15-5C100J03 SNGMO 1
C7 through C12 Capacitor, 0.10uF, Cer. Z5U OBD COML 37
C14 through C44
J1 Connector, Header 50 Pin 3433-1302 3M 1
J2 Connector, Header 40 Pin 3432-1302 3M 1
J3, J4 Connector, 44 Pin 68-369 VIK 2
RP1 Resistor Pack, 220/330 Q, 10 Pin 765-5-R220/330 BECK 1
RP3 Resistor Pack, 100 Q, 8 Pin 764-3-R100 BECK 1
RP4 Resistor Pack, 56 Q, 6 Pin 763-1-R56 BECK 1
RP5, RP7 through Resistor Pack, 10 kQ, 8 Pin 764-1-R10K BECK 8
RP13
RP6 Resistor Pack, 220/330 Q, 8 Pin 764-5-R220/330 BECK 1
R1, R4, R7 Resistor, Carb., 10 KQ, %W, +5% OoBD COML 7
through R9, R13, R14
R2, R3, R6, R12, Resistor, Carb., 270 Q, %W, +5% OBD COML 6
R15, R16
R5 Resistor, Carb, 100 kQ, %W, +5% OBD COML 1
R10, R11 Resistor, Carb, 680 Q, W, +5% OoBD COML 2
S1 Switch, 8 Position, DIP 206-08LPST CTSK 1
S2 Switch, 10 Position, DIP 206-10LPST CTSK 1
U1, U2, U22, U23 IC, 8 Bit Shift Reg. SN74LS165N TI 4
U3 IC, Octal, D Type, Flip-Flop SN74LS273N Tl 1
U4 through U6, IC, Octal Latch, Inverting 8283 INTEL 6
U81 through U83
u7, u27 IC, Quad Driver, Inverting, OC 7438 2
us IC, Dual 4 to 1 Selector/MUX SN74LS153N Tl 1
U9, U85, U86 IC, Octal D Type Latch SN74LS373N Tl 3
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Table 5-2. Controller Board Electrical Parts List (Continued)

Reference Designation Description Mfr. Part No. Mfr. Code Qty.
U10, U44, U4e, IC, Octal D Type Flip-Flop SN74LS74N TI 6
u48, U49, U51
U11, UB1, UBS, IC Quad 2 Input NAND SN74LS00N TI 3
U12, U29, U59, U72 IC, Quad 2 Input AND SN74LS08N Tl 4
u13 IC, Quad Line Receiver 3486 1
ut4 IC, Dual Line Receiver 75107A Tl 1
u15, U89 IC, Quad 3 State Buffer SN74LS125N TI 3
u16 IC, Quad Line Driver 3487 TI 1
ut7 IC, Hex Inverter SN74S04N Tl 1
u18 IC, Dual Pos. Edge Trig. Flip-Flop SN74S4 1
u19, U26 IC, 2 Wide, 3 in, 2 in, AND-OR-INV SN74LS51N TI 2
u20 IC, 4 Bit Binary Counter SN74LS161N Tl 1
U21, U37, U56, IC, Dual Pos Edge Trip. Flip-Flop SN74LS74N Tl 6
u57, U62
u24 IC, Quad D Type Flip-Flop SN74LS175N TI 2
u25, uz28 IC, Hex Inverter SN74LS04N TI 2
U30, U32, U38, U41, IC, Quad Input OR SN74LS32N TI 7
U67, U76, U92
u31 IC, Hex Schmidt Trigger SN74LS14N TI 1
U33, U73 IC, Quad 2 Input NOR SN74LS02N TI 2
U34, U63 IC, Quad R-S Type Latch SN74LS279N Ti 2
U35, U36 IC, 3 to 8 Decoder SN74LS138N Tl 2
u40, U75 IC, Tri 3 Input NAND SN74LS10N TI 2
u42 IC, Hex Type Flip-Flop SN74LS743N TI 1
U43, U45, U93 IC, Octal Three State Buffer SN74LS244N TI 5
through U95
u47. Us0 IC, 8 Bit Shift/Storage Register SN74LS299N Tl 2
us2, Us3 IC, Octal Bus Transceiver 8286 INTEL 2
us4 IC, Dual 4 Input NAND SN74LS20N TI 1
u55 IC, Clock Generator 8284A INTEL 1
us8. Uu74 IC, Hex Inverting Buf/Drvr SN74LS06N Tl 2
ueo IC, Quad 2 Input NOR SN74S02N TI 1
ue6s IC, Dual 2 to 4 Line Decoder SN74LS139N TI 1
u66 IC, 13 Input NAND SN74LS133N TI 1
u69 IC, Programmable Counter/Timer 8253-5 INTEL 1
u70 IC, Quad 2:1 MUX SN74LS257N Tl 1
u71 IC, 9 Bit Parity Generator SN74LS280N TI 1
U77 through U80 IC, Quad 2 Input XNOR OC SN74LS266N TI 4
us4 IC. Input/Output Processor 8089 INTEL 1
us7 IC, PROM Open Loop (Low Byte) INTEL' 1

Closed Loop (Low Byte) INTEL' 1
us8 IC, PROM Open Loop (High Byte) INTEL! 1

Closed Loop (High Byte) INTEL' 1
u90 IC, Bus Arbiter 8289 INTEL 1
U9 IC, Bus Controller 8288 INTEL 1
U96 through U98 IC. Octal Bus Transceiver, Invert. 8287 INTEL 3
U99 through U102 IC, Static RAM 2114-5 INTEL 4
U103 through U106 IC. 8 Bit Shift Register SN74LS164N Ti 4
VR1 Voltage Regulator, -5V MC7905CT MOT 1
Y1 Crystal, 15.000 MHz Type 44 Miniature HC454 CRYST 1

Call Intel Product Service Hotline for current part number
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Figure 5-2. iSBC 215™ Winchester Disk Controller Parts Location Diagram
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Figure 5-3. iSBC 215™ Winchester Disk Controller Schematic Diagram (Sheet 1 of 14)
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Figure 5-3. iSBC 215™ Winchester Disk Controller Schematic Diagram (Sheet 3 of 14)
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Figure 5-3. iSBC 215™ Winchester Disk Controller Schematic Diagram (Sheet 6 of 14)
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Figure 5-3. iSBC 215™ Winchester Disk Controller Schematic Diagram (Sheet 7 of 14)
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Figure 5-3. iSBC 215™ Winchester Disk Controller Schematic Diagram (Sheet 8 of 14)
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Figure 5-3. iSBC 215™ Winchester Disk Controller Schematic Diagram (Sheet 9 of 14)
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Figure 5-3. iSBC 215™ Winchester Disk Controller Schematic Diagram (Sheet 10 of 14)

5-27/5-28



iSBC 215

l N 2038

SH REV
A <)

Service Information

SAL WDCP8B

INDEY 145

S Q

|Rev]

DESCRIPTION |

OFf | CcHK | DATE | APPROVED

SEE SHEET ) |

» OP\®

TALSTY)

DR RQ/T4-8

RPo-b

[(1nA3)

AR U34

0774\_6374 JOAT-F

Q7

ILL ADR/ @
oPLG 3328

oPpP
INTRAG
INTRO®

30

U44

\e

14

SBL

AD1

AL
9BL

oBL

5Bl

DAL

BAL PUL
12BA FORMAT

1201 BACK/

1281 usCe
2BL USCA

MQPST/ 8

IF[O|Blo|~[>w

4

—e OPOP

= INDEX B/  9A®, 12C§)

Y

RDCGO/

u2g
741584

PWR RST/

Yy

Iq u2e™>.2

\

TIME OUT

74LSp4

3, TALSDTA 2

o7 JIOKT-T

1Y

IONCMPR L

IDAT-©

FAULT/ 31-9

RPG-2

5 IDAT-5

[(1A3) e 2

IDAT-4

DATA SYNC

RPL-B 7ALSI4

Vo e ToATs

[(7A3) [

IDAT-2

IDAT-1

RDY/ T4

SKCOM @/ J2-29

RPI-3

[F//ﬁ 3)

RPI-2

W/ﬂ:! )

7
‘\5\\553

L4

SKCOMA/ J2-38

et
RP6-4 ice ue

FMS) 'R e c
3

20

Tol2|ule

|
2,
4508

SKCOM/  FA-19

[ g

-

SECT @/ 32-28

RP1-4

Pms )

1

RPLS
©rA3) 14 2115] =

SECTA/ T2-37:

0

2C1 2Y|

1IDAT-@

l l\o )

s o
D 57 Q5
74574

wi?
, 7

20  Rps ok
12—

R D
B A AL532 508

1289
2B

-»=(IDAT- 8)-(1DAT-F) 4A1

RST FRMT/

12AB)

»TNDEX- SECTOR] 888

= (TDAT-OHIDAT7) 4l

22 U8
26>

RPG-3

F//A 3)

Tolsl=|o

b ©
13 0
12
ALS5G8

SECTOR/ T1-16
ROC @8/

WRT PRO/ 3
TRK G/ 18
VENDOR 4
OoP1L \7
OP@A 7 - 1IDAT-3
TIORA @l 5 TOATZ
INRGL 8 5 ToATT
MpST 3 2 TOAT-_

7415373 Q2 TOAT -7

V9 19  IDAT -6
5 1IDAT-S
\o 1DAT-4

FERE
8

R

RPA-6 RP1-7

[(123)

1(7//73)

WRT PRO/ 46

TRR@/
VENDOR

OPiL

®

| W4 2

RP8

CIYVNEING +BV
oK

= OPIL

il

- OPQL

uz2

TYPICAL 13 PLACES
RPI, RFE

41532

230 |

STATUS

—

m;‘“é(“ !2&
1SSUED

& EXT TRM

INPUT

SIZE | CODE

14

WG NO.
12038

= AMFND-SECTOR/  ee8]
1”ce

1289
12B%

ey
&

[SHeET |

| 2

Figure 5-3. iSBC 215™ Winchester Disk Controller Schematic Diagram (Sheet 11 of 14)
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Figure 5-3. iSBC 215™ Winchester Disk Controller Schematic Diagram (Sheet 12 of 14)
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Figure 5-3. iSBC 215™ Winchester Disk Controller Schematic Diagram (Sheet 13 of 14)
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Figure 5-3. iSBC 215™ Winchester Disk Controller Schematic Diagram (Sheet 14 of 14)

5-35/5-36

These schematic diagrams may have been revised. See “Service Information” chapter for details.
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APPENDIX A HANDSHAKE
SEQUENCES AND EXAMPLE HOST
PROCESSOR DISK CONTROL PROGRAM

INTRODUCTION

The information contained in this appendix is
provided to illustrate various methods of implement-
ing data transfers between one or more host proces-
sors and the iSBC 215 controller. The flow charts
illustrate the handshake procedures required be-
tween a host processor and the controller. User
sequences are shown both for single and multi-user
processing environments. A sequence for initiating
overlapped seeks is also given.

The program listing provides an example program
that a host processor would run to direct data trans-
fer between the host and the iSBC 215 controller.
The program is written in MCS-86™ Macro Assem-
bler language. It illustrates the data structures that
the iSBC 215 controller requires and shows a few
simple disk operations drivers.

SINGLE USER SEQUENCE

The flow chart in Figure A-1 shows the handshake
sequence between a single host processor and the
controller for basic data transfer operations (with no
overlapping seeks). Note that communication be-
tween the host and the controller is through the
Status Semaphore and Operation Status bytes of the
Controller Invocation Block.

SINGLE USER SEQUENCE
WITH OVERLAPPING SEEKS

The flow chart in Figure A-2 shows the handshake
sequence between a single host processor and the
controller for data transfer operations that user over-
lapping seeks.

MULTI-USER SEQUENCE

The flow chart in Figure A-3 shows the handshake
sequence between a host processor and the controller
when more than one processor is transferring data
between the disk drives through the same controller
(multi-processor environment). Note that in this case
the Command Semaphore byte in the Controller
Invocation Block is also used. Overlapping seeks in
a multi-processor environment are implemented the
same as in single processor environments.

EXAMPLE HOST PROCESSOR
DISK CONTROL PROGRAM

The following program example is for a single user
environment. Some of the techniques illustrated in
the flow charts in this appendix are implemented in
this program, but not all.

A1l



Appendix A

iSBC 215

SET UP
1/0 PARAMETER
BLOCK

WRITE ‘01" TO
WAKE-UP 1/0
PORT

NO

IS
OP. STATUS
OK?

SET
ST. SEMA.
=0

A

FINISH

SET
ST. SEMA.
=0

GO TO ERROR
HANDLING
ROUTINE

FINISH

Set up command and parameters for desired data
transfer operation.

} Initiate data transfer operation.

Check to ‘see if controller has completed operation
(STATUS SEMAPHORE byte is non-zero).

Check OPERATION STATUS byte to see if operation
was completed without error.

Check Error Status buffer and process results.

Figure A-1. Flow Chart for Single User Handshake Sequence Without Overlapping Seeks
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Appendix A

SET UP
1/0 PARAMETER
BLOCK

WRITE ‘01" TO
WAKE-UP
1/0 PORT

A
BRANCH TO
OTHER
PROCESSING
TASKS

/ OP COMPLETE INTERRUPT

Set up command and parameters for seek operation.

Initiate data transfer operation.

Perform other processing tasks.

1S
OP. STATUS
OK?

- Respond to operation complete interrupt; Check
ST. SEMA. OPERATION STATUS byte to see if operation was
completed without error.

SET 1/0 PARA-

METER BLOCK FOR
NEXT OPERATION;
SET ST. SEMA = 0

WRITE ‘01’ TO
WAKE-UP
1/0 PORT

A
BRANCH TO

OTHER PRO-
CESSING TASKS

/ OP COMPLETE INTERRUPT

GO TO ERROR
HANDLING
ROUTINE
Set up command and parameters for next seek
operation.
FINISH

Initiate next data transfer operation.

Perform other processing tasks.

NO

1S
OP. STATUS
oK

SET Respond to operation complete interrupt; check
ST. SEMA. "OPERATION STATUS byte to see if operation was
completed without error.

GO TO ERROR
HANDLING
' ROUTINE
SET ST. SEMA.
70 GTHER ao- Continue with other processing tasks.
CESSING TASK \
FINISH

Figure A-2. Flow Chart for Single User Handshake Sequence With Overlapping Seeks
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iSBC 215

\

NO

SEEK COMPLETE INTERRUPT

I
SEEK

YES

SET
ST. SEOMA.

T
ST. SEMA.
=0

A

<

/

BRANCH TO
OTHER PRO-
CESSING TASKS

s

YES

SET
ST. SEMA.

FINISH

G .

GO TO SEEK
ERROR HANDLING
ROUTINE

SEEK COMPLETE INTERRUPT

NO

SET
ST. S%MA.

GO TO SEEK
ERROR HANDLING
ROUTINE

\

FINISH

Respond to seek complete interrupt for first opera
tion; check status buffer to determine if seek opera
tion was completed without error.

Continue with other processing tasks.

Respond to seek complete interrupt for second opera
tion; check status buffer to determine if seek opera-
tion was completed without error.

Figure A-2. Flow Chart for Single User Handshake Sequence With Overlapping Seeks (Continued)




iSBC 215 Appendix A
LOCK THE
MULTIBUS™
INTERFACE
UNLOCK
MULTIBUS™
INTERFACE
Obtain control of disk controller. Test and set COM-
s MAND SEMAPHORE byte.
COMM. SEMA. NO
SET COMM. SEMA.
TO NON-ZERO
AND UNLOCK
MULTIBUS™ INTER.
Y
SET UP Set up command and parameters for desired data
1/0 PARAMETER .
BLOCK transfer operation.
‘01" TO .. .
VVT%%Q& Vo Initiate data transfer operation.
a2 inue with ing task
CroaiG Tacks Continue with other processing tasks.
/ OP COMPLETE INTERRUPT
Respond to operation complete interrupt; check
op. STATUS sT. SEMA. OPERATION STATUS byte to see if operation was
OoK? -0 completed without error. :
\
SET
COMM. SEMA
SET =0 .. .
ST. SEMA. Relinquish controller of disk controller.
GO TO ERROR
HANDLING
ROUTINE
4
FINISH

Figure A-3. Flow Chart for Multi-User Handshake Sequence
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RE
DESIRE DISK
OPERATIONS
COMPLETE?,

SET
COMM. 0SEMA.

A

FINISH

Figure A-3. Flow Chart for Multi-User Handshake Sequence (Continued)
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Appendix A

MCS-86 MACRO ASSEMBLER iSBC 215 8" WINCHESTER DISK CONTROLLER PROGRAMMING EXAMPLE 10/27/80 PAGE 1

ISIS-II MCS-86 MACRO ASSEMBLER V2.1 ASSEMBLY OF MODULE EXMPRG
OBJECT MODULE PLACED IN :F1:EXMPRG.OBJ
ASSEMBLER INVOKED BY: ASM86 :F1:EXMPRG.MMD DATE(10/27/80) XREF DEBUG

LoC O0BJ LINE

SOURCE

SPAGELENGTH(85) PAGEWIDTH(115) TITLE(iSBC 215 8" WINCHESTER DISK CONTROLLER PROG
RAMMING EXAMPLE) XREF

i BHBFERAAAAFABRIRBFRRERB R REARBBREFERFRFFRR AR RBABDAAAH

i zﬁ iSBC 215 DISK CONTROLLER PROGRAMMING EXAMPLE #i# "

: zzﬂ#################a#####0#0#######0##############################Zﬁ

H

THIS PROGRAM ILLUSTRATES THE DATA STRUCTURES REQUIRED BY THE iSBC 215
DISK CONTROLLER. A FEW SIMPLE DISK OPERATION DRIVERS ARE ALSO SHOWN.

THE HARDWARE CONFIGURATION SUPPORTED IS:

iSBC 86/12A HOST CPU
20 BIT SYSTEM MEMORY ADDRESS WIDTH
16 BIT SYSTEM DATA BUS WIDTH
16 BIT SYSTEM I1/0 ADDRESS WIDTH
iSBC 215
a. WAKE UP ADDRESS ( WUA ) AT I/0 PORT 0635H
b. INTERRUPT 5
c. =12 VOLTS INPUT
d. RELINQUISH BUS CONTROL ON ANY REQUEST

(O R

..

FOR (2), PROGRAMMING OF DATA TRANSFERS MUST TAKE THIS INTO ACCOUNT,e.g. THERE
IS NO WRAPAROUND IN SEGMENTS IF MORE THAN 64K BYTES ARE TRANSFERRED.

iSBC 215 SWITCH AND JUMPER SETTINGS:

H

H

H

;

;

H

; FOR (3), SWITCH S2-1 IS CLOSED.

; FOR (4), SWITCH S2-2 IS CLOSED.

; FOR (5a), SWITCHES S1-6,S1-7,52-5,52-6,5S2-8, AND S2-10 ARE CLOSED, THE
; REMAINING ADDRESS SELECT SWITCHES ARE OPEN.

; FOR (5b), W19-C CONNECTS TO W19-5; INTERRUPT VECTORS MUST BE SET UP PROPERLY.
; FOR (5c), W21-1 CONNECTS TO W21-3

; FOR (5d), W2-1 CONNECTS TO W2-2.

3

S$INCLUDE(:F1:COMBLK.MMD)

S$EJECT TITLE(iSBC 215 COMMUNICATION BLOCKS)
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MCS-86 MACRO ASSEMBLER iSBC 215 COMMUNICATION BLOCKS 10/27/80 PAGE 2
LOC OBJ LINE SOURCE
=1 39 § mmmmeememceecccc e e ——m—ccc e e —
=1 40 H |
=1 41 HI| COMMUNICATION BLOCKS |
=1 42 H | I
=1 43 } memm e e ——————
=1 44 H
=1 45 ; ss=ss=ass=ass
=1 46 ; I. SCB
=1 47 ; ==s=s==ss=====
=1 48 H
=1 49 H THE SCB TELLS THE 8089 ON THE iSBC 215 THE WIDTH OF THE 8089's LOCAL
=1 50 ; BUS AND POINTS TO THE CCB.
= 51 H
=i 52 : L L R R R T L g T T P T T
=1 53 H * THE MEMORY ADDRESS OF THE SCB IS EQUAL TO THE I/0 WAKE-UP ADDRESS *
=1 54 H * ( WUA ) OF THE iSBC 215 MULTIPLIED BY 16. *
=1 55 s Kk dkkhkk ke khk ko kkkkh kA k ko kkhkk ke ke ko kk Ak ko ko kk ke hhhkkhkhhhkhhkhkhk
=1 56 H
0635 =1 57 WUA EQU 0635H s WAKE-UP ADDRESS I/0 PORT NUMBER
=1 58 H
———— =1 59 SCBSEG SEGMENT AT WUA ; PUTS SCB AT ADDRESS 06350H
=1 60 H
0000 =1 61 SCB LABEL FAR
0000 01 =1 62 socC DB OlH ; TELL 8089 IT IS ON A 16 BIT LOCAL BUS
0001 00 = 63 DB 00H ; RESERVED
0002 0000=---- R =1 64 CCBPTR DD CCB s POINTER (SEGMENT + OFFSET) TO CCB
=1 65 H
- =1 66 SCBSEG ENDS
=] 67 H
=1 68 ; ======s=======
=1 69 H II. CCB
=1 70 ; ==s====s=s=====
=1 71 H
=1 72 H THIS BLOCK CONTAINS THE CONTROL BYTES, BUSY FLAGS, AND POINTERS TO THE
=1 73 H STARTING ADDRESSES OF THE CHANNEL PROGRAMS FOR THE 8089.
=1 74 H
———— =1 75 CCBSEG SEGMENT 3 CCB MUST BE CONTIGUOUS
=1 76 B
0000 =1 77 (’JCB LABEL FAR
0000 01 =1 78 ccwl DB O1lH 3 START CH. 1 PROGRAM IN LOCAL MEMORY
0001 00 =1 79 BSYFLG1 DB 00H s CH. 1 BUSY FLAG
0002 0400---- R =1 80 CHIPTR DD CH1PC 3 POINTER TO FIFTH BYTE OF CIB, WHICH
=1 81 3 CONTAINS STARTING ADDRESS OF CH. 1
=1 82 3 FIRMWARE PROGRAM
0006 0000 =1 83 DW 0000H 3 RESERVED
0008 01 =1 84 CCW2 DB OlH 3 START CH. 2 PROGRAM IN LOCAL MEMORY
0009 00 =1 85 BSYFLG2 DB 00H 3 CH. 2 BUSY FLAG
000A OEO0Q0---- R =1 86 CH2PTR DD CH2PC 3 POINTER TO LAST WORD OF CCB, WHICH
=1 87 3 CONTAINS STARTING ADDRESS OF CH. 2
=] 88 3 FIRMWARE PROGRAM
000E =1 89 CH2PC LABEL FAR
000E 0400 =1 90 bW 0004H 3 STARTING ADDRESS OF CH. 2 PROGRAM
=1 91 H
———— =] 92 CCBSEG ENDS
=1 93 ;
=1 94 +1 $EJECT
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MCS-86 MACRO ASSEMBLER

Loc

0000
0000
0001
0002
0003
0004
0004
0008
000A
000C

0000
0000
0004
0008
000A
000B
000cC
000E
0010
0011
0012
0014
0016
001A

0BJ

00
00
00
00

00000000
0000

00000000

00000000
00000000
0000

00

00

0000
0000

00

00

0000
0000
00000000
00000000

Appendix A

iSBC 215 COMMUNICATION BLOCKS 10/27/80 PAGE 3
LINE SOURCE
95
96 :
97 B
98 B )
99 ; THIS BLOCK CONTAINS GENERAL PURPOSE COMMAND AND STATUS BYTES, SEMA-
100 5 PHORES, AND POINTERS TO ALLOW THE USE OF THE iSBC 215 IN A MULTI-
101 3 PROCESSOR/MULTI-PROCESSING SYSTEM.
102 ;
103 CIBSEG SEGMENT ; CIB MUST BE CONTIGUOUS
104 H
105 CIB LABEL FAR
106 CIBCMD DB 00H ; CIB COMMAND BYTE NOT USED BY iSBC 215
107 OPSTS DB 00H ; CIB STATUS BYTE IS USED BY iSBC 215
108 CMDSEM DB 00H ; COMMAND BYTE SEMAPHORE
109 STSSEM DB 00H 5 STATUS BYTE SEMAPHORE
110 CHIPC LABEL FAR
111 DD 0000H ; STARTING ADDRESS OF CH. 1| PROGRAMU
112 IOPBOFF DW OFFSET IOPB ; POINTER TO IOPB
113 IOPBSG DW IOPBSEG
114 DD 0000H ; RESERVED
115 H
116 CIBSEG ENDS
117 s
118 H
119 H
120 ;
121 5
122 ; THIS BLOCK CONTAINS THE DEVICE DEPENDENT CONTROL INFORMATION FOR THE
123 5 iSBC 215 CONTROLLER.
124 ;
125 IOPBSEG SEGMENT 3 IOPB MUST BE CONTIGUOUS
126 H
127 IOPB LABEL FAR
128 DD " 0000H ; RESERVED
129 ACTCNT DD 0000H ; ACTUAL TRANSFER COUNT (32 BIT INTEGER)
130 DEVCOD DW 0000H ; DEVICE CODE (OH-WINCHESTER OlH-FLOPPY)
131 UNIT DB 00H ;5 UNIT NUMBER (0 <= UNIT <= 3)
132 FUNC DB 00H ; FUNCTION CODE (0 <= FUNCTION <= OFH)
133 MODIFY DW 0000H ; MODIFIER WORD
134 CYLNDR DW_ 0000H ; CYLINDER NUMBER
135 HEAD DB 00H ; HEAD NUMBER
136 SECTOR DB 00H 5 SECTOR NUMBER
137 BUFOFF DW 0000H ;s POINTER TO DATA BUFFER
138 BUFSEG DW 0000H
139 REQCNT DD 0000H ; REQUESTED TRANSFER COUNT (INTEGER)
140 DD 0000H 3 RESERVED
141 s
142 IOPBSEG ENDS
143 $
144 +1 SINCLUDE(:F1:INITBL.MMD)
145 +1 $EJECT TITLE(DISK DRIVE INITIALIZATION TABLES)
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MCS-86 MACRO ASSEMBLER DISK DRIVE INITIALIZATION TABLES 10/27/80 PAGE 4
LOC OBJ LINE SOURCE
=1 146 § T e e e e e e e e
= 147 H| 1
=1 148 | DISK DRIVE INITIALIZATION PARAMETER TABLES |
= 149 H |
=1 150 § o
= 151 H
=1 152 H THIS SEGMENT CONTAINS THE DRIVE CONFIGURATION DATA TABLES THAT ARE USED
=1 153 H BY THE INITIALIZATION ROUTINE. THEY MUST BE MODIFIED TO REFLECT THE
=1 154 H PARTICULAR DRIVES BEING USED WITH THE iSBC 215 DISK CONTROLLER.
=1 155 H
=1 156 3 = IF A DRIVE IS NOT PRESENT, ITS INITIALIZATION TABLE MUST BE ALL ZEROES.
=1 157 B
=1 158 H PPN
=1 159 H | 8 " WINCHESTER HARD DISK DRIVES |
=1 160 H e e et s et eeceseecetset s eer e tatat ettt es e ranns
= 161 ; | BYTES PER SECTOR | MAXIMUM SECTORS PER TRACK |
=1 162 ; T
= 163 H |
= 164 ; |
=1 165 H |
= 166 B |
=1 167 ;
= 168 R i e et it D Rttt e
=1 169 H
———— =1 170 INIT<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>