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PREFACE

This manual is the hardware reference for the iSBC 208 Flexible Disk Controller.
The manual is divided into five chapters that describe general information,
preparation for use, programming information, principles of operation, and service
information. Three appendices, describing sample 1/0 drivers, the iSBX
Multimodule interface, and drive interfaces are also included. Supplemental
information can be found in the following Intel publications:

o Intel Multibus Specification, order number 9800683

®  jSBX Bus Specification, order number 142686

°  iSBC Applications Manual, order number 142687

o Intel Component Data Catalog

®  MCS-80/85 Family User’s Manual, order number 121506
¢  The 8086 Family User’s Manual, order number 9800722

°  8080/8085 Assembly Language Programming Manual,
order number 9800940

*  MCS-86 Macro Assembly Language Reference Manual
order number 9800640
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GENERAL INFORMATION

CHAPTER 1

1-1. INTRODUCTION

The iSBC 208 Flexible Disk Controller is one product
within a complete line of Intel iSBC single board
computer expansion modules. The iSBC 208 con-
troller is designed to interface up to four single- or
double-sided, standard 8-inch floppy disk drives or
four single- or double-sided 5'-inch mini-floppy
drives. The controller permits both single- and
double-sided drives of the same size to be interfaced,
and both single-density (FM) and double-density
(MFM) recording formats to be used concurrently.
The controller supports a soft-sector format with sec-
tor sizes ranging from 128 bytes to 4096 bytes in the
IBM 3740-compatible single-density format and
ranging from 256 bytes to 8192 bytes in the IBM
system 34-compatible double-density format.

The iSBC 208 controller is designed expressly for
Intel Multibus interface compatibility and can be
inserted directly into a standard iSBC 604/614 card-
cage as found in the iSBC System 80 series main-
frame or into any of the Intel microcomputer
development systems. All circuitry is contained on a
single printed circuit board and operates from a
single +5 volt source. A majority of the controller’s
logic is LSI (large scale integration) and includes both
an Intel 8237 DMA Controller (DMAC) and an Intel
8272 Floppy Disk Controller (FDC). Additionally,
data separation logic is included on the board to

eliminate the necessity of this logic within the drive or
off-board. The controller interfaces directly with any
multibus-compatible single board computer. This
computer, referred to in the remainder of this
manual as the ‘‘host processor,”’ provides all infor-
mation required to perform a disk operation. Once
all of the information is received, further host pro-
cessor involvement is unnecessary, and the controller
takes control of the bus for the duration of the data
transfer. When the transfer is complete, the
controller interrupts the host processor. When inter-
rupted, the host processor examines the controller’s
status register to determine the outcome of the
operation.

In addition to programmable sector sizes and record-
ing density, the head load time, head unload time and
track-to-track access time (step rate) operating
characteristics also can be program specified. Addi-
tionally, a number of jumper-selectable options are
provided to support various drive features and drive
interface pin assignments. As shown in figure 1-1, the
controller has two drive-interface connectors, a 50-
pin connector for interfacing standard 8-inch drives
and a 34-pin connector for interfacing 5 %-inch mini
drives. A 36-pin connector is incorporated on the
controller board for the installation of either a single-
or double-wide iISBX Multimodule board. The con-
troller extends Multibus capability to the
Multimodule board and also provides up to two

MINI-DRIVE
_ INTERFACE

£ g £ 42

P
MULTIBUS™ INTERFACE

STANDARD-DRIVE
INTERFACE

iSBX™ MULTIMODULE™
INTERFACE

J3

P2
AUXILIARY INTERFACE

Figure 1-1. iSBC™ 208 Flexible Disk Drive Controller 143078-1




General Information iSBC 208

DMA channels for use by the iSBX board. The P2 1-2. SPECIFICATIONS

auxiliary edge connector includes four address lines

that extend the controller’s memory addressing Table 1-1 lists the physical and performance
capability to 16 megabytes (24-bit address bus). characteristics of the iSBC 208 controller.

Table 1-1. Specifications

Compatibility

Host Processor Any Intel mainframe, microcomputer development system or Multibus-compatible
CPU. The controller supports either 16-, 20- or 24-bit addresses and an 8-bit data
bus width.

Diskette Drive Single- or double-sided, standard 8-inch or 5%-inch mini drives. Up to four drives

of one size can be interfaced; single- and double-density, and single- and double-
sided drives can be mixed.

Drive Interface Compatible with Shugart SA850 (standard 8-inch) and Shugart SA450 {5'-inch
mini) or any other drive with a similar interface.

Typical Drive Characteristics

Transfer Rate
Standard 8-inch Drive
250 kilobits per second, single density (FM)
500 kilobits per second, double density (MFM)

5%4-inch Mini Drive
125 kilobits per second, single density (FM)
250 kilobits per second, double density (MFM)

Disk Speed
360 rpm (standard 8-inch)
300 rpm (5%-inch mini)

Track-to Track Access Time (Step Rate)
Programmable from 110 16 ms in 1 ms steps (standard) or from 2 to 32 ms in 2 ms steps (mini).

Head Load Time
Programmable from 2 to 254 ms in 2 ms increments (standard) or from 4 to 508 ms in 4 ms increments (mini).

Head Unload Time
Programmable from 16 to 240 ms in 16 ms increments (standard) or from 32 to 480 ms in 32 ms increments (mini);
jumper selectable for 1 second.

Physical

Dimensions
Length: 30.48 cm (12.0 inches)
Width: 17.15cm (6.75 inches)
Height: 1.27cm (0.5 inches)

Shipping Weight
0.82 kg (1.8 pounds)

Power Requirements
5.0 volts (+5%), 3 amperes (maximum)

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% relative humidity without condensation.
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iSBC 208

Table 1-1. Specifications (Cont’d.)

General Information

Data Organization and Capacity (Standard 8-inch drives*)

Single Density

IBM Format

Non-IBM Format

Bytes per Sector
Sectors per Track
Tracks per Side
Bytes per Side

128 256 512

26 15 8

77 77 77
256,256 (128-byte sector)
295,680 (256-byte sector)
315,392 (512-byte sector)

1024 2048 4096

4 2 1
256 Addressable
315,392 (77 tracks)

Double Density

IBM Format

Non-1BM Format

Bytes per Sector
Sectors per Track
Tracks per Side
Bytes per Side

256 512 1024

26 15 8

77 77 77
512,512 (256-byte sector)
591,360 (512-byte sector)
630,784 (1024-byte sector)

2048 4096 8192

4 .2 1
256 Addressable
630,784 (77 tracks)

*Consult manufacturer’s data for mini-floppy drive organization and capacity.
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CHAPTER 2
PREPARATION FOR USE

2-1. INTRODUCTION

This chapter presents information on the preparation
and installation of the iSBC 208 Controller. Included
within this chapter are instructions describing the
unpacking and inspection, installation, board con-
figuration, host processor bus interface and drive

installed into a user’s Multibus-compatible
backplane assembly that meets the controller’s
mating connector dimensional requirements.

2-4, POWER REQUIREMENTS

The controller operates from a single +5 volt (+5%)
source and requires a maximum of 3.0 amperes.
When installing the interface in an iSBC 80 Series,
microcomputer development, or custom system,
ensure that the system’s power supply can meet the
additional current requirements of the controller.

cabling for the controller.

2-2. UNPACKING AND INSPECTION

On receipt of the controller from the carrier,
immediately inspect the shipping carton for evidence
of mishandling in transit. If the shipping carton is
damaged or waterstained, request that the carrier’s
agent be present when the carton is opened. If the
carrier’s agent is not present when the carton is
opened and if the contents of the carton are
damaged, keep the carton and packing materials
intact for the agent’s inspection.

2-5. COOLING REQUIREMENTS

The iSBC 80 Series and Intellec microcomputer
development systems use forced-air cooling that
generally is adequate to maintain an internal
operating temperature below 55°C. When installing
the controller in a high-temperature environment or
in any other system enclosure, ensure that the inter-
nal operating temperature is not permitted to exceed

For repairs or replacement of an Intel product .
P P p the 55°C maximum.

damaged in shipment, contact the Intel Technical
Support Center (see Chapter 5) to obtain a Return
Authorization Number and further instructions. A
copy of the purchase order should be submitted to
the carrier with the claim.

2-6. BUS INTERFACE

The controller communicates with the host processor
(and memory) via the Multibus interface. Tables 2-1
and 2-2 define the Multibus interface pin assignments
and corresponding signal definitions. The controller
connects to the Multibus interface through connector
P1, an 86-pin, double-sided printed circuit edge con-
nector with 3.96mm (0.156 inch) contact centers.

Carefully unpack the shipping carton and verify that
the following items are included. Compare the
packaging slip with your purchase order to verify
that the order is complete. The carton and packing
materials should be saved in case it becomes
necessary to reship the controller at a later date.

Item 1: iSBC 208 Interface Printed Circuit
Assembly.

Item 2: Schematic Diagram.

2-7. MULTIBUS INTERFACE
AC CHARACTERISTICS

Figures 2-1 and 2-2 show the Multibus interface ac
timing characteristics when the controller is
operating as a ‘‘bus master’’ (Bus Acquisition and
Memory Transfer Timing) and as a ‘“bus slave”’ (1/0
Transfer Timing).

2-3. INSTALLATION
CONSIDERATIONS

The controller is designed expressly for installation
into the Intel iSBC 604/614 modular backplane and

card cage as found in the Series 80 single board com-
puter mainframes. The controller can also be installed
into any odd-numbered slot in an Intellec Model 800
or in any slot in an Intellec microcomputer develop-
ment system. The controller additionally can be

2.8 MULTIBUS INTERFACE
DC CHARACTERISTICS

The controller’s dc signal characteristics for the
Multibus interface are given in table 2-3.

2-1



Preparation for Use

Table 2-1. Multibus Interface Pin Assignments

iSBC 208

Pin* Signal Function Pin* Signal Function
1 GND 44 ADRF/ Y
2 GND } Ground 45 ADRC/
3 +5VDC 46 ADRD/
4 +5VDC 47 ADRA/
5 +5VDC 48 ADRB
6 +5VDC Power Inputs 49 ADRS/
7 +12vDC 50 ADR9/
8 +12VDC 51 ADRG/ Address Bus
9 52 ADR7/
10 1 53 ADR4/
1 GND 54 ADRS/
12 GND } Ground 55 ADR2/
13 BCLK/ Bus Clock 56 ADR3/
14 INIT/ Initialization 57 ADRO/
15 BPRN/ Bus Priority In 58 ADR1/ _J
16 BPRO/ Bus Priority Out 59
17 BUSY/ Bus Busy 60
18 BREQ/ Bus Request 61
19 MRDC/ Memory Read Command 62
20 MWTC/ Memory Write Command 63
21 I0RC/ 110 Read Command 64
22 IOWC/ 1/0 Write Command 65
23 XACK/ Transfer Acknowledge 66
24 67 DATS6/
25 68 DAT7/
26 69 DAT4/
27 70 DATS/
28 ADR10/ Address Bus 7 DAT2/ Data Bus
29 CBRQ/ Common Bus Request 72 DAT3/
30 ADR11/ - Address Bus 73 DATO/
31 CCLK/ Constant Clock 74 DAT1/
32 ADR12/ Address Bus 75 GND
33 76 GND } Ground
34 ADR13/ Address Bus 77
35 INT6/ Interrupt Request 6 78
36 INT?7/ Interrupt Request 7 79 -12VDC
37 INT4/ Interrupt Request 4 80 -12vDC
38 INT5/ Interrupt Request 5 81 +5VDC
39 INT2/ Interrupt Request 2 82 +5VDC Power Inputs
40 INT3/ Interrupt Request 3 83 +5VDC
41 INTO/ Interrupt Request 0 84 +5VDC
42 INT1/ Interrupt Request1 85 GND } Ground
43 ADRE/ Address Bus 86 GND

*Unassigned Pins are reserved.




iSBC 208

Preparation for Use

Table 2-2. Multibus Interface Signal Definitions

Signal

Function

ADRO/-ADRF/

ADR10/-ADR13/

BCLK/
BPRN/

BPRO/

BREQ/

BUSY/

CBRQ/

CCLK/

DATO/-DAT7/

INIT/

INTO/-INT7/

IORC/

1O0WC/

MRDC/

MWTC/

XACK/

Address. These 16 bidirectional lines specify the address of the memory location or
1/0 port to be accessed. ADRF/ is the most significant bit.

Extended Address. These four output lines extend the controller's memory
addressing to 1 megabyte. ADR13/ is the most significant bit.

Bus Clock. This input signal is used to synchronize the controller’s bus control logic.

Bus Priority In. This input signal level indicates that no higher-priority master board
has requested control of the bus.

Bus Priority Out. This output signal level is used with serial priority resolution
schemes and indicates to the next lower-priority master board that either the con-
troller or another higher-priority master board has requested control of the bus.

Bus Request. This output signal is used with parallel priority resolution schemes and
indicates that the controller is requesting control of the bus.

Bus Busy. This bidirectional signal indicates that either the controller or another
master board is currently in control of the bus and consequently prevents any other
master board from gaining access to the bus.

Common Bus Request. This output signal indicates that the controller requires
access to the bus while the bus is in the use by another bus master.

Constant Clock. A clock signal routed through the controller to the iSBX
multimodule.

Data. These eight bidirectional lines transfer data either to or from the memory
location or 1/O port addressed. DAT7/ is the most significant bit.

Initialization. This input signal generally originates from a power-up reset circuit or a
contact closure to ground (i.e., a front panel reset switch) and resets all devices on
the bus to an initialized state.

Interrupt. A set of eight, multi-level interrupt request lines for use with parallel
interrupt resolution logic. The selected (jumper determined) output interrupt signal
is used to indicate a controller-initiated interrupt request.

I/0 Read Command. This input signal instructs the controller to place the data
associated with the addressed input port onto the data lines.

1/O Write Command. This input signal instructs the controller to accept the data
associated with the addressed output port that is present on the datalines.

Memory Read Command. This output signal indicates that the address of a memory
Jocation is on the address lines and that the contents of that location are to be placed
on the data lines for acceptance by the controller.

Memory Write Command. This output signal indicates that the address of a memory
location is on the address lines and that the data presented by the controller on the
data lines is to be written into that location.

Transfer Acknowledge. This signal originates from the controller during /O port
transfers and indicates that the controller has accepted or is presenting the
associated data on the data lines. During memory transfers, this signal originates
from the random access memory board and indicates that the data on the data lines
either has been written into the addressed memory location or that the data is
present and is to be accepted by the controlier.

2-3



Preparation for Use

iSBC 208

—

*BUSY/

—»] |<-—-tBREQ —»I I<—lBREQ |
BREQ/ l /
_>| H—'BPRO | —] BPRO
“BPRO/ _/ l
—_—-‘H L-tausv —»|  |«—1BuUSY
—= =
|<~tcsno

CBRQ/

—] |<-— 'CBRQ —>I

\_

e

ADROQ/ - ADR13/

K STABLE ADDRESSH

——>| I*——quR —’-I I*—-—'lAH

MRDC/ ORIORC/

| \L /

nDXL-———->|<—|xcn—>l |<—|DHR

DATO/ - DAT7/

x<—-——STABLE READ DATA _—%

MWTC/ ORIOWC/

|e— msw——»i l
= ]

tDSW I‘—|XCW—>| I‘——!DHW

DATO0/ - DAT?7/

STABLE WRITE DATA“——)*

XACK/

“ASSUMES BPRN/ ACTIVE

) —4

Parameter Minimum Maximum Description

tcBRQ 67 ns BCLK/ to CBRQ/ Delay

tgoy 100 ns Bus Clock Period

tsw 35ns Bus Clock Pulse Width

tBREQ 35ns BCLK/ to BREQ/ Delay

tBPRNS 22ns BPRN/ to BCLK/ Setup Time

tBPRO 40 ns BCLK/ to BPRO/ Delay

tBPRNO 30 ns BPRN/ to BPRO/ Delay

tBusy 55ns BCLK/ to BUSY/ Low Delay

tasr 286 ns Address Setup Time (Read)

tAH 147 ns Address Hold Time

toxL -250 ns Data Setup to Acknowledge Time (Read)
tXCR 567 ns 1327 ns Acknowledge to Command High (Read)
tDHR -80 ns Data Hold Time (Read)

tasw 786 ns Address Setup Time (Write)

tps 80 ns Data Setup to Command Time (Write)
txcw 567 ns 1257 ns Acknowledge to Command High: (Write)
tDHW 65 ns Data Hold Time (Write)

b 4ns Reset Pulse Width

Figure 2-1. Bus Acquisition and Memory Transfer Timing

121746-2
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iSBC 208 Preparation for Use

ADDRESS/ ADDRESS STABLE
g lAs—»‘ lat—— tAH —
WRITE DATA/ DATA STABLE v\
|—— DS —>»! l€&—- tDH—>
READ DATA/ )@— DATA STABLE —~—§<7
|
DXL «—'DHR —>
T
(IORC/ OR1OWC /) \ f
XACK » t— tXAH —p]

N A

Parameter Minimum Maximum Description
tAs -384ns Address Setup Time
tAH 50 ns Address Hold Time
tXACK 906 ns 1100 ns Command to Acknowledge
*IXACK 4400 ns 5100 ns
tpxL 2ns Read Data Setup Time
tDHR 20 ns Read Data Hold Time
tXAH 61ns Acknowledge Hold Time
tps ~189 ns Write Data Setup Time
toH 35ns Write Data Hold Time

*Software RESET command only.

Figure 2-2. 170 Transfer Timing 143078-2




Preparation for Use

Table 2-3. iSBC 208 Board DC Characteristics

iSBC 208

Parameter

Test

Signals Symbol . Min Max Units
Description Conditions
XACK/ VoL Output Low Voltage 1o,=32 mA .04 \"
Vou Output High Voltage loy=—5.2mA 2.0 v
Vi Input Low Voltage 0.8 \
Viy Input High Voltage 2.0 \'
Iy Input Currentat Low V Vy=0.4v -1.2 mA
Iy Input Current at High V Vin=2.4V 40 A
*CL Capacitive Load 15 pF
ADRO/- Voo Output Low Voltage lg =32 mA 0.45 \
ADRF/ Vou Output High Voltage loy=—5mA 2.4 \
Vie Input Low Voltage 0.8 \
Viu Input High Voltage 2.0 \
N Input Current at Low V Vin="0.45V -0.2 mA
Ly Input Current at High V Viy=5.25V 50 A
*(]JL Capacitive Load 18 pF
BCLK/, Vi Input Low Voltage 08 v
BPRN/ Viy Input High Voltage 2.0 \
e input Current at Low V V =0.45V -0.5 mA
Iy Input Current at High V V,,=5.25V 100 uA
¢ Capacitive Load 15 pF
ADR10/- Voo Output Low Voltage loL=24 mA 0.4 v
ADR13/ Vou Output High Voltage loy=—15 mA 2.4 \
Vi Output Leakage Low 20 uA
I Output Leakage High 20 HA
ADR14/- *C, Capacitive Load 15 pF
ADR17/
(on P2)
BPRO/ VoL Output Low Voitage lg =3.2mA 0.45 \
Vou Output High Voltage loy=—0.4 mA 2.4 v
*C, Capacitive Load 15 pF
BREQ/ VoL Output Low Volitage loL=20 mA 0.45 v
Vou Output High Voltage loy=—0.4 mA 2.4 \'
*CL Capacitive Load 10 pF
BUSY/ Vou Output Low Voltage loL,=20 mA 0.45 Vv
(Open Vi Input Low Voltage 0.8 \'
Collector) Viu Input High Voltage 2.0 v
Vi Input Current at Low V Vi =0.45V -0.5 mA
IéH Input Current at High V Viy=5.25V 100 uA
*Cp Capacitive Load 20 pF
DATO/- VoL Output Low Voitage lo =32 mA 0.45 \
DAT7/ Vou Output High Voltage loy=—9mA 2.4 v
Vi input Low Voltage 0.80 \J
Viu Input High Voltage 2.0 \
e Input Current at Low V Vy=0.45V -0.20 mA
W Output Leakage High Vo=5.25V 100 uA
*CL Capacitive Load 18 pF
CBRQ/ Voo Output Low Voltage lo =60 mA 0.8 '
(Open *CL Capacitive Load 15 pF
Collector)
IORC/, M Input Low Voltage 0.8 v
IOWC/, Viu Input High Voltage 2.0 v
INIT/, " Input Currentat Low V Vy=0.4V -1.2 mA
CCLK/ Iy Input Current at High vV Viy=2.4V 40 uA
*éL Capacitive Load 18 pF
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Table 2-3. iSBC™ 208 Board DC Characteristics (Cont’d.)
Parameter Test . .
Signals Symbol Description Conditions Min Max Units
INTO/- Voo Output Load Voltage lor=60 mA 0.45 \Y
INT7/ Vou Output High Voltage Open Collector

™ Output Leakage High Vo=5.25V 250 uA

L Output Leakage Low V,=0.45V -500 uA

*CL Capacitive Load 15 pF

MRDC/, | Vo Output Low Voltage o =32 MA 0.45 v
MWTC/ Von Output High Voltage loy=—2mA 2.4 \
Vi Input Low Voltage 0.8 \

Vin Input High Voltage 2.0 Vv

Is Output Leakage Current V,y=0.45V -100 uA

Viy=5.25 100 uA

*Cy Capacitive Load 25 pF

*Capacitive load values are approximations.

2-9. AUXILIARY CONNECTOR

The auxiliary connector (P2) provides the four I-
megabyte paging bits to effectively allow the con-
troller to address up to 16 megabytes. The bits are set
in the controller’s auxiliary port and are routed to the
P2 connector as noted in table 2-4.

2-10. BOARD LOCATION
CONSIDERATIONS

Since the controller functions as a bus master during
DMA transfers, when installing the controller in a
serial priority environment (e.g., within any of the
Intel Series 80 mainframes), the controller should
occupy the highest priority slot (top physical slot) in
the 604/614 backplane and card cage assembly, with
any other bus masters and the host processor board
located below. The backplane provides bus priority
in and out signal continuity among adjacent bus
masters. The BPRN/ (Bus Priority In) input to the
top slot (J2) of either the single (604) or expansion
(614) backplane must be connected to logic ground.
Both backplanes provide the BPRN/ input on a wire-
wrap terminal post. As shown in the following

illustration (figure 2-3), a wire-wrap jumper must be
installed from terminal post B (BPRN/) to logic
ground at terminal post N (604) or terminal post L

(614).

Always remove system power prior to
installing or removing a board in the
backplane. Failure to observe this precau-
tion can result in circuit damage.

Note that if a bus slave (e.g., a memory board) is
installed between two bus masters (or if a vacant slot
exists between two bus masters), the serial priority
input-output chain must be physically jumpered on
the backplane to maintain signal continuity. Figure
2-3 shows the installation of a jumper between
terminal posts C and E that would provide the
required BPRO/-BPRN/ continuity around a
“‘slave’’ installed in the second slot (J3).

When installing the controller in a parallel priority
resolution environment, the controller should be
given the highest bus priority. In an Intellec Model

Table 2-4. P2 Bus Connector

DC Characteristics (each signal)
Pin Signal Function Current Drive Current Load
Low (Ig,) | High(loy) | Low() High (1)
56 ADR17/ High-Order Page Address Bit
55 ADR16/ ‘
58 ADR15/ 24mA -15mA 0 0
57 ADR14/ Low-Order Page Address Bit
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800 development system, the controller must be
installed in an odd-numbered (bus master) slot and
ideally should be installed in slot 17 (highest bus
priority). In an Intellec Series II or Series 111 develop-
ment system, the controller should be installed in the
bottom (highest bus priority) slot.

2-11. CONTROLLER BOARD
CONFIGURATION

The controller board includes alterable jumpers that
are used to configure the controller to its intended
system environment. The jumpers can be divided into
three major groups: host processor configuration,
drive configuration, and auxiliary port configura-
tion. The locations of the jumpers are shown in
figure 5-1. Note that the controller jumpers
associated with the iSBX Multimodule interface are
described in Appendix B.
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2-12. HOST PROCESSOR
CONFIGURATION

The jumpers associated with the host processor inter-
face are used to specify the 170 address bit length,
the 1/0 base address of the controller, parallel or
serial bus priority resolution, and Multibus interface
interrupt level selection.

The 1/0 address bit length (8 or 16 bits) is determined
by the jumper link at E41-E45-E49. When shipped
from the factory, a push-on shorting plug is installed
between E45 and E49 to select 8-bit 1/0 address
decoding. To implement 16-bit 1/0 address
decoding, remove the shorting plug connecting E45
and E49 and install the plug between E41 and E45.

The controller’s 1/0 base address is specified by a set
of jumpers that provides either a high (*‘1”’) or low
(“‘0”*) input to the 1/0 address decode comparators.
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Depending on the 1/0 address bit length selected (8
or 16 bits), either three (8-bit addressing) or all eleven
(16-bit addressing) jumpers must be configured.
When shipped from the factory, all of the I/0 base
address shorting plugs are in the ‘0’ position (corre-
sponding to a 16-bit 1/0 base address of 0000H). To
relocate the 170 base address, reposition the shorting
plugs according to table 2-5. As an example, to select
an I/0 base address of F800H, address bits F, E, D,
C, and B would be jumpered to the ‘‘1”’ position,
and the remaining address bits would be jumpered to
the “0’’ position. 8-bit addressing allows base
addresses from 00H to EOOH, while 16- bit address-
ing gives addresses from 0000H to FFEOH.

Table 2-5. 170 Base Address Selection

Shorting - Plug Position
Address Bit
13 1 bR} [ ‘o’ ’
5 E42-E46 E46-E50
6 E43-E47 E47-E51
7 E44-E48 E48-E52
8* E53-E61 E61-E69
9* E54-E62 E62-E70
A* E55-E63 E63-E71
B* E56-E64 E64-E72
c* E57-E65 E65-E73
D* E58-E66 E66-E74
E* E59-E67 E67-E75
F* E60-E68 E68-E76

*Only required for 16-bit 1/O addressing.

Parallel/serial bus priority resolution is determined
by jumper E77-E78. The controller is configured at
the factor for serial bus priority resolution (jumper
installed between E77 and E78) as found in the Intel
System 80 mainframes. To select parallel bus priority

Preparation for Use

resolution (e.g., when installing the controller in an
Intellec microcomputer development system),
remove the jumper between E77 and E78.

The controller’s Multibus interface interrupt level is
selected by installing a jumper from E79 to one of the
eight Multibus interface lines on E82 through E89.
The following list defines the interrupt/jumper
correspondence.

Jumpers Interrupt Level
E79-E89 INTO/
E79-E88 INT1/
E79-E87 INT2/
E79-E86 INT3/
E79-E85 INT4/
E79-EB84 INT5/
E79-E83 INT6/
E79-E82 INT7/

Note that an interrupt level jumper is not installed at
the factory and that the interrupt level selected must
not have been previously assigned to another bus
master.

2-13. DRIVE CONFIGURATION

The jumpers associated with drive configuration are
used to define both the controller pin assignments on
the drive interface connectors and the type of drive
being interfaced (mini or standard) as well as to
support optional features within the drive. Table 2-6
defines the usual functions of the drive configuration
jumper links; any unused jumper a$sociated with the
interface connectors can be used to implement other
functions within the drive or to reassign pin assign-
ments for radial signals when interfacing multiple
drives.

Table 2-6. Drive Configuration Jumper Links

. Jumper Factory e
Function Posts Configuration Description

FAULT RESET/ E27,E28 Removed When this jumper link is installed, the
controller provides a FAULT RESET/
output on J2-50 during read/write
operations. This output is used to
reset optional fault detection circuitry
within a drive.

LOW CURRENT/ E25,E26 Installed With this jumper link installed, the

controller provides a LOW
CURRENT/ output on J2-2 during
read/write operations whenever the
track address is 43 or greater (to
reduce write current on the inner
tracks). If the drive interfaced does
not support low write current com-
pensation, remove the jumper link
between E25 and E26.
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Table 2-6. Drive Configuration Jumper Links (Cont’d.)

. Jumper Factory .
Function Posts. Configuration Description
READY/ E17,E18,E19 E18-E19 A jumper link is installed between E18

and E19 (factory configuration) when
the drive interfaced provides a
READY/ signal to the controller on
J2-22 or J1-6. When a drive does not
provide a READY/ signal (most mini-
sized drives do not provide this
signal), remove the jumper link
between E18 and E19 and install a
jumper link between E17 and E19.

TWO SIDED/ E21,E22 Instalied With this jumper installed, the TWO
SIDED/ status signal from a drive is
available to the controller on J2-10 or
J1-34. When all of the drives inter-
faced are single-sided, this jumper
link can be omitted.

FAULT/ E23,E24 Removed When this jumper link is installed, the
optional FAULT/ status signal from a
drive is available to the controller
on J2-48.

Mini/Standard E4,E5 Removed This jumper link identifies the type of
drive (mini or standard) interfaced to
the controller. With the jumper link
removed, the controller is configured
for standard 8-inch drives. When
interfacing mini-sized drives, install
the jumper link between E4 and E5.

HEAD LOAD/ E29 thru E40 E31-E32, In the factory configuration (jumper
E38-E39 links E31-E32 and E38-E39 installed), a
common HEAD LOAD/ signal is out-
put (on J2-18) to all drives inter-
faced. The head load and head
unload time intervals associated with
the HEAD LOAD/ signal are user
programmable.

Individual (radial) HEAD LOAD/
signals for each drive can be made
available at the J2 connector by
removing the jumper link between
E38 and E39 and installing the follow-
ing jumper links:

E37 to E38
E39 to E40
E29 to E30
E35 to E36
E33 to E34

In this configuration, the programmed
head load interval remains unchang-
ed, but the programmed head unload
interval is increased by 1 second (fix-
ed) to decrease wear on the head
load mechanism during heavy usage.

The HEAD LOAD/ jumper link matrix
also allows a common HEAD LOAD/
signal (on J2-18) with the additional 1
second head unload delay. This con-
figuration is implemented by install-
ing the following jumper links:

E37 to E38
E39 to E40
E34 to E36
E36 to E30
E30 to E32
E32 to E31

2-10
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Table 2-6. Drive Configuration Jumper Links (Cont’d.)
Jumper Factory e
Function Posts Configuration Description
Mini Drive Select E20 Removed When shipped from the factory, the

controller does not provide a DRIVE
SELECT 3/ signal on mini-drive inter-
face connector J1. To interface four
mini drives, the DRIVE SELECT 3/
signa! on jumper post E20 must be
connected to one of the jumper posts
corresponding to an unused pin on
the J1 connector. Depending on the
functions supported by the mini
drive, the following jumper posts may
be available:

E18 (READY/ input from drive on
J1-6)

E21 (TWO SIDED/ input from drive
on J1-34)

Also, any unassigned J1 connector
pin in the auxiliary port matrix can be
used (see Section 2-14).

2-14. AUXILIARY PORT
CONFIGURATION

The auxiliary port jumper links form a matrix that
includes four jumper posts on the low-order four bits
of the controller’s auxiliary I/0 port and three
jumper posts on specific pins of drive interface con-
nectors J2 and J1. By interconnecting auxiliary port
and connector pin jumper posts, special drive func-
tions and signals can be defined through the auxiliary
port. The primary function of the port is to provide
MOTOR ON/ signals to mini-sized drives. Table 2-7
defines the jumper posts in the auxiliary port matrix.

Table 2-7. Auxiliary Port Jumper Matrix

Jumper | Auxiliary Port| Jumper |Interface Connector
Post | Assignment Post Pin Assignment
E11 Bit0 E10 J1-2, J2-8
E9 Bit1 E8 J1-4, J2-12
E7 Bit2 E6 J1-16*, J2-16
E2 Bit3

*J1-16 is defined as the MOTOR ON/ signal pin
on the Shugart drive interface.

2-15. DRIVE INTERFACING

The iSBC 208 controller can interface up to four
single- or double-sided, standard 8-inch or 5V4-inch
mini-sized drives. The controller includes two drive

interface connectors, a 50-pin connector (J2) for
interfacing standard-sized drives and a 34-pin con-
nector (J1) for interfacing mini-sized drives. Figure
2-4 depicts a typical four-drive system.

2-16. CONTROLLER INTERFACE
SIGNALS

The individual pin assignments for the J2 and J 1
drive interface connectors are given in tables 2-8 and
2-9, respectively. Table 2-10 describes the individual
signal functions.

2-17. DRIVE INTERFACE AC
CHARACTERISTICS

The drive interface ac timing characteristics are
shown in the following timing diagrams (figures 2-5
through 2-7); the individual timing values are given in
table 2-11.

2-18. DRIVE INTERFACE DC
CHARACTERISTICS

The drive interface dc signal characteristics are given
in table 2-12. Note that all controller output signals
are open collector and that all input signals are ter-
minated on the controller with 220/330 ohm resistor
networks.
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Figure 2-4. Typical Four-Drive System (Standard-Sized Drives)
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Table 2-8. J2 Interface Connector Pin Assignments
Pin . Pin
Assignment Signal Assignment Signal
2 LOW CURRENT/ 28 DRIVE SELECT 1/
4 HEAD LOAD 2/ 30 DRIVE SELECT 2/
6 HEAD LOAD 3/ 32 DRIVE SELECT 3/
8 Spare 34 DIRECTION/
10 TWO SIDED/ 36 STEP/
12 Spare 38 WRITE DATA/
14 SIDE SELECT/ 40 WRITE GATE/
16 Spare 42 TRACK 0/
18 HEAD LOAD 0/ 44 WRITE PROTECT/
20 INDEX/ 46 READ DATA/
22 READY/ 48 FAULT/
24 HEAD LOAD 1/ 50 FAULT RESET/
26 DRIVE SELECT 0/
Note that all odd-numbered pins are connected to logic ground.
Table 2-9. J1 Interface Connector Pin Assignments
Pin . Pin .
Assignment Signal Assignment Signal
2 Spare 20 STEP/
4 Spare 22 WRITE DATA/
6 READY/ 24 WRITE GATE/
8 INDEX/ 26 TRACK 0/
10 DRIVE SELECT 0/ 28 WRITE PROTECT/
12 DRIVE SELECT 1/ 30 READ DATA/
14 DRIVE SELECT 2/ 32 SIDE SELECT/
16 Spare 34 TWO SIDED/
18 DIRECTION/

Note that all odd-numbered pins are connected to logic ground.
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Table 2-10. Interface Connector Signal Functions

Signal

Function

LOW CURRENT/

HEAD LOAD 2/

HEAD LOAD 3/

TWO SIDED/

SIDE SELECT/

HEAD LOAD 0/

INDEX/

READY/

HEAD LOAD 1/

DRIVE SELECT 0/
DRIVE SELECT 1/
DRIVE SELECT 2/
DRIVE SELECT 3/

DIRECTION/

STEP/

WRITE DATA/

WRITE GATE/

TRACK 0/

WRITE PROTECT/

READ DATA/

FAULT/

FAULT RESET/

A low-state active output signal used to select low write current compensation circuitry
available in some drives. This signal is enabled during read/write operations and is active (low)
when the track address is 43 or greater. Note that a factory-installed jumper link is used to
route this signal to pin 2 of connector J2.

An optional (jumper selectable) low-state active output signal used to load the read/write head
in drive 2. When the head is initially loaded, the controller provides a programmed delay (head
load time) prior to initiating any read/write operation. Following a read/write operation, the
controller delays inactivating the HEAD LOAD 2/ signal until the programmed head unload time
and the one-second fixed delay intervals time out. Note that a jumper link must be installed to
route the HEAD LOAD 2/ signal to the J2 interface connector.

An optional low-state active output signal that is functionally identical to HEAD LOAD 2/ except
routed to drive 3.

A low-state active status input signal that indicates the installation of a double-sided diskette
within the drive. Note that a factory-installed jumper link is used to route this signal into the
controller from drive interface connectors J2 and J1, and that this signal is only examined dur-
ing the Sense Drive Status command.

An output control signal that selects one side of a double-sided drive. When SIDE SELECT is
low, read/write operations are performed on side 1 of the drive.

A low-state active output signal used to load the read/write head in drive 0. When configured at
the factory, this signal is the only HEAD LOAD/ signal available on interface connector J2
(common HEAD LOAD/ signal for all drives interfaced), and the additional one-second head
unload delay is not used.

A low-state active input pulse that is coincident with the detection of the index hole in the
diskette (indicates the logical beginning of a track).

A low-state active input signal indicating that the drive is ready to perform an operation. The
qualifications for READY/ are drive dependent and usually include diskette in place, door
closed and diskette rpm at specified speed. The controller uses a common READY/ input and
requires that the drives interfaced provide a gated READY/ output when individually selected.

An optional low-state active output signal that is functionally identical to HEAD LOAD 2/ except
routed to drive 1.

Individual low-state active output signals for selecting the individual drives interfaced. Note
that a DRIVE SELECT 3/ signal is not included on the J1 interface connector and that when
interfacing four mini drives, this signal must be connected to one of the jumper posts
associated with an unassigned pin of connector J1.

An output control signal that specifies the direction in which the drive’s read/write head is
stepped. This signal is only enabled during seek operations and when at a logic low level,
causes the head to be stepped toward the spindle (step in).

A low-state active output pulse that causes the drive to move (step) the read/write head one
track position. The direction that the head is stepped is determined by the state of the
DIRECTION/ output signal. Like the DIRECTION/ signal, STEP/ is only enabled during seek
operations. :

The serial data/clock composite write signal to the drive. The high-to-low-going transition of
this signal indicates a bit to be written on the diskette.

A low-state active control signal that is used to enable the drive’s write electronics (allowing
data to be written on the diskette). When this signal is in its inactive state, the write electronics
are disabled, and the drive reads data from the diskette.

A low-state active input status signal that indicates the drive’s read/write head currently is
positioned over track 0. Note that this signal is only examined during a seek or recalibrate
operation.

A low-state active input status signal that indicates the installation of a write-protected diskette
in the drive. Note that this signal is only examined during a write or format operation.

The composite (unseparated) data and clock input signal generated by the drive during a

. diskette read operation. A high-to-low-going transition indicates a clock or data ‘‘one’’ bit.

An optional low-state active input signal that indicates a write fault condition within the drive.
This signal is only examined during read/write operations and requires the installation of a
jumper link to route the signal into the controller from the J2 interface connector.

A low-state active output control signal that is used to reset fault detection logic optional in
some drives. This signal is automatically generated at the beginning of every read/write
operation and requires the installation of a jumper link to route the signal to the J2 interface
connector.
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Table 2-11. Drive Interface AC Timing Characteristics

iSBC 208

Standard 8-inch Drive 5Va-inch Mini Drive
Symbol Parameter Units
Minimum Typical Maximum | Minimum Typical Maximum
Seek Timing
tpsp DRIVE SELECT/ to 19 38 us
DIRECTION/ Setup
Time
tsps DRIVE SELECT/ Hold 5 10 us
Time from STEP/
tps DIRECTION/ to STEP/ 1 2 us
Setup Time
tsp DIRECTION/ Hold 24 48 us
Time from STEP/
tscy STEP/ Cycle Time 1 16 2 32 ms
'sPw | STEP/ Pulse Width 5 10 us
Head Load Timing
tHLD Head Load Time 2 254 4 508 ms
tHuL Head Unload Time 16 240 32 480 ms
tHuT Head Unload 1 1 s
Time-Out (Optional)
Write Data Timing
thee Half Bit Cell 1or2~ 2or4* us
trBC Full Bit Cell 2or4* 4or8* us
tbPw | Data Pulse Width 200 250 200 250 ns
*FM Mode Values.
Table 2-12. Drive Interface DC Characteristics
Current Drive Current Load
Signal
lo ,'ou e L
All Output Signals* 48mA —250pA — —
READY/, INDEX/, READ DATA/ - - -0.8mA 40uA
WRITE PROTECT/, TWO SIDED/, — — -0.2mA 20uA
FAULT/, TRACK 0/

*Auxiliary port output signals have an additional 10k ohm pullup resistor to Ve
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2-19. DRIVE CABLING

The controller uses two drive interface connectors, a
34-pin connector for interfacing mini-sized drives
(J1) and a 50-pin connector for interfacing standard-
sized drives (J2). Each interface connector can inter-
face up to four drives using a daisy-chain technique.
Since most drives compatible with the controller
follow the Shugart flexible disk drive interface
requirements, flat ribbon cable and mass-termination
type connectors are recommended for cable fabrica-
tion. (A number of the individual drive interface
signal pin assignments can be altered or defined by
jumpers on the controller board.) To fabricate the
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1/0 interface cable, the cable ends are fitted with the
appropriate mating connectors, and when interfacing
multiple drives, additional drive mating connectors
are inserted directly into the cable to form a daisy-
chain cable. The recommended maximum cable
length between the controller and the (last) drive is 10
feet (3 meters); consult the drive manufacturer’s
specifications for additional limitations. Figure 2-8
illustrates a typical daisy-chain flat ribbon cable
designed to interface two standard-sized drives.

Table 2-13 lists compatible controller mating con-
nectors and cable. Refer to the drive manufac-
turer’s documentation for the required drive mating
connectors.

Table 2-13. Mating Connectors

J2

3M 3425-7050 or
T&B/Ansley 609-5001M

Controller Mating
Connector Connector Cable
J1 3M 3414-7034 or 3M 3365/34

T&B/Ansley 609-3401M

T&B/Ansley 171-34
Spectra-Strip (twisted pair)
455-248-34

3M 3365/50

T&B/Ansley 171-50

Spectra-Strip (twisted pair)
455-248-50

—CONTROLLER MATING CONNECTOR
3M 3425-7050 OR EQUIVALENT

y/A

—.

==

Figure 2-8. Flat-Ribbon I/0 Interface Cable

10 FEET (MAXIMUM)

DRIVE MATING CONNECTORS j

(SEE DRIVE MANUFACTURER'S
DOCUMENTATION)

143078-8
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2-20. DRIVE MODIFICATIONS

The following subsections define the general drive
modifications that may be necessary to ensure proper
interface with the controller. Detailed information is
included in the drive manufacturer’s documentation.

2-21. READY LOGIC

Most standard-sized drives compatible with the con-
troller provide a ready indication to the controller
only when the drive is selected. If the drive provides
an ungated READY/ output (generally referred to as
radial ready), the drive must be modified to condi-
tion the drive’s READY/ output with DRIVE
SELECT/. Most mini-sized drives do not provide a
ready indication. Accordingly, when interfacing
drives that do not provide a READY/ output, make
sure that the controller’s READY/ input is per-
manently enabled with the installation of a jumper
link between jumper posts E17 and E19 as déscribed
in table 2-6.

2-22. MOTOR-ON CONTROL

The MOTOR ON/ control output for mini-sized
drives must be enabled prior to drive selection to
allow time for the drive to reach operating speed
before an operation is initiated. Accordingly, the
MOTOR ON/ input to the drive must not be gated
with DRIVE SELECT/. Note that this restriction
applies when using either a common MOTOR ON/
signal or a radial MOTOR ON/ signal in multiple-
drive configurations.

2-23. RADIAL HEAD LOAD

As an option, the controller can be configured to
provide individual (radial) HEAD LOAD/ outputs:
When this option is used, the individual HEAD
LOAD/ signals must not be gated with their
associated DRIVE SELECTY/ signal within the drive.

2-24. DRIVE TERMINATION

When two or more drives are interfaced (daisy-
chained) to the controller, the termination
resistors/networks on the following common drive
input signal lines must be removed from all but the
last physical drive on the cable:

DIRECTION/
STEP/

WRITE DATA/
WRITE GATE/

2-18
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HEAD LOAD/ (common only)

LOW CURRENTY/ (if used)

FAULT RESETY/ (if used)

MOTOR ONY/ (if used; common only)

2-25. DRIVE NUMBERING

When interfacing multiple drives, each drive must be
assigned a unique drive unit number. Depending on
the manufacturer, internal drive unit assignment may
be determined by wire jumper, shorting plug, or
individual switch contacts. Generally, drives are
shipped by their manufacturer configured for single-
drive systems (i.e., the drive is assigned unit 0 with
drives numbered 0 through 3 or unit 1 with drives
numbered 1 through 4).

2-26. MULTIPLE DRIVE
PIN ASSIGNMENTS

When interfacing more than one drive, unique pin
assignments for the individual DRIVE SELECT/,
MOTOR ON/ (when used in radial configuration),
and radial HEAD LOADY/ (optional) signal lines
associated with each drive must be provided. The
actual pin assigned will depend on pin availability
based on drive features supported and interface
signal requirements. Note that it may be necessary to
cut traces within the drive in order to reroute the
input signal within the drive. It also may be necessary
to cut traces to omit non-critical drive status signals
(e.g., TWO-SIDED/ or IN USE) in order to provide
additional pin assignments on the interface. Appen-
dix C lists the pin assignments for a number of the
standard- and mini-sized drives compatible with the
controller. '

2-27. STEPPER MOTOR POWER

Many drives compatible with the controller support a
power-down feature that allows power to the stepper
motor to be enabled only when the drive is selected.
Since the controller automatically polls all four
possible drives for a change in drive-ready status by
cycling through the DRIVE SELECT/ lines, the
power down feature cannot be supported directly
(i.e., power to the stepper motor must not be depen-
dent on drive selection). Note that in addition to the
above restriction, the interval between drive selection
and the generation of the first STEP/ pulse is too
short to allow the stepper motor to be enabled by the
DRIVE SELECT/ lines. When the stepper motor
power-down featue is to be used, the host processor
must enable and disable the stepper motor through
the controller’s auxiliary port.
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CHAPTER 3

3-1. INTRODUCTION

This chapter describes the 1/0 port commands that
are executed by the host processor to convey infor-
mation to and from the controller’s programmable
flexible disk controller (FDC) and DMA controller
(DMACQ) circuits and the individual FDC commands
that control all disk operations and the transfer of
data to and from the drive. Additionally, this chapter
contains a description of the diskette formats sup-
ported and individual flow charts depicting the
various diskette operations.

All disk operations are defined and initiated by the
host processor through the execution of a series of
1/0 port commands while the controller is function-
ing as a bus slave. Once all information required to
define the operation has been received, the controller
functions as a bus master; the controller accesses and
maintains control of the system bus and completes
the specified operation without further intervention
from the host processor. When the operation is com-
plete, the controller reverts to a bus slave; the host
processor must interrogate the controller to deter-
mine the outcome of the operation.

To initiate a disk operation, a series of I/O port com-
mands is executed by the host processor. This series
of commands defines the FDC operation to be per-
formed, provides all supplemental information
(parameters) required to perform the operation, and,
if a data transfer to or from the diskette is indicated,
defines the direction of the data transfer, the starting
memory address of the first data byte to be trans-
ferred and the pumber of bytes to be transferred.

3-2. 1/0 PORT COMMANDS

Host processor communication with the controller is
accomplished through an I/0 port address block as
defined by the least-significant bits of the 1/0
address. The location of this block (the I/O base
address) in host processor memory must be on a
32-bit boundary (64-bit boundary with iSBX
Multimodule. board installed) and is defined by the
user through a set of jumpers on the controller.
These jumpers correspond to the three most-
significant bits of an 8-bit 170 address or the eleven
most-significant bits of a 16-bit 1/O address (8- or 16-
bit 170 addressing is user-selectable by an additional
jumper on the controller).

The host processor executes an /0 port read or write
instruction at one of the locations within the 1/0 port
address block to transfer information either to (170
write) or from (I/0 read) the controller. Table 3-1
defines the controller’s I/0 port command set. Note
that a number of the ports can be both read and writ-
ten while other ports are either read-only or write-
only. Each port command transfers one byte of data;
a number of the I/0 port commands require two
data bytes (i.e., the port command must be issued
twice to transfer all data associated with the 1/0 port
command).

3-3. READ/WRITE DMAC ADDRESS
REGISTERS

The controller’s DMAC circuit has four DMA chan-
nels of which three channels are available. Each
channel has an identical pair of 16-bit address
registers, a ‘‘current-address’’ register, and a ‘‘base-
address’’ register (each channel also has an identical
pair of 16-bit word-count registers). Channel 0 is
used by the controller for all diskette data transfers,
Channel 1 is not used, and Channels 2 and 3 are
available for use by an iSBX Multimodule board
installed on the controller.

The Write DMAC Address Register command is used
to simultaneously load a channel’s current-address
register and base-address register with the memory
address of the first byte to be transferred. (The
Channel 0 current/base address register must be
loaded prior to initiating a diskette read or write
operation.) Since each channel’s address registers are
16 bits in length (64K address range), two ‘‘write

“address register’”” commands must be executed in

order to load the complete current/base address
registers for any channel. The register byte loaded
(high- or low-order) is determined by the state of the
DMAC’s first/last flip-flop. (When the flip-flop is
reset, the associated data byte is written into the low-
order eight bits of the register; the flip-flop is toggled
with each command so that a second address register
command accesses the ‘‘other’’ byte.) The current-
address register is incremented with each byte
transferred; the base-address register maintains its
initial value until it is reloaded by a subsequent Write
Address Register command (or until the DMAC or
controller is reset).

The Read DMAC Address Register command reads

the low- or high-order byte of a channel’s current-
address register (a channel’s base-address register

3-1
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Table 3-1. 170 Port Controller Commands

Ad':;:re‘ss Mode Command Function

0 Write Load DMAC Channel 0 Base and Current Address Regsiters
Read Read DMAC Channel 0 Current Address Register

1 Write Load DMAC Channel 0 Base and Current Word Count Registers
Read Read DMAG Channel 0 Current Word Count Register

2,3 — Reserved

4 Write Load DMAC Channel 2 Base and Current Address Registers
Read Read DMAC Channel 2 Current Address Register

5 Write Load DMAC Channel 2 Base and Current Word Count Registers
Read Read DMAC Channel 2 Current Word Count Register

6 Write Load DMAC Channel 3 Base and Current Address Registers
Read Read DMAC Channel 3 Current Address Register

7 Write Load DMAC Channel 3 Base and Current Word Count Registers
Read Read DMAC Channel 3 Current Word Count Register

8 Write Load DMAC Command Register
Read Read DMAC Status Register

9 Write Load DMAC Request Register

0A Write Set/Reset DMAC Mask Register

0B Write Load DMAC Mode Register

0C Write Clear DMAC First/Last Flip-Flop

oD Write DMAC Master Clear

0E — Reserved

OF Write Load DMAC Mask Register

10 Read Read FDC Status Register

11 Write Load FDC Data Register
Read Read FDC Data Register

12 Write Load Controller Auxiliary Port
Read Poll interrupt Status

13 Write Gontroller Reset

14 Write Load Controller Low-Byte Segment Address Register

15 Write Load Controlier High-Byte Segment Address Register

16-1F — Not Used
20-2F - Reserved for iSBX Multimodule Board (see Appendix B)
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cannot be read). The current-address register byte
accessed is determined by the state of the DMAC’s
first/last flip-flop as previously described.

3-4. READ/WRITE DMAC WORD
COUNT REGISTERS

Like the DMAC address registers, each DMA chan-
nel also has an identical pair of 16-bit word-count
registers, a ‘‘current word-count register’’ and a
“base word-count register.”” The channel 0 word-
count registers are used to specify the number of
bytes to be transferred during a diskette read or write
operation. The channel 1 word-count registers are
not used, and the word-count registers for channels 2
and 3 are dedicated to DMA functions associated
with a Multimodule board.

The Write DMAC Word Count Register command is
used to simultaneously load a channel’s current and
base word-count registers with the number of bytes
to be transferred during a subsequent DMA opera-
tion. Since the word-count registers are 16-bits in
length, two commands must be executed to load both
halves of the registers. As described in section 3-3,
the register half loaded (low- or high-order) is deter-
mined by the state of the DMAC’s first/last flip-flop.
The actual count loaded is a binary value that is one
less than the number of bytes to be transferred (i.e.,
the register value 01FFH transfers 512 bytes). During
the subsequent DMA transfer, the current word-
count register is decremented with each byte trans-
ferred; the base word-count register maintains its
initially-loaded value until it is reloaded by a subse-
quent Write Word Count Register command or until
either the DMAC or controller is reset. When the
word count decrements to zero, the DMA transfer is
stopped and the corresponding TC (terminal count)
bit in the DMAC status register is set.

The Read DMAC Word Count Register command
reads the low- or high-order byte of a channel’s
current word-count register (a channel’s base word-
count register cannot be read). The current word-
count register byte accessed is determined by the state
of the DMAC’s first/last flip-flop.

3-5. WRITE DMAC COMMAND
REGISTER

The Write DMAC Command Register command
loads an 8-bit byte into the DMAC’s command
register to define the operating characteristics of the
DMAC. The functions of the individual bits in the
command register are defined in the following
diagram. Note that only two bits within the register
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are applicable to the controller; the remaining bits
select functions that are not supported and,
accordingly, must always be set to zero.

76 54 3 210
Lofofo] Jof Jofo
| L_ MEMORY-TO-MEMORY DISABLE
CHANNEL 0 ADDRESS HOLD DISABLE
0 CONTROLLER ENABLE
[ 1 CONTROLLER DISABLE
L NORMALTIMING
0 FIXED PRIORITY
{ 1ROTATING PRIORITY
L |LATEWRITE SELECTION

DREQ SENSE ACTIVE HIGH
DACK SENSE ACTIVE LOW

Bit2: Controller Enable/Disable. This bit, when
set to one, prevents all DMA channels from
responding to data transfer requests. Nor-
mally, this bit is always set to zero to enable
the DMAC. When multiple DMA channels
are used and a non-essential DMA request
from the iSBX Multimodule board could
interrupt the programming of channel 0, the
DMAC could be disabled while it is being
programmed and then enabled by a subse-
quent Write DMAC Command Register
command after it has been programmed.

Bit4: Fixed/Rotating Priority. This bit, when set
to zero, selects fixed priority (channel 0 has
the highest priority, channel 3 has the lowest
priority) and when set to one, selects rotating
priority (each channel is granted highest
priority on a rotational scheme).

Note that when programming the command register,
an all-zero byte enables the DMAC and gives the disk
controller (channel 0) the highest priority. The com-
mand register is cleared by a DMAC master clear or
controller reset.

3-6. READ DMAC STATUS REGISTER
COMMAND

The Read DMAC Status Register command accesses
an 8-bit status byte that identifies the DMA channels
that have reached terminal count or that have a pend-
ing DMA request.

7 6 5 4 3 2 1

[TLITI L]

CHANNELOTC
CHANNEL1TC
CHANNEL2TC
CHANNEL3TC
CHANNEL 0 DMA REQUEST
t————————— CHANNEL 1 DMA REQUEST
CHANNEL 2 DMA REQUEST
CHANNEL 3 DMA REQUEST
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Bits 0 through 3 are set when their corresponding
channel has reached terminal count (i.e., when the
channel’s current word count register decrements to
zero). Since DMA channel 1 is not used, bit 1 always
is zero. Bits 2 and 3 are associated with an iSBX
Multimodule board and indicate a terminal count
condition on channels 2 and 3. Note that if external
EOP (End of Process) logic is implemented on the
iSBX Multimodule board, the generation of an exter-
nal EOP signal sets the active channel’s TC bit
irrespective of the current word count.

Bits 4 through 7 are set when their corresponding
channel requests DMA service (DMAC’s DREQ
input activated or corresponding bit in the request
register set). Again, since DMA channel 1 is not used,
bit 5 always is zero, and bits 6 and 7 indicate DMA
requests originating from an iSBX Multimodule
board.

The TC bits in the status register are cleared
whenever the register is read by a DMAC master
clear or by a controller reset.

3-7. WRITE DMAC REQUEST REGISTER

The Write DMAC Request Register command is used
with DMAC channels 2 and 3 (the iSBX Multimodule
board channels) to allow DMA requests to be ini-
tiated by the host processor. The command only can
be used when the selected channel is operated in the
“block transfer mode’ (see section 3-9); the con-
troller’s DMA channel (channel 0) operates in either
the “‘single transfer mode’’ or the ‘““demand transfer
mode’” and does not use the Write DMAC Request
Register command.

The data byte associated with the Write DMAC
Request Register command sets or resets a channel’s
associated request bit within the DMAC’s internal 4-
bit request register.

6 5 4 3 2 10

(ITTTITT]

N — o v——
y 00 SELECT CHANNEL 0
DON'T CARE 01 SELECT CHANNEL 1
10 SELECT CHANNEL 2

17SELECT CHANNEL 3
| 0 RESET REQUEST BIT
1SET REQUEST BIT

The individual channel request bits are non-maskable
and are subject to channel prioritization (fixed or
rotating). Each request bit is individually set or reset
according to the state of bit 2 and, when once set
within the register, is cleared when the corresponding
channel reaches terminal count or when an external
EOP signal is applied. The entire request register is
cleared by a DMAC master clear or controller reset.
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3-8. SET/RESET DMAC MASK
REGISTER

The Set/Reset DMAC Mask Register command is
used to reset (or set) individual bits within the
DMAC’s internal 4-bit mask register. Each DMAC
channel has an associated mask bit within the register
that, when reset, enables the channel’s DREQ (DMA
Request) input and, when set, disables (masks) the
DREQ input.

7 6 5 43 2 1 0

LT TTT]

N — t——
- 00 SELECT CHANNEL 0
DON’T CARE 01 SELECT CHANNEL 1
10 SELECT CHANNEL 2

11 SELECT CHANNEL 3
0 RESET MASK BIT
1SET MASK BIT

Prior to a DREQ-initiated DMA transfer, the chan-
nel’s mask bit must be reset to enable recognition of
the DREQ input. When the transfer is complete (ter-
minal count reached or external EOP applied) and
the channel is not programmed to autoinitialize, the
channel’s mask bit is automatically set (disabling
DREQ) and must be reset prior to a subsequent
DMA transfer. All four bits of the mask register are
set (disabling the DREQ inputs) by a DMAC master
clear or controller reset. Additionally, all four bits
can be set/reset by a single Write DMAC Mask
Register command (see section 3-12).

3-9. WRITE DMAC MODE REGISTER

The Write DMAC Mode Register command is used
to define the operating mode characteristics for each
DMA channel. Each channel has an internal 6-bit
mode register; the high-order six bits of the
associated data byte are written into the mode
register addressed by the two low-order bits.

7.6 5 4 3 2

10

[T TTTT]
e ‘[_'_’:{ 00 CHANNEL 0 SELECT
01 CHANNEL 1 SELECT
10 CHANNEL 2 SELECT

11 CHANNEL 3 SELECT

00 VERIFY TRANSFER
01 WRITE TRANSFER
10 READ TRANSFER
11 (ILLEGAL)

0 AUTOINITIALIZE DISABLE
1 AUTOINITIALIZE ENABLE

0 ADDRESS INCREMENT
1 ADDRESS DECREMENT
00 DEMAND MODE

01 SINGLE MODE
l1o BLOCK MODE

11 (lllegal)
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Verify Transfer. The verify transfer mode is not
used by the controller; this mode may be used by an
iSBX Multimodule board.

Write Transfer. The write transfer mode programs
the selected DMA channel to transfer data from the
1/O device to host memory. This mode must be
selected to read data from the diskette (i.e., the data
read from the diskette is written into host memory).

Read Transfer. The read transfer mode programs
the selected DMA channel to transfer data from host
memory to the I/0 device. This mode must be
selected to write data on the diskette (i.e., the data
read from host memory is written onto the diskette).

Autoinitialize. The autoinitialize enable/disable bit
is used to control a channel’s autoinitialization func-
tion. When this bit is set (1), the autoinitialize mode
is enabled, and the current word-count and current
address register values are automatically restored
from the corresponding base registers when the DMA
transfer is complete (terminal count or EOP). The
mask bit is not set when the autoinitialize mode is
enabled, and the channel is prepared to perform a
subsequent DMA transfer without reprogramming
the DMAC. Note that for most controlier applica-
tions, the autoinitalize mode is not used.

Address Increment/Decrement. The address incre-
ment/decrement bit determines the sequence in
which memory addresses are generated. When this
bit is reset (0), the memory address in the current
address register is incremented with each byte
transferred. Conversely, when the address incre-
ment/decrement bit is set (1), the memory address in
the current address register is decremented with each
byte transferred. Note that for most controller
applications, the address increment mode is used.

Demand Mode. In the demand transfer mode the
channel data transfer is initiated by DREQ. The
channel continues to transfer data until DREQ goes
inactive or until either a terminal count condition is
reached or an external EOP is received. If DREQ is
held active throughout the entire transfer, the chan-
nel maintains bus access until the transfer is com-
plete. The controller (DMAC channel 0) can use the
demand transfer mode; however, since the DREQ
input from the FDC goes inactive following each byte
transferred, the channel releases the bus after each
byte transferred.

Single Transfer Mode. In single transfer mode, the
channel performs a sequence of single byte transfers
(the channel releases the bus after each byte trans-
ferred) until the transfer is complete (terminal count
reached or external EOP applied). DREQ must be
held active by the I/0 device until DACK is received.

Programming Information

Unlike the demand mode, if DREQ is held active
throughout the entire transfer, the bus is released
with each byte transferred. The controller normally
uses the single transfer mode for all DMA data
transfers.

NOTE

Since both the demand and single transfer
modes used by the controller release the bus
with each byte transferred, the controller
should be given ‘‘high bus priority’’ to pre-
vent interruptions in the DMA transfer.

Block Mode. In block transfer mode the channel
data transfer again is initiated by DREQ. The
transfers continue, irrespective of the state of DREQ,
until terminal count is reached or an external EOP is
applied. (DREQ must be held active until DACK is
received.) The controller does not support operation
in the block transfer mode; this mode may be used by
an iISBX Multimodule board.

3-10. CLEAR DMACFIRST/LAST
FLIP-FLOP

The Clear DMAC First/Last Flip-Flop command
initializes the DMAC'’s internal first/last flip-flop so
that the next byte written to or read from the 16-bit
address or word-count registers is the low-order byte.
The flip-flop is toggled with each register access so
that a second register read or write command
accesses the high-order byte. The first/last flip-flop
also is initialized (to access the low-order register
byte) by a DMAC master clear or controller reset.
Note that the Clear DMAC First/Last Flip-Flop
command does not require a specific bit pattern in
the associated command data byte.

3-11. DMAC MASTER CLEAR

The DMAC Master Clear command clears the
DMAC’s command, status, request, and temporary
registers to zero, initializes the first/last flip-flop,
and sets the four channel mask bits in-the mask
register to disable all DMA requests (i.e., the DMAC
is placed in an idle state). Note that the DMAC
Master Clear command does not require a specific bit
pattern in the associated command data byte.

3-12. WRITE DMAC MASK REGISTER

The Write DMAC Mask Register command allows
all four bits of the DMAC’s mask register to be
written with a single command.
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76 5 4 3 2 1 ¢

[ 1 1]

l_ 0 CLEAR CHANNEL 0 MASK BIT
1SET CHANNEL 0 MASK BIT

LLTT]T
o ————
DON’T CARE

. 0CLEAR CHANNEL 1 MASK BIT
1SET CHANNEL 1 MASK BIT

- 0CLEAR CHANNEL 2 MASK BIT
1SET CHANNEL 2 MASK BIT

_ 0 CLEAR CHANNEL 3 MASK BIT
1SET CHANNEL 3 MASK BIT

Like the Set/Reset DMAC Mask Register command,
clearing a channel’s mask bit enables recognition of
the associated DREQ input, and setting a channel’s
mask bit disables (masks) the associated DREQ
input. Again, a DMAC master clear or controller
reset sets all four mask register bits (disabling the
DREQ inputs).

3-13. READ FDC STATUS REGISTER

The Read FDC Status Register command accesses the
FDC’s main status register. The individual status
register bits are as follows:

7 6 54 3 2 10

LTTTTT

- FDD 0 BUSY

* FDD 1 BUSY

* FDD 2 BUSY

- FDD 3 BUSY

- FDC BUSY

- NON-DMA MODE

DATA INPUT/OUTPUT
REQUEST FOR MASTER

FDD 0 BUSY. This bit, when set (1), indicates
that drive 0 is in the process of performing a seek
operation.

FDD 1 BUSY. This bit, when set, indicates
that drive 1 is in the process of performing a seek
operation.

FDD 2 BUSY. This bit, when set, indicates
that drive 2 is in the process of performing a seek
operation.

FDD 3 BUSY. This bit, when set, indicates
that drive 3 is in the process of performing a seek
operation.

FDC BUSY. This bit, when set, indicates that the
FDC is in the command execution phase (i.e., the
FDC is in the process of performing a diskette read
Or write operation).
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NON-DMA MODE. This bit only is applicable in
systems that do not support DMA tranfers and is
irrelevant to the controller.

DATA INPUT/OUTPUT. The data input/output
(DIO) bit indicates the direction of the transfer
between the FDC’s data register and the host pro-
cessor. When this bit is set, the direction of the
transfer is from the FDC to the host processor, and
when this bit is reset, the direction of the transfer is
from the host processor to the FDC.

REQUEST FOR MASTER. The request for master
(RQM) bit, when set, indicates that the FDC’s data
register is ready to present a byte to or accept a byte
from the host processor.

The host processor can read the main status register
at any time and should use the DIO and RQM status
bits to perform a ‘‘handshaking’’ function with the
FDC when transferring data to or from the FDC’s
data register. Figure 3-1 shows the status register
timing.

Note that like any microprocessor, the FDC requires
a finite amount of time to update its RQM status bit
between byte transfers to or from the data register.
The sample PL/M and assembly language drivers in
Appendix A illustrate typical wait subroutines that
must be inserted between successive byte transfers to
or from the FDC’s data register.

3-14. READ/WRITE FDC DATA
REGISTER

The Read and Write FDC Data Register commands
are used to write command and parameter bytes to
the FDC in order to specify the operation to be per-
formed (referred to as the ‘‘command phase’’) and to
read status bytes from the FDC following the opera-
tion (referred to as the “‘result phase’’). During the
command and result phases, the 8-bit data register is
actually a series of 8-bit registers in a stack. Each
register is accessed in sequence; the number of
registers accessed and the individual register contents
are defined by the specific disk command (refer to
the FDC command descriptions in sections 3-20
through 3-32).

3-15. WRITE CONTROLLER AUXILIARY
PORT

The Write Controller Auxiliary Port command is
used to set or clear individual bits within the con-
troller’s auxiliary port. The four low-order port bits
are dedicated to auxiliary drive control functions
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DATA IN-OQUT
(DIO)

OUT OF PROCESSOR AND INTO FDC

OUT OF FDC AND INTO PROCESSOR
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READY
REQUEST
NOT
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B —
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b HOST PROCESSO
THE HOST PROCESSOR

DATA REGISTER READY TO BE WRITTEN INTO BY HOST PROCESSOR
gé\gégggcl)snTER NOT READY TO BE WRITTEN INTO BY HOST

DATA REGISTER RREADY FOR NEXT DATA BYTE TO BE READ BY THE
DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ BY

Figure 3-1. Main Status Register Timing 1430789

(jumper links are required to connect the desired port
bit to an available pin on the drive interface connec-
tors; see section 2-14). The most common application
for these bits is the ‘““Motor-On’’ control function for
mini-sized drives.

The four high-order bits of the auxiliary port are the
ADRI14 through ADR17 address bits that are used to
extend the DMA addressing capability of the con-
troller to 16 megabytes (24-bit addressing). These bits
are set prior to initiating a diskette read or write
operation to define the specific 1-megabyte page of
memory to be accessed.

6 5 4 3 21 0

LIT T I TTT1]
t DRIVE CONTROL

——— ADR 14/
e ADR 15/
ADR 16/
ADR17/

3-16. POLL INTERRUPT STATUS

The Poll Interrupt Status command presents the
interrupt status of the controller and the two inter-
rupt status lines dedicated to the iSBX Multimodule
board. This command is used by the host processor

when interrupts are disabled to poll the controller
(and iSBX Multimodule board) in order to determine
when an operation has been completed. A bit set in
the status byte returned indicates a pending interrupt.

7 6 5 4 3 2 1 0

HEEEEEEE

t— —
DON'T CARE CONTROLLER INTERRUPT
| MULTIMODULE BOARD
INTERRUPT 0
MULTIMODULE BOARD
INTERRUPT 1

3-17. CONTROLLER RESET

The Controller Reset command is the software reset
for the controller. This command clears the con-
troller’s auxiliary port and segmrent address register,
provides a reset signal to the iSBX Multimodule
board and initializes the bus controller (releases the
bus), the DMAC (clears the internal registers and
masks the DREQ inputs), and the FDC (places the
FDC in an idle state and disables the output control
lines to the diskette drive). Following reset, the
controller is in an idle state. Note that the Controller
Reset command does not require a specific bit pat-
tern in the associated command data byte.
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3-18. WRITE CONTROLLER LOW- AND
HIGH-BYTE SEGMENT ADDRESS
REGISTERS

The Write Controller Low- and High-Byte Address
Registers commands are required when the controller
uses 20-bit addressing (memory address range from 0
to OFFFFFH). These commands are issued prior to
initiating a diskette read or write operation to-specify
the 16-bit segment address. The data byte loaded into
the low-order half of the register is the A4 through
All address bits, and the data byte loaded into the
high-order half of the register is the A12 through A19
address bits.

7 6 5 4 3 2 1
|A11|A10|A9]A8|A1|A6|A5]A4]
LOW-ORDER SEGMENT ADDRESS

7 6 5 4 3 2 1 0
[a19]a18]a17]at6|a15]a1a]a13]a12]
HIGH-ORDER SEGMENT ADDRESS

During the subsequent DMA transfer, the segment
address is combined with the DMAC’s current
address to form a 20-bit “‘effective’” address. As
shown in figure 3-2, the segment address value is off-
set by four bit positions and added to the current
address value.

iSBC 208

The segment address register is reset (to zero) by the
Reset Controller command.

3-19. DISKETTE ORGANIZATION

The controller is compatible with two physical sizes
of diskettes: a single- or double-sided, standard 8-
inch diskette that typically consists of 77 tracks and a
single- or double-sided 5%-inch mini diskette that
typically consists of 35 tracks. Note that the term
“cylinder’’ is used with double-sided drives to
indicate the set of two tracks at a given head position.

The tracks are numbered sequentially (beginning at
the outermost track) from 0 to 76 (standard size) or
from 0 to 34 (mini size). Each track, in turn, is
divided into sections or ‘‘sectors.”” The number of
sectors on each track and the number of bytes per
sector are program-determined (‘‘soft sectoring’’)
and are established when the track is formatted. The
controller is programmed to operate in either the
single-density (FM) format or the double-density
(MFM) format. Figure 3-3 and table 3-2 describe the
track and sector formats for both single- and double-
density recording, and table 3-3 defines the recording
capacities for both the standard 8-inch and 5% -inch
mini drives.

19

15 0

19 0

Figure 3-2. 20-Bit Addressing

16-BIT SEGMENT
ADDRESS REGISTER

15
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Table 3-2. Track Format

iSBC 208

Designation

Description

FM Format

MFM Format

Number
of Bytes

Pattern
(Hexadecimal)

Number
of Bytes

Pattern
(Hexadecimal)

GAP 4A

SYNC 4

INDEX AM

GAP1

SYNC 1

ID AM

ID FIELD

IDCRC

GAP 2

Preamble gap; written by
the FOC when the track is
formatted.

A sequence of all-zero
bytes used to synchronize
the controller’s data separa-
tion logic prior to reading
the index address mark;
written by the FDC when the
track is formatted.

Index address mark. Unique
data pattern that identifies
the logical beginning of a
track; written by the FDC
when the track is formatted.

Post index gap; written by
the FDC when the track is
formatted.

A sequence of all-zero
bytes used to synchronize
the controller’s data separa-
tion logic prior to reading an
ID field address mark; writ-
ten by the FDC when the
track is formatted.

ID field address mark.
Unique data pattern that
identifies the beginning of a
sector ID field; written by
the FDC when the track is
formatted.

Four bytes used to uniquely
identify each sector on a
diskette by track address,
side, sector number and
sector size; these bytes are
supplied to the FDC by the
program (format table) and
written in the ID field when
the track is formatted.

A 16-bit cyclic redundancy
check character derived by
the FCD from the ID address
mark and the four ID field
bytes and written imme-
diately following the ID field
when the track is formatted.

Post ID field gap; written by
the FDC when the track is
formatted. During sector
write operations, the con-
troller switches the drive
electronics from read to
write during the post ID field
gap interval.

40

26

11

FF

00

Data=FC
Clock=D7

FF

00

Data=FE
Clock=C7

FF

80

12

50

12

22

4E

00

3 Bytes C2,
1 Byte FC

4E

00

3 Bytes Al,
1 Byte FE

4E
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Table 3-2. Track Format (Cont’d.)

FM Format MFM Format

Designation Description
esl P Number Pattern Number Pattern

of Bytes (Hexadecimal) of Bytes (Hexadecimal)

SYNC 2 A sequence of all-zero 6 00 12 00
bytes used to synchronize
the controller’s data separa-
tion logic prior to reading a
data field address mark.
These sync bytes are rewrit-
ten by the FDC during every
sector write operation.

DATA AM Data field address mark. 1 FB 4 3 Bytes A1,
Unique data pattern that 1Byte FB
identifies the beginning of a
sector’s data field; the data
field address mark is written
by the FDC each time the
sector is written. Note that
data pattern F8 (deleted
data mark) is used in place
of FB to identify a deleted
sector.

DATAFIELD The sector’s data field. The
length of the data field
(number of bytes) is pro-
grammable: 128 (single-
density only), 256, 512, 1024,
2048, 4096, and 8192 (double-
density only).

DATA CRC A 16-bit cyclic redundancy 2 2
check character derived by
the FDC from the data field
address mark and the data
field bytes and written
immediately following the
data field during sector
write operations. During
subsequent sector read
operations, a second CRC
character is calculated from
the data read and compared
with the CRC character
previously written to verify
data integrity.

GAP3 Post data field gap. A FF 4E
program-selectable gap
length that separates the
previous sector’s data field
from the next sector’s ID
field. The gap length
specified is dependent on
the recording format and
sector length (see table
3-10). Note that the gap
length specified differs for
a format command and
read/write commands.

GAP 4B Postamble gap. A variable- FF 4E
length gap that follows the
last sector on a track. This
gap is written by the FDC
when the track is formatted
and extends from the end of
gap 3to the index pulse.
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Table 3-3. Recording Capacities

iSBC 208

Drive Seg' ors Bytes Per Sector Bytes Per Track (Formatted)
Size Traecrk Single Density Double Density Single Density Double Density
(FM) (MFM) (FM) (MFM)
26 128 256 3328 6656
Standard 15 256 512 3840 7680
8-inch 8 512 1024 4096 8192
4 1024 2048 4096 8192
2 2048 4096 4096 8192
1 4096 8192 4096 8192
18 128 256 2304 4608
5%-inch 16 128 256 2048 4096
mini 8 256 512 2048 4096
4 512 1024 2048 4096
2 1024 2048 2048 4096
1 2048 4096 2048 4096

3-20. FDC COMMANDS

The FDC is capable of executing 12 unique com-
mands. Of these 12 commands, all but one (the Sense
Interrupt Status command) require a multibyte
transfer from the host processor to initiate command
execution. Following the execution of most com-
mands, the host processor must initiate a multibyte
transfer from the FDC to determine the outcome of
the operation and to terminate the command. Table
3-4 lists the FDC commands and the number of bytes
required to initiate and to terminate the command.

Table 3-4. FDC Commands

Command Resuit
Command Bytes Bytes
Specify 3 0
Seek 3
Read Data 9 7
Read Deleted Data 9 7
Read ID 2 7
Read Track 9 7
Write Data 9 7
Write Deleted Data 9 7
Format Track 6 7
Recalibrate 2 0
Sense Drive Status 2 1
Sense Interrupt Status 1 2

FDC command processing consists of three phases
that are entered in the following sequence:

1. Command Phase. The host processor initiates
command processing by writing one or more
bytes to the FDC’s data register. Depending on
the command to be executed, up to nine bytes
may be required before the execution phase.can
be entered.

2. Execution Phase. The operation specified during
the command phase is performed. The execution
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phase is entered automatically when the last com-
mand byte is received. Since the controller uses
DMA for all data transfers to and from the
diskette, no host processor intervention is
required during the execution phase.

3. Result Phase. Following command execution,
the FDC enters the result phase. With most com-
mands, the FDC generates an interrupt to inform
the host processor of the completion of the exe-
cution phase. To complete the result phase the
host processor must read a series of bytes from
the FDC’s data register.

During the command and result phases, the main
status register must be read by the host processor to
determine when the FDC is ready to provide or
accept the next command or result byte to be written
or read from the data register as described in section
3-13. Note that during multibyte transfers to or from
the FDC’s data register, a delay interval must be
inserted between each byte read or written to allow
time for the FDC to update the main status register
(see ‘‘wait” routines in the sample drivers in
Appendix A).

During the execution phase of commands that
transfer data to or from the diskette, the FDC
generates a DMA request for each byte transferred.
The DMAC responds to the DMA request with a
DMA acknowledge to reset the DMA request. When
the transfer is complete (terminal count received
from the DMAC), the FDC generates an interrupt to
indicate the beginning of the result phase. When the
host processor reads the first byte from the FDC’s
data register (status byte STO0), the FDC auto-
matically clears the interrupt. The host processor
must read all of the result bytes to complete the com-
mand; the FDC will not accept a new command until
the current command is completed.
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The FDC contains five status registers. The main
status register, as previously mentioned, is read by
the host processor during the command and result
phases. The other four status registers (STO, STI1,
ST2 and ST3) are read directly from the FDC’s data
register during the result phase. The status registers
presented are determined by the FDC command exe-
cuted. Table 3-5 defines the contents of the four
result status registers.

The writing and reading of the command and result
bytes to and from the FDC’s data register must be
performed in the order shown by the command for-
mat tables given in the individual FDC command
descriptions. After the last command byte is written

Programming Information

to the FDC, the execution phase starts automatically.
During the execution phase of commands that write
data to or read data from the diskette, the number of
bytes transferred is determined by the word-count
value loaded into the DMAC. The DMAC signals the
FDC when the programmed number of bytes have
been transferred; the FDC then stops the transfer,
interrupts the host processor, and enters the result
phase. When the host processor reads the last result
byte from the FDC’s data register, the command is
completed and the FDC is prepared to accept a new
command.

Table 3-6 defines the mnemonics used in the com-
mand format tables for the individual commands.

Table 3-5. Result Phase Status Registers

Status Register 0 (ST0)

Bit(s) Name Symbol

Description

D7,06

Interrupt Code

D7=0 and D6=0

Normal Termination of Command. Command execution was com-
pleted successfully.

D7=0 and D6=1

Abnormal Termination of Command. Command execution was
initiated, but was not completed successfully.

D7=1 and D6=0

Invalid Command Issued. Command execution was not injtiated.
D7=1 and D6=1

Ready Change. During command execution the drive went Not
Ready.

DS

Seek End

SE

Set (D5=1) when the FDC completes execution of a Seek command.
Note that there is noresult byte associated with a Seek command;
the host processor must issue a Sense Interrupt Status command
to access the STO status byte. When parallel (overlapped) seeks are
performed on multiple drives, this bit is set by the first drive to com-
plete its seek (the drive completing its seek is identified by unit
select bits DO and D1). When performing overlapped seeks, the
main status register must be examined to determine when the other
drives have completed their seeks.

D4

Equipment Check

EC

Set when the addressed drive activates its FAULT/ signal to the
controller or when during execution of a Recalibrate command, a
TRACK 0/ signal is not received from the addressed drive after 77
STEP/ pulses have been issued. Note that if a FAULT/ signal is
received during command execution, the operation is terminated
immediately.

D3

Not Ready

NR

Set when a command that accesses the drive is issued and the
drive is in a not-ready state or when a diskette read or write com-
mand, which specifies side 1 of a single-sided drive, is issued. The
command issued is not executed.

D2

Head Address

HD

Indicates the state of the head (side selected) when the interrupt
was generated (0 = side 0, 1 = side 1).

D1,D0

Unit Select

us

Indicates the drive unit number of the drive addressed when the
interrupt was generated.

D1=0, D0=0 = DRIVE UNIT 0
D1=0, D0=1 = DRIVE UNIT 1
D1=1, D0=0 = DRIVE UNIT 2
D1=1, D0=1=DRIVE UNIT 3
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Table 3-5. Result Phase Status Registers (Cont’d.)

Status Register 1 (ST1)

Bit(s) Name Symbol Description

D7 End of Cylinder EN Set (D7=1) during a multisector transfer when the starting sector
number and the number of bytes to be transferred exceeds the last
logical sector on the track or cylinder (multitrack transfers). The
data transfer is terminated by the FDC when the data from the last
logical sector on the track or cylinder is transferred.

D6 Not Used This bit is always 0 (reset).

D5 Data Error DE Set when the FDC detects a CRC error in either the ID field or data
field.

D4 Overrun OR Set when the DMAC did not respond to a data request within the

allotted tinre interval to prevent loss of data. When an overrun con-
dition occurs, the operation is terminated immediately.

D3 Not Used This bit is always 0 (reset).

D2 No Data ND Set during execution of diskette read/write commands when the
currently-addressed sector cannot be located within one fuil revolu-
tion of the diskette (i.e., two index pulses encountered). This bit
usuaily indicates an improperly formatted diskette or, when the WC
bit in status register 2 also is set, indicates that the head is posi-
tioned over the wrong track. During execution of a Read Track com-
mand, the ND bit is set when the FDC cannot locate the ID field of
the first sector following the index mark.

D1 Not Writabie NW Set during execution of a Write Data, Write Deleted Data or Format
Track command if the WRITE PROTECT signal from the drive is
active. The Write operation is immediately aborted, and no data is
written on the diskette.

DO Missing Address MA Set during execution of diskette read/write operations if an ID
Mark address mark cannot be found within one revolution of the diskette
(usually indicates that an unformatted diskette has been installed in
the drive). This bit also is set during diskette read operations if the
addressed sector’s data address mark (or deleted data address
mark) is not encountered (the MD bit in status register 2 also will be
set).

Status Register 2 (ST2)

D7 Not Used This bit is always 0 (reset).

D6 Control Mark CM Set during execution of a Read Data command when a deleted data
address mark is encountered or set during execution of a Read
Deleted Data command when a (normal) data address mark is

encountered.
D5 Data Errorin DD Set during diskette read operations when a CRC error is detected in
Data Field the data field. Note that since this bit is only set after the sector is

read, the data transferred must be considered invalid.

D4 Wrong Cylinder WC Set when the cylinder (track) address specified does not match the
cylinder address byte read from a sector’s ID field. Note that the ND
bit in status register 1 also will be set.

D3,D2 Reserved These bits are 0 (reset).

D1 Bad Cylinder BC Set when a diskette read/write operation is attempted on a
defective ‘‘bad’’ track (bad tracks are designated by writing a byte
of FFH in the cylinder address byte of each ID field on the defective
track using the format track command). Note that the WC bit and the
ND bit in status register 1 also will be set.

DO Missing MD Set during diskette read operations when the addressed sector’s
Address Mark in data address mark (or deleted data address mark) is not
Data Field encountered before the next sector’s ID address mark is read. Note

that the MA bit in status register 1 also will be set.
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Table 3-5. Result Phase Status Registers (Cont’d.)
Status Register 3 (ST3)

Bit(s) Name Symbol Description

D7 Fault FT Setwhen the FAULT/ signal from the addressed drive is active.

D6 Write Protected WP Set when the WRITE PROTECT/ signal from the addressed drive is

active.

D5 Ready RDY Setwhen the READY/ signal from the addressed drive is active.

D4 "Track 0 T0 Set when the TRACKO/ signal from the addressed drive is active.

D3 Two Sided TS Set when the TWO SIDED/ signal from the addressed drive is

active.

D2 Head Address HD Indicates the state of the SIDE SELECT/ signal to the drive (0 = side

0, 1=side1).
D1,D0 Unit Select us Indicates the drive unit number of the drive addressed by the Sense
Drive Status command:
D1=0, D0=0 = DRIVE UNIT 0
D1=0, D0=1=DRIVE UNIT 1
D1=1, D0=0 = DRIVE UNIT 2
D1=1, D0=1=DRIVE UNIT 3
Table 3-6. Command Mnemonics
Symbol Name Description

C Cylinder Number The cylinder (track) number. In the result phase, C defines the current location
(track address) of the drive’s read/write head(s).

D Data The data pattern (filler byte) to be written into each sector’'s data field when the
track is formatted.

D7-D0 Data Bus The 8-bit data bus to/from the FDC’s data register. Bit D0 is the
least-significant bit.

DS0,DSH Drive Select The drive unit addressed by the command:

DS1=0, DS0=0 = DRIVE UNIT 0
DS1=0, DS0=1= DRIVE UNIT 1
DS1=1, DS0=0 = DRIVE UNIT 2
DS1=1, DS0=1=DRIVE UNIT 3

DTL Data Length Specifies non-standard data transfer length for diagnostic use only. For normal
diskette transfer operations, the DTL value specified must be FFH.

EOT End of Track The sector number of the last logical sector on a track.

GPL Gap Length The number of bytesf to be written into Gap 3 (see table 3-10).

H Head Address The head (side) selected (0 = side 0, 1 = side 1). In the command phase, H and
HDS are the same value; in the result phase, H reflects the state of the side
select signal on interrupt. :

HDS Head Select The read/write head addressed by the command (0 = head 0, 1 = head 1).

HLT Head Load Time The head load time interval in the Specify command. The HLT value specified
corresponds to the drive’s head load time specification (see table 3-9).

HUT Head Unload Time The head unload time interval in the  Specify command. The HUT value
specifies the time interval that the head remains loaded following a read or
write operation (see table 3-7).

MFM Mode Select The recording mode selected (0 = FM mode, 1 = MFM mode).

MT Multitrack When set (MT=1), permits multisector read/write operations on the two tracks
at the same cylinder address (i.e., an operation that begins on a track on side 0
can be continued on the same track on side 1).
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Table 3-6. Command Mnemonics (Cont’d.)

Symbol Name Description

N Number A number (N) that represents the length of a sector; the sector length (number
of data bytes) is equal to 128 x 2N.

NCN New Cylinder The cylinder address value specified during the command phase of a Seek

Number command.
PCN Present Cylinder The current position (cylinder address) of the read/write head(s).
Number

R Record The record (sector) number. During the command phase, R specifies the (first)
sector to be accessed; during the result phase, R indicates the number of the
next logical sector number to be accessed.

R/W Read/Write The direction of the 1/0 transfer between the host processor and the FDC’s
data register.

SC Sector Count The number of sectors to be formatted on a track.

SK Skip When set (SK=1) during a Read Data command, causes the FDC to ‘‘skip over”’
any sectors with a deleted data address mark (when SK=0, the deleted sector
is transferred and the command is terminated).

When set during a Read Deleted Data command, causes the FDC to ‘‘skip
over’’ any sectors with a (normal) data address mark (when SK=0, the ‘“non-
deleted’ sector is transferred and the command is terminated).

SRT Step-Rate Time The step rate time interval in the Specify command. The SRT value specified
corresponds to the drive’s step rate specification (see table 3-8).

STO Status Register 0 One of the four status registers that are read by the host processor during the

ST1 Status Register 1 result phase to determine the outcome of command execution. The status

ST2 Status Register 2 registers can only be read after a command has been executed (i.e., after an

ST3 Status Register 3 interrupt) and contain information relevant only to the command executed.

3-21. SPECIFY COMMAND

The specify command requires three bytes to load the
command and command data. Since this command
only loads information into the FDC for future com-
mands, there is no execution or result phase.

DATA BUS

PHASE [R/W|D, D, D. D, D, D D, D

2 1 o Remarks

Command| W [0 0 0 0 0 o 1 1 |Command Codes
W |~ SRT=——P» af—— HUT

W | = HLT — ()

The specify command sets the initial values for the
three internal timers that define the drive’s head load
time and step rate characteristics to the FDC and the
FDC’s head unload time interval. Accordingly, a
Specify command must be executed prior to exe-
cuting any command that accesses the drive. The
Head Unload Time (HUT) value defines the time
from the end of the execution phase of a read/write
command to the head unload state. This timer is pro-
grammable from 16 to 240 ms in 16 ms increments as
shown in table 3-7. The Step Rate Time (SRT) value
defines the time interval between step pulses sent to
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the drive from the FDC. This timer is programmable.
from 1 to 16 ms in 1 ms increments as shown in table
3-8. The SRT value must be set to 1 ms greater than
the minimum desired step rate interval. The Head
Load Time (HLT) value defines the time between
activation of the HEAD LOAD signal and the initia-
tion of a read or write operation. This timer is
programmable from 2 to 254 ms in increments of
2 ms as shown in table 3-9,

Table 3-7. HUT Values

D, D, D, D, HEX HUT TIME
0 0 0 1 1 16 ms
0 0 1 0 2 32ms
0 0 1 1 3 48 ms
0 1 0 0 4 64 ms
0 1 0 1 5 80 ms
0 1 1 0 6 96 ms
0 1 1 1 7 112ms
1 0 0 0 8 128 ms
1 0 0 1 9 144 ms
1 0 1 0 A 160 ms
1 0 1 1 B 176 ms
1 1 0 0 C 192 ms
1 1 0 1 D 208 ms
1 1 1 0 E 224 ms
1 1 1 1 F 240 ms
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The time intervals mentioned in the previous
paragraph are a direct function of the clock fre-
quency. The times indicated are for an 8 MHz clock;
if the clock frequency is reduced to 4 MHz (mini-
floppy applications), .all time intervals are increased
by a factor of two.

Table 3-8. SRT Values

D, D, D, D, HEX *SRT TIME
1 1 1 1 F 1ms
1 1 1 0 E 2ms
1 1 0 1 D 3ms
1 1 0 0 C 4ms
1 0 1 1 B 5ms
1 0 1 0 A 6 ms
1 0 0 1 9 7ms
1 0 0 0 8 8ms
0 1 1 1 7 9ms
0 1 1 0 6 10 ms
0 1 0 1 5 11ms
0 1 0 0 4 12ms
0 0 1 1 3 13 ms
0 0 1 0 2 14 ms
0 0 0 1 1 15 ms
0 0 0 0 0 16 ms

*The SRT must be setto 1 ms greater than the
minimum desired step interval time.

Table 3-9. HLT Values

D, Ds 05 |D,‘ Da D,|D, D0 HEX | HLT TIME
ojojojofo] o] 1 0 02 2ms
ojojojojol]1 0o 04 4ms
0fo0j0j]0]oO0] 1 1 0 06 6ms
ojJojojol]1 ojojo 08 8ms
JD J
Yo . v
1 1 1 011 0jJofjo E8 232 ms
1 1 1 0] 1 0] 1 0| EA 234 ms
1 1 1 011 1 0] 0] EC 236 ms
1 1 1 011 1 1 0| EE 238 ms
1 1 1 1 oJojJojo FO 240 ms
1 1 1 1 0] 0] 1 0 F2 242 ms
1 1 1 1 01 0ofo F4 244 ms
1 1 1 1 0 1 1 0 F6 246 ms
1 1 1 1 1 ojol}o F8 248 ms
1 1 1 1 1 0] 1 0 | FA. 250 ms
1 1 1 1 1 1 0]0]| FC 252 ms
1 1 1 1 1 1 1 0 FE 254 ms

3-22. SEEK COMMAND

The Seek command requires three bytes to load the
command and command data.

A Seek command must be executed prior to the
execution of any command that accesses data on a
track other than the track currently positioned under
the read/write head(s).

)
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DATA BUS
PHASE |R/W D, by D;D, D, D, D, D, Remarks
Commandf W |0 0 0 © 11 1 1 |Command Codes
W0 0 0 0 0 HDS DS1 DSO

w NCN

Execution Head is positioned over
proper Cylinder on

Diskette

During execution of a Seek command, the read/write
head(s) in the addressed drive (DS1, DS0) are moved
(stepped) from:cylinder to cylinder by the FDC. The
FDC compares the Present Cylinder Number (PCN),
which is the current head position, with the New
Cylinder Number (NCN) specified in the command
and performs the following operation when there is a
difference:

®  When NCN is less than PCN, the FDC sets the
DIRECTION signal to a “‘1”’ (step out toward
track 0) and issues STEP pulses to the drive.

* When NCN is greater than PCN, the FDC sets
the DIRECTION signal to a ““0”’ (step in toward
spindle) and issues STEP pulses to the drive.

The step rate is determined by the SRT value in the
Specify command. After each STEP pulse is issued,
NCN is compared with PCN. When NCN equals
PCN, the SE flag is set in status register 0 and the
command is terminated. At the termination of the
Seek command, the interrupt line to the host pro-
cessor is activated; the host processor must perform a
Sense Interrupt Status command to determine if the
seek was successful.

During the command phase, the FDC is in the busy
state, but during the execution phase, the FDC is in
its non-busy state. When the FDC is not busy, a Seek
command may be issued to another drive. In this
manner, parallel (overlapped) seek operations may
be performed on up to four drives.

If the drive’s READY signal is not active at the
beginning of the command execution phase or if it
goes inactive during the seek operation, the NR bit in
Status Register 0 is set and the command is
terminated.

3-23. READ DATA

The Read Data command requires nine bytes to
load the command and command data. Following
command execution, the host processor must read
seven bytes from the FDC to complete the result
phase.
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DATA BUS
PHASE [R/W D, Da Ds D4 D: 1D2 [)1 DD Remarks
Command | W [MTMFM SK 0 0 1 1 0 [Command Codes
W 0 0 0 0 0 HDS DS1 DSO
w C Sector 1D infor-
W H matibn prior to
W R Command execution
W N
w EOT
w GPL
w DTL
Execution Data transfer
from diskette to
host memory
Result R STO Status information
R ST1 after Command
R ST2 execution
R C
R H Sector ID infor-
R R mation after Command
R N execution

After the last command byte is received, the FDC
loads the read/write heads (if they are not loaded)
at the current cylinder location, waits the specified
head-settling time and then begins reading sector
ID fields to locate the addressed sector (the sector
number specified in byte 5 of the command). When
the addressed sector is located, the FDC remains in
the read mode to locate the data address mark at
the beginning of the data field. After reading the
data address mark, the FDC assembles the serial
data from the data field into 8-bit bytes that are
transferred, under direction of the DMAC, from
the FDC’s data register to host memory.

The number of bytes transferred is dependent on
the word count value loaded into the DMAC. If
the word count specified is less than a full sector,
only the number of bytes specified are transferred;
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the FDC always reads a complete sector (to access
the data field CRC bytes) in order to verify the
data transfer. Conversely, if the word count value
specified is greater than a sector, the FDC inter-
nally increments the sector number (R+1) and
begins reading from the next logical sector on the
track. The FDC will continue to read sectors until
the word count is satisfied (terminal count reached)
or until the last logical sector on the track is
reached. If the MT (Multitrack) bit is set in the
command byte, a transfer beginning on side 0 of a
double-sided drive can extend to the last sector on
side 1 (of the same cylinder). Table 3-10 outlines
the EOT and GPL command byte values for the
various sector sizes in both the FM and MFM
recording modes.

When the transfer is complete (or if the transfer
cannot be completed), the FDC interrupts the host
processor, initiates the head-unload timeout, and
enters the result phase. The host processor must then
read the seven result bytes from the FDC’s data
register. The first three bytes read are the STO, ST1,
and ST2 status register bytes that indicate the out-
come of the operation. The last four bytes reflect the
updated values for C, H, R, and N (result phase ID

- information) when the FDC completes command

execution. Table 3-11 specifies the ID infor-
mation for normal (no error detected) command
termination.

During normal read operations (SK bit in command
byte not set), if a deleted data address mark is
encountered at the beginning of a sector’s data field,
the data from the deleted sector is transferred to host
memory and the read operation is terminated
(irrespective of the word count specified). The CM

Table 3-10. Command Byte Values

Standard 8-inch Drives 5¥a-inch Mini Drives
Bytes —
Mode Per sgf‘“ Sectors Last | Gap3Length(GPL) | Sectors Last | Gap3Length(GPL)
Sector ':e Per Sector . Per Sector
(decimal) (N) Track (EOT) R/W Format Track (EOT) R/W . Format

(decimal) ' (decimal) .
128 00 26 1A 07 1B 18 12 07 09
) 128 00 — — - - 16 10 10 19
Single 256 01 15 OF 0E 2A -8 08 18 30
Density. 512 02 8 08 18 3A 4 04 46 87
(MFM=0) 1024 03 4 04 a7 8A 2 02 C8 FF
2048 04 2 02 c8 FF 1 01 c8 FF
4096 05 1 01 c8 FF — - —_ —
256 01 26 1A 0E 36 18 12 0A 0C
256 01 — - _ _ 16 10 20 . 32
Double 512 02 15 OF 18 54 8 08 2A 50
Density 1024 03 8 08 35 74 4 04 80 FO
(MFM=1) 2048 04 4 04 99 FF 2 02 C8 FF
4096 05 2 02 cs8 FF 1 01 c8 FF
8192 06 1 01 c8 FF — - — —

Unless otherwise specified, all values are in hexadecimal.
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(Control Mark) bit in Status Register 2 will be set,
and the R (sector number) result byte will contain the
number of the deleted sector. During read operations
with the SK bit set (SK=1), if a deleted data address
mark is encountered, the FDC skips over the deleted
sector and reads the next logical (non-deleted) sector.
When the operation is complete (i.e., when terminal
count is reached), the CM bit will be set to indicate
that a deleted sector was encountered during the
transfer, and the R result byte will be incremented to
the next sequential sector number.

When a Read Data command cannot be completed
due to an error condition, the FDC sets the Interrupt
Code (IC) bits in Status Register 0 to indicate
abnormal termination of the command (D7 = 0,
D6 = 1) and sets specific bits in Status Registers 1
and 2 to indicate the nature of the error.

During DMA transfers between the controller and
host memory, the FDC must be serviced within 27 us
in the FM mode or within 13 us in the MFM mode to
- prevent data from being overwritten. If the FDC is
not serviced within the above time limits (usually

Programming Information

caused b'y a bus contention problem), the FDC ter-
minates the transfer (abnormal termination) and sets
the OR (Overrun) bit in Status Register 1.

3-24. READ DELETED DATA

The Read Deleted Data command, like the Read
Data command, requires nine bytes to load the
command and command data. Following command
execution, the host processor must read seven bytes
from the FDC to complete the result phase.

Execution of a Read Deleted Data command is iden-
tical to the Read Data command description in the
previous section except for the handling of data field
address marks. During a read deleted data operation
in the non-skip mode (SK bit = 0 in the command
byte), if a (normal) data address mark is encountered
at the beginning of the sector’s data field, the data
from the sector-is transferred and the read operation
is terminated (irrespective of the word count
specified). The CM bit in Status Register 2 will be set,
and the R result byte will contain the number of the

Table 3-11. Result Phase ID Information

Result Phase ID Information
MT EOT Last Sector Transferred
(o] H R N

1A Sector 1 thru 25 (Side 0 or 1)
OF Sector 1 thru 14 (Side 0 or 1)
08 Sector1thru 7(Side0or1) NC* NC R+1 NC
04 Sector1thru 3(Side0or1)
02 Sector1(Side0or1)

0
1A Sector 26 (Side 0 or 1)
OF Sector 15 (Side 0 or 1)
08 Sector 8(Side0Oor1) C+1 NC R=01 NC
04 Sector 4(Side0or1)
02 Sector 2(Side0Oor1)
] [ Sector 1(Side0or1)
1A Sector 1 thru 25 (Side 0 or 1)
oF Sector 1 thru 14 (Side 0 or 1)
08 Sector1thru 7(Side0Oor1) NC NC R+1 NC
04 Sector 1 thru 3(Side0or1)
02 Sector 1(Side 0 or1)
1A Sector 26 on Side 0
OF Sector150n Side 0

1 08 Sector 8on Side0 NC H=01 R=01 NC
04 Sector 4on Side 0
02 Sector 2onSide0
01 Sector 1o0n Side0
1A Sector 26 on Side 1
OF Sector 15 on Side 1
08 Sector 8on Side 1 C+1 H=00 R=01 NC
04 Sector 40n Side'1
02 Sector 2on Side 1
01 Sector 1on Side 1

*NC = no change
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DATA BUS
PHASE |R/W|D, D, Dg D, D, D, D, D, Remarks
Command | W IMTMFM SK 0 1 1 0 0 |Command Codes
w 0 0 0 0 0 HDS DSt DSO
w o] Sector ID infor-
w H matlon prlor to
w R d execution
w N
w EOT
w GPL
w DTL
Execution Data transfer
from diskette to
host memory
Result R STO Status Informahon
R ST1 after Cc
R ST2 execution
R Cc
‘R H Sector ID infor-
R R mation after Command
R N execution

non-deleted sector. During execution of a Read
Deleted Data command with the SK bit set in the
command byte, if a (normal) data address mark is
encountered, the FDC skips over the ‘‘non-deleted”’
sector and reads the next logical deleted sector. When
the operation is complete (i.e., when terminal count
is reached), the CM bit will be set to indicate that a
non-deleted sector was encountered during the
transfer and the R result byte will be incremented to
the next sequential sector number.

3-25. READID

The READ ID command requires two bytes to load
the command and command data. Following com-
mand execution, the host processor must read seven
bytes from the FDC to complete the result phase.

DATABUS
PHASE |R/W D7 06 05 D‘ D3 02 D1 D0 Remarks
Command | W {0 MFM 0 0 1 0 1 0 | Command Codes
w 0 0 0 0 0 HDS DSt DSO
Execution The first correct ID
information on the track
is.stored in Data Register
Result R S70 Status information
R ST1 after Cc
R ST2 execution
R C
R H Sector ID infor-
R R mation during Execution
R N Phase

The Read ID command allows the host processor to
verify the current position of the drive’s read/write
heads without initiating a data transfer. During.com-

mand execution, the FDC loads the heads and waits
the specified head-settling time (if the heads are
unloaded) and begins searching for a sector ID field.
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When the first valid ID field is read, the FDC inter-
rupts the host processor, initiates the head-unload
timeout, and enters the result.phase. The host pro-
cessor must read the seven result bytes to complete
the command; the C, H, R, and N .result bytes con-
tain the correspondmg ID field byte values read from_
the ID field (i.e., the value returned in the C result
byte indicates the current track address).

During the command execution phase, if an ID field
address mark cannot be found within one full revolu-
tion of the diskette (e.g., if the track is not for-
matted), the FDC sets the MA (missing address
mark) bit in Status Register 1 and sets the interrupt
code bits in Status Register 0 to indicate abnormal
termination.

3-26. READ TRACK

The Read Track command requires nine bytes to load

‘the command and command data. Following com-

mand execution, the host processor must read seven
bytes from the FDC to complete the result phase.

DATA BUS
PHASE |R/W|D, D, D, D, D, D, D, D, Remarks
Command | W | 0 MFM 0 0 0 O 1 0 | Command Codes
w 0 0 0 0 0 HDS DSt DSO
w o] Sector ID infor-
w H mation prior to
w R C d execution
w N
w EOT
w GPL
w DTL
Execution Data transfer from
diskette to host
memory. FDC trans-
fers all sectors
on track beginning
with first sector
following index
Result R §T0 Status lnformanon
R ST1 after C
R 8T2 execution
R [of
R H Sector ID informa-
R R tion after Execu-
R N tion Phase for this
command.

The Read Track command operates similar to the
Read Data command except that all sector data fields
on the addressed track are read, beginning with the
first sector following index, in their order of physical
appearance on the track. During the transfer the
FDC ignores ID and data field CRC errors and
deleted data address marks (i.e., sectors with errors
and deleted sectors are transferred). Note that
multitrack and skip operations are not permitted
with the Read Track command.
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3-27. WRITE DATA

The Write Data command requires nine bytes to load
the command and command data. Following com-
mand execution, the host processor must read seven
bytes from the FDC to complete the result phase.

DATA BUS
PHASE [R/W|[D, D, D, D, b, b, D, Dy Remarks
Command | W {MTMFM 0 0 0 1 0 1 |Command Codes
WiJHo 0 0 0 0 HDS DS1 DSO
w o] Sector D infor-
W H mation prior to
w R Command execution
w N
w GPL
W EOT
w DTL
Execution Data transfer from host
memory to diskette
Result R 870 Status information
R 8T1 after Cc d
R T2 execution
R Cc
R H Sector ID informa-
R R tion-after Command
R N execution

The command data bytes for the Write Data com-
mand are identical to the command data bytes for the
Read Data command (see section 3-23). After the last
command byte is received, the FDC loads the
read/write heads, waits the specified head-settling
time, and then begins reading sector ID fields to
locate the addressed sector (the sector number
specified in byte 5). After the addressed sector is
located, the FDC switches the drive to the write mode
during the post 1D field gap and updates (writes) the
sector’s sync field and data field address mark.
Immediately after writing the address mark, the FDC
begins writing the data bytes received at its data
register onto the diskette as a serial bit stream.

The number of bytes written is dependent on the
word count value loaded into the DMAC. If the word
count specified is less than a full sector, only the
number of bytes specified are transferred to the
FDC; the FDC fills the remainder of the data field
with zeros. After the last data field bit is written, the
FDC writes the 16-bit data field CRC character. If
the word count specified is greater than a sector, the
FDC internally increments the sector number and,
after locating (reading) the next sector’s ID field,
begins writing the sector data field. The FDC will
continue to write sectors until the word count is
satisfied (terminal count reached) or until the last
logical sector on the track is written. If the
Multitrack bit is set in the command byte, a write
operation beginning on side 0 of a double-side drive
can extend to the last sector on side 1 (of the same
cylinder).
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When the transfer is complete (or if the transfer
cannot be completed), the FDC interrupts the host
processor, initiates the head-unload timeout, and
enters the result phase. The host processor must then
read the seven result bytes from the FDC’s data
register. As described under the Read Data com-
mand, the first three bytes indicate the outcome of
the operation, and the last four bytes reflect the
updated values for C, H, R, and N.

During DMA transfers between the controller and
host memory, the FDC must receive the data byte to
be written within 31 us in the FM mode or within 15
us in the MFM mode to prevent data from being
underwritten. If the FDC is not serviced within the
above time limits (usually caused by a bus contention
problem), the FDC terminates the operation
(abnormal termination) and sets the OR (Overrun)
bit in Status Register 1.

3-28. WRITE DELETED DATA

The Write Deleted Data command is identical to the
Write: Data command previously described except
that a deleted data address mark is written at the
beginning of the sector’s data field in place of a data
address mark.

DATA BUS
PHASE |R/W|D, D, D, b,b, b, D, Dy Remarks
Command | W |[MTMFM 0 0 1 0 0 1 |Command Codes
W l]0 0 0 0 0 HDS DS1 DSO
w [ Sector ID infor-
w H mation prior to
w R Command execution
w N
w GPL
w EOT
w DTL
Execution Data transfer from host
memory to diskette
Result R S§TO Status information
R ST1 after Command
R ST2 tion
R C
R H Sector ID informa-
R R tion after Command
R N execution

3-29. FORMAT TRACK

The Format Track command requires six bytes to
load the command and command data. Following
command execution, the host processor must read
seven bytes from the FDC to complete the result
phase.
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DATA BUS
PHASE |R/W|D, D, b, b, D, D, D, D, Remarks
Command | W 0 MFM 0 0 1 1 0 1 |Command Codes
W10 0 0 0 0 HDS DS1 DSO
w N Bytes/Sector
w SC Sectors/Track
w GPL Gap 8
w D Filler Byte
Execution FDC formats an
entire track
Result R STH Status information
R ST after Command
R ST2 execution
R [
R H In this case, the
R R 1D information has
R N no meaning

The Format Track command formats or ““initializes’’
a track by writing the ID field, gaps, sync bytes, and
address marks for each sector. The track to be for-
matted is determined by the position of the
read/write heads on the diskette. Prior to command
execution, a table in memory containing the ID field
values (track address, head address, sector number
and sector size) for each sector on the track must be
prepared. (During command execution, the FDC
uses the values from the table to write the individual
ID fields.) Referring to the track format illustration
(figure 3-3), address marks are written automatically
by the FDC. The track (C) and head (H) addresses,
sector number (R) and sector size (N) byte values to
be written into the ID field are taken, in order, from
the table. The ID field CRC character is derived from
the ID address mark and ID field data, and is written
immediately following the ID field. Gaps and sync
fields are written automatically by the FDC; the
length of the post data field gap (gap 3) is determined
by the GPL command data byte value. The number
of data bytes per sector and the number of sectors per
track are determined by the N and SC command data
byte values; the data pattern written into each byte of
each sector’s data field is determined by the D com-
mand data byte value. The data field CRC character
is derived from the data address mark and the data
written in the sector’s data field.

The order of sector number assignment on the track
is taken directly from the formatting table in
memory. Four entries are required for each sector: a
track address, a head address, the sector number and
a sector size. Note that the order of sector number
entries in the table is the sequence in which sector
numbers appear on the track when it is formatted.
The number of 4-byte entries in the table must equal
the number of sectors on the track. Caution must be
exercised when creating the formatting table since en-
tries are not verified by the FDC and it is possible to
format a track with an illegal, redundant, or missing
sector number.
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Since the sector number is taken directly from the
formatting table, tracks can be formatted either
sequentially (the first sector following the index mark
is assigned sector number 1, the next adjacent sector
is assigned sector number 2, and so on) or sector
numbers can be ‘‘interleaved’’ on a track.

The sequential sector format optimizes sector access
times during multisector transfers by permitting a
number of sectors (up to an entire track) to be
transferred within a single revolution of the diskette.
Sector interleaving is used when a number of
logically-consecutive sectors are to be transferred in-
dividually and the processing time between adjacent
sectors is greater than the time required to access the
next sector.

As an example of sector interleaving, assume that a
number of consecutive sectors are to be transferred
individually on both a sequentially formatted track
and on a track that utilizes sector interleaving. On a
sequentially formatted track, assuming that the
amount of processing time required between sectors
is greater than the time required to access the next
sector, the diskette must rotate nearly a full revolu-
tion to access the next sector to be transferred. Since
one diskette revolution requires approximately 167
milliseconds, to transfer an entire track of 15 sectors,
15 revolutions, or 2.5 seconds, are required. Con-
versely, if sector numbers are assigned with an in-
terleaving factor of three (see figure 3-4), the process-
ing time between logically-adjacent sectors is in-
creased substantially and, if sufficient, allows the
complete track to be transferred in three revolutions
of the diskette (500 milliseconds).

The following table (table 3-12) describes the
organization of the formatting table that would be
used to format the diskette shown in figure 3-4.

ROTATION

N
D

St
INDEX MARK J

Figure 3-4. Sector Interleaving

143078-12
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Table 3-12. Formatting Table
Data
Byte Function Contents
(Hexadecimal)
1 Track Address (C) XX
2 Head Address (H) 0X
3 Sector Number 1 (R) 01
4 Sector Size (N) (1,4
5 Track Address XX
6 Head Address 0X
7 Sector Number 6 06
8 Sector Size 0X
9 Track Address XX
10 Head Address 0X
1 Sector Number 11 0B
12 Sector Size i 0X
53 Track Address XX
54 Head Address 0X
55 Sector Number 10 0A
56 Sector Size 0X
57 Track Address XX
58 Head Address 0X
59 Sector Number 15 OF
60 Sector Size 0X

Following the command phase, the FDC loads the
read/write heads at the current cylinder location,
waits the specified head-settling time and monitors
the INDEX signal from the drive. When the INDEX
signal goes active (index hole detected), the FDC
begins formatting the track according to figure 3-3.
After writing the ID address mark for the first sector,
the FDC writes the first four bytes from the format
table into the ID field (the FDC initiates a DMA
transfer and receives the requested bytes at its data
register). The FDC writes the remainder of the sector
based on the command data received during the com-
mand phase. After writing the first sector’s post-data
field gap, the FDC writes the sync field and ID
address mark for the next sector and writes the next
four bytes from the format table into the second sec-
tor’s ID field. This formatting operation continues
until the FDC writes the number of sectors specified
by the SC command data byte. When the index mark
is encountered, the FDC interrupts the host pro-
cessor, initiates the head-unload timeout, and enters
the result phase. The host processor must read the
seven result bytes to complete the command. Note
that the C, H, R, and N result bytes are irrelevant
with the Format Track command.

Prior to formatting a track, the DMAC’s base and
current address registers (and, if required, the con-
troller’s segment address registers) must point to the
first byte of the format table in memory. The DMAC
word count specified must be equal to (or greater
than) the number of byte entries in the format table
(i.e., to format a track with 26 sectors, 104 bytes
must be transferred).

Programming Information

3-30. RECALIBRATE

The Recalibrate command requires two bytes to load
the command and command data.

DATA BUS

PHASE |R/W |D b, b, b, D, D, D, D, Remarks

Command [ W JO 0 0 0 0 1 1 1 |Command Codes

W ijljo o 0 0 0 0 DSt DSO

Head retracted
to Track 0

Execution

The Recalibrate command positions the drive’s
read/write heads at a known track position and is
used following power-up or a seek error (e.g., WC bit
set in Status Register 2). During command execution,
the FDC sets the PCN (present cylinder number)
counter to zero and monitors the TRACKO/ signal
from the drive. As long as the TRACKO/ signal
remains inactive, the FDC holds the DIRECTION/
signal high (1) and issues up to 77 STEP/ signals to
the drive (to step the read/write heads toward track
0). When the TRACKO/ signal goes active, the FDC
interrupts the host processor and sets the SE (seek
end) bit in status register 0. Since the Recalibrate
command does not have a result phase, the host pro-
cessor must issue a Seek Interrupt Status command
to properly terminate the Recalibrate command and
to clear the interrupt.

During the command phase, the FDC is in a busy
state, but during the execution phase, the FDC is in a
non-busy state. When the FDC is not busy, a
recalibrate (or seek) command can be issued to
another drive. In this manner, parallel (overlapped)
recalibrate operations can be performed on up to
four drives concurrently.

During the execution phase, if the TRACKO/ signal
does not go active following 77 STEP/ pulses, the
FDC sets both the EC (equipment check) and the SE
bits in Status Register 0 and interrupts the host
processor.

NOTE

When executing a Recalibrate command on
a drive with more than 77 tracks, if the
drive’s read/write head is positioned on
track 77 or greater when the command is
executed, an abnormal termination will
result (EC bit set in status register 0). A
second Recalibrate command must be issued
to complete the recalibrate operation and to
position the read/write head over track 0.
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3-31. SENSE DRIVE STATUS

The Sense Drive Status command requires two bytes
to load the command and command data. Note that
there is no execution phase associated with the
command, and no interrupt is generated. After the
command is loaded, the host processor must read one
result byte to complete the result phase.

DATA BUS

pHase la/wlo, o, D, D, D, D, D, D, Remarks

Command] W {0 0 0 0 0 1 0 0 |CommandCodes
wlo o o o 0 HDS DSt DSO

Result R ST3 Status infor-
mation regarding

selected drive

The Sense Drive Status command is used to inter-
rogate the FDC regarding the status of the drive
selected during the command phase. The result byte
read (Status Register 3) contains the drive status
information (see section 3-5).

3-32. SENSE INTERRUPT STATUS

The Sense Interrupt Status command requires one
byte to load the command. Note that there is no
execution phase associated with the command. After
the command is loaded, the host processor must read
two result bytes to complete the result phase.

DATA BUS

PHASE |R/W|D, D, Dy D, D, D, D D

1 o Remarks

Commandf W JO 0 0 0 1 0 0 0 |Command Codes
Result R S§TO Status information
R PCN following a seek or

recalibrate operation

The host processor issues a Sense Interrupt Status
command to effectively terminate a Seek or
Recalibrate command (the PCN result byte defines
the current position of the read/write head) or
whenever an unexpected interrupt is received from
the FDC (the Sense Interrupt Status command clears
the interrupt signal). The host processor, by reading
bits 5, 6, and 7 of Status Register 0, can readily iden-
tify the cause of the interrupt as follows:

Interrupt

Code | seekEnd
Bit7 | Bit6| Bit5

Cause

1 1 0 READY/ signal from drive
changed state.

0 0 1 Normal Termination of Seek or
Recalibrate command.

0 1 1 Abnormal Termination of Seek

or Recalibrate command.
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3-33. INVALID COMMANDS

If the host processor issues either a Sense Interrupt
Status command when no interrupts are pending or a
command code not recognized by the FDC, the FDC
immediately terminates the command phase and
enters the result phase without generating an
interrupt (i.e., the FDC enters a stand-by state or
simply ‘‘goes to sleep’’). To wake the FDC and to
complete the result phase, the host processor must
read a result byte from the FDC’s data register; the
STO result byte read will indicate that an invalid
command was issued (bit 7=1, bit 6=0).

The ability of the FDC to recognize a Sense Interrupt
Status command as an invalid command when no
interrupt is pending allows the host processor to
locate or ““flush out’’ possible ‘‘hidden interrupts.”’
(A hidden interrupt occurs during overlapped seek or
recalibrate operations when a second drive completes
its seek or recalibrate and the interrupt from the first
drive is still pending or when more than one drive
ready status change occurs before the first interrupt
is cleared.) By continuing to issue Sense Interrupt
Status commands until invalid command status is
received, the host processor can be assured that all
interrupts have been acknowledged.

Note that while in the stand-by state, the FDC cannot
generate an interrupt. This fact provides a
mechanism by which the host processor essentially
can shut out the controller when a critical, task is
being performed and an interrupt from the controller
cannot be tolerated.

3-34. SOFTWARE

The host software requirements for the controller
consist of a set of Input/Output driver routines to
perform the following tasks:

¢ Initialize the controller, including the FDC and
DMAUC, following power-up.

¢ Issue commands to the FDC and pass command
data to the FDC and DMAC.

¢ Respond to completion interrupts and interpret
results from the FDC.

¢ Handle errors.

Appendix A provides two ‘example drivers for the
iSBC 208 board. A PL/M-86 driver is given for 16-
bit systems and an assembly language driver is given
for 8080/8085 (8-bit) systems.
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In the example I/O drivers in Appendix A,
subroutines are written to perform disk /0
transfers. These subroutines:

e Areuser-callable
e Pass command data via an I/0 parameter block
*  Wait if the FDC is busy

As decribed previously in this chapter, all FDC
commands that transfer data to or from the diskette
require multiple bytes of information from the host
processor before the command can be executed. In
addition to the information passed to the FDC, the
DMAC requires information as to the number of
bytes to be transferred, the starting location in
memory for the transfer, and the direction of the
transfer. Also, if memory addresses greater than 64K
are required, the controller’s segment address register
must be programmed. The 1/0 driver routines com-
municate all of this information to the controller
through a user-programmed 1/0O parameter block
(IOPB). Figure 3-5 shows.the IOPB used by the
PL/M-86 sample driver in Appendix A.

Some bytes of the IOPB are dynamic (e.g., the track
and sector numbers) and must be written into the
IOPB by the calling program prior to the call. Other
bytes remain fixed during program operation (e.g.,
bytes per sector, sectors per track) and can be
declared when the driver is compiled. Some com-
mands do not use all the parameter bytes. The IOPB
may be located anywhere in host memory convenient
to the user program.

The IOPB used by the Assembly Language sample
driver is structured the same way as shown under
each of the FDC command descriptions with the
addition of a NSEC parameter used by some com-
‘mands to specify the number of sectors to be
transferred. An example using the assembly language
driver is shown in Appendix A.
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3-35. INITIALIZATION

Figure 3-6 depicts a typical initialization sequence.
Initialization requires applying power to the con-
troller and drives, resetting the controller (resets the
FDC and DMAC), programming the operating mode
of the DMAC, specifying the drive parameters to the
FDC, and, once the drive parameters are specified,
positioning the drive’s read/write heads to a known
position.

3-36. PROGRAMMING THE DMAC

Once the DMAC has been initialized, programming
the DMAC for a subsequent diskette data transfer
includes loading the starting (offset) memory address
(DMAC Address Register), the number of bytes to be
transferred (DMAC Word-Count Register), the
direction of the transfer (DMAC Mode Register),
and clearing the channel 0 mask bit. Also, if memory
addresses greater than 64K are to be used, the con-
troller’s segment address registers must be loaded.
Note that since FDC command execution begins
automatically after the last command data byte is
received, the DMAC must be completely pro-
grammed before the last command byte is output to
the FDC.

3-37. PROGRAMMING THE FDC

Figure 3-7 shows a generalized program flow chart
for the FDC’s command phase. The twelve com-
mands are broken down into Specify, Sense Drive
Status, Seek, Recalibrate, and the six data transfer
commands. The remaining comand, Sense Interrupt
Status, only is issued in response to an interrupt.

15 8 0
TRACK ADDRESS INSTRUCTION NUMBER WORD 1
SECTOR NUMBER HEAD AND DRIVE ADDRESSES WORD 2
MT/MFM/SK BYTE SECTORS PER TRACK WORD 3
BYTES PER SECTOR GAP3LENGTH WORD 4
NUMBER OF BYTES TO BE TRANSFERRED WORD 5
SEGMENT ADDRESS WORD 6
OFFSET ADDRESS WORD 7

Figure 3-5. 1/0 Parameter Block

14307813
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POWER UP

SYSTEM
AND

DRIVES

RESET
CONTROLLER

SETUP DMAC
(WRITE DMAC
COMMAND,
REQUEST,
AND MASK
REGISTERS)

y
SETUPFDC
DRIVE
PARAMTERS

(SPECIFY
COMMAND)

RECALIBRATE
DRIVES
(RECALIBRATE

COMMAND)

!

CHECK STATUS
(SENSE
INTERRUPT
STATUS
COMMAND)

REALDY FOR
COMMAND

Figure 3-6. Initialization Flow Chart
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Figure 3-8 shows the detailed steps of the command
phase. The ‘‘serial”’ commands (e.g., Read Data)
require the exclusive use of the FDC and must wait
for the FDC to be idle. A ““parallel’’ command (e.g.,
Seek) may start while another ‘“parallel’’ command is
being executed, but must wait for the FDC to become
idle. The two entry points ‘‘Command FDC Serial”’
and ‘““Command FDC Parallel”” are used in the
flowchart in figure 3-8.

The Specify command establishes the timing intervals
for the FDC’s three internal timers and typically is
issued only during initialization. The Specify com-
mand has neither an execution phase nor a result
phase and does not generate a completion interrupt.

The Sense Drive Status command is issued between
other commands to obtain the status of any
particular drive. The status of a drive is available
immediately; the Sense Drive Status command does
not have an execution phase and does not generate a
completion interrupt.

The Seek command is used to position the addressed
drive’s read/write heads over the desired track loca-
tion prior to issuing a subsequent data transfer com-
mand; the Recalibrate command is used to position a
drive’s read/write heads over a known track position
(track 0) and is issued following system initialization
or a seek error. During the execution phase of these
commands, the FDC enters a non-busy state, and
concurrent seek or recalibrate operations can be
initiated on the other drives. Following command
execution, the FDC generates a completion interrupt;
a Sense Interrupt Status command must be issued in
response to the interrupt to complete a Seek or
Recalibrate command.

SPECIFY

SENSE DRIVE
COMMAND STATUS

COMMAND

COMMAND
(SERIAL)

RETURN ’

NOTE: NO EXECUTION
PHASE
NO RESULT
PHASE

READ FDC
RESULTS

RETURN

NOTE: NO EXECUTION
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Figure 3-7. FDC Command Phase Flow Chart
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Figure 3-8. Serial/Parallel Command Phase Flow Chart 143078-16
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The seven data transfer commands (Read Data, Read
Deleted Data, Write Data, Write Deleted Data, Read
Track, Read ID, and Format Track) all have an exe-
cution phase and a result phase, and all generate a
completion interrupt.

Figure 3-9 shows the detailed steps necessary to com-
plete a command’s result phase. When a data
transfer command terminates, the FDC generates an
interrupt and begins the result phase. The host pro-
cessor must read a series of result bytes from the
FDC'’s data register to complete the result phase; the
interrupt is cleared automatically when the last result
byte is read. As shown in figure 3-9, the host pro-
cessor does not need to count the number of result
bytes read; the host processor can determine when
the result phase is complete by checking the FDC

iSBC 208

Busy bit in the main status register. (When the Busy
bit goes inactive, all result bytes have been read and
the FDC is ready for a new command.)

3-38. INTERRUPT PROCESSING

When a data transfer command is completed, the
FDC interrupts the host processor and enters the
result phase. The host processor must then read a
series of result bytes from the FDC’s data register to
complete the command; the interrupt is cleared
automatically by the FDC when the last result byte is
read.

When an interrupt results from the completion of a
Seek or Recalibrate command, the host processor
must issue a Sense Interrupt Status command to

READ
RESULTS

RETURN

ERROR

Figure 3-9. Result Phase Flow Chart"

143078-17
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properly terminate the command (Seek and
Recalibrate commands do not have a result phase
and rely on the result phase of the Sense Interrupt
Status command to complete the operation).

Unexpected interrupts (i.e., interrupts that result
from a change in a drive’s ready status) also are
cleared by a Sense Interrupt Status command. Note
that if a Sense¢ Interrupt Status command is issued
when no interrupts are pending, Status Register 0 will
indicate that an invalid command was issued. Ac-

Programming Information

cordingly, when servicing an unexpected interrupt or
an interrupt resulting from the execution of a Seek or
Recalibrate command, the host processor should
continue to issue Sense Interrupt Status commands
until an Invalid Command status is received to ensure
that all ‘‘hidden’’ interrupts are serviced. (Hidden
interrupts occur when a second interrupt is received
before the first interrupt is cleared.)

Figure 3-10 illustrates the processing of FDC
interrupts.
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TOFDD
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Figure 3-10. Interrupt Processing Flow Chart
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PRINCIPLES OF OPERATION

CHAPTER 4

4-1. INTRODUCTION

This chapter explains the circuit operation of the
iSBC 208 controller board. The level of the following
discussion assumes that the reader has a working
knowledge of digital electronics and has access to the
individual component descriptions of all integrated
circuits employed on the board. As a prerequisite, the
reader should be familiar with the programming con-
ventions outlined in Chapter 3 of this manual and the
functional operation of both the host processor and
the Multibus interface. Familiarity with the diskette
drive interface specifications and operation also will
prove beneficial in the comprehension of controller
operation.

4-2. SCHEMATIC INTERPRETATION

The controller PC board schematic consists of seven
individual sheets that are labeled Sheet 1 of 7, Sheet 2
of 7, etc. These drawings (figure 5-2) and the PC
board assembly drawing (figure 5-1) are located in
Chapter 5.

Schematic logic symbols follow active-state conven-
tions in the positioning of the inversion symbol. A
gate with an inversion symbol at its output is active in
its low state, and a gate without an inversion symbol
is active in its high state. Logic gating symbols are
drawn according to their circuit function rather than
by manufacturer’s definition. For example, the gate
shown in figure 4-1, depending on its application,
would be drawn in either of the two configurations
shown.

AlsBlY
‘ L|L]H
A— A
v H}] L] H J Y
s—] B
I
L{H]|n
H]ln]L

Figure 4-1. Logic Conventions  14307-19

The gate configuration on the left (positive NAND),
in figure 4-1, indicates that the required low-level
output results from a logic high level at both inputs
(AND function), and the gate configuration on the
right (negative OR) indicates that the required high-
level output results from a logic low level at either (or
both) input (OR function).

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 logic
low state, the signal mnemonic is followed by a slash
(e.g., RST/). Conversely, when a signal is active in its
high state, the slash is omitted from the signal
mnemonic (e.g., RST).

4-3. FUNCTIONAL DESCRIPTION

The following subsections describe the operation of
the individual circuit modules or blocks that compose
the iSBC 208 controller. Figure 4-4, located at the
conclusion of this chapter, is the functional block
diagram of the controller and shows the inter-
relationship of the various blocks.

4-4. CLOCK AND TIMING CIRCUITRY

All timing and clock signals generated by the con-
troller originate from 8-MHz crystal oscillator G1
(6ZD7). The buffered output of Gl drives timing
generator U50 (3ZD6), provides a comparator fre-
quency to the VCO frequency indicator on sheet 2,
supplies the 8-MHz clock for the FDC, and drives
flip-flop U67 (62D7). Flip-flop U67 is used as a fre-
quency divider to provide the 4-MHz clock signal.
This signal also drives write shift register U3 (7ZBS5)
and binary counter U69 (6ZD6). U69 produces fre-
quencies of 2 MHz (U69-11), 1 MHz (U69-10), 0.5
MHz (U69-9), and 0.25 MHz (U69-8). Three of these
frequencies (1, 0.5, and 0.25 MHz) are input to data
selectors U70 (6ZD4) and U71 (6ZD3). The data
selectors provide the correct clocks to the various
circuits as determined by the MFM signal from the
FDC and the MINI/ signal from the jumper matrix.
(The MINI/signal is low for 5%-inch drives and is
high for 8-inch drives; the MFM signal is low for
single-density operation and is high for double-
density operation.) Table 4-1 shows the resultant out-
put from U71 for the different states of the MINI/
and MFM signals.
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Table 4-1. IC U71 Output

MINI/Low MINI/High MINI/Low MINI/High
MFM Low MFM High MFM High MFM Low
1Y = 2200 ns pulse 1Y =550 ns pulse 1Y = 1100 ns pulse 1Y =1100 ns pulse
2Y =0.25 MHz 2Y =1MHz 2Y =0.5MHz 2Y = 0.5 MHz
4Y =0.25 MHz 4Y =1 MHz 4Y = 0.5 MHz 4Y = 0.5 MHz

The output from U71-12 clocks flip-flop U54 at the
selected frequency. The flip-flop is ‘cleared by the
2-MHz input at U54-1 to create a 250 ns write clock
pulse at the selected frequency. Table 4-2 lists the
various write clock frequencies. The outputs from
U71-4 and U71-7 are used in the data separator cir-
cuits (see paragraph 4-12).

Table 4-2. Write Clock Frequency

Drive Size
Mode
8inch 5%-inch
Single density 0.5 MHz 0.25 MHz
Double density 1.0 MHz 0.5 MHz

4-5. MULTIBUS INTERFACE

The bidirectional Multibus interface data lines are
buffered by U64 (1ZC6). This circuit is enabled for
both I/0 and DMA type operations by U14 (1ZB6).
The BDSEL/ signal enables the data driver for I/0
transfers, and the DMAC/ signal enables the drivers
for DMA transfers. The IOR/ signal controls the
direction of the data buffer. When the IOR/ signal is
active (low), U64 is in the output mode (I/0 READ
or DMA WRITE operations) and when the IOR/
signal is inactive (high), U64 is in the input mode
(I/0 WRITE or DMA READ operations).

Bidirectional address buffering for ADR0O/ - ADRF/
is provided by U62 and U63 (5ZC2). These buffers
are always enabled. Normally, the ADEN (5ZA7)
signal is low to allow the address to enter the board
(I70 transfers). When ADEN is high, the address
buffers place the address on the Multibus interface
(DMA operations only). Address lines ADR10/ -
ADRI13/ are buffered by U57 (52B2) and are used
only for DMA operations.

The iSBC 208 controller 1/0 address decode circuitry
decodes either 8- or 16-bit 1/0 addresses and
occupies either 22 or 38 ports. This complex 1I/0
mapping is performed by the Intel 3625 PROM at
U16 (2ZC4). The PROM provides a board enable
signal (SEL/) and an encoded number (0-7) for 170
circuit selection. The encoded number is decoded
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into eight individual chip select signals by U27
(2ZC2). Table 4-3 lists the base addresses and shows
the resulting chip select signal.

A comparison between the 1/0 address and the base
address jumpers is performed by comparators U28,
U41, and U40 (2ZC6, 2ZB6). Since the A = B output
from U28 is true for both 8- and 16-bit 1/0
addresses, this output is used to enable the PROM’s
CS2 input (the CS1 input is permanently enabled by a
resistor to ground). For 8- or 16-bit address decode
selection, the PROM ignores the A = B output
(U40-6) when the PROM’s A9 input is high (16-bit
mode). When the PROM’s A9 input is low (8-bit
mode), a high output from comparator U40-6 is
required in order to generate the SEL/ signal. When
the MPST/ signal is high (no Multimodule installed),
the PROM only generates a SEL/ signal when inputs
AS and A6 match and produces the 22 ports that
reside on 32-port boundaries. With an iSBX multi-
module installed, MPST/ is held low to cause the
PROM to ignore its A6 input and to produce the 38
ports on 64-port boundaries.

Bus control signals IORC/ and IOWC/ are inverted
by U58 (3ZC7) and then ORed together by U26
(3ZD6) to generate a common command signal. This
signal removes the clear input to shift registers U49
(3ZD5) and U50 (3ZD6). After 16 clock pulses (eight
at 8 MHz and eight at 2 MHz), both registers are
filled with ‘‘ones.”” The resistor outputs provide
three delays that are used during I/0 accesses. The
first delay of 500 us at U50-10(3ZD6) delays the 170
commands to allow time for the 1/0 address signals
to propagate through the decode circuitry and addi-
tional time to meet the DMA controlier’s recovery

Table 4-3. Chip Select Cading

1/0 Base Address u27 Circuit
(Hex) Output Enabled
00 thru OF CSo/ DMAC
10, 11 Cs1/ FDC
12 Cs2/ Auxiliary Port
13 CSs3/ Software Reset
14 Cs4/ Low byte of Seg. Reg.
15 CS5/ High byte of Seg. Reg.
20 thru 27 MCS0/ . .
28 thru 2F MCS1/ iSBX (when installed)
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time between active read/write pulses. This delayed
signal, together with the common command and
SEL/ signals, enables four three-state gates (U56)
that in turn, pass IOR/ or IOW/ to the selected cir-
cuitry. Dual buffering is used on IOW/ and IOR/ for
loading -purposes. The second delay (U50-13) pro-
vides the acknowledge timing for all I/O accesses
except the software reset. A third delay of approx-
imately 4 us is provided to meet the reset timing
requirements of the 8272 FDC. The proper XACK/
timing is determined by the level of CS3/ through
gates U47 and U65 (3ZD4).

4-6. DMA CONTROLLER (DMAC)

DMA controller U18 (4ZC6) mediates the flow of
data between both the disk drive (through the FDD

interface and. the FDC) or the iSBX module (if

installed) dnd the Multibus interface memory.

The following DMA controller modes of operation
are not supported and cannot be used on the iSBC
208 controller:

® (Cascade Mode
®*  Memory to Memory transfers
®* Compressed Timing

A one-byte transfer from memory to the FDC will be
used to describe a DMA operation. Since the timing
for all DMA operations is basically the same, only
differences from the one byte transfer will be
described where appropriate.

Assuming the host processor has set up the DMAC
and the FDC, the DMA process starts when the
DMAC receives a request (DREQO) from the FDC.
The DMAC resolves priority among simultaneous
requests and activates its HRQ output pin (U18-10)
to inform the 8218 bus controller (U39) to acquire the
system bus. The bus controller then activates BREQ/
and deactivates BPRO/ and then waits for BUSY/ to
go inactive. When BUSY/ goes inactive, and if
BPRNY/ is active, the bus controller takes control of
the system bus by activating BUSY/. The bus con-
troller then notifies the DMAC to continue the
transfer by activating the ADEN/ signal which,
through inverter U15 (4ZAS5), activates the HLDA
input at U18-7.

The ADEN/ signal also inhibits the 1/O address
decoder via U28-3 (2ZC6) to prevent the generation
of false chip-select signals caused by a match between
a memory address and the 1/0 base address jumpers.
The ADEN signal conditions the bidireétional system
bus drivers (U62, U63) on sheet 5 to place the address
on the Multibus interface.
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After receiving HLDA, the DMAC proceeds with the
actual data transfer by activating the following
signals in the order listed:

1. DAEN (U18-9) is ANDed with ADEN at U66
(5ZB5) to enable three-state address buffers U46
(5ZC3), US7 (52ZB2), and U61 (5ZB3).

2. The high-order memory address byte is out-
put on the on-board data bus as D0-D7 (U18),
buffered by U33 (1ZB5) and latched into register
U31 (5ZC6) by the address strobe (ASTB) signal.
At the same time, the low-order memory address
byte is output as A0-A3 and DA4-DA7 (U18).

3. DACKO0/ (U18-25) is sent to enable the. FDC
(4ZD6).

4. MEMR (U18-3) is sent to the bus controller
(U39) which, in turn, activates MRDC (U39-12)
to produce a memory read command on the
system bus. System memory now responds with a
byte of data that passes through data buffer U64
(1ZC6) that has been enabled by the DMAC/
signal from the bus controller.

5. The IOWC/ signal from the Multibus interface is
now sent to the FDC (U17-3 on sheet 7) to enable
the FDC to accept the data byte.

Acknowledgment from the system memory (XACK/)
is synchronized with DCLK at latch U22 (3ZD2). The
REDY signal from U22 is passed to the DMAC
(U18-6) to allow the DMAC to complete the transfer
cycle. Completion of the transfer cycle takes place in

" the reverse order (see figure 4-2 for DMA transfer

timing).

An end of process (EOP) signal is generated by the
DMAC (U18-36) when its word count register
reaches zero. The EOP signal is ANDed with DACKO
and sent as a terminal count (TC) signal (EOPO0/) to
inform the FDC that the last transfer has occurred.

4-7. DMA ADDRESSING

When the iSBC 208 controller is operating as a bus
master and performing DMA transfers, it has the
capability of addressing up to 16 megabytes 24
address bits) of system memory. The controller can
address the full 1-megabyte address space as specified
by the Multibus interface by using the 20 address
lines provided on Multibus connector PI and, in
addition, can generate four additional address lines
to select between sixteen unique 1-megabyte pages.
The four additional address lines, ADRI14 through
ADR17, are routed onto the P2 connector. Since the
DMA chip only generates a 16-bit address, circuits on
the board are used to latch additional address bits
and then to add these bits to the DMA address when
a DMA transfer occurs. The 16-bit address from the
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DMA chip (offset address) is added to a 16-bit seg-
ment address from the Multibus to form a 20-bit
memory address. The 20-bit memory" address is
appended to the four high-order paging bits.

Prior to the start of a DMA transfer, segment
registers U30 (5ZB6) and U32 (5ZC6) must be
loaded, the starting (offset) address and word count
must be loaded into the DMA chip, and then the four
high-order paging bits of the memory address must
be loaded into the AUX port. The low-order byte of
the segment register is loaded into U32 and latched
when the CS4/ (5ZC8) and IOWB/ (5ZC8) signals
are active. The high-order byte of the segment
register is loaded into U30 and latched when the
CS5/ (5ZB8) and IOWB/ (5ZCS8) signals are active.
The DMA chip, in turn, loads the upper half of the
offset address in offset register U31 (5ZC6) when
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ASTB (5ZB8) is active. The high-order paging bits
(ADR 14 - ADR 17) are loaded into the AUX port
(3ZB5) when CS2/ (3ZB8) and IOWB/ (3ZB6) are
active. The outputs from the segment registers, the
offset register, and bits DA4 through DA7 of the off-
set address from the DMAC are input to a set of four
adders, U42 through U45 (5ZD-B4). The sum of
these inputs plus offset address bits A0-A3 from the
DMAC and the four high-order bits from the AUX
port form the 24-bit memory address.

4-8. FLOPPY DISK CONTROLLER

Central to all disk operations is the floppy disk con-
troller (FDC), an Intel 8272. The FDC interprets all
read, write, and seek instructions and, via the floppy
disk drive interface, commands the selected FDD to
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perform the requested operation. The FDC operates
in either single-density (FM) or double-density
(MFM) mode and supports an IBM sector format in
both modes. Additionally, the FDC is compatible
with both single-sided and double-sided media; the
controller includes the circuitry for interfacing up to
four drives and is capable of performing concurrent
seek or recalibrate operations on four drives.

The FDC performs parallel-to-serial and serial-
to-parallel data conversions; the FDC passes
reassembled parallel data to the DMA controller dur-
ing diskette read operations and provides serial data
from the DMA controller to the selected drive during
write operations. The -FDC also generates an inter-
rupt to signal the host processor that a requested
operation has been completed; the FDC’s status
registers provide the host processor with both
normal- and failure-mode status information.

4-9. FDD INTERFACE

The FDD interface consists principally of buffers,
head-load and drive-select decoders, head load
timers, special-function latches, and data-clock and
data separation circuitry,

4-10. DRIVE AND HEAD SELECTION. Drive
select decoding is performed by half of U24 (72B5);
the other half of U24 provides radial head-load
signals by decoding the drive select signal from the
FDC (7ZC6). The radial head-load signals drive
timers U13 (72C3) and U23 (72C3) which, in turn,
provide extended HEAD LOAD signals to the drives.
The timers are wired as one shots with retriggerable
operation provided by transistors QI through Q4.
Each timer produces a head-load signal for approxi-
mately one second after the FDC inactivates its HDL
signal.

Half of U21 (7ZD5) provides demultiplexing for the
FAULT RESET/, STEP/, LOW CURRENTY/, and
DIRECTIONY/ signals, and the other half of U2l
(7ZB7) multiplexes the signals WRITE PROTECT/ ,
TWO SIDED/, FAULT/, and TRACK 0/ signals,
all under control of the RW/Seek signal from the
FDC.

4-11. WRITE PRECOMPENSATION. U3
(7ZBS5) is connected as a shift register and is clocked
with a 4-MHz signal. This signal timing causes write
data from the FDC to arrive at the shift register out-
puts in increments of 250 ns. Compared to the data at
U3-10, the data at U3-7 is 250 ns early and the data at
U3-15 is 250 ns late. The normal, early, or late data is
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selected by U4 (7ZB3) to provide write precompen-
sation under control of the FDC. AND gates Ul4-3
and Ul4-6 gate the pre-shift control signals
(PSO,PS1) to allow precompensation only on the
inner tracks (tracks 43-77) as determined by the low
current signal from U8-2 (72D4).

4-12. DATA SEPARATOR. The purpose of the
data separator circuit is to generate a data window
signal (RDWN) that enables the FDC to separate the
data bits from the clock bits in the serial data stream
received from the drive. The actual determination of
adata ““1”’ bit is performed by the FDC.

The data and clock pulses must be kept in their
respective windows in the presence of data clock
pulse jitter and frequency variations. Pulse jitter is
overcome by a window-extender feature, while fre-
quency variation is minimized by the use of a phase-
lock-loop circuit. Figure 4-3 is a timing diagram of
the data seperator circuit. While this circuit is
designed to run at three data rates, only one rate,
double density on an 8-inch drive, is used in the
following description (a comparison between the
three data rates is shown in table 4-4).

At the double-density, 8-inch data rate, clock and
data pulses can be 2, 3, or 4 microseconds apart. This
timing separation requires a 1-microsecond, on-time
clock for the comparison. The on-time clock signal
originates from the VCO and is generated by divider
U69-5 (6ZC4) and selected by data selector U71-7
(6ZD3). Flip-flop U67-5 stays set since its K input is
held low and allows the undivided on-time clock to
be fed directly into U69-1. An on-time clock of
1 MHz is selected by U71.

The data from the drive (READ DATA/) is delayed
and shaped by one-shot U35-7 (6ZC7) intg a series of
550 ns-wide pulses and fed to the 4B input of U70
(6ZD4). Since the MIN1/ signal is inactive, the 550 ns
pulses are multiplexed to U7 1; the resultant output at
U71-4 is input to the clock inputs of U53-9 (6ZA5),
U54-9 (6ZBS5), and U37-5 (6ZB5). The digital phase
comparator consisting of U37 (6ZA5) is prevented
from making false comparisons by flip-flop U53-9.
The leading edge of each delayed data pulse from
U71-4 clocks U53-9 to enable U37 to make a com-
parison between the trailing edge of the delayed data
pulse at U37-3 and the rising edge of the on-time
clock at U37-11.

The phase comparator controls transistors Q5 and
Q6 (6ZA3) that form a current pumping circuit to
increase or decrease the charge across C46. The
resultant voltage on C46 controls the operating
frequency of VCO U38 (6ZA2); an increase in
voltage causes a corresponding increase in VCO out-
put frequency.

4-5
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When flip-flop U37-3 (6ZB5) is clocked set by the output frequency is adjusted for 8 MHz by poten-
delayed data pulse before flip-flop U37-9 is clocked tiometer R1 until VCO frequency indicator DS1 is at
set by the on-time clock, Q5 conducts (increasing the its brightest level.

charge on C46 and increasing the VCO output fre-

quency) until U37-9 is set. When U37-9 sets, both

flip-flops are cleared immediately through U52-3 and Flip-flops U54-9 (6ZB5), and U73-5 (6ZB5), and
U53-9. This action creates a pump up (or pump U73-9 (6ZB4) form a shift register that synchronizes

down) time proportional to the phase difference the delayed data to the VCO clock and that provides
between the delayed data pulse and the on-time a 125 ns read data (RDAT) pulse for each delayed
clock. (A pump-down condition occurs when the on- data pulse and a read window extension signal. The
time clock signal arrives ahead of the delayed data basic read window signal (RDWN) is generated by
pulse.) flip-flop U53-5 (6ZC3) on the falling edge of every

other on-time clock pulse. The outputs from US53
The phase comparator is enabled by the VCO signal drive slave flip-flop U55-3 and US55-11 (6ZC2). This
from the FDC when reading data from the diskette. - flip-flop follows U53 unless it is inhibited by one of
When the VCO signal is inactive, both comparator the shift register outputs at OR-gate U52-8 (6ZB3).

flip-flops are held set, and both pumping transistors The output from U52-8 is active whenever there is a
(Q5 and Q6) conduct to cause the control voltage to pulse in the first cell (U74-9) of the shift register or
return to its nominal value of 3 volts. When the con- whenever a data pulse occurs near the end of the nor-
trol voltage is at its nominal value, the VCO (U38) mal window (i.e., whenever U73-7 is active).

Table 4-4. On Time Clock Versus Data Rate

Data Rate . Bit-to-Bit On-Time Clock
(k Bits/s) Drive Size Encoding Mode Spacing (us) (MHz)

500 8-inch MFM 2,3,4 1.0

250 8-inch FM 2,4 0.5

250 5Va-inch MFM 46,8 0.5

125 5%-inch FM 4,8 0.25

4-6
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CHAPTER 5
SERVICE INFORMATION

5-1. INTRODUCTION

This chapter provides the service information
required for the iSBC 208 Floppy Disk Controller
Board and includes a list of replaceable parts, the
service diagrams, and service and repair assistance
instructions.

5-2. SERVICE AND REPAIR
ASSISTANCE

United States customers can obtain service and repair
assistance 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
number is usually stamped on the board. On
other MCSD products, the serial number is
usually stamped on a label.

d. Shipping and billing addresses.

Purchase order number for billing purposes if
your Intel product warranty has expired.

f. Extended warranty agreement information, if
applicable.

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

Telephone:

From Alaska, Arizona, or Hawaii call—
(602) 869-4600

From all other U.S. locations call toll free—
(800) 528-0595

TWX: 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 that

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.

In preparing the product for shipment to the repair
center, use the original factory packing material, if
possible. If this material is' not available, wrap the
product in a cushioning material such as Air Cap
TH-240, manufactured by the Sealed Air Corpora-
tion, Hawthorne, N.J. Then enclose the product in a
reinforced corrugated shipping carton and label
“FRAGILE”’ to ensure careful handling. Ship only
to the address specified by Product Service Hotline
personnel.

5-3. REPLACEABLE PARTS

Table 5-1 provides a list of replaceable parts for the
iSBC 208 controller. Table 5-2 identifies the
manufacturers specified in the MFR CODE column
in table 5-1. Intel parts that are available on the open
market are listed in the MFR CODE column as
“COML?”’; every effort should be made to procure
these parts from a local (commercial) distributor.

5-4. ADJUSTMENTS

The controller includes only one adjustable compo-
nent, a potentiometer that sets the center frequency
of the voltage-controlled oscillator (VCO). The
adjustment is performed at the factory'and normally
is valid for the life of the controller. However, if a
component is replaced within the phase-lock-loop
circuit, it may be necessary to readjust the center
frequency of the VCO. To perform this adjustment,
insert the controller into the system, apply power,
and allow the controller to “‘idle.”’ While observing
LED indicator DSI1 (located on the front edge of the
pc board towards the left), adjust potentiometer R1
(adjacent to DS1) until the LED is at its maximum
brightness.

5-5. SERVICE DIAGRAMS

The parts location diagram and schematic diagram
for the iSBC 208 controller are provided in figures
5-1 and 5-2, respectively. The parts location diagram
is useful in locating the parts listed in table 5-1.
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Service Information

The schematic diagram (figure 5-2) consists of seven
sheets of logic drawings that were current when the
manual was printed. Minor revisions and changes
may have occurred since the manual was printed. If a
discrepancy exists between the schematic in the
manual and the schematic shipped with the con-
troller, the schematic shipped with the controller
always supersedes the schematic in the manual.

A signal on the schematic diagram that traverses
from one sheet of the drawing to another is labeled

iSBC 208

with the same boxed letter reference (e.g., A ) on
each sheet to simplify signal tracing. The signal
mnemonic and the source/destination sheet number
are shown adjacent to the boxed letter reference.
Generally, signal mnemonics listed on the left side of
a sheet are entering the diagram, and signal
mnemonics listed on the right side of a sheet are
leaving the diagram. On the schematic diagram, a
signal mnemonic that ends with a slash (e.g., ALE/)
is active low. Conversely, a signal mnemonic without
a slash (e.g., ALE) is active high.

Table 5-1. Replaceable Parts

. Mfr. Mfr.
Reference Description Part No. Code Qty.

U1 IC, Quad 2-input positive-NOR gate 7402 T 1
U2,U19, IC, Quad bus buffer gates 74125 Ti 4
U51,U61

[k} IC, Quad D-type flip-flops 74175 Tl 1
U4 IC, Dual 4-to-1 data selector/mux 74153 TI 1
U5,U6,U9, IC, Quad 2-input positive-NAND buffer 7438 T 5
u1d,U12

u7,U34, Not Used

us,ut1,Us8 IC, Hex Schmidt trigger inverters 7414 Tl 3
U13,u23 IC, Dual timer NE556 SIG 2
U4 IC, Quad 2-input positive-AND gate 7408 Tl 1
U15,U48 IC, Hex inverters 7404 Tl 2
U16 IC, PROM, 1024x4 3625 Intel 1
u17 IC, Floppy disk controller 8272 Intel 1
uU18 IC, Programmable DMA controlier 8237A Intel 1
u20 IC, Quad 2-input positive-NOR gate 74502 Ti 1
u21,U57,U72 IC, Octal 3-state buffers 7415240 Tl 3
U22,U37,U54 IC, Dual D-type flip-flop 74574 TI 3
u24 IC, Dual 2-to-4 decoder/multiplexer 7415139 Tl 1
u25 IC, Quad 2-input positive-OR gate 7432 Ti 1
U26 IC, Quad 2-input positive-OR gate 74832 Tl 1
uz27 IC, 3-to-8 line decoder/mux 3205 Intel 1
U28,U40,U41 IC, 4-bit magnitude comparator 74L.S85 Ti 3
u29,U30,U32 IC, Octal D-type flip-flops 74LS273 Ti 3
U3t IC, Octal D-type latches 7418373 Tl 1
U33,U46 IC, Octal buffer/line driver/receiver 7415244 Ti 2
U35,U36 IC, Dual retriggerable multivibrator 9602 SIG 2
u3s IC, Dual voltage controller oscillator 74124 Tl 1
U39 IC, Bus controlier 8218 Intel 1
U42,U43 IC, 4-bit binary full adder 74L5283 Tl 4
U44,U45

uaz IC, Triple 3-input positive-NAND gates 74S10 Tl 1
U49,U50 IC, Serial shift register 74LS164 Tl 2
U52,U55 IC, Quad 2-input positive-NAND gate 7400 TI 4
U53,U67,U73 Ic, Dual J/K flip-flops 745112 Ti 3
U56 IC, Hex bus drivers 74368 TI 1
ub9 IC, Quad bus buffer gates 7418125 T 1
Us0 IC, Quad 2-input positive-NAND gate 74538 Ti 1
U62,U63,U64 IC, Octal bus transceiver 8287 Intel 3
u65,U66

U69 IC, Dual 4-bit binary counter 74L5393 Ti 1
u7o,um IC, Quad 2-to-1 data selector/mux 74157 Tl 2




iSBC 208 Service Information
Table 5-1. Replaceable Parts (Cont’d.)

Reference Description Pa':m o. CMJ;.e Qty.
R2,R3,R6,R7, Resistor, 4.7k ohm, 1/4W, 5* OBD COML 12
R12,R15,R18,

R20,R29,R30,

R39,R40

R4,R38 Resistor, 330 ohm, 1/4W, 5% 0oBD COML 2

R5 Resistor, 220 ohm, 1/4W, 5% OoBD COML 1

R8 Resistor, 150 ohm, 1/4W, 5% oBD COML 1

R9,R10,R16,R17 Resistor, 1M ohm, 1/4W, 5% 0BD COML 3

R11,R25,R26, Resistor, 270 ohm, 1/4W, 5% 0OBD COML 5

R27,R28

R13,R14 Resistor, 33k ohm, 1/4W, 5% 0oBD COML 2

R19,R34,R41 Resistor, 1.5k ohm, 1/4W, 5% oBD COML 3

R21 Resistor, 4.99k ohm, 1/8W, 1% OBD COML 1

R22 Resistor, carbon, 8.2k, 1/4W, 5% OBD COML 1

R23 Resistor, 10k ohm, 1/8W, 1% 0BD COML 1

R24 Resistor, 20k ohm, 1/8W, 1% 0oBD COML 1

R31 Resistor, 2.2k ohm, 1/4W, 5% OoBD COML 3

R32,R35,R36 Resistor, 1k ohm, 1/4W, 5% 0oBD COML 3

R33 Resistor, 750 ohm, 1/4W, 5% oBD COML 1

R37 Resistor, 1.3k ohm, 1/4W, 5% OBD COML 1

R42 Resistor, 470 ohm, 1/4W, 5% oBD COML 1

R43,R44,R45, Resistor, 10k ohm, 1/4W, 5% oBD COML 5

R46,R47

RP1 Resistor pack, 220/330 ohm, SIP 4308R-103- BOUR 1
331/221

RP2,RP3 Resistor pack, 10k ohm, DIP 4114R-002-103 BOUR 2

RP4 Resistor pack, 5.6k ohm, DIP 4114R-002-562S BOUR 1

R1 Resistor, variable, 1k, 0.5W 68XR1K BECK 1

C66 Thermistor, 8k, 10% IM8001-5 WEST 1

C1,C3,C5,C7,C10, Capacitor, 0.1uF, 50V, +80-20% oBD COML 41

C12,C16,C17,C18,

C19,C21,C23,C25,

C27,C28,C29,C30,

C32,C34,039,C43,

C44,C47,C48,C50,

C52,C54,C56,C59,

C60,C62,C64,C65,

C71,C73,C74,C76,

C79,C80,C82,C84

C2,C4,C6,C8, Not Used

C9,C11,C13,C20,

C26,C31,033,C35,

C36,G37,C.38,C47,

C49,C51,053,C55,

C57,C58,C61,C63,

C67,C70,C72,C75,

C78,C81,C83

C14,C15,CG22,C24 Capacitor, 1uF, 20V, 10% 0oBD COML 4

C34 Capacitor, 1000pF, 15V, 5% 08D COML 1

C40,C41,C42 Capacitor, 270pF, 100V, 5% 08D COML 1

C45 Capacitor, 50pF, 100V, 5% oBD COML 1

C46 Capacitor, 0.01uF, 50V, 20% oBD COML 1

C68,C77 Capacitor, 22uF, 15V, 10% oBD COML 1

C69 Capacitor, 390pF, 100V, 5% oBD COML 1

L1 Inductor, 100uH, 10% 9230-8 JWM 1

Q1,Q2,Q3,Q4,Q5 Transistor, PNP, 2N2907A 2N2907A FAIR 5

Qé Transistor, NPN, 2N2222A 2N2222A FAIR 1
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iSBC 208

Order By Description (OBD)

Service Information
Table 5-1. Replaceable Parts (Cont’d.)
Mfr. Mfr.

Reference Description Part No. Code Qty.
XU17,XU18 Socket, IC, 40-pin 540-AG11D AUG 2
G1 Crystal, clock oscillator, SMHz 208-CB WAK 1
DS1 Light emitting diode, red HLMP-0301 HEW 1
E1 through Wirewrap posts, interconnect 87623-1 AMP 9N
E89,TP1,TP2
J1 Connector, header, 34-pin 3433-1302 MMM 1
J2 Connector, header, 50-pin 3431-1302 MMM 1
J3 Connector, Multimodule, 18/36-pin 000291-001 VIK 1

Connector, HSG, receptacle, 2-pin 530153-2 AMP 12
Table 5-2. Manufacturer’s Codes
Mfr. Code Manufacturer Address
AMP AMP, Inc. Harrisburg, PA
AUG Augat, inc. Attelboro, MA
BECK Beckman Instruments, Inc. Cedar Grove, NJ
BOUR Bourns, Inc. Riverside, CA
FAIR Fairchild Semiconductor Santa Clara, CA
HEW Hewlett Packard ‘Cupertino, CA
Intel Intel Santa Clara, CA
JWM J. W. Miller Division Bell Compton, CA
MMM Minnesota Mining Manufacturing Minneapolis, MN
SIG Signetics Semiconductor Santa Clara, CA
Tl Texas Instruments Dallas, TX
VIK Viking Connector, Inc. San Diego, CA
WAK Wakefield Engineering, Inc. Wakefield, MA
WEST Western Thermistor Corp. Oceanside, CA
COML Any commercial source;
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APPENDIX A
SAMPLE DRIVERS

A-1. INTRODUCTION

This appendix provides two sample drivers for the
iSBC 208 Controller. Section A-2 describes a
PL/M-86 driver for 16-bit systems. Section A-3 pro-
vides an assembly language listing for 8-bit systems.

A-2. PL/M-86 DRIVER

This is an instruction decode and driver for the iSBC 208 Disk
Controller. The procedure is called from the main routine with no
parameters. All of the instructions and necessary parameters are passed
in an I0PB as defined below in the structure declarations. There are 12
possible instructions for the controller.

Some of the instructions require programming of the DMA controller chip
on the bcard. The driver determines this need and either programs the
chip or skips the section altogether.

The IOPB is rfilled with the required information for a particular
instruction by the calling program. Only those locations needed for the
instruction are filled, the other locations are don't cares. The IOPB is
structured as follows:

15 8 7 0

i track number iinstruction # i Word 1
E sector number ihead and drive i Word 2
5 mt-mf-sk byte isectors/track E Word 3
i bytes/sector igap-3 length E Word 47
| number of bytes to be transferred ! Word 5
; segment - memory location ; Word ©
; offset - memory location ; Word 7
i ]

Since the IUPB is a public data structure, the address need not be passed
by the calling routine,

The driver makes some assumptions and performs no error checking on the
data in the IOPB. Care must be taken by the calling routine to ensure
correct data for the instruction being requested.
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The instructions available and their instruction numbers are as

INSTRUCTION #

WO EWN -

10

For any instruction,

INSTRUCTION

Read Data

Write Data

Write Deleted Data
Read Deleted Data
Read a Track

#&NQOT USED*#*
®#ENOT USED###®
#¥NOT USED#*#
Format a Track
Read ID
Recalibrate

Sense Interrupt Status
Specify

Sense Drive Status
Seek

correct values necessary for the instruction in the IOPB.

iSBC 208

follows:

the calling program is responsible for placing the

Status is returned to the calling procedure via a STATUS structure that

also 1is declared public,

the status values.
received properly.

The

no action is

STATUS structure is as follows:

15 8 7 0
status byte O istatus byte 1 ] Word 1
status byte 2 atrack number E Word 2
head address !sector number ! Word 3
pass-fail byte EN byte i Word 4

——— em—— —— o ——

The status 1s pulled directly from the FDC on
completion of the instruction and is only reported;
The PASS_FAIL byte is set to pass if status is

taken on
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execute$module:
DO;

/* This structure is used as an IOPB device to pass information through-
out the software regarding the current instruction to be executed.
The structure is filled with information by the calling program and
is taken apart by the 8272 drivers, It is declared public. */

DECLARE iopb STRUCTURE(instruction BYTE,
track$no BYTE,
head$drive BYTE,
sector$no BYTE,

nt$mf$sk BYTE,
sectors$per BYTE,
n BYTE,
gap$3 BYTE,
byte$cnt WORD,
buffer POINTER) PUBLIC;

/% This structure is used to return status information from the 8272
drivers to the calling program, It also is declared public., #/

DECLARE status STRUCTURE(zero BYTE,
one BYTE,
two BYTE,
track$no BYTE,

head$addr  BYTE,
sector$no BYTE,
pass$fail BYTE,
n BYTE) PUBLIC;

/* The following are variables and literals used by the program ¥/

DECLARE base$addr WORD PUBLIC; /* Base address of iSBC 20& #*/

DELCARE (templ,temp2,temp3) BYTE ; /* Temporary byte variables #/

DELCARE (segval,offsetval) WORD PUBLIC; /¥ Used to split pointers ¥*/
DELCARE port LITERALLY 'basepaddr + 11'; /% data I/0 port on the iSBC 20&%/

/% literal declarations %/

DELCARE fail LITERALLY 'Offh';

DELCARE pass LITERALLY '0';

DELCARE failure LITERALLY 'status.pass$fail=fail; return ';

/% external and public procedure declarations ¥/
DELCARE (retry,retry$number) BYTE; /#* used for soft error retrys #/

/% SPLIT is used to get around a limitation of PLM/86. The routin. i.s
called with a pointer parameter and returns two words in the variables
SEGVAL and OFFSETVAL which are the segment and offset derived from the
pointer. The routine can be found right after this listing. ¥/

split:
PROCEDURE (buff$ptr) EXTERNAL;
DECLARE buff$ptr POINTER;

END split;



Sample Drivers iSBC 208

/* The following two routines are used to delay the programming of the
FDC between bytes to prevent overrunning the part. This delay is
required by the 8272. Wait$8272 is used ror writing out to the FDC
and WAIT1$8272 is used to read status from the FDC, as they use
different bit sequences. ¥/

wait$daTr2:
PROCEDURE PUBLIC;
DECLARE (pp,i) BYTE;

/% initialize counters #/
i = 0; pp = 0;

/* no delay. The FDC insists on this delay before reading busy bits ¥/
DO WHILE pp<20; pp = pp+1; END;

/% we have delayed enough, now loop on the busy status bits */
DO WHILE ((INPUT(base$addr+10) AND OcOh <> 80h);

/* we do not want to hang up, so only attempt this 100 times #*/
i = i+1; IF i = 100 THEN RETURN;
END;
RETURN;
END wait$8272;

wait1$s8272:
PROCEDURE PUBLIC;
DECLARE (pp,i) BYTE;

/% initialize counters */
i = 0; pp = 03

/* set up a delay %/
DO WHILE pp<20; pp = pp+1; END;

/% now set up & loop to read the busy status #/
DO WHILE ((INPUT(base$addr+10) AND OcOh) <> 0cOh);
i = i+1; IF 1 = 100 THEN RETURN;
END;
RETURN;
END waitt1$8272;

A4
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ARZA2 2222 SRR R R R 22X 2R 2R a2 2R i A h 2]

read$data:
This module contains the code to program the 8272 for a read data
instruction. 1t accepts one parameter which determines if the
instuction is for read data or read deleted data.

ERERUNRRRERERERRRRRNRRRRERRRRFRERXRERRRRRRRERERRRRFRR R RRRERRRRRRRRERRERRER)

readjdata:
PROCEDURE(del) PUBLIC;
DECLARE del BYTE;

/* determine the type of read and set up the parameters ¥/
IF del=0 THEN temp2=06h; ELSE IF del=1 THEN temp2=0ch; ELSE temp2=02h;

/* byte 1 */
OUTPUT(port)=shl(iopb.mt$mf$sk,5) OR temp2;
CALL wait$8272;

/* byte 2 #/

tempt=(shr((iopb.head$drive AND 10h,2) + (iopb.head$drive AND 03h));
CALL wait$8272;

OUTPUT(port)=temp1;

/* byte 3 ¥/
CALL wait$s272;
OUTPUT(port)=iopb.track$no;

/% byte U4 ¥/
CALL wait$8272;
OUTPUT(port)=shr((iopb.head$drive AND 10h),4);

/* byte 5 #/
CALL wait$8272;
QUTPUT(port)=iopb.sector$no;

/% byte 6 %/
CALL wait$8272;
OUTPUT(port)=iopb.n;

/% byte T %/
CALL wait$b272;
OUTPUT(port)=iopb.sectors$per;

/% byte 85 %/
CALL wait$8272;
OUTPUT(port)=iopb.gap$3;

/% byte 9 #*/ '
CALL wait$8272;
OUTPUT(port)=0ffh;

RETURN;
END read$data;
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AR A A2 A2 AR A2 R AR R RS R SR XSS RS SRR XA RSS2 R 2]

WRITE$DATA:
This module contains the code to program the 8272 for a write data
instruction, It accepts one parameter which determines if the
instuction is for write data or write deleted data.

(I AA S AL RS R R R 2222222 2R R R 2 22 R A2 2222222222 R R iRl ] ) i

writeg$data:
PROCEDURE(del) PUBLIC;
DECLARE del BYTE;

/% determine if write data or deleted data */
IF del=0 THEN temp2=05h; ELSE temp2=09h;

/%byte 1 %/

CALL wait$s272;
OUTPUT(port)=shl(iopb.mt$mf$sk,5) OR temp2;
CALL wait$8272;

/%byte 2 %/

templ=(shr({(iopb.head$drive AND 10h),2) + (iopb.head$drive AND 03h));
CALL wait$s272;

OUTPUT(port)=tempt;

/*byte 3 #*/
CALL wait$s8272;
OUTPUT(port)=iopb.track$no;

/*byte 4 ¥/
CALL wait$8272;
OUTPUT(port)=shf((iopb.head$drive AND 10h) ,4);

/®*byte 5 #/
CALL wait$bs272;
OUTPUT(port)=iopb.sector$no;

/%byte 6 %/
CALL wait$8272;
OUTPUT(port)=iopb.n;

/*byte ‘7T %/
CALL wait$8272;
OUTPUT(port)=iopb.sectors$per;

/%¥byte & ¥/
CALL wait$s272;
OUTPUT(port)=iopb.gap$3;

/%¥byte 9 #/
CALL wait$s272;
OUTPUT (port)=0ffh;

RETURN;
END write$data;
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/*ii!i!ﬂ*iiIii****!***‘***!'***l*‘ﬁi*i**i*****i****i!*i******“**iil!*!iili

FORMAT$COMMAND :

This module contains the code to program the 8272 for a format track

instruction.

Sample Drivers

i!l**ii*lm**!*ii!**ﬁ“i“**!*i***l!***i***!****l**l!********l**i***iﬁ*iiliii/

format$command:
PROCEDURE PUBLIC;

tempi=iopb.mt$mf$sk AND 02h;

/*byte 1 */

CALL wait$8272;
OUTPUT(port)=(shl(temp1,5) OR 0dh);
CALL wait$8272;

/*byte 2 %/

temp2=(shr((iopb.head$drive AND 10h),2) + (lopb.head$drive AND 03h));

OUTPUT(port)=temp2;

/%byte 3 %/
CALL wait$8272;
OUTPUT(port)=iopb.n;

/%byte U4 #/
CALL waitgv272;
OUTPUT(port)=iopb.sectors$per;

/%*byte 5 #/
CALL wait$s272;
OUTPUT(port)=iopb.gap$3;

/%byte 6 %/
CALL waitgs272;
OUTPUT(port)=4eh;

RETURN;
END format$command;
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'Y 33332222X2233222223 22 20 24

/i‘!*l*l*lilllii*i*l***i*i**i****ﬁﬂﬂ*li*i*il*ﬂ***

READ$1ID:

This module contains the code to program the 8272 for a read id

instruction.

**il*illliil**ﬂ**l*i!***i*&!‘lﬂi*!*ﬁli*l!!***!*l&*l*l**ii*!*lﬁ*lii*l*i***l/

read$id:
PROCEDURE PUBLIC;

/*byte 1 %/

templ=shl(iopb.mt$mf$sk AND 02h,5);
temp2=templ OR Oahj;

CALL wait$8272;

QUTPUT(port)=temp2;

/*byte 2 #/

templ=(shr((iopb.head$drive AND 10h),2) + (iopb.head$drive AND 03h));

CALL wait$8272;
OUTPUT (port)=templ;

RETURN;
END read$id;
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VARAALRAA AR 2 R AR R R R R R R R R R R R R R X R N R R R R R 2SS

SPECIFY:
This module contains the code to set up the iSBC 208 to the desired
disk controller parameters., The parameters to be INPUT to the FDC
are: Head Unload Time, the time to wait before removing the
read/write head from the disk; Step Rate, the time to wait between
step pulses on seeks; and Head Load Time, the time to wait before
loading the read/write head onto the disk. The module will program
the 8272 with the correct values., This module features full error
checking for INPUT boundaries.

(AR AR AR AR AR AR R AR 2 R g2 222 A2 R 2 R 2 R XA 2 2 2 )

specify:

PROCEDURE PUBLIC;

DECLARE {byte$2,byte$3) BYTE;

DECLARE (step$rate,hd$unld$tm,stpdrate,hd$ld$tm) BYTE;

/* reset the iSBC 208 before beginning the SPECIFY command #/
OUTPUT(base$addr + 13h)=0ffh; /% board reset %/

/% set the head unload time to 10 #/
hd$unld$tm=10;

/* set the step rate to 3 #*/
step$rate=3;

/% set the head load time to 70 #/
hd$1d$tm=70;

/* this section puts the info in the form that the FDC wants #/
byte$2=hd$unld$tm + shl(((step$rate ~ 1) XOR Offh),4);
stp$rate=(step$rate - 1) XOR Offh;

/% set up the byte for the FDC %/
byte$3=shl(hd$ld$tm,1) AND Ofeh;

/% now start spitting the bytes to the FDC as needed #/
CALL walt$d272;

OUTPUT(port)=03h; /% specify command %/

CALL wait$b2T2;

OUTPUT(port)=byte$2; /* head unload time and step rate ¥*/
CALL wait$8272;

OUTPUT(port)=byte$3; /% Head load time */

/% ok we are done, now return %/

RETURN;
END specify;
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/ this is the main driver routine #/

execute$instruction:
PROCEDURE PUBLIC;

/% first set the retry counter to 0 ¥#/
retry$number=0;

/* now enter the section to take the IOPB apart #*/

skip:
retry=0; /% reset retrys %/

1F iopb.instruction<= 9/%# for all instructions less than 9, DMA is needed */
THEN DO:
/% DMA is required %/
CALL split (iopb.buffer); /% split pointer into 2 words ¥/
OUTPUT(base$addr + 14h)=LOW(seg$val); /* low byte of segment register ¥/
OUTPUT(base$addr + 15h)=HIGH(seg$val); /¥ programming segment reg on 208 */
OQUTPUT(base$addr Och)=0; /* clear first/last flip-flip %/
OUTPUT(base$addr 0dh)=0; /% master clear the DMA chip ¥/
OUTPUT(base$addr Obh)=00h; /* mode reg for channel 0 ¥/
OUTPUT(base$addr Obh)=z01h; /* mode reg for channel 1 %/
OUTPUT(base$addr Obh)=02h; /% mode reg for channel 2 #/
OUTPUT(base$addr 0bh)=03h; /% mode reg for channel 3 ¥/
OUTPUT(base$addr + Och)=0; /% first/last flop %/
iopb.byte$cnt=iopb.byte$cnt-1;
/% PROGRAM CHANNEL 0 OF 8237 ¥/
OUTPUT(base$addr)=LOW(offset$val); /* base address of memory buffer */
OUTPUT(base$addr)=HIGH(offset$val);
OUTPUT(base$addr + Och)=0; /¥* clear first/last flip-flop ¥/

+ + + + + +

/% CHANNEL 0 */

QUTPUT(base$addr + 01h)=LOW(iopb.byte$cnt); /* number of bytes to move ¥/
OUTPUT(base$addr + 01h)=HIGH(iopb.byte$cnt);

OUTPUT(base$addr + 08h)=0; /* DMA chip command */

/% determine if read or write memory - DMA direction - #/
IF (iopb.instructionz1) or (iopb. instruction=1)
OR (iopb.instruction=5)
THEN temp3=44h; /* disk to memory transfer ¥/
ELSE temp3=48h; /* memory to disk transfer #*/

OUTPUT(base$addr_+ Obh)=temp3; /f DMA mode register ¥/
OUTPUT(base$addr + 0fh)=0fah; /* DMA mask register ¥/

END; /% end of DMA section %*/§
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/*

VA

VA

VA

VA

END;

now we program the 8272 chip for the operation selected.

To

use a case statement to either call the correct procedure or
proper statements., ¥/

CASE

case
case
case
case
case
case
case
case
case
case

case

case

case

case

case

iopb.instruction - 1; /% between 0 and 14 #/

Woe~NoumsEwhh =0

%/
%/
*/
*/
*/
*/
*/
*/
*/
*/

CALL read$data(0);
CALL write$data(0);
CALL writeg$data(1);
CALL read$data(1);
CALL read$data(2);
RETURN; /* not used ¥/
RETURN; /% not used %/
RETURN; /% not used ¥/
CALL format$command;
CALL read$id;

10 %/ DO; CALL wait$8272;

11

12

13

14

%/

*/

*/

*/

OUTPUT(port)=07h;

CALL wait$8272;

OUTPUT(port)=iopb.head$drive AND 0O3h;
END;

DO; CALL wait$8272;
OUTPUT(port)=08h;
END;

CALL specify;

DO; CALL wait$8272;
OUTPUT(port)=0kh;
temp1=(shr((iopb.head$drive AND 10h),2)
+ (iopb.head$drive AND 03h));
CALL wait$8272;
OUTPUT(port)=temp1;
END;

DO; CALL wait$8zT72;
OUTPUT(port)=0fh;
temp1=(shr((iopb.head$drive AND 10h),2)

+ (iopb.head$drive AND 03h));

CALL wait$8272;
OUTPUT(port)=tempt;
CALL walt$8272;
OUTPUT(port)=iopb.track$no;

END;

/% end of do case block ¥/

Sample Drivers

do this, we
execute the
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1F iopb.instruction=15 THEN RETURN; /* return now if seek ¥*/
IF (iopb.instruction=13) OR (iopb.instruction=11) THEN RETURN;
IF (iopb.instruction=14) THEN GOTO over;

/% loop on FINT bit from 8272 to detect DONE interrupt ¥*/

templ1=0feh;
DO WHILE (INPUT(base$addr + 12h) OR templ) = templ;
END;

/% Now get the status from the 8272 and fill the STATUS block. The number of
status bytes to be read is determined by the instruction. Most
instructions require 9 bytes be read, but some only need 1 or 2. ¥/

over:
status.pass$fail=pass; /% we made it to here ok ¥/
IF iopb.instruction<=10
THEN DO;
CALL wait1$8272;
status.zero=INPUT(port);
CALL wait1$8272;
status.one=INPUT(port);
CALL wait1$8272;
status.twozINPUT(port);
CALL wait1$8272;
status.n=zINPUT(port);
CALL wait1$8272;
status.head$addr=INPUT(port);
CALL wait1$8272;
status.sector$no=INPUT(port);
CALL wait1$8272;
status.nzINPUT(port);
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/ see if a retry 1is needed ¥/

IF (status,zero AND 0cOh)z=0 THEN retry=0;
ELSE DO;

retry$number=retry$number+1;

IF retry$number>3 THEN retry=0;

ELSE retry=1;

END;
IF retry=1 THEN GOTO skip;

RETURN;
END;

IF (iopb.instruction=14)
THEN DO; CALL wait1$8272;
status.zero=INPUT(port);
RETURN ;
END;

IF iopb.instruction=12
THEN DO; CALL wait1$8272;
status.zero=INPUT(port);
CALL wait1$8272;
status.track$no=INPUT(port);
RETURN;
END;

IF iopb.instruction>=16 THEN RETURN;

status.pass$fail=fail;

RETURN;

END execute$instruction;
END execute$mode; /*jbe¥*/

Sample Drivers
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(22 XXX XXX XA EEEEXEEXS SRR REZRXSSXXARRRRRRXSSRSSSRSSEA SRR AR R X X

SPLIT:
ACCEPTS: ONE POINTER IN THE STACK POINTED TO BY THE BP REG
DESTROYS: SI,DI

USES: TWO MEMORY LOCATIONS TO PLACE THE SEGMENT AND OFFSET INTO
WHICH ARE DECLARED PUBLIC IN STRUCT.

FUNCTION: TO SPLIT THE POINTER INTO TWO WORDS, A SEGMENT AND AN OFFSET,
SO THAT PLM/86 CAN PROGRAM THEM INTO THE 208 BOARD. THE TWO
WORDS ARE RETURNED IN THE LOCATIONS SEG_VAL AND OFFSET_VAL.

We WMe We ws WO W we we ws WO we Wwe ws WO we

PR RN R RN RN R R R R R R R R R R R R R R R R RN RN R RN R R RN R RN RN R RN RN NR NN RNR
NAME POINTER_SPLITTER

PUBLIC SPLIT

DGROUP GROUP DATA

CGROUP GROUP CODE

ASSUME CS:CODE,DS:DATA

DATA SEGMENT WORD PUBLIC 'DATA'

EXTRN SEGVAL:WORD,OFFSETVAL:WORD

DATA ENDS

CODE SEGMENT WORD PUBLIC 'CODE'

SPLIT PROC FAR yFAR CALL TO AID IN THE LINK
PUSH BP

MOV  BP,SP

MOV  DI,[BP+8] ;GET THE SEGMENT OUT OF THE STACK
MOV  SI,[BP+6] ;GET THE OFFSET OUT OF THE STACK
MOV  SEGVAL,DI ;PUT THE SEGMENT INTO MEMORY

MOV~ OFFSETVAL,SI ;PUT THE OFFSET INTO MEMORY

POP BP

RET 4 s RETURN TO CALLER
SPLIT ENDP
CODE ENDS



iSBC 208 Sample Drivers
A-3. ASSEMBLY LANGUAGE DRIVER
ASME0 DRIZOS, SOR

ISIS-I1 2080/8085 MACRO ASSEMELER. V2.0 MODULE FAGE 1

Lo OB LINE SOURCE STATEMENT

1§ 3R 0 3 303033 M IS IR S S 3 00 3R 33 S R S B B B S S 3
R R SR R S T e R S TR R S B R P R S
3 3 SBC 202 FLEXIBLE DISK CONTROLLER I1I/0 SUBROUTINES

4 3 MAY 1981

S R T X R N S L Lt
G 5 SRR RN H IS E R R R R R E R E AR AR AR IR
7 VER . EQU 10H SVERZION 1.0

I A A L P T R R T R v S T X
[}

Q010

THERE ARE TWO LEVELS OF SUBROUTINES FROVIDED.

?
11 3 LEVEL 1 SUBROUTINES ARE THE FRIMITIVE SUBROUTINES.
12 5 WHEN USING THESE SLUBROUTINES, IT IS FOSSIBLE TO WRITE
12 5 SFECIAL USER (ORIENTED =SUBROUTINES TO FERFORM DISKETTE
14 5 I/70 OPERATIONS
15 3
14 5 THE LEVEL 1 SUBROUTINES:
17 3 - ARE USER CALLARLE THRL THE JUMP TABLE
12 3 - USE ALL 5085 REGISTERS
17 3 - RETURN IMMEDIATELY IF FOC IS BUSY
20 3 - FOLLOW PL/M CONVENTIONS FOR FARAMETEFR FPASSING
2
22 3 LEVEL 2 SUBROUTINES FPERFORM DISEETTE I/0 BY CALLING
24 3 THE FPROFPER SUBRROUTINME.
25 3
el THE LEVEL 2 SUBROUTINES:
27 - ARE WSER CALLABLE THRU THE JUMF TABLE
28 - FASS FARAMETERS VIA ICOFER (INFUT/COUTFUT
29 FARAMETER BLCCE)
=0 ~ SAVE AND RESTORE ALL REGISTERS EXCEFT CARRY
31 CARRY=0 FIOR NORMAL RETLURN -

CARRY=1 INDICATES THAT A COMMAND HBND
SHAKING ERROR HAS OCCURELD (BITS

0]
LAY}
NE UB S uR um uE wa uR MR YN R uE uE v un ue

=4 & ANLDI/OR 7 OF THE MAIN STATUS
25 REGISTER ARE IN THE WRONG STATE)
el - WAIT IF FLC 15 BUSY

a7 = FOLLOW PL/M CONVENTIONS FOR PARAMETER FASSING
28 = AUTOMATICALLY SEEK TO CYLINDER NO. IN IOFER,

3 = LIBE NSEC (NUMBER OF SECTORS) FOR MULTIFLE

40 SECTOR I/0 ‘

41 - WHEN RETURNING FROM THE INTERRUFT SERVICE

ROUTINE. THE "D0" REGISTER INDICATES THE TYFE
OF TERMINATION THAT WAS COMPLETED.

CALLELD.
- EXTENSIVE ERROR MESSAGES ARE PROVIDED TO HELF
DLIRENG  PROGEAM  DERJGGING,  THE ROUTINES AND

?
44 3 0= 0 NORMAL .
45 3 [t = 1 ABNORMAL, EXAMINE THE RESULT BYTES
46 T DETERMINE WHY THE OFERATION WAS
47 3 NOT COMPLETED SUCCESSFULLY.
43 3 - THE FORMAT F EacH I0OFE IS SHOWN AT THE
49 3 BEGINNING OF EACH ROUTINE. NOTE THAT COMMAND
S0 3 BITE ARE NOT  REQUIRED IN THE FIRST PARAMETER
a1 s A% THEY ARE INZERTED BY THE SFPECIFIC ROUTINE
H
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ISIS-II ©080/8085 MACRO ASSEMELER. V2.0 MODULE FAGE 2
Loc aBJ LINE SOURCE STATEMENT
55 3 SOURCE LINES USED TGO PROVIDE THESE MESCAGES
56 3 ARE MARKED AT THE END OF THE LINE WITH A "#"
57 % SIGN. THEY CAN EE DELETED TO SAVE MEMORY SFPACE
53 ¥ WHEN DEBUGGING I3 COMPLETE.

SIG 5 AR AR A B3 6 3 3B 0 30 B A 3 3 3 3 3320 0 3 3 B H N
&0 3 8259 EQUATES

QoA &1 ICCP EQU ODAH 3 INTERRUFT CONTROLLER CMND FORT
0020 &2 EQIC EGl 020H $END OF INTERRUPT COMMAND WORD
G35 A3 3 I3 3 3 30 H 2 3R 3 3h 3030 36 6 36 3536 30 330 30330 30 03030
0040 &4 DMAMD e 40H sDMa (8237) MODE
&5 $ CHO. VERIFY.AUTO-DISARLED.
(X $  ADDRESS INC, SINGLE
0080 &7 RD EQU S0H 38237 READ BIT
0040 43 WR e 40H 58227 WRITE BIT

&% 3 1/0 PORT EQUATES

70 PUBLIC BASE,DMARO,OMWCO, DMARL . DIMWC1 , DMARZ, DMWC 2, DIMARS
71 PUBLIC DMWC3, DMSR, DMRQ, DMKSR,. DMODE, DCLFL, DMCLR, DMTR

72 FUBLIC DMASK,FDCST,FOCOT, AUXP, SFTRE, SEGLO, SEGHI » REAL
72 PUBLIC RODD, WRITE.WRTDD, ROTRK, RODID, FRMTE  AUXRET » ALUXSET
74 FUBLIC AUXADR.SCNEG, SCNLE, SCNHE, RECAL > SEEK, SPCFY, SNEDE
75 PUBLIC SNEIS, INIT, INT20,PRSLT

0000 746 BASE EGU OH s BASE FORT ADDRESS FOR FDC BOARLD
0000 77 DMARO ERU BASE+O $DMAC CH.O ADDREZE REG
0001 72 DMWCO EGU BASE+1 $DMAC CH.O WORD COUNT REG
0002 7% DMAR1 e BASE+2 3$DMAC CH.1 ADDRESS REG
000z 0 DMWCL EQU BASE+Z 3DMAC CH.1 WORD COUNT REG
0004 21 DMARZ EQLU BASE+4 $DMAC CH.2 ADDRESS REG
0005 a2 [IMWC2 EQU EBASE+S $DMAC CH.2 WORD COUNT RE(
0006 83 DMAR3Z EGL BASE+&  $DMAC CH. 3 ADDRESS REG
0007 &4 [DMWCE EGU BASE+7 3DMAC CH.32 WORD COUNT RECG
0008 85 DMSR EGil BASE+8 DMAC STATUS REGISTER
0009 g6 IIMRE EGu BASE+? DMAC REQUEST REGISTER
000A 27 DMKSR EQU BASE+OAH §OMAC MASE SET/RESET REG
O00R &8 DMODE EQL BASE+OEH s DMAC MODE REG.
000C 2% DCLFL EQL BASE+0OCH $OMAC CLEAR 1S8T/LAST F/F
ooon 20 DMCLR EGL BASE+ODH s OIMAC MASTER CLEAR
O00E @1 OMTR ECiY BASE+QEH s DMAC READ TEMP. REG.
QOOF 22 DMASK EQL BASE+OFH sOMAC WRITE MASK REG.
0010 93 FOCET EGiL BASE+10H sFDZ MAIN STATUE REG.
0011 @4 FDCOT EGL EBASE+11H sFDC DATA REGISTER
0012 5 AUXP EQU BASE+12H $AUXILIARY FORT
o013 & SFTRS EQU BASE+13H s SOFTWARE RESET
0014 27 SEGLO EQU BASE+14H sLOWER BYTE SEGMENT REG,
0015 28 SEGHI EGL BASE+15H sUFFER BYTE SEGMENT REG.
A
100 3 ENTRY FOINT .JUMP TABLE
0800 101 ORG 200H
0200 CITTOE 102 IMP INT1O $SINGLE LEVEL INTERRUPT (NO 225%)
0203 C3D102 103 Ny INTZO0 s INTERRUPT WITH 225% SERVICE
08046 C2180% 104 JIMF INIT s INITIALIZE IMA CONTROLLER
LOS 5 33330 3 3 50303030 3530 2 30 30 303030 30 30 30 30 36 30 3030 3 36 36 50 330 36 30 F 300 30 230 33030 30 3 3 30 A0S
104 3 LEVEL 1 ROUTINES
Q0% CIVEOR 107 JMP CMNDS s COMMAND SERIAL OPERATION
0g0C CROBOER 10e IMF CMNDF s COMMAND PARALLEL COPERATION
QZOF C3200R 109 M REULT SRESULT PHASE
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ISIS-11 8080/8085 MACRO ASSEMBLER. V.0 MODULE FAGE ]
LOC 0OBJ LINE SQURCE STATEMENT
0812 CIDFOA 110 JMP [MARD sIIMA READ, 1/0 WRITE
0813 C3IE40A 111 JMP DMAWR sDMA WRITE. I/0. READ

112 5 S0 30 3 303030300 A0 3 30300 3 36303 R S0 0 S S B S0 SR B B S M B 200
113 5 LEVEL 2 ROUTINES

o018 CI2A09 114 JMF READ s READ

021B C3320% 115 JMP RDOD yREAD DELETED DATE
QR1E C3I3CO9 116 JMP WRITE SWRITE

0821 C34509 117 JMP WRTDL SWRITE DELETED DATA
0824 CI4E0? 1ig JMP ROTREK $ READ TRACK

Q827 CI6S09 112 JMP ROIO sREAD ID

082A CILEQD 120 JIMP FRMTE $FORMAT TRACK

022D 38809 121 JMP SCNER 5 5CAN EQUAL

0830 C3P109 122 tMF SCNLE $SCAN LOW OR EQUAL
0833 C3IPA0Y 123 JMF SCNHE $SCAN HIGH OR EQUAL
0836 CIAR0Y 124 JMF RECAL s RECALIEBRATE

023% C3BAO? 125 JMP SEEK $ SEEK

082C C2DR0% 126 JMP SFCFY $SPECIFY

0OR3F CIEAOD 127 JMP SNEDS $SENSE DRIVE STATUS
0842, C3040A 1z2& «IMF SNSIS 3 ZENSE INTERRUPT STATUS

e R R L T T Ty
130 3 AUXILIARY PORT ROUTINES

0245 C2ACOA 1321 JMP AUXRET SRESET-A-BIT (DRIVE CONTROL
122 3 FUNCTIONS
0243 CIBY0A 133 JMP AUXZET  32ET-A-BIT (DRIVE CONTROL
134 5 FUNCTIONS)
Q24RB 3D10A 1335 JMP ALIXADR 51 MEGABYTE PAGE ADDRESS BITS
136 R e R Sl L R T R R TR X T R TR R R R Ry
7F30 137 USTACK Eaul 7FE0H FSTACK POINTER
7F30 128 REGF EQ USTACK~-S0H $RESERVE 80 LOCATIONS
13% 5 FOR THE STACK
QO84E 297F 140 ARSEF: DW REGF-7 $RESERVE 7 LOCATIONS FOR RESULT
141 5 BYTES
0850 C24300 142 CONG: JIMF 43H s CONSOLE QUTPUT #
143 5 FAZE DATA BYTE IN C
144 $ ASSUMES B. DE. HL FRESERVED
0353 20 145 DELAY: LR 20H sDELAY FOR FOC STATUS (>100US)
o254 10 144 VERSION: DR VER $VEREION NUMEBER

147 R LB T L R R R Y R R S gy

148 3 INTERRUFT SERVICE ROUTINE (NON-225% SYSTEM)
149 3
150 3 CALLING SEGUENCE
151 3 CALL INT1O
152 3
133 3
154 3 REGS: AF, BC., I HL
153 3 STK PRS: 4+CONO
Q8335 14600 156 INT10: mMvI [0 i CLEAR ABNORMAL TERMINATION FLAG
Q3837 DBR10O 157 IN FoosT $A = FDC STATUS
0859 47 158 MoV E.A $SAVE STATUS
0835A E610 159 ANI 10H sFOC BUSY?
0850 C2R1og 140 INZ ITO10 $YES, IS A READ, RODO. WRITE.
1461 ¥ WRTDD., ROTRK, ROID, FRMTE,
1e2 § SCNEW, SCNLE, OR SCNHE INT.

1632
1&4

SEER/RECALIBRATE - RESULT FHASE
OR ATTENTION. ABNORMAL. INTERRUFT

we um
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ISIS-11 8080/8085 MACRO ASSEMBLER., V3.0

Lac

085SF
0ogez
0865
08468
0869
0864R

ogen
0870
0871
0874
0877
0878
0879
087B
087D
087E
087F
0gaz
0884
0887
089
038C
0g8F
0892

0895
0897
0898

03B
ogoDn
089E
ogaF
08A2
02AZ
02AS
08A7
03AA
08AR
08AC
0BAE

0OgEl
03B4
08B7

O8BA
0SBB
OSEE
o8Cl
osC2
0g8c4a
ogls
osCs8

OBJ

21C30B
CD720B
CDSBOB
Dg
3E03
0311

CDEO0R
D8

CDE108
2A4E08

B7
CALS0E
FECO
CA9S0B
14601
Z1ESOB
CD720B
CDE108
C36508

3EO08
A
Cz246508

Ca6508

210708
Ccn720B
CD200R

Dg
CDEL108
2A4E08
7E
E&CO
c3
Z1F40R
CD720B

LINE

165
166
1467
168
1469
170
171
172
173
174
173
176
177
178
179
180
131
182
183
184
185
18¢&
187
1g&
189
190
171
192
193
124
193
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
213
21é
217
21

2179

ITOOZ:

SOURCE STATEMENT

LXI
CALL
CALL
RC
MVI
ouT

CALL
RC
CALL
LHLD
Mav
MOV
ANI
CP1
RZ
ORA
JZ
CPI
Iz
MVI
LXI
CALL
CALL
JMP

H, MSG30
MESSG
RDYC

A, 08H
FDCDT

RSULT

PRSLT
ARSBF
AsM
BsA
OCOH
80H

A

ITOOZ
OCOH
1TOOS
b1

H> MSGS0
MESSG
PRSLT
ITOOZ

3 ATTENTION INTERRUPT

ITDOS:

MVI
ANA
JNZ

A, 08H
E
ITOOZ

iSBC 208

MODULE PAGE 4
$"FDC SEEK/ATTN INT" #
$PRINT MESSAGE #

$FDC READY FOR COMMAND?

$NO"FDC ERR DIO HI IN CMD PHASE"
$YES

$SENSE INTERRUPT STATUS

3 (CLEARS INTERRUPT FROM 8272)
$READ FDC STATUS

$ERROR"DIO ERR LO IN RSLT PHASE™
$PRINT RESULT BYTES #

sA = STATUS REGISTER 0

$SAVE STATUS

$EXAMINE UFPER TWOQ RITS

$ INVALID COMMAND? (1Q)

$YES, RETURN

$ NORMAL TERMINATION? (00)

$ YES.CHECK FOR HIDDEN INTERRUFTS
$NO, ATTENTION INTERRUPT? (11)

s YES

$SET ABNORMAL TERMINATION FLAG
sNO. ABNORMAL TERMINATION (O1) #
$ "FDC SEEK ERR" #
$ PRINT RESULT BYTES #
s CHECK FOR HIDDEN INTERRUPTS

$A=FOD READY MASK FOR ETO
$1IS THE FOD READY?
$ND, CHECK FOR HIDDEN INTERRUPTS

s RECALIBRATE FOR NEWLY MOUNTED DISK

MVI
ANA
Moy
CALL
RC
MVI
ouT
CALL
RC
MV
ouT
JMP

i I/0 INTERRUPT

1TO10:

LXI
CALL
CALL

RC
cAaLL
LHLD
MoV
ANI
RZ
LXI
CALL

A, 3H
B

B:A
ROYC

A, O7H
FDCDT
ROYC

AR
FDCDT
ITOOZ

H> MSG40
MESSG
REZULT

PRSLT
ARSBF
A:M
OCOH

H, MEG&O
MEZSG

$A=UNIT SELECT MASK
$A = US?
$SAVE UNIT SELECT

sERROR "DIO ERR"
$ RECALIBRATE
$ERROR "DIO ERR"

SOUTPUT UNIT SELECT
s CHECK FOR HIDDEN INTERRUFTS

$"FDC I/C INTY #
s PRINT MESSAGE #
$GET RESULT BYTES

$ AND RESET 2272 INTERRUFT
$ERROR "LDICQ ERR"

$PRINT RESULT BYTES #

$A=STATUS REGISTER 0

i NORMAL TERMINATION?

sYES. "INTERRUPT CQDE IS ZERQ"
$NO. ERROR #
sUFDC I/0 ERRM #



iSBC 208 Sample Drivers

ISIS-11 8080/8085 MACRO ASSEMBLER., V3.0 MODULE FAGE b=
LOC 0OBJ LINE SOURCE STATEMENT
08CB CDE108 220 CALL PRSLT $FRINT RESULT BYTES #
08CE 1601 221 MVI 0.1 $SET ABNORMAL TERMINATION FLAG
o8Do C% 222 RET

223§ W I I W I W I 0 I I 333

224 3 INTERRUPT SERVICE ROUTINE (SYSTEMS WITH &259)
225 3 SAVES ALL REGISTERS, PROCESSES INT FROM &272
226 3 RESTORES ALL REGISTER. AND -RETURNS
227 3
228 3 REGS: NONE
229 3 STK PRS: 9+CONO (NOTE: INTERRUFT USES 1 FAIR)
08D1 CD190A 230 INT20: CALL SAVER $SAVE REGISTERS
0804 2EZO 231 MVI A-ECQIC $A=END OF INTERRLUFT COMMAND
08Dé6 D3DA 232 ouT ICCP $RESET INTERRUFPT CONTROLLER
233 3 NOTE: 8259 MUST LISE EDGE TRIGGER MGQDE
0808 CDSSoR 234 CALL INT10 sPROCESS INTERRUPT
08DB F1 235 POP FsW $ RESTORE
ogpc Ci1 236 POFP B 5 ALL
ognn bpi 237 FOP ] ! REGISTERS
O8DE EI 238 FOP H 3 ANL
0O8DF FR 239 EI 3 ENABLE INTERRUFTS
03E0 C9 240 RET H RETURN

241 M NN RN R R EH R W R RN R R RN R

242 5 PRINT RESULT BYTEZS (THIS ROUTINE CAN BE ELIMINATELD
243 3 WHEN ERROR MESSAGES ARE NO LONGER
244 3 REGLIREL)
245 3
244 3 C= # OF EBYTES
247 3 CALL PRSLT
248 3
249 3 REGS: AF. HL
250 5 STK PRS: 2+CONCQ
08E1 C5 251 PRELT: FPUSH E s SAVE EC
0BE2 41 232 Mav B.C $ B=RYTE COLINT
OBE3 ZA4EQR 253 LHLL ARZBF $ADR OF RESULT BUFFER
08E& QEZ0 254 PROOS: MVI c,” - SPRINT
O8EE CDS008 255 CALL CONC s SPACE
O08ER 7E 256 MoV AM SFRINT
0REC CDO40%9 257 cALL FPRO10O 5 MSN
O8EF 7E 258 MoV A:M SPRINT
08F0 CDOB0Y 259 CALL PROZO sLEN
08F3 23 260 INX H $BUMF FOINTER
08F4 0S 2¢1 LCR E s DONE™Y
03FS C2E&08 262 JINZ FPROOS $NQ
03Fg CQEOD 263 MVI G, QO0H $YES, PRINT
QO8FA CDIO008 264 CALL COND f$CR
O8FD OEOA 265 MVI G, 0AH sPRINT
08FF CDS008 266 CALL CONG s LF
o902 C1 267 POF E $RESTORE EC
0903 C9 268 RET
269 3 FRINT MOST SIGNIFICANT NIEELE
0904 OF 270 PRO10: RRC s MOVE
0905 OF 271 RRC 3 LEFT
0904 OF 272 RRC 5 NIBRBLE
0207 OF 273 RRC 3 T RIGHT
274 5 PRINT LEAST SIGNIFICANT NIEBELE



Sample Drivers iSBC 208

ISIS-II 8080/8085 MACRO ASSEMBLER. V3.0 MODULE FAGE &
Loc  OBJ LINE SOURCE STATEMENT
Q208 E&OF 275 FRGOZ20:  ANI OFH 5 O TGO 15
Q90A D&OA 276 SulI OAH $ -10 TO 5
090C QE2A 277 MVI C,2AH $ASCII DISPLACEMENT FOR O TQ ¢
090E DA1309 278 JC PROZ0O
0%11 OE41 279 MVI C>41H $ASCIT DISPLACEMENT FOR A TO F
0?13 81 280 PRO30: ADD c $ CONVERT BINARY TO ASCII
0914 4F 281 MOV c.A sPASS CHAR IN C )
0?15 C35008 282 JMP CONG sPRINT CHAR

2O 3 I3 330 33 3 3 333 36 30 3 36 333636 30 30 36 30 30 3 3 30 36 26 36 36 36 30 36 36 36 36 3 I HIHHH N

284 5 INITIALIZE 2237 DMA CONTROLLER
285 3
284 3 REGS: F (CARRY = 0)
287 5 STK PRS: 4
ov1g F2 288 INIT: DI sDISABLE INTERRUFPTS WHILE
289 $INITIALIZING BOARD
0919 CO190A 290 CALL SAVER
Q91C 2IE40 291 MVI A, DMAMD s SELECT DMA MODE
091E DZOR 292 INIO: QuT DMODE SSET €237 MODE
0920 3C 293 INR A $SELECT NEXT CHANNEL
0921 FE44 294 CPI DMAMO+4 3 LAST CHANNEL
0923 C21E0Y 295 JNZ INIO $NO, SET ALL CHANNELS
022& FR 29¢ EI $RE~ENAELE INTERRUFTS
0927 CII1EQA 297 JMP RETOR SRETURN TO USER, CARRY=0

298 5 03 I I 3 30 I 3 2 I 3 IR 30 3R I 36 3 30 H BN

297 5 LEVEL 2 ROUTINES
300 3 LISER CALLABLE
301 3 SAVE ALL REGISTERS EXCERPT CARRY
/e R F TR T AR I L S ST TSN
302 5 READ
304
205 3 CALLING SEQUENCE
306 3 BC=ADR{IOFB)
207 10PR: MT.MF, 2K, X 3 X=SPACE FOR COMMAND
308 3 HD. US sHEALI, LUINIT
209 3 c sCYLINDER
210 3 H s HEAD
211 3 R $ RECORD
212 3 N $SECTOR SIZE
3132 5 ECT $END OF TRACK
314 3 GPL. 1 GAP LENGTH
215 OTL sDATA LENGTH
316 3 NSEC s NUMBER OF SECTORZS
217 3 DE=ALDR(DATA)
318 CALL REALD
219 3 NORMAL RETURN. CARRY=0 (NC)
320 3 ERRUOR RETURN. CARRY=1 (L)
321 03
322 3 REGS: CARRY
23 3 STK PRS: 13+CONO
O%2A CO190A 324 READ: CALL SAVER $ SAVE REGISTERS
Q920 2LEL4Y 328 LXI H: (WR+9) SHL 8 + OQEOH + Q&H 3DMA WRITE.,
326 3 9 BYTES, MTMFEK MASK. COMMAND
0930 C32DOoA 227 MP DTRN1 sDATA TRANSFER COMMAND
BZE RN F R R R SRR N S R R R RN

329 3 READ DELETED DATA
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iSBC 208

I1SIS-11 2080/8085 MACRCO

LoC 0OBJ

0933 CO1%0A
0936 21EC479

0239 C32D0A

092C CO20A
093F 210589

0942 C32DOA

LINE

330
331
332

333

334
2285
3346
337
338
bcicl
340
341
342
243
244
2345
244
247
z4s
349
250
351
52
353
254
255
3546
357
oot
a5y
360
261
362
363
3464
265
b6
347
268
249
370
271
272
273
274
3735
276
377
278
379
80
381
ez
b =]

224

Sample Drivers

ASSEMBLER, VZ.0 MODULE FAGE 7

SOURCE STATEMENT
H
H CALLING SEQUENCE
H BC=ADR(I0OPRB)
3 I0PR: MT.MF,SK, X3 X=8PACE FOR COMMAND
H HD, U35 sHEAD, UNIT SELECT
H C s CYLINDER
H H $HEAD
H R $ RECORD
H N $SECTOR SIZE
H EQT $END OF TRACK
H GPL $GAP LENGTH
5 oTL sOATA LENGTH
H NSEC sNUMBER 0OF SECTORS
H DE=ADR(DATA)
3 CALL RDOD
H NORMAL. RETURN. CARRY=0 (NC)
H ERRIOR RETURN. CARRY=1 ()
3 REGS: CARRY
5 STHE PRS: 13+CONC
RODD: CALL SAVER s SAVE REGISTERS
LXI H: (WR+#) SHL 8 + QOEOH + OCH 3IMA WRITE.,
1% BYTES. MTMFSK MASK, COMMAND
JMP OTRNIL
T Yy s s E T R TR E T IR ST R U X X X T
s WRITE DATA
5 CALLING SEQUENCE
H BC=ALR (IOFPR)
H IOFE: MT.MF, X 3 X=SFACE FUOR COMMAND
H HO, LS sHEAD, UNIT SELECT
H [y $ CYLINLER
H H s HEAD
H R : RECORD
3 N s SECTOR SIZE
H EQOT sENDY OF TRACK
H GFL 3 GAFP LENGTH
3 DTl sDATA LENGTH
H NIEC $NUMBER 0OF SECTORS
H LF=A0OR(DATA)
CALL WRITE
NORMAL RETIIRN, CARRY=0 (NC)

ERRUOR RETURN. CARRY=1 (L)

STE FRS: 13+CONO
RITE: CALL SAVER $ SAVE REGISTERS
LXI H, (RO+9) SHL 8 + QCOH + 0O3H $DMA READ,
5% BYTES. MTMFSK MASK, COMMAND

s REGS: CARRY
W

JMP DTRNL
LRt L S T s S A S T R E P S R P S s I e et
WRITE DELETED DATA

CALLING SEQUENCE
BC=ADR ¢ IOFR)
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Sample Drivers

ISIS-I1 8080/8085 MACRO

Loc

0945
043

0248

094E
0951

0934
0935
09356
0937
0952

0959
093C

A-22

0BJ

CD170A
21C98%

C32D0A

CD190A
216249

0A
FS
C3
ES
DS

CDC&609
DAZE0A

LINE

=85
386
287
388
289
390
cig ]
392
393
394
295
296
297
Ive
399
400
401
402
403
404
405
404
407
402
402
410
411
41z
41z
414
415
416
417
41
419
420
4z1
422
423
424
425
424
427
42e
429
430
431
432
4233
4324
435
436
437
4z
43

iSBC 208

ASSEMBLER. V3.0 MGDULE FAGE 8

SOURCE STATEMENT

I0PE: MT:MF. X 3 X=SPACE FOR COMMAND
HO, US $HEAD, UNIT SELECT

c s CYLINDER

H s HEAD

R $ RECORD

N $SECTOR SIZE

ECQT $END OF TRACK

GPL sGAP LENGTH

DTL sDATA LENGTH

NSEC $NUMBER OF SECTORS

DE=ADR(DATA)

CALL WRTDD

NORMAL RETURN. CARRY=0 (NC)
ERROR RETURN. CARRY=1 (C)

REGS: CARRY
STK PRS: 13+CONC
RTDD:  CALL SAVER $SAVE REGISTERS
LXI H: (RO+9) SHL 8 +0COH +0%H :0OMA REALD
59 BYTES, MTMFSK MASK. COMMAND

$T OUE G UE NS B VB N R NS WS GE NE NS WA uE UR uR

JMP DTRN1
R E RN R I I I S I R R RS
READ A TRACK

CALLING SEQLENCE
BC=ADR(IOPB)
10PR: MF, SK, X 3 X=8FACE FOR COMMAND
HO. US $HEAD, UNIT SELECT

C sCYLINLDER

H s HEAD

R s RECORD

N $SECTOR SIZE

EQT sENDN OF TRACK

GPL $ GAP LENGTH

DTL sOATA LENGTH

NSEC s# OF SECTORS (NOT USED)

DE=ALR(DATA)

CALL RDTREK

NORMAL RETURN. CARRY=0 (NC)
ERROR RETURN. CARRY=1 (()

REGS: CARRY
STK PRS: 14+CONO
‘DTRK:  CALL SAVER $SAVE USER REGISTERS

TN u ue us un R U WE R N NE NN VA VR VR uE uE uR ur ¥R e e

LXI Hs (WR+%) SHL 8 + &0H + O2ZH  3DMA WRITE,
19 BYTES, MTMFSK MASK, COMMAND

LDAX B § SAVE

PUSH PSW 5 MT,MF,SK

PLUSH B $SAVE ADDR(10PB)

PUSH H ;SAVE ADR (DATA)

PUSH o $ SAVE PARAMETERS

5 SEEK
CALL SKO10
JC OTOOS $UUME TF ERROR
3 FORCE DTRN RQUTINE TO USE EQT INSTEAD OF NEEC TOQ



iSBC 208

ISIS~II 8080/808% MACROD

LOoC o0BJ LINE
440
441
442
443
444
445
44¢
447
448
449
450
451
452
453
454
455
456
457
453
459
460
441
462
443
464
465
444
467
448
469
470
471
472
473
474
475
474
477
473
479
430
481
432
483
434
485
486
4g7
433
459
490
491
492
4934
494

Q095F 210300
0962 C3440A

09465 CD170A
0968 214A02

09&6B C3710A

Q94E
0971
0974
0975
0976
o978
Q979
097A
0978
o97C
097D
097E
o981
0932

CO150A
210300
07

4E
2600
29

2%

2B

c5

4D

44
CDDFOA
c1
214006

03T C3IP10A

Sample Drivers

ASSEMBLER. V3.0 MODULE FAGE &

SOURCE STATEMENT

$ CALCULATE RYTE COUNT

LXI H.3 s DISPLACEMENT FOR EOT
JdMF OTolS sPICK UP IN MIDDLE OF DTRN
5 ROUTINE
R I I I I 30 3 B0 6 36 30 3036 3 S B S 3 R S S IR
READ ID
NOTE: MUST BE FRECEDDED EY A SEEK

CALLING SEQUENCE
BC=ADR(IOFPR)J
I0FR: MF, X $ X=5PACE FOR COMMAND
HO, US $HEAD, UNIT SELECT
CALL ROID

m VE SE uUE uE MR UE NE SN uR G N VS e

NORMAL RETURN. CARRY=0 (NC)
ERROR RETURN. CARRY=1 (()

REGS: CARRY

STK PRS: 11+CONG

DIn: CALL SAVER $SAVE REGISTERS

LXI H.2 SHL 38 + 040H + OAH $NO. OF BYTES,
sMTMFSK MASK, COMMAND

JMP DTRNZ

R R e R E R T X T T e e T s
FORMAT A TRACK

NOTE: MUST BE PRECEEDED RY A SEEK
CALLING SEGUENCE
BC=ADR(IOFR)
I0OPR! MF . X § X=5FACE FOR COMMAND
HD, US $HEAD, UNIT 3ELECT
N $SECTOR SlZE
sC § SECTORE/ TRACK
GPLZ s GAP LENGTH
D s DATA

DE=ADR (DATA)
CALL FRMTK

NORMAL RETURN. CARRY=0 (NC)

T} e we va s ue UE uE uE U ME UR VR UB A uE Y vE e

ERROR RETURN, CARRY=1 (C)
REGSt CARRY
STK PRS: 11+CONO
RMTK: CALL SAVER $ SAVE REGISTERS
LXI H.3
DAD B sHL POINTS TO £C PARAMETER
MQv LM
MVI H. 0 $HL=8C
DAD H DOUBLE COUNT
DAL H : QUADRUFLE COUNT
DCX H s DECREMENT FOR 2237
PUSH R $SAVE ADR(IOPR)
MOV Gyl
Mayv B:H $ BC=COUNT
CALL DMARD $SET UP 3237
FOP E SRESTORE ADR(10FE)
LXI H:& SHL 8 + 040H + OOH 3NO, OF BYTES.
FMTMFSK MASE, COMMANID
JME DTRNZ
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Sample Drivers

ISIS-II 2080/8085 MACRO

LoC OBd

Qegg CL190A
093B 21F139

093E C32D0A

0921 CO190A
0994 21F939

0997 C32D0A

A-24

LINE

495
496
497
498
499
S00
S01
S0z
503
504
505
06
507
S0g
S09
510
511
a1z
G913
514
315
516
517
512
519
S20
S21
S22
523
S24
5235
S26
527
528
529
S30
=ch
SE2
533
524
S35
5326
537
Sze
539
540
41
S42
543
544
545
S4é
547
S4a
549

iSBC 208

ASSEMBLER, V2.0 MODULE PAGE 10

SOURCE STATEMENT

B 333 630 33030 303030 30 B R B I I R 303033 3 3 3 3
SCAN EQUAL

CALLING SEQUENCE
BC=ADR( IOPB)

I0FE: MR, MF, Sk, X3 X=SPACE FOR COMMANL

U, us SHEAD, LUNIT SELECT
c s CYLINDER

H s HEAD

R $ RECORD

N $SECTOR SIZE

EQT $ENDN OF TRACK

GPL s GAP LENGTH

STF SSTEP (1 OR 2)
NSEC sNUMBER OF SECTORS

DE=ADR(DATA)

CALL SCNER

NORMAL RETURN, CARRY=0 (NC)
ERROR RETURN., CARRY=1 ()

REGE: CARRY
STK PRS: 13+CONCG

() ¥ S5 Ue YN UB uR UE VS uE VB YR VS UR VR GE NP UR N YR B N we

CNEQ: CALL SAVER SREGISTERS :
LXI H, (RO+9?) SHL & + OEOH + 11H $DMA READ,
39 RBYTES, MTMFEK MASK. COMMAND
JMP OTRN1

§ FE I H N I S I I R R A
SCAN LOW OR EQUAL.

CALLING SERUENCE
BC=ADR (IGFEB)

I0OFE: MT,MF, Sk, X 3 X=EPACE FOR COMMAND
HO, Us SHEAD. UNIT ZELECT
[ s CYLINLDER
H s READ
R s RECORD
N SSECTOR SIZE
EQT sENDY OF TRACK
GFL sGAFP LENGTH

SETER (1 OR 2
NSEC SNUMBER OF SECTORE
DE=ADR(DATA)

CALL SCNLE

NORMAL RETURN. CARRY=0 (NC)

ERROR RETURN. CARRY=1 (L)

:

5 STF

?

5 REGES: CARRY

5 STK PRS: 13+CONC

SCNLE: CALL SAVER $SAVE REGISTERE

LXI H: (RO+%) BHL & + OEOH + 194 3sDMA REAL,
$% BYTES, MTMFESK MASK,. COMMANLD

JMP DTRN1

e S R R e L e s ]

$SCAN HIGH OR ERUAL

?



iSBC 208 Sample Drivers

ISIS-II 20&80/8085 MACRO ASSEMELER, V3.0 MODULE FAGE 11
Loc oBJd LINE SOURCE STATEMENT
TR CALLING SEQUENCE
531 3 BC=ADR(IOPR)
S92 3 I0PER: MT,MF,SK. X 3 X=SPACE FOR COMMAND
553 3 HO . US SHEAD, UNIT SELECT
o554 3 c s CYLINDER
535 H s HEAD
S55& 3 R $ RECORD
557 3 N $SECTOR SIZE
oee s EOT SEND OF TRACK
959 3 GPL ;s GAP LENGTH
sS40 3 STF FSTEFR (1 OR 2)
G613 N3EC SNUMBER OF SECTORES
D62 3 DE=ADR(DATA)
563 3 CALL BCNHE
544 3 NORMAL RETURN., CARRY=0 (NC)
S6T 3 ERROR RETURN, CARRY=1 ((C)
S&é 3 ’
567 3 REGE: CARRY
) S628 3 STK PRS: 13+C0OND
099A CD190A 569 SCNHE: CALL SAVER s SAVE REGISTERE
099D ZIFD3% 570 LXI M. (RD+%) SHL &8 + OEOH + 1DH 3DMA READ,
571 $% BYTES, MTMFSK MASK. COMMAND
02A0 C32DOA 57z JMP DTRN1
G735 M 300 3 3 263 3 H 00 36 3636 3 3300 3 M AR I M N R R R R E NS
574 3 RECALIBRATE
875 3
G574 3 CALLING SEQUENCE
577 3 BC=ADR(IOPR)
572 3 I0FE: X ; X=SPACE FOR COMMAND
579 3 0, LI SUNIT SELECT
S0 3 cAaLL RECAL
531 3 NORMAL RETURN, CARRY=0 (NC)
Sez s ERROR RETURN. CARRY=1 (L)
Sax 3
584 3 REGS: CARRY
585 5 STH PRS: 11+CONC
OPAZ CDIY0A S84 RECAL: CALL SAVER §SAVE REGISTERSE
QPA& OA 887 LOoAX B SMT.MF, Sk
09A7 FS Ses FUSH FEW $ ZAVE MT, MF, 5K
0OPAB 5 Sav PUSH B $SAVE ADR (MR, MF, SK)
09A% 3E07 S0 MVI A, O07H 5 A=CAMMANL
Q?AR 02 91 STAX B 3STORE COMMAND IN 10PE
09AC 1EOZ Swe MVI E.2 sB=NC. OF BYTES IN COMMAND
09AE CDOBOE S93 REO10: CALL CMNDF SRECALIBRATE
0%B1 DAASOA S594 G OTO&O sQUIT . IF ERROR
Q09B4 C2AE0? 595 - JINZ REC10 SWAIT IF FOo BUSY
09B7 C2AS0A 596 JMP DTO&0  sNORMAL RETURN
SO7  FHEHERE RN RN NN I I NN H R HHF I H IR
598 3 SEEK
S99 3
&00 3 CALLING SEQUENCE
601 3 BC=ADR ( IOFPE)
602 % I0PE: X s S=8FACE FOR COMMAND
&03 3 HI, U= sHEAD, UNIT SELECT
&04 3 C YL INDER
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Sample Drivers

ISIS-II 3030/8085 MACRO

Loc

O9BA
09BD0
O9BE
Q9BF
QeCo
09C3

o9Cé
o9Cce
QoCe
09CRB
09CE
Q9CF
ovnz

ovnz
o906
oen7
geng
oony
Oo2DB
o20D
09DE
0%E1L
07E4
09E7

A-26

OoBJ

CD190A
0A
FS
CcS
CDC&09
C3AS0A

SEOF

1E03
COOBOB

C2CBRO?
ce

CDii90A
0A

FS

]
1EOZ
3EO0Z
0z
CDO30OR
DAASOA
C2ZDEO?
C2AS0A

LINE

603
606
607
608
&09
610
&11
612
613
&14
&15
616
&17
&18
619
620
621
&22
623
&24
625
&26
&27
623
622
3cie)
631
&32
633
&34
635
&3
637
638
639
&40
&41
&42
&4
644
&45
446
&47
643
&4%
650
&S
6352
&S3
&S4
&S5
&56
&7
&5
LG

iSBC208

ASSEMBLER. V3.0 MODULE PAGE 12

SOURCE STATEMENT

CcALL SEEK
NORMAL RETURN, CARRY=0 (NC)
ERROR RETURN. CARRY=1 (C)

REGS: CARRY
STK PRS: 12+CONO
EEK: cAaLL SAVER s SAVE REGISTERST

) v» un e us GE ws

LDAX B $MT. MF, SK
PUSH PSW $SAVE MT.MF.SK .
PUSH B $ SAVE ADR (MR.MF, SK)
CALL SKO10 3 ISSUE SEEK
JMP DTO&O
3 REGS: ALL
3§ STK PRE: S+CONO
k010 MVI A, OFH
STAX B $SET SEEK COMMAND IN IOFPE
MVI E.3 $NO. OF BYTES IN COMMAND
SKOoz20:  CALL CMNDP 3 ISSUE SEEK COMMANLD
RC SRETURN IF ERROR
JNZ SKOz0 sWAIT FOR FOC READY
RET
3 MR R SR 33 I I IO IR N

SPECIFY

CALLING SEQUENCE
BC=ADR(IOQFB)
I0PB: X $ X=SPACE FOR COMMANL
SRT.HUT sSTEF RATE. ANLD HEAD
3 LUNLOALD TIME
HLT.NI*  sHEAD LOAD TIME. AND
5 NON-IMA MODE
CALL SPCFY
NORMAL RETURN. CARRY=0 (NC)
ERROR RETURN. CARRY=1 (L)

REGS: CARRY
STK PRS: 11+CONC
SPCFY: CALL SAVER $ SAVE REGISTERE

LDAX B $MT.MF, SK
FUSH PSW 3 SAVE MT.MF, SK
FUSH B $SAVE ADR(MT. MF. SK)
MVI 2 & $NO. OF RYTES IN COMMAND
MVI A, O3H $SET COMMANLD WORD
STAX B $IN 10FE
SPC10:  CALL CMND= $ ISSUE COMMAND
JC DTO&0 SEUIT IF ERROR
JNZ spC10 $WAIT FOR FOC READY
JMF DTOLO $NORMAL RETURN |
;**************%***************************%***%%*******
4 SENSE DRIVE STATUS
3 CALLING SEGUENCE
3 BC=ADR(ICOPB)

IOFE: X § X=SPACE FOR COMMAND



iSBC 208 Sample Drivers

ISIS-II1 8080/8085 MACRO ASSEMBLER, V3.0 MODULE PAGE 13
LOC OB LINE SOURCE STATEMENT
&40 5 HO, US sHEALD, UNIT SELECT
&61 3 CALL SNEDS
LHL2 3 NORMAL RETURN. CARRY=0 (NC),ST2 IN RESULT BUFFER
663 3 ERROR RETURN. CARRY=1 ()
664 3
&65 5 REGE: CARRY
&66 3 BTK PRS: 11+CONC
Q%EA CD190A 667 SNSDS: CALL SAVER $ SAVE REGISTERE
OYED OA 648 LDAX B $MT, MF, 5K
O9EE FS 669 PUSH FSW $SAVE MT.,MF, Sk
O9EF CS 670 PUSH B $ SAVE ADR(MT, MF, SK)
09F0 RE04 &71 MVI A, 04H $ A=COMMAND
09F2 Q2 672 STAX B $STORE COMMAND IN IOPR
09F32 1EO2 &73 MVI E.2 sNQ. OF BRYTES IN COMMAND
09FS CDOBOB &74 sDO10: CALL CMNDF 3 ISSUE COMMAND
09F8 DAASOA &75 JC LOTO6O SQUIT IF ERROR
O9FB CZFS0% &76 JINZ SpQ10 SWAIT FOR FDC READY
O9FE CDZOO0R &77 CALL RSULT sGET &TE
0A01 C2ASOA &78 JMP OTO60 SRETURN TO CALLER

7T F NI I N I R I BRI RN

&80 5 SENSE INTERRUFT STATUS

&81 s

482 3 CALLING SEQUENCE

633 3 CcALL SNSIS

&84 3 NORMAL RETURN, CARRY=0 (NC), STO & FCN IN RESULT

635 3 BUFFER

&84 3 ERROR RETURN, CARRY=1 (C)

&87 3

&88 3 REGES: CARRY

689 5 STK FPRS: 9+CONG
0A04 CLIF0A &20 SNSIS:  CALL SAVER $ SAVE REGISTERE
0A07 01120A &1 LXI B.SNSIC ;ADR(10OFR)
0A0A 1EO1 &92 MVI E.1 sNO. OF BYTES
OAOC CD210B 693 CALL CMND 3 ISSUE COMMAND
O0AOF DALEOA &94 JC RETOR SQUIT IF ERROR
0Al12 CO300B 695 CALL RSULT $GET RESULTS
OALS CRIEOA &4 MP RETOR S RETURN
0A1S O 497 SNITIC: D[R OgH

A S S L LT P I R S T R R Y Y R

499 3 SAVE REGISTERS ON STACK
700 3
701 3 REGES: HL
702 5 STE PRS: 32
OAl9 EZ 703 SAVER: XTHL $SAVE HL ON ETACK
704 $ HL=ALR (CALLER)
OAlA L[S 705 PUSH r $SAVE DE
OAlB CS 706 PUSH B $SAVE BC
OAIC FS 707 PUSH FEW $SAVE AF
0ALD E¥ 708 PCHL $RETURN TO CALLER
PACARE L L LD LS Ll T X Y X R R R R R SR ey
710 3 RESTORE REGISTERS FROM STACK
711 3
712 3 NORMAL RETURN. CARRY=0
713 3 ERROR RETURN. CARRY=1
714
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Sample Drivers iSBC 208

ISIS-II 2080/8085 MACRO ASSEMELER. V3.0 MODULE FAGE 14
LoC  0OBJ LINE SOURCE STATEMENT
715 3 REGS: CARRY
714 3 STK PR3: -4
QOALE DAZ70A 717 RSTOR: JC RETC SRESTORE WITH CARRY=1
0AZ1 F1 712 FOFP PSW SRESTORE WITH CARRY=0
0AZ2 327 719 &TC
0AZ3 3F 720 CMC
0AZ4 C22P0A 721 JMP RSEDH $RESTORE E.IH
0A27 F1 722 RETC: FOP FzW
QAZE 27 723 STC
DAZY C1 724 RSBDH: POP B SRESTORE BC
0AZA 1 725 FoP o $RESTORE DE
OAZB E1 726 FOF H SRESTORE HL
OAZC C¥ 727 RET SRETURN TO USER
T22 5 HENH RN H NI I N I NN
729 3 DATA TRANSFER COMMAND ROUTINE
730 3
731 3 CALLING SEGUENCE
732 3 CALL SAVER
733 % BC=ADR(IOFE)
734 3 DE=ADR(DATA)
735 3 L=MMMCCCCC WHERE MMM=MTMFZK MAZK
736 3 CCCCt=FDC COMMAND
727 3 H=RWNNNNNN WHERE R=2237 RO BIT
738 3 W=2237 WR EIT
73% 3 NNNNNN=NC. OF BYTES IN COMMAND
740 ;5 JIMP DTRN1
741 3 OR
742 s BC=ADR( IOFR)
742 3 L=MMMCCCCC WHERE MMM=MTMFZK MASE
744 3 CCCCC=NCD. OF BYTES IN COMMAND
745 3 H=XXNNNNNN WHERE XX=DON“T CARE
746 3 NNNNNN= NO. OF BYTESZ IN COMMAND
747 3 JMP DTRNZ
748
74% 3 NORMAL RETILIRN. CARRY=0 (NZ)
730 3 ERROR RETURN. CARRY=1 ()
731 3
792 3 REGS: ALL
733 5 STK PRS: 9+CONQ
OAZDN 0A 754 DOTRN1: LDAX E 3MT > MF, SK
OAZE FS 7335 FUSH FPSW $SAVE MT, MF, Sk
0AZF CS 75& PUZSH E s SAVE ADR(IOFE)
QA320 ES 757 FLUZH H 3 SAVE FARAMETERSE
OAZ1 OIS 758 PUSH I s SAVE ADR(DATA)
759 § SEEK
0A32 COC&OP 760 CALL SRO10 5 SEEK
OA3S DZ2410A 761 JNC D7To10 SJUMP IF OF
Q0AZ8 E1 7&2 DTOOS:  POF H s ERROR
0AZ? D1 7632 FOP D 3 IN
QAZA C1 764 FOaP B 5 SEEK
QOA2B F1 763 POF FZW sRESTORE
OAZC 02 7 L6 STAX B $MT. MF, Sk
QA3D 27 767 s5TC
OAZE CZIEOA 768 AMP STOR SRETURN WITH CARRY=1

746% 3 CALCULATE SECTOR SIZE
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iSBC 208

ISIS-11

2080/82085 MACRO

oBJ

210600
o9
SE
210200
09
7E
B7
C2550A
218000
C3600A
210001
3D
CA&LOOA
29
case0A
7B
54
SD

3D
CALROA
19
CE630A

LINE

770
771
772
773
774
775
77&
777
77¢
779
730
781
782
783
724
735
786
787
78a
7a9
790
771
792
793
794
793
796
737
79
799
200
801
g02
203
204
203
206
207
808
209
210
=11
g1z
813
g14
213
gié
217
gie
g19
820
821
g2z
a2

24

Sample Drivers

ASSEMBLER. V3.0 MODULE FAGE 15
SOURCE STATEMENT
oTQi10: LXI H: &
DTO1S:  DAD E $ADR(NSEC)
MoV E.M 5 SAVE NSEC
LXI H.2
DAD E s HL=ADR(N)
MOV AsM sA=N=(0 TO )
ORA A $ N=0Q7?
JNZ DTOZO $ND
LXI H» &0H $YES, SET SECTOR $IZE=128
JMF oTo40
nToz20:  LXI H, 254 s HL=RASE SECTOR ZIZE
DTO20:  DCR A s DONE™?
JZ nTo40 $YES, HL=SECTUOR SIZE
DAL H $NO, DOUBLE THE VALLE
IME OTaz0
nTa4o0: MOV AE SRECALL NIEC
MOV H 3 SAVE
Mav E.L SSECTOR SIZE
3 MULTIPLY SECTOR SIZE BY NSEC
DTO42:  DCR A 3 DONE?
Wz OTo4s $YES
DAD i $NO, ADD ANOTHER SECTOR SIZE
MP nTo4z $CHECK AGAIN
pTo45: DCX H SHL=(SECTOR SIZE) # NESEC-1
5 SET WP DMA CONTROLLER'
XCHG $DE=S2237 WORD COUNT
ol sDISABLE INTERRUFTS WHILE
s PROGRAMMING 8237
auT DCLFL sCLEAR F/L F/F
MOV AE
oauT OMWCO S FROGRAM LSEB OF COUNT
Mav A.D
ourr [IMWCQ s PROGRAM MEZB OF COUNT
FOF D sRESTORE ADR (DATA)
MOV AE
QuT DMARO $FROGRAM LER OF ADDRESS
MOV A I
auT OMARQ s PROGRAM MR OF ADRDDRESS
POF H s HL=FARAMETERS
MVI A, OCOH  TMASK FOR RO, WR BITE
ANA H $A=RILWR BIT
RAR SPOSITION
RAR 3 RD
RAR : WR
RAR H BIT
MVI 0. OMAMD, s OMA MODE WORD
CRA n c30R RD/WR EBIT WITH MODE WORD
oauT OMODE FEET MODE
XRA A s DMAC MASK VALUE
auT OMK SR SENABLE DMA TRANSFER ON CH. O
EI $ RE~ENABLE INTERRLIFTS
FOP B IRESTORE ADR(IOPE)
POF FEW $ RESTORE
BTAX B SMT . MF, Sk

5 COMMANLD FLo
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Sample Drivers

ISIS-II 8080/8035 MACRO

Lac

0A%1
OADZ
0A93
OA%4
O0AP6
OA%7
0APS
OAPA
QOAYE
0A/YC
OAPF
0ARZ2
0AAS
OAAL
0AA7
OAAS
0AAY

OAAC
OAAF
OABZ
OAB3
OAE4
0ABS
OAR&

OARY
OABC
OARF
0ACO
OAC1

A-30

B

SF
COO30R
DAASOA
C29C0A
c1
o1
7A
10)74
C21E0A

CD190A
CDCaoA
2F
SF
0OA
A3
C3C20A

cnivoA
COC20A
SF
0A
B2

LINE

825
8zé&
827
2828
229
230
831
gaz
333
8324
835
az6
237
a8z8
2839
240
241
842
243z
844
2345
246
247
843
249
250
51
852
253
254
8355
a5
857
25
899
240
261
&62
263
S4649
865
8&&
2867
268
8479
870
271
272
a7z
374
a7s
27&
877
273
g7%

iSBC 208

ASSEMBLER. V3.0 MODULE PAGE 14

SOURCE STATEMENT

3 REGS: ALL
3 §TK PRS: 7 + CONO

OTRNZ: LDAX B 5 A=MT, MF, SK
PUSH FSW $SAVE MT,MF, 8K
PUZH B $SAVE ADR(MT. MF, SK)
ORI 1FH $ INCLUDE MASK FOR COMMANI
ANA L $ MASKMT » MF » SK», COMMAND
STAX R s STORE COMMANLD .IN IOFR
MVI A, 3FH sMASK FOR NO. OF BYTES
ANA H $MASK QUT RD/WR RITS
MOV E.A $NO. OF BYTES

TOS0:  CALL CHMNDS s COMMAND SERIAL OFPERATION
JC DTQ&0 SQUIT IF ERROR
JNZ OTosSo $WAIT IF FOC BUSY

DTO&0:  POP B SRESTORE ADR(MT,MF, SK)
POF o $RESTORE MT,MF,SK
MOV A,D sWHILE PRESERVING
STAX ] $ CARRY FLAG
JMP RETOR $NORMAL RETURN

R 2 Ry R e A R T L S T T e )
$AUXILIARY PORT RESET-A-BIT SUBROUTINE

3 CALL AUXRET

H BC=ADR (CONTROL BYTE)

H E=CONTROL RIT (0 TO 3).REMAINING RITS (4 TQ 7)
3 MUST =0

H RETURN W/CARRY=0

s REGS: F
¢ STK PRS: 4
AUXRST: CALL SAVER  3$SAVE REGISTERS

CALL SLECT  3$SELECT CONTROL LINE

CMA ,
MOV E.A s RESETS
LDAX B s SELECTED
ANA E s BIT

JIMP EXRTN  $RETURN

£ R I B 0 I R B I I R R M R
$AUXILIARY FORT SET-A-BIT SUBROUTINE

B cAaLL AUXSET

H BC=ADR (CONTROL BYTE)

E=CONTROL EIT (O TO 3),REMAINING BITE (4 TO 7)
MUST=0

RETURN W/CARRY=0
STK PRS: 4

UXSET: CALL SAVER s SAVE REGISTERS
CALL SLECT $SELECT CONTROL LINE

H
H
H
3
3 REGS: F
3
A

MaV E.A $ SAVE MASK
LOAX B $GET CONTRCOL BYTE
ORA E $SET SELECTED RIT



iSBC 208

ISIS~-II 8080/8085 MACRO

OALll
OAD4
OADS
OAD7
QADE
0ADY
OADR
0ADC

OADF
QAE1L
QAE4
OAES

OAE7
OAES
OAE?
OAEA
OAEB
OAEC
OAEE
OAEF

C2CBOA
cy

CD1%0A
7B
E&FO
SF

OA
E&OF
B3
C3C20A

eSO
C3E4L0A
JE40
F3

LINE

880
es81
282
ea3
284
a5
eas
887
gaa
8389
a90
891
a9z
893
894
895
896
a97
898
899
900
901
902
903
904
05
9206
907
208
909
910
911
912
913
914

915
916
917
918
919
920
921
922
923
o924
925
926
927
928
929
230
931
oz2
933
224

ASSEMBLER. V3.0

SOURCE STATEMENT

EXRTN: STAX
auT
JMP

?

SLECT: INR
MVI

L0102 RLC
DCR
JNZ
RET

B
AUXP
RSTOR

E
A, 80H

E
SLo1o

Sample Drivers

MODULE FAGE 17

sUPDATE CONTROL BYTE
3 SEND COMMANL

SRESTORE REGISTERS

s1 TO 4

$CORRECT LINITY
$NO

R T s ey
SAUXILIARY PORT ADDRESS BRITS (14H TO 17HD

uE us us s

e ws wn

sREGS: F

$STK PRS: 4

AUXADR: CALL
MOV
ANI
mMav
LDAX
ANI
CRA
JMP

RETURN W/CARRY=0

SAVER
AE
OFOH
E.A

E

OFH

E
EXRTN

BC=ADR (CONTROL 'RYTE)
E=PAGE NQ. IN HI NIBBLE (RITS 4 TO 7),

LO NIBELE (BITS O TO 3) DON‘T CARE

NIBBLE
$GET CONTROL EBYTE
sMASK PAGE BITS
$PUT PAGE INTO CONTROL RYTE
s RETURN

§ 330 I 30 3 3 030 0 3033 0 30303 I I A I H I I I W I I H W R HRRIHS

uE G wm uB us us ue

CALL

“s us wx ve

REGS: AF.E
5 STK PRE: ©
OMARLD:  MVI

OMAWR: MVI
DMAST: DI

LEVEL 1 ROUTINES ,
USER CALLABLE THRU JUMFP TABLE
USE ALL REGISTERS

DMA SET ROUTINE
BC=COUNT
DE=ADDRESS

OMARD OR DMAWK

A, RO
OMAST
A:WR

L, DiMAMD
I
LMODE

$TURN ON 28237 RD BIT

STURN ON 2237 WR EIT
sOISARLE INTERRUPTS WHILE
s FROGRAMMING THE &237
s SAVE ADDRESS
SPOSITION
RD
WR
BIT
sOMA MODE WORD
SOR ROVWR BIT WITH MODE WORD
$SET MODE

s us ge

A-31



Sample Drivers iSBC 208

ISIS-II 2080/3085 MACRO ASSEMBLER. V3.0 MODULE PAGE 1=
LOC GBJ LINE SOURCE STATEMENT
0AF1 D1 935 FOP D $ RESTORE ADDRESST
OAF2Z 79 926 MOV A.C
OAF3 D301 937 ouT DMWCO $ PROGRAM LSB OF COUNT
OAFS 78 peci-] Mav AR
0AF6 D301 939 auT DMWCO s PROGRAM MSB OF COUNT
OAF8 7R 940 Mav AE
OAF9 D300 941 auT DMARO s PROGRAM LSB OF ADDRESE
OAFR 7A 942 MQV A D
QOAFC D300 943 ouT DMARO $ FROGRAM MSB OF ADDRESS
OAFE AF 44 XRA A s DMAC MASK VALUE
OAFF D30A 945 ouT DMKSR $ENABLE DMA TRANSFER
OBRO1 FBE Y44 EI $RE-ENABLE INTERRUPTS
oBo2 C9 247 RET

DAG 3 3 H IR 3 I3 I I3 I IR N RHEF

249 3 COMMAND PHASE ROUTINE
50 3
@51 3 CALLING SEQUENCE
952 3 BC=ALDR(IOPB)
9o 5 E=# OF RYTES IN COMMAND
954 3
755 3 CALL CHMNDIS s COMMAND SERIAL OFERATION
956 3 OR
957 3 CALL CMNDF $ COMMAND PARALLEL OFERATION
9332 3 OR
DIV 3 CALL CMNL $ LUINCHECKED COMMANL COUTFUT
R0 3
761 3 ERROR RETURN. CARRY=1 (C)
62 3 BUSY RETURN, ZERCO FLAG=0 (NZ). CARRY=(Q (NC)
P2 3 REGE BC, E PRESERVED FOR WAIT LOOFING
464 3 NORMAL RETURN. ZERC FLAG=1 (Z). CARRY=0 (NC)
265 3
@66 3 NOTE: THE 8272 FOC IS EITHER IN THE REALD/WRITE MOLDE OR
7 3 THE SEEK MODE. AND THESE TWO MODES ARE MUTUALLY
P63 3 EXCLUSIVE.
EL
P70 § REGS: ALL
P71 3 STK PRI 4+CONQ
972 %
w73 3 COMMAND SERIAL OPERATIONS
P74 3 I.E. COMMANDS THAT QOFERATE IN THE REAL/WRITE
973 3 MODE OF THE ©272 ANDV/OR COMMANDS THAT
976 3 MUST CHECK FOR FDC BUSY AND FOR ANY FDD
977 % SEEKING
@78 3 E.G. READ DATA. READ DELETELD DATA, WRITE
979 3 DATA. WRITE DELETED DATA. READ A TRACK.,
FEO 3 SCAN EQUAL., SCAN LOW OR EQUAL, SCAN HIGH
P21 3 OR EGUAL., REALD IO, FORMAT A TRACK. AND
PE2 3 SPECIFY
983 3
OBOZ DEI1O Y84 CMNDS: IN FOCST $GET MAIN FRC STATUS
OBOS E&4IF 985 ANI 1FH $FOIC BUSY OR FOC IN SEEE MODEY
0BO7 CO Yaé& RNZ $YES, RETURN W/ZERQ FLAG=(0, AND
37 3 CARRY=0
QRO C3IZ10R e JIMF CMND $NO. START COMMAND QUTRUT
EAC

A-32



iSBC 208

ISIS-II |O080/8085 MACRO
Lac  oRd LINE
@0

91

w2

993

w94

e

@b

QOROEB DR10O 97
OBOD &F 993
OROE E&10 2474
1000

QR10 CO 1001
1002

OBi1 O3 1003
OB12 OA 1004
OR1Z OR 1005
OB14 E&O3 10064
OBl1& 57 1007
OB17 14 1002
oR1g 2ESO 1002
OB1A 07 1010
QRIR 15 1011
ORI C21A0B 1012
OR1F A5 1012
ORzZ0O CO 1014
1015

1014

1017

101

101%

1020

1021

OBZ1 F2 1022
1023

QBZ2 CDSROR 1024
OB25 D= 1025
QBZ2é& OA 1026
QBZ27 D211 1027
OR29 03 1028
0OB2A 1D 102%
ORZR C22Z20B 1030
OBZE FB 1031
OBZF C% 1032
1033

1054

1025

1026

1037

1038

1039

1040

1041

1042

1043z

1044

Sample Drivers

ASSEMBLER. V3.0 MODLILE FAGE 19

SOURCE STATEMENT

COMMAND FPARALLEL UPERATIGNS

H I.E. COMMANDES THAT OFPERATE IN THE SEEK MODE
H OF  THE 2272 AND/OR COMMANDE THAT Mus
H CHECK FOR FLOC BUSY  AND FOR SPECIFIELD
H FOLIN SEEMING
H E.G. SEER. RECALIBRATE, SENSE DRIVE STATUS
CMNLDP: IN FLCET SGET MAIN FOC STATUS
MOV L.-A 3BAVE FOC STATUS
ANI 10H sFOC RUSY? (I.E. 1S FOC IN
'3 REAL/WRITE MODE?)
RNZ $YES, RETURN W/ZERC FLAG=0, AND
3 CARRY=0
INX B 3ADR (UNIT SELECT BYTE)
LIOAX R sA=HD. LS BYTE
ncx B sRESTORE FOINTER
ANI 03H $A = US=0 TO 2
MQav 0. A s DI=LiE
INR u} sh=1 TO 4
MVI A, B0H
CMO10:  RLEC SEHIFT MASE TO NEXT HIGHER UNIT
DCR I S DONE?
JNZ CMa10 NG, CONTINUE
ANA L $YES, 1% FIRDN SEEKING?
RNZ $YES, RETURN W/ZERD FLAG=Q, AND
3 CARRY=0(
FNO, START COMMANLD OUTPUT
5 COMMANDSE THAT DD NOT CHECE FOR FOCO BUSY OR ANY
§ FDO SEEKING ‘
H E.G. SZENSE INTERRUFT STATUS
CMNLE oI sOISABRLE INTERRUFPTS WHILE
'3 PROGRAMMING THE 3272
CMO20: CALL ROYL $ I8 FDO READY FOR COMMAND
RC FND. ERROR, CARRY=1
LDAX 2] SYES, A=RYTE FROM IOFE
auT FoopT SSSEND BYTE TOQ FOO DATA PORT
INX E s BUMF FOINTER
OIZR E s DONE
NZ CMOZ0 SNCL, CONTINUE
EI 5YES, RE-ENABLE INTERRUFTSZ
RET $NORMAL RETURN, CARRY=0. AND

'3 ZERQ FLAG=1
BB 3 I I 3R 3 B S B B S 3 3 36 SR 3 3
RESULT PHASE ROUTINE

CALLING SEQUENCE

CALL REILT
NORMAL RETURN. CARRY=(0

C=NO, OF BYTES FOUND

RESMN.T BYTES STORED IN BRUFFER
ERROR RETURN, CARRY=1

"
?
-
7
-
L
=
?
.
?
»
?
-
?
»
?
-
*
-
?
-
?



Sample Drivers

ISIS-II 2080/8035 MACRO

LoC

A-34

oRJ

Ca730B
ci
cy

46444320
435525220
2044424F
20434920
494E2043
4D4EA4420
50424153

44444320
43T2T22C
2044494F
204C4F20
494E2052
SI5T4CE54
20504841
5345

446444320
5245454B
2F415454
4E20494E

46484320
492F4F20
494E54
00

0A

00
46444320
53454545
20455252
00

oA

LINE

1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114

1115

1116&

1117

1115

ASSEMBLER, V3.0
SOURCE STATEMENT
3 REGS: AF.HL
3 STK PRS: 2Z2+CONO
MESSG:  PUSH B
MSOi10: MaV AM
ORA A
JZ MS020
MOV C.A
CALL CONO
INX H
JMF MS010
Msoz0: POP B
RET

= e
@
)
o
2

MEG20:

MSG20s:

MEG40:

MZGS0:

DE “FDC ERR,

DB “FDC ERR, DIC LO IN RSULT PHASE’,ODH,0AH,O

MODULE PAGE 21

$SAVE BC

sEND OF MESSAGE?Y

5YES

$NO, OUTPUT NEXT CHAR
s CONSOLE QUTPUT

5 CONTINUE
$RESTORE BC

OIO HI IN CMND PHASE®.OQDH, OAH, O

DR “FOC SEEK/ATTN INT,0,0AH,0

DB “FRC I/0 INT”

0. 0AH, 0

OB “FDC SEEK ERR”,0,0AH,0

iSBC 208



iSBC 208 Sample Drivers

ISIS-II 8080/8083 MACRO ASSEMBLER. V3.0 MODULE FAGE S0

Lac OBJ LINE SOURCE STATEMENT

1045 ; REGS: AF.BC,HL
10446 3 STK PRES: 3+CONO

OB20 2A4E0Q 1047 RSULT: LHLD ARSEF sHL=ADR (RESULT BUFFER)
0B33 QEOO 1048 MVI C.0 $ INITIALIZE BYTE COUNT
OB35S 32AS308 1049 R5010: LDA LELAY SALLOW &272 TIME
OB38 3D 1050 R5015: DCR A 5 TO CHANGE
OR339 C2Z380R 1051 JNZ REO1S 3  FDC STATUS
OB3C [DB1O 1052 RS0O17:  IN FOCST $A=FOC STATUS
OB3E 47 1053 MOV E.A $SAVE FLOC STATUS
OB3F E&10 1054 ANI 10H SMORE RESULT BYTES? STILL BUSY?
OB41 C8 1055 RZ $NO. NORMAL RETURN
1056 SNOTE: CARRY=0 FROM "ANI"
0B4z 78 1057 MOV AR $YES. RESTORE STATUS
0B43 07 1058 RLC sREM (READY) HIGH?
OB44 D23COE 1059 JNC RE017 NG, KEEF WAITING
OB47 07 1060 RLC $YES, DIC=0UTPUT™?
OB48 DASZOER 1061 JC REOZ0 s YES
OB4B 21AZ0B 1062 LXI H»MSG20 $PRINT OUT "DIO LO IN RESULT #
OB4E CLD720E 1063 CALL MESSG 3 PHASE" ERROR MESSAGE #
OBS1 37 10464 STC $SET CARRY TO
OoBS2 C% 1065 RET 5 INDICATE ERROR
0oBS3 DB11 1066 R30Z20:  IN FOCDT $GET RESULT BYTE FROM FLOFPY
OBSS 77 1047 May M. A $STORE BYTE IN MEMORY
OBS6 23 10682 INX H s BUMP POINTER
OBS7 OC 1069 INR C s BUMP COUNT
OB58 C3350B 1070 JMP RSC10 3130 BACK & CHECK FOR MORE BYTES

1071 5333303000 R332 3 H I S R R H S FH R HEFF RS R

1072 3 READY FOR COMMAND SUBROUTINE
1073 3
1074 5 CALLING SEQUENCE
1075 s CALL RDYC
107¢& 3
1077 3 NORMAL RETURN, CARRY=0
1078 s ERROR RETURN, CARRY=1
1079 3
1080 3 REGS: AF,HL
10281 5 STK PRS: 3+CONOD
OBSB 2A5308 1082 ROYC: LIDA DELAY SALLOW 2272 TIME
OBSE 3D 1023 RYO10: DCR A 5 TO CHANGE
OBSF CZSEOR 1084 JNZ RYO10 i FDC STATUS
oB&2 DELO 1085 RYO20: IN FoCs $GET FDC STATUS
OB&64 07 1086 RLC $ 1S RGM (READY) HIGH?
OB6S D2620B 1087 JNC RYQZ0 SNCH, WAIT UNTIL IT IS
oB&8 07 1o0aa RLC sYES, DIO=INPUT?
0B&9 DO 1089 RNC $YES, FDC READY FOR COMMAND
OB&6A 21820R 10920 LXI H, MEG10 3NO, ERROR #
oB&6D CD720B 1091 CALL MESSG $"0I0 HIGH" #
OB70 27 1092 s8TC $SET CARRY TO
OB71 C9 1093 RET 5 INDICATE ERROR
1094 3
1095 3 MESSAGE SUBROUTINE
1096 3 (FROM THIS FOINT TO THE END OF THE FROGRAM CAN
1097 3 BE ELIMINATED WHEN ERROR MESSAGES ARE NO LONGER
1092 3 REGUIREL)
1099 3 HL=ADR (MEZSAGE),NOTE: LAST RYTE MUST EUAL ZERO



Sample Drivers iSBC 208

ISIS-11 2080/8085 MACRD ASSEMELER, V3.0 MODULE FAGE 2z
Lo 0BdJ LINE SOURCE STATEMENT
OEBFZ 00

OBF4 46444220 1119 MSG&O: DR “FOC I/70 ERRY,0,0A/H, 0
OBFZ2 492F4F20
QBFC 455252
OBFF 00
oCo0 OA
QCol 00
1120 END

FUBLIC SYMBOLS

AUXADR A OAD1 AUXP A 0012 AUXRST A OAAC AUXSET A OABRY BASE A 0000 DCLFL A 000C OMARO A 0000
DMAR1 A 0002 OMARZ A 0004 DMAR3 A 0004 DMASK A QQOF OMCLR A 000D DMKSR A Q00A DMODE A 00QOR
DMRG A 0009 OMSR A 0008 OMTR A QOOE DMWCO A 0001 OMWCL A Q003 DMWC2 A Q00S OMWC2 A 0007
FDCDT A 0011 FDCST A 0010 FRMTK A 0%94E INIT A 0718 INT20 A 038D1 PRSLT A 0SEL RDODD A 0933
RDID A 0965 ROTRK A 094E READ A 092A RECAL A O%A3 SCNEG A Q988 SCNHE A 099A SCNLE A 0991
SEEK A O9BA SEGHI A 0015 SEGLO A 0014 SFTRS A 0013 SNSDS A OYEA SNSIS A QAD4 SPCFY A 0903
WRITE A 093C WRTOD A 0945

EXTERNAL SYMBOLSZ

USER SYMBOLES

ARSBF A OB4E AUXADR A 0AD1 AUXP A 0012 AUXRET A OAAC AUXSET A OARY BASE A Q000 CMNLD A 0B21
CMNDP A OBOB CMNDS A OBO3 CMO10 A OBLA CMO20 A OB22 CONO A 03350 DCLFL A Q00T DELAY A 0853
DMAMD A 0040 DMARO A 0000 DMAR1 A 0002 DMARZ A 0004 OMARZ A 0006 DMARLt A OQADF DMASK A QQOF
DMAST A OAES DMAWR A OAE4 DMCLR A 000D DMKSR A OO00A DMODE A 000B OMRGQ A Q00 DMSR A 0008
DMTR A OOCE DMWCO A 0001 DMWC1 A 0003 DMWC2 A Q005 OMWCZ A 0007 OTOOS A 0A3S DTO10 A OA41
DTO1S A 0A44 DTO20 A 0ASS DTO30 A CASE OTO40 A QA&D DTO42 A DAL DTO45 A OA4E DTOSO0 A OARC
DTO&0 A OAAS DTRN: A OA2D DTRNZ2 A 0A%1 ECQIC A Q020 EXRTN A OACZ FOCDT A 0011 FOCST A 0010
FRMTK A O0%94E ICCP A 00DA INIO A 091E INIT A 0918 INT10 A 08355 INTZ0 A o201 ITOOZ A Q26T
ITOO8 - A 0895 ITO10 A 08B1 MESSG A OR72 MEGIO A OB2Z MSGZ0 A OBRAZ MEGI0 A OBCE M3G40 A OBD7
MSG50 A OBES MSG&0 A OBF4 MSO10 A OB72 M2020 A 0OBSOQ PROOS A 0BE& PROL1O A 0704 PROZ0 A 0908
PRO30 A 0913 PRSLT A OBE1 RD A 0020 RODL A 0932 ROID A Q945 ROTREK A O%4E ROYC A OBSE
READ A 092A RECAL. A 09A3 REGF A 7F30 REQ1IO A OPAE REBDH A 0AZ2Y RE010 A OB3S RE01S A 0B3RS
RS017 A OB3C RSO20 A OBS53 RSTC A OAZ7 RETOR A OALE RSULT A OBR20 RYCQ1Q A OBSE RYOZO0 A OB&Z
SAVER A OA1% SCNEQ A 0938 SCNHE A 09%A ZCNLE A 0991 SDOIO A Q9FS SEEK A OJBA SEGHI A Q013
SEGLO A 0014 SFTRS A 0013 SKO10 A 0906 SKO2Z0 A O9CE SLECT A 0ACE SLO10 A OACE SNEDS A OPEA
SNSIC A 0Al8 SNSIS A 0A04 SPC10 A O9[DE SPCFY A 09D USTACK A 7F320 VER A 0010 VERSIO A 0854
WR A 0040 WRITE A 093C WRTDD A 0945

ASSEMBLY COMPLETE. NO ERRORS



APPENDIX B
iSBX™ MULTIMODULE™
BOARD INTERFACE

B-1. INTRODUCTION

The iSBC 208 Controller is designed to accept a
single- or double-wide iSBX Multimodule board. The
iSBX Multimodule board installed on the controller
is accessed by the host processor directly through the
Multibus interface; the controller dedicates two of its
DMA channels (DMAC channels 2 and 3) to the
iSBX board to provide direct memory access between
the iSBX board and system memory. The physical
interface between the parent iSBC 208 Controller and
the installed iISBX Multimodule board is provided
through a 36-pin connector. For specific information
on an individual iSBX board, refer to the corre-
sponding iSBX Multimodule board hardware
reference manual.

B-2. INSTALLATION

Physical installation of the selected iSBX
Multimodule board on the controller is described in
the corresponding iSBX Multimodule board hard-
ware reference manual. Table B-1 defines the iSBX
Multimodule board signals on the controller’s J3
connector.

B-3. CONFIGURATION

As noted in table B-1, the iSBC 208 Controller
includes a number of jumpers that must be installed
to enable the corresponding signals on the con-
troller’s J3 connector. Note that none of the jumpers
are installed at the factory. The following subsections
define the jumper functions for the Multimodule
board DMA channels and system interrupts.

B-4. DMA Channels

Channel 2 of the DMAC is reserved exclusively for
the iISBX Multimodule board; the channel 2 DREQ
(DMA Request) and DACK (DMA Acknowledge)
signals are permanently routed to the J3 connector,
and no jumpers are required. If an end-of-process
(EOP) signal is required by the iSBX Multimodule
board to indicate when the channel 2 DMA transfer
is complete (i.e., DMAC channel 2 word count
register decrements to zero), a jumper must be in-
stalled between jumper post E15 (OEOP) and either
jumper post E16 (OPTO signal line on J3-30) or
jumper post E14 (OPT1 signal line on J3-28).

Channel 3 of the DMAC is available to the iSBX
Multimodule board; the channel 3 DACK and DREQ
signals must be jumpered on the controller to route

Table B-1. J3 Connector Pin Assignments

Pin Signal Function Pin Signal Function
1 +12v +12 volts 19 MD7 Multimodule Data Bit 7
2 -12V —12volts 20 MCSt1/ Multimodule Chip Select1
3 Gnd Logic Ground 21 MD6 Multimodule Data Bit 6
4 +5V +5volts 22 MCSo0/ Multimodule Chip Select 0
5 MRESET Multimodule Reset 23 MD5 Multimodule Data Bit 5
6 MCLK Multimodule Clock 24 Reserved
7 MA2 Multimodule Address Bit 2 25 MD4 Multimodule Data Bit 4
8 MPST/ Muitimodule Present 26 TDMA* Terminate DMA
9 MA1 Multimodule Address Bit 1 27 MD3 Multimodule Data Bit 3
10 Reserved 28 OPT1* Optional Signal 1
1" MAO Multimodule Address Bit 0 29 MD2 Multimodule Data Bit 2
12 MINTR1* Multimodule interrupt1 30 OPTO* Optional Signal 0
13 IOWRT/ 110 Write 31 MD1 Multimodule Data Bit 1
14 MINTRO* Multimodule interrupt 0 32 MDACK/ Multimoduie DMA Ack.
15 IORD/ 1/0 Read 33 MDO Multimodule Data Bit 0
16 MWAIT/ Multimodule Wait 34 MDRQT Multimoduie DMA Request
17 Gnd Logic Ground 35 Gnd Logic Ground
18 +5V +5 volts 36 +5V +5 volts

*Signal requires jumper connection on controller board.

B-




iSBX Multimodule Board Interface

the signals to the J3 connector. The DACK3 signal
(ODACK) appears on jumper post E13, and the
DREQ3 signal (ODREQ) appears on jumper post
E12. These two signals must be connected to jumper
posts E16 (OPTO signal line on J3-30) and El4
(OPT1 signal line on J3-28).

NOTE

Since DMAC channel 3 requires the use of
both the OPTO and OPT1 optional signal
lines, the EOP signal from the DMAC to
the iSBX Multimodule board cannot be
supported.

If the iSBX Multimodule board includes logic to
externally terminate a DMA transfer, a jumper must
be installed between jumper post E1 (TDMA signal
on J3-26) to jumper post E3 (external EOP input to
the DMAC).

B-5. INTERRUPTS

There are two interrupt signals available on iSBX
Multimodule board interface connector J3, MINTRO
on J3-14 and MINTRI1 on J3-12. These signals are
routed to the controller’s interrupt jumper matrix
(jumper posts E80 and E81, respectively) and must be
connected to the desired Multibus interface interrupt
level-according to the following table.

iSBC 208

170 ports reference the same 1/0 base address as the
controller and are numbered port addresses 20
through 2F (hexadecimal). To address the additional
170 ports, a 6-bit I/O port address is required (the
controller only requires a 5-bit port address); the 170
base address must be located on a 64-port boundary,
and 170 base address bit 5 is irrelevant.

B-7. PORT ASSIGNMENTS

The 16 1/0 ports assigned to the iSBX Multimodule
board are divided into two groups of eight ports by
the two Multimodule chip select signals (MCS0/ and
MCS1/). The individual port addressed within the
group is determined by Multimodule address bits 0
through 2 (MAO-MA?2). Table B-2 defines the iSBX
Multimodule port assignments; refer to the corre-
sponding iSBX Multimodule board hardware refer-
ence manual for the specific I/0 port functions.

Table B-2. 170 Port Assignments

Interrupt Jumper Jumper Interrupt
Signal Post Post Level

E89 INTO/
E88 INT1/

MINTRO E80 E87 INT2/
E86 INT3/
E85 INT4/
E84 INTS/

MINTR1 E81 E83 INT6/
E82 INT7/

Note that the interrupt level selected must not have
been previously assigned to another bus.master.

B-6. PROGRAMMING INFORMATION

When an iSBX Multimodule board is installed on the
controller, host processor communication is
accomplished through a set of 16 1/0 ports. These 16

B-2

iSBX Board Signal Levels
1/0 Port Address
(Hexadecimal) | MCS1/|] MCS0/| MA2 | MAt1| MAO
20 0 0 0
2 0 0 1
22 0 1 0
23 1 0 0 1 1
24 1 0 0
25 1 0 1
26 1 1 0
27 1 1 1
28 0 0 0
29 0 0 1
2A 0 1 0
2B 0 1 0 1 1
2C 1 0 0
2D 1 0 1
2E 1 1 0
2F 1 1 1

B-8. PROGRAMMING THE DMAC

Programming the DMAC is described in sections 3-3
through 3-12 of this manual.



APPENDIX C
DRIVE INTERFACES

C1. INTRODUCTION

The following tables (tables C-1 and C-2) define
specific drive interfaces for a number of standard-
and mini-sized drives that are compatible with the
iSBC 208 controller. In the tables, a drive interface
pin number appearing in an individual drive column
indicates that the signal function and pin assignment
on the controller interface connector are the same on
the drive interface connector.

C-2. USING THE TABLES

As an example of how the tables are used, assume
that four Micropolis 1015 mini drives are to be inter-
faced to the controller. Referring to the Micropolis
1015 column in table C-2, note that a (common)
HEAD LOAD signal is required on pin 2, a MOTOR
ON signal is required on pin 16, the drive select signal

for the fourth drive is required on pin 34, and that all
of the remaining interface signals are directly pin-to-
pin compatible.

Referring to the controller schematic in Chapter 5, to
configure the controller to provide a HEAD LOAD
signal on pin 2 of connector J1, the jumper between
posts E31 and E32 (see sheet 7 of the schematic) is
removed, and a jumper is installed between posts E32
(the source of the HEAD LOAD signal) and E10 (pin
2 of connector J1); see sheet 3 of the schematic.
Again referrring to sheet 3 of the schematic, to
provide a MOTOR ON signal on pin 16, a jumper is
installed between the selected auxiliary port bit (see
section 2-14) on jumper post E11, E9, E7, or E2, and
jumper post E6 (pin 16 of connector J1). To provide
a fourth drive select signal, the factory-installed
jumper between posts E21 and E22 (TWO SIDEDY/)
is removed, and a jumper is installed between post
E20 (the controller’s DRIVE SELECT 3/ signal on
sheet 7) and post E21 (pin 34 of connector J1).

C-1/C-2
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Drive Interfaces

Table C-1. Standard 8-inch Drive Interface Pin Assignments
Controller Interface Connector J2 . Siemens
Shugart Calcomp cDC Memorex MFE Series Persci Persci Pertec Pertec Qume Remex FDD 200-8
.y e . SA800/850 143M 9406-3 550/552 500/700 70 288 650 5x4 Data Trak 8 2000/4000 FDD 100-8
dignai name Pin r
**LOW CURRENT/ 2 2! L%Efb% Unassigned | Unassigned 2 MOTOR ON Unassigned 2 2 Unassigned 2 2
*HEAD LOAD 2/ 4 Unassigned L%E\%DS Unassigned | Unassigned | Unassigned Unassigned Unassigned Unassigned Unassigned Unassigned Unassigned Unassigned
*HEAD LOAD 3/ 6 Unassigned L|-(|)EAADD4 Unassigned | Unassigned PS‘?X\\IIEER Unassigned |~ Unassigned Unassigned Unassigned Unassigned | Unassigned Unassigned
*User Defined 8 Unassigned TRK 43 Unassigned | Unassigned | Unassigned Unassigned Unassigned WRITE Unassigned Unassigned Unassigned Unassigned
BUSY
**TWO SIDED/ 10 10! 10 10 102 103 SEEK 10 10 Unassigned 10 104 ILLEGALS
) COMPLETE PACK
*User Defined 12 DISK DISK DISK DISK DISK RESTORE DISK DISK Unassigned DISK DISK Unassigned
CHANGE CHANGE CHANGE CHANGE CHANGE CHANGE CHANGE CHANGE CHANGE
SIDE SELECT/ 14 141 HEAD 14 142 148 REMOTE 14 14 Unassigned 14 144 148
LOAD1 EJECT
*User Defined 16 IN USE IN USE IN USE IN USE IN USE POSITION IN USE BUSY Unassigned IN USE IN USE IN USE
PULSES CONTROL
**HEAD LOAD 0/ 18 18 18 18 18 18 18 18 18 18 18 18 18
INDEX/ 20 20 20 20 20 20 20 20 20 20 20 20 20
**READY/ 22 22 22 22 22 22 22 22 22 22 22 22 22
*HEAD LOAD 1/ 24 SECTOR SECTOR SECTOR SECTOR SECTOR SECTOR SECTOR SECTOR SECTOR Unassigned SECTOR SECTOR
DRIVE SELECT 0/ 26 26 26 26 26 26 26 26 26 26 26 26 26
DRIVE SELECT/ 28 28 28 28 28 28 28 28 28 28 28 28 28
DRIVE SELECT 2/ 30 30 30 .30 30 30 30 30 30 30 30 30 30
DRIVE SELECT 3/ 32 32 32 32 32 32 32 32 32 32 32 32 32
DIRECTION/ 34 34 34 34 34 34 34 34 34 34 34 34 34
STEP/ 36 36 36 36 36 36 36 36 36 36 36 36 36
WRITE DATA/ 38 38 38 38 38 38 38 38 38 38 38 38 38
WRITE GATE/ 40 40 40 40 40 40 40 40 40 40 40 40 40
TRACK 0/ 42 42 42 42 42 42 42 42 42 42 42 42 42
WRITE PROTECT/ 44 44 44 44 44 44 44 44 44 44 44 44 44
READ DATA/ 46 46 46 46 46 46 46 46 46 46 46 46 46 46 ‘
*FAULT/ 48 SEPARATED SEPARATED | SEPARATED | SEPARATED | SEPARATED | SEPARATED | SEPARATED | SEPARATED | SEPARATED Unassigned | SEPARATED SEPARATED
DATA DATA DATA DATA DATA DATA DATA DATA DATA DATA DATA
*FAULT RESET/ 50 SEPARATED SEPARATED | SEPARATED | SEPARATED | SEPARATED { SEPARATED | SEPARATED | SEPARATED | SEPARATED Urassigned | SEPARATED SEPARATED
CLOCK CLOCK CLOCK CLOCK CLOCK CLOCK CLOCK CLOCK CLOCK CLOCK CLOCK
*Requires jumper on controller 1850 Only 2552 Only 3700 Only 44000 Only 5200-8 Only

**Jumper is installed on controller




iSBC 208

Table C-2. Mini Drive Interface Pin Assignments

Controller Interface Connector 1 Shugart Shugart BASF cDC Micropolis MPI Pertec Pertec Fg?‘;“foﬂgﬂ Tandon
Signal Name o SA400/450 SA410/460 6106/6108 2400 1015 51/52 FD200 FD250 FOD 10058 TM100
*User Defined 2 Unassigned Unassgined t‘gﬁg Unassigned tigig Unassigned Unassigned Unassigned Unassigned Unassigned
*User Defined 4 IN USE! IN USE Unassigned Unassigned Unassigned IN USE Unassigned BUSY IN USE4 Unassigned
CONTROL
**READY/ 6 Unassigned DRIVE 6 DRIVE 6 DRIVE DRIVE DRIVE DRIVE DRIVE
SELECT SELECT 4 SELECT 4 SELECTS3 SELECT 3 SELECT 3 SELECT3
INDEX!/ 8 8 8 8 8 8 8 8 8 8 8
DRIVE SELECT 0/ 10 10 10 10 10 10 10 10 10 10 10
DRIVE SELECT 1/ 12 12 12 12 12 12 12 12 12 12 12
DRIVE SELECT 2/ 14 14 14 14 14 14 14 14 14 14 14
*User Defined 16 MOTOR ON MOTORON MOTOR ON MOTOR ON MOTOR ON MOTOR ON. MOTOR ON MOTORON MOTOR ON MOTOR ON
DIRECTION/ 18 18 18 18 18 18 18 18 18 18 18
STEP/ 20 20 20 20 20 20 20 20 20 20 20
'WRITE DATA/ 2 2 2 2 22 2 22 22 22 2 2
WRITE ENABLE/ 24 24 24 24 24 24 24 24 24 24 24
TRACK 0 26 26 26 26 26 26 26 26 26 26 26
WRITE PROTECT/ 28 28 28 28 28 28 28 28 28 28 28
READ DATA/ 30 30 30 30 30 30 30 30 30 30 30
SIDE SELECT/ 32 32! 322 328 32 32 32 Unassigned 32 324 32
**TWO SIDED/ 34 Unassigned DOOR IN USE Unassigned DRIVE Unassigned Unassigned Unassigned Unassigned Unassigned
OPEN : SELECT 4
*Requires jumper on controller 1450 Only 2460 Only 35108 Only 4200-5N Only

**Jumper is installed on controller

Drive Interfaces
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