


The Technical Reference Manual for the Tandy 1000 SL describes the
computer hardware components and their relationships to one another, as
well as the BIOS (Basic Input Output Services).

The information in this manual is intended for hardware and software
designers, engineers, programmers, and anyone who requires an
understanding of the design and operation of the computer.

Timing diagrams for devices used in the system architecture, Schematics,
specifications, switch settings and jumpers, and a theory of operation
are provided for the following hardware sections:

Main Logic Board
Devices

Power Supplies
Keyboards

Disk Drives

The Software section contains the following:

A Quick Reference list of software interrupts
(for all device, I/0, and system status services)
Keyboard ASCII and scan codes

An MS5-DOS memory map

The information in this manual is a supplement to and based on a working
knowledge of the following literature:

The 1000 SL Installation and Operation Guide (Packaged with th
computer)

The Intel iAPX 86/88/186/188 User's Manual-Programmers
Reference. Intel order number 210911-003

The Intel iAPX 86/88/186/188 User's Manual-Hardware Reference.
Intel order number 210912-001

AP-67 8086 System Design. Intel order number 230792-001

This Intel literature may be ordered directly from Intel at the followin
number: 1-800-549-4725



Tandy 1000SL
Page Insertion Guide

Important Customer Note:

A gray stripe has been printed along the right edge of the
title page of each of the sections to facilitate your
finding the beginning of the section.

Also, a tabbed divider for each section has been provided
for insertion at this point.

Exploded view: Insert at the end of the Assembly/Dis-
assembly section

. Foldout schematic pages: Insert at the end of the Main
Logic Board section
Schematics C8000302 - Rev B
Sheets 1 of 7 thru 7 of 7
Schematic c8000308 - Rev B
Sheet 1 of 1
. Foldout PCB art: Insert after the Main Logic Board
schematics
Silkscreen 1700378 - Rev B

Layer 1 Component Side
Layer 2 GND Plane
Layer 3 + 5V Plane
Layer 4 Solder Side

Foldout schematic page: Insert at the end of the 67
Watt Single Input Power Supply section

Schematic Model No. 8790085

Foldout schematic page: Insert at the end of the 67
Watt Dual Input Power Supply section

Schematic Model No. 8790084

Foldout keyboard art pages: Insert after the Fujitsu
Keyboard information in the Keyboard section

Keyboard Unit Assembly N860-4703-U001
Block Diagram 4700
Circuit Specification N86C-4700-0001

Circuit Specification N86C-4700-0101



Foldout schematic page: Insert after the Fujitsu Custom
IC Pin Signal sheet 2 of 3 in the Keyboard section

Schematic Fujitsu Custom IC Pin Signals & Function
Sheet 3 of 3

Foldout TEAC schematic pages: Insert after the Section
3 - Maintenance portion of the Disk Drive section

PCBA Front Opt #N FD-55R
Total Diagram FD~55BR/FR/GR
Sheets 1 of 3 thru 3 of 3

PCBA MFD Control #N FD-55BR/FR/GR
Sheets 1 of 2 thru 2 of 2
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Introduction
General Description

The Tandy® 1000 SL is modular in design to allow maximum
flexibility in system configuration. The computer consists of a
main unit, and a detachable keyboard with coiled cable. The main
unit is supplied with one internal 5%-inch 360K floppy disk
drive. The standard types of monitors used with the Tandy 1000 SL
are the monochrome and the color RGB monitor. Since these units
are modular, you can place them on top of the main unit or at any
convenient location.

The Tandy 1000 SL comes standard with 384K of system RAM. An
optional 256K RAM can be added on the system board to expand the
memory to a full 640K bytes, the maximum RAM allowed by the
system memory map.

Other features include a parallel printer port, a serial port,
two built-in joystick interfaces, a speaker for audio output, a
microphone jack, and a headphone jack with volume control.



Specifications Summary

8086 CPU running at 8 MHz, 0 wait state, switchable to 4 MHz
Socket for 8087 numerical coprocessor
384K bytes DRAM upgradeable to 640K bytes (l6-bit data bus)
4 Mbit BIOS ROM with MS-DOS® and Deskmate® (l6-bit data bus)
Tandy 1000 SL video controller that supports:
- 128K bytes DRAM (used as system and video memory)
- alphanumeric mode
- graphics modes including:
- 160 X 200 l6-color
- 320 X 200 4-color
- 320 X 200 l6-color
- 640 X 200 2-color
- 640 X 200 4-color
. 8237-5 DMA controller that supports:
- 3 DMA channels
- 8-bit transfers
- 4 MHz clock speed
8259A interrupt controller for 8 interrupts
. 8254 interval timer that supports:
- system interrupt timing
- sound timing
Custom keyboard interface controller
101-key Enhanced keyboard
Custom parallel printer port
Serial port (RS-232-C)
Audio interface circuit that supports:
- internal 8-OHM speaker
- headphone jack with user accessible volume control
- microphone input
. Joystick interface for two joysticks
Custom floppy disk controller circuit that supports:
- 53-inch 360K floppy disk drives
- 33-inch 720K floppy disk drives
One 5%-inch 360K floppy disk drive
Five 10" 8-bit expansion slots
Reset button and support logic
67-Watt power supply

* e o .

Optional Features

Real-time clock w/battery

8087 numerical math coprocessor

256K DRAM upgrade (l6-bit data bus memory)

5}-inch 360K floppy disk drive

34-inch 720K floppy disk drive

Add-in hard disk drives

Hard disk card (20/40 meg)

Display adapter boards that support mono, EGA, or other
special video modes

. 300, 1200, or 2400 baud modem boards

* e o o s s o o
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System Assembly/Disassembly (Including Exploded Views)

The following instructions explain how the major subassemblies
are removed from the Tandy 1000 SL. Re-assembly of major sub-
assemblies is accomplished by reversing the order of the removal
procedures.

l. Top Cover Removal

a.

b.

Remove the (2) screws from the side of the computer at the
rear.

Slide the cover forward enough to clear the power button,
volume knob, and disk drive eject button and off.

2. 5%-inch Floppy Drive Removal

Remove the top cover.
Unplug all cables from the disk drive.

Remove the (3) screws attaching the drive to the drive
mounting tower.

slide the drive forward out of the drive mounting tower.

3. Power Supply Removal

a.

b.

Remove the top cover.

Remove the rear panel by slightly bending the hooks on each

side near the bottom and rotating enough to clear the sheet

metal and then lift up.

Remove all cables from the main logic board and disk drives.
Remove the arm attached to the power supply switch.

Remove the (2) screws from the rear of the computer and (1)

screw from the side that secure the power supply to the rear
of the machine.

Slide the power supply up and out.



4. Main Logic Board Removal

a. Remove the top cover.

b. Unplug all cables and remove all the adapter boards from the
system.

c. Remove the power supply.

d. Remove the back of the chassis by removing (2) screws at the
rear of the computer and pulling the back of the chassis to
the rear and down to clear the (3) hooks in the bottom of
the chassis.

e. Remove spring clip from volume control knob post.

f. Remove the (11l) screws holding the main logic board in
place.

g. Remove the main logic board by carefully pulling straight
back from under the drive support and out of the chassis.

NOTE: WHEN REPLACING THE MAIN LOGIC BOARD, BE SURE THAT THE
VOLUME CONTROL KNOB POST SLIDES INTO THE VOLUME CONTROL
POT CORRECTLY.



MECHANICAL BILL OF MATERIAL - TANDY 1000 SL

TANDY 1000 SL FINAL ASSEMBLY

PART
QTY. DESCRIPTION NUMBER
1 CHASSIS - WELDMENT 8729709
5 PANEL - OPTION SLOT 8729562
5 SCREW - #4-40 X 3/16 8569333
4 FOOT 8590179
4 RIVET - #1661-0512 8565014
1 PC BOARD - MAIN LOGIC 8859024
1 PC BOARD - FRONT & BACK (BREAK APART BD) 8859110
11 SCREW - #6-32 X 1/4 8569326
4 JACKNUT - #4-40 X 3/16 8569341
4 SHIELDING STRIP 8729658
1 KNOB - VOLUME CONTROL 8719624
1 CLIP - HAIRPIN 8559080
1 CHASSIS - POWER SUPPLY 8729690
3 SCREW - #6-32 X 5/16 8569339
1 POWER SUPPLY - 67 WATT 8790084
INT'L
DOM. 8790085
DOM. 8790091
4 SCREW - #6-32 X 5/16 8569339
1 DC HARNESS 8709857
1 SWITCH - POWER 8489111
1 SWITCH - POWER 8489112
INT'L
2 SCREW - M3 X 5 PPH 8569293
1 BUTTON - POWER 8719625
1 ACTUATOR - POWER SWITCH 8719620
1 RECEPTACLE - AC 8519246
1 HARNESS - AC 8709868
1 HARNESS - AC INT'L 8709873
2 CAPACITOR - 1000 PFD, 400V 8352106
1 TORROID - CORE FAIRRITE 8419030
2 NUT - KEPS, #6-32 8579004
1 FAN - 80MM; 12 vDC 8790424
4 SCREW - #10 TAPIT THREAD 8569301
1 ENDPLATE - POWER SUPPLY 8729691
2 SCREW - #6-32 X 5/16 8569339
1 CHASSIS - REAR 8729693
1 DISK DRIVE - 5 1/4" TEAC 8790136
3 SCREW - M3 X 5 PPH 8569293
1 CABLE - SIGNAL 8709856
2 RAIL - 5 1/4" DRIVE 8719603
2 CLIP - GROUNDING, DRIVE 8529064
2 SCREW - #6 - 32 X 1/4 PHILLIPS PAN HD 8569098
1 BRACKET - HARD CARD 8729704
1 SCREW - #6-32 X 5/16 8569339
1 SPEAKER W/CABLE 8490013
4 SCREW - #6-32 X 5/16 8569339



MECHANICAL BILL OF MATERIAL - TANDY 1000 SL

TANDY 1000 SL FINAL ASSEMBLY

QTY. DESCRIPTION
1 PANEL - REAR
1 BEZEL - FRONT
2 PIN-GUIDE
5 SCREW - #6 X 3/8
1 CASE - TOP
4 SCREW - #10-24 UNC X 3/8"
PHILLIPS OVAL HEAD MACHINE SCREW
1 BUTTON - RESET, FRONT
1 BUTTON - RESET, REAR
1 SPRING - RESET BUTTON
1 LABEL - SERIAL UL/FCC,
1 CORD - POWER 18/3 60/C
1 LABEL - SERIAL, CSA
1 NAMEPLATE
1 LABEL - SERIAL, INT'L
1 LABEL - SERVICE ADVISEMENT (6 LANG)
1 LABEL - CAUTION (6 LANG)
1 LABEL - EARTH GROUND INT'L
1 LABEL - VIDEO, MONOCHROME COMMAND
1 KEYBOARD ASSEMBLY

PART
NUMBER

8719602
8719598
8739038
8569294
8729686
8569354

8719440
8719441
8739018
87891644
8709057
87891645
8719618
87891646
87891571
87891572
87891253
87891648
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Main Logic Board
Introduction

The main unit is the heart of the Tandy 1000 SL. It houses the
main logic assembly, system power supply, and floppy disk drive.

The main logic assembly is a large board mounted to the bottom of
the main unit and interconnected to the keyboard, power supply,
and disk drive by a series of cables,.

The power supply is a 67W switching regulator type, designed to
provide adequate power capacity for a fully configured system
that has all the option slots in use.

The floppy disk drive uses 5%-inch double-sided, double-density
diskettes to read, write, or store data. These are soft sector
diskettes. The disk drive assembly comes installed in the main
unit, All system programs, with the exception of the system
startup sequence, are stored on diskette.



Switch Settings and Jumper Pin Configurations

Main Logic Board

Jumper Function Default

El-E2 Select Video Interrupt E2-E3
on IRQS5

E2-E3 Normal Video Interrupt

Sound Input/Output Satellite Board

Jumper Function Default
El-E2 Select Direct Line E2-E3
Audio Input
E2-E3 Select Mic Audio
Input



Theory of Operation

8086 Microprocessor

The 8086 (U29) is a high-performance 1l6-bit microprocessor with
internal and external 16-bit data paths, one megabyte of memory
address space, and 64K of I/0O address space. The 8086
communicates with the rest of the system via a 20-bit multiplexed
address/data/status bus and a command bus.

8087 Numerical Math Coprocessor

The 8087 (U2l) performs high-speed arithmetic and logarithmic
functions and trigonometric operations that increase the
performance of an 8086 system. Performance increases are obtained
by the 8087's ability to perform math calculations faster than
the 8086, and also by executing math instructions in parallel
with the 8086.

Clock Generation

Clocks required by the system are generated by TTL oscillator Y2,
Yl and the custom IC 8079024 (U4l). There are two independent
clock circuits supplied by a Dual Oscillator Clock (Y2,Yl) from
which all other clocks, excluding video clocks, are derived.

The 24 MHz Clock is routed into the custom IC 879024, which
generates the output signal CPUCLK. The Clock Switch circuitry
required to toggle the 8086 Microprocessor between 8 MHz and 4
MHz mode, as well as the logic to prevent any short cycling
during a clock switch cycle, are implemented in the custom IC
879024 IC. If Bit 3 is asserted during an I/0 write to Port 062
(hex), then the output signal CPUCLK operates the 8086 in 8 MHz
mode. If Bit 3 is negated low during an I/O write to Port 062
(hex), the output signal CPUCLK operates the 8086 in the 4 MHz
mode. When Reset is generated, the signal RESET is asserted and
defaults the Tandy 1000 SL to the 4 MHz mode.

The custom IC 879024 Chip also controls wait states to insert the
proper number of wait states required for a two clock mode of
operation, Zero to three wait states are inserted in all 8-bit
Memory and I/0 cycles, in both 8 MHz and 4 MHz modes. These wait
states are separately programmable. During all 16-bit memory
cycles, either zero or one wait state is inserted in both the

8 MHz and 4 MHz modes. These values are programmable and will be
discussed later in the section "Wait State and Ready Logic".



Command and Control Signal Generation

The command and control signals required for the Tandy

1000 SL operation are generated by the 8079024 custom IC. The
command signals are decoded from the CPU status signals S0-
through S2- during the Ts cycle. The decoded signals indicate the
type of cycle that is to be executed (MEMR~, MEMW-, IOR-, IOW-,
INTA-). The control signals CPUALE, BUSALE control the external
latching of addresses onto the bus. Direction, enabling of the
data bus buffers, and start a memory cycle is determined internal
to the 8079024 custom IC. The following table indicates the
decoding of the CPU status signals.

S0~ Sl- S0- Type of Bus Cycle

0 0 0 Interrupt Acknowledge
0 0 1 I/0 Read

0 1 0 I/0 Write

0 1 1 Halt

1 0 0 Code Access

1 0 1 Memory Read

1 1 0 Memory Write

1 1 1 None: Idle

CPU Status Signal Decoding.

A0 and BHE- are decoded to determine the data transfer width to
and from the CPU. The following table shows the data transfer
width depending on the state of A0 and BHE-.

BHE- A0 wWidth of Data Transfer
0 0 Word Transfer
0 1 Byte Transfer D8 - D15 (odd address)
1 0 Byte Transfer DO - D7 (even address)
1 1 Not Used

Data Transfer Width Decode.



DRAM Control

The CPU address decode for the Dynamic Random Access Memory
(DRAM) array is generated by the 8079024 custom (U4l). These
signals are latched by ALE internally to the 8079024 custom IC
and held for the complete cycle. The address decode signals are
RASO-, RASl-, RAS2-, RAS3-, and CAS~. Memory configurations
supported by the Tandy 1000 SL are 256K, 512K, or 640K bytes (in
addition to 128K of video memory). The following table shows the
different options available on the 8079024 custom IC.

Memory MCONFIGl1 MCONFIGO System Total System
Option . Memory Memory*

0 0 0 256K 384K

1 0 1 512K 640K

2 1 0 512K 640K

3 1 1 640K 76 8K

* Note: Total system memory includes 128K of video memory.
Memory Option 0 is the power up default.

Memory Configurations.

The signals WEL- and WEH- provide write control. For a l16-bit

access, both are asserted at the same time and are controlled by
MEMW- (memory write). For an 8-bit access, the appropriate signal
is asserted according to the state of A0 (high byte or low byte).

Refresh Control

Refresh timing is derived internal to the 8079024 custom IC (U4l)
and provides a 512 count, 8 msec, RAS only refresh for internal
memory, and a 256 count, 4 msec, RAS only refresh for the bus.



BIOS ROM Control

The 8079024 custom IC (U4l) provides the CPU address decode used
for the ROM select. The signals generated are called ROMCSO- and
ROMCS1 (ROM Chip Select). The 8079024 custom IC then generates
the ROM Page Selects (RPO-RP4) and Chip Enable for the BIOS ROMs
CUlé6 and CUl7. These outputs are decoded from Address Bits Alé-
Al9 and IOD0-IOD4. RPO-RP4 may be programmed by writing to Port
FFE8 hex Bits 0 - 4. The appropriate ROM page selects are
multiplexed with I/0 decodes, and appear on DECO-DEC2 during a
memory address cycle in the ROM area.

Reset Circuit

The 8079024 custom IC (U4l) controls the system reset reguired
either to initialize the complete system after power-up or to
reboot. The reset output signals, RSTIN-, is active low and
generated when a power-up condition is detected or when the reset
button on the front of the computer is pressed.

The RSTIN- signal is supplied to the 8079024 custom IC which
produces the RESET signal. The RESET signal is used as a general
system reset. The 8079024 custom IC (U4l) also internally
controls the RESET signal to meet the requirements of the 8086
during a detected shutdown condition.

Wait State and Ready Logic

Wait state control is implemented internally to the 8079024
custom IC. The function of the wait state control logic is to
match the speed of the various devices in the Tandy 1000 SL to
the speed of the 8086 CPU. A programmable wait state generator is
contained within the 8079024 custom IC and can be accessed by
writing to Port FFE9 hex. The following is a table of
programmable wait states and their default values,

10



Port FFE9h

Bit(s) Default Description
0 0 Internal Memory Wait States
0 = 0 wait states
1 = 1 wait states
1,2 0,0 External Memory Wait States
00 = 0 wait states
01 = 1 wait states
10 = 2 wait states
11 = 3 wait states
3,4 0,0 I/0 Cycle Wait States
00 = 0 wait states
01 = 1 wait states
10 = 2 wait states
11 = 3 wait states
5 0 DMA Cycle Wait States
0 = Write Strobe wait
1 = Standard 8137 Write
Strobe
6 0 Internal video Wait States
0 = 0 wait states
1l = 1 wait states
7 1 OSCIN Select
0 = 28,63636 MHz
1l = 24 MHz

Programmable Wait State Control

Another method is controlled by the device being accessed, using
the IOCHRDY signal input to the 8079024 custom IC. If a device
requires additional wait states within the bus cycle, the device
should negate IOCHRDY low until it can service the bus cycle.
After the required number of wait states have been inserted, the
device should assert IOCHRDY, causing the READY output of the

8079024 custom IC to be asserted high, which
terminate the cycle.

tells the CPU to

(Note: IOCHRDY should not be held low for longer than 15 usec).

11



NMI Logic

In the Tandy 1000 SL, the Non-Maskable Interrupt (NMI-) indicates
an I/0 error condition, or Numerical Math Coprocessor 8087 error
condition, Both error conditions are being generated internal to
the 8079024 custom IC.

8087 Control Logic

The 8087 Numerical Coprocessor is connected to the 8086 address
and data lines in parallel. The 8087 will monitor the 8086 CPU
status (S0-S2) and Queue status (QS0-QS1l) in order to decode
instructions in synchronization with the CPU. For
resynchronization, the 8087 NPBUSY signal is used to tell the CPU
that the 8087 is executing an instruction., The 8087 also has the
capability of informing the 8086 of an error or exception by
using the NPINT signal. This signal is sent to the 8079024 custom
IC which then generates the proper codes to the 8086. The 8087
will use the RQ/GTO- signal to gain control of the bus for data
transfers,

CPU Address Buffers

The 8079024 custom IC provides the buffering of the address lines
to the system. A0-Al9 are buffered and latched for the expansion
bus slots and I/0 peripherals. ALE is used to latch A0-All
internal to the 8079024 custom IC and CPUALE is used to latch
Al2-Al19 externally. The addresses are held for the complete bus
cycle. A0-Al9 are also used to address the BIOS ROMS and DRAM/DMA
Control. The multiplexed address lines MAO-MA8 are also generated
and buffered to the DRAM memory by the 8079024 custom IC.

Data Buffers and Conversion Logic

The 8079024 custom IC provides the data buses, buffers, and
drivers for D0-D15 to the system. Two data buses are generated,
I0D0~IOD7 for the expansion bus slots, and AD0-AD15, which is
routed to the 8086 CPU, 8087 Coprocessor data bus, ROM, and DRAM.
The direction and control of the data buffers are provided
internal to the 8079024 custom IC. Conversion logic is also
implemented in the 8079024 custom IC. This conversion logic
allows data to be transferred from the lower to upper or upper to
lower data byte to meet the requirements of the CPU or receiving
device.

12



I/0 Decode

The 8079024 custom IC accomplishes the I/0 Address decoding. This
IC provides all the necessary chip select signals to the system.
The DECO-, DECl-, and DEC2- output signals of the 8079024 custom
IC are encoded device select lines that are fed directly to the
KFIT custom IC (U30) and 8079021 custom IC (U40), in which I/O
address decoding is generated.

Floppy Disk Controller

The on-board Floppy Disk Controller (FDC) and KFIT custom IC
(U30) interface the system to the Floppy Disk Drive (FDD). Up to
two internal 5%-inch 360K or one 5%-inch and one 3%-inch FDDs can
be accommodated.

The FDC circuit can be organized into the following subsections:

uPD765A FDC Chip
System Interface
Clock Generation
Precompensation

Data Separator

Disk Drive Interface

« o e e s .

uPD765A Chip. The uPD765A FDC chip (EU4) integrates most of the
control loglc necessary to:

interface the serial bit stream to or from the FDD to the
parallel bus of the system

implement the commands necessary to operate the FDD
. maintain information about the status of the FDD

During a read or write data operation to the FDD, the FDC chip
generates a DMA request for a byte transfer to or from memory.
The FDC chip continues to generate DMA requests until the
preprogrammed amount of data is transferred as signified by
generation of a Termination Count (DMATC) Signal. After the DMATC
is reached, the FDC chip generates an interrupt to the system
through INT so that status and result data can be serviced.

System Interface. Various ICs, along with the KFIT custom IC,
latch and buffer data to and from the system. A DOR Write
(Digital Output Register) is generated on an I/O write to Port
3F2 (hex). This signal latches the data byte that is bit defined
as the Drive Select, DSO-, DSl1-, and DS2-, Motor On, MTRON-, DMA,
(FDCDRQ), Interrupt Request (FDCINT), and a reset signal
(FDCRST~) to the FDC controller Ul2.

13



Clock Generation. The FDC Support IC (Ul8) generates all clocks
required by the Floppy Disk circuit. These clocks are derived
from a 16 MHz input signal. FDCCLK, required by the FDC
Controller (Ul2), is derived by dividing the 16 MHz clock by 4.
The resulting 4 MHz clock is also used as a delay counter for the
DMA request signal DRQ as well as a reference clock for the write
precompensation circuit. The 4 MHz clock also generates a 250
nanosecond pulse at a frequency of 500 KHz. The 500 KHz signal is
used as a write clock for the FDC Controller.

Precompensation. The precompensation circuit is implemented
internally to the FDC Support IC (Ul8). The write data bit can be
shifted either early or late in the serial bit stream, depending
on the requirements of the Floppy Disk Drive. This function is
programmable and controlled by the FDC IC signals PSO and PS1.

Data Separator. The FDC Support IC (Ul8) also contains the data
separator circuit. The data separator recovers the clock and data
signals from the serial bit stream of the Floppy Disk Drive. The
FDC Support IC supports only MFM or Double-density mode.

Disk Drive Interface. All FDC outputs to the FDD are driven by
high current 7414 SCHMITT trigger buffers or 7416 open collector
inverters. All FDC inputs from the FDD are buffered by 74HCT14
SCHMITT triggered inverters. The inputs are pulled up on-board by
1K terminating resistors. All outputs should be terminated on the
last FDD by 1K resistors.

Interrupt Controller

The Interrupt Controller is contained in the KFIT custom IC (U30)
and supplies the maskable interrupt input to the CPU. The KFIT
custom IC has eight interrupt inputs controlled through software
commands. It can mask (disable) and prioritize (arrange priority)
to generate the interrupt input to the CPU. The eight interrupts
are assigned as follows:

#0 Timer Channel 0 Software Timer

#1 Keyboard Keyboard Code Received
#2 Interrupt on the Bus Optional Bus Interrupt
#3 Interrupt on the Bus Modem (COM2)

#4 Interrupt on the Bus RS-232 (COM1)

#5 Vertical Sync/HDC Hard Disk Controller/

Video Vertical sync

#6 Floppy Disk Controller Optional Bus Interrupt
#7 Printer/Sound/DMA Optional Bus Interrupt

14



Interrupts 0 and 1 are connected to system board functions as
indicated in the chart, Interrupts 2-7 are connected directly to
the Expansion Bus, with the normal assigned functions listed in
the chart.

video Controller

The next major block of the Tandy 1000 SL is the video interface
circuitry. This custom part contains all the logic necessary to
generate an IBM-compatible color video display. The video
interface logic consists of the 100-pin custom video circuit
(U26), four 64K X 4 DRAMS (U6, U7, U8, and U9), a 74LS273 latch
(Ul4), a 16K X 8 character ROM, and associated logic for
generating RGBI or Monochrome video.

The Tandy 1000 SL video interface circuitry controls 128K of
memory. This DRAM is shared by the CPU and the video. Normally,
the video requires only 16K or 64K for the video screen, and the
remainder of the 128K is available for system memory use.

The Tandy 1000 SL video interface custom circuit is composed of a
6845 equivalent design, dynamic RAM address generation/timing,
and video attribute controller logic.

Normal function of the video interface custom circuit is as
follows. After the 6845 is programmed with a correct set of
operating values, a 6:1 multiplexer generates the address inputs
to the dynamic RAMs, This MUX switches between video (6845)
address and CPU address as well as between row and column
address. Also, the video interface chip provides the RAM timing
signals and generates a wait signal, VIDWT-, to the CPU for
proper synchronization with the video RAM access cycles.

The outputs from the RAM chips are only connected to the video
interface custom circuit, so all CPU read/write operations are
bufféred by this part. During a normal display cycle, video data
from the RAM chips is first latched in the Video Attribute latch
and the Video Character latch. The video interface requires a
memory organization of 64K X 16 and latches 16 bits of memory
during each access to RAM. From the output of the two latches,
the data is supplied to the character ROM for the alpha modes or
to the shift registers for the graphics modes. A final 2:1 MUX
switches between foreground or background in the alpha modes.

From the 2:1 MUX, the RGBI data is combined with the PC color
select data and latched in the Pre-Palette latch. This latch
synchronizes the RGBI data before it is used to address the
Palette. The Palette mask MUX switches between incoming RGBI data
and the Palette address register. During a CPU write to the
Palette, this address register selects one of the 16 Palette
locations. Also, the Palette mask MUX allows any of the input
RGBI bits to be set to zero.

15



The Palette allows the 16 colors to be remapped in any desired
organization. Normally, the Palette is set for a 1l:1 mapping (red
= red, blue = blue, and so on) for PC compatibility. However,
instantly changing the on-screen colors is a powerful tool for
animation or graphics programs.

After the Palette, the RGBI data is resynchronized in the Post
Palette register. The final logic before the RGBI data is
buffered off the chip in the Border MUX. This MUX allows the
Border to be replaced with any color selected by the border color
latch. This latch is normally disabled in PC modes, but it is
used in all PC jr modes.

Timer

The final Tandy 1000 SIL function other than 1/0 is the timer
found in the KFIT custom IC (U30). This part is composed of three
independent programmable counters, The clock for all three
counters is 1,1931 MHz, which is derived from 14.318 MHz/12.
Counters 0 and 1 are permanently enabled. Counter 2 is controlled
by port Hex 0061, Bit 0. Counter 0 is connected to system
interrupt 0 and is used for software timing functions. Counter 1
is used for refresh function timing. Counter 2 is connected to
the sound circuit and its output can be read at port Hex 0062,
Bit 5.

Joystick Interface

The joystick interface contained in the 8079021 custom IC (U40)
converts positional information from hand-held joysticks (1 or 2)
into CPU data. Each joystick provides one or two push-buttons and
X, Y position for a total of four bits each. Two joysticks can be
used.

The joystick handle is connected to two potentiometers mounted
perpendicular to each other; one for X position, one for Y
position. Through the cable, the main logic board applies +5 VDC
to one side and ground to the other of the pots. The pot wiper is
the position signal: a voltage between 0 and +5 VDC. This signal
is applied to one input of a comparator HU2. The other comparator
input is the reference signal (a ramp between 0.0 to +5.0 volts).

When the position signal is equal to or less than the reference
signal, the comparator output goes true. This comparator output
is the X or Y position data bit. The ramp is reset to 0.0 VDC
whenever an I/0O Write is made at Port 200/201 Hex. The joystick
information is "read" by the CPU at Port 200/201 Hex through U40.
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Keyboard Interface

The next I/0 function of the Tandy 1000 SL is the Keyboard
interface custom circuit, part of the KFIT custom IC. The heart
of this custom part is several read/write registers that are used
to control the keyboard interface logic. For the interface to
the keyboard connector, a l64-type shift register is used to load
the serial data and allow the CPU to read it as 8 parallel bits.

Sound Circuit

The sound circuit is one of the five 1/0 functions of the Tandy
1000 SL. The circuit provides sound output for the internal
speaker as well as for an external sound circuit.

The main source of sound in the Tandy 1000 SL is the 8079021
custom IC (U40). It contains the equivalent of a 76496 complex
sound generator. This device has three tone generators and one
white noise generator. Each tone generator can be programmed for
frequency and attenuation., Also, this device has an audio input
pin connected to the gated output of timer channel 2. This audio
input signal is mixed with the sound generator signal and
supplied to the audio output pin,

The output of the 76496 enables Port 61, Bit 4, which turns off
the audio signal to the speaker, headphone jacks, and external
audio output., The output of the 76496 is routed to audio
amplifiers HU3 for the external audio output and HU4 for the
internal speaker and headphone jacks. The volume of the internal
speaker can be adjusted by a user-accessible volume control
(HR14). When the headphone jack is used, the internal speaker is
disabled.

Additional Sound Features (DAC)

An additional feature of the Tandy 1000 SL sound circuitry is a
Digital to Analog Converter (DAC). The DAC is controlled by
read/write Ports C4-C7. The DAC can be used to convert pre-
recorded digital sound, voice, or music into analog audio output.
A microphone jack and audio input circuitry are provided for
recording analog sound, voice or music, and converting it to
digital data. Bit programming data for these ports is available
in the data sheets on the 8079021 custom IC located in the
"Devices" section of this manual.

17



DMA Controller

The major components of the Direct Memory Access (DMA) circuit
consists of an 8237A-5 equivalent DMA controller, DMA control
logic, and a bi-directional address buffer internal to the
8079024 custom IC.

A DMA Operation. When a DMA operation is requested by software or
by a peripheral through a DREQ line, the 8079024 custom IC
initiates a Bus Hold Request to the 8086 CPU. The 8079024 custom
IC arbitrates the CPU Hold Request from the internal DMA
controller to the CPU.

When the CPU acknowledges the Hold request, the CPU control,
address, and data lines are tri-stated. The 8079024 custom IC
controls the direction and enables the memory or peripheral
address and data buses that correspond to the requested DMA
operation.

During the DMA operation, the 8237A-5 internal to the 8079024
custom IC acts as the bus master and, along with the associated
logic, generates all bus control signals and address and data
signals. The DMA transfers continue for the number of counts and
to the destination address that was previously programmed into
the DMA registers. See the device data sheet and the I/0 map for
complete descriptions of the registers, their locations, and
their functions.

I/0 devices can extend the DMA bus cycle by controlling the
IOCHRDY signal of the expansion bus. Setup times must be observed
for IOCHRDY to be recognized.

RS-232 Serial Port Interface

The RS-232 Port is a single-channel, asynchronous communications
port. The heart of the serial port is the 8079021 custom IC (U40)
that functions as a serial data input/output interface. It
performs serial-to-parallel conversion on data characters
received from a peripheral device or modem and parallel-to-serial
conversion on data characters received from the CPU.
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Status information reported includes the type and condition of
the ACE's transfer operations as well as any error conditions
detected during serial data operations. The 8079021 custom IC
includes a programmable Baud Rate Generator that allows operation
from 50 to 9600 Baud. The 8079021 custom IC is supplied with a
clock of 24 MHz from the main Crystal Oscillator. The 8079021 can
be tailored to the user's requirements by being able to remove
start bits, stop bits, and parity bits. It supports 5, 6, 7, or 8
data bit characters with 1, 1%, or 2 stop bits. Diagnostic
capabilities provide loopback functions of transmit/receive and
input/output signals.

The 8079021 custom IC serial port is programmed by selecting the
I/0 address 3F8 - 3FE hex and writing data out to the port.
Address Bits A0, Al, and A2 are used to define the modes of
operation by selecting the different registers to be programmed
or read. One interrupt is provided to the system from IRQ4.

Parallel Printer Port Interface

The final I/O interface of the Tandy 1000 SL is the Printer
Interface contained in the 8079021 custom IC (U40). This part
supplies all the signals required to interface to a typical
parallel printer. These signals are 8 data out lines, plus
various handshake control signals. Also, the printer interface
generates an interrupt to the CPU if enabled.
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Expansion Ports
System Expansion Bus

This section identifies the I/0 interface requirements for the 8-
bit, PC-compatible option cards. Each of the five slots has a 62-
pin connector socket.

The following connector pin assignment is used on the PC option
slots; this connector socket has 62 pins.

Pin Signal Name I/0 Pin Signal Name I/0
Al NMI- I B1 GND GROUND
A2 I0D7 /0 B 2 RESET 0

A3 10D6 1/0 B 3 +5v POWER
A4 I0D5 I/0 B 4 IRQ2 I

A5 I0D4 I/0 B 5 -5v POWER
A6 I0D3 1/0 B 6 DRQ2 I

A7 I0D2 1/0 B 7 -12v POWER
A8 I0D1 I/0 B 8 N/C

A9 I0D0 1/0 B9 +12v POWER
Al0 IOCHRDY I B10O GND GROUND
All HLDA 0 Bl1l MEMW~ 0

Al2 Al9 o] B12 MEMR- 0

Al3 AlS8 o) Bl3 IOW- (o}

Al4 Al7 0 Bl4 IOR- 0

AlS Al6 o] Bl5 DACK3- o

Alé Als 0 Bl6 DRQ3 I

Al7 Al4 [} B17 DACK1- 0

Als Al3 0 B18 DRQ1 I

Al9 Al2 0] Bl9 REFRSH- o]

A20 All o) B20 BCPUCL o

A2l alo 0 B21 IRQ7 I

A22 A9 0 B22 IRQ6 I

A23 A8 0 B23 IRQ5 I

n24 A7 0 B24 IRQ4 I

A25 A6 o B25 IRQ3 I

A26 A5 0] B26 DACK2- 0

A27 Ad 0 B27 DMATC o]

A28 A3 0 B28 BUSALE 0

A29 A2 0 B29 +5v POWER
A30 Al 0 B30 14MHzZ 0

A3l A0 o} B3l GND GROUND
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Expansion Bus Signal Description

The following signal descriptions for the System I/0 Bus are for
PC bus-compatible option cards. Note that all signal lines are
TTL compatible levels and that I/0 adapters should be designed
with a maximum of two low power Shottky (LS) loads per line.

BCPUCLK (B20). BCPUCLK is the System clock and has a period of
125ns in 8 MHz mode, or 250ns in 4 MHz mode. It has a 50% duty
cycle and is used only for synchronization with the CPU. It is
not intended for uses requiring a fixed frequency.

A0 through Al19 (Al2-A31l). These lines are 20 address bits used to
address memory and 1/0 devices within the Tandy 1000 SL. They are
gated on the system bus when the BUSALE signal is high and are
latched on the falling edge of the BUSALE signal. Generation of
these signals is accomplished by the CPU or a DMA controller. A0-
Al9 are active high.

BUSALE (B28). BUSALE is a Buffered Address Latch Enable generated
by the CPU Control IC, It is used to latch valid addresses from
the CPU, and can be used by an I/0 board to indicate a valid CPU
address, in conjunction with HLDA. BUSALE is active high.

HLDA (All). HLDA is an Address Enable signal used to remove the
CPU and other devices from the bus to allow DMA transfers to take
place. During HLDA active, the DMA controller has control of the
address bus, the data bus, the READ command lines, and the WRITE
command lines. HLDA is active high.

I0D0 through IOD7 (A2-A9). These signals are the data bus I/0
Bits 0 through 7 from the CPU to memory and I/O devices on the
bus. IOD0 is the least significant bit (1sb), and IOD7 is the
most significant bit (msb).

BRESET (B2). BRESET is used to reset or initialize the expansion
logic during power-up time, line voltage outage, or when the
Reset switch on the front panel is pressed. BRESET is active
high.

NMI- (Al). This signal indicates an uncorrectable system error
when active. The NMI- signal provides the system board with
parity information about memory or devices on the bus. NMI- is
active low.

IOCHRDY (Al0). This signal is used to lengthen I/O or memory
cycles when driven low by the active device. (This signal should
not be held low more than 15 microseconds.) Any slow device using
this line should drive it low immediately upon detecting its
valid address and a READ or WRITE command. See the timing diagram
for setup times. IOCHRDY is active high (Ready condition).
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IRQ2 through IRQ7 (B4, B21-B25). These signals are used to tell
the CPU that an I/0 device needs attention. The Interrupt
Requests are prioritized with IRQ2 having the highest priority
and IRQ7 the lowest. An Interrupt Request is generated when any
IRQ signal is driven high and held high until the CPU
acknowledges the interrupt.

IOR- (Bl4). IOR- is a read signal that instructs an I/0 device to
drive its data onto the data bus (IOD0O-IOD7). This line can be
driven by the CPU Control IC or by the DMA controller. IOR- is
active low.

IOW- (Bl3). IOW- is a write signal that instructs an I/0 device
to read, or latch, the data from the data bus (IOD0-IOD7). This
line can be driven by the CPU Control IC or by the DMA
controller. IOW- is active low.

MEMR~ (Bl2), MEMR- is a read signal that instructs a memory
device to drive its data onto the appropriate data bus (IODO-
I0D7). This line can be driven by the CPU Control IC or by the
DMA controller through the CPU Control IC. MEMR- is active low.

MEMW- (Bll), MEMW- is a write signal that instructs a memory
device to read, or latch, the data from the appropriate data bus
(AD0-AD15 for 16-bit memory, IODO0-IOD7 for 8-bit memory). This
line can be driven by the CPU Control IC or by the DMA controller
through the CPU Control IC. MEMW- is active low.

DRQLl, DRQ2, and DRQ3 (B18, B6, Bl6). These lines are
asynchronous DMA requests by peripheral devices to gain DMA
service. They are prioritized with DRQl having the highest
priority, DRQ2 next, and DRQ3 lowest. A DMA request is generated
by driving a DRQ line active high and holding it until the
corresponding DACK (DMA acknowledge) signal goes active. DRQ1,
DRQ2, and DRQ3 perform only 8-bit transfers. All DRQ lines are
active high.

DACK1l-, DACK2-, and DACK3-, Bl7, B26, Bl5). These lines are DMA
acknowledge signals used to acknowledge DMA requests DRQ1l, DRQ2,
and DRQ3. All DACK signals are active low.

REFRSH~ (Bl9). This signal is used to indicate a refresh cycle
that can be used by a memory board to refresh Dynamic memory.
REFRSH- is active low and 4 cycles are generated every 62.5 usec.

DMATC (B27). DMATC is a signal that provides a pulse when the
terminal count for any DMA channel is reached. DMATC is active
high.

14MHz (B30). 14 MHz is an oscillator signal that is a high-speed

clock with a 70 nanosecond period (14.31818 megahertz). It has a
50% duty cycle.
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Memory Map
Address
00000-7FFFF
80000-9FFFF

A0000-BFFFF

C0000-DFFFF

E0000-FFFFF

Name
512K System RAM
128K System/Video
RAM

128K video RAM

128K Expansion
Memory

128K BIOS ROM
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Allocated Function

System Memory

System Memory and
video Display Memory
or System Memory

Reserved for
Graphics
Display Memory

Reserved for
Above Board

Reserved For BIOS



1/0 Port Map of System

I/0 Port Map Summary

Block

0000-001F
0020-003F
0040-005F
0060-007F
0080-009F
00A0-00BF
00c0-00DF
00EO0-O00FF
0100-01FF
0200~020F
0210-02F7
02F8-02FF
0300-031F
0320-032F
0330-036F
0370-0377
0378-037F
0380-03CF
03D0-03DF
03E0-03EF
03F0-03F7
03F8-03FF
0400-FFE7
FFE8-FFEF

Usage

0000-001F
0020-0027
0040-0047
0060~006F
0080-009F
00A0

00c0-00cC7
00EO0-00FF

© 0200-0207

02F8-02FF

0370-0377
0378-037F

03D0-03DF

03F0-03F7
03F8-03FF

Function

DMA Function

Interrupt Controller

Timer

PIO Function

DMA Page Register

NMI- Mask Register

Sound Generator

Numerical Coprocessor
Reserved

Joystick Interface

Reserved

Serial Port Secondary (COM2)
Reserved

Hard Disk Controller (optional)
Reserved

Floppy Disk Controller 2 (optional)
Printer

Reserved

System Vvideo

Reserved

Floppy Disk Controller 1
Serial Port Primary (COML)
Not Usable

System Programming Options
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Address Description

0000 DMA Controller
IOW- = 0: Channel 0 Base and Current Address

0: Write A0-A7
1l: Write A8-al5

Internal Flip/Flop
Internal Flip/Flop

IOR- = 0: Channel 0 Current Address

: Read A0-A7

Internal Flip/Flop 0
l: Read A8-al5

Internal Flip/Flop

0001 DMA Controller
IOW- = 0: Channel 0 Base and Current Word Count

0: Write WO-wW7
1l: Write AW-W15

Internal Flip/Flop
Internal Flip/Flop

(]

IOR- = 0: Channel 0 Current Word Count

0: Read WO-W7
1l: Read W8-W15

Internal Flip/Flop
Internal Flip/Flop

0002 DMA Controller
IOW- = 0: Channel 1 Base and Current Address

Internal Flip/Flop = 0: Write A0-A7
Internal Flip/Flop = l: Write A8-Al5

IOR- = 0: Channel 1 Current Address

0: Read A0-A7
l: Read A8-Al5

Internal Flip/Flop
Internal Flip/Flop

0003 DMA Controller
IOW- = 0: Channel 1 Base and Current Word Count

0: Write WO-W7
1l: wWwrite AW-W1l5

Internal Flip/Flop
Internal Flip/Flop

IOR- = 0: Channel 1 Current Word Count

0: Read WO-W7

Internal Flip/Flop
1l: Read W8-W15

Internal Flip/Flop
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Address Description

0004 DMA Controller
IOW- = 0: Channel 2 Base and Current Address

0: Write A0-A7
l: Write A8-Al5

Internal Flip/Flop
Internal Flip/Flop

[}

IOR- = 0: Channel 2 Current Address

0: Read A0-A7

Internal Flip/Flop
1l: Read A8-Al5

Internal Flip/Flop

]

0005 DMA Controller
IOW~ = 0: Channel 2 Base and Current Word Count

Write WO-W7

Internal Flip/Flop = 0:
l: Write AW-W15

Internal Flip/Flop

[}

IOR- = 0: Channel 2 Current Word Count

0: Read WO-W7

Internal Flip/Flop
1l: Read W8-W15

Internal Flip/Flop

0006 DMA Controller
IOW- = 0: Channel 3 Base and Current Address

0: Write AO-A7
1l: Write A8-Al5

Internal Flip/Flop
Internal Flip/Flop

IOR- = 0: Channel 3 Current Address

0: Read A0-~A7

Internal Flip/Flop
1l: Read A8-Al5

Internal Flip/Flop

[ ]

2007 DMA Controller
IOW- = 0: Channel 3 Base and Current Word Count

0: Write WO-W7
1: Write AW-W15

Internal Flip/Flop
Internal Flip/Flop

IOR- = 0: Channel 3 Current Word Count

0: Read WO~W7
1l: Read W8-Wl15

Internal Flip/Flop
Internal Flip/Flop

26



Address

Description

0008

DMA Controller

IOW- = 0, Write Command Register

Bit
0

IOR-

Bit

NoOouUnwNHo

Description

Ho MXrHo Ho
wou

o MO

X o

=0
1

—0
1

Memory to Memory Disable
Memory to Memory Enable

Channel 0 Address Hold Disable
Channel 0 Address Hold Enable
If Bit 0 = 0

Controller Enable
Controller Disable

Normal Timing
Compressed Timing
If Bit 0 =1

Fixed Priority
Rotating Priority

Late Write Selection
Extended Write Selection
If Bit 3 =1

DREQ Sense Active High
DREQ Sense Active Low

DACK Sense Active Low
DACK Sense Active High

0, Read Status Register

Description

1 = Channel 0 Has Reached DMATC
1 = Channel 1 Has Reached DMATC
1 = Channel 2 Has Reached DMATC
1 = Channel 3 Has Reached DMATC
1 = Channel 0 Request

1 = Channel 1 Request

1 = Channel 2 Request

1 = Channel 3 Request
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Address

Description

0009

000A

DMA Controller

IOW- = 0, Write Request Register

Bit Description

Bits 0-1
Bit 1 Bit 0
0 0 Select Channel 0
0 1 Select Channel 1
1 0 Select Channel 2
1 1 Select Channel 3
Bit 2
0 Reset Request Bit
1 Set Request Bit
Bits 3-7 Don't Care

IOR- = 0, Illegal

DMA Controller

IOW- = 0, Write Single Mask Register

Bit Description

Bits 0-1
Bit 1 Bit 0
0 0 Select Channel 0 Mask Bit
0 1 Select Channel 1 Mask Bit
1 0 Select Channel 2 Mask Bit
1 1 Select Channel 3 Mask Bit
Bit 2
0 Clear Mask Bit (Enable Channel)
1 Set Mask Bit (Disable Channel)
Bits 3-7 Don't Care

IOR- = 0, Illegal
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Address Description

000B DMA Controller
IOW- = 0, Write Mode Register

Bit Description

Bits 0-1
Bit 1 Bit 0
0 0 Channel 0 Select
0 1 Channel 1 Select
1 0 Channel 2 Select
1 1 Channel 3 Select
Bits 2-3
Bits 3 Bit 2
0 0 Verify Transfer
0 1 Write Transfer To Memory 7.
1 0 Read Transfer To Memory .
1 1 Illegal
X If Bits 6 and 7 = 11
Bit 4
0 Autoinitialization Enable
1 Autoinitialization Disable
Bit 5
0 Address Increment Select
1 Address Decrement Select
Bits 6-7
Bit 7 Bit 6
0 0 Demand Mode Select
0 1 Single Mode Select .
1 0 Block Mode Select —
1 1 Cascade Mode Select

IOR- = 0, Illegal
000cC DMA Controller

0, Clear Byte Pointer Flip/Flop
0, Illegal

=
o
o)

1

[ ]
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Address Description

000D DMA Controller
IOW- = 0, Master Clear
IOR- = 0, Read Temporary Register
000E DMA Controller
IOW- = 0, Clear Mask Register
IOR- = 0, Illegal
QOOF DMA Controller

IOW- = 0, Write All Mask Register Bits

Bit Description

0 0 = Clear Channel 0 Mask Bit (Enable)
1 = Set Channel 0 Mask Bit (Disable

1 0 = Clear Channel 1 Mask Bit (Enable)
1 = Set Channel 1 Mask Bit (Disable

2 0 = Clear Channel 2 Mask Bit (Enable)
1 = Set Channel 2 Mask Bit (Disable

3 0 = Clear Channel 3 Mask Bit (Enable)
1 = Set Channel 3 Mask Bit (Disable

4-7 Don't Care
IOR- = 0, Illegal
0010 - 001F Same as 0000-000F
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Address Description

0020 8259A Interrupt Controller

Note: Initialization Words are set up by the operating system and
are generally not to be changed., Writing an initialization
word might cancel pending interrupts.

Bit 4 = 1 Initialization Command Word 1

Bit

Bit

Bit

HO W N MO = Moo

Bits 5-7 Not Used

Bit 4 = 0 Operation Control

Bit 3 = 0 Bit0-2: Determine
Acted On When the

ICW4 Needed
ICW4 Not Needed

Cascade Mode
Single Mode

Not Used

Edge Triggered Mode
Level Triggered Mode

Word 2

The Interrupt Level
SL Bit Is Active

Interrupt Level = 012345867
Bit 0 (LO): 0 1 0101
Bit 1 (Ll): 0 0 0011
Bit 2 (L2): 0 0 1111

Bits 5=7: Control Rotate and End of Interrupt Modes

B7 B6 BS

0 0 1 Non-Specific EOI Command End Of Interrupt

0 1 1 Specific EOI Command End Of Interrupt

1 0 1 Rotate On Non-Specific EOI Auto Rotation

1 0 O Rotate In Automatic EOI Mode (Set) Auto Rotation

0 0 O Rotate In Automatic EOI Mode (Clear) Auto Rotation
1 1 1 *Rotate On Specific EOI Command Specific Rotation

1 1 0 *Set Priority Command specific Rotation

0 1 0 No Operation

(*L0 - L2 Are Used)
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Address Description

0020 8259Aa Interrupt Controller
Bit 4 = 0 & Operation Control Word 3
Bit 3 =1
Bit 0-1:
Bit 1 Bit 0 - Read Register Command
0 0 No Action
0 1 No Action
1 0 Read IR Register On Next IOR- Pulse
1 1 Read IS Register On Next IOR- Pulse
Bit 2
0 No Poll Command
1 Poll Command
Bits 5-6
Bit 5 Bit 6 - Special Mask Mode
0 0 No Action
0 1 No Action
1 0 Reset Special Mask
1 1 Set Special Mask
Bit 7 =0
0021 8259A Interrupt Controller

Initialization Control Word 2
Bits 0-7: Not Used

Bits 3-7: T3-T7 of Interrupt Vector Address
(8086/8088/80286 Mode)

Initialization Control Word 3 (Master Device)

Bits 0-7 1 Indicated IR Input Has a Slave
0 Indicated IR Input Does Not Have a
Slave
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Address

Description

0021

8259A Interrupt Controller

Initialization Control Word 3 (Slave Device)

Bits 0-2

Bit

0
0
0
0
0
1
1
1
1

Bits 3-7

ID0-2

Bit 1 Bit 2 - Slave ID #

HHOoOOKRHOO
HOMOKFOMO
NouewN RO

0 (Not Used)

Initialization Control Word 4

Bit 0

Bit

HO R O

Bits 2-3

Bit 3
0
1
1
Bit 4

0
1

Bit5-7

Type Of Processor

MCS-80/85 Mode
8086/8088/80286 Mode

Type of End of Interrupt

Normal EOI
Auto EOI

Buffering Mode

Bit 2
X Non~Buffered Mode
0 Buffered Mode/Slave
1 Buffered Mode/Master

Nesting Mode

Not Special Fully Nested Mode
Special Fully Nested Mode

0 (Not Used)
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Address Description

0021 8259A Interrupt Controller
Operation Control Word 1 (IOR-
Bits 0-7 Interrupt Mask For IRQO-IRQ7

0 Mask Reset (Enable)
1 Mask Set (Disable)

Note: Peripherals requesting an interrupt service must generate a
low to high edge and then remain at a logic high level
until service is acknowledged. Failure to do so results in
a Default Service for IRQ7.

0022-0027 Same as 0020-0021

0028-003F Not Used

0040/0044 8254-2 Timer

= 0: Load Counter No. 0
IOR- = 0: Read Counter No.

0041/0045 8254-2 Timer

0: Load Counter No. 1
0: Read Counter No.

0042/0046 8254-2 Timer

IOW- = 0: Load Counter No.
= 0: Read Counter No.
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Address Description

0043/0047 8254-2 Timer

IOW- = 0: Write Mode Word

Control Word Format

Bit 0 BCD
0 BCD Counter (4 Decades)
1 Binary Counter 16 Bits

Bits 1-3 Mode Selection

Bit 3 Bit

2
0
0
1
1
0
0

HEXXoo

0043/0047 8254-2 Timer

Bit 1

HForHorO

Bits 4-5: Read/Load

Bit 5 Bit 4
0 0
0 1
1 0
1 1

Mode
Mode
Mode
Mode
Mode
Mode

NdxwhHO

Counter Latching Operation
Read/Load LSB Only

Read/Load MSB Only

Read/Load LSB First, Then MSB

Bits 6-7 Select Counter

7
0
0
1
1

Bit 6

OO

Select Counter 0
Select Counter 1
Select Counter 2
Illegal

IOR- = 0: No-Operation 3-State

0048-005F Not Used
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Address Description

0060 Port A / Keyboard Interface Control Ports
(Read Only)

w
t

NS WN O R

Description
Keyboard Bit
Keyboard Bit
Keyboard Bit
Keyboard Bit
Keyboard Bit
Keyboard Bit
Keyboard Bit
Keyboard Bit

~JanpL»wr4?
=
]
w

1
=
2]
w

0061 Port B Read or Write

Bit Description

0 1 = 8253 Gate 2 Enable

1 1 = Speaker Data Out Enable

2 Not Used

3 Not Used

4 1 = Disable Internal Speaker (Sound Control2)
5 Not Used

6 0 = HOLOCK (If IBM PC Keyboard Mode)

7 1 = Keyboard Clear
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Address Description

0062 Port C Read/Write: Bits 0-3; Read Only: Bits 4-7
Bit Description

0 Read/Write - Not Used
1 Read/Write - Not Used
2 Read/Write - Not Used
3 (Output) CPU Clock Rate
0 = 4,00 MHz (PC Compatible Rate)
1 = 8.00 MHz (Default By Boot ROM)
4 video RAM Size
0 = 128K video
1 = 256K Video
5 8253 out #2
6 Monochrome Mode
0 = Color Monitor
1 = 350 Line Monitor, Mono
7 Reserved

0063-0064 Reserved
0065 Planar Control Register
Bit Description

Hard Disk Port Select
Parallel Port Select

video Port Select

Floppy Disk Port Select
Serial Port Select

Not Used

Not Used

Parallel Port Output Enable

NouUubkwhhHO

0066 Reserved
0067 Port H Reserved

0068-007F Reserved

0080 DMA Page Register (Reserved for Diagnostics)
Write only

0081 DMA Channel 2 Page Register -Write Only
Address Description
Bit 0 Address Alé6
Bit 1 Address Al7
Bit 2 Address Al8
Bit 3 Address Al9
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Address Description

0082 DMA Channel 3 Page Register -Write Only
Address Description
Bit 0 Address Al6
Bit 1 Address Al7
Bit 2 Address Al8
Bit 3 Address Al9
0083 DMA Channel 0-1 Page Register ~Write Only
Address Description
Bit 0 Address Al6
Bit 1 Address Al7
Bit 2 Address AlS8
Bit 3 Address Al9

0084-008F Same as 0080-0083

00a0 NMI- Mask Register, Write Only
Bit Description
0-6 Not Used

7 1 NMI- Enabled
0 NMI- Disabled

00A1-00A7 Reserved

00A8-00AF Not Used
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6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Address Description

00Cc0-00C3 Sound SN76496

Bit 7 Bit
1
0 FO Fl
1 0 0 1
1 0 1 0
0 X FO Fl
1 0 1 1
1 1 0 0
0 X F0 Fl
1 1 0 1
1 1 1 0
1 1 1 1

Fé
F2
A0
Fé
F2
A0
Fé6
F2
.\
X

A0

39

F7
F3
Al
F7
F3
Al
F7
F3
Al
FB

Al

F8
F4
A2
F8
F4
A2
F8
F4
A2
NFO0

A2

F9
F5
A3
F9
F5
A3
F9
F5
A3
NFI

A3

Update Tone
Frequency 1
additional
Frequency Data
Update Tone
Attenuation 1
Update Tone
Frequency 2
Additional
Frequency Data
Update Tone
Attenuation 2
Update Tone
Frequency 3
Additional
Frequency Data
Update Tone
Attenuation 3
Update Noise
Control

Update Noise
Attenuation



Address Description

00C4~-00C7 DAC Functions

00c4 Write
Bits 0-1
Bit 0 Bit 1 DAC Function Selected
0 0 Joystick
0 1 Successive Approximation
1 0 Sound Channel
1 1 Direct Write to DAC
Bit 2 DMA Enable (for SA, Direct R/W)
0 DMA Disabled
1 DMA Enabled for SA, DA
Bit 3 DMA Interrupt Clear
0 DMA Interrupt Held Clear
1 DMA Interrupt Allowed
Bit 4 DMA Interrupt Enable
0 DMA EOP Interrupt Disabled
1 DMA EOP Interrupt Enabled
Bit 5 Sound Divider Sync Enable
0 synchronization Disabled
1 Sync Enabled (Write to 00C6 or 00C7 reloads
all dividers)
Bit 6 Sound Chip Extra Divide Enable
0 Extra Divide Disabled
1 Extra Divide Enabled
Bit 7 Reserved
00c4 Read
Bit 3 DMA Interrupt Flag. A DMA Interrupt has
occurred. To clear the interrupt flag, Bit 3
must be brought low and then high again.
Bit 7 Successive Approximation Done. Useful when

polling instead of using DMA.
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Address Description

00c5 Write

Bits 0-2

Bit 0 Bit 1 Bit 2 Duty Cycle
0 0 6.25%
0 0 1 12.5%
0 1 0 18.75%
0 1 1 25.0%
1 0 0 31.25%
1 0 1 37.5%
1 1 0 43,75%
1 1 1 50.0%

Bit 3 Reserved

Bit 4 Reserved

Bit 5 Reserved

Bits 6-7 Waveshape Select

Bit 7 Bit 6 Waveshape Selected
0 0 Pulse
0 1 Ramp
1 0 Triangle
1 1 Reserved

00C5 Read

Direct Read of DAC when 00C4 Bits 0-1 = 1X
Direct Read of Control Register when 00C4 Bits 0-1

= 01
00ceé R/W Frequency 1lsb for DAC sound channel

Bit 0 FO
Bit 1 Fl
Bit 2 F2
Bit 3 F3
Bit 4 F4
Bit 5 F5
Bit 6 F6
Bit 7 F7
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Address Description

00c7 R/W Amplitude/frequency msb for DAC sound channel
Bit 0 F8
Bit 1 F9
Bit 2 F10
Bit 3 Fl1
Bit 4 Reserved
Bit 5 AMP 1
Bit 6 AMP 2
Bit 7 AMP 3

00Cc8-00CF Reserved
0100-01FF Reserved
0200-0207 Joystick
Write Clear (Resets Ramp Generator To 0)
0201 Read R = Right Joystick, L = Left Joystick
Bit Description

- X Horizontal Position
- Y Vertical Position

- X Horizontal Position
- Y Vertical Position

Button #1 (Logic 0
Button #2 (Logic 0
Button #1 (Logic 0
Button #2 (Logic 0

Button Pressed)
Button Pressed)
Button Pressed)
Button Pressed)

NounbswNnHo
[l Al RNl

(10 T |

0208~020F Not Used

0210-02F7 Reserved

2F8-2FF Serial Port Secondary (COM2 Optional)

02F8 Write Transmitter Holding Register (Character to send)
Bit Description

Bit 0 - LSB (First Bit Sent Serially)

Bit 1

Bit 2

Bit 3

Bit 4

Bit 5

Bit 6

Bit 7

N whhHO
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Address

Description

02F8

02F8

02F9

02F9

Read Receiver Buffer Register (Character Received)

Bit Description

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

N~oueswhhEHO

0

N wN -

- LSB (First Bit Received Serially)

Divisor Latch LSB (Divisor Latch Access Bit DLAB ="1")

Bit Description

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

NS WNHO

NoOounewhoHO

Divisor Latch MSB (Divisor Latch Access Bit DLAB ="1")

Bit Description

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

NV WNHO

N WNNHO

Interrupt Enable Register

Bit Description

0 nim
l "l"
2 nyw
3 "1"
4

Enables the Received Data Available
Interrupt

Enables the Transmitter Holding Register Int
Enables Receive Line Status Interrupt
Enables the Modem Status Interrupt

-7 Always Logical "0"
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Address Description

02FA Interrupt Identification Register

Bit Description

0 "0" = Interrupt Pending

1-2 Bit 2 Bit 1
non "o" Fourth Level Priority
"o" " Third Level Priority
nwin wo" Second Level Priority
" un Highest Level Priority

3-7 Always Logical "0"
02FB Line Control Register

Bit Description

0-1 Bit 1 Bit 0
"o Q" Five Bit Word Length
"o" nle Six Bit Word Length
L "r Seven Bit Word Length
LA "y Eight Bit Word Length
2 "0" = One Stop Bit
nl* = 14 Stop Bits When Five Bit Length Selected
Two Stop Bits With Six, Seven, or Eight Bit
3 "l" = Parity Enable
4 "0" = 0dd Parity Select
"l" = Even Parity Select
5 Stick Parity Bit
6 "l" = Set Break Enable
7 "l" = pivisor Latch Access Bit Enable

02FC

Bit Description

0 "l" = Data Terminal Ready Set (DTR)
"0" = Data Terminal Ready Reset (DTR)

1 Request To Send (RTS)

2 Out 1

3 out 2

4 Loop

5-7 Always Logical "0"
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Address Description

02FD Line Status Register

Bit Description

0 Data Ready (DR)
1 Overrun Error (OR)
2 "l" = Detect Parity Error (PE)
3 "]l" = Detect Framing Error (FE)
4 "l" = Break Interrupt (BI)
5 Transmitter Holding Register
"l" = Character Transferred From Holding To Shift
Register
"0" = Loading Transmitter Holding Register
6 Transmitter Shift Register Empty

"l" = gshift Register Idle
"0" = pata Transfer From Holding Register
7 Always Logical "0"

02FE Modem Status Register

Bit Description
0 Delta Clear To Send (DCTS)

1 Delta Data Set Ready (DDSR)

2 Trailing Edge Ring Indicator
lll ” = On
n 0 n - Off

3 Delta Received Line Signal Detect (If Bit 0, 1, 2,
or 3 is set to a "1", modem status interrupt is
generated)

4 "0" = Clear To Send (CTS)

5 "0" = Data Set Ready (DSR)

6 "0" = Ring Indicator (RI)

7 "Q" = Received Line Signal Detect (RLSD)

02FF Reserved

0300-036F Reserved

0370-0377 Floppy Disk Controller 2 (optional)
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Address Description
0378 Printer - Data Latch
Bit Description
0 Bit 0 - LSB
1 Bit 1
2 Bit 2
3 Bit 3
4 Bit 4
5 Bit S5
6 Bit 6
7 Bit 7 - MSB
0379 Printer - Read Status

037A (037E)

037B
037¢C
037D
037F-03CF
03D0-03D3

03D4

Bit Description

Not
Not
Not
llo L
'llll
"OII
"0 L]
'IO n

SNommewNnHO

Used

Used

Used

= Error

Printer Select
out of Paper
Acknowledge
Busy

Printer - Control Latch

Bit Description

IIOII
loﬂ
"0 "
"0"
nln
HOII
Not
Not

~NonbwiNhHO

Not Used

Strobe

Auto FD XT
Initialize
Select Printer
Enable Interrupt
= Enable Output Data
Used

Used

Printer - Data Latch

Printer - Read Status

Not Used

Not Used

6845 Address Register
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Address Description
03D5 6845 Data Register
03D6 Not Used
03D7 Not Used
03D8 Mode Select Register
Bit 0 High Resolution Clock
= 0 Selects 40 By 25 Alphanumeric Mode
= 1 Selects 80 By 25 Alphanumeric Mode
Bit 1 Graphics Select
= 0 Selects Alphanumeric Mode
= 1 Selects 320 By 200 Graphics Mode
Bit 2 Black And White
= 0 Selects Color Mode
= 1 Selects Black And White Mode
Bit 3 video Enable
= 0 Disables Video Signal
= 1 Enables Video Signal
Bit 4 640 Dot Graphics
= 0 Disables 640 By 200 B&W Graphics Mode
= 1 Enables 640 By 200 B&W Graphics Mode
Bit 5 Blink Enable
= 0 Disables Blinking
= 1 Enables Blinking
03D9 Color Select Register

Bit 0 Background Blue

Bit 1 Background Green

Bit 2 Background Red

Bit 3 Background Intensity
Bit 4 Foreground Intensity
Bit 5 Color Select
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Address

Description

03DA-03DE

03DB
03DC

03DD

Write video Array Address and Read Status (03DA)
Write Video Array Data (03DE)

Read (03DA) Write (O3DE)

00
00
00
00
00

01
01
01
01

02
02
02
02
02

03
03
03
03
03
03

Bit
Bit
Bit
Bit
Bit

WO

Bit
Bit
Bit
Bit

Bit
Bit
Bit
Bit
Bit

uwin O wN o

Bit
Bit
Bit
Bit
Bit
Bit

WD HO

Display Inactive
Light Pen Set
Light Switch Status
Vertical Retrace
Not Used

Clear Light Pen Latch

Preset Light Pen Latch

Not Used
Not Used
Not Used
Not Used
Not Used

Palette Mask
Palette Mask
Palette Mask
Palette Mask

W o

Border Blue
Border Green
Border Red
Border Intensity
Reserved = 0

Mono Enable =1
Reserved = 0

Border Enable

4-Color High Resolution
16-Color Mode

Extra Video Mode

Extended RAM Page Register - CPU Relative

Bit

N WO

Description

Extended Addressing Modes
Not Used

Not Used

CRT Video Page Address "17"
CRT video Page Address "18"
CPU pPage Address "17"

CPU Page Address "18"

Select 64K Or 256K RAM
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Address Description

03DF CRT Processor Page Register - Video Memory Relative
Bit 0 Al4 CRT Page O
Bit 1 Al5 CRT Page 1
Bit 2 Al6 CRT Page 2
Bit 3 Al4 Processor Page 0
Bit 4 Al5 Processor Page 1
Bit 5 Al6 Processor Page 2
Bit 6 Video Address Mode 0
Bit 7 video Address Mode 1
video DO D7 D6
Descriptions 3DDH 3DFH 3DFH
8p 1 - 16K 0 0 0
8p 2 - 8K 0 0 1
4p 2 - 16K 0 1 0
4p 4 - BK 0 1 1
4p 1 - 32K 1 0 0
2p 2 - 32K 1 0 1
03E0-03EF Reserved
03F0 Not Used
03F1 Drive Select Switch
Bit 0 Not Used
Bit 1 "1" DpSO = DSO
"0" DSO = DS1
Bit 2 Not Used
Bit 3 Mux FDCDMATC (Write Only)
"0" FDCDMATC Out
"1l" Input
Bit 4 Not Used
Bit 5 Not Used
Bit 6 Not Used
Bit 7 Not Used
03F2 DOR Register (Write Only)
Bits 0-1 Drive Select
Bit 1 Bit 0
0 0 Drive Select A*
0 1 Drive Select B*
Bit 2 0 = FDC Reset
Bit 3 1 = Enable DMA Request/Interrupt
Bit 4 1 = Drive A Motor On
Bit 5 1l = Drive B Motor On
Bit 6 1 = FDC Terminal Count
Bit 7 Not Used
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Address Description

03F3 Not Used
03F4 FDC - status (Read Only) See FDC Specification
03F5 FDC - Data (R/W) See FDC Specification

03F6~-03F7 Reserved

03F8~03FF Serial Port Primary (COMl)

03F8 Write Transmitter Holding Register (Character to send)
Bit Description

Bit 0 - LSB (First Bit Sent Serially)
Bit
Bit
Bit
Bit
Bit
Bit
Bit

NoneswhoHO
NOUT e WN

- MSB

Receiver Buffer Register (Character Received)

o
(]
]
Q

03F8
Bit Description

Bit 0 - LSB (First Bit Received Serially)
Bit
Bit
Bit
Bit
Bit
Bit
Bit

N WO
NOoO e WN

- MSB
03F8 Divisor Latch LSB (Divisor Latch Access Bit DLAB = "1")
Bit Description

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

NoewNn RO
Nl wNnHEO
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Address Description

03F9 Divisor Latch MSB (Divisor Latch Access Bit DLAB = "1")
Bit Description

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

NoubewNh O
~NoauvewhHO

03F9 Interrupt Enable Register
Bit Description

"l" = Enables the Received Data Available
Interrupt

"l" = Enables the Transmitter Holding Register Int

"l" = Enables Receive Line Status Interrupt

"l" = Enables the Modem Status Interrupt

-7 Always Logical "0"

> W N [=]

03FA Interrupt Identification Register

Bit Description

0 "0" = Interrupt Pending

1-2 Bit 2 Bit 1
"o" "o Fourth Level Priority
no" nye Third Level Priority
LR no" Second Level Priority
nie wyim Highest Level Priority

3-7 Always Logical "O"
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address Description

03FB Line Control Register

Bit Description

0-1 Bit 1 Bit 0
"o" " Five Bit Word Length
nov L Six Bit Word Length
v " Seven Bit Word Length
ulw e Eight Bit Word Length
2 "o" One Stop Bit

niw 1} Stop Bits When Five Bit Length Selected
Two Stop Bits With Six, Seven, or Eight Bit
3 "l" = parity Enable
4 "0" = 0dd Parity Select
"l" = Even Parity Select
5 stick Parity Bit
6 "l" = Set Break Enable
7 "l" = Divisor Latch Access Bit Enable
03FC
Bit Description
0 "l" = Data Terminal Ready Set (DTR)
"0" = Data Terminal Ready Reset (DTR)
1 Request To Send (RTS)
2 Out 1
3 Out 2
4 Loop
5-7 Always Logical "0"
03FD Line Status Register

Bit Description

0 Data Ready (DR)
1 Overrun Error (OR)
2 "l" = Detect Parity Error (PE)
3 "l" = Detect Framing Error (FE)
4 "l" = Break Interrupt (BI)
5 Transmitter Holding Register
"1l" = Character Transferred From Holding To Shift
Register
"0" = Loading Transmitter Holding Register
6 Transmitter Shift Register Empty
"1" = shift Register Idle
"0" = Data Transfer From Holding Register
7 Always Logical "0"
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Address Description

03FE Modem Status Register

Bit Description

0 Delta Clear To Send (DCTS)

1 Delta Data Set Ready (DDSR)

2 Trailing Edge Ring Indicator
"l" = On
"o" = Off

3 Delta Received Line Signal Detect (If Bit 0, 1, 2,
or 3 is set to a "1", modem status interrupt is
generated)

4 "0" = Clear To Send (CTS)

5 "0" = Data Set Ready (DSR)

6 "0" = Ring Indicator (RI)

7 "0" = Received Line Signal Detect (RLSD)

03FF Reserved
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Address Description

FFE8-FFEB System Control Registers
FFES8 video Configuration Register

Bit Description

oo 0 Reserved
Ao Bit 1-4 vVideo Memory Configuration
Bit Bit Bit Bit Memory Memory Memory
4 3 2 1 Start Length Range
256K
Enable Al9 Al8 Al7
0 0 0 0 0000 128K 0 0000~
1 FFFF
0 0 0 1 2 0000 128K 2 0000-
3 FFFF
0 0 1 0 4 0000 128K 4 0000~
S FFFF
0 0 1 1 6 0000 128K 6 0000~
7 FFFF
0 1 0 0 8 0000 128K 8 0000~
9 FFFF
0 1 1 1 B 0000 128K B 0000-
B FFFF
(4 Page)
1 0 0 1 0 0000 256K 0 0000~
3 FFFF
1 0 1 0 2 0000 256K 2 0000-
5 FFFF
1 0 1 1 4 0000 256K 4 0000~
7 FFFF
1 1 0 0 6 0000 256K 6 0000~
9 FFFF
1 1 1 1 B 8000 256K B 0000-
B FFFF
(8 Page)

NOTE: To turn off on-board video, be sure Port AOH, Data Bit 0 is
a "1" and video Array Register 3.

5 16 Bit CPU Memory = 1
6 Reserved
7 Reserved
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Address Description

FFE9 Programmable Wait State Port
Bit(s) Description
0 Internal Memory Wait States

0 = 0 wait states
1 = 1 wait states

1,2 External Memory Wait States
00 = 0 wait states

01 = 1 wait states
10 = 2 wait states
11 = 3 wait states
3,4 1/0 Cycle Wait States
00 = 0 wait states
01 = 1 wait states
10 = 2 wait states
11 = 3 wait states
5 DMA Early Write Disable
0 = DMA waits for IOCHRDY = 1 to start Write
Strobe
1 = Normal 8237A-5 Write Strobe Generation
6 Internal Video Wait States
0 = 0 wait states
1 = 1 wait states
7 OSCIN Select
0 = 28.63636 MHz
1 = 24 MHz
FFEA WRITE/READ

Bit 0: ROM PAGING 0

Bit 1: ROM PAGING 1

Bit 2: ROM PAGING 2

Bit 3: ROM PAGING 3

Bit 4: ROM PAGING 4

Bit 5: 0 = Internal and Bus Refresh
1 = Internal Refresh only

Bit Description
6-7 Bit 7 Bit 6
0 0 Two Banks of 128K memory
0 1 Four Banks of 128K memory
1 0 One Bank of 512K memory
1 1 One Bank of 512K memory, One

Bank of 128K memory
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NOTE: When reading Port FFEA, Bit 4 will be inverted from what
was written, (i.e. when a 0 is written, a 1 will be read; when a

1 is written, a 0 will be read.)

ROM Paging Definition:

=

Two 2 Meg ROMs ADDRESS ROM PAGES ROMCS SELECT
(Two 1 Meg ROMs) 19 18 17 16
FO0000-FFFFF
E0000-EFFFF
EOO0O0Q0-EFFFF
E000Q0-EFFFF
E0000-EFFFF
E0000-EFFFF
E0000-EFFFF
E0000-EFFFF
E0000-EFFFF

o=
o
3*
—

X s
MMM XN MMM KW
COCOrRHKHKHXN

2
X
X
X
X
x
X
X
X
X

COHHONX KHX
OFOHOHONX HO

=

FHRHEHEEFRPHFHRNOOOOOOOHOD HHHEHOOORO
+*

-
COOCOCOOOCOHHHKFKHFEPHEFERFE OOOCOHN M

fu
COO0OOCOOCOOOCOOOOOOHN cCoOOoOoCOoOoOoOH

HEHFFRPRERPHEERPHERERRPHERY HERERHHBE R
~

FPHRE R RRRHEERPRRHER® HE -
[

e e e e L el o N Sy A

Two 4 Meg ROMs
F0000-FFFFF
E0000-EFFFF
EO0Q00-EFFFF
E0000-EFFFF
E0000-EFFFF
E0000-EFFFF
EOOQ00-EFFFF
E00O0O0-EFFFF
E0000—-EFFFF
E0000—-EFFFF
E0000-EFFFF
E0000-EFFFF
E0000-EFFFF
E00QO0-EFFFF
E0000-EFFFF
E0000-EFFFF
E0000-EFFFF

COHMHOOHMROOHMFHOOHKMNX - COHHOOMHX
CHOFOHOHOHOHOROKFX O OHOHOFOMFNX O

COO0OCOOO0OCOOCOCOCOCOOONX
COOCCOOOCOHKMHKMMHRERFMW
COOCOHHFHHHOOOOHKFHFHXIN
COOCOHHHFHMHOOOORFHEFEXHN
COHHFHOOHMHOOHHOOHNXHH
OO HOHOHOHOFHOMHONX HO

FFEB UART Clock, Joystick, and Sound Enable
Bit Description

Clock divided by 13
Clock Divided by 1

0

[']

0
1
Disable Joystick
Enable Joystick

Disable Sound Chip
Enable Sound Chip

o o
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1
2
3
4
1
2
3
4
ROM 0 ROM 1
1
2
3
4
5
6
7
8
1
2
3
4
5
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ELECTRICAL BILL OF MATERIAL - TANDY 1000 SL

MAIN LOGIC ASSY.
QTY. DESCRIPTION DESIGNATOR VENDOR
1 TANDY 1000 SL MAIN LOGIC PCB REV.
4 STAKE PIN E2~-4 AMP#1-87022-0
1 SOCKET, 8-PIN DIP ul7 AMP#640463-1
20 SOCKET, 18 PIN DIP U6-11,15,16, AMP#2-383060-3
19,20,23,24
27,28,31,32,
34,35,36,37
1 SOCKET, 20 PIN DIP Ul3B
1 SOCKET, 24 PIN .300 Ul8 AMP#640962-3
2 SOCKET, 28 PIN DIP U1l3,25 AMP#2-641605-3
2 SOCKET, 32 PIN HU1,HU2
OR SU3,SsU4
3 SOCKET, 40 PIN DIP U12,21,29 AMP#2-641606-3
2 SOCKET, 68 PIN PLCC U30,40
1 CONNECTOR, 9-PIN J3 (POWER) MOLEX#26-48-1095
1 CONNECTOR, 34 PIN J2 (FLOPPY) MOLEX#70246-3402
5 CONNECTOR, 62 PIN J5-9
1 CONNECTOR, DB9 J10 (SERIAL) AMP#747840-3
1 CONNECTOR, DB9 Jl1 (VIDEO) AMP#7459883
HOLMBERG#4509RA2
MOLEX#82009-2052
1 CONNECTOR, 8 PIN J1 AMP#5-102074-8
BERG#65001-208
MOLEX#90148-1108
1 CONNECTOR, 20 PIN J4 (JOYSTK) AMP#5-102083-6
MOLEX#15-38-2020
BERG#65000-210
[3 RESISTOR, 10 OHM R11,14,16,22,
1/8W 5% SMD R1206 24,27
7 RESISTOR, 33 OHM R2,3,18,34,
1/8W 5% SMD R1206 35,36,37
1 RESISTOR, 510 OHM R41
1/8W 5% SMD R1206
6 RESISTOR, 1K OHM R1A,20,21,23,
1/8W 5% SMD R1206 25,39
1 RESISTOR, 1.2K OHM R42
1/8W 5% SMD R1206
1 RESISTOR, 2.2K OHM R29
18w 5% SMD R1206
1 RESISTOR, 3.3K OHM R28

18W 5% SMD R1206

TANDY 1000 SL

PART
NUMBER

8709843
8529014

8509011
8509037

8509009
8509029
8509007
8509048
8509002
8509020
8519191
8519324
8519236
8519269
8519279
8CM42

8519365
8519366

X20301030
X20303330
X20315130
X20321030
X20321230
X20322230

X20323330



MAIN LOGIC ASSY.

TANDY 1000 SL

QTY. DESCRIPTION
5 RESISTOR, 4.7K OHM
1/8W 5% SMD R1206
10 RESISTOR, 10K OHM
1/8W 5% SMD R1206
5 RESISTOR, 27K OHM
1/8W 5% SMD R1206
2 RESISTOR, 47K OHM
1/8W 5% SMD R1206
2 RESISTOR, 100K OHM
1/8W 5% SMD R1206
1 RES PAK, 1K,
1 RES PAK, 4.7K
1 RES PAK, 10K
1 RES PAK, 10K
7 RES PAK, 33 OHM,
36 CAP 0.luf 50V 20%
SMD C0805
20 CAP 0.33 uf 50V
20% zZ5U SMD C1210
4 CAP 10 uf 25V
TANT RAD. 20%
2 CAP 10 uf 16V
ELECT.RAD. 20%
6 CAP 22 uf 16V
ELECT.RAD. 20%
2 CAP 22 UF 25V
ELECT.RAD. 20%
1 CAP 47 uf 16V
ELECT.RAD. 20%
6 CAP 33 pf 10% 50V

SMD C0805

PART
DESIGNATOR VENDOR NUMBER
R1,4,5,17,33 X20324730
R6,7,8,9, X20331030
10,12,13,15,
18a,19
R26,31,38,40,46 X20332730
R30,45 X20334730
R43,44 X20341030
RP3 8290210
RPS 8294247
RP4 8290032
RP7 8292310
RP1,2,5,6, 8290044
9-11
c2-4,6,9, X30410345
10,10A,154,
18,19,21,22,
28,31,35-37,
39,47,69,
70-72,74-79,
82,84,87,91,
102,111,126
c7,8,11,12, X30433343
13,14,16,17,
20,23,25,26,
29,30,32,33,
40,41,51,52
c5,15,27,68 8336106
c81,86 8326106
C1,44-46,83,127 8326221
c42,43 8326224
c1o1 8326474
c24,34,38,50, X30033240
73,80



ELECTRICAL BILL OF MATERIAL - TANDY 1000 SL

MAIN LOGIC ASSY.

TANDY 1000 SL

QTY. DESCRIPTION

49
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-
O RN N

5

1

CAP 220 pf 10% 50V

SMD C0805

CAP

330 pf

SMD C0805
OSCILLATOR,
DUAL 28/32 MHZ
OSCILLATOR,
DUAL 16/24 MHZ

1ic,
1ic,
1ic,
ic,
1c,
ic,
1c,
ic,
1c,
1c,
1c,
1ic,

74HCT14*
74HCT273
74LS00
74LS32
74LS175
74L5244
74LS373
MC1458S
MC1488
MC1489
VIDEO II
BUFFER BLUE

FERRITE BEAD
VOLT.REG. 78L05

VOLT.REG.

EMI

.22 uf W/FER. BEAD

FILTER,

1N4148 DIODE

79M05CT

DESIGNATOR

VENDOR

C48,49,53-67,
85,88-90,
92-99,100
103,105,106,
109,110,
112-125
€104,107,108

Y1
Y2

u33
Ul4

U5

U22
Ul3a
U45
U38
U44
U39
U42,43
u26
U4l
FB1-10
VR1

VR2

CF1-5

CR1

* (CAN SUB LS FOR ALL HCT PARTS)
DO NOT STUFF R32,E5,E6,E7,RIB.

NOTE:

DIAWA, MF
DIAWA, MF

GENERIC
"

MOTOROLA
GENERIC

FAIRRITE#2743002121
MOTOROLA MC78L05,
FAIRCHILD UA78L05
TEXAS INST. UA78L0OS5C
MOTOROLA MC79MO5CT,
FAIRCHILD UA7905

TEXAS INST. UA79MO5CKC
MURATA#DTS310 55D-2235

PART
NUMBER

X30122243

X30133244
8409076
8409075

8026014
8026273
8020000
8020032
8020175
8020244
8020373
8052458
8050188
8050189
8079020
8079024
8419013
8052805

8190005

8418013
8150148



TANDY 1000 SL FINAL ASSEMBLY

QTY. DESCRIPTION

IC,

Ic,

N N

Ic,
120

©

1c,
150
ic,
ic,
1c,
ic,
ic,
1ic,
1c,

e

1 Ic,

JUMPER PLUG

EEPROM,

1K SERIAL

16K X 8 ROM

(CHAR GEN) 200NS

64K X 4 DRAM
ns

64K X 4 DRAM
ns

VIDEO II

CPU 8086-2
BUFFER BLUE
PSSJ (68 PLCC)
FDSL

KFIT (68 PLCC)
UPD 765A

256K X 8

(2MEG BIT ROM)
EVEN (200NS) *
1 IC, 256K X 8
(2MEG BIT ROM)
ODD (200NS) *
1 IC, 256K X 8
(2MEG BIT ROM)
EVEN (200NS) *
1 IC, 256K X 8
(2MEG BIT ROM)
ODD (200NS) *
1 IC, PAL 1l6R4A

* NOTE:

DESIGNATOR

VENDOR

TANDY 1000 SL SUBASSEMBLY REV. B

E2-E3
ul7

u25
v6,7,8,9
v10,15,19,23,
27,31,34,36,
U26

U29

U4l

U40

v18

u3o
ul2

HUl

HU2

su3

su4

U13B

GENERIC
NAT. SEMI CONDUCTOR,
HYUNDAI, AMI
HITACHI, SHARP, NCR

FUJITSU, HITACHI,
NEC, TI, SAMSUNG,
MICRON
GENERIC

AMD

INTEL,

ROCKWELL, ZILOG,
NEC

HITACHI

HITACHI

SHARP

SHARP

AMD,
NAT. SEMI CONDUCTOR

PART
NUMBER

8859024

8519098
8040346

8079027
8045164

8040464
8079020
8041086
8079024
8079021
8041401
8079019
8040272

8076312

8075312

8076323

8075323

8042164

USE EITHER HITACHI ROMS (HU1l,HU2) OR SHARP ROMS (SuU3,SU4), BUT
NOT BOTH SETS.



ELECTRICAL BILL OF MATERIAL - TANDY 1000 SL

TANDY 1000 SL SUBASSEMBLY

QTY. DESCRIPTION

1

N W

TANDY 1000 SL SATELLITE PCB REV.

STAKING PIN
JUMPER PLUG
CONNECTOR
CONNECTOR
CONNECTOR
CONNECTOR

CONNECTOR

RESISTOR, 47 OHM
1/8W 5% SMD R1206
RESISTOR, 10 OHM
1/8W 5% SMD R1206
RESISTOR, 33 OHM
1/8W 5% SMD R1206
RESISTOR, 1K OHM
1/8W 5% SMD R1206
RESISTOR, 1.2K OHM
1/8W 5% SMD R1206
RESISTOR, 1.3K OHM
1/8W 5% SMD R1206
RESISTOR, 2.4K OHM
1/8W 5% SMD R1206
RESISTOR, 2.7K OHM
1/8W 5% SMD R1206
RESISTOR, 4.7K OHM
1/8W 5% SMD R1206
RESISTOR, 10K OHM
1/8W 5% SMD R1206
RESISTOR, 13K OHM
1/8W 5% SMD R1206
RESISTOR, 91K OHM
1/8W 5% SMD R1206
RESISTOR, 300 OHM
1/8W 5% SMD R1206
RESISTOR, 1 MEG
1/8W 5% SMD R1206
CAP 0.1 uf 50V

20% SMD C0805

CAP .33 uF

CAP .047 uF

Cl206P 20% 50V Z5U
CAP 3.3 uF

DESIGNATOR

VENDOR

El1-3

E2-E3

J7 (SPEARKER)

J1 (KEYBOARD)
J2,3 (JOYSTICK)
J5

J4

R26

R39

R1-9
R14,17,21,23,
R29,32,34

R30

R27

R36

R33
R10,13,18,19,
20,22,24,25
R28,R35

R31

R37,38
R11,12,15,16
C23,33,36,38-41

C35,43,44
C24

C26,29,30

B

AMP#1-87022-0

MOLEX#22-29-2021

HOSIDEN#TCS5040-17-4071
HOSIDEN#TCS504)-16-1911

AMP#103323-8
MOLEX#22-59-1108
BERG#68015-408
AMP#1-103324-0
MOLEX#10-88-1206
BERG#6805-420

8859110

PART
NUMBER

8709867
8529014
8519098
8519193
8519358

8519318
8519367

8519368

X20304730
X20301030
X20303330
X20321030
X20321230
X20321330
X20322430
X20322730
X20324730
X20331030
X20331330
X20339130
X20313030
X20361030
X37410341

X30433343
X30347343

X3335332



ELECTRICAL BILL OF MATERIAL - TANDY 1000 SL

TANDY 1000 SL SUBASSEMBLY 8859110
PART
QTY. DESCRIPTION DESIGNATOR VENDOR NUMBER
2 CAP 10 uf 20V Cc20,21 8336103
10% TANT. AX.
1 Cap 100 uf c42 8327108BAA
ELECT.RAD. 20%
2 CAP 1000 pf 10% C27,34 X30210343
50v
XR7 SMD C0805
25 CAP 220 pf 50V C1-19,28,31, X30122243
20% SMD C0805 22,25,32,37
1 IC, 7416 Ul GENERIC 8000016
1 IC, MC1458 u3 8051458
1 IC, LM339 U2 8050339
1 IC, LM386 U4 8050386
9 FERRITE BEAD FB1-9 FAIRRITE#2743002121 8419013
1 VOLT.REG. 78L05 VR1 MOTOROLA MC78LO05, 8052805
FAIRCHILD UA78LO5
TEXAS INST. UA78L0O5C
1 RESET BUTTON s1 ALPS#KHC15901 8489065
1 MINI PHONE JACK J6 HSJ0862~01-1060 8519355
1 PHONO JACK J8 HSJ0842-01-1020 8519322
1 POT. 10K R40 PT15N#510KA 8270510
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TANDY BUFFER BLUE CUSTOM IC

PART # 8079024



The information contained herein 1is exclusive property of Tandy
Corporation. No reproduction of any kind may be made without the
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BUFFER BLUE PRELIMINARY SPECIFICATION

1.0 GENERAL
1.1 Functional Description

The Buffer Blue Custom IC is a VLSI ASIC for use in a PC/XT
typearchitecture using an 8086 microprocessor. It comprises the
following elements:

- 8237 Equivglent.

- DRAM control.

- Address buffering and decoding.
- Data Conversion and Buffering.

It is contained in a 100 pin flat package suitable for surface
mounting.

2.0 PIN LIST

PIN NAME QTY. IfO DESCRIPTION

vCC 4 Power inputs

GND 4 Grounds

ADO - AD1S5 16 Bidir. Multiplexed address and
data signals for
connection to 8086 CPU,
ROM data, and 16 bit RAM
data.

ADR16 - ADR19 4 Bidir. Address inputs from CPU,
Address outputs from DMA.

S0 - s2 3 Inputs Status inputs from CPU.

BHEB 1 Input Bus High Enable from CPU
or DMA.

RQ/GTB 1 Bidir. Bus control handshaking
with CPU.

READY 1 Output CPU ready signal, active
high. This signal is
synchronized with Clock.

RESET 1 Output CPU Reset signal, active

high. This signal is
synchronized with Clock.



PIN NAME

CPUCLK

A0 - All

IOD0 - I0D7

IORB

IOWB

MEMRB

MEMWB

RSTINB

RDYIN

CPUALE

BUSALE

QTY.

12

1/0

Output

Outputs

Bidir.

Output

Output

Output

Output

Input

Input

Output

Output

DESCRIPTION

CPU clock signal, 12 MHz
50 % duty cycle, or 8 or
4 MHz 33 % duty cycle,
internally switchable.

Buffered bus address
outputs, intended to
drive 5 XT type I/0
slots, as well as a few
on board peripherals.

Eight bit peripheral data
bus, intended to drive 5
XT type I/O slots, as
well as all on board
peripherals.

CPU/DMA I/O Read signal,
active low. System
control line.

CPU/DMA I/O Write signal,
active low. System
control line.

CPU/DMA Memory Read
signal, active low.
System control line.

CPU/DMA Memory Write
signal, active low.
System control line.

Master reset input,
synchonized.

Unsynchronized ready
input.

CPU Address Latch Enable.
Decoded from CPU S0 - S2
when used with CPU
accesses, Used to latch
addresses on the
multiplexed address/data
bus.

DMA Address Latch Enable.
Generated by internal
timing when used with DMA
accesses. Used to latch
addresses on the I/0 bus.



PIN NAME

HLDA

INTAB

OSCIN

MAQ - MAS

WEHB, WELB

RASOB,RAS1B
RAS2B,RAS3B

CASB

DRQ1l, DRQ3
FDDMARQ

DACK1, DACK3
FDDMACKB

DMATC

ROMCSO0B
ROMCS1B

QTY.

Output

Output

Input

Outputs

Outputs

Outputs

Output

Inputs

Outputs

Output

Output

DESCRIPTION

Indicates DMA cycle in
progress.

Decode of S2 - S0 to

indicate an interrupt
acknowledge cycle in

progress.

Clock input, 30 MHz max,
50 % duty cycle.

Multiplexed Memory
Addresses. Intended to
drive 20 MOS memory
devices.

Memory write enable
signal, active low.
Intended to drive 10 MOS
memory devices.

Memory Row Address
Strobes, active low.
Intended to drive 16 MOS
memory devices. All
others intended to drive
4 MOS memory devices
each.

Memory Column Address
Strobes, active low.
Each intended to
drive 20 MOS memory
devices.

DMA channel requests.

DMA acknowledge signals.

DMA end of process
signal.

Active Low ROM Chip
select valid during a
MEMR with Al17, Al8, and
Al9 active.



PIN NAME

SELO - SEL2

IOCHCK

COPRNMI

NMIOUT

REFRESH

TRESET

QTY. 1/0

3 Outputs
1 Input

1 Input

1 Output
1 Output
1 Input

3.0 ABSOLUTE MAXIMUM RATINGS

DESCRIPTION

I/0 or Rom paging
decodes, depending upon
whether a memory or I/0
cycle is in progress.
NMI from I/0 Bus.

NMI from 8087
Coprocessor,

NMI to CPU.

Refresh request to the
I/0 Bus,

Test pin. Must be tied
Low.

Min Typ Max Units
Storage Temperature: -65 150 degrees C
Operating Temperature: 0 25 70 degrees C
All output pins -0.5 7.0 volts DC
All input pins -0.5 7.0 volts DC
Power Supply (Vcc) -0.5 7.0 volts DC
Power dissipation 750 milliwatts
4.0 D. C. ELECTRICAL CHARACTERISTICS
4.1 Inputs

Min Typ Max Units
Leakage current +/-10 ulA
Vih 2.0 Vee+.5 volts DC
vil -0.5 0.8 volts DC
Input capacitance 10 PF
4.2 RQ/GT, READY, CLOCK, INTAK, ROMCSOB, ROMCSOB,

DACK1-DACK3, EOP, SELO-SEL2, NMIOUT, CPUALE

Min Typ Max Units
Iol 2 mA
Vol 0.4 volts DC
Ioh 1 mA
Voh 2.4 volts DC
Capacitive load 40 pPF



4.3 ADO - AD1S

Min Typ Max Units
Iol 2 mA
Vol 0.4 volts DC
Ioh 1 mA
Voh 2.4 volts DC
Capacitive load 80 pPF
4.4 RAS1B, RAS2B, RAS3B

Min Typ Max Units
Iol 2 mA
vol 0.4 volts DC
Ioh 1 mA
Voh 2.4 volts DC
Capacitive load 160 PF
4.5 MAO-MA8, RASOB, CASB
with Slew Rate Control

Min Typ Max Units
Iol 8 mA
Vol 0.4 volts DC
Ioh 1 mA
Voh 2.4 volts DC
Capacitive load 160 PF

4.6 MEMRB, MEMWB, IORB, IOWB, BUSALE, HLDA, BHE, A0-2Al9,
IOD0-IOD7, REFRESH, RESET, WEHB, WELB

with Slew Rate Control

Min Typ Max Units
Iol 6 mA
Vol 0.4 volts DC
Ioh 2 mA
voh 2.4 volts DC
Capacitive load 80 PF

5.0 AC CHARACTERISTICS

NOTE: All pins loaded with 85pf except Memory Address (MAO-8),
RASO, and CAS, which are loaded at 140pf.



TIMING DIAGRAMS

FIGURE 1. CPUCLK
| {mmmm e tCYC —==mmmmmm >
|<- tHI ->|
| |
| | I<=== tLOW =—=——=———————n >1
VOH 4.0V .......l/ \l |
/ N |
/1 IN | |/
VOL 0.4V....../ | I\ I/
/1] I\ /
I [
tR =>| I< > 1<~ tF
CLOCK PARAMETER | 8.00 MHZ | 4,00 MHZ
|min typ max |min typ max
tHI Level at least 4.0v | 44 | 69 ns
tLOW Level not greater than 0.4v]| 68 | 118 ns
tR Rise time , 0.4 to 4.0v | 10 | 10 ns
tF fall time , 4.0 to 0.4v | 10 | 10 ns
tCYC | 125 | 250 ns
FIGURE 2. RESET
/ \
/ \
CPUCLK / I\
|
|
\ /
X |
RSTINB /1\ =>1 |<== t2
| | |
R B >l |
| I \Il/
| X
RESET 1/ \
|
RESET PARAMETERS
tl RSTIN Setup to CPUCLK low | Asynchronous input
t2 RESET Delay from CPUCLK low | 6 min 24 ns max



FIGURE 3. READY
[ <+++++ T3/TW +++++44> ]
| |
CPUCLK / \ / \
(OUTPUT) / I\ /1 \
| |
=>| |<- tl |
| |<==t2=-=>| |
\I I 1/ |
RDYIN, FALSE \ | / |
(INPUT) | |
£3-->] <~ |
| [<-td4->|
READY N |/
(OUTPUT) \ /
| <+++++ T3/TW +++++++>|
| |
CPUCLK / \ / \
(OUTPUT) /1 I\ | AN
| | | |
t5-->| [<=  =>| |<-t6 | |<=— tCH
| | I |
RDYIN, TRUE 1/ N I
(INPUT) / | \ :
|
| <===mm t7 --=—>| t8 |<-
| |
READY I/ Y
(OUTPUT) / \
READY PARAMETER
| min max
tl RDYIN False Setup to CPUCLK low | 30 ns
t2 RDYIN False Hold after CPUCLK low [ 10 ns
t3 READY False before CPUCLK low | 0 ns
t4 READY False Hold after CPUCLK hi | 20 ns
|
t5 RDYIN True Setup to CPUCLK hi | 35 ns
t6 RDYIN True Hold after CPUCLK low | 10 ns
t7 READY True before CPUCLK hi | 66 ns tRYHCH 8086
t8 READY True Hold after CPUCLK hi [ 20 ns tCHRYX 8086




FIGURE 4. CONTROL GENERATOR

(ref) /N /NSNS
T1 T2 T3 TW T4
CPUCLK _/ '\ /N 7/ \ \ \ /
> I<tI | | > T<E2 > T<t2 1
| | | | |
S0B-S2B  \ / / T
>ITT<E3 >T [<té |
| | |
ALE / \
>TT<t6 7> <
| | |
IOR,MEMR \ /
INTAB > 1<te t8>T1<
| |
IOW ,MEMW \ /
CONTROL GENERATOR
| min max
tl STATUS Active Delay from CLK hi | 10 60 ns tCHSV 8086
t2 STATUS Inactive Delay from CLK low| 10 70 ns tCLSH 8086
t3 ALE True Delay from Status Active | 0 22 ns
t4 ALE False Delay from CLK hi | 0 31 ns
t6 STROBE True Delay from CLK low | 0 31 ns
t7 STROBE False Delay from CLK low | 36 52 ns
t8 STROBE False Delay from CLK hi | 0 19 ns




FIGURE 5A. ARBITTER/REQUEST 0 clocks min

| | <= =>1
| |
\ /NI / \I /T \I /N /
CPUCLK \ / \ / \ /1 \ / \ /
(ref) t2-> ;(-- t? -=>T |
[ |
| | /71|
RQ/GTB (REQUEST to CPU) \ /1 | REQUEST and ACKNOWLEDGE
| | can overlap and be seen
(output) | | | as one pulse by the
->td [<= | | | circuit.
| t5 ==>| I<=
I | 1/
RQ/GTB (ACKNOWLEDGE from CPU) \ | /
(input) |
t6 > <=
1/
HLDA /
FIGURE 5B. ARBITTER/RELEASE
/ N\ / N\ / \ / \
CPUCLK \ / \ /1 \ / \____
(external) | | |
t2 =>| |<- | =>]  I<~t3
| | |
A\l | 1/
RQ/GTB (RELEASE to CPU) \ | /
(output) |
1<- t6 =>|
|
A\l
HLDA \
ARBITTER PARBMETER
Imin max
t2 CPUCLK low to RQ/GTB active (REQ/REL pulse) 120 ns tGVCH 8086
t3 CPUCLK low to RQ/GTB inactive (REQ/REL pulse) 120 ns tCHGX 8086
t4 RQ/GTB (True) setup to CPUCLK hi (ACK pulse) | 50 ns tCLGL 8086
t5 RQ/GTB (False) hold from CPUCLK low (ACK pulse)l 50 ns tCLGH 8086
t6 CPUCLK hi to HLDA Delay 30 ns




MEMORY ACCESS TIMING (NO REFRESH)

ADDR X X X
|<=E1=5T 1<t2 | T<mmm == t10-—-—=- >
| <mmmmmm— t3--=~>| |
RAS \ / \
|7 >Ted 1< €751
[REEEEEET £8-mmmmme >
cas [ I\ /
| <=-t5->|
1< ---t9 -==>|
WEB (write) \ /
|<=>Tt6
min
tl ADDRESS SETUP TO RAS 25 ns
t2 ROW ADDRESS HOLD TIME 17 ns
t3 RAS- WIDTH 150 ns
t4 COLUMN ADDRESS SETUP TIME 29 ns
t5 RAS- TO CAS- TIME 73 ns
t6 WE- TO CAS- SETUP TIME 29 ns
t7 COLUMN ADDRESS HOLD TIME 40 ns
t8 CAS- WIDTH 230 ns
t9 WE- WIDTH 220 ns
t10 RAS- PRECHARGE 109 ns



ADDRESS AND DATA BUS

T | T2 __ | T3/TW__| T4 _ | TI __
CPUCLK / \ / N\ / / N\ \ / 0\ /
t1>] < > T<t2 |

| |
AD1S5 - 0 X X data out X
(write) | | >1 <t3

| | |
AD15 - 0 X Dmmm < data 1in >=-=<
(read) EZ Y N E ) 1<t5 -

|

ADR1S9 - 16 X active_X X
,BHE T6>1T<  >11<t7

| |
ALE (ref)

>|T<t8
|

All - A0 X
PACKAGE PINOUT - QUAD FLAT PACK (PRODUCTION)
PACKAGE: PB30, DIE SIZE: 5.510MM x 5.500MM
PIN 1 AD1 PIN 26 0SC24M PIN 51 HLDA PIN 76
PIN 2 ADO PIN 27 TRESET PIN 52 REFRESH  PIN 77
PIN 3 BUSALE PIN 28 RDYIN PIN 53 WELB PIN 78
PIN 4 CPUALE PIN 29 RSTINB PIN 54 WEHB PIN 79
PIN 5 CPUCLK PIN 30 IOCHCKB  PIN 55 RESET PIN 80
PIN 6 DRQ1 PIN 31 DACK1B PIN 56 READY PIN 81
PIN 7 FDDMARQ  PIN 32 FDDMACKB PIN 57 NMIOUT PIN 82
PIN 8 DRQ3 PIN 33 DACK3B PIN 58 INTAB PIN 83
PIN 9 10D0 PIN 34 A0 PIN 59 SEL2 PIN 84
PIN 10 I0D1 PIN 35 Al PIN 60 SEL1 PIN 85
PIN 11 10D2 PIN 36 A2 PIN 61 SELO PIN 86
PIN 12 10D3 PIN 37 A3 PIN 62 ROMCSB1 PIN 87
PIN 13 10D4 PIN 38 A4 PIN 63 ROMCSB0  PIN 88
PIN 14 VDD PIN 39 A5 PIN 64 DMATC PIN 89
PIN 15 vss PIN 40 vsSs PIN 65 CASB PIN 90
PIN 16 I0D5 PIN 41 VDD PIN 66 vss PIN 91
PIN 17 10D6 PIN 42 A6 PIN 67 VDD PIN 92
PIN 18 I0D7 PIN 43 a7 PIN 68 RAS3B PIN 93
PIN 19 IORB PIN 44 A8 PIN 69 RAS2B PIN 94
PIN 20 IOWB PIN 45 A9 PIN 70 RAS1B PIN 95
PIN 21 MEMRB PIN 46 Al0 PIN 71 RASOB PIN 96
PIN 22 MEMWB PIN 47 All PIN 72 MAS8 PIN 97
PIN 23 RQGTB PIN 48 SO0B PIN 73 MA7 PIN 98
PIN 24 COPRNMI  PIN 49 siB PIN 74 MA6 PIN 99
PIN 25 BHEB PIN 50 S2B PIN 75 MAS PIN 100
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MA4
MA3
MA2
MAl
MAO
ADD19
ADD18
ADD17
ADD16
AD15
AD14
AD13
AD12
VDDl
vss
AD11l
AD10
AD9
AD8
AD7
AD6
AD5
AD4
AD3
AD2



6.0 PORT DEFINITION MAP

PORT 00

PORT 01

PORT 02

PORT 03

PORT 04

PORT 05

DMA Controller

IOW* = 0: Channel
Internal
Internal
Channel
Internal
Internal

IOR* = 0:

DMA Controller

IOW* = 0: Channel
Internal
Internal
Channel
Internal
Internal

IOR* = O0:

DMA Controller

IOW* = 0: Channel
Internal
Internal
Channel
Internal
Internal

IOR* = 0

DMA Controller

IOW* = 0: Channel
Internal
Internal

0: Channel
Internal
Internal

IOR* =

DMA Controller

IOW* = 0: Channel
Internal
Internal
Channel
Internal
Internal

IOR* = 0:

DMA Controller

IOW* = 0: Channel
Internal
Internal
Channel
Internal
Internal

IOR* = (Q:

0 Base and Current Address
Flip/Flop = 0: Write AQ0-A7

Flip/Flop l: Write A8-Al5
0 Current Address

Flip/Flop = 0: Read AQ0-A7
Flip/Flop = 1: Read A8-Al5

0 Base and Current Word Count
Flip/Flop = 0: Write WO-W7
Flip/Flop = 1: Write W8-W15

0 Current Word Count
Flip/Flop = 0: Read WO-W7
Flip/Flop = 1: Read W8-W15

i

1 Base and Current Address
Flip/Flop = 0: Write A0-A7
Flip/Flop = 1l: Write A8-Al5
1l Current Address
Flip/Flop = 0: Read AQ0-A7
Flip/Flop = 1: Read A8-Al5

1 Base and Current Word Count

Flip/Flop = 0: Write WO-W7
Flip/Flop = 1l: Write W8-W1l5
1 Current Word Count
Flip/Flop = 0: Read WO0-W7
Flip/Flop = 1: Read W8-W1l5

2 Base and Current Address
Flip/Flop = 0: Write A0-A7
Flip/Flop = 1: Write A8-Al5
2 Current Address
Flip/Flop = 0: Read AQ-A7
Flip/Flop = 1: Read A8-Al5

2 Base and Current Word Count
Flip/Flop = 0: Write WO-W7
Flip/Flop = 1: Write W8-Wl5

2 Current Word Count
Flip/Flop = 0: Read WO-W7
Flip/Flop = 1: Read W8-W15

12



PORT 06 DMA Controller
IOW* = 0: Channel 3 Base and Current Address
Internal Flip/Flop = 0: Write AQ-A7
Internal Flip/Flop = 1: Write A8-AlS5
IOR* = 0: Channel 3 Current Address
Internal Flip/Flop 0: Read A0-A7
Internal Flip/Flop 1: Read A8-AlS

PORT 07 DMA Controller
IOW* = 0: Channel 3 Base and Current Word Count
Internal Flip/Flop = 0: Write WO-W7
Internal Flip/Flop = 1l: Write W8-W15
IOR* = 0: Channel 3 Current Word Count
Internal Flip/Flop = 0: Read WO-W7
Internal Flip/Flop = 1: Read W8-W15

PORT 08 DMA Controller
IOW* = 0, Write Command Register

BIT Description

0 0 Memory to Memory Disable
Memory to Memory Enable
Channel 0 Address Hold Disable
Channel 0 Address Hold Enable
If bit 0 = 0
Controller enable
Controller disable
Normal timing
Compressed timing
If bit 0 =1
Fixed priority
Rotating priority
Late write selection
Extended write selection
If bit 3 =1
DREQ sense active high
DREQ sense active low
DACK sense active low
DACK sense active high

1

>
HOHOMXMOHOXHFOHFHONXKHOR

o o

*

= 0, Read Status Register
escription
Channel
Channel

=
]

=]
HMRMRRMRERRRDY

0 has reached TC

1 has reached TC
Channel 2 has reached TC
Channel 3 has reached TC
Channel 0 Request
Channel 1 Request
Channel 2 Request
Channel 3 Request

NONSdWNHOH

13



PORT 09 DMA Controller
IOW* = 0, Write Request Register

BIT Description
0-1 Bitl Bit0
0 0 Select channel 0
0 1 Select channel 1
1 0 Select channel 2
1 1 Select channel 3
2 0 Reset request bit
1 Set request bit

3-7 Don't Care
IOR* = 0, Illegal

PORT 0A DMA Controller
IOW* = 0, Write Single Mask Register

BIT Description

0-1 Bitl Bito0
0 0 Select channel 0 mask bit
0 1 Select channel 1 mask bit
1 0 Select channel 2 mask bit
1 1 Select channel 3 mask bit

2 0 Clear mask bit (Enable Channel)
1 Set mask bit (Disable Channel)

3-7 Don't Care
IOR* = 0, Illegal
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PORT 0B

BIT
0-1

PORT 0C

PORT 0D

PORT 0OE

PORT OF

DMA Controller

IOW* = 0, Write Mode Register
Description
Bitl Bit0
0 0 Channel 0 select
0 1l Channel 1 select
1 0 Channel 2 select
1 1 Channel 3 select
Bit3 Bit2
0 0 Verify transfer
0 1l Write transfer to memory
1 0 Read transfer to memory
1 1 1Illegal
X If bits 6 and 7 = 11
0 Autoinitialization disable
1 Autoinitialization enable
0 Address increment select
1 Address decrement select
Bit7 Bité
0 0 Demand mode select
0 1 Single mode select
1 0 Block mode select
1 1 Cascade mode select
IOR* = 0, Illegal

DMA Controller

IOoW*
IOR*

0,
0,

Clear Byte Pointer Flip/Flop
Illegal

DMA Controller

IOW* = 0,
IOR* = 0,

Master Clear
Read Temporary Register

DMA Controller

Iow* = 0,

Clear Mask Register

IOR* = 0, Illegal

DMA Controller

IOW* = 0,

Write all Mask Register Bits

Description

HOMOMROMO
nuwu e nnnn

Clear channel 0 mask bit (Enable)
Set channel 0 mask bit (Disable)
Clear channel 1 mask bit (Enable)
Set channel 1 mask bit (Disable)
Clear channel 2 mask bit (Enable)
Set channel 2 mask bit (Disable)
Clear channel 3 mask bit (Enable)
Set channel 3 mask bit (Disable)

Don't Care

IOR* = 0,

Illegal

15



PORT 62
BIT 3:

PORT 65
BIT 2:

PORT 80

PORT 81
Bit
0
1
2
3
4-7

PORT 82
Bit

PORT 83
Bit

PORT A0
Bit
7

WRITE ONLY IN BUFFER BLUE
0 Slow CPUCLK (default)
1 Fast CPUCLK

WRITE ONLY IN BUFFER BLUE
0 16 Bit Video
1 8 Bit Video (default)

DMA Page Reg. (Not Used)

WRITE ONLY
Description
DMA Ch 2 Address Alé6
DMA Ch 2 Address Al7
DMA Ch 2 Address AlS8
DMA Ch 2 Address Al9
Not Used

WRITE ONLY
Description
DMA Ch 3 Address Al6
DMA Ch 3 Address Al7
DMA Ch 3 Address AlS8
DMA Ch 3 Address Al9
Not Used

WRITE ONLY
Description
DMA Ch 0 - 1 Address Alé6
DMA Ch 0 - 1 Address Al7
DMA Ch 0 - 1 Address Al8
DMA Ch 0 - 1 Address Al9
Not Used

NMI Mask Register, Write only

Description
1 = Enable NMI
0 = Disable NMI (default)

16



PORT FFE9 - WRITE/READ
BIT 0: 0 = Zero Wait States for Internal Memory
1 = One Wait State for Internal Memory

BIT Description
1-2 Bit2 Bitl
0 0 Zero Wait States for Internal Memory
0 1 One Wait State for Internal Memory
1 0 Two Wait States for Internal Memory
1 1 Three Wait States for Internal Memory
BIT Description
3-4 Bit4 Bit3
0 0 Zero Wait States for CPU I/O cycle
0 1 One Wait State for CPU I/O cycle
1 0 Two Wait States for CPU I/O cycle
1 1 Three Wait States for CPU I/O cycle
BIT 5: 0 = Early Write Strobe for DMA cycle
1 = No Early Write Strobe for DMA cycle
BIT 6: 0 = Zero Wait States for 16 Bit Video
1 = One Wait State for 16 Bit Video

BIT 7: Must be 0 when OSCIN is equal to 28.63636MHz
Must be 1 when OSCIN is equal to 24 MHz (default)

PORT FFEA - WRITE/READ
BIT 0: ROM PAGING
BIT 1: ROM PAGING
BIT 2: ROM PAGING
BIT 3: ROM PAGING
BIT 4: ROM PAGING
BIT 5: Not Used

WO

BIT Description
6-7 Bit7 Bit6
0 0 Two Banks of 128K memory

0 1 Four Banks of 128K memory
1 0 One Bank of 512K memory
1 1 One Bank of 512K memory, One Bank of 128K memory

NOTE: When reading Port FFEA, bit 4 will be inverted from what was written,

(i.e. when a 0 was written, a 1 will be read; when a 1 was written, a 0 will
be read.)

17



ROM Paging Definition:

N ~ NN OO

ROMO ROM1

1

N

1

N M PO

64K Page
ROMO ROM1

0

AN OO O OO XOHOOHOHOO~NOCHNO
AXAXOAAOCOOH A XHMOOHHOOHHOONMHOO

SELECT
21

HAMNUUARREXXNAKA-AIOOCOOOHHHAHOOOO

A~ 1000 O0OHHMHFMHMANA1NHO0OO00OO0OO
=

ROMCS
#0 #1

OO0 O AAHAOOHOO0OOCOCCOOHMmmmrm—
=

HtOHOOHOOXHOCHOHOFMOHNOHOHOHO
A1 OOH100HXXHHOOHHOOHHOOHHOO
XA HMOOOONXHHHHMOOOCOHMHFMOOOO
HAMRRXUNARREYONYAA~A—AAH~HOOODOOOOO
A1~ XOO0OOOCOOOCOOOOODOOCO

ROM PAGES
43210

HOOOOOOOOWHOOOOOOOOOOOOOOOO
L]
111111111”11111111111111111

lllllllllml1111111111111111

ADDRESS
19 18 17 16

A A A A AAAAN A A A A A A A A A A A -~ A -

1

Two 2 Meg ROMs

(Two 1 Meg ROMs)
FO0000-FFFFF
EQO0O0-EFFFF
EOQ00-EFFFF
E0O000-EFFFF
E0000-EFFFF
E0000-EFFFF
EO000-EFFFF
EOO0O-EFFFF
E0000-EFFFF

Two 4 Meg ROMs
FOOOO-FFFFF
EOOOQO-EFFFF
EOO000-EFFFF
EO00O0-EFFFF
EOOQO-EFFFF
EOOQO-EFFFF
EOO0QO-EFFFF
E0O000-EFFFF
E0O0OO-EFFFF
EOO0QO-EFFFF
EO0QO0-EFFFF
E0000-EFFFF
E0000-EFFFF
EOO0O-EFFFF
EOO0O0-EFFFF
EQO00O0-EFFFF
EOOOO-EFFFF

18



8237A
HIGH PERFORMANCE
PROGRAMMABLE DMA CONTROLLER

(8237A, 8237A-4, 8237A-5)

m Enable/Disable Control of Individual | Directly Expandable to Any Number of
DMA Requests Channels
8 Four Independent DMA Channeis m End of Process Input for Terminating
= Independent Autoinitialization of All Transfers
Channels m Software DMA Requests
m Memory-to-Memory Transfers B Independent Polarity Control for DREQ
m Memory Block Initialization and DACK Signals
m Address Increment or Decrement u i"g:':::’::: $§:§Ersasture Range
® High Performance: Transfers up to m Avallable in 40-Lead Cerdip and Plastic

1.6M Bytes/Second with 5 MHz 8237A-5 Packages

(See Packaging Spec, Order #231368)

The 8237A Multimode Direct Memory Access (DMA) Controller is a peripheral interface circuit for microproc-
essor systems. It is designed to improve system performance by allowing external devices to directly transfer
information from the system memory. Memory-to-memory transfer capability is also provided. The 8237A
offers a wide variety of programmable control features to enhance data throughput and system optimization
and to allow dynamic reconfiguration under program control.

The 8237A is designed to be used in conjunction with an external 8-bit address latch. It contains four indepen-
dent channels and may be expanded to any number of channels by cascading additional controller chips. The
three basic transfer modes allow programmability of the types of DMA service by the user. Each channel can
be individually programmed to Autoinitialize to its original condition following an End of Process (EOP). Each
channel has a full 64K address and word count capability.

The 8273A-4 and 8237A-5 are 4 MHz and § MHz versions of the standard 3 MHz 8237A respectively.

we o] - %\ . 231466-2
L= | l&l Figure 2. Pin

Configuration

231486-1
Figure 1. Block Diagram

October 1987
2-234 Order Number: 231466-003



8237A

Table 1. Pin Description

Symbol

Type

Name and Function

Vee

POWER: +5V supply.

Vss

GROUND: Ground.

CLK

CLOCK INPUT: Clock Input controls the internal operations of the
8237A and its rate of data transfers. The input may be driven at up
to 3 MHz for the standard 8237A and up to 5 MHz for the 8237A-5.

CHIP SELECT: Chip Select is an active low input used to select
the 8237A as an 1/0 device during the idle cycle. This allows CPU
communication on the data bus.

RESET

RESET: Reset is an active high input which clears the Command,
Status, Request and Temporary registers. It also clears the first/
last flip/flop and sets the Mask register. Foliowing a Reset the
device is in the Idle cycle.

READY

READY: Ready is an input used to extend the memory read and
write pulses from the 8237A to accommodate slow memories or
1/0 peripheral devices. Ready must not make transitions during its
specified setup/hold time.

HLDA

HOLD ACKNOWLEDGE: The active high Hold Acknowledge from
the CPU indicates that it has relinquished control of the system
busses.

DREQO-DREQ3

DMA REQUEST: The DMA Request lines are individual
asynchronous channel request inputs used by peripheral circuits to
obtain DMA service. In fixed Priority, DREQO has the highest
priority and DREQ3 has the lowest priority. A request is generated
by activating the DREQ line of a channel. DACK will acknowledge
the recognition of DREQ signal. Polarity of DREQ is
programmable. Reset initializes these lines to active high. DREQ
must be maintained until the corresponding DACK goes active.

DB0-DB7

110

DATA BUS: The Data Bus lines are bidirectional three-state
signals connected to the system data bus. The outputs are
enabled in the Program condition during the |/0 Read to output
the contents of an Address register, a Status register, the
Temporary register or a Word Count register to the CPU. The
outputs are disabled and the inputs are read during an 170 Write
cycle when the CPU is programming the 8237A control registers.
During DMA cycles the most significant 8 bits of the address are
output onto the data bus to be strobed into an external latch by
ADSTB. In memory-to-memory operations, data from the memory
comes into the 8237A on the data bus during the read-from-
memory transfer. In the write-to-memory transfer, the data bus
outputs place the data into the new memory location.

170

1/0 READ: I/0 Read is a bidirectional active low three-state line.
In the Idle cycle, it is an input control signal used by the CPU to
read the control registers. in the Active cycle, it is an output control
signal used by the 8237A to access data from a peripheral during a
DMA Write transfer.

/0

1/0 WRITE: I/O Write is a bidirectional active low three-state line.
In the Idle cycle, it is an input control signal used by the CPU to
load information into the 8237A. In the Active cycls, it is an output
control signal used by the 8237A to ioad data to the peripheral
during a DMA Read transfer.
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Tabie 1. Pin Description (Continued)

Symbol

Type

Name and Function

110

END OF PROCESS: End of Process is an active low bidirectional
signal. Information concerning the completion of DMA services is
available at the bidirectional EOP pin. The 8237A allows an
external signal to terminate an active DMA service. This is
accomplished by pulling the EOP input low with an external EOP
signal. The 8237A also generates a puise when the terminal count
(TC) for any channel is reached. This generates an EOP signal
which is output through the EOP line. The reception of EOP, either
internal or external, will cause the 8237A to terminate the service,
reset the request, and, if Autoinitialize is enabied, to write the base
registers to the current registers of that channel. The mask bit and
TC bit in the status word will be set for the currently active channel
by EOP unless the channel is programmed for Autoinitialize. In that
case, the mask bit remains unchanged. During memory-to-memory
transfers, EOP will be output when the TC for channe! 1 occurs.
EOP should be tied high with a pull-up resistor if it is not used to
prevent erroneous end of process inputs.

A0-A3

1/0

ADDRESS: The four least significant address lines are
bidirectional three-state signals. In the Idle cycle they are inputs
and are used by the CPU to address the register to be loaded or
read. In the Active cycle they are outputs and provide the lower 4
bits of the output address.

A4-A7

ADDRESS: The four most significant address lines are three-state
outputs and provide 4 bits of address. These lines are enabled
only during the DMA service.

HRQ

HOLD REQUEST: This is the Hold Request to the CPU and is
used to request control of the system bus. If the corresponding
mask bit is clear, the presence of any valid DREQ causes 8237A to
issue the HRQ.

DACKO0-DACK3

DMA ACKNOWLEDGE: DMA Acknowledge is used to notify the
individual peripherals when one has been granted a DMA cycle.
The sense of these lines is programmable. Reset initializes them
to active fow.

AEN

ADDRESS ENABLE: Address Enable enables the 8-bit latch
containing the upper 8 address bits onto the system address bus.
AEN can also be used to disable other system bus drivers during
DMA transfers. AEN is active HIGH.

ADDRESS STROBE: The active high, Address Strobe is used to
strobe the upper address byte into an external latch.

MEMORY READ: The Memory Read signal is an active low three-
state output used to access data from the selected memory
location during a DMA Read or a memory-to-memory transfer.

MEMORY WRITE: The Memory Write is an active low three-state
output used to write data to the selected memory location during a
DMA Write or a memory-to-memory transfer.

PINS

PINS: This pin should always be at a logic HIGH level. An internal
pull-up resistor will establish a logic high when the pin is left
floating. It is recommended however, that PIN5 be connected to

Vee-
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FUNCTIONAL DESCRIPTION

The 8237A block diagram includes the major logic
blocks and all of the internal registers. The data in-
terconnection paths are also shown. Not shown are
the various control signals between the blocks. The
8237A contains 344 bits of internal memory in the
form of registers. Figure 3 lists these registers by
name and shows the size of each. A detailed de-
scription of the registers and their functions can be
found under Register Description.

Name Size Number
Base Address Registers 16 bits 4
Base Word Count Registers 16 bits 4
Current Address Registers 16 bits 4
Current Word Count Registers 16 bits 4
Temporary Address Register 16 bits 1
Temporary Word Count Register 186 bits 1
Status Register 8 bits 1
Command Register 8 bits 1
Temporary Register 8 bits 1
Mode Registers 6 bits 4
Mask Register 4 bits 1
Request Register 4 bits 1

Figure 3. 8237A Internal Registers

The 8237A contains three basic blocks of control
logic. The Timing Control block generates internal
timing and external control signals for the 8237A.
The Program Command Control block decodes the
various commands given to the 8237A by the micro-
processor prior to servicing a DMA Request. It also
decodes the Mode Control word used to select the
type of DMA during the servicing. The Priority En-
soder block resolves priority contention between
YMA channels requesting service simultaneously.

The Timing Control block derives internal timing
from the clock input. In 8237A systems, this input
will usually be the ¢$2 TTL clock from an 8224 or
CLK from an 8085AH or 8284A. 33% duty cycle
clock generators, however, may not meet the clock
high time requirement of the 8237A of the same fre-
quency. For example, 82C84A-5 CLK output violates
the clock high time requirement of 8237A-5. In this
case 82C84A CLK can simply be inverted to meet
8237A-5 clock high and low time requirements. For
8085AH-2 systems above 3.9 MHz, the 8085
CLK(OUT) does not satisfy 8237A-5 clock LOW and
HIGH time requirements. In this case, an external
clock should be used to drive the 8237A-5.

DMA OPERATION

The 8237A is designed to operate in two major cy-
cles. These are called Idle and Active cycles. Each
device cycle is made up of a number of states. The
8237A can assume seven separate states, each
composed of one full clock period. State | (Sl) is the
inactive state. It is entered when the 8237A has no

valid DMA requests pending. While in Sl, the DMA
controller is inactive but may be in the Program Con-
dition, being programmed by the processor. State
S0 (S0) is the first state of a DMA service. The
8237A has requested a hold but the processor has
not yet returned an acknowledge. The 8237A may
still be programmed until it receives HLDA from the
CPU. An acknowledge from the CPU will signal that
DMA transfers may begin. S1, S2, S3 and S4 are the
working states of the DMA service. If more time is
needed to complete a transfer than is available with
normal timing, wait states (SW) can be inserted be-
tween S2 or S3 and S4 by the use of the Ready line
on the 8237A. Note that the data is transferred di-
rectly from the 1/0 device to memory (or vice versa)
with and MEMW (or MEMR and TOW) being ac-
tive at the same time. The data is not read into or
driven out of the 8237A in 1/O-to-memory or memo-
ry-to-1/0 DMA transfers.

Memory-to-memory transfers require a read-from
and a write-to-memory to complete each transfer.
The- states, which resemble the normal working
states, use two digit numbers for identification. Eight
states are required for a single transfer. The first four
states (S11, S12, S13, S14) are used for the read-
from-memory half and the last four states (S21, S22,
§23, S24) for the write-to-memory half of the trans-
fer.

IDLE CYCLE

When no channel is requesting service, the 8237A
will enter the Idle cycle and perform “SI” states. in
this cycle the 8237A will sample the DREQ lines ev-
ery clock cycle to determine if any channel is re-
%esting a DMA service. The device will also sample
, looking for an attempt by the microprocessor to
write or read the internal registers of the 8237A.
When TS is low and HLDA is low, the 8237A enters
the Program Condition. The CPU can now establish,
change or inspect the internal definition of the part
by reading from or writing to the internal registers.
Address lines AO-A3 are inputs to the device and
select which registers will be read or written. The
and TOW lines are used to select and time reads
or writes. Due to the number and size of the internal
registers, an internal flip-flop is used to generate an
additional bit of address. This bit is used to deter-
mine the upper or lower byte of the 16-bit Address
and Word Count registers. The flip-flop is reset by
Master Clear or Reset. A separate software com-
mand can also reset this flip-flop.

Special software commands can be executed by the
8237A in the Program Condition. These commands
are decoded as sets of addresses with the CS and
TOW. The commands do not make use of the data
bus. Instructions include Clear First/Last Flip-Flop
and Master Clear.
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ACTIVE CYCLE

When the 8237A is in the Idle cycle and a non-
masked channel requests a DMA service, the device
will output an HRQ to the microprocessor and enter
the Active cycle. It is in this cycle that the DMA serv-
ice will take place, in one of four modes:

Single Transfer Mode—In Single Transfer mode
the device is programmed to make one transfer only.
The word count will be decremented and the ad-
dress decremented or incremented following each
transfer. When the word count “rolls over” from zero
to FFFFH, a Terminal Count (TC) will cause an Auto-
initialize if the channel has been programmed to do
$0.

DREQ must be held active until DACK becomes ac-
tive in order to be recognized. If DREQ is held active
throughout the single transfer, HRQ will go inactive
and release the bus to the system. It will again go
active and, upon receipt of a new HLDA, another
single transfer will be performed. In 8080A, 8085AH,
8088, or 8086 system, this will ensure one full ma-
chine cycle execution betwesen DMA transfers. De-
tails of timing between the 8237A and other bus
control protocols will depend upon the characteris-
tics of the microprocessor involved.

Block Transfer Mode—In Block Transfer mode the
device is activated by DREQ to continue making
transfers during the service until a TC, caused by
word count going to FFFFH, or an external End of

Process (EOP) is encountered. DREQ need only be
held active untif DACK becomes active. Again, an
Autoinitialization will occur at the end of the service
if the channel has been programmed for it.

Demand Transfer Mode—In Demand Transfer
mode the device is programmed to continue making
transfers until a TC or external EOP is encountered
or unti DREQ goes inactive. Thus transfers may
continue until the 170 device has exhausted its data
capacity. After the 1/0 device has had a chance to
catch up, the DMA service is re-established by
means of a DREQ. During the time between services
when the microprocessor is allowed to operate, the
intermediate values of address and word count are
stored in the 8237A Current Address and Current
Word Count registers. Only an EOP can cause an
Autoinitialize at the end of the service. EOP is gener-
ated either by TC or by an external signal. DREQ
has to be low before S4 to prevent another Transfer.

Cascade Mode—This mode is used to cascade
more than one 8237A together for simple system
expansion. The HRQ and HLDA signals from the ad-
ditional 8237A are connected to the DREQ and
DACK signals of a channel of the initial 8237A. This
allows the DMA requests of the additional device to
propagate through the priority network circuitry of
the preceding device. The priority chain is preserved
and the new device must wait for its turn to acknowl-
edge requests. Since the cascade channel of the
initial 8237A is used only for prioritizing the addition-
al device, it does not output any address or control

2ND LEVEL
8237A
MICROPROCESSOR ISTLEVEL
HRQ DREQ HRQ
HLDA DACK HLDA
8237A
DREQ HRQ
DACK HLDA
INITIAL DEVICE 8237A
ADDITIONAL
DEVICES
231466-3
Figure 4. Cascaded 8237As

2-238



intel

8237A

signals of its own. These could conflict with the out-
puts of the active channel in the added device. The
8237A will respond to DREQ and DACK but all other
outputs except HRQ will be disabled. The ready in-
put is ignored.

Figure 4 shows two additional devices cascaded into
an initial device using two of the previous channels.
This forms a two level DMA system. More 8237As
could be added at the second level by using the
remaining channels of the first level. Additional de-
vices can aiso be added by cascading into the chan-
nels of the second level device, forming a third level.

TRANSFER TYPES

Each of the three active transfer modes can perform
three different types of transfers. These are Read,
Write and Verify. Write transfers move data from an
1/O device to the memory by activating MEMW and
TOR. Read transfers move data from memory to an
1/O device by activating MEMR and TOW. Verify
transfers are pseudo transfers. The 8237A operates
as in Read or Write transfers generating addresses,
and responding to EOP, etc. However, the memory
and |/0 control lines all remain inactive. The ready
input is ignored in verify mode.

Memory-to-Memory—To perform block moves of
data from one memory address space to another
with a minimum of program effort and time, the
8237A includes a memory-to-memory transfer fea-
ture. Programming a bit in the Command register
selects channels 0 and 1 to operate as memory-to-
memory transfer channels. The transfer is initiated
by setting the software DREQ for channel 0. The
8237A requests a DMA service in the normal man-
ner. After HLDA is true, the device, using four state
transfers in Block Transfer mode, reads data from
the memory. The channel 0 Current Address register
is the source for the address used and is decrement-
ed or incremented in the normal manner. The data
byte read from the memory is stored in the 8237A
internal Temporary register. Channel 1 then per-
forms a four-state transfer of the data from the Tem-
porary register to memory using the address in its
Current Address register and incrementing or decre-
menting it in the normal manner. The channel 1 cur-
rent Word Count is decremented. When the word
count of channel 1 goes to FFFFH, a TC is generat-
od causing an EOP output terminating the service.

Channel 0 may be programmed to retain the same
address for all transfers. This aliows a single word to
be written to a block of memory.

The 8237A will respond to external EOP signals dur-
ing memory-to-memory transfers. Data comparators
in block search schemes may use this input to termi-
nate the service when a match is found. The timing
of memory-to-memory transfers is found in Figure
12. Memory-to-memory operations can be detected
as an active AEN with no DACK outputs.

Autoinitialize—By programming a bit in the Mode
register, a channel may be set up as an Autoinitialize
channel. During Autoinitialize initialization, the origi-
nal values of the Current Address and Current Word
Count registers are automatically restored from the
Base Address and Base Word count registers of that
channel following EOP. The base registers are load-
ed simultaneously with the current registers by the
microprocessor and remain unchanged throughout
the DMA service. The mask bit is not altered when
the channel is in Autoinitialize. Following Autoinitial-
ize the channel is ready to perform another DMA
service, without CPU intervention, as soon as a valid
DREQ is detected. In order to Autoinitialize both
channels in a memory-to-memory transfer, both
word counts should be programmed identically. If in-
terrupted externally, pulses should be applied
in both bus cycles.

Priority—The 8237A has two types of priority en-
coding available as software selectable options. The
first is Fixed Priority which fixes the channels in pri-
ority order based upon the descending value of their
number. The channel with the lowest priority is 3
followed by 2, 1 and the highest priority channel, 0.
After the recognition of any one channel for service,
the other channels are prevented from interfering
with that service until it is completed.

After completion of a service, HRQ will go inactive
and the 8237A will wait for HLDA to go low before
activating HRQ to service another channel.

The second scheme is Rotating Priority. The last
channel to get service becomes the lowest priority
channel with the others rotating accordingly.

1ot nd 3d
Service Sarvice Bervice

highest 0 2 -w—service 3 «— service
1 «g— service 3 - request ]
2 _\o 1
) 2
231466-4

lowest 3
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With Rotating Priority in a single chip DMA system,
any device requesting service is guaranteed to be
recognized after no more than three higher priority
services have occurred. This prevents any one
channel from monopolizing the system.

Compressed Timing—In order to achieve even
greater throughput where system characteristics
permit, the 8237A can compress the transfer time to
two clock cycles. From Figure 11 it can be seen that
state S3 is used to extend the access time of the
read pulse. By removing state S3, the read pulse
width is made equai to the write pulse width and a
transfer consists only of state S2 to change the ad-
dress and state S4 to perform the read/write. S1
states will still occur when A8-A15 need updating
(see Address Generation). Timing for compressed
transfers is found in Figure 14.

Address Generation—In order to reduce pin count,
the 8237A muiltiplexes the eight higher order ad-
dress bits on the data lines. State S1 is used to out-
put the higher order address bits to an external latch
from which they may be placed on the address bus.
The falling edge of Address Strobe (ADSTB) is used
to load these bits from the data lines to the latch.
Address Enable (AEN) is used to enable the bits
onto the address bus through a three-state enable.
The lower order address bits are output by the
8237A directly. Lines AO—-A7 should be connected
to the address bus. Figure 11 shows the time rela-
tionships between CLK, AEN, ADSTB, DB0-DB7
and AO-A7.

During Block and Demand Transtfer mode services,
which include multipte transters, the addresses gen-
erated will be sequential. For many transfers the
data held in the external address latch will remain
the same. This data need only change when a carry
or borrow from A7 to A8 takes place in the normal
sequence of addresses. To save time and speed
transfers, the 8237A executes S1 states only when
updating of A8-A15 in the latch is necessary. This
means for long services, S1 states and Address
Strobes may occur only once every 256 transfers, a
savings of 255 clock cycles for each 256 transfers.

REGISTER DESCRIPTION

Current Address Register—Each channel has a
16-bit Current Address register. This register holds
the value of the address used during DMA transfers.
The address is automatically incremented or decre-
mented after each transfer and the intermediate val-
ues of the address are stored in the Current Address
register during the transfer. This register is written or
read by the microprocessor in successive 8-bit
bytes. it may also be reinitialized by an Autoinitialize
back to its original value. Autoinitialize takes place
only after an EOP.

Current Word Register—Each channel has a 16-
bit Current Word Count register. This register deter-
mines the number of transfers to be performed. The
actual number of transfers will be one more than the
number programmed in the Current Word Count reg-
ister (i.e., programming a count of 100 will resuit in
101 transfers). The word count is decremented after
each transfer. The intermediate value of the word
count is stored in the register during the transfer.
When the value in the register goes from zero to
FFFFH, a TC will be generated. This register is load-
ed or read in successive 8-bit bytes by the micro-
processor in the Program Condition. Following the
end of a DMA service it may also be reinitialized by
an Autoinitialization back to its original value. Auto-
initialize can occur only when an EOP occurs. if it is
not Autoinitialized, this register will have a count of
FFFFH after TC.

Base Address and Base Word Count Registers—
Each channel has a pair of Base Address and Base
Word Count registers. These 16-bit registers store
the original value of their associated current regis-
ters. During Autoinitialize these values are used to
restore the current registers to their original values.
The base registers are written simultaneously with
their corresponding current register in 8-bit bytes in
the Program Condition by the microprocessor.
These registers cannot be read by the microproces-
sor.

Command Register—This 8-bit register controls
the operation of the 8237A. It is programmed by the
microprocessor in the Program Condition and is
cleared by Reset or a Master Clear instruction. The
following table lists the function of the command
bits. See Figure 6 for address coding.

Mode Register—Each channel has a 6-bit Mode
register associated with it. When the register is being
written to by the microprocessor in the Program
Condition, bits 0 and 1 determine which channel
Mode register is to be written.

Request Register—The 8237A can respond to re-
quests for DMA service which are initiated by soft-
ware as well as by a DREQ. Each channel has a
request bit associated with it in the 4-bit Request
register. Thase are non-maskable and subject to pri-
oritization by the Priority Encoder network. Each reg-
ister bit is set or reset separately under software
control or is cleared upon generation of a TC or ex-
ternal EOP. The entire register is cleared by a Reset.
To set or reset a bit, the software loads the proper
form of the data word. See Figure 5 for register ad-
dress coding. In order to make a software request,
the channel must be in Block Mode.
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Command Register

7 6 5 4 3 2 1 0 <a—Bit Number

L—l 0 Memory-to-memory disable
1 Memory-to-memory enable

Channel 0 address hold disable
Channel 0 address hold enable
If bit0=0

x = o

Controller enable
Controller disable

-3

Normal timing
timing

X =0

C
Itbit0=1

Fixed priority
Rotating priority

-0

Late write selection
write
If bit3=1

X =0

DREQ sense active high
DREQ sense active low

0 DACK sense active low
1 DACK sense active high

231466-5

H,_J_J

Mode Register

7 8 56 4 3 2 1 0 «t— Bit Number

00 Channei 0 seiect
01 Channel 1 select
10 Channel 2 select
11 Channel 3 select

00 Verify transter

01 Write transfer

10 Read transfer

11 lliegal

XX Ifbits 8 and 7= 11

R——

{0 disable
Ut Autoinitistization enable

L ‘ 0 Address increment select
1 Address decrement select

00 Demand mode select
01 Singie mode select
10 Block mode select
11 Cascade mode select

231466-6

Request Register

7 6 5 4 3 2 1 0 «w—Bit Number

00 Select channel 0
01 Select channet 1
10 Select channel 2
11 Select channel 3

___‘ 0 Reset request bit
1 Set request bit

231466-7

Don't Care

Mask Register—Each channel has associated with
it a mask bit which can be set to disable the incom-
ing DREQ. Each mask bit is set when its associated
channel produces an EOP if the channel is not pro-
grammed for Autoinitialize. Each bit of the 4-bit
Mask register may also be set or cleared separately
under software control. The entire register is also set
by a Reset. This disables all DMA requests until a
clear Mask register instruction allows them to occur.
The instruction to separately set or clear the mask
bits is simitar in form to that used with the Request
register. See Figure 5 for instruction addressing.

7 6 56 4 3 2 1 0-<w— Bit Number

LITTTTI

N—— 00 Select channel 0 mask bit
01 Salect channel 1 mask bit
10 Select channel 2 mask bit
11 Select channel 3 mask bit

Don't Care
‘___{ 0 Clear mask bit
1 Set mask bit

231466-8

All four bits of the Mask register may also be written
with a single command.

7 6 5 4 3 2 1 0-t—Bit Number

S—— { 0 Clear channel 0 mask bit
Don't Care 1 Set channel 0 mask bit

_,{ 0 Clear channel 1 mask bit
1 Set channel 1 mask bit

0 Clear channel 2 mask bit
‘ 1 Set channel 2 mask bit

L [ 0 Clear channe! 3 mask bit
1 Set channel 3 mask bit

231466-9
Register |Operation Signals
CS IOR TOW A3 A2 A1 AO
Command |Write 01 0 1 000
Mode Write 0 1 0 10 1 1
Request |Write 01 0 10 0 1
Mask Set/Reset|0 1 0 1 0 1 O
Mask Write o1 0 1 1 11
Temporary|Read o 0 1 110 1
Status Read 0 0 1 1000

Figure 5. Definition of Register Codes

Status Register—The Status register is available to
be read out of the 8237A by the microprocessor. It
contains information about the status of the devices
at this point. This information includes which chan-
nels have reached a terminal count and which chan-
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7 6 5 4 3 2 1

0 <¢—— Bit Number

[T1

[TT1T1]

J

=

1 Channel 0 has reached TC
1 Channel 1 has reached TC
1 Channel 2 has reached TC
1 Channel 3 has reached TC

1 Channel 0 request
1 Channel 1 request
1 Channel 2 request
1

Channel 3 request 3
231466-10

nels have pending DMA requests. Bits 0-3 are set
every time a TC is reached by that channel or an
external EOP is applied. These bits are cleared upon
Reset and on each Status Read. Bits 4-7 are set
whenever their corresponding channel is requesting
service.

Temporary Register—The Temporary register ‘is
used to hold data during memory-to-memory trans-
fers. Following the completion of the transfers, the
last word moved can be read by the microprocessor
in the Program Condition. The Temporary register
always contains the last byte transferred in the previ-
ous memory-to-memory operation, unless cleared
by a Reset.

Software Commands—These are additional spe-
cial software commands which can be executed in
the Program Condition. They do not depend on any
specific bit pattern on the data bus. The three soft-
ware commands are:

Clear First/Last Flijp-Flop: This command must be
executed prior to writing or reading new address
or word count information to the 8237A. This ini-
tializes the flip-flop to a known state so that sub-
sequent accesses to register contents by the mi-
croprocessor will address upper and lower bytes
in the correct sequence.

Master Clear: This software instruction has the
same effect as the hardware Reset. The Com-
mand, Status, Request, Temporary, and Internal
First/Last Flip-Flop registers are cleared and the
Mask register is set. The 8237A will enter the Idle
cycle.

Clear Mask Register: This command clears the
mask bits of all four channels, enabling them to
accept DMA requests.

Figure 6 lists the address codes for the software
commands.

Signals
A3 A2 A1 A0 OR OW Operation
1 0 0 0 0 1 Read Status Register
1 0 0 0 1 0 Write Command Register
1 0 0 1 0 1 lllegal
1 0 0 1 1 0 Write Request Register
1 0 1 0 0 1 llegal
1 0 1 0 1 0 Write Single Mask Register Bit
1 0 1 1 0 1 lllegal
1 0 1 1 1 0 Write Mode Register
1 1 0 0 0 1 Ilegal
1 1 0 0 1 0 Clear Byte Pointer Flip/Flop
1 1 0 1 0 1 Read Temporary Register
1 1 0 1 1 0 Master Clear
1 1 1 0 0 1 lllegal
1 1 1 0 1 0 Clear Mask Register
1 1 1 1 0 1 lllegal
1 1 1 1 1 0 Write All Mask Register Bits

Figure 6. Software Command Codes
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Channel Register Operation Signals Internal | Data Bus
TS TOR TOW A3 A2 A1 Ao|Flip-Fiop| DBO-DB7
0 Base and Current Address Write 0o 1 0 0 0 0 O 0 A0-A7
o 1 0O 0 0 0 O 1 A8-A15
Current Address Read 0o 0 1 0 0 0 O 0 A0-A7
o 0 1 0 0 0 O 1 AB8-A15
Base and Current Word Count|  Write 0 1 o 0 0 0 1 0 WO-W7
o 1 0 0 0 o0 1 1 w8a-w15
Current Word Count Read [V 1] 1 0 0 0 1 0 WO0-W7
0o o 1 0 0 0 1 1 W8-W15
1 Base and Current Address Write [V 0 0 0 1 0 0 AO-A7
0 1 0o 0 0 1 0 1 A8-A15
Current Address Read 0 0 1 0 0 1 0 0 AO-A7
o 0 1 0O 0 1 o0 1 A8-A15
Base and Current Word Count!  Write 0o 1 o 0o o0 1 1 0 WO-W7
0 1 0 o 0 1 1 1 W8-W15
Current Word Count Read 0o o0 1 o 0 1 1 0 WO-W7
[V ] 1 0o 0 1 1 1 W8-W15
2 Base and Current Address Write 0o 1 o 0 1 0 O 0 AO0-A7
0 1 0O 0 1 0 O 1 A8-A15
Current Address Read [ 1t 0 1t 0 O 0 AO~-A7
0 0 1 0O 1 0 O 1 AB-A15
Base and Current Word Count|  Write o 1 o 0 1 0 t 0 Wo-w7
0 1 0o 0 1 0 1 1 w8-wi15
Current Word Count Read 0 0 1 0 1 0 1 0 WO0-W7
[V V] 1 01 0 1 1 W8-W15
3 Base and Current Address Write 0 1 o 0 1 1 0 0 AO0-A7
0o 1 o 0 1t 1 0 1 A8-A15
Current Address Read [V ) 1t 01 1 0 0 AO0-A7
0 0 1 o1 1 0 1 A8-~A15
Base and Current Word Count|  Write o 1 o 0 1 1 1 0 WO0-W7
0o 1 o 0 1 1 1 1 W8-wW15
Current Word Count Read 0o 0 1 o 1 1 1 0 WO0-W7
0 O 1 o 1 1 1 1 W8-W15

Figure 7. Word Count and Address Register Command Cedes
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PROGRAMMING

The 8237A will accept programming from the host
processor any time that HLDA is inactive; this is true
even if HRQ is active. The responsibility of the host
is to assure that programming and HLDA are mutual-
ly exclusive. Note that a problem can occur if a DMA
request occurs, on an unmasked channel while the
8237A is being programmed. For instance, the CPU
may be starting to reprogram the two byte Address
register of channel 1 when channel 1 receives a
DMA request. If the 8237A is enabled (bit 2 in the
command register is 0) and channel 1 is unmasked,
a DMA service will occur after only one byte of the
Address register has been reprogrammed. This can
be avoided by disabling the controller (setting bit 2 in
the command register) or masking the channel be-
fore programming any other registers. Once the pro-
gramming is complete, the controller can be en-
abled/unmasked.

After power-up it is suggested that all internal loca-
tions, especially the Mode registers, be loaded with
some valid value. This should be done even if some

channels are unused. An invalid mode may force all
control signals to go active at the same time.

APPLICATION INFORMATION (Note 1)

Figure 8 shows a convenient method for configuring
a DMA system with the 8237A controller and an
B8080A/8085AH microprocessor system. The muilti-
mode DMA controller issues a HRQ to the processor
whenever there is at least one valid DMA request
from a peripheral device. When the processor re-
plies with a HLDA signal, the 8237A takes control of
the address bus, the data bus and the control bus.
The address for the first transfer operation comes
out in two bytes—the least significant 8 bits on the
eight address outputs and the most significant 8 bits
on the data bus. The contents of the data bus are
then latched into an 8-bit latch to complete the full
16 bits of the address bus. The 8282 is a high
speed, 8-bit, three-state latch in a 20-pin package.
After the initial transfer takes place, the latch is up-
dated only after a carry or borrow is generated in the
least significant address byte. Four DMA channels
are provided when one 8237A is used.

A\
ADDRESS BUS AD-A1S )
T 14
AD-A1S AEN AD-A3 A-AT
HLDA DA 8237A
HoLD RQ
s EEEs
cry
== nnan
RESET
W .
VENW|
TR O-
WP
DBO-D87
{/’ A
r SYSTEM DATA BUS )
—/
231466-11

Figure 8. 8237A System Interface

NOTE:
1. See Application Note AP-67 for 8086 design information.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias ...... 0°Cto 70°C
Case Temperature ................. 0°Cto +75°C
Storage Temperature .......... —65°C to +150°C
Voltage on Any Pin with
RespecttoGround.............. —0.5Vto +7V
Power Dissipation....................... 1.5 Watt

D.C. CHARACTERISTICS

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings’ may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

Ta = 0°C to 70°C, Tease = 0°C to 75°C, Vg = +5.0V £5%, GND = OV

Symbol Parameter Min (NH: 10 Max Unit Test Conditions
VoH Output High Voltage 24 Y lon = —200 pA
3.3 V | loy = —100 pA (HRQ Only)
VoL Output LOW Voltage 0.40 V |loL=32mA
Vin Input HIGH Voltage 20 Vec+05| V
ViL Input LOW Voltage -0.5 0.8 Vv
M Input Load Current +10 pA | OV V)N < Voo
Lo Output Leakage Current +10 pA | 0.45V < Voyt < Voo
lcc Vcc Supply Current 110 130 mA | Ta = +25°C
130 150 mA | T =0°C
Co Output Capacitance 4 8 pF
() Input Capacitance 8 15 pF | fc = 1.0 MHz, Inputs = OV
Cio 170 Capacitance 10 18 pF
NOTE:

1. Typical values are for Ty = 25°C, nominal supply voltage and nominal processing parameters.
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A.C. CHARACTERISTICS—DMA (MASTER) MODE
Ta = 0°C to 70°C, Tcase = 0°C to 75°C, Vo = +5V £5%, GND = OV

Symbol Parameter 8237A 8237A-4 8237A-5 Unit
Min [Max| Min Max Min Max
TAEL {AEN HIGH from CLK LOW (S1) Delay Time 300 225 200 ns
TAET | AEN LOW from CLK HIGH (SI) Delay Time 200 150 130 ns
TAFAB | ADR Active to Float Delay from CLK HIGH 150 120 90 ns
TAFC |READ or WRITE Float from CLK HIGH 150 120 120 ns
TAFDB [DB Active to Float Delay from CLK HIGH 250 190 170 ns
TAHR | ADR from READ HIGH Hold Time TCY-100 TCY-100 TCY-100 ns
TAHS |DB from ADSTB LOW Hold Time 40 40 30 ns
TAHW | ADR from WRITE HIGH Hold Time TCY-50 TCY-50 TCY-50 ns
TAK DACK Valid from CLK LOW Delay Time {(Note 1) 250 220 170 ns
EOP HIGH from CLK HIGH Delay Time (Note 2) 250 190 170 ns
EOP LOW from CLK HIGH Delay Time 250 190 170 ns
TASM | ADR Stable from CLK HIGH 250 180 170 ns
TASS |[DB to ADSTB LOW Setup Time 100 100 100 ns
TCH Clock High Time (Transitions< 10 ns) 120 100 80 ns
TCL Clock LOW Time (Transitions<10 ns) 150 110 68 ns
TCY CLK Cycle Time 320 250 200 ns
TDCL |CLK HIGH to READ or WRITE LOW Delay (Note 3) 270 200 190 ns
TDCTR |READ HIGH from CLK HIGH 270 210 180 ns
(S4) Delay Time (Note 3)
TDCTW | WRITE HIGH from CLK HIGH 200 150 130 ns
(S4) Delay Time (Note 3)
TDQ1 |HRQ Valid from CLK HIGH Delay Time (Note 4) 160 120 120 ns
TDQ2 250 190 120 ns
TEPS |EOP LOW from CLK LOW Setup Time 60 45 40 ns
TEPW |EOP Pulse Width 300 225 220 ns
TFAAB | ADR Float to Active Delay from CLK HIGH 250 180 170 ns
TFAC |READ or WRITE Active from CLK HIGH 200 150 150 ns
TFADB | DB Float to Active Delay from CLK HIGH 300 225 200 ns
THS HLDA Valid to CLK HIGH Setup Time 100 75 75 ns
TIDH |Input Data from MEMR HIGH Hold Time 0 0 0 ns
TIDS |Input Data to MEMR HIGH Setup Time 250 190 170 ns
TODH | Output Data from MEMW HIGH Hold Time 20 20 10 ns
TODV | Output Data Valid to MEMW HIGH 200 126 125 ns
TQS DREQ to CLK LOW (SI, S4) Setup Time (Note 1) 0 0 0 ns
TRH |CLK to READY LOW Hold Time 20 20 20 ns
TRS READY to CLK LOW Setup Time 100 60 60 ns
TSTL [ADSTB HIGH from CLK HIGH Delay Time 200 150 130 ns
TSTT |ADSTB LOW from CLK HIGH Delay Time 140 110 90 ns
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A.C. CHARACTERISTICS—PERIPHERAL (SLAVE) MODE
Ta = 0°C t0 70°C, Toasg = 0°C to 75°C, Vgg = +5V +5%, GND = OV

Symbol Parameter 8237A 8237A-4 8237A-5 Unit

Min | Max| Min | Max| Min | Max
TAR ADR Valid or CS LOW to READ LOW 50 50 50 ns
TAW ADR Valid to WRITE HIGH Setup Time 200 150 130 ns
TCW CS LOW to WRITE HIGH Setup Time 200 150 130 ns
TOW Data Valid to WRITE HIGH Setup Time 200 150 130 ns
TRA ADR or CS Hold from READ HIGH 0 0 0 ns
TRDE | Data Access from READ LOW (Note 5) 200 200 140 | ns
TRDF | DB Float Delay from READ HIGH 20 [100( 20 [100| O 70 | ns
TRSTD | Power Supply HIGH to RESET LOW Setup Time | 500 500 500 ns
TRSTS | RESET to First lOWR 2TCY 2TCY 2TCY ns
TRSTW | RESET Pulse Width 300 300 300 ns
TRW READ Width 300 250 200 ns
TWA ADR from WRITE HIGH Hold Time 20 20 20 ns
TWC CS HIGH from WRITE HIGH Hold Time 20 20 20 ns
TWD Data from WRITE HIGH Hold Time 30 30 30 ns
TWWS | Write Width 200 200 160 ns
TWR End of Write to End of Read in DMA Transfer 0 0 0 ns
NOTES:

1. DREQ and DACK signals may be active high or active low. Timing diagrams assume the active high mode.

2.EOPis al%owpen collector output. This parameter assumes the presence of a 2.2K pultup to Vg

3, The net or MEMW Pulse width for normal write will be TCY—100 ns and for extended write will be 2TCY —100 ns.
The net TOR or MEMR pulse width for normal read will be 2TCY —50 ns and for compressed read will be TCY—50 ns.

4. TDQ is specified for two different output HIGH levels. TDQ1 is measured at 2.0V. TDQ2 is measured at 3.3V. The value
for TDQ2 assumes an external 3.3 KO pull-up resistor connected from HRQ to Ve

5. Output Loading on the Data Bus is 1 TTL Gate plus 100 pF capacitance.

A.C. TESTING INPUT/OUTPUT WAVEFORM

24
><u > < 20 X
TEST POINTS
08 08
048
231466-12

A.C. Testing: Inputs are driven at 2.4V for a Logic “1” and 0.45V
fora Logic “0.” Timing measurements are made at 2.0V for a

Logic “1" and 0.8V for a Logic “0.” Input timing parameters as-
sume transition times of 20 ns or less. Waveform measurement

points for both input and output signals are 2.0V for HIGH and
0.8V for LOW, unless otherwise noted.
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WAVEFORMS

SLAVE MODE WRITE TIMING

= X TCcW _M

— TWC
TWWS l (m L
oW \ _] I
TAW — WA

A0-A3 :( INPUT VALID
— rhmp
TOoW
A X
DB0-DB7 INPUT VALID

231486-13

NOTE:

1. Successive read and/or write operations by the external processor to program or examine the controller must be
timed to allow at least 600 ns for the 8237A, at least 500 ns for the 8237A-4, and at least 400 ns for the 8237A-5 as
recovery time between active read or write pulses. The same recovery time is needed between an active read or write
pulse followed by a DMA transfer.

Figure 9. Slave Mode Write

SLAVE MODE READ TIMING

a  \ /

AO-A3 g ADDRESS MUST BE VALID g

[ TAR —i —_— ‘—-—(Y:olﬁ "
—]
- t TRW J
TRDE jo———— TROF ————ef
DB0-DB7 i DATA OUT VALID
231486-14

NOTE:

1. Successive read and/or write operations by the external processor to program or examine the controller must be
timed to allow at least 600 ns for the 8237A, at least 500 ns for the 8237A-4, and at least 400 ns for the 8237A-5 as
recovery time between active read or write pulses. The same recovery time is needed between an active read or write
pulse followed by a DMA transfer.

Figure 10. Slave Mode Read
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WAVEFORMS (Continued)

DMA TRANSFER TIMING

-

T

1. DREQ should be held active until DACK is returned.

e [ ) ANANANANNN\ W
- " T
-7 H
R - "~ " .ﬂ-_\ b—; ;_\"""
o, Y, ki 3 r:\_____
’...:_1:/ ik
oo T ANNN\N\\\\\\S'7/7/7//71/774
231466-15
NOTE:
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WAVEFORMS (Continued)

MEMORY-TO-MEMORY TRANSFER TIMING

50 m 2 23 FU L]

ST fe— T8TT)

AosTe ‘

‘
TFAAB|e— b 4—-4 r-—unn + -{ I——uu: urn—-’
A0-AT ADDRESS VALID ADORESS VAL 1
TAFOB
080-D87 { AS-AS -m L] T AS-A1S r our
TOCTALs--— [+ {eTFADB i
t= TOCL N TODH
Tion o ﬁ.l
TAFC
WER [ Tos:
TOCTW —={ b

TFAC [o— [+ TOCL TAFC
4
i /
TAK| TAK

Tere —| |—— TErs

O\ | V7777 \\\\1, .,]l!//////////

231486-16

Figure 12. Memory-to-Memory Transfer

READY TIMING

H
|
T

e

231466-17

Figure 13. Ready
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WAVEFORMS (Continued)
COMPRESSED TRANSFER TIMING
| s2 sS4 s2
CLK 7
TASM ——f=—— TASM
AQ-A7 ) C VIAUD
TDCTA
TOCL "]
FOR, NER N Vi
ruicrw’k
oW, HERW N
= |«—TRH
yas—-i e TRS -
READY j K
NT TAK o fo—-=| TAK.
[
TEPS —»
ext TEPW |*+—— —————=|
231466-18
Figure 14. Compressed Transfer
RESET TIMING
Yoo , 0
/ }.——~ TRSTD
TRSTW
RESET S L
s
10R OR IOW T §
231466-19
Figure 15. Reset
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DESIGN CONSIDERATIONS

-

w

. Cascading from channel zero. When using mul-

tiple 8237s, always start cascading with channel
zero. Channel zero of the 8237 will operate incor-
rectly if one or more of channels 1, 2, or 3 are
used in the cascade mode while channel zero is
used in a mode other than cascade.

Do not treat the DREQ signal as an asynchro-
nous input while the channel Is in the “de-
mand” or “cascade” modes. |f DREQ becomes
inactive at any time during state S4, an illegal
state may occur causing the 8237 to operate im-
properly.

HRQ must remain active until HLDA becomes
active. If HRQ goes inactive before HLDA is re-
ceived the 8237 can enter an illegal state causing
it to operate improperly.

Make sure the MEMR # line has 50 pF loading
capacitance on /t. When doing memory to mem-
ory transfers, the 8237 requires at least 50 pF
loading capacitance on the MEMR# signal for
proper operation. In most cases board capaci-
tance is sufficient.

. Treat the READY Input as a synchronous in-

put. If a transition occurs during the setup/hold
window, erratic operation may result.

DATA SHEET REVISION REVIEW

The following list represents key differences be-
tween this and the -002 data sheet. Please review
this summary carefully.
1. Major cleanup on the “NOTE” sections of this
data sheet.
a. Pin 5 no longer references a note. It is now
included in the pin description area under the
name “PIN5”.

b. The note placed in the “typical” section of the
D.C. Characteristics table is now referenced to
a note section included with that table.

c. Notes in the A.C. Characteristics table have
been renumbered and are included in a notes
section for the A.C. Characteristics.

d. The note that was previously referenced in the
A.C. TESTING INPUT/OUTPUT WAVEFORM
diagram has been replaced with the actual
note.

e. The note that was previously referenced in the
SLAVE MODE WRITE TIMING diagram has
been included in a “NOTE" section with the
diagram.

f. The note that was previously referenced in the
SLAVE MODE READ TIMING diagram has
been included in a “NOTE"” section with the dia-
gram.

g. The note that was previously referenced in the
DMA TRANSFER TIMING diagram has been
included in a “NOTE" section with the diagram.

2. A “Design Considerations” section was added to
alert designers to certain design aspects of the

8237.

3. The timing parameters TAR for the 8237A-4 and
8237A-5 have been changed from 50 ns to 0 ns.
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FUNCTIONAL DESCRIPTIONS

This Tandy KFIT custom IC consists of the following functional
blocks:

- Programmable Peripheral Interface (PPI)

- Keyboard Interface Logic

- Floppy Disk Interface Logic

- Programmable Interrupt (equivalent to Intel 8259A)
and sharing interrupt logic

- Programmable Timer (equivalent to Intel 8254-2 and
Clock Divider

- Address Decoding Logic

Programmable Peripheral Interface

This section of the KFIT custom integrated circuit replaces the
Intel 8255A that was used on the original Tandy 1000 computer. On
the block diagram for this section of logic, the 8255A is
represented by three 74LS244 buffers addressed by read A (0060),
read B (0061), read C (0062). Also the two latches addressed by
write B (0061), write C (0062) which are part of the original
8255A logic.

Keyboard Interface Logic

This section of the KFIT custom integrated circuit is design to
support Tandy 1000 keyboard or Tandy 101 enhanced keyboard.
KYBDTYP signal is used to select Tandy 1000 keyboard when is LOW
or Tandy 101 enhanced keyboard when is HIGH. The KYBDTYP is being
read in to port FFEB(hex) bit 7. The KBDDATA - keyboard data is
serial data bit stream and then is converted to 8 bits parallel
data by 74LS322. The serial data is entered in the LOW to HIGH
transition of the KBCLK.

Floppy Disk Interface Logic

This section of the KFIT custom integrated circuit is design to
support Floppy Disk Digital Output Register (DOR) function. This
register is mapped in address 03F2 hex - data bit 0 to 7 (write
only) to generate drive select DSOB,DS1B,DS2B; FDCRST (FDC reset)
DMA/I and MTRONB (motor ON) signal. The DMA/I signal is used to
disable FDCINTI, FDCDMRQ, and FDACKI signals for allowing the
used of external FDC controller.



Programmable Interval Timer

This section of the KFIT custom integrated circuit is equivalent
to an Intel 8254-5 and is designed to use with the Tandy 1000 TX.
It is organized as three independent 16-bit counters, each with a
clock of 1.19 MHZ. The 1.19 MHZ clock is generated from 14MHZ
divided by 12. All modes of operation are software programmable.

Programmable Interrupt

This section of the KTIF custom integrated circuit is equivalent
to an Intel 8259A that capable of handling eight-vector priority
interrupt, individual request mask and programmable interrupt
modes. This circuit generates INTR output signal for the CPU. In
addition, the sharing interrupt logics are implemented in the
design for IRQ1l (between keyboard and real time clock interrupt)

Address Decoding Logic

This section contains 3 to 8 address decode to generate
Programmable Interrupt Chip select, Programmable Interval Timer
chip select, Floppy Disk chip select (FDCCHP*) and Programmable
Peripheral Interface address of three decoded address A, B and C.
(see I0 signal definition). The FDC port is enabled by Planar
register-port 0065hex bit 3 when bit 3 is HIGH.



BLOCK DIAGRAM
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INPUT/OUTPUT PIN DESCRIPTIONS

# Signal Output Pin Type Descriptions
Current Number
1 XDO 8ma 14 1/0 Data bus 0
(S.T input)
2 XD1 8ma 15 I1/0 Data bus 1
(S.T input)
3 XD2 8ma 16 1/0 Data bus 2
(S.T input)
4 XD3 8ma 17 I/0 Data bus 3
(S.T input)
5 XD4 8ma 19 I/0 Data bus 4
(S.T input)
6 XD5 8ma 20 1/0 Data bus 5
(S.T input)
7 XD6 8ma 21 I/0 Data bus 6
(S.T input)
8 XD7 8ma 22 I/0 Data bus 07
(S.T input)
9 Sa0 28 I System address 0
10 SAl 29 I System address 1
11 SA2 30 I System address 2
12 SA7 31 I System address 7
13 A 32 I CPU I/O address
decode LSB
14 B 33 I CPU I/O address
decode
15 C 34 I CPU I/0 address
decode MSB
16 IOWB 37 I Active LOW. CPU
I/0 write signal
17 IORB 36 I Active LOW. CPU

I/0 read signal



Output
Current

Pin
Number

Descriptions

20

21

22

23

24

25

26

27

BUSY 8ma

(0.C., Pull up)*

KYBDTYP
(Pull-up)

PPITM 2ma

KBDDATA 8ma

(3-state)
KBDCLK 8ma
(3-state)

DSOB 8ma
(0.C. Pull up¥*)
DS1B 8ma
(0.C. Pull up*)
DS2B 8ma
(0.C. Pull up¥*)
DCB

(Pull_up)

61

12

60

59

57

56

55

38

1/0

1/0

Clock signal
14.318 MHZ

Keyboard busy
When High

Keyboard type
select. When
High, selects IBM
PC keyboard.

When Low selects
Tandy keyboard

Progr ammable
Peripheral

Interface Timer
output signal

for sound generator.

Input data signal
from keyboard.

In the IBM PC
keyboard this pin

is used as an output
to hold the data
Low.

Input clock signal
from keyboard. In
the IBM PC keyboard
this pin is used as
an output to hold
the clock LOW.

Drive select signal
When Low.

Drive select signal
when is LOW.

Drive select signal
when is LOW.

Disk change signal
when is LOW.



29

30

31

32

33

34

35

36

37

38

Signal Output
Current

DRATE 16ma

(0.C.)

FDCRST 4ma

RESET

MTRONB l6ma

(0.C.)

FDHSELI

FDHSELOB 1lé6ma

(0.C.)

FDWREI

FDWREOB l6ma

(0.C.)

FDDIRI

FDDIROB 16ma

(0.C.)

FDCCHPB dma

Pin
Number

46

66

53

42

49

41

50

40

51

47

Descriptions

Data rate select
signal. When is
LOW, 500 kbps is
selected. When

is HIGH 250kbps is
selected.

FDC reset signal to
the FDC controller
when is HIGH.

System reset input
signal when is HIGH.

Floppy disk motor ON
output signal when
is LOW.

Head select input
signal from floppy
disk controller.:

Head select input
signal for floppy
drives when is LOW.

Write enable input
signal from floppy
disk controller.

Write enable output
signal for floppy
drives when is LOW.

Head travel
direction input
signal from FDC
controller.

Head travel
direction for floppy
drive.

FDC chip select
output signal or FDC
controller when is
LOW.



Signal Output Pin Type
Current Number

Descriptions

40

41

42

43

44

45

46

47

48

49

FDACKIB 44 I
FDACKOB 2ma 45 o
FDCINT 39 I
FDCDMRQ 43 I
FDCDRQ 4ma 48 [0}
IRQ2 5 I

(S.T. Pull_up)

IRQ3 6 1
(S.T. Pull_up)

IRQ4 7 I
(S.T. Pull_up)

IRQ5 8 I
(S.T. Pull up)

IRQ6 10 I
(3-state, Pull_up)

IRQ7 9 b
(S.T. Pull_up)

FDC controller
acknowledge

output signal when
is LOW.

FDC controller
acknowledge output
signal when is LOW.

Floppy disk
interrupt input
signal when is HIGH.

Floppy disk service
request input signal
to DMA when is LOW.

Floppy disk service
request output
signal to the DMA
when is LOW.

Interrupt request 2
input signal

Interrupt request 3
input signal

Interrupt request 4
input signal

Interrupt request 5
input signal

Interrupt request 6
input/output signal

Interrupt request 7
input signal



# Signal Output Pin Type Descriptions
Current Number

e B S e e e L L P T E T P P r

50 INTAB 4 1 Interrupt
acknowledge signal.
This signal is used
to enable interrupt
vector data onto the
data bus by a
sequence of
interrupt
acknowledge pulses
issued by the CPU

51 INTR 2ma 11 0] Interrupt request
signal. This signal
is used to interrupt
the CPU when HIGH

52 RTCINTB 2 I Real time clock
(S.T. Pull up) interrupt signal
- from the Real Time
Clock device when
LOW.

53 NOVDI 26 I NOV_RAM data in
signal

54 NOVCE 2ma 23 o NOV_RAM chip enable
signal

55 NOVDO 2ma 25 0o NOV_RAM data out
signal

56 NOVCK 2ma 24 (0] NOV_RAM clock

57 RFRSHB 3 I DMA acknowledge
signal from 8237.
This signal is
active HIGH

58 REFREQ 2ma 13 o DMA Request signal
for 8237. This
signal is active
HIGH

59 COL/MON 68 I Input configuration
control signal

60 PARCHK 67 I Parity Check input
signal



# Signal Output Pin Type Descriptions
Current Number

61 vCC 1 Power supply +5V
62 vcce 35 Power supply +5V
63 GND 52 Ground

64 GND 18 Ground

65 not used 62

66 not used 63

67 not used 64

68 not used 65

Notes:- 0.C. = Open_Collector
- 3-State = Tri_State
- S.T. = Schmitt Trigger
- * = Max.=l.6ma, Min.=0.4ma sinking current.
These signals must have external termination.



I/0 MAPS

I/0 Signal Definition:

Address Range Hex

0020 - 0027
0040 - 0047
00C0 - 00C7
0060 - 0067

0065
03F0 - 03F7
0200 - 0207
0378 - 037F

037C
03F8 - O03FF

10

Function
Interrupts
Timer

Sound

PPI

Planar Register
Floppy

Joystick
Printer

NOVRAM

Serial

Non IBM compatible
Inactive



Register Definition:

Address Range Hex

Interrupt

0020

0021

0022 - 0027
Timer

0040/0044

0041/0045

0042/0047

Description

Initialization Command

Word 1

Initialization Command

Word 2

Not used

Timer
Timer

Timer

Note: ~ = refers to system I/0 maps.

PPI/Keyboard

Address Range Hex

0060 - port A

0061 - port B

NoUnbdwi-=O

N wNheO

Bit

Description

Keyboard Read Data
Read only Keyboard
Read only Keyboard
Read only Keyboard
Read only Keyboard
Read only Keyboard
Read only Keyboard
Read only Keyboard
Read only Keyboard

Read/Write

Input

bit
bit
bit
bit
bit
bit
bit
bit

NoUbdwNo=HO

R/W Timer gate #2 enable
R/W Speaker data out enable

R/W not used
R/w not used

LSB

R/W l=disable internal speaker

R/W not used
R/W HOLDCK

R/W l=keyboard clear
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Address Range Hex

0062 - port C

0063-0064

Planar Control

0065

0066

0067

Bit

NoUusWwNMO

NoOUEeWN O

Non Volatile Memory Access

037¢C

N WN ~=O

12

Description

Read/Write

R/W not used

R/W not used

R/W not used

R/W O0=slow speed
Read NOVDI

Read output Timer #2
Read O=color

Read l=Parity check

Port not used

Planar Register Read/Write

Reserved
Reserved
Reserved

1=FDC chip select enable

Reserved
Reserved
Reserved
Reserved

Not Used

Port D not used

Non-volatile memory write only

NOVDO
NOVCE
NOVCLK
Reserved
Reserved
Reserved
Reserved
Reserved



Floppy Disk Control

Address Range Hex

03F0

03F1

03F2

03F3
03F4
03F5
03F6

03F7

Bit

o

NoONe WO NoundwhN

O

N WwN

13

Description

Not

FDC
Not

used

Mode Control
used

Write - Drive Select switch

0 =
1 =
Not
Not
Not
Not
Not
Not

FDC

0-0 1-1
0-1 1-0
used
used
used
used
used
used

Digital Output Register

(DOR)
Write Only

Write
Write
Write
Write
Write
Write

DS0 DS1 Ds2

- 0 1 ]

- 0 0 1

- FDC reset

- Enable DMA Reg/Int.
- Drive 0 Motor ON

- Drive 1 Motor ON

Not used
Not used

Not used

FDC chip select

FDC chip select

Not used

FDC
Not

Data Rate Selection
used

Write - Data Rate

0 =
1 =
Not
Not
Not
Not
Not

500K bits per second
250K bits per second
used
used
used
used
used

0=Disk Change



System Configuration Register

FFEB Non IBM Compatible Read/Write
Reserved
Reserved
Reserved
Reserved
Reserved
Read l=Keyboard Interrupt
Read 1l=Real Time Clock
Interrupt
Write 1=Enable Real-=Time clock
Interrupt
Vi Read Keyboard Select

0=Tandy Keyboard

1=101 Enhanced Keyboard

AU WO

Summary on the active/float data bits. (READ ONLY)

Address Net Name Active Bits Float Bits

0065 CSEN XD3 XD0-XD2, XD4-XD7
03F7 FDMDRDB XD7 XD0-XD6
FFEB CDENRDB XD5 XD0-XD4

XD6

XD7

14



ELECTRICAL SPECIFICATIONS

Absolute Maximum Rating

| Parameter Min. TYpP. Max. |Unit|Condition]|
I=========================== ===z===|======|====== ====| =========I
7.0 vV |W.R.T gnd|

| Power Dissipation

D.C. Electrical Characteristics at Ta= 0 to 70 degree Celsius

|
|
| Voltage, any pin | -0.5
|
I
|

|SYM. |Parameter | Min. | Typ. | Max. |Unit[Condition]|
il et i il el el :
i e T PSP e s——
vin  Inoat Rioh voleage 13l 1T T e e—
| iin  inoat Loakage curremt | C10 1T TR T l
e et T T P |
o1 |outpat Low volrage 1T T RSP e P !

|Vvoh |Output High Voltage | 2.4 | | v |-2MA |
| |Unless otherwise specified in I/0 Pin Descriptions |
|==—= ] | =====- | === | === | ===~ === |
|Ioz |High Impedance leak | =10 | | 10 lua | |
| === | =====- |=====- |=——=-= === |
|Voh (INTR) Output High | 3.5 | | |v |@ -100ua |
| |Voltage for INTR | 2.4 | | v |@ -400ua |
| === | [====—= | === f-——=== el B |
|Z2o |Output Capacitance | | | | |

| |XD0 - XD7 | 100 | | | PF |Note A |

Notes: A. 50 PF is used in manufacture test.
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KEYBOARD TIMING SPECIFICATIONS

|[NUM. Parameter | Min., | Typ. | Max |Unit| |
|===========================I======|======I======|====|=========I
| 1 Address valid to IOWB | 15 | | | ns | |
| active | | ] | | |
|- |-=—=== === | === |====]-====———- |
| 1la Address hold from IOWB| 20 | | | ns | |
| Inactive | | | | | |
| == j—————- [-=———= |————- |-=—=] === |
| 2 IOWB pulse width | 125 | | | ns | |
[==——— e |===--- | —===-- | === | ===l |
I 3 Data setup from IOWB | 65 | | | ns | Write |
| Inactive ! | | | | I
| === === | —————- | === R |
| 4 Data hold from IOWB | 30 | | | ns | Write |
] Inactive | | | | | |
| === | ====== | === |=———-- [-===|=—===—=- |
| 5 Address valid tb IORB | 15 | [ | ns | [
I active | | | | | |
= [=====- === | === |====] === |
| 5a Address hold from | 30 | | | ns | Read |
| IORB inactive | ] I | | [
| mmmmm e e f====== [ ===——- |==—=== |====] === [
| 6 IORB pulse width | 120 | | | ns | |
=== | === | === | —===-- | === = |
| 7 Data hold/release | 5 | | 55 | ns | Read

| from IORB inactive | | ] | | |
|———m | -———=- |—=—==- |—=——=- | === |- |
| 8 Data access time | | | 100 | ns | Read |

| | |

16



I/0 Write Cycle

Address Cs. X X
I Pl
1-->| | <== la-->[ [<-~
| {==——=o- 2 e > |
IO0WB \ /
3--=>7 | <--
| 4=-=>| | <==m
[ I
Data X X
I/0 Read Cycle
Address Cs. X X
(I [
5->] I<-- S5a-->| [|<--
[{======= 6 ——=———- >
IORB \ /
-=>1 |<---8
| 7==->| j<=—-
| ||
Data X X

17



FLOPPY DISK TIMING SPECIFICATIONS:

|INUM. Parameter | Min. | Typ. | Max IUnit: |
j========= | | ====== | ====== |====|========x=|
| 1 Address setup from | 15 | ] | ns | |
| IOWB active | | | | | |
|- -—-=] --1 -~ |- |-—==]-———————- |
} 1a Address hold from IOWB| 20 | | | ns | |
| Inactive | | | | | |
| === | =~=—== | === | ==—==- ==~ |
| 2 IOWB pulse width | 125 : | : ns : :
|- - R jmm——m | |
| 3 Data setup from IOWB | 65 | | | ns | |
| inactive | | | | |
|-—== m———m—m e ———m e | === |-==—== | === j==== === |
| 4 Data hold from IOWB | 30 | | | ns | |
| inactive | | | | | |
== | =———- | === | === e |
| 5 DSOB-DS2B,FDCRST, | | | 43 | ns | |
] MTRONB inactive delay | | | | | |
| from IOWB inactive | | | | | |
e | —=—=-- | === | === | === |
| 6 DS0B-DS2B,FDCRST, | | I 41 | ns | |
| MTRONB active delay | | | | | |
| from IOWB inactive | | | | | |
I/0 Write Cycle
Address Cs. X | I T
|
1->] I<-- la~->| | <=~
[{=mmwmmm 2 e >
IOWB \ /
3--=5T | <--
! 4--=>| | <=--
] | |
Data X X
5—=> T<-=
6-->] 1<-~
1 _ _ _ _

DS0B-DS2B Low to High___ _ /

High to LOW

PROGRAMMABLE INTERRUPT TIMING AND DESCRIPTIONS
Must meet Intel 8259A. Any differences must be specified.

PROGRAMMABLE TIMER TIMING AND DESCRIPTIONS
Must meet Intel 8254-5.

Any differences must be specified.
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ADDRESS PORT EQUATIONS

/**************************************************************/

J* */
/* KEYBOARD, TIMER CONTROL, INTERRUPT CONTROL, FDC-DOR */
/* AND DECODE LOGIC */
/**************************************************************/
/* Allowable Target Device Types: F153 */

/**************************************************************/

/** Inputs *¥%/

PIN 1 = sall : /* System address 1 */
PIN 2 = sal0 ; /* System address 0 */
PIN 3 = sal2 H /* System address 2 */
PIN 4 = liow B /* 1/0 Write *x/
PIN 5 = lior ; /* I/0 Read */
PIN 6 = 1fdcport ; /* FDC Port 03F0-03F8 hex */
PIN 7 = lkeyport ; /* Keyboard Port 0060 - 0067 */

/** Outputs **/

PIN 9 = 1fdmdrd ; /* Read FDC Port 03F7 hex */
PIN 11 = 1fdmdwt ; /* Write FDC Port 03F7 hex */
PIN 12 = Ifdcchp ; /* FDC Chip Select 03F4 - 03F5 */
PIN 13 = dorltch ; /* Write DORLTCH Port 03F2 */
PIN 14 = drvsck ; /* Write Port 03Fl1 DriveSwitch */
PIN 15 = writdp ; /* Write Keyboard Port 0067 or D*/
PIN 16 = cp ; /* Port 0062 or C */
PIN 17 = bp ; /* Port 0061 or B */
PIN 18 = readap ; /* Read Port 0060 *

PIN 19 = c¢sen : /* Chip Select Enable Port 0065 */

/** Logic Equations **/

fdmdrd = fdcport & sa02 & sa0l & sa00 & ior;
fdmdwt = fdcport & sal2 & sal0l & sa00 & iow;
fdcchp = fdcport & sal02 & !sall;

tdorltch = fdcport & iow & !sa02 & sal0l & !sa00;
tdrvsck = fdcport & iow & !sal2 & !sall & sa00;
Ireadap = keyport & ior & !sa02 & !sall & !sa00;

bp = keyport & !sa02 & !sa0l & sa00;

cp keyport & !sa02 & sa0l & !sa00;

csen = keyport & sal2 & !sa0l & sa00;
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1.0 GENERAL

1.1 Functional Description

The PSSJ Tandy ASIC 1is contained 1in a 68 pin PLCC package, and
comprises the Printer port, a Serial (RS232) port, the Sound
function, and the Joystick function of the Tandy 1000 computers.

2.0 PIN LIST

PIN NAME PIN NO. DRIVE DESCRIPTION

vccC 1,35 - Power inputs

VBB 59 - Analog Power input

GND 18,52 - Grounds

RST 25 TTL in System reset signal,
active high.

CLK14M 2 TTL in Clock signal input,
14.31313 MHz, 50% duty
cycle.

CLK2IN 37 TTL in Clock signal input,
either 24
MHz or 1.8432 MHz, 50%
duty
cycle.

IOD0 - IOD7 14,15,16,17 DSs1218, Eight bit peripheral data
19,20,21,22 8 mA TS bus intended to drive 5
XT type I/0 slots, as
well as all on board
peripherals.

IOR- 10 TTL in CPU/DMA I/0 Read signal,
active low. System
control line.

IOW- 11 DS1218 CPU/DMA I/O Write signal,
active low. System
control line.

A0 - A2, A7 6,7,8,9 TTL in System address lines.

CsS0 - Cs2 3,4,5 TTL in Address decode inputs.

PINT 12 2 mA TS Printer Interrupt,
tristate.



PIN NAME

SINT

PPITIM

AUDIO_IN

SND_OUT

GAIN OuUT

DRQ

TC

DACK1

WAIT-

JPOS1 - JPOS4

JSW1 - JSw4

DAC_OUT

PDO -~ PD7

INIT

AFXT-~
STROBE-

ACK-

PIN NO.

13

68

55

57

56

23

27
26

24

60,61,62,63

64,65,66,67

58

51,50,49,48

47,46,45,44

40

39
38
41

DRIVE

2 mA TS

TTL in

An in.

An out

An out

2 mA TS

TTL in

TTL in

2 mA OD

DS1218

DS1218

An out

DS1218

4 mA TS

4 mA OD

4 mA OD
4 mA OD

TTL in

DESCRIPTION

Serial Interrupt,
tristate.

Low frequency sound
input.

Analog audio input, 1 V
P-pP.

Analog audio output, 2 V
P-P.

Analog audio output, 2 V
P-P

Data request for DMA
operations, tristate.

Terminal Count input.

Data acknowledge for DMA
ops.

Sound chip wait output,
open drain.

Digital joystick position
input.

Digital joystick switch
inputs.

Analog DAC output for
external integration,
comparison with joystick
voltages.

Printer data
inputs/outputs.

Printer initialization
output.

Printer auto feed output.
Printer strobe output.

Printer acknowledge
input.



PIN NAME

PE

SLCTIN-
BUSY-
FAULT-

DTR-

RTS-

TXD~-

RI-

DCD-

DSR-

CTs-

PIN NO.
43

53
42
54

36

33

34

29

30

28

32

31

DRIVE

TTL in

TTL in
TTL in
TTL in

2 mA

2 mA

2 mA

TTL in

TTL in

TTL in

TTL in

TTL in

DESCRIPTION

Printer paper empty
input.

Printer select input.
Printer busy input.
Printer fault input.

RS232 data terminal ready
output.

RS232 request to send
output.

RS232 transmit data
output.

RS232 ring indicator
input.

RS232 carrier detect
input.

RS232 data set ready
input.

RS232 clear to send
input.

RS232 receive data input.



3.0 ABSOLUTE MAXIMUM RATINGS

Min Typ_ Max Units
Storage Temperature: -65 150 degrees C
Operating Temperature: 0 25 55 degrees C
All output pins -0.5 7.0 volts DC
All input pins -0.5 7.0 volts DC
Power Supply (Vcc) -0.5 7.0 volts DC
Power dissipation 700 milliwatts

4.0 D. C. ELECTRICAL CHARACTERISTICS

4.1 Inputs

Leakage current Min Typ Max Units
+/-10 uA
Vih (TTL in) 2.0 Vce+.5 volts DC
Vih (DS1218) 2.1 Vee+.5 volts DC
Vil -0.5 0.8 volts DC
Input capacitance 10 pPF
4.2 PD0 - PD7, INIT, /AFXT, /STROBE
Min Typ Max Units
Iol 4 mA
vol 0.4 volts DC
Ioh 1 mA
Voh 2.4 volts DC
Capacitive load 100 pF
4.3 /WAIT
Min Typ_ Max Units
Iol 4 mA
Vol 0.4 volts DC
Capacitive load 100 pPF
4.4 DRQ, /TXD, /DTR, /RTS, PINT, SINT
Min Typ_ Max Units
Iol 2 mA
Vol 0.4 volts DC
Ioh 1 mA
Voh 2.4 volts DC
Capacitive load 40 pF



I0D0 - IOD7

Iol
vol
Ioh
Voh
Capacitive load

Min Typ_ Max

8

2
2.4
100

0.4

Units

mA
volts DC
mA
volts DC

pPF



5.0 AC CHARACTERISTICS

Parameter Min Typ_ Max Units
Tav (Address Valid) -15 nSec
Tah (Address Hold) 30 nSec
Trpw (Read Pulse Width) 120 nSec
Twpw (Write Pulse Width) 125 nSec
Tdsu (Data Setup (Write)) 65 nSec
Tdacc (Data Access (Read)) 100 nSec
Tdhr (Data Hold (Read)) 10 30 nSec
Tdhw (Data Hold (Write)) 25 nSec
Addr ,CSx X X
-->T |<-- Tav -->1 [|<-=Tah
|| <= TWpW=—====== >l
| |
I10WB \
[<====Tdsu-—-=>|
| -==>| |<~---Tdhw
| |1
Data = = ———m=—mmmmmmeme S & e

I/0 Write Cycle

Addr ,CSx X X
-=>] I<-- Tav -=>| |<--Tah
| I Trpw-—=~====- >
- | I
IORB \ /
T | I
Tdacc--->| | <= -=>] [<--Tdh
|
Data ~  =------memmme——ee—e X D Gt it

I/0 Read Cycle



6.0 Modifications to the 76496
6.1 Extra Bit of Division by each channel.

When clocked by a 3.579545 MHz signal, the 1lowest frequency
generated by the 76496 (with its 10 bit dividers) is 109.24 Hz.
It is desired to be able to generate lower frequencies. An extra
bit of division will allow frequencies down to 54.62 Hz, or an
octave lower than the 1lowest note currently available. Since
there is an extra bit in the frequency update register (second
byte), it makes sense to implement this feature here. However,
to maintain backwards compatibility, since it is not known what
is programmed in this bit, there needs to be a way of defeating
the extra bit of division. Therefore, there is a signal (SEDE),
which enables the extra bit for all three channels. This bit
defaults to a logic zero (low) on reset. When it is set, by
writing to port C4 with bit 6 high, the extra divider will be

enabled.
6.2 Synchronization of frequency dividers.

The current 76496 design loads each divider when initially
written to, with no provision for synchronization of the
dividers. This is a handicap when programming frequencies of low
integer relationships to each other, because it is not possible
to guarantee the phase of the signals. Therefore, if
synchronization is desired, it is enabled by writing to port C4,
with bit 5 set (which defaults to reset). When this bit is high,
any write to a frequency register of the new sound channel will
not only load its divider, but reload the dividers in the present

76496.
6.3 Minimum Wait State Generation

The 32 wait states generated by the 76496 need to be reduced.
The chip must be guaranteed to latch the data written in the same
time allotted for the 8250A megacell. Any wait states generated
should only apply to a successive write (not the first in a
series). All write timing should be referenced to the rising
edge of the IOW- strobe.



7.0 Software Specification
Port CO - C3 Write

Access 76496 megacell

Port R/W 7 6 5 4 3 2 1 0
Cc4 w (res) SEDE SDSE DIEN DICL- DMAEN DF1 DFQ0
Where:
DF1 DF0 = Dac Function Select
0 0 = Joystick
0 1 = Sound Channel
1 0 = Successive Approximation
1 1 = Direct write to DAC
DMAEN = DMA Enable (for SA, direct
R/W)
0 = DMA Disabled
1 = DMA Enabled for SA, DA
DICL- = DMA interrupt clear
0 = DMA interrupt held clear
1 = DMA interrupt allowed
DIEN = DMA Interrupt enable
0 = DMA EOP interrupt disabled
1 = DMA EOP interrupt enabled
SDSE = Sound Divider Sync Enable
0 = Synchronization Disabled
1 = Sync Enabled: Write to C6
or C7 reloads all dividers
SEDE = Sound Chip Extra Divide
Enable
0 = Extra Divide disabled
1 = Extra Divide enabled
(res) = reserved



Port C4 Read

[ Readback all bits except bit 3.

bit 7

bit 3

Port C5 Write

Direct write to DAC
Pulse width and waveshape

SAD-

DIO

7 6 5
WSl Wso (res)
Where:

wsl WSO

0 0

0 1

1 0

1 1
PW2 PW1

0 0

0 0

0 1

0 1

1 0

1 0

1 1

1 1

Port C5 Read

Direct read of

In addition: ]

Successive Approximation
done. Useful when polling
instead of DMA for

successive approximation.

DMA interrupt has occurred.
To clear the interrupt it
is necessary bring DICL
low, then back high.

(DF1,0 = 11 bin).

(DF1,0

o] nwnuwnon

HOHOKROHOS
=)

DAC (Succ. Approx.)

= 01 bin).
3 2 1 0
(res) PW2 PWl PWO

Waveshape select bits
Pulse

Ramp

Triangle

Reserved

6.25% duty cycle
12.5% duty cycle
18.75% duty cycle
25.0% duty cycle
31.25% duty cycle
37.5% duty cycle
43.75% duty cycle
50% duty cycle

W wuwnnn

(DF1,0 = 1X bin).

Direct read of Snd Control register (DF1,0 = 01 bin).



Port Cé6 R/W

Frequency LSB for DAC sound channel.

F7 Fé F5 F4 F3 F2 Fl FO

Port C7 R/W
Amplitude/frequency MSN for DAC sound channel.
7 6 5 4 3 2 1 0

SAMP3 SAMP2 SAMP1 res Fl1 F10 F9 F8

The amplitude will be programmable in 7 levels, with
approximately 3 dB per level. The maximum 1level ('111') will
closely approximate that in the existing sound chip. A value of
'000' will result in no output. This level control also applies
to the raw DAC output when outputting digitized sound.

The ramp will count wup the five MSB's of the DAC. The triangle
will count up the four MSB's of the DAC for the first half of the
wave, then count them back down for the second half. The
frequency range of the DAC as a sound channel will have the same
upper limit and a lower limit of one octave lower than the new
frequency range of the sound chip (down to 27.3 Hz.). Obviously,
the bit programming order of the frequency is different. The
actual frequency will be 111.86 KHz divided by the number
programmed into the sound frequendy register(s).

Port 200 - 207 WR - Clear Joystick DAC counter

A write to port 20X, where X = 0 to 7, will clear a free-running
counter, and 1load a value of 16 into the 12-bit divider. The
eight bit free-running counter will be clocked by the 3.58 MHz
signal divided by 24, or 149.1 KHz. The output of the eight bit
counter will drive the DAC to produce a stairstep wave, which
simulates a ramp for use by the joystick comparators. When the
counter reaches a count of 255, it will stop until port 20X is
written to again.

The elapsed time for the complete ramp will be approximately 1.7

milliseconds, closely approximating the elapsed time of the
current Tandy 1000 Joystick circuitry.

10



Port 200 - 207 RD - Joystick Status

The data read at port 20X, where X = 0 to 7, will be the outputs
of the joystick position comparators and the states of the
joystick pushbuttons, in the same manner as the current Tandy
1000 Joystick circuitry.

Planar Control

Port 65 contains three bits which are used to enable the printer
interface (bit 1), the printer output (bit 7), and the serial
port (bit 4). These bits are all enabled (set high) on reset,
and must be cleared by software to disable the appropriate
function. The printer output enable function is logically "or-
ed" with the current Tandy 1000 printer output enable bit, so
that either one will enable the printer output buffer.

Additional control 1is available at port FFEB. Bit DO selects
whether the serial clock 1is divided by 13 or 1. Bit D1 must be
high to enable the joystick function, and bit D2 must be high to
enable the sound chip functions. Bits D1 and D2 default to high

on power up.

11



I/0 Map Summary

The following ports are utilized in the PSSJ part:

PORT R/W BITS FUNCTION

0061 W 4 Sound Chip Enable

0065 R/W 1,4,7 Planar Control

00C0-00C3 W all Sound Chip Data

00C4-00C7 R/W all DAC Functions

0200-0207 R/W all Joystick Function
0378-037A R/W all Printer Interface
03F8-03FF R/W all Serial Interface

FFEB R/W 0,1,2 UART clock select,JSE,DSE

12
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Flopy Disk Support Logig
Tandy Part #8041404

January 29,

1987

1.0 GENERAL DESCRIPTION

TANDY COMPUTER PRODUCTS

The Tandy Part #8041404 - Floppy Disk Support Logic:
-Generates the clock to the 765 Floppy Disk Controller.
-Generates the write clock to the Floppy Disk.
-Generates step pulses, track 0 indicator, DMA request,

1.1

and FDC interrupt signals.

1--[ CLK1éM +5 |--24
2--| WCK SWITCH |--23
3--| FDCCLK INT+ |--22
4--| RDDATA* DMA/INTE |--21
5--| RDD DRQ |--20
6-—| rRDW FDCINT |--19
7--| FRES/S FDCDMRQ* |--18
8--| RW*/SEEK PSO |--17
9--| TRKO* Psl |--16
10--| F/TRKO WRD |--15
11--| STEP* WRE |--14
12--| GND WRDATA* [--13
FIGURE 1. Pin Assignment




TANDY COMPUTER PRODUCTS

1.2 DESCRIPTION OF PINS:

PIN # PIN NAME TYPE DESCRIPTION
1 CLK16M INPUT Frequency = 16.0000 Tolerance = 100pmm
2 WCK OUTPUT If SWITCH = 0, period = 2 us, 250 ns pulse
If SWITCH = 1, period = 1 us, 250 ns pulse

3 FDCCLK OUTPUT If SWITCH 0, then CLK16M/4

If SWITCH 1, then CLK16M/2

4 RDDATA INPUT Serial data from FDD

5 RDD OUTPUT Serial data from FDC

6 RDW OUTPUT Read Data Window

7 FRES/S INPUT Step pulses to move head to another cylinder
8 RW*/SEEK INPUT Specifies seek mode when high

9 TRKO* INPUT From FDD, indicating head is on track 0
10 F/TRKO OUTPUT To FDC, indicating head is on track 0
11 STEP* OUTPUT Moves head of FDD
12 GND Ground

13 WRDATA* OUTPUT Serial Data to FDD

14 WRE INPUT Write Enable

15 WRD INPUT Serial Data from FDC

16 PS1 INPUT Write precompensation status

17 PSO INPUT Write precompensation status

18 FDCDMRQ* OUTPUT DRQ delayed by 1.0 usec.
19 FDCINT OUTPUT Interrupt request

20 DRQ INPUT FDC DMA Request

21 DMA/INTE INPUT DMA request and FDC interrupt enable
22 INT+ INPUT Interrupt request generated by FDC
23 SWITCH INPUT 0 = low density drive

1 = high density drive

24 +5Vv +5 Volts
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LDA
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3.2.

3.2,

3.2,

3.2.

3.2,

3.2.

3.2.

3.2.

3.2.

3.2.

3.2.

ENVIROMENTAL SPECIFICATIONS

Storage temperature: -65°C min., +150°C max.
Operating temperature: 0°C min., +25°C typ, +70°C max.
DC ELECTRICAL SPECIFICATIONS

Absolute Maximum Rating:

Voltage on any pin
w.r.t. Ground: ~0.5 min., 7.0 max. volts

Operating Electrical Specifications:
Min. Typ. Max. Units

1 Operating Ambient:
Air Temperatue Range 0 25 70 °C
2 power Supplies:
vce 4.5 5.0 5.5 volts
vSs 0 0 0 volts
ICC milli-
amps
Total Power milli-
watts
3 Leakage Current, All Inputs:
vin = 0.0 v -10 micro-
amps
Vin = 5.0 v +10 micro-
amps
4 Input voltages:
4,1 Except RDDATA*, TRK*
Logic "0O" .8 volts
Logic "1" 2.0 volts
4 .2 RDDATA*, TRK*
Positive going threshold 1.8 volts
Negative going threshold 1.2 volts
Hysteresis voltage 220 milli-
volts
5 Output Voltages:
5.1 Except WRDATA*, STEP¥*
Logic "0" @ 4.0 mA load .4 volts
Logic "1" @ 4.0 mA load 2.4 volts

5.2 WRDATA*, STEP*
Logic "0" @ 48 mA .5 volts

6 Input Capacitance (0.0 < vin < 5.0)
All inputs 10 pf

7 Output Capacitance
All loads 50 pf




AC CHARACTERISTICS
FDCCLK Timing

Parameter

CY
WCK Timing

H
R’ EF
L
cY

WRDATA* Timing

ot

WCK —WEH
WCKL—WEL
PSD
WDD
WDA,
WRDg

WDDH-WRDL early
WDD_ -WRD; nominal
WDDH-WRDL late

DMA/INTERRUPT Timing

I -FI
‘FIH

ot -Fl,

wek ~pRo,

WCK -DRQ

DRQH-FDR

DRQL-FDRQL

DI, “FDRQ

FC H-FDR H

TANDY COMPUTER PRODUCTS

Min.

90

100
245

100

tCY—(§H+tR+tF)

20
20
20
20

115
150
275
400

750

Typ.

120

120
250

250
5

WC
125

-20

Max.

130

10
160
255

250
10

100
100
Ky—50
H135
250
375
500

30
30
30

1050

30
30

Units

nSec
nSec

pSec

nSec
nSec
nSec
nSec
nSec
nSec
nSec
nSec
nSec

nSec
nSec
nSec
nSec
nSec
nSec
nSec
nSec
nSec




4.5

npn

wp"

neon

CONTROL Timing

Parameter

DATA SEPARATOR Timing

RDA
RDA" -RDD
RDDZ O
RDD,-RDW,
RDW?ND)WC

RDA
RDWC—RDDH

RDAS
RDWC-RDDH

RDAS
RDWC-RDDH

TANDY COMPUTER PRODUCTS

Min.

200
188
240
850

3062
15

4812

5062
15

TYyp.

350

250
875
2.0

Max.

30
30
30
30
30
30

550
313
260
900

1938

Units

nSec
nSec
nSec
nSec
uSec

nSec
nSec

nSec
nSec

nSec
nSec
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FDSL AC TIMING

FIG.1 FDCCLK

b tri— et
fe——— tey—|
tR—>] le— —>f je—tr

FIG.2 WCK m /

R e —>{ e tF

fe— tH—»| | tL —]
fe— tcy —|
—»| [«—WCKy-WEg WCKL-WEL —»{ fe—
[

we -

) S G S

w1

edil I
PSD,WDD_,| |« ti Lo Lo

WDAR- ————> |— . l ' | I
WRDLEARLY) > |—WPAW' | ‘o, l WRDw
WRDLINOM) | _ wDAy - WRDL(LATE)

FIG.3 WRITE DATA TIMING.
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DMA -INTE j___

we N/
FDCINT m

[}
[}
TH-FlH_o e —f jaIL-FIL e DIL—FIL
o\
: \
]
rocek [T\ \\ /A \ VL
1

Yo

i
I L 2

DRQ

>

FDCDMRQ

L l—WCKy -
i |« DRQL-FDRQL—»{ j« DI ~FDRQy
WCKn-DRQH | |« _,i fe— FCKn - FDRQu

DRQu-
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FIG. 4 DMA/INTERRUPT TIMING.
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RW*-SEEK \_____

1
1
TL—FTH—>{ i<—

FIG.5 CONTROL LOGIC TIMING.
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i j« RDAg >
—>| |«—RDAw |
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1
RDW ! x ‘L
RDDy - RDWc>| f— —>! j«— RDWc-RDDy
~ e RDW(ND)w—>
g \/
RDATA* {:I RDAs =\-L/
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-
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t
~ RDWc-RDDH —|  |e—

FIG.6 DATA SEPARATOR TIMING.
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NEC Electronics Inc.

uPD7635A /7265
SINGLE/DOUBLE DENSITY
FLOPPY DISK CONTROLLERS

Description

The uPD765A is an LS floppy disk controller (FDC) chip
which contains the circuitry and control functions for
interfacing a processor to 4 floppy disk drives. It is capa-
ble of either IBM 3740 single density format (FM), or IBM
System 34 double density format (MFM) including
double-sided recording. The uPD765A provides control
signals which simplify the design of an external phase-
locked loop and write precompensation circuitry. The
FDC simplifies and handles most of the burdens asso-
ciated with implementing a floppy disk interface.

The uPD7265 is an addition to the FDC family that has
been designed specifically for the Sony Micro Floppy-
disk® drive. The uPD7265 is pin-compatible and electri-
cally equivalent to the 765A but utilizes the Sony
recording format. The uPD7265 can read a diskette that
has been formatted by the uPD765A.

Each of these devices is also available in a -2 version.
The -2 versions represent a reduction from 4-micron to
3-micron design rule. Functionality is the same. Minor
differences between the two versions are detailed in the
AC Characteristics table. The -2 versions are only avail-
able in the plastic package at this time.

Hand-shaking signals are provided in the uPD765A/
uPD7265 which make DMA operation easy to incorpo-
rate with the aid of an external DMA controller chip,
such as the uPD8257. The FDC will operate in either the
DMA or non-DMA mode. in the non-DMA mode the FDC
generates interrupts to the processor every time a data
byte is to be transferred. In the DMA mode, the proces-
sor need only load the command into the FDC and all
data transfers occur under control of the FDC and DMA
controllers.

There are 15 commands which the uPD765A/uPD7265
will execute. Each of these commands requires multiple
8-bit bytes to fully specify the operation which the proc-
essor wishes the FDC to perform. The following com-
mands are available: '

Read Data Read Deleted Data
Read ID Write Data
Specify Format Track

Read Track Write Deleted Data
Scan Equal Seek

Scan High or Equal Recalibrate

Sense Interrupt Status
Sense Drive Status.

Scan Low or Equal

Features

Address mark detection circuitry is internal to the FDC

which simplifies the phase-locked loop and read elec-

tronics. The track stepping rate, head load time, and

head unload time are user-programmable. The

uPD765A/uPD7265 offers additional features such as

multi-track and multi-side read and write commands

and single and double density capabilities.

[0 Sony (EMCA)-compatible recording format
(uPD7265)

O I1BM-compatible format (single and double
density) (uPD765A)

O Multi-sector and multi-track transfer capability

O Drive Up to 4 floppy or micro floppydisk drives

O Data scan capability — will scan a single sector or
an entire cylinder comparing byte-for-byte host
memory and disk data

O Data transfers in DMA or non-DMA mode

O Parallel seek operations on up to four drives

0O Compatible with ,PD8080/85, uPD8086/88 and

uPD780 (Z80®) microprocessors
O Single-phase clock (8 MHz)
O +5Vonly
¢ Z80ise d of the Zilog Cx
Pin Configuration
reser O\ QP Vee
Rb {2 » ) Aw/iseEx
wR(Qs 380 Lerom
- 4= P} D Friste
Ads » [ oL
08, o 380 Roy
ve, 7 up wers
L _Y=11 3P AR,
os,dy § nh s,
o8, ] 10 s El=1%
08, O 1 E 303 woa
o8, 12 H 2P s,
08, ] 13 28 us,
DRQ [] 14 270 Wo
BRZK O 15 El=1 ]
Tcde 253 we
ox d 17 2« B veo
INT ] 10 20 R0
o 220 Row
aNo . 20 21 ) wek
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Ordering Information

Part Max Freg.
Number Package Type of Operation
uPD7B5AC, uPD765AC-2 40-pin plastic DIP 8 MHz
uPD7265C, uPD7265C-2 40-pin plastic DIP 8 MHz
Pin Identification
No. Symbol Function
1 RESET Reset input
2 RD Read control input
3 WR Write control input
4 €S Chip select input
5 Ay Data or status select input
6-13 DBy-0B; Bidirectional data bus
“ DRQ DMA request output
15 DACK DMA acknowledge input
16 TC Terminal count input
17 1DX Index input
18 INT Interrupt request output
19 CLK Clock input
20 GND Ground
21 WCK Write clock input
22 ROW Read data window input
23 RDD Read data input
24 vco VCO sync output
25 WE Write enable output
26 MFM MFM output
27 HD Head select output
28,29 USy, USy FDO unit select output
30 WDA Write data output
31,32 PSg, PS4 Preshift output
33 FLT/ TRy Fault / track zero input
34 WP/TS Write protect / two side
input
35 RDY Ready input
36 HDL Head load output
37 FR/STP Fault reset / step output
38 LCT/DIR Low current direction
output
39 RW/ SEEK Read / write / seek output
40 Voo 0C power

Pin Functions

RESET (Reset)

The RESET input piaces the FDC in the idle state. It re-
sets the output lines to the FDD to O (low). It does not
affect SRT, HUT, or HLT in the Specify command. If the
RDY input is held high during reset, the FDC will gener-
ate an interrupt within 1.024 ms. To clear this interrupt,
use the Sense Interrupt Status command.

RD (Read Strobe)

The RD input allows the transfer of data from the FDC to
the data bus when low. Disabled when CS is high.

WR (Write Strobe)

The WR input aliows the transfer of data to the FDC
from the data bus when low. Disabled when CS is high.
Ao (Data/Status Select)

The Ag input selects the data register (Ag=1) or status
register (Ag = 0) contents to be sent to the data bus.

CS (Chip Select)

The FDC is selected when CS is low, enabling RD, WR,
and Ag.

DBy-DB7 (Data Bus)

DBo-DBy are a bidirectional 8-bit data bus. Disabled
when CS is high.

DRQ (DMA Request)

The FDC asserts the DRQ output high to request a DMA
transfer.

DACK (DMA Acknowledge)

When the DACK input is low, a DMA cycle is active and
the controiler is performing a DMA transfer.
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TC (Terminal Count)

When the TC input is high, it indicates the termination of
a DMA transfer. It terminates data transfer during Read/
Write/Scan commands in DMA or interrupt mode.

IDX (Index)

The IDX input goes high at the beginning of a disk track.

INT (Interrupt)
The INT output is FDC’s interrupt request.

CLK (Clock)

CLK is the input for the FDC’s single-phase, 8 MHz
squarewave clock.

WCK (Write Clock)

The WCK input sets the data write rate to the FDD. It is
500 kMz for FM, 1 MHz for MFM drives, with a 260 ns
pulse for both FM and MFM.

RDW (Read Data Window)

The RDW input is generated by the phase-locked loop
(PLL). It is used to sample data from the FDD.

RDD (Read Data)

The RDD input is the read data from the FDD, containing
clock and data bits.

WDA (Write Data)

WDA is the serial clock and data output to the FDD.

WE (Write Enable)
The WE output enables write data into the FDD.

VCO (VCO Sync)

The VCO output inhibits the VCO in the PLL when low,
enables it when high.

MFM (MFM Mode)

The MFM output shows the FDD's mode. it is high for
MFM, low for FM.

HD (Head Select)

Head 1is selected when the HD output is 1(high), head 0
is selected when HD is O (low).

USg, US¢ (Unit Select 0, 1)

The USp and US, outputs select the floppy disk drive
unit.

PSy, PS4 (Preshift 0, 1)

The PSg and PSqoutputs are the write precompensation
status for MFM mode. They determine early, late, and
normal times.

RDY (Ready)

The RDY input indicates that the FDD is ready to receive
data.

HDL (Head Load)

The HDL output is the command which causes the
read/write head in the FDD to contact the diskette.
FLT/TRO (Fault/Track 0)

In the read/write mode, the FLT input detects FDD fauit
conditions. In the seek mode, TRO detects track 0.
WP/TS (Write Protect/Two Side)

in the read/write mode, the WP input senses write pro-
tected status. In the seek mode, TS senses two-sided
media.

FR/STP (Fault Reset/Step)

In the read/write mode, the FR output resets the fauit
fiip-flop in the FDD. In the seek mode, STP outputs step
pulses to move the head to another cylinder. A fault re-
set pulse (FR) is issued at the beginning or each Read or
Write command prior to the HDL signal.

LCT/DIR (Low Current/Direction)

In the read/write mode, the LCT output lowers the write
current on the inner tracks. In the seek mode, the DIR
output determines the direction the head wifl move in
when it receives a step pulse.

RW/SEEK (Read/Write/Seek)

The RW/SEEK output specifies the read/write mode
when low, and the seek mode when high.

GND (Ground)

Ground.

Vec (+5V)
+5V power supply.
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Block Diagram

DC Characteristics
TaA=—10°C t0 +70°C, Vo = +5 V £5% (uPD765A/7265A) and Vo
= +5V £10% (uPD7B5A-2/7265A-2)

__ Lmits Test
Parameter Symbol Min Typ Max Unit Conditions
s
D80y | K [ Moo Inputvoltage Vi ~05 308V
low
Input voltage Vi 2.0 Vee+0.5 V
|—— wn cloex high
" WR Data
[—— WA Enabie =
Tomina o " lrxpumuage VoL 045 Vg =2.0mA
® Confrotier Prosnir 1
:;; O Data Output voltage ~ Vou 2.4 VooV lgy=-200pA
Read Data Window high
L Read! VCO Sync
o () Inputvaltage _ Vy(®) -05 065 V
W m-n Poady low (CLK +WR
Ay ‘Write Protect/ lock
- h:a:u- clock)
oot Foult/Wack 0 inputvoltage ~ Vi3(®) 2.4 Vee+0.5 V
high
o Unh Select 0 CLK +WR
C:D Dive Unit Select 1 E:Iock)
Controlier o MFM Mode
- Port /8ek Supply current  lgg 150 mA
Voo —e Heed Load (Vee)
o0 ~—e Hmorispd Input load LK 10 pA Viy=Vgo
current high
~ Input load L —10 WA V=0V
current low
Output leakage I o4 10 pA Vour=Vee
Absolute Maximum Ratings current high
Ta=25°C Output leakage I(oL -0 uA Voyur=+0.45V
Power supply voltage, Voo -0.5t0 +7V current low
Input voltage, V| -05t +7V
Output voltage, Vo —0.5t0 +7V Capacitance
—25C, fe = =
Operating temperature, Topy —10°Cto +70°C Ta=25°C, fo=1MHz, Voo =0V
Limits
Stor: T, —40°C to +125°C _ Tost
Pw:rg:issl ton. P 516 ™ Symbol Min Typ Max Unit  Conditions
pation. ’p nputciock  Cpy(®) 0 pF . (Nowel)
Comment: Exposing the device to stresses above those listed capacitance
in the Absolute Maximum Ratings could cause permanent C M 3 Note 1
damage. The device should not be operated under conditions Input N P! (Note 1)
outside the limits described In the operational sections of this capacitance
to rating condi- Qutput Coutr 20 pF (Note 1)
tlons for extended periods may affect device reliability. capacitance
Note:

6-6

(1) All pins except pin under test tied 10 AC ground
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AC Characteristics
Ta=—10°C to +70°C, Vcc = +5 V 5% (uPD765A/7265A) and Vg = +5V £10% (uPD765A-2/7265A-2)
Limits
T68A, 7265 T65A-2, 7265-2 Test
Parameter Symbol Min Typ{l)  Max Min Typ(l)  Max Unit Conditions
Clock period ®ey 120 125 500 120 125 500 ns (Note 4)
125 125 ns 8" FDD
250 250 ns 51/4" FOD
125 125 ns 31/2" Sony (3)
Clock active (high, low) @ 40 40 ns
Clock rise time @& 20 20 ns
Clock fall time & 20 20 ns
Ag. CS, DACK setup time to RD+ taR 0 0 ns
Ay, CS, DACK hold time from RD* tha 0 0 ns
RD width tRR 250 200 ns
Data access time from RD+ R 200 140 ns CL=100pF
DB to float delay time from RD* oF 20 100 10 85 ns C=100pF
Ao. CS. DACK setup time to WR+ taw 0 0 ns
Ag, TS, DACK hold time to WRt twa 0 0 ns
“WR width tww 250 200 ns
Data setup time to WRt tow 150 100 ns
Data hold time from WR two 5 0 ns
INT delay time from RD+ 1R 500 400 ns
INT delay time from WR* twi 500 400 ns
DRQ cycle time My 13 13 HS dcy=125ns (4)
DACK+ —= DRQ delay tam 200 140 ns
DRQt — DACK+ delay ' 200 200 ns gy =125ns (4)
DACK width tan 2 2 ey
TC width tre 1 1 oy
Reset width tast 14 14 oy
WCK cycle time oy 4 16 gy MFM =0, 51/4"
2 8 ooy MEM =1, 51/4"
2 8 oy  MFM=0,8"
1 4 ooy MFM=1,8"
2 8 ®cy MFM=0, 312" (3)
1 4 @y MFM =1, 31/2"(3)
WCK active time (high) 1) 2 2 ¢y
CLKt— WCK* delay town 0 40 0 40 ns
CLKt — WCK+ delay towl 0 40 0 40 ns
WCK rise time 3 20 20 ns
WCK fall time i 20 20 ns
Preshift defay time from WCK tep 20 100 20 100 ns
WCK* — WE t delay towe 20 100 20 100 ns
WDA delay time from WCKt tco 20 100 20 100 ns
ROD active time (high) R0 40 40 ns
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AC Characteristics (cont)
Ta = —10°C to +70°C, Vg = +5 V £5% (uPD765A/7265A) and Vg = +5V +10% (uPD765A-2/7265A-2)

Limits
T65A, 7265 T65A-2,7265-2 Tost
Parameter $ymbol Min Typ{1) Max Min Typ(1)  Max Unit Conditions
Window cycle time woy 4 4 HS MFM=0, 51/4"
2 2 us MFM=1, 51/s"
2 2 us MFM=0, 8"
1 1 us MFM=1, 8"
2 2 us MFM=0, 31/2" (3)
1 1 us MFM =1, 31/2"(3)
Window hold time to RDD tRow 15 15 ns
Window hold time from ROD twrp 15 15 ns
USg, 1 hold time to AW/ seek 1y 12 12 us 8MHz clock period(4)
RW / seek hold time to low tsp 7 7 us 8 MHz clock period(4)
current/ directiont
Low current/ direction hotd time to tost 1.0 1.0 HS 8 MHz clock period(4)
fault reset / stept
USg, 1 hold time from fault reset/ tsTy 5.0 5.0 us 8 MHz clock period(4)
step1?
Step active time (high) 51 6 7 8 6 7 8 us (Note 4)
Step cycle time tsg 33 (Note2) (Note2) 33  (Note2) (Note2) us (Note 4)
Fault reset active time (high) tsR 8.0 10 8.0 10 us (Note 4)
Write data width twpo to-50 9-50 ns
USg, 1 hold time after seek sy % 15 us 8 MHz clock period(4)
Seek hold time from DIR 0§ 30 30 us 8 MHz clock period(4)
DIR hold time after step 1s1D 24 24 uS 8 MHz clock period(4)
Index pulse width tipx 4 4 gy
RO delay from DRQ MR 800 800 ns 8MHz clock period(4)
WR delay from DRQ taw 250 250 ns 8 MHz clock period(4)
WE or RD response time from DRQ* MRW 12 12 us 8 MHz clock period(4)
Note:
(1) Typical values for T4 = 25°C and nominal supply voltage.
(2) Under software control. The range is from 1ms to 16 ms at 8 MHz clock period, and 2ms to 32 ms at 4 MHz clock period.
(3) Sony Micro Floppydisk 3127 drive.
{4) Double these values for a 4 MHz clock period.
Timing Waveforms
Processor Read Operation Processor Write Operation
A,, 8, DACK A, 8, BACK
_ taw twa
[ WR
tow two
Data $ Data
be—ta twn-
INT ———1 INT
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Timing Waveforms (cont)
Clock FLT Reset
CLK X
m e Fault Reset ~ ﬂ
R «or‘m File Unsate Reset ten tox| tor
DMA Operation
FDD Read Operation
oRQ
_] .
tucy Read Dsta
DACK — [ Taa thoo trow
[e——tunw Read Data Window
WRorfD —T— e —
| tuw (WR) Note: Either polarity data window is valid.
—={ tun (RD)
Terminal Count
FDD Write Operation
TC
‘Write Clock
e
‘Write Enable
Reset
Preshift 0 or 1 x
witeDsta N\ F] Aot
— tep [— tasy
83-002829A
Proshift 0 Proshift 1
porme) : d Write Clock
Earty 1 [)
Seek Operation weK / |\
—] 'cvm|-— —-{«cw-.l-—
USo, )‘ Stable X MﬂJ
fe~tsy
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Internal Registers

The uPD765A/uPD7265 contains two registers which
may be accessed by the main system processor: a sta-
tus register and a data register. The 8-bit main status
register contains the status information of the FDC, and
may be accessed at any time. The 8-bit data register
(which actually consists of four registers, ST0-ST3,ina
stack with only one register presented to the data bus at
a time), stores data, commands, parameters, and FDD
status information. Data bytes are read out of, or written
into, the data register in order to program or obtain the
results after a particular command (table 3). Only the
status register may be read and used to facilitate the
transfer of data between the processor and uPD765A/
uPD7265.

The relationship between the status/data registers and
the signals RD, WR, and Ag is shown in table 1.

Table 1. Status/Data Register Addressing

Table 2. Main Status Register (cont)

Pin
No. Name Function

DBg DIO Indicates direction of data transfer be-
(Data Input/ Output) tween FDC and data register. If DIO=1,
then transfer is from data register to the
processor. I DI0 =0, then transfer is from
the processor to data register.

DBy  ROM Indicates data register is ready to send or
(Request for Master) ~ receive data to or from the processor. Bath

bits DIO and ROM should be used to per-

form the hand-shaking functions of

“ready"’ and ** direction"" to the processor.

e M WR Function
0 0 1 Read main status register
0 1 0 lilegal

[ 0 0 fllegal

1 0 0 lllegal

1 0 1 Read from data register

1 1 0 Write into data register

The bits in the main status register are defined in
table 2.

Table 2. Main Status Register

Pin
No. Name Function
DBy DoB FDOD number 0 is in the seek mode. If any
(FOD 0 Busy) of the DB bits is set FOC will not accept
read or write command.
DBy 1] FDD number 1is in the seek mode. if any of
(FDD 1Busy) the DB bits is set FDC will not accept read
or write command.
DB,  DgB FDD number 2 is in the seek mode. If any
(FDD 2 Busy) of the DB bits is set FDC will not accept
read or write command.
DB D38 FDD number 3 is in the seek mode. If any
(FDD 3 Busy) of the DyB bits is set FDC will not accept
read or write command.
DBy CB A Read or Write command is in process.
(FDC Busy) FDC will not accept any other command.
DBs  EXM This bit is set only during execution phase
(Execution Mode) in non-DMA mode. When DBs goes low,

execution phase has ended and result
phase has started. It operates only during
non-DMA mode of operation.

6-10

The-DIO and RQM bits in the status register indicate
when data is ready and in which direction data will be
transferred on the data bus. The maximum time be-
tween the last RD or WR during a command or result
phase and DIO and RQM getting set or reset is 12 us. For
this reason every time the main status register is read
the CPU should wait 12 us. The maximum time from the
trailing edge of the last RD in the result phase to when
DB4 (FDC busy) goes low is 12 us. See figure 1.

Figure1. DIO and RQM

Data in/Out Out FDC and into Processor

(©10) OutProcessorandintoFoC ™ |
Ready ] H

e S S R U

]
| Peady

I |
J [
7 o
v

! [ [}
AIIABACDCm

Notes: A- Data register ready to be written into by processor.
B- Data register not ready to be written Into by processor.
C- Data register feady for next data byte to be read by processor.

33

D- Data register not ready o be read by processor.
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Table 3. Status Register identification

Table 3. Status Register Identification (cont)

Pin Pin
No. Name Function No. Name Function
Status Register 0 Status Register 1 (cont)
D70 IC D7=0and Dg=0 D, ND During execution of Read Data, Write De-
(Interrupt Code) Normat termination of command, (NT). (No Data} leted Data or Scan command, if the FDC
Command was completed and properly ex- cannot find the sector specified in the
ecuted. (DR(2) Register, this flag is set.
Dy=0and Dg=1 During execution of the Read ID command,
Abnormal termination of command, (AT). if the FDC cannot read the ID field without
Execution of command was started but an error, then this flag is set.
Was not successfully completed. During execution of the Read A Cylinder
Dy=1and Dg=0 command, if the starting sector cannot be
Invalid command issve, (IC). Command found, then this flag is set.
which was issued was never started. D NW During execution of Write Data, Write De-
Dz=1and Dg=1 (Not Writable) leted Data or Format A Cylinder command,
Abnormal termination because during if the FDC detects a write protect signal
command execution the ready signal from from the FOD, then this flag is set.
FOD changed state. Dp MA If the FDC cannot detect the data address
Ds SE When the FOC completes the Seek com- (Missing Address mark or deleted data address mark, this
(Seek End) mand, this flag is set to 1 (high). Mark) flag is set. Also at the same time, the MD
Dy EC If afault signal is received from the FOD, or (missing adaress mark in data feld) of
(Equipment Check)  if the track 0 signal fails to occur after 77 status register 21s set.
step pulses (Recalibrate Command) then Status Register 2
this flag is set. 07 Not used. This bit s always O (low).
D3 NR When the FDD is in the not-ready state and D, ™ Duri "
’ . " 6 uring execution of the Read Data or Scan
(Not Ready) a Read or Write command s issued, this (Control Mark) command, if the FDC encounters a sector
flag s set. If a Read or Wite command is which contains a deleted data address
issued to side 1 of a single-sided drive, N :
mark, this flag is set.
then s lag s s Ds DD If the FOC detects a CRC error in the dat
" P e 5 e lects a error in the data
Dy HD This ﬂaq is used to indicate the state of the (Data Error in tield then this flag is set.
(Head Address}) head at interrupt. Data Field)
L Tni llag I used lo ndicae 2 dive unlt Dy WC This bit i related to the ND bit, and when
(Unit Select 1 fumbe atinerrupt (Wrong Cylinder)  the contents of C(3) on the medium is dif-
Dy USy This flag is used to indicate a drive unit ferent from that stored in the IDR, this flag
(Unit Select 0) number at interrupt. is set
Status Register 1 D3 SH During execution of the Scan command, if
7 N When the FOC tries {o a00oss a Seclor be- (Scan Equal Hit) :‘he gondltlon of “equal" is satisfied, this
(End of Cylinder)  yond the final sector of a cylinder, this flag ag s set.
is set. Dy SN During execution of the Scan command, if
< b {Scan Not Satisfied) the FDC cannot find a sector on the cylin-
D Mot used. Thisbit s always 0 (jaw). . der which meets the condition, then this
Ds DE When the FDC detects a CRC(1) error in ei- flag is set.
(Data Error) lsh;rme IDfield or the data field, this flag is o 50 This bit s related to the ND bit. and when
' - - (Bad Cylinder) the contents of C on the medium is ditfer-
Dy OR Ifthe FOC is not serviced by the host sys- entfrom that stored in the IDR and the con-
{Qverrun) tem during data transfers within a certain tents of C is FFH, then this flag is set.
time interva, his flag s set Dy MD When data s read from the medium, i the
Dy Not used. This bit is always 0 (low). (Missing Address  FDC cannot find a data address mark or

Mark in Data Field)

deleted data address mark, then this flag
is set.
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Table 3. Status Register Identification (cont) C d Symbol Descti
Pin Name Function
No. Name Function Ay Ap controls selection of main status register
Status Register 3 (Address Line 0) (Ag=0) or data register (Ag=1).
D7 FT This bit is used to indicate the status of the c C stands for the current/selected cylinder
(Fault) fault signal from the FDD. (Cylinder Number) (track) numbers 0 through 76 of the medium.

Dg we This bit is used to indicate the status of the

(Write Protected) write protected signal from the FDD.

Ds RY This bit is used to indicate the status of the
(Ready) ready signal from the FDD.

Dy T0 This bitis used to indicate the status of the
{Track 0) track 0 signal from the FOD.

03 5 This bit is used to indicate the status of the
(Two-Side) two-side signal from the FOD.

Dy HD This bit is used to indicate the status of the
(Head Address) side select signal to the FDD.

D US4 This bit is used to indicate the status of the
(Unit Select 1) unit select 1signal to the FOD.

Do USg This bit is used to indicate the status of the
(Unit Select 0) unit select O signal to the FDD.

Note:

{1) CRC = Cyclic Redundancy Check

(2) DR = Internal Data Register

(3) Cylinder (C) is described more fully in the Command Symbol
Description.

Command Sequence

The uPD765A/uPD7265 is capable of performing 15 dif-
ferent commands. Each command is initiated by a
multibyte transfer from the processor, and the result af-
ter execution of the command may also be a multibyte
transfer back to the processor. Because of this multi-
byte interchange of information between the uPD765A/
uPD7265 and the processor, it is convenient to consider
each command as consisting of three phases:

Command The FDC receives all information re-

Phase: quired to perform a particular opera-
tion from the processor.

Execution The FDC performs the operation it

Phase: was instructed to do.

Result Phase: After completion of the operation,

status and other housekeeping infor-
mation are made available to the
processor.

[]
(Data)

D stands for the data pattern which is going to be
written into a sector.

D70y
(Data Bus)

8-bit data bus, where D7 stands for a most
significant bit, and Dy stands for a least
significant bit.

DTL
(Data Length)

When N is defined as 00, DTL stands for the data
length which users are going to read out or write
into the sector.

EOT
(End of Track)

EOT stands for the final sector number on a cylin-
der. During read or write operations, FOC will stop
data transfer after a sector number equal to EOT.

GPL
(Gap Length)

GPL stands for the length of gap 3. During Read /
Write commands this value determines the num-
ber of bytes that VCO sync will stay low after two
CRC bytes. During Format command it deter-
mines the size of gap 3.

H
(Head Address)

H stands for head number 0 or 1, as specified in
1D field.

HD
(Head)

HD stands for a selected head number 0 or 1and
controls the polarity of pin 27. (H=HD in all com-
mand words.)

HLT
(Head Load Time)

HLT stands for the head load time in the FDD (2to
254 ms in 2ms increments).

HUT
(Head Unload Time)

HUT stands for the head unload time after a Read
or Write operation has occurred (16 10 240ms in
16 ms increments).

MF
(FM or MFM Mode)

1 MF is low, FM mode is selected, and if itis high,
MFM mode is selected.

MT
(Multitrack)

IF MT is high, a multitrack operation is per-
formed. If MT=1after finishing read / write oper-
ation on side 0, FOC will automaticaily start
searching for sector 1on side 1.

N
(Number)

N stands for the number of data bytes written in a
sector.

NCN
(New Cylinder Number)

NCN stands for a new cylinder number which is
going to be reached as a result of the seek opera-
tion; desired position of head.

ND
(Non-DMA Mode)

ND stands for operation in the non-DMA mode.

PCN
(Present Cylinder Number)

PCN stands for the Cylinder number at the com-
pletion of Sense Interrupt Status command, posi-
tion of head at present time.

Table 4 shows the required preset par and
results for each command. Most commands require 9
command bytes and return 7 bytes during the result
phase. The “W" to the left of each byte indicates a com-
mand phase byte to be written, and an “R” indicates a
result byte. The definitions of other abbriviations used
in table are given in the Command Symbol Description
table.
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R R stands for the sector number which will be read
(Record) or written.

R/W R/W stands for either Read (R) or Write (W)
(Read / Write) signal.

SC SC indicates the number of sectors per cylinder.
(Sector)

SK SK stands for skip deleted data address mark.
(Skip)
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C d Symbol D p (cont) o d Symbol D iption (cont)
Name Function Name Function
SRT SRT stands for the stepping rate for the FDD (110 STP During a scan operation, if STP=1, the data in
(Step Rate Time) 16ms in 1ms increments). Stepping rate applies contiguous sectors is compared byte by byte with
1o all drives (FH=1ms, EH=2ms, etc.). data sent from the processor (or DMA); and if
ST0-ST3 STO-ST3 stands for one of four registers which STP=2, then alternate sectors are read and com-
(Status 0-3) store the status information after a command has pared.
been executed. This information is available dur- USg, US¢ US stands for a selected drive number 0 or 1.
ing the result phase after command execution. (Unit Select)
These registers should not be confused with the
main status register (selected by Ag=0).
ST0-ST3 may be read only after a command has
been executed and contains informiation relevant
to that particular command.
Table 4. Instruction Set (Notes 1, 2)
Code
Phase RIW Dy Dg D5 D D3 Dz Dy D Remarks
Read Data
Command w MT  MF SK 0 0 1 1 0 Command codes
w X X X X X HD US USq (Note3)
w c Sector ID prior t d execution. The 4 bytes
w H are compared against header on floppy disk.
w R
w N
w EOT
w GPL
W DTL
Execttion Data transfer between the FDD and main system
Result R ST0 Status after command execution
R ST
R s12
R c Sector ID i after command execution
R H
R R
R N
Read Deloted Data
Command w MT  MF Sk 0 1 1 4 0 Command codes
w X X X X X HD US; USq
w [ Sector D ion prior te d execution. The 4 bytes
w R are compared against header on floppy disk.
w R
w N
w EOT
w GPL
w oTL
Execution Data transfer between the FDD and main system
Resuit R sT0 Status after command execution
R ST
R sT2
R c Sector ID after command execution
R H
R R
R N
Note:

(1) Symbols used in this table are described at the end of this section.!
(2) Ag should equal 1for ali operations.
{3) X=Don't care, usuaily made to equal 0.
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Table 4. Instruction Set (Notes 1, 2)(cont)

Code
Phase RIW Dy Dg Dg Dy Dy Dy Dy Dy Remarks
Writs Data
Command w MT  MF 0 0 0 1 0 1 Command codes
w X X X X X HD US; USp
w c Sector ID prior 1 d ition. The 4 bytes
w H d against header on floppy disk.
w -— R
w N
w EOT
w GPL
w DTL
Execution Data transfer between the main system and FOD
Resuft R STO Status information after command execution
R ST
R sT2
R C Sector ID information after command execution
R H
R R
R N
Write Delsted Data
Command w MT  MF 0O 0 1 0 0 1 Command codes
w X X X X X HD US; USp
w c Sector IDi rior i d ition. The 4 bytes
w -— H are compared agalnst header on floppy disk.
w R
w N
w EOT
w GPL
w DTL
Execution Data transfer between the FDD and main system
Result R ST0 Status information after command execution
R ST
R §T2
R c Sactor i0 information after command execution
R H
R R
R N
Read A Track
Command w 0 MF  SK 0 0 [ 1 0 Command codes
w X X X X X HD USy USg
w c Sector D information prior to command execution
w H
w R—m——
w N
w EOT
w GPL
w DL
Exacution Data transfer betwesn the FDD and main system. FDC reads all
data fietds from index hole to EOT.
Resutt R STO Status infermation after command execution
R ST1
R ST2
R [4 Sector ID information atter command execution
R H
R R
R N

6-14



NEC

1PD765A /7265
Table 4. Instruction Set (Notes 1, 2) (cont)
Phase RIW Dy Dg Dy Dy Dy Dy Dy Dg Reemarks
Read ID
Command w 0 MF 0 0 1 1 0 Command codes
W X X X X X HD US; US
Execution The first correct ID information on the cylinder is stored in data
register.
Result R ST0 Status information after command xecution
R s
R §T2
R [ Sector 1D information read during execution phase from fioppy
R H disk.
R R
R N
Format A Track
Command w 0 MF 0 0 1 1 0 1 Command codes
w X X X X X HD  USy USg
w N Bytes / sector
w SC Sectors / track
w GPL Gap3
w D Filler byte
Execution FDC formats an entirg track.
Result R STO Status information after command execution
R ST
R §T2
R c In this case, the ID information has no meaning
R H
R R
R N
Scan Equal
Command w MT MF  SK 1 0 0 0 1 Command codes
w X X X X X HD USy USy
w c Sector ID information prior to command execution
w H
w R
w N
W EOT
W GPL
w STP
Execution Data compared between the FDD and main system
Result R ST0 Status i after command execution
R ST
R ST2
R 4 Sector |D information after comrmand execution
R H
R R
R N
Note:

(1} Symbols used in this table are described at the end of this section.
(2) Ag should equal 1for all operations.
{3) X=Don't care, usually made to equal 0.
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Table 4. Instruction Set (Notes 1, 2) (cont)

Code
Phase AW D; Dg Dg Dy Dg D, Dy D Remarks
$Scan Low or Equal
Command w MT  MF  SK 1 1 Q 0 1 Command codes
w X X X X X HD USy USg
w [ Sector 1D information prior to command execution
w H
W R
W N
w EOT
w GPL
w STP
Execution Data compared between the FOD and main system
Result R sT0 Status information after command execution
R STt
R ST2
R C Sector 10 information after command execution
R H
R R
R N
Scan High or Equat
Command w MT  MF  SK 1 1 1 0 1 Command codes
w X X X X X HD  US; USp
w c Sector 10 information prior to command execution
w H
w R
w N
w EOT
w GPL
w STP
Execution Data compared between the FDD and main system
Result R ST Status information after command execution
R ST
R sT2
R [ Sector (D information after command execution
R H
R R
R N
Recalibrate
Command w 0 0 0 0 0 1 1 1 Command codes
w X X X X X 0 US USy
Execution Head retracted to track 0
Sanse Interrupt Status
Command w 0 0 0 0 1 0 0 0 Command codes
Result R STO Status information about the FDC at the end of seek operation
R PCN
Specify
Command w 0 0 0 0 0 0 1 1 Command codes
SRT HUT
W HLT ND
Sense Drive Status
Command w 0 0 0 0 0 1 0 0 Command codes
w X X X X X HD US; USy
Result R ST3 Status information about FDD
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Table 4. Instruction Set (Notes 1, 2) (cont)
Phase W D Dg Dg Db Dy D Dy D Remarks
Seek
Command w 0 0 0 0 1 1 1 1 Command codes

w X X X X X HD US; USp

w NCN
Execution Head is positioned over proper cylinder on diskette
Invalid
Command w Invalid Codes Invalid Command codes (No op— FDC goes into standby state)
Result R ST ST0=80H
Note:

(1) Symbols used in this table are described at the end of this section.
(2) Ag should equal 1for ail operations.
(3) X =Don’t care, usually made to equal 0.

System Configuration
Figure 2 shows an example of a system using a
uPD765A/uPD7265.

Figure 2. System Configuration
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Processor Interface

During command or result phases the main status reg-
ister (described earlier) must be read by the processor
before each byte of information is written into or read
from the data register. After each byte of data read or
written to the data register, CPU should wait for 12us be-
fore reading main status register, bits Dg and D7 in the
main status register must be in a 0 and 1 state, respec-
tively, before each byte of the command word may be
written into the uPD785A/uPD7265. Many of the com-
mands require multiple bytes and, as a result, the main
status register must be read prior to each byte transfer

to the uPD765A/uPD7265. On the other hand, during the
result phase, Dg and D7 in the main status register must
both be 1's (Dg =1 and D7 = 1) before reading each byte
from the data register. Note that this reading of the main
status register before each byte transfer to the
uPD765A/uPD7265 is required only in the command and
result phases, and not during the execution phase.

During the execution phase, the main status register
need not be read. If the uPD765A/uPD7265 is in the non-
DMA mode, then the receipt of each data byte (if
uPD765A/4PD7265 is reading data from FDD) is indi-
cated by an interrupt signal on pin 18 (INT =1). The gen-
eration of a read signal (RD = 0) or write signal (WR =0)
will clear the interrupt as well as output the data onto
the data bus. If the processor cannot handle interrupts
fast enough (every 13 us for the MFM mode and 27 us for
the FM mode), then it may poli the main status register
and bit D7 (RQM) functions as the interrupt signal. If a
write command is in process then the WR signal ne-
gates the reset to the interrupt signal.

Note that in the non-DMA mode it is necessary to exam-
ine the main status register to determine the cause of
the interrupt, since it could be a data interrupt or a com-
mand termination interrupt, either normal or abnormal.

If the uPD765A/uPD7265 is in the DMA mode, no inter-
rupts are generated during the execution phase. The
uPD765A/uPD7265 generates DRQs (DMA requests)
when each byte of data is available. The DMA controlier
responds to this request with both a DACK = 0(DMA ac-
knowledge) and an RD =0 (read signal). When the DMA
acknowledge signal goes fow (DACK = 0j, then the DMA
request is cleared (DRQ=0). if a write command has
been issued then aWR signal will appear instead of RD.
After the execution phase has been completed (terminal
count has occurred) or the EOT sector read/written,
then an interrupt will occur (INT =1). This signifies the
beginning of the result phase. When the first byte of
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data is read during the result phase, the interrupt is au-
tomatically cleared (INT =0).

The RD or WR signals should be asserted while DACK is
true. The CS signal is used in conjunction with RD and
WR as a gating function during programmed |/O opera-
tions. TS has no effect during DMA operations. If the
non-DMA mode is chosen, the DACK signal should be
pulled up to Ve

it is important to note that during the result phase all
bytes shown In the command table (table 4) must be
read. The read data command, for example, has seven
bytes of data in the result phase. All seven bytes must
be read in order to successfully complete the Read Data
command. The uPD765A/:PD7265 will not accept anew
comand until all seven bytes have been read. Other
commands may require fewer bytes to be read during
the result phase.

The uPD765A/uPD7265 contains five status registers.
The main status register mentioned above may be read
by the processor at any time. The other four status regis-
ters (STO, ST, ST2, and ST3) are avallable only during
the result phase and may be read only after completing
a command. The particular command that has been ex-
ecuted determines how many of the status registers will
be read.

The bytes of data which are sent to the uPD765A/
uPD7265 to form the command phase and are read out
of the uPD785A/uPD72865 in the result phase must occur
in the order shown in table 4. That s, the command code
must be sent first and the other bytes sent in the pre-
scribed sequence. No foreshortening of the command
or result phases is allowed. After the fast byte of data in
the command phase Is sent to the uPD765A/uPD7265,
the tion phase autc lly starts. In a similar
fashion, when the last byte of data is read out In the
result phase, the command is automatically ended and
the uPD765A/uPD7265 is ready for a new command.

Polling

After reset has been sent to the uPD765A/,PD7265, the
unit select lines USp and USq will automatically gointoa
polling mode. In betv ) C ds(and b step
pulses in the Sesk command) the uPD765A/uPD7265
polls all four FDDs looking for a change in the ready line
from any of the drives. If the ready line changes state
(usually due to a door opening or closing), then the
uPD765A/uPD7265 wlil generate an interrupt. When sta-
tus register 0 (STO) is read (after Sense Interrupt Status
is issued), not ready (NR) wiil be indicated. The polling
of the ready line by the uPD7685A/PD7265 occurs con-
tinuously between commands, thus notifying the proc-
essor which drives are on or off (ine. Each drive is polied
every 1.024ms except during the Read/Write com-
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mands. When used with a 4 MHz clock for interfacing to
minifloppies, the polling rate is 2.048 ms. See figure 3.

Figure 3. Polling Feature
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Read Data

A set of nine (9) byte words are required to place the FDC
into the read data mode. After the Read Data command
has been issued the FDC loads the head (if it Is in the
unloaded state), waits the specified head settling time
(defined in the Specify command), and begins reading
1D address marks and ID fields. When the current sector
number (R) stored in the ID register (IDR) compares with
the sector number read off the diskette, then the FDC
outputs data (from the data field) byte-to-byte to the
main system via the data bus.

After completion of the read operation from the current
sector, the sector number is incremented by one, and
the data from the next sector Is read and output on the
data bus. This continuous read function Is called a
multi-sector read operation. The Read Data command
may be terminated by the receipt of a terminal count sig-
nal. TC should be issued at the same time that the
DACK for the last byte of data is sent. Upon receipt of
this signal, the FDC stops outputting data to the proces-
sor, but will continue to read data from the current sec-
tor, check CRC (cyclic redundancy count) bytes, and
then at the end of the sector terminate the Read Data
command. The amount of data which can be handled
with a single command to the FDC depends upon MT
(multi-track), MF (MFM/FM), and N (number of bytes/
sector). Table 5 shows the transfer capacity.

The “multi-track” function (MT) allows the FDC to read
data from both sides of the diskette. For a particular ¢yl
inder, data will be transferred starting at sector 1, side 0
and completing at sector L, side 1(sector L = last sector
on the side). Note, this function pertains to only one cyl-
inder (the same track) on each side of the diskette.

When N =0, then DTL defines the data iength which the
FDC must treat as a sector. if DTL Is smaller than the
actual data length in a sector, the data beyond DTL in
the sector Is not sent to the data bus. The FDC reads
i y) the p sector per g the CRC
check and, depending upon the manner of command
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termination, may perform a multi-sector read operation.
When N is non-zero, then DTL has no meaning and
should be set to FFH.

Table 5. Transfer Capacity

Mult-  MFM/ Bytes/  Maximum Transfer Capacity Final Sector
k  FM  Sector ytes/Sector) Read from
MT MF N (Number of Sectors) Diskettes
0 0 00 (128) (26) = 3,328 26 at side 0
0 1 01 (256) (26) = 6,656 or 26 at side 1
1 0 00 (128) (52) = 6,656 26 at side 1
1 1 o1 (256) (52) = 13,312
0 0 [yl (256) (15) = 3,840 15 at side 0
0 1 02 (512)(15) = 7,680 or 15 at side 1
1 0 o1 (256) (30) = 7,680 15 at side 1
1 1 02 (512) (30) = 15,360
0 ) (512)(8) = 4,09 8at side 0
0 1 03 (1024)(8) = 8,192 or 8 at side 1
1 0 02 (512) (16) = 8,192 8 at side 1
1 1 03 (1024) (16) = 16,384

At the completion of the Read Data command, the head
is not unloaded until after head unload time interval
(specified in the Specify command) has elapsed. If the
processor issues another command before the head un-
loads then the head settling time may be saved between
subsequent reads. This time out is particularly valuable
when a diskette is copied from one drive to another.

If the FDC detects the index hole twice without finding
the right sector, (indicated in “R"), then the FDC sets the
ND (No data) flag in status register 1 to a 1 (high), and
terminates the Read Data command. (Status register 0
also has bits 7 and 6 set to 0 and 1, respectively.)

After reading the ID and data fields in each sector, the
FDC checks the CRC bytes. if a read error is detected
(incorrect CRC in ID field), the FDC sets the DE (data er-
ror) flag in status register 1to a 1(high), and if a CRG error
occurs in the data field, the FDC also sets the DD (data
error in data field) flag in status register 2 to a 1 (high),
and terminates the Read Data command. (Status regis-
ter 0 also has bits 7 and 6 set to 0 and 1, respectively.)

If the FDC reads a deleted data address mark off the
diskette, and the SK bit (bit Ds in the first command
word) is not set (SK = 0), then the FDC sets the CM (con-
trol mark) flag in status register 2 to a 1(high), and termi-
nates the Read Data command, after reading all the
data in the sector. If SK=1, the FDC skips the sector
with the deleted data address mark and reads the next
sector. The CRC bits in the deleted data field are not
checked when SK=1.

During disk data transfers between the FDC and the
processor, via the data bus, the FDC must be serviced
by the processor every 27 us in the FM mode, and every
13 us inthe MFM mode, or the FDC sets the OR (Overrun)

flag in status register 1to a 1(high), and terminates the
Read Data command.

If the processor terminates a read (or write) operation in
the FDC, then the ID information in the result phase is
dependent upon the state of the MT bit and EOT byte.
Table 2 shows the values for C, H, R, and N, when the
processor terminates the command.

Functional Description of Commands

Write Data

A set of nine (9) bytes is required to set the FDC into the
write data mode. After the Write Data command has
been issued the FOC loads the head (if it is in the un-
loaded state), waits the specified head settling time (de-
fined in the Specify command), and begins reading 1D
fields. When all four bytes loaded during the command
(C, H, R, N) match the four bytes of the ID field from the
diskette, the FDC takes data from the processor byte-by-
byte via the data bus and outputs it to the FDD. See
table 6.

Table 6. Command Description

Final Sector 1D Information at Result Phase
M7 to Processor [ H R N
0 0 Less than EQT NC NC R+l NC
0 0 Equal to EOT C+1 NC R=01 NC
0 1 Less than EOT NC NC R+l NC
0 1 Equal to EOT C+1 NC R=01 NC
1 0 Less than EOT NC NC R+l NC
1 0 Equal to EOT NC LSB R=01 NC
1 1 Less than EQT NC NC R+l NC
1 1 Equal to EOT C+1 LSB R=01 NC
Note:
{1 NG(No Change): The astheoneatthe f com-

mand exscution.
(2) LSB (Least Significant Bit): The least significant bit of H is compie-
mented.

After writing data into the current sector, the sector
number stored in R is incremented by one, and the next
data field is written into. The FDC continues this multi-
sector write operation until the issuance of a terminal
count signal. If a terminal count signal is sent to the
FDC it continues writing into the current sector to
complete the data field. If the terminal count signal is
received while a data field is being written then the re-
mainder of the data field is filled with zeros.

The FDC reads the ID field of each sector and checks
the CRC bytes. If the FDC detects a read error (CRC er-
ror) in one of the |D fields, it sets the DE (Data Error) flag
of status register 1to a 1(high) and terminates the Write
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Data command. (Status register 0 also has bits 7 and 6
set to 0 and 1, respectively.)

The Write command operates in much the same man-
ner as the Read command. The following items are the
same, and one should refer to the Read Data command
for details:

¢ Transfer capacity

¢ EN (end of cylinder) flag

* ND (no data) flag

* Head unload time interval

¢ |D Information when the processor terminates
command

o Definition of DTL when N =0 and when N#0

In the write data mode, data transfers between the proc-
essor and FDC, via the data bus, must occur every 27 us
in the FM mode and every 13 us in the MFM mode. If the
time interval between data transfers is fonger than this,
the FDC sets the OR (overrun) flag in status register 1
to a 1 (high) and terminates the Write Data command.
(Status register 0 also has bits 7 and 6 set to 0 and 1,
respectively.)

Write Deleted Data

This command is the same as the Write Data command
except a deleted data address mark is written at the be-
ginning of the data field instead of the normal data ad-
dress mark.

Read Deleted Data

This command is the same as the Read Data command
except that when the FDC detects a data address mark
at the beginning of a data field (and SK =0 (low)), it will
read all the data in the sector and set the CM flag in sta-
tus register 2 to a 1 (high), and then terminate the com-
mand. If SK =1, then the FDC skips the sector with the
data address mark and reads the next sector.

Read a Track

This command is similar to the Read Data command ex-
cept that this is a continuous read operation where the
entire data field from each of the sectors is read. Imme-
diately after sensing the index hole, the FOC starts read-
Ing all data fields on the track as continuous blocks of
data. If the FDC finds an error in the 1D or data CRC
check bytes, it continues to read data from the track.
The FDC compares the ID information read from each
sector with the value stored in the IDR and sets the ND
flag of status register 1to a 1(high) if there is no compari-
son. Multi-track or skip operations are not allowed with
this command.

This command terminates when the number of sectors
read is equal to EOT. If the FDC does not find an ID ad-
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dress mark on the diskette after it senses the index hole
for the second time, it sets the MA (missing address
mark) flag in status register 1to a1(high) and terminates
the command. (Status register 0 has bits 7and 6 set to 0
and 1, respectively.)

Read ID

The Read ID command is used to give the present posi-
tion of the recording head. The FDC stores the values
from the first ID field it is able to read. If no proper 1D
address mark is found on the diskette before the index
hole is encountered for the second time, then the MA
(missing address mark) flag in status registerlis settoa
1 (high), and if no data is found then the ND (No data)
flag is also set in status register 1to a 1(high). The com-
mand is then terminated with bits 7 and 6 in status regis-
ter O set to 0 and 1, respectively. During this command
there is no data transfer between FDC and the CPU ex-
cept during the result phase.

Format a Track

The Format a Track command allows an entire track to
be formatted. After the index hole is detected, data is
written on the diskette; gaps, address marks, ID fields,
and data fields, all per the IBM System 34 (double den-
sity) or System 3740-(single density) format, are re-
corded. The particular format which will be written is
controlled by the values programmed into N (number of
bytes/sector), SC (sectors/cylinder), GPL (gap length),
and D (data pattern) which are supplied by the proces-
sor during the command phase. The data field is filled
with the byte of data stored in D. The ID field for each
sector is supplied by the processor, that is, four data re-
quests per sector are made by the FDC for C (cylinder
number), H (head number), R {sector number), and N
(number of bytes/sector). This allows the diskette to be
formatted with nonsequential sector numbers, if
desired.

The processor must send new values for C, H, R, and N
to the uPD765A/uPD7265 for each sector on the track. if
FDC is set for the DMA mode, it will issue four DMA re-
quests per sector. If it is set for the interrupt mode, it will
issue four interrupts per sector and the processor must
supply C, H, R, and N loads for each sector. The con-
tents of the R register are incremented by 1 after each
sector is formatted; thus, the R register contains a value
of R when it is read during the result phase. This incre-
menting and formatting continues for the whole track
until the FDC detects the index hole for the second
time, whereupon it terminates the command.

If a fault signal is received from the FDD at the end of a
write operation, then the FDC sets the EC flag of status
register 0 to a 1(high) and terminates the command after
setting bits 7 and 6 of status register 0 to 0 and 1, respec-
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tively. Also, the loss of a ready signal at the beginning of
acommand execution phase causes bits 7 and 6 of sta-
tus register 0 to be set to 0 and 1, respectively.

Table 7 shows the relationship between N, SC, and GPL
for various sector sizes.

Table 7. Sector Size

Scan Commands

The Scan commands allow data which is being read
from the diskette to be compared against data which is
being supplied from the main system. The FDC com-
pares the data on a byte-by-byte basis and looks for a
sector of data which meets the conditions of
DFpD = Dprocessor. DFDD < DProcesson of DFpD>
Dprocessor- The hexidecimal byte of FF either from

Format Sector Size N SC OPL(1) OPL(2,3)
3" Standard Floppy memory or from FDD can be used as a mask byte be-
TV Mode T8 Byles/Soctor 00 A 07 ® causye it always meets.the co.nd.mon of the comparison.
76 o0 oF o " One’s complement arithmetic is used for comparison
(FF = largest number, 00=smallest number). After a
512 02 08 1B 3A whole sector of data is compared, if the conditions are
1024 03 04 47 8A not met, the sector number is incremented (R + STP —
2048 04 02 C8 FF R), and the scan operation is continued. The scan opera-
2096 05 01 c8 3 tion continu;s untilfone of the following conditions oc-
cur: the conditions for scan are met (equal, low, or high),
MFM Mode(4 256 0f A OF 36 y O g
- = the last sector on the track is reached (EGT), or the termi-
nal count signal is received.
1024 03 08 35 i -
708 TR = If the conditions for scan are met, then the FDC sets the
SH (scan hit) flag of status register 2 to a 1(high) and ter-
40% 05 02 €8 FF minates the Scan command. If the conditions for scan
8192 06 01 «C8 Ff are not met between the starting sector (as specified by
51/4” Minifloppy R) and the last sector on the cylinder (EOT), then the
FM Mode 128 Bytes/ Sector 00 12 07 09 FDC sets the SN (scan not satisfied) flag of status regis-
8 W00 9 ter2to a1(high)and terminates the Scan command. The
5 TR M receipt of a terminal count signal from the processor or
DMA controller during the scan operation will cause the
512 02 04 46 & FDC to complete the comparison of the particular byte
1024 03 02 C8 FF whichis in process and then to terminate the command.
2048 04 01 C8 FF Table 8 shows the status of bits SH and SN under vari-
MFM Mode(4) 256 o 12 oA 0 ous conditions of Scan.
256 of 10 20 32 5
5 TR % Table 8. Scan Conditions
Status Register 2
104 0 0 & R BH2=SN  Bita=H Comments
2048 04 02 C8 FF Sean Equal 0 7 CYo —
_ 4096 05 01 C8 FF ] 0 Dro0*Dprocessar
31/2” Sony Micro Floppydisk Scan Low o 0 1 Dro0=Dprocessor
FM Mode 128Bytes/Sector 0 OF 07 18 Equal 0 5 Dr0p < Dbracascor
256 109 OF 2A 1 0 Dro0> Dpraceseor
512 2 05 1 ko Scan High or 0 1 Dron=Dprocessar

MFM Mode(4) 256 1 OF  OF 36 Equal 0 2 D0 > Dpracessar
512 2 08 B ki 1 0 Depp < Dprocessor
1024 3 05 35 7

Note:

{1) Suggested values of GPL in Read or Write commands to avoid
splice point between data field and ID field of contiguous sections.

{2) Suggested values of GPL in format command.

(3) Allvaiues except sector size are hexidecimal.

(4) In MFM mode FDC cannot perform a Read/Write/ Format operation
with 128 bytes/sector. (N = 00).

If the FDC encounters a deleted data address mark on
one of the sectors (and SK =0), then it regards the sec-
tor as the last sector on the cylinder, sets the CM (con-
trol mark) flag of status register 2 to a 1 (high) and
terminates the command. If SK =1, the FDC skips the
sector with the deleted address mark and reads the next
sector. in the second case (SK = 1), the FDC sets the CM

6-21




uPD765A /7265

NEC

(control mark) flag of status register 2 to a 1(high) in or-
der to show that a deleted sector has been encountered.

When either the STP (contiguous sectors =01, or alter-
nate sectors =02) sectors are read or the MT (multi-
track) is programmed, it is necessary to remember that
the last sector on the track must be read. For example, if
STP=02, MT=0, the sectors are numbered sequen-
tially 1through 26 and the Scan command is started at
sector 21, the following will happen: sectors 21, 23, and
25 will be read, then the next sector (26) will be skipped
and the index hole will be encountered before the EQT
value of 26 can be read. This wili result in an abnormal
termination of the command. If the EOT had been set at
25 or the scanning started at sector 20, then the Scan
command would be completed in a normal manner.

During the Scan command, data is supplied by either
the processor or DMA controller for comparison against
the data read from the diskette. In order to avoid having
the OR (overrun) flag set in status register 1, it is neces-
sary to have the data available in less than 27 us (FM
mode) or 13us (MFM mode). If an overrun occurs, the
FDC ends the command with bits 7 and 6 of status reg-
ister 0 set to 0 and 1, respectively.

Seek

The read/write head within the FDD is moved from cylin-
der to cylinder under control of the Seek command. FDC
has four independent present cylinder registers for
each drive. They are cleared only after the Recalibrate
command. The FDC compares the PCN (present cylin-
der number) which is the current head position with the
NCN (new cylinder number), and if there is a difference,
performs the following operations:

PCN <NCN: Direction signal to FDD set to a 1 (high),
and step pulses are issued. (Step in}

PCN>NCN: Direction signal to FDD set to a 0 (low),
and step pulses are issued. (Step out)

The rate at which step pulses are issued is controlled by
SRT (stepping rate time) in the Specify command. After
each step puise is issued NCN is compared against
PCN, and when NCN = PCN, the SE (seek end) flag is
set in status register 0 to a 1(high), and the command is
terminated. At this point FDC interrupt goes high. Bits
DoB-D3B in the main status register are set during the
seek operation and are cleared by the Sense Interrupt
Status command.

During the command phase of the seek operation the
FDC is in the FDC busy state, but during the execution
phase it is in the non-busy state. While the FDC is in the
non-busy state, another Seek command may be issued,
and in this manner parallel seek operations may be
done on up to four drives at once. No other command
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can be issued for as long as the FDC is in the process of
sending step pulses to any drive.

If an FDD is in a not ready state at the beginning of the
command execution phase or during the seek opera-
tion, then the NR (not ready) flag is set in status register
0 to a 1 (high), and the command is terminated after
bits 7 and 6 of status register 0 are set to 0 and 1,
respectively.

If the time to write three bytes of Seek command ex-
ceeds 150us, the timing between the first two step
pulses may be shorter than set in the Specify command
by as much as 1ms.

Recalibrate

The function of this command is to retract the read/
write head within the FDD to the track O position. The
FDC clears the contents of the PCN counter and checks
the status of the track 0 signal from the FDD. As fong as
the track 0 signal is low, the direction signal remains 0
(low) and step pulses are issued. When the track 0 sig-
nal goes high, the SE (seek end) flag in status register 0
is set to a 1(high) and the command is terminated. If the
track O signal is still low after 77 step pulses have been
issued, the FDC sets the SE (seek end) and EC (equip-
ment check) flags of status register 0 to both 1s (highs)
and terminates the command after bits 7 and 6 of status
register 0 are set to 0 and 1, respectively.

The ability to do overlapping Recalibrate commands to
multiple FDDs and the loss of the ready signal, as de-
scribed in the Seek command, aiso applies to the Reca-
librate command. If the diskette has more than 77
tracks, then Recalibrate command should be issued
twice, in order to position the read/write head to the
track 0.

Sense Interrupt Status

An interrupt signal is generated by the FDC for one of
the following reasons:
(1) Upon entering the result phase of:
{a) Read Data command
(b) Read a Track command
(c) Read iD command
(d) Read Deleted Data command
(e} Write Data command
(f) Format a Cylinder command
(g) Write Deleted Data command
{h) Scan commands
{2) Ready line of FDD changes state
{3) End of Seek or Recalibrate command
{4} During execution phase in the non-DMA mode

Interrupts caused by reasons 1and 4 above occur during
normal command operations and are easily discernible
by the processor. During an execution phase in non-
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DMA mode, DBs in the main status register is high.
Upon entering the result phase this bit gets cleared.
Reasons 1 and 4 do not require Sense Interrupt Status
commands. The interrupt is cleared by reading/writing
data to the FDC. Interrupts caused by reasons 2 and 3
above may be uniquely identified with the aid of the
Sense Interrupt Status command. This command, when
issued, resets the Interrupt signal and, via bits 5,6, and 7
of status register 0, identifies the cause of the interrupt.
See table 9.

Table 9. Interrupt Status

Soek End Interrupt Code
Bit§ Bits Bit7 Cause
0 1 1 Ready line changed state,
sither polarity
1 0 0 Normal termination of Seek or

Recalibrate command

Abnormal termination of Seek
or Recalibrate command

The Sense Interrupt Status command is used in con-
junction with the Seek and Recalibrate commands
which have no result phase. When the disk drive has
reached the desired head position the uPD765A/
uPD7265 will set the interrupt line true. The host CPU
must then issue a Sense Interrupt Status command to
determine the actual cause of the interrupt, which could
be seek end or a change in ready status from one of the
drives. A graphic exampie is shown in figure 4.

Figure 4. Seek, Recalibrate, and Sense Interrupt Status

Specify

The Specify command sets the initial values for each of
the three internal timers. The HUT (head unioad time)
defines the time from the end of the execution phase of
one of the Read/Write commands to the head unload
state. This timer is programmable from 16 to 240 ms in
increments of 16ms (01=16ms, 02=32ms...
OFH = 240 ms). The SRT (step rate time) defines the time
interval between adjacent step pulses. This timer is
programmable from 1 to 16 ms in increments of 1ms
(F=1ms, E=2ms, D=3ms, etc.). The HLT (head load
time) defines the time between when the head load
signal goes high and the Read/Write operation starts.
This timer is programmable from 2 to 254 ms in incre-
ments of 2ms (01=2ms, 02=4ms, 03=6ms...
7F =254 ms).

The time intervals mentioned above are a direct func-
tion of the clock (CLK on pin 19). Times indicated above
are for an 8 MHz clock; if the clock was reduced to
4MHz (minifloppy application), then all time Iintervals
are increased by a factor of 2.

The choice of a DMA or non-DMA operation is made by
the ND (non-DMA,) bit. When this bit is high (ND = 1) the
non-DMA mode is selected, and when ND =0 the DMA
mode is selected.

Sense Drive Status

This command may be used by the processor whenever
it wishes to obtain the status of the FDDs. Status regis-

} Seek (or Sense Interrupt Status Command —{
o Ph + Ph Phase -~}«—Result Phass —{
wr i 5
& L Un U I un un un
| I I | T
w0 I
P | I ) —
RDM_J'L n n || ['L N
R T T
L < a .51 25 ® 5 15
HERTEE §is8 i3
sif: 3 2 HHI 1B
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ter 3 contains the drive status information stored inter-
nally in FDC registers.

Invalid

If an Invalid command is sent to the FDC (a command
not defined above), then the FDC will terminate the com-
mand after bits 7 and 6 of status register 0 are set to 1
and 0, respectively. No interrupt is generated by the
uPD765A/uPD7265 during this condition. Bits 6 and 7
{DIO and RQM) in the main status register are both 1
(high), indicating to the processor that the uPD765A/
uPD7265 is in the result phase and the contents of sta-
tus register 0 (ST0) must be read. When the processor

Figure 5. Data Format (Sheet10f2)

reads status register 0 it will find an 80H, indicating an
Invalid command was received.

A Sense Interrupt Status command must be sent aftera
seek or recalibrate interrupt, otherwise the FDC will
consider the next command to be an Invalid command.
In some applications the user may wish to use this com-
mand as a No-Op command to place the FDC in a
standby or no operation state.

Data Format
Figure 5 shows the data transfer format for the uPD765A
and uPD7265 in various modes.

uPD765A [FM Mode}]
GAPas | SYNC | 1AM [GAP1| sYNc |oam [c i [s| |caapz2 | sync | oaTaam DaTA c|aars! caran
40x o 26x | 6x Y HIE|N|R} x| Tex o Rl ™
FF 00 Fc | fF FE L (0fc|O)c| #F | 00 FBorFe c
ndex /TN — NTI —
1PD7265 [FM Mode]
Gap1| sync | oam [C |y |8{y[c|aar2 | sync | oataam DATA c|eara| Gara
16x ox Y|p|EiolR| 1ix 6x FBorF8 [ Al
00 FE L < c FF 00 c
Index —/—\=— Repest N Tir 1.
4PD765A [MFM Mode|
appse | svae 1AM ase 1 | sywe DA cluls|ulc| oee | sme DATA AM oA ¢ | oars joapas
12x X Y E R 3 X a
an 3
4E & FC aE < Fe | [Plc|ole| “E 00 ] I g o H
wa /T N\ ———————————RepestATh —
1PD7265 [MFM Mode]
1DAM DATA AM
APt [ stne clulgn[c| oanz |sme ATA g |oapafaars
2x | 12x R x A
3x ] o 3x FB
€ [ o0 | x| FE [L[P[c|Ofc| % A,—[ " o <
mdex __ /T N\ — pest N Times {

Note: It that the user refer

loop.

@#10—forawell aworking
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{1 #8 — for an exampte of an actual interface, as weil as a “theoretical” data separator.
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Figure 5. Data Format (Sheet 2 of 2)

uPDT65A
mo T
Format [GAPM ] wa—[ GAP1 l 0 [ aap2 | oaa Jowra ] wof Joaran]
VoSe TN /N LTINSy
wE oo A
1
uPD7265A
Index /1 / \,
Format [eap1 o ] carz [ oan | aaps [0 [carz] o] GAP4
Vo SYNC L __J
Mote: Read we lr' ______ _\L A 1
Write
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Theory of Operation

AC Input Circuit

This circuit is composed of an AC Power Switch, a fuse, a line
filter, and an inrush current limiting circuit and rectifying
smoothing circuit. The inrush current limiting circuit controls
the charging current to electrolytic capacitors when power is ON.
The line filter reduces noise that leaks from the power source to
the AC line or that returns from the unit to the power souce; it
satisfies the specifications of noise regulations.

Control Circuit & Power Converter Circuit

This circuit is a self oscillation switching system, generally
called an R.C.C. (Ringing Choke Converter). The R.C.C. circuit
does not fix the oscillating frequency. Whenever input voltage
is high or the load becomes light, the oscillating frequency will
be high.

The current through R2 supplies transistor Ql's base, then Ql
turns ON. When transistor Ql is On, the Ql current excites the
transformer Tl and voltage rises in the bias coil of T1l(5-6)
which leads transistor Ql positive bias, then transistor Ql turns
ON.

When transistor Ql turns ON, collector current charges the energy
to primary inductance of transformer Tl (1-3). Increasing the
collector current of transistor Ql to the point of:

I > I .hfe
C= B

Then, transistor Q1 immediately turns OFF. In a moment,
transformer Tl will have negative voltage which will be supplied
to the secondary circuit through a rectifier. A Short Circuit
Protector is provided to protect transistor Ql from excess
amounts of current when the secondary circuit becomes shorted.
When transistor Q2 detects the voltage drop at R12, the collector
of Q2 shorts the base and emitter of Ql. Then Ql stops working
so that the circuit protects Ql from over current.

The over current protector in the =12V line is provided by the
three terminal positive voltage regulator ICl (built-in current
fold back protection ), which protects Ql against excessive
current from the -12V line.



Start-Up

Load power supply with minimum load as specified in Table 1.
Bring up power slowly with the Variable Transformer while
monitoring the +5 output with the oscilloscope and DVM. Supply
should start with approximately 40-60 VAC applied, and should
regulate when 90 VAC is reached. If output has reached 5 volts,
do a performance test on operating characteristics, if there is
no output, refer to "No output" section.



5V Output Voltage Detecting Circuit

The circuit detects the change of output load current compared
with the output voltage and AC line input voltage, which feeds
back to the control circuit through a photo coupler PHCl to keep
the output voltage stable. The Photo coupler isolates the
primary and secondary circuits.

Over-Voltage Protection

When the +5 output voltage rises, between 5.8V to 6.8V, a control
signal turns on the photo coupler PHC2 (Photo Thyristor) with the
current of zener diode (Dll) and stops oscillation by turning on
Q3, which turns off Ql in the switching circuit.

In the case of stopped oscillation, correct the cause of the
failure, and reinput the power. The overvoltage protection
circuit will reset automatically under good conditions.

The Photo Thyristor isolates the primary and secondary circuits.



Troubleshooting

Equipment for Test Set-Up
Isolation Transformer (minimum of 500 VA rating)
CAUTION

Dangerously high voltages are present in this power supply.
For the safety of the individual doing the testing, please
use an isolation transformer. The 500 VA rating is needed
to keep the AC waveform from being clipped off at the
peaks. These power supplies have peak charging capacitors
and draw full power at the peak of the AC waveform.

0-280V variable Transformer (Variac)- Used to vary input
voltage. Recommend 10 amp, 1.4 KVA rating, minimum.

Voltmeter- Need to measure DC voltages to 50 VDC and AC
voltages to 200 VAC. Recommend two digital multimeters.

Oscilloscope- Need x 10 and x 100 probes.

Load board with connectors- See Table 1 for values of
loads required. The entry on the table for Safe Load Power
is the minimum power ratings for the load resistors used.

NOTE: Because of its design, this power supply must have a
load present or damaging oscillations may result. Never
test the power supply without a suitable load.

Ohmmeter
Set-Up Procedure

Set up as shown in Figure 1. You will want to monitor the input
voltage and the output voltage of the regulated bus, which is the
+5 output, with DVM's. Also monitor the +5 output with the
oscilloscope using 500 mv/div sensitivity. The DVM monitoring
the +5 output can also be used to check the other outputs., See
text of "No output" section for the test points within the power

supply.
Visual Inspection
Check power supply for any broken, burned, or obviously damaged

components. Visually check fuse, if any question check with
ohmmeter.



No Output

1. Check fuse:

If fuse is blown, replace it but do not apply power until the

cause of the failure is found.

2. Preliminary Check on Major Primary Components:
Check diode bridge (D1l), power transistor (Ql), and drive
transistor (Q2,03) for shorted junctions. 1If any component
is found shorted, replace it.

3. Preliminary Check on Major Secondary Components:

Using an ohmmeter from an output that is common to each

output and with output loads disconnected, check for shorted

rectifiers or capacitors.

4. Check Over Voltage Protector:

Read the output voltage with a DVM at the +5 output terminals
by increasing the input voltage from OV. Output voltage will

appear at some input voltage and then go down to 0V again.
Check the Diode D1l or Photo Coupler (PHC2).

5. Check Q1 Waveforms:

Read waveform of Q1 Collector with oscilloscope at x 100
probe.

Figure 2 is Ql Collector normal waveform.
Figure 3 is Ql Base normal waveform.
Figure 4 is the waveforms when shorted circuits of the

secondary parts as listed in Table 2. Check listed parts
according to the waveform.

Collector Waveforms Shorted Secondary Components

ps, b9, D10, Cclé, Cl7, Cl9, C20, c21,
Figure 4 c22, ca3 -

Table 2. List of Shorted Circuits



5S0v/DIV
S5us/DIV

Ql Collector Waveforms (Input 90 VAC Minimum Load)

0.5vV/DIV
5us/DIV

Ql Base Waveforms (Input 90 VAC Minimum Load)



OUTPUT | MINLOAD | LOADR [ o35 ol MRS | LOADR | o\34

LOAD LOAD POWER
+5V 125 A 4 ohms 20w 70A 0.7 ohms 60 W
+12V 0.15A 80 ohms 5W 24 A 5 ohms 50 W
12V 0 0 0 0.25A 48 ohms 5W

Table 1 Load Board Values (67 watt)

ISOLATION

OUTPUT LOADS
. +5V
:D:‘ VARIAC AC +12V
A2v
TRANSFORMER POWER P!
SUPPLY 333
CoMM

Figure 1 Test Setup



Waveforms

Power Converter Circuit

vin

l Ton I Toff l

Collector Voltage Waveform

Collector Current Waveform

The input and output voltage are represented by the
following equations:

Vo = n x Vf

Vo : Output voltage
n : Turn ratio of the transformer Tl
VE : Collector Voltage at turn-off time
vin x Ton = VE x Toff

Vin : Input voltage

Ton : Turn-on time of transistor
Toff: Turn-off time of transistor



50V/DIV
Sus/DIV

‘:15.‘3.'
i NN
NHi [ EEN

MMM o
——.

Ql Collector Waveforms -
Shorted Secondary Components (Input 90 VAC)



Symbol
CAPACITORS
c1

c2

c3/4/11

]

c6
c7/8/9

C10

c12
13

C15/25
Cc16
c17/23/24
c18
€19/20/21
c22

CONNECTORS
SK1

SK2

SK3-1
SK3-2

DIODES
n

D2/11
D3/4/5

D6/7

PARTS LIST FOR SWITCHING POWER SUPPLY UNIT

PART NO. 8790085

Description Ty
Film 0.1uF 250VAC
Film 0,22uF 250VAC
Ceramic 2200pF 400VAC
Ceramic 10000pF  400VAC 1
Electrolytic 680uF 200WV 1
Film 0.047uF 50V 3
Film 0.1uF 50V 1

(0.1-0.22uF)

Film 0.22uF 250V 1
Ceramic 1500pF 2KV 1
Electrolytic 1uF 50WV 2
Electrolytic 2200uF 25WV 1
Electrolytic 470uF 25Wv 3
Electrolytic 1000uF 16wV 1
Electrolytic 4700uF 10wV 3
Electrolytic 2200uF 10WV 1
Connector, 2 conductors Input 1
Connector, 2 conductors Fan-out 1
Connector, 10 conductors Output 1
Connector, 4 conductors Output 1
Silicon, Stack 400V 4A 1
Silicon 5v 400mW 2
Silicon 600V 1A 3
Silicon 100V 200mA 2
Silicon, Stack 200V SA 1

Mfr's Part No.

XE-104
XE-224

DE7100F222MVA1-KC
or CS13-E2GA222MYAS

DE7150FZ103PVA1-KC
or CS17-F2GA103ZYAS

CETSW2D681
or 200LPSS680

50F2D473K
or AMZF473K50V

50F2D104K
or AMZF104K50V
(Ad just 104K-224K)

250MW224K

DE1210R152K2K
or CK45-B3DD152KYAR

CEUSM1H010
CEUSMLE222
CEUSMLE471
CEUSM1C102
CEUSM1A472
CEUSM1A222

5277-02A
5045-02F
5277-10A
5273-04A

S4VBLO
or RB4O4
or DBAWOE
HZ5B3
F1-06

cr V19G
DSkl6

or 1S954

DSLCA20
or 5CH2SM



HEATSINK
HS1
HS2

INDUCTORS
11

12

INTEGRATED
e

Ic2

Ic3

Description
Silicon, Stack MOV

Fuse,
Fuse Clip

250V

Heatsink, for Ql

10A

Heatsink, for D8/D9/Q4/1C2

PHOTO COUPLERS

PHC-1

PHC-2

Choke Coil 8mH
Choke Coil 4 . 3uH
IC, Regulator 37V
IC, Regulator 12V
IC, Regulator 36V
Photo Coupler 35V
Photo Coupler 400V

PRINTED CIRCUIT BOARD

PC1

RESISTORS
Rl

R2/3

Rl

R5/6/19/20

Printed Circuit Board
105°C

Thermistor 8
Carbon 100K
Metal-oxide 27

(10-56)
Metal-oxide 27K

150mA
0.5A

30mA

50mA

150mA

XpC

1.6a

1/2w
2W

2W

QTY RS Part No.

1

Mfr's Part No.

D1OSC4M
or 10CSO4SM

MT4 3A250V
P#5722113

40-08440-01
4p-p2-0180

TO-9161~1
or TO-9161

PSC-156

TLA31CLPB
or uA431AWC

L78M12
or NJM78M12

M5236L

TLP521-1
or PCB17

TLP541G
or S22MD1

2pP-P1-0177

117-080-45202
or 8D-11
or D4FFLBROP

RD50P100KohmsJ
or RD50S100KohmsJ

RSF2B270hmsJ
(Adjust 10-560hms)

RSF2B27KohmsJ



Description

Symbol
R7/8 Metal-oxide
R9 Carbon
R10 Carbon
R11 Carbon
R12 Cement
R13 Carbon
R14 Carbon
R15 Carbon
R16 Carbon
R17/18/21/24

Carbon
R22/27 Carbon
R23 Carbon
R25 Carbon
R26 Carbon
R28 Carbon
VR1/2 Variable
TRANSFORMER
T1 Transformer
TRANSISTORS
Q Transistor
@/3 Transistor
W Transistor

470
560
(330-750)

270
(180-470)

47

0.27
27K

39
180

100

2.2
220
18K

1K
15K

1K

4oov

50V

60V

2w
1/

1/4W

1/t

b1
1/4w

/4w
1/4w

/44

1/
1/4w
1/4u
1/4W
1/uw
1/6w

0.5W

12a
2A

SA

QTY RS Part No,

Mfr's Part No.

RSF2B4700hnsJ

RD25P5600hnsJ
or RD25S5600hmsJ
(Adjust 330-7500hms)

RD25P2700hasJ
or RD25S270ohmsJ
(Adjust 180-4700hms)

RD25P470hnsJ
or RD25S470ohmsJ

MPC71 0.27chmsK

RD25P27KohnsJ
or RD25S27KohmsJ

RD25P3%ohmsJ
or RD25S39ohmsJ

RD25P180ohmsJ
or RD25S180ohmsJ

RD25P1000hmsJ
or RD255100chmsJ

RD25P2.2KohmsJ
or RD25S2.2KohmsJ

RD25P2200hmsJ
or RD25S5220chmsJ

RD25P18KohmsJ
or RD25S18KohmsJ

RD25P1KohmsJ
or RD25S1KohmsJ

RD25P15KohmsJ
or RD25S15KohmsJ

RD16P1KohmsJ
or RD16S1KohmsJ

V6EK-PV(1S)202B
or H0615-222B

TO-4342

2502833
or 25C2938

2SD1207
or 2502655

25A1441
or 2SB1019
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Operating Voltage Range

Line Frequency

Output Voltages
Vol
Vo2
Vo3

Output Loads
Tol
Io2
Io3

Over Current Protection
Current Limit ICLl
ICL2
ICL3

Over Voltage Protection
Crowbar

Output Noise
Vol
Yo2
Vo3

Efficiency

Holdup Time
Full Load at Nominal Line

Insulation Resistance
Input to Output
Input to Ground

Isolation
Input to Ground
Input to Output

MINIMUM

90
198

b7

4.85
11.40
-13.20

1.25
0.15

63

16

~

1.25
3.75

TYPICAL

120
240

50/60

5.00
12.00
-120.00

1000
1000

MAXIMUM
135
264

63

5.15
12.60
~10.80

7.0
2.4
0.25

14,0
4.8
1.0

6.8

50
100
150

UNITS

VAC

Hz

> > >

nV P-P
mV P-P
nY P-P

mSec,

M ohms
M ohms

KVAC
KVAC
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Theory of Operation

AC Input Circuit

This circuit is composed of an AC Power Switch, a fuse, a line
filter, and an inrush current limiting circuit and rectifying
smoothing circuit. The inrush current limiting circuit controls
the charging current to electrolytic capacitors when power is ON.
The line filter reduces noise that leaks from the power source to
the AC line or that returns from the unit to the power souce; it
satisfies the specifications of noise regulations.

Control Circuit & Power Converter Circuit

This circuit is a self oscillation switching system, generally
called an R.C.C. (Ringing Choke Converter). The R.C.C. circuit
does not fix the oscillating frequency. Whenever input voltage
is high or the load becomes light, the oscillating frequency will
be high.

The current through R4 and R5 supplies transistor Ql's base, then
Ql turns ON. When transistor Ql is On, the Ql current excites
the transformer Tl and voltage rises in the bias coil of T1(2-3)
which leads transistor Ql positive bias, then transistor Ql turns
ON.

When transistor Ql turns ON, collector current charges the energy
to primary inductance of transformer Tl (4-6). Increasing the
collector current of transistor Ql to the point of:

I > I .hfe
C= B

Then, transistor Ql immediately turns OFF. In a moment,
transformer Tl will have negative voltage which will be supplied
to the secondary circuit through a rectifier. A Short Circuit
Protector is provided to protect transistor Ql from excess
amounts of current when the secondary circuit becomes shorted.
When transistor Q2 detects the voltage drop at R13, the collector
of Q2 shorts the base and emitter of Ql. Then Ql stops working
so that the circuit protects Ql from over current.

The over current protector in the -12v line is provided by the
three terminal positive voltage regulators IC2, IC3 (built-in
current fold back protection ), which protects Ql against
excessive current from the -12V line.



Start-Up

Load power supply with minimum load as specified in Table 1.
Check up on the voltage selector jumper and don't apply over
voltage. Bring up power slowly with the Variable Transformer
while monitoring the +5 output with the oscilloscope and DVM.
Supply should start with approximately 40-60/80-120 VAC applied,
and should regulate when 90/180 VAC is reached. If output has
reached 5 volts, do a performance test on operating
characteristics, if there is no output, refer to "No output"
section.



5V Output Voltage Detecting Circuit

The circuit detects the change of output load current compared
with the output voltage and AC line input voltage, which feeds
back to the control circuit through a photo coupler PHCl to keep
the output voltage stable. The Photo coupler isolates the
primary and secondary circuits.

Over-Voltage Protection

When the +5 output voltage rises, between 5.8V to 6.8V, a control
signal turns on the photo coupler PHC2 (Photo Thyristor) with the
current of zener diode (Dll) and stops oscillation by turning on

Q3, which turns off Ql in the switching circuit.

In the case of stopped oscillation, correct the cause of the
failure, and reinput the power. The overvoltage protection
circuit will reset automatically under good conditions.

The Photo Thyristor isolates the primary and secondary circuits.



Troubleshooting

Equipment for Test Set-Up
Isolation Transformer (minimum of 500 VA rating)
CAUTION

Dangerously high voltages are present in this power supply.
For the safety of the individual doing the testing, please
use an isolation transformer. The 500 VA rating is needed
to keep the AC waveform from being clipped off at the
peaks. These power supplies have peak charging capacitors
and draw full power at the peak of the AC waveform.

0-280V variable Transformer (Variac)- Used to vary input
voltage. Recommend 5 amp, 1.4 KVA rating, minimum,

Voltmeter- Need to measure DC voltages to 50 VDC and AC
voltages to 300 VAC. Recommend two digital multimeters.

Oscilloscope-~ Need x 10 and x 100 probes.

Load board with connectors- See Table 1 for values of
loads required. The entry on the table for Safe Load Power
is the minimum power ratings for the load resistors used.

NOTE: Because of its design, this power supply must have a
load present or damaging -oscillations may result. Never
test the power supply without a suitable load.

Ohmmeter
Set-Up Procedure

Set up as shown in Figure 1. You will want to monitor the input
voltage and the output voltage of the regulated bus, which is the
+5 output, with DVM's. Also monitor the +5 output with the
oscilloscope using 500 mv/div sensitivity. The DVM monitoring
the +5 output can also be used to check the other outputs. See
text of "No output” section for the test points within the power

supply.
Visual Inspection

Check power supply for any broken, burned, or obviously damaged
components. Visually check fuse, if any question check with
ohmmeter.



No Output

1. Check fuse:

If fuse is blown, replace it but do not apply power until the

cause of the failure is found.
2. Preliminary Check on Major Primary Components:

Check diode bridge (Dl), power transistor (Ql), and drive

transistors (Q2,03) for shorted junctions. If any component

is found shorted, replace it.
3. Preliminary Check on Major Secondary Components:

Using an ohmmeter from an output that is common to each

output and with output loads disconnected, check for shorted

rectifiers or capacitors.

4. Check Over Voltage Protector:

Read the output voltage with a DVM at the +5 output terminals
by increasing the input voltage from 0V. Output voltage will

appear at some input voltage and then go down to 0V again.
Check the Diode D1l or Photo Coupler (PHC2).

5. Check Q1 Waveforms:

Read waveform of Ql Collector with oscilloscope at x 100
probe.

Figure 2 is Ql Collector normal waveform.
Figure 3 is Q1 Base normal waveform.

Figure 4 is the waveforms when shorted circuits of the
secondary parts as listed in Table 2. Check listed parts
according to the waveform.

Collector Waveforms Shorted Secondary Components

Figure 4 b8, b9, cl17, cls, cz20, cz21, c22, c23,

Table 2. List of Shorted Circuits

6. Check Resistor (R26)
If R26 is open, check D10, C24,and IC2.
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OUTPUT | MINLOAD

LOADR | oaivower] LOAD | LOAPR [ oa5 powen

MAX

+5V 1.25 A
+12V 0.15 A
12V 0

4 ohms 20W
80 ohms 5W
0 0

70A 0.7 ohms 60 W
24 A 5 ohms 50w
0.25 A 48 ohms 5W

Table 1 Load Board Values (67 watt)

ISOLATION

)

VARIAC

TRANSFORMER

+5V |

+12V
-12V
POWER
SUPPLY
COMM

OUTPUT LOADS

Figure 1 Test Setup




Waveforms

Power Converter Circuit

‘ \'Al
[y p—

Vin

' Ton l Toft I

Collector Voltage Waveform

Collector Current Waveform

The input and output voltage are represented by the
following equations:

Vo = n x Vf

Vo : Output voltage
n : Turn ratio of the transformer Tl
VE : Collector Voltage at turn-off time
vin x Ton = VEf x Toff

Vin : Input voltage

Ton : Turn-on time of transistor
Toff: Turn~-off time of transistor
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Symbol
CAPACITORS
c2

c3/4

c5
c6/7?
€8/9/10/15
Cll

c12

Cc13

Cl4

C16/26
c1?
C18/24/25
€19
c20/21/22
€23

CONNECTORS
SK1

sk2

SK3-1
SK3-2

DIODES
Dl
D2/11
D3/10

Db4/5

D6/7/13

PARTS LIST FOR SWITCHING POWER SUPPLY UNIT

Description

Film 0.22uF
Ceramic 4700pF
Ceramic 10000pF

Electrolytic 330uF

Film 0.047uF
Film 0.1uF
(0.1-0.22uF)
Ceramic 470pF
Film 0.01uF
Ceramic 680pF

Electrolytic 1uF
Electrolytic 2200uF
Electrolytic 470uF
Electrolytic 1000uF
Electrolytic 4700uF
Electrolytic 2200uF

PART NO. 8790084
ar

LoovAC
400vVAC

LOOVAC
200WV
50V
50V
2KV
630v
2KV

50KV
250V
25WV
164V
10WV
10WV

Connector, 2 conductors Input

Connector, 2 conductors Fan-out
Connector, 10 conductors Output

Connector, 4 conductors Output

Pin Terminal, Voltage Selector

Jumping Connector

Silicon, Stack 600V
Silicon, Zener 5V

Silicon 600V
Silicon 8oov
Silicon 100V

34
4o0mW
1A

200mA

ARV I VR

[ VI R R S )

Mfr's Part No.

XE-224

DE7150F472MVA1-KC
or CS17-E2CA472MY.S

DE?7150FZ103PVA1-KC
or CS17-F2CA103ZYAS

CETSW2D331
or 200LPSS330

50F2D473K
or AMZF473K50V

50F2D104K
or AMZF104K50V

DEO907RU471K2K
or CK45-B3DD471KYAR

CF921L2J103K
or MDDZ2J103K

DE1010R681K2K
or CK45-B3DD681KYAR

CEUSM1H010
CEUSM1E222
CEUSMLE471
CEUSM1C102
CEUSMLAL72
CEUSM1A222

5277-02A
5045-02F
5277-10A
5273-04A
RT-01N-2.3A
4p-M3-0017

S3WB60
HZ5B3

FI-06
or V19GC
FI1-08
or RU2B
DSlh6
or 1S954



g

2ymbol
D8
D9
FUSE

HEATSINK
HS1
HS2

INDUCTORS
11/2

L3

4

INTEGRATED
ICl

Ic2

Ic3

Description
Silicon, Stack 200V 5A

Silicon, Stack 4OV 10A

Fuse 250V 3A
Fuse Clip

Heatsink, for Q1
Heatsink, for D8/D9/Q4/1C2

Choke Coil 0. 5mH
Choke Coil 8mH
Choke Coil 4, 3uH
CIRCUITS

I1C, Regulator 37V 150mA
IC, Regulator 12V 0.5A

IC, Regulator 36V 30mA

PHOTO COUPLER

PHC1

PHC2

Photo Coupler 55V 60mA

Photo Coupler 600V 150mA

PRINTED CIRCUIT BOARD

PC1

RESISTORS
Rl

R2/3/4/5

R6

Printed Circuit Board XPC
105°C

Thermister 16 1.2A
Carbon 100K 1/2w
Metal-oxide 47 2W

(15-68)

QTY RS Part No.

1

[T

Mfr's Paxrt No.

D5LCA20
or 5CH2SM

D10SC4M
or 10CSOUSM

MT4 3A250V
P#5722113

40-08440-01
4pP-D2-0180

T0-9175
T0-9161
PSC-156

TLA431CLPB
or uA431ANWC

L78m2
or NJM78M12

M5236L

TLP?32
or PClll

TLP741J

2P-P1-0178

117-160-45201
or 16D-13
or D4FFL160P

RD50P100KohmsJ
or RD50S100KohmsJ

RSF2B470hmsJ
(Adjust 15-68ohms)



Symbol Description
R7/29 Metal-oxide 100K
R8/9 Metal-oxide 100
R0 Carbon 560
(330-680)
Rl Carbon 330
(220-560)
R12 Carbon 47
R13 Cement 0.56
R14 Carbon 27K
R15 Carbon 39
R16 Carbon 180
R17 Carbon 100
R18/19/22 Carbon 2,2K
R20/27 Carbon 1K
R21/23 Carbon 220
R24 Carbon 18K
R26 Fusing 1
R28 Carbon 15K
VR1/2 Variable 2K
TRANSFORMER
T1 Transformer
TRANSISTORS
Q Transistor 8oov
/3 Transistor 50V
[+ Transistor 60V

2w
2w
1/4W

1/4W

1/bw

5W
1/t

1/4W
1/4W
1/4W
1/4W
1/bw
1/
1/4W

1/u4v
1/4w

0.5W

6A

QTY RS Part No.

Mfr's Part No.

2

RSF2B100KohmsJ
RSF2B100ohmsJ

RD25P5600hmsJ
or RD2555600hmsJ
(Adjust 330-6800hms)

RD25P3300hmsJt
or RD255330ochmsJ
(Adjust 220-5600hms)

RD25P470hmsJ
or RD25S470ohmsJ

MPC71 0.56ohmsK

RD25P27Kohms
or RD25S27KohmsJ

RD25P39ohmsJ
or RD25S39ohmsJ

RD25P1800chmsJ
or RD25S180ohmsJ

RD25P100ohmsJ
or RD25S100ohmsJ

RD25P2,2KohmsJ
or RD25S2.2KohmsJ

RD25P1KohmsJ
or RD25S1KohmsJ

RD25P2200hnsJ
or RD25S2200hmsJ

RD25P18KohmsJ
or RD25S18KohmsJ

RF25SlohmsJ

RD25P15KohmsJ
or RD25S15KohmsJ

V6EK-PV(1S)202B
or H0615-222B

TO-4341

25C3460
or 2SC3680

25D1207
or 25C2655

2SA1441
or 25Bl1019
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Keyboard




FUJITSU KEYBOARD
ASSEMBLY # N860-4703-T

1.0 GENERAL

The keyboard is a direct, plug-compatible replacement for the
Enhanced Keyboard for the IBM PC, XT, and AT personal camputer.
No software modification or special interface is needed by the
user.

2.0 SCOPE

This specification describes the functional, mechanical,
electrical, environmental, and reliability characteristics of
the FUJITSU N860-4703-T Keyboard assembly.

The keyboard is encoded in such a way as to produce a unique
output code for each key that is pressed and/or released. The
communication with the host computer is a synchronous serial
link. The Key Layout, Switch Encoding and Serial Cammunication
are all camatible with the IBM PC, XT and AT.

3.0 MECHANICAL SPECIFICATION

3.1 Key Layout, Legends, and Colors

Figure 1 shows keytop layout, appropriate legends and keytop
colors. The keys are numbered fraom left to right starting with

the spacebar row (Row A) and ending with the function key row
(Row F).
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3.2 KEYSWITCH
3.2.1 Total Travel: 0.150", +/- 0.020" (3.8, +/-0.5mm)

3.2.2 FORCE: All keyswitches shall utilize a 2.0 ocunce (+/- 0.9
oz) operating force. This is accomplished using both a rubber
keyswitch membrane and springs.

3.2.3 BREAKOVER FEEDBACK: The keyswitches utilize a tactile
feedback to assure the operator that the key has been fully
pressed.

4,0 FUNCTIONAL REQUIREMENTS

4.1 SCAN CODES

The keyboard generates a unique Hex scan code for each keyswitch
that is pressed (make code) and released (break code). For the
AT Mode, the break code is the same as the make code preceded by
"F0" Hex. Example: The make code for the "ESC" key is 76 Hex
and the break code is two bytes, FO 76 Hex. For the XT Made,
the break code is 80 Hex, plus the make code., Example: The make
code for the "ESC" key is 01 Hex and the break code is 81 Hex.
The keyswitch-to-scan-code (make and break codes) assignments,
Standard ASCII Codes, and Extended ASCII Codes are listed on the

following pages.



KEYBOARD SCAN CODES

Key Key AT Mode XT Mode Standard ASCII
# Descript. Make  Break Make Break (Scancode/ASCII code)
Code  Code Code _ Code Norm _ Shift  Ctd Al
1 Esc 76 F076 01 81 011B 011B 011B  -eee-
2 F1 05 F005 3B BB 3B00 5400 SE00 6800
3 F2 06 F006 3C BC 3C00 5500 SF00 6900
4 B3 04 F004 3D BD 3D00 5600 6000 6A00
5 F4 oC FooC 3E BE 3E00 5700 6100 6B00
6 FS 03 Fo03 3F BF 3F00 5800 6200 6C00
7 F6 0B F00B 40 Co 4000 5900 6300 6D00
8 F7 83 F083 41 Cl 4100 SA00 6400 6E00
9 F8 0A FO0A 42 C2 4200 SB00 6500 6F00
10 FO 01 F001 43 C3 4300 5C00 6600 7000
11 F10 09 F009 44 Cc4 4400 SD00 6700 7100
12 F11 78 F078 57 D7 e eeeee e e
13 F12 07 F007 58 D8  eeeee e e e

14 Print Sern E07C  EOF07C E02AE037 EOB7EOAA Notel Note! 7200 -
C6

15 Scroll Lock 7E FOTE 46 Note?  Note?  ceme- Note?
16 Pause Break E11477 E1F014F077 E11D45  EI9DCS  Note® Note> Note?  Note>
17 ~or\ OE FOOE 28 AB 2960  297E e e
18 torl 16 FO16 02 82 0231 0221 e 7800

Table 1

Extended ASCII
(Scancode/ASCII code)

Norm  Shift  Ctrl  Alt
011B 011B 011B 0100
3B00 5400 SE00 6800
3C00 5500 SF00 6900
3D00 5600 6000 6A00
3E00 5700 6100 6B00
3F00 5800 6200 6C00
4000 5900 6300 6D00
4100 SA00 6400 6E00
4200 5B00 6500 6F00
4300 5C00 6600 7000
4400 5D00 6700 7100
8500 8700 8900 8B00
8600 8800 8A00 8C00
Note! Note! 7200 -
Note Note,  ----- Note
Notz:3 Note Note4 Note
6000 7E00 e 2900
0231 0221 eeeee 7800



KEYBOARD SCAN CODES

Key Key AT Mode XT Mode Standard ASCII Extended ASCII
#  Descript. Make  Break Make Break (Scancode/ASCII code) (Scancode/ASCII code)

Code _Code Code  Code Norm  Shift Ctrl Al Norm  Shift Ctrd  Alt
19 @or2 1E FO1E 03 83 0332 0340 0300 7900 0332 0340 0300 7900
20 #or3 26 F026 04 84 0433 0423 ———- TA00 0433 0423 -e- 7A00
21 $ or4 25 F025 05 85 0534 0524 ----- 7B00 0534 0524 w-e- 7B00
22 %orS 2E FO2E 06 86 0635 0625 e 7C00 0635 0625  ----- 7C00
23 ~oré6 36 F036 07 87 0736 075E  071E 7D00 0736 07SE 071E D00
24 &or7 3D FO3D 08 88 0837 0826 - 7E00 0837 0826  ----- 7E00
25 * or8 3E FO3E 09 89 0938 092A  --ee- 7TF00 0938 092A —een 7F00
26 (or9 46 F046 0A 8A 0A39 0A28  ----- 8000 0A39 0A28 ———-- 8000
27 ) or0 45 F045 0B 8B 0B34 0B29  ----- 8100 0B34 0B29 - 8100
28 _or- 4E FO4E oC 8C 0C2D 0CSF OClF 8200 0C2D  OCSF 0CtF 8200
29 +or= 55 F055 oD 8D 0D3D O0D2B  ----- 8300 0D3D 0D2B  ----- 8300
30 Backspace 66 F066 0E 8E OEO8  O0E08 OE7F  ----- 0E08 O0E08 OE7F O0E00
31 Insert E070 EO0F070 E02AE052 EOD2EOAA 5200 5200 e e 52E0 52E0 92E0 A200
32 Home E06C  EOF06C E02AE047 EOC7E0AA 4700 4700 7700 ---e- 47E0 47E0 77E0 9700
33 PgUp E07D  EOF07D E02AE049 EO0C9EOAA 4900 5 4900 5 8400  ----- 5 49E0 < 49E05 84E0 9900
34 Num Lock 71 F077 45 Cs Note Note”  -ee-- Note Note Note - Note
35/ E04A  EOF04A E035 EO0BS 352F K272 EO2F EO02F 9500 A400
36 * 7C F07C 37 B7 32A  3712A eeee - 372A 372A 9600 3700

37 - B FO7B 4A CA 4A2D 4A2D s e 4A2D  4A2D  8E00 4A00



Key Key AT Mode
# Descript. Make  Break
Code Code
38 Tab 0D FOOD
39 Qorgq 15 F015
40 Worw iD FO1D
41 Eore 24 F024
42 Rorr 2D F02D
43 Tort 2C F02C
44 Yory 35 F035
45 Uoru 3C F03C
46 Iori 43 F043
47 Qoro 44 F044
48 Porp 4D F04D
49 {or| 54 D054
50 }or] 5B FOSB
51 |or\ 5D FOSD
52 Delete E071 EOF071
53 End E069 EOF069
54 Page Down E07A  EOFO7A
55 7or Home 6C FO6C
S6 8 75 FO75
57 9orPageUp 7D FO7D

KEYBOARD SCAN CODES

XTMode
Make Break
Code  Code
OF 8F
10 90
11 91
12 92
13 93
14 94
15 95
16 96
17 97
18 9%
19 99
1A 9A
1B IB
2B AB
E02AE053 EOD3EOAA
E02AE04F EOCFEOAA
EQ02AE(GST EOD1ECAA
47 C7
48 C8
49 9

Standard ASCII
(Scancode/ASCII code)

Norm  Shift Ctrd  Alt
0F90 [1) 31, R
1071 1051 1011 1000
1177 1157 1117 1100
1265 1245 1205 1200
1372 1352 1312 1300
1474 1454 1414 1400
1579 1559 1519 1500
1675 1655 1615 1600
1769 1749 1709 1700
186F 184F  180F 1800
1970 1950 1910 1900
1A5B  1A7B  1A1B -
iBSD 1B7D 1BID e
2BSC  2B7C 2BIC -
5300 5300 seeer e
4F00 4F00 7500  -----
5100 5100 7600 -
4700 4737 7700 Note
4800 4838 - Note
4900 4939 8400 Note

Extended ASCII
(Scancode/ASCII code)

Norm _ Shift  Ctd  Alt
OF09  OF00 9400  AS00
1071 1051 1011 1000
177 1157 117 1100
1265 1245 1205 1200
1372 1352 1312 1300
1474 1454 1414 1400
1579 1559 1519 1500
1675 1655 1615 1600
1769 1749 1709 1700
186F  184F  180F 1800
1970 1950 1910 1900
1ASB 1A7B  1AIB  1A00
1BSD 1B7D 1BID  1BOD
2BSC  2B7C  2BIC  2B00
S3E0  S3E0  93E0  A300
4FE0  4FE0  75E0  9F00
SIB0  S51E0  76E0  A100
4700 4737 7700  Note®
4800 4838  8DO0  Note
4900 4939 8400  Note®



KEYBOARD SCAN CODES

Key Key AT Mode XT Mode Standard ASCII Extended ASCII

# Descript. Make  Break Make Break (Scancode/ASCII code) (Scancode/ASCII code)
—  Code Code Code  Code Norm Shift Ctrd ~ Alt Norm  Shift Ctrl  Alt
58 + 79 F079 4E CE 4E2 4E2 - = g 4EZB7 4AB2 9000 4E007
59 CapsLock S8 F058 3A BA Note’ Note' .- Note Note Note - Note
60 Aora 1C F01C 1E 9E 1E61 1E41 1E01 1E00 1E61 1E41 1E01 1E00
61 Sors 1B F01B 1F 9F 1F73 1FS3 1F13 1F00 1F73 1F53 1F13 1F00
62 Dord 23 F023 20 A0 2064 2044 2004 2000 2064 2044 2004 2000
63 Forf 2B F02B 21 Al 2166 2146 2106 2100 2166 2146 2106 2100
64 Gorg 34 F034 22 A2 2267 2247 2207 2200 2267 2247 2207 2200
65 Horh 33 F033 23 A3 2368 2348 2308 2300 2368 2348 2308 2300
66 Jorj 3B F03B 24 A4 246A 244A 240A 2400 246A 244A 240A 2400
67 Kork 42 F042 25 AS 256B 254B 250B 2500 256B 254B 250B 2500
68 Lorl 4B F04B 26 A6 266C 264C 260C 2600 266C 264C 260C 2600
69 :or; 4C F04C 27 A7 273B 273A - - 273B 273A -—-- 2700
70 "or’ 52 F0S2 28 A8 2827 2822 --- -—-- 2827 2822 e 2800
71  Enter 5A FOSA 1C 9C 1C0D 1C0D 1COA - 1COD 1CoD 1C0A 1C00
72 4 6B F06B 4B CB 4B00 4B34 7300 Note6 4B00 4B34 7300 Notc6
73S 73 FO73 ac T R— 4C35 - Note 4C00  4C35  8FO0  Noted

74 6 74 F074 4D CD 4D00  4D36 7400 Nott:6 4D00 4D36 7400 Note6



Key Key AT Mode
#  Descript. Make  Break
Code __ Code
76 Left Shift 12 F012
77 Zorz 1A FO1A
78 Xorx 22 F022
79 Corc 21 Fo21
80 Vorv 2A FO2A
81 Borb 32 F032
82 Norn 31 F031
83 Morm 3A FO3A
84 <or, 41 F041
85 > or. 49 F049
8 ?or/ 4A FO4A
87 Right Shift 59 F059
88 Up Arrow E075 EOFO075
89 1lorEnd 69 F069
92 2 72 F072
91 3or PgDn T7A FO7A
92  Left Ctrl 14 F014
93 Left Alt 11 Fo011
94 Space 29 F029

KEYBOARD SCAN CODES

XT Mode
Make Break
Code  Code
2A AA
2C AC
2D AD
2E AE
2F AF
30 BO
31 Bl
32 B2
33 B3
34 B4
35 BS
36 B6
EO02AE048 EOCSE0AA
4F CF
50 DO
51 D1
1D 9D
38 B8
39 B9

Standard ASCII

(Scancode/ASCII code)
Norm  Shift  Ctrd  Alt
Note8 Note8 Note8 Note8
2C7TA  2C5A 2CtA  2C00
2D78 2DS8 2D18 2000
2E63 2E43 2E03 2E00
2F76 2F56 2F16 2F00
3062 3042 3002 3000
316E 314E 310E 3100
326D 324D 320D 3200
332C  333C - -
342E 343E B
352F 353F, ----- .-
Note8 Note,8 Note8 Note8
4800 4800  ----- -~
4F00  4F31 7500  Note®
5000 5032 e Note?
5100 5133 7600 Note
Note Note9 ) Note9 Note9
Note10 Note10 Note10 Notel
3920 3920 3920 3920

Extended ASCIl
(Scancode/ASCII code)

Norm Shift  Ctrdl  Alt
Nott:8 Note8 Notc8 Note8
2C7TA  2CSA 2C1A  2C00
2D78 2DS58 2D18 2000
2E63 2E43 2E03 2E00
2F76 2F56 2F16 2F00
3062 3042 3002 3000
316E 314E 310E 3100
326D 324D 320D 3200
332C 333C - 3300
342E 343E .- 3400
352F, 353F e 3500
Notes Notez'3 Note Nol(:8
48E0 48E0 8DE0D 9800
4F00  4F31 7500  Note®
5000 5032 9100  Note?
5100 5133_ 7600 Noted
Notc:9 Note9 Note9 Note9
Note10 Notelo Notcm Note1
3920 3920 3920 3920



Key Key AT Mode
#  Descript. Make  Break
Code Code
95 Right Alt EO011 EOF011
96 Right Ctrl E014 EOF014
97 Left Arrow FE06B  EOF06B
98 Down Arrow E072 EOF072
99 Right Arrow E074 EO0F074
100 Oorlns 70 F070
101 . or Del 71 F071
102 Enter E0SA  EOF0SA

KEYBOARD SCAN CODES

XT Mode Standard ASCII
Make Break (Scancode/ASCII code)
Code  Code Norm__ Shift _Ctrl Al
E038 EO0B8 Nott-,10 Notelo Note10 Note;0
EOID E09D Note Note Note Note
E02AE04B EOCBEOAA 4B00 4B00 7300  -----
E02AE050 EODOEOAA 5000 5000  -eeee aeee-
E024E04D EOCDEOAA 4D00 4000 7400 -
52 D2 5200 5230 - Note
53 D3 5300 S532E ---- ——--
EO01C E09C 1COD 1COD 1CO0A —---

Extended ASCII
(Scancode/ASCII code)

Nott:;’0 Note;0 Note;O
Note Note Note
4BE0 4BE0 73E0
SOEO S0E0 91E0
4DE0 4DE0  74E0
5200 523H 9200
5300 532E 9300
E00D E00D EQ00A



0T

Notel
Note2
Note3
Note4
NoteS5
Note6
Note7
Note8
Note9

NOTES

—INT OSH is invoked and a screen dump is performed
—the scroll lock active bit is toggled

—the pause state is initiated

—INT 1BH is invoked

—the numlock active bit is toggled

—ALT num pad generates raw ascii code of typed number
—the caps lock active bit is toggled

—hold shift lock active until key is released

—hold control shift active until key is released

Note10—hold alternate shift active until key is released



5.0 PROTOCOL
5.0.1 COMUNICATION MODE 1 (PC/XT Mode)

The keyboard communicates with the host computer using a
synchronous serial protocol at approximately 9600BPS. One start
bit, eight data bits, no stop bit, and no parity are used to
make up the nine bit data word. When no communications are in
progress, the keyboard holds the data line low and the clock
line high.

Before starting a transmission, the keyboard lowers the clock
line as a Request To Send (RTS). The state of the daca line is
then checked. If the host system is holding the data line low,
transmissions are disabled. The keyboard will retain the keycode
for the pressed key in its buffer until the clock and data lines
return to the idle state. The keyboard then resumes scanning the
keyboard matrix until transmissions are enabled.

When transmissions are enabled, 100 to 250 microseconds after
the keyboard drives the clock line low, the keyboard transmits
its data in the previously described format. Data is valid
during the time the clock line is high and for a minimum of 10
microseconds after the falling edge of the clock line. See
Figure 2 for a timing diagram.

< KEYBOARD DATA OUTPUT-XT MODE >

T1; 100~ 250us (CHECKING TIME OF DATA OUTPUT READY OR PROHIBITION)

T3 ; 10us MIN.

T2, 104us+20%
T4 10us MIN.

FIGURE 2
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5.0.2 COMMUNICATION MODE 2 (AT MODE)

The keyboard cammunicates with the host camputer using a
synchronous serial protocol at approximately 9600BPS. One start
bit, eight data bits, odd parity, and one stop bit form the
eleven bit data word. This communication is bi-directional, with
the keyboard clocking all data transfers. When no communications
are in progress, the data and clock lines are high, indicating
an idle state.

< KEYBOARD DATA OUTPUT-AT MODE > Figure 3A

T1 T2 T3 T4

—_— — — — — -—

CLOCK ?——L_' l__’

DATA { § -
START[ DO | DI l D Dp J STOP |
44 :
T1 ; 104ps £20%
T2 ; 20us MIN.
T3 ; 20us MIN.
T4 ; 35us +20%
< KEYBOARD DATA INPUT-AT MODE > Figure 3B
T6
— ————
LT UL
LN I

DATA ) S
l START[ DO | DI l Dp ]STOP

{

1
T5; 60usMIN. (WAITING TIME FOR HOST DATA OUTPUT)
T6 ;  SusMIN.

FIGURE 3
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Before starting a transmission, the keyboard checks the status
of the clock and data lines. Transmissions are disabled if the
clock line is low and the code for the pressed key is held in
the keyboard buffer until transmissions are enabled. If the
clock line is high and the data line is low, the host system is
sending a Request To Send (RTS), and the code for the pressed
key is stored in the buffer.

When transmissions are enabled and no RTS is detected fram the
host system, both clock and data line will be high. The keyboard
starts a transmission by sending a low start bit, followed by
the rest of the data word. Data is valid 20 microseconds minimum
prior to the falling edge of the clock. See Figure 3 for timing
diagram.

During the transmission of a data word, the keyboard
periodically checks the state of the clock line. If the clock
line is low during these checks prior to the rising edge of the
parity bit, a data collision occurs. When a data collision
occurs, the keyboard stops transmitting, returns the code for
the pressed key to the keyboard buffer, and prepares to respond
to actions requested by the host system.

5.1 COMMANDS FROM THE KEYBOARD TO THE HOST SYSTEM

Keyboard Buffer Overrun — AT and XT Modes

This buffer can store up to sixteen codes for pressed keys. When
this buffer is full and the seventeenth code is received, this
code is replaced by an Overrun Code. The following chart shows
the Overrun Codes for each mode.

XT Mcde FF Hex
AT Mode 00 Hex

Codes received after this code are lost until the keyboard
clears additional space in the keyboard buffer.

13



Self Test Passed — AA Hex AT and XT Modes

The keyboard issues this cammand upon successful campletion of
the keyboard self test. The self test consists of the following.

XT MODE

1. Memory is cleared.

2. Keyboard buffer is cleared.

3. ROM checksum is read and conpared.

4. RAM is tested.

5. Self test completion code is output.

6. AA Hex is output to indicate successful self test.

7. FC Hex is output to indicate a defect in the self test.

AT MODE

1. ROM checksum is read and compared.

2. RAM is tested.

3. AA Hex is output to indicate successful self test.

4. FC Hex is output to indicate a defect in the self test.

This self test is initiated by the host system reset (Ctrl, Alt,
Delete) or by Power-on Reset. Upon successful campletion of the
Self Test during Power-on Reset, the keyboard is set to XT mode
if the keyboard detects a low level on the data line for more
than 10 microseconds after 5 microseconds fram the falling edge
of the clock line. If this condition is not met, the keyboard is
placed in the AT Mode, and Typematic Rate and Delay are set to
the following defaults:

Typematic Rate 10.9 cps
Delay 500 milliseconds
ECHO — EE Hex AT and XT Modes

The Echo Cammand (EE Hex) is sent in response to an Echo Command
fram the host system instead of the normal Acknowledge (ACK) for

diagnostic purposes.
Acknowledge — FA Hex AT Maode
The keyboard sends an Acknowledge (FA Hex) in response to a

valid cammand fraom the host system, with the exceptions of the
Resend and Echo commands.
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Resend — FE Hex AT and XT Modes

The keyboard issues a Resend (FE Hex) in response to inputs
which have parity errors, framing errors, or invalid data
received fram the host system.

KEYBOARD BUFFER OVERRUN — AT and XT Modes

When the 16-character keyboard buffer receives the 17th
character, an overflow condition occurs. This condition is
coammunicated to the host system by transmitting the Keyboard
buffer Overrun (FF Hex for XT Mode, 00 Hex for AT Mode) to the
host system.

5.2 COMMANDS FROM THE HOST SYSTEM TO THE KEYBOARD

Prior to sending commands to the keyboard, the host system must
first check to see if the keyboard is sending data. If the
keyboard is transmitting, and the data is past the parity bit,
the host system must accept the data prior to initiating its own
transmission.

If the keyboard's data has not yet reached the tenth clock pulse
(Parity Bit), or is not transmitting data, the host system
assumes control by lowering the clock line for a minimum of 60
microseconds, then releasing the clock line after clamping the
data line low to indicate a start bit. The keyboard will respond
with an RTS within 5 microseconds by clocking the start bit into
the keyboard. The keyboard continues to clock data as shown in
the timing diagram (Figure 3B). The host system must ensure that
the data is valid prior to the rising edge and after the falling
edge of the keyboard clock pulse.

After the parity bit, the host system should raise the data line
to indicate a stop bit. The keyboard checks for a logical high
stop bit, then clamps the data line low prior to clock in the
stop bit, This signals the host system that the keyboard
received the data correctly (Acknowledge). If the host system
has not raised the data line to indicate a stop bit, a framing
error results and the keyboard continues to clock data until the
data line is raised by the host system. Upon receiving either a
framing or parity error, the keyboard issues a RESEND to the
host system,

All commands fram the host system require a response fram the

keyboard. The keyboard will respond to these commands within 20
microseconds.
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The following commands may be sent to the keyboard at any time,
following the protocol described for the AT Mode. These cammands
are valid only in the AT Mode. During the reset cammand, the
keyboard will not respond within 20 microseconds as described
above.

RESET — FF Hex

Upon receiving this cammand, the keyboard transmits an
Acknowledge to the host system. The keyboard then waits for the
host system to accept the Acknowledge response. The host system
will accept the Acknowledge by raising the clock and data lines
for a minimum of 500 microseconds.

The keyboard then executes the self test routine similar to the
Power-On Reset, and is placed in its default state.

RESEND — FE Hex

Upon receiving this command, the keyboard will transmit the last
byte of data sent to the host system.

SET DEFAULT — F6 Hex

This command resets the keyboard to the Power-Up default state.
The keyboard responds with an Acknowledge, clears the output
buffer, sets the scanset to AT Mode, sets the default typematic
rate and delay, and continues to scan the matrix.

DEFAULT DISABLE — F5 Hex
This cammand is similar to the Set Default command, except the

keyboard stops scanning the matrix and waits for further
instructions to be sent by the host system.

ENABLE — F4 Hex
Upon receipt of this command the keyboard responds with an

Acknowledge, clears the output buffer, and starts scanning the
matrix.
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SET TYPEMATIC RATE/DELAY — F3 Hex

This command consists of one command byte and one parameter
byte. The keyboard Acknowledges the command byte, stops scanning
the matrix, and waits for the parameter byte. Upon receiving the
parameter byte, the keyboard sends an Acknowledge, sets the
typematic rate and delay as indicated in Table 2, and continues
scanning the matrix.

If another command is received instead of the parameter byte,
the set typematic rate/delay function ends with no change to the
existing rate or delay parameters. The new cammand is processed
and the keyboard continues scanning the matrix.

The parametér byte consists of an eight-bit word with bit 7
(most significant bit) always being set. Bits 0-4 set the
typematic rate and bits 5-6 set the delay.

Exanmple

1 01 01 0 1 1 Pprarameter Byte

7 6 5 4 3 2 1 0 Bit Number
The above example shows the default 10.9 cps typematic rate and
500 microsecond delay. Bits 0-4 (010111) correspond to the rate

of 10.9 cps shown on Table 2 ii and bits 5-6 (0l) correspond to
the 500 microsecond delay shown in Table 2 i.

See Table 2 for Typematic Rate/Delay values other than the
default settings.
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i) Delay

Bit Delay

65 ms

00 250

01 500

10 150

10 1000

ii) Rate
Bi Rate Bit Rate
4§ 3 2 1 0 (CPs) 4 3 2 1 0] (CPs)
00 0 0 O 30.0 1 0 0 0 O 1.5
0 0 0 0 1 26.7 1 0 0 0 1 6.7
00 0 1 0 24.0 1 00 1 0 6.0
00 0 1 1 21.8 1t 0 0 1 1 5.5
0 01 0 O 20.0 1 01 0 0 5.0
0 01 0 1 18.5 1 01 0 1 4.6
0 06 1 1 0 17.1 10 1 1 0 4.3
00 1 1 1 16.0 1 0 1 1 1 4.0
01 0 0 0 15.0 1 1. 0 0 0 3.1
01 0 0 1 13.3 1 1 0 0 1 3.3
0t 0 1 0 12.0 11 0 1 0 3.0
01 0 1 1 10.9 11 0 1 1 2.1
011 0 0 10.0 1 1.1 0 0 2.5
01 1 0 1 9.2 I 1 1 0 1 2.3
011 1 0 8.6 1 1 1 1 0 2.1
01 1 1 1 8.0 1 1 1 1 1 2.0
TABLE 2
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ECHO — FE Hex

This cammand is provided for diagnostic purposes. The keyboard
shall respond with EE Hex, instead of Acknowledge, and continue
scanning the matrix.

SET/RESET STATUS INDICATORS — ED Hex

This cammand consists of one command byte and one parameter
byte. The keyboard Acknowledges the cammand byte, stops scanning
the matrix, and waits for the parameter byte. Upon receiving the
parameter byte, the keyboard sends an Acknowledge, sets the
status indicators, and starts scanning the matrix.

If another command is received instead of the parameter byte,
the keyboard disregards the Set/Reset Status Indicators command
without changing the present status of the indicators, processes
the new cammand, and starts scanning the matrix.

The parameter byte is an eight-bit word with bits 3-7 always set
to low. Bit 0 is the Scroll Lock Indicator, bit 1 is the Num
Lock Indicator, and bit 2 is the Caps Lock Indicator. A high in
each individual bit indicates that Indicator is active and the
indicator lamp should be on.

Exanple
0 0 0 0 0 0 1 O PARAMETER BYTE
7 6 5 4 3 210
The above example shows the power-on default of the Tandy 3000
NL. Bit 1 is high indicating Num Lock is active and the Num Lock
indicator lamp is on.

READ KEYBOARD ID — F2 Hex

This camand causes the keyboard to return two identification
bytes AB83 Hex. The keyboard responds with an Acknowledge to the
cammand and stops scanning the matrix. The keyboard then
transmits the keyboard ID AB83 Hex and resumes scanning the
matrix.
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SET/READ SCAN SET — F0 Hex

This cammand is used to select one of three Scan Sets or to tell
the host system which Scan Set is currently being used. This
command consists of a command byte and a parameter byte. Upon
receiving this command, the keyboard sends an Acknowledge to the
host system and waits for the parameter byte. When the keyboard
receives the parameter byte, it responds with an Acknowledge.

A parameter byte of 00 Hex will cause the keyboard to transmit
the Hex value for the Scan Set currently in use. A parameter
byte of 01 Hex selects the Scan Set 1 (XT Scan Codes), 02 Hex
selects Scan Set 2 (Default AT Scan Codes), and 03 Hex selects
Scan Set 3 (Special AT Scan Codes —— See Table 3 for Scan Codes
and Default Key State Information). The keyboard resumes
scanning the matrix.
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Scroll Lock
Pause or Break

~

1 ovwouaWUVeWwWNE

Backspace

Insert cursor pad
Hare cursor pad
Page Up cursor pad
Num Lock

/ number pad

* number pad

- number pad

Tab

kil o 2N e BN SN <IN e o (I Yo

TABLE 3
MAKE CODE

08
07
OF
17

27
2F
37
3F
47

56
5E
57
5F
62
OE
16

26
25
2E
36

45

55
66
67

6F
76
71

84
U]
15
24

2C
35

43
44

54
5B

BREAK CODE

FO 08
07
oF
17
1F
27
2F
37
3F
47
4F
56
5E
57
5F
62
OE
16
1E
26
25
2E
36
3D
3E
46
45
4E
55
66
67
6E
6F
76
71
7E
84
0D
15
1D
24
2D
2C
35

43
44
4D
54
5B

33333332333333333333333333333333333333333333333333

DEFAULT KEY STATE

Make Only
Make Only
Make Only
Make Only
Make Only
Make Only
Make Only
Make Only
Make Only
Make Only
Make Only
Make Only
Make Only
Make Only
Make Only
Make Only
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Make Only
Make Only
Make Only
Make Only
Make Only
Make Only
Make Only
Make Only
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic



\

Delete cursor pad
Hare cursor pad
Page Up cursor pad
7 number pad

e~ BDUOCOXN

Right shift

Up Arrow cursor pad
1 number pad

2 number pad

3 number pad
Enter number pad
Left Ctrl

Left Alt

Spacebar

Right Alt
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SET ALL KEYS — TYPEMATIC — F7 Hex
SET ALL KEYS — MAKE/BREAK — F8 Hex
SET ALL KEYS — MAKE ONLY — F9 Hex

SET ALL KEYS — TYPEMATIC/MAKE/BREAK — FA Hex

These cammands affect Scan Set 3 only, but may be sent using any
Scan Set. The keyboard responds with an Acknowledge, clears the
output buffer, sets all keys to the function requested by the
cammand, and continues scanning the matrix if it was previously
enabled.

SET SINGLE KEY — TYPEMATIC — FB Hex
SET SINGLE KEY —— MAKE/BREAK — FC Hex

SET SINGLE KEY — MAKE ONLY —— FD Hex

These cammands consist of a command byte and a parameter byte.
The keyboard responds to the command byte with an Acknowledge and
waits for the parameter byte. The parameter byte is the scan code
fram Scan Set 3 for the key to be changed. Upon receiving the
parameter byte, the keyboard sets the selected key to the
function selected by the command byte, and continues to scan the
matrix if it was previously enabled. These commands affect only
Scan Set 3 operation, but may be sent using any Scan Set.

5.3 KEY ROLLOVER

The keyboard incorporates N-Key Rollover in software to avoid
loss of keystroke data during high speed entry. N-Key Rollover is
defined as all keys pressed and released will be output in the
proper sequence. However, when the keyboard detects more than
four keys pressed during a scan of the matrix, the keyboard does
not ocutput the keycodes until one or more of the keys are
released. If the released key was not properly detected as a
pressed key, an error condition occurs and the keyboard issues an
buffer overrun code to the host system.
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5.4 AUTOREPEAT

The power-on default condition will cause the last key pressed to
repeat at 10.9 characters-per-second after a 500 millisecond
delay. This may be changed by the system when the keyboard is
using the AT Communications Mode.

5.5 BUFFERING

The keyboard is capable of storing 16 scan codes in a first in/
first out (FIFQO) circular buffer. when the buffer overflows, the
last code is replaced by a Hex 00, in AT Mode and a Hex FF, in XT
Mode.

5.6 STATUS INDICATORS

Three LED Status Indicators are provided: Num Lock, Caps Lock,
and Scroll Lock.

These indicators are located in the keytop of each respective
key. The keyboard will power up with all indicators OFF, except
when the host system (such as the Tandy 3000 NL) sets them to ON.

6.0 ELECTRICAL REQUIREMENTS

The interface consists of two bi-directional lines, clock and
data, which are controlled by 741S125 equivalent buffers. The
keyboard side is terminated by 2200 Ohm resistors. All voltage
levels are TTL conpatible and the keyboard drivers are capable of
sinking 20 mA minimum including the current sourced by the pullup
resistors on the keyboard.

6.1 CONNECTOR

The connector is a 5~pin DIN connector. Connections are shown in
the following table.

Table 4
PIN # SIGNAL
1 CLOCK
2 DATA
3 NO CONNECTION
4 LOGIC GROUND
5 +5 VOLTS DC
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6.2 CHASSIS GROUND

Chassis ground is isolated fram logic ground.

6.3 POWER REQUIREMENTS
The keyboard requires 5 Volts DC, +/-5%, at 500 milliamps (max).

7.0 ENVIRONMENTAL REQUIREMENTS

7.1 TEMPERATURE
OPERATING...cceeeeeesss..0 to 50 degrees C
NON-OPERATING...eeeees...—20 to 60 degrees C
7.2 RELATIVE HUMIDITY

20% to 90% non-condensing

7.3 SHOCK
Operating and non-operating............10G 11 mS duration

7.4 VIBRATION
Operating and non-cperating............ 0.3 mm amplitude 10 to
55 Hz

8.0 RELIABILITY

8.1 SWITCH LIFE

Switch life of the keyboard is a minimum of 20 million cycles.
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PIN DESCRIPTION

Port3

Port 3 is an 8-bit quasi-bidirectional 1O port. It also
contains the interrupt, timer, serial port and RD and
WR pins that are used by various options. The out-

put latch corresponding to a special function must A
be programmed to a one (1) for that function to
D Port 3 can sink/s one TTL load. The
" SS special functions are assignad to the pins of Port 3,
Circuit ground potential. as follows:
Vee ~RXD/data (P3.0). Serial port's receiver data input
+5V power supply during icn, progf (asy ) or data inp tput (sy b
and verification. nous).
Port 0 —TXD/clock {P3.1). Serial port's transmitter data
Port 0 is an 8-bit open drain bidirectional /O port. :::::;} (asynchronous) or clock output (synchro-
Itis also the " low-order and data —iINTO {P3.2). Interrupt 0 input or gate control input
bus when using external memory. it is used for data for counter 0. 8
input and output during programming and verifica~ —INT1 (P3.3). Interrupt 1 input or gate control
tion. Port 0 can sink/source two TTL loads. input for counter 1.
Port 1 —T0 (P3.4). Input to counter 0.
Port 1 is an 8-bit quasi-bidirectionat 1/0 port. 1t is —E_(PG.S). Input to counter 1.
used for the low-order address byte during program- — WR (P3.6). The write control signal latches the
ming and verification. Port 1 can sink/source one data byte from Port 0 into the External Data [~—
TTL load. Memory.
Port 2 ~—RD (P3.7). The read control signal enables External
P
Port 2 is an 8-bit quasi-bidirectional IO port. talso D12 Memory to Port 0.
emits the high-order 8 bits of address when accessing  RST/Vpp
external memory. it is used for the high-order address A low to high transition on this pin (at approximately | ¢
and the control signals during programming and  3v) resets the BOS1. If Vpp is held within its spec
verification. Port 2 can sink/source one TTL load. (approximately +5V), while Vc drops below spec,
Vpp will provide standby power to the RAM. When
Vpp is low. the RAM's current is drawn from Voo, [
A small internal resistor permits power-on reset
using only a capacitor connected to V. |
ALE/PROG
Provides Address Latch Enable output used for
ing the into memory during
normal i Recer the prog: puise
input during EPROM programming.
— D
PSEN
The Program Store Enabile output is a control signal
that enaoles the external Program Memory to the
. bus during normal fetcn operations.
g EA/NDD
§ When held at a TTL high level, the 8051 executes |
-] instructions from the internal ROM/EPROM when
o= the PC is less than 4096. When held at a TTL low
= level. the 8051 fetches all instuctions from external
= Program Memory. The pin also receives the 21V
§ EPROM programming supply voltage.
- XTALY E
g Input to the 's high gain A crystal
= or external source can be used.
g XTAL2
Output from the oscillator's amplifier. Required when
a crystal is used.
3
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2-1. CONSTRUCTION AND FUNCTION

2-1-1. General Block Diagram

READ DATA -a—i
SIDE ONE >
SELECT

WRITE DATA ——

write
circuit

File protect sensor

File protect sensor LED

DRIVE
SELECT 0nv3 —*]

WRITE GATE —~

MOTOR ON —4
STEP ——]
DIRECTION
SELECT — ™

IN USE/
HEAD LOAD — ™
TRACK 00 <—o
INDEX -—
WRITE

PROTECT
READY -y
DC POWER  ——

Control
circuit

Index sensor
Index sensor LED

\1/—~—Spindle motor

Servo
circuit

Magnetic head
Head load solenoid
Track 00 sensor

Stepping motor

(Fig.201l) General block diagram
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(1)

(3)

Mechanical Section

Since a disk is flexible recording media made of mylar film and data
interchangeability between disk and FDD is required, the mechanical
section of the FDD uses precision parts and it is also assembled
carefully and precisely. For this reason, only trained technicians
can handle the internal mechanism. Never apply excessive impact nor
drop the FDD down on the desk.

The mechanical section is constructed with frame, door mechanism, disk
clamp mechanism, disk rotation mechanism, magnetic head and carriage,
head load mechanism (or CSS mechanism), head seek mechanism, various

detection mechanisms, etc.

Frame

The main structure for mounting the various mechanisms and printed
circuit boards. The frame is made of aluminum diecast to maintain
the stability of the FDD in strength, precision, durability, and

expansion coefficient.

Door mechanism and disk clamp mechanism

The door mechanism is constructed with main parts of set arm which forms
the structure for installing the disk on the spindle, other parts of
front lever, clamp arm, etc. The set arm is attached to the rear of the
frame with leaf spring and a collet, which forms the disk clamp
mechanism, is attached on the tip of the set arm.

When a disk is inserted and the door (front lever) is closed, the collet
is inserted into the center hole of the disk and the disk is clamped in

the correct position along the outer circumference of the collet.

Disk rotation mechanism

The disk rotation mechanism comprises DD motor Ass'y (spindle motor)
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which includes spindle.

The DD motor is an outor-rotor type DC brushless motor which has the
long life of 30,000 hours or more in continuous rotation. Rotational
speed is 300rpm for B and F models or 360rpm for G model. It is
maintained at a stable condition against load variations and environ-
mental changes by a feedback signal from AC tachometer in the rotor.
The collet and the spindle are combined precisely to maintain the
center position correctly without damaging the center hole of a disk
and so as to make the head be in contact with the disk at a correct

position.

(4) Magnetic head and carriage

Erase gaps

Read/write core

- ROtational direction
of disk

) Erase cores
Read/write gap

(Fig.202) External view of magnetic head core

The magnetic head assembly (head carriage Ass'y) of this FDD has two
heads. One is for side 1 surface of the disk and the other for side 0
surface of the disk (down surface when the FDD is situated horizontally).
Both of the side 0 and side 1 heads are supported by specially designed
flexure. The two magnetic heads are mounted accross the disk on one
head carriage, and their surfaces are designed for minimum disk wear and
maximum read output. The head itself is a long life type for improved
head wear.

The core of the head is constructed with read/write gap which is used
for data write and data read operations and two erase gaps which are
used to erase the edges of the recorded track immediately after the

recording (tunnel erase). The head carriage Ass'y forms the most
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(6)

important part of the FDD and it is specially assembled with high

precision.
Head load mechanism or CSS mechanism

The head load mechanism is used for models with head load solenoid and

the CSS mechanism is used for CSS model without head load soelnoid.

The head load mechanism functions to make the head in contact with a
disk only while a head load command is received so as to reduce wear
of disk and head surfaces. This mechanism consists of head load
solenoid, arm lifter, head protector, etc. When the solenoid is
energized, the arm lifter goes down and the side 1 head attached to
the upper arm of the head carriage is depressed against the side 1
surface of a disk with an appropriate pressure, and the disk is held
between two heads. The side O surface of the head and the disk are
set to nearly the same height and the depression of the side 1 head

produces the stable contact between the heads and the disk.

The CSS mechanism consists of CSS cam and head protector. 1In the CSS
model, the magnetic heads are always in contact with a disk as far as
a disk is installed. In order to elongate the disk and head lives,
it is required to make the disk rotate only during read or write
operation. The CSS cam is designed to protect the contact of side O
and side 1 heads directly when the front lever is closed without a

disk.

For the purpose of protecting the head being caught and damaged by the
head window edge at disk insertion or ejection, the head protector is
also equipped to both of the head load and CSS mechanisms to lift up

the disk jacket.
Head seek mechanism

The head seek mechanism consists mainly of stepping motor with a capstan
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(7)

(pooly), steel belt (band), and guide shafts. The head carriage is
connected to the capstan of the stepping motor through the steel belt
and is slided along the guide shafts.

The stepping motor rotates 2 steps (3.6°) in 48tpi model and 1 step
(1.8°) in 96tpi models for one track space. To improve the continuity
of head seek operation and precision of head positioning, hybrid type
4-phase stepping motor is driven in a unique manner which brought a
success in reducing the heat radiation and to obtain a highly precise
positioning.

The parallelism and the distance between the shafts and the center line
of a disk, and shafts and capstan themselves are precisely machined.
Also the thermal expansion of the frame, steel belt, carriage, etc. are
taken into consideration in the process of design so that they are

mutually offset with the expansion of the disk.

Detection mechanisms

(a) File protect detection mechanism

This mechanism is constructed with an LED and a photo-transistor to
detect the existence of the write enable notch of the disk jacket.
When a disk with the notch covered is installed and the light pass

for detection is disturbed, no write or erase current will be supplied
to the read/write and erase heads and the recorded information on the
disk is protected from an erroneous input of a write command.

The LED is mounted on the PCBA DD motor servo and the photo-transistor

on the PCBA front OPT.

(b) Track 00 detection mechanism

This mechanism is constructed with a photo-interrupter for detecting
the outermost track position (track 00) of the head carriage.
The photo-interrupter is mounted on the main PCBA (PCBA MFD control).

Inside tracks from the track 00 on the disk are used. Even if an
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(c

erroneous step out command is input from the track 00 position, the
command will be ignored by the internal circuit of the FDD.

If the head moves out from the track 00 by some reason such as
impact during transportation, the head carriage strikes the frame
(functions like a track 00 stopper) to protect the head from moving

out of the returnable range at a next power on.

When step-in commands are input from the innermost track, the head
moves toward inward and stops with an appropriate space left against
the head window edge of the disk. 1In order to recalibrate the track
from this position (returning operation to the track 00), it is
required to input the step-out command with several additional steps

to the maximum track number.

Caution: Sense timing of the track 00 position will change if you
loosen a fixing screw of the main PCBA. This is because
that the track 00 photo-interrupter is mounted on the PCBA.
Be sure to readjust the track 00 sensor timing according

to item 3-4-13.

Index detection mechanism

LED and photo-transistor for detecting the index hole are located at
the index window area of the disk jacket.

The LED is mounted on the PCBA DD motor servo (in the rotor of spindle
motor) and the photo-transistor on the PCBA front OPT. The index hole

will be detected along the rotation of the disk.
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2-2. CIRCUIT DESCRIPTIONS

The electronics of the FDD is constructed with three sections which are
read write circuit, control circuit, and servo circuit. Read write
circuit and control circuit are mounted on the PCBA MFD control (main

PCBA), and servo circuit is on the PCBA DD motor servo.
2-2~1. Read Write Circuit
The read write circuit is constructed with mode selector, read circuit,
write circuit, low voltage sensor. They are mostly packed in a read

write LSI (bipolar LSI, U2).
Fig.203 shows the block diagram.
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2~2-1-1. Mode selector

(1

~

(2)

Mode selector is constructed with the switch filter and write current
switch.

Table 201 shows the switching condition of the read write circuit by
the track switch signal (SFO and SFL signals in the schematic diagram)

from the control circuit.
Switch filter

Switch filter is used for eliminating the influence of saddle waveform
(refer to Fig.204) at the outer tracks.

When the SFO and SFL are LOW level, the switch filter capacitors,

Cl4 and Cl15 are activated to increase the capacity of the low pass
filter capacitor, Cl6é. This state is the on-state of the switch filter,

and the cut-off frequency of the low pass filter is set to low.
Write current switch

Write current switch is used only for 96tpi models. It is used for
making the write current in outer tracks higher than in inner tracks
to improve the over-write characteristics (write 2F after 1lF write

and measure the residual frequency components of 1F).

Write current is supplied to the write driver by write current source
in the read write LSI, U2. The supplied value from this current source
can be calculated from the following expression combining the external

resistors R6 and R7.

13.2 12.7
Out t. ks: = —— .
uter tracks: Iw 76 + =7 No.l
Inner trasks: Iw=® liéz -=- NO.2
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Erase current is calculated from the following expression. Erase

current is not switched depending on the track position.

Ie= i%éé --- No.3
Models and track position
Switching item B (48tpi) F,G (96tpi)
Tr.00n21 Tr.22+39 Tr.00143 Tr.44~79
SFO, SFL signals L H L H
Switch filter ON OFF ON OFF
Write current sw. No.l No. 2 No.l No.2
(Current exp.)
Erase driver Constant - « -
(Current exp.) No.3

(Table 201) Switching function for read write circuit
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2-2-1-2. Read circuit

The read circuit consists of head matrix switch, pre-amplifier, low
pass filter, differentiation amplifier, peak detector, bi-directional
edge detector, output driver, etc. Main circuits are enclosed in the

read write LSI, U2.

The minute voltage induced in read operation by the read/write head is
input to pre-amplifier via matrix switch for selecting side 0/1 heads.
The pre-amplifier has three gain setting terminals, GSO, GS1 and GSC.
In B and F models, GSO-GSC is shorted to obtain the gain of 115 times,
approx., while GS1-GSC is shorted in G model to obtain the gain of 230
times, approx.

The pre-amp. output is supplied to the differentiation amplifier via
the low pass filter and the switch filter to eliminate undesirable
high frequency noises. The differentiation amplifier phase-shifts the
peak position of the reproduced waveform to zero cross point, and at
the same time, further amplifies the signal with the most appropriate
equalization. The differentiated outputs are supplied to the peak
detector constructed with a comparator after passing through the
coupling capacitors, C20 and C21, and converted into a square wave.
Then the edges of the square wave are detected by the bi-directional
edge detector and they are output as the read data paulses from the

FDD through the RD driver and the RD/INDEX gate in the control LSI, Ul.
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AN 2\ NIWAN i
ANV AR N ssprox.
AN

<

-1

Pre-amp.output
(TP4)

Pre-amp.output 1’// 4///\\\\» //\\ ’///N\Z.SV,
(TPS) ///' ‘\\\// \\4//, approx.

Saddle

Differentiation

/\/\ 2.5v,
amp.output (TP7) \\ \\// \ approx.

Zero cross point

Differentiation //A\\ AIKQ.SV
amp .output (TP8) \\,f\\// approx.

Peak detector — __r_LI——_L

output in U2
——L—-———— Delay

RD output (U2-33) U U U u u L

B,F models: lus,approx.
G model: 0.5us,approx.

READ DATA (J1-30) I U U u U L

(Fig.204) Read amplifier and peak detector waveforms
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2-2-1-3. Write circuit

The write circuit consists of write control logic, write current source,
write driver, erase driver, common driver, and etc. Most of the
circuits are enclosed in the read write LSI, U2.

Common driver output terminals, COMO and COMl are connected to the
common terminals (center taps) of the side 0 and side 1 heads,
respectively. The outputs of the common driver are controlled by the
SIDE ONE SELECT (S1), write gate (WG), and erase gate (EG) signals
supplied through the write control logic. When the COMO or the COML

is HIGH level (11.5V, approx.), the power to the read circuit is cut

off in the read write LSI to inhibit the read operation.

Ei?ut signals FDD operation Output voltage (approx.)
sl WG EG COMO COoM1

H L L SIDE O read operation 2.7V ov

H H - SIDE O write operation 11.5v ov

H - SIDE O write operation 11.5v ov

L L L SIDE 1 read operation ov 2.7v

L H - SIDE 1 write operation ov 11.5v

L - H SIDE 1 write operation ov 11.5v

(Table 202) Common driver output

The EG signal supplied from the erase timer in the control circuit
changes to HIGH or LOW level with an appropriate time delay against the
WG signal (refer to Fig.205). Since the erase gaps locate about 0.85mm
(B and F models) or 0.585mm (G model) backward from the read/write gap,
it is necessary for the erase driver to delay the WG signal so that

the written data is completely trimmed by the erase head (tunnel erase).
The tunnel erase produces a guard band between the tracks preventing
deterioration of the S/N ratio resulting from a off-track (positioning
error). It also ensures disk interchangeability.

The WRITE DATA input pulse is latched by the write data latch in the
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write control logic. And appropriate write current determined by the
write current source is supplied to the read/write head with turning on

and off the two write drivers alternately.

WRITE GATE (J1-24) «
o
Erase-on Erase-off
delay delay
WG (U2-29) ) ) SR
i
EG (TP2) —_ L

WRITE DATA (J1-22) 1 1 vrvrur- oy v

Write data latch W
in U2

Write driver output

(U2-17,18,1215)

Write current W

Magnetization on A= =] ‘T - |=[=]"Y I"‘l - I’Vl\// L

disk

Previous magnetization

(Fig.205) Typical waveform of write circuit operation
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2-2-1-4. Low voltage sensor

The low voltage sensor (LVS) is equipped to protect the FDD from
erroneous operation due to the internal circuit construction of the FDD
during unstable state of the power voltage such as at power on or off.
Two sensors of LVSO and LVSl are equipped in the read write LSI, U2.
LVSO monitors the +5V voltage supplied to the internal circuit of the
read write LSI. If the voltage is lower than 3.5V through 4.4V, it
supplies signals to inhibit the operation of the common driver, write
driver, erase driver, and write control logic in the LSI, which protect
the disk from the erroneocus write or erroneous erase during unstable

state of the power voltage.

LVSl is equipped to generate Vs signal to be supplied to the control
circuit in item 2-2-2. As well as LVSO, it is activated in the range
of 3.5V through 4.4V. The monitored voltage by the LVSl is only +5V
connected to the LVGG terminal (pin 37) of the read write LSI. While
the LVS signal is LOW level, all the control circuits (mainly control

LSI, Ul) are reset.

Power on Power off
p="3.5"4 .4V R 3.5v4.4v
+5V power ////,
LVS (u2-32)
—.‘A-—

(Fig.206) Typical waveform of low voltage sensor
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2-2-1-5. Function and operating waveform of read write LSI terminals

Following shows the function of the read write LSI, U2 and typical

operating waveforms.
(1) Pre-amplifier
(a) RWOO (pin 12), RWOl (pin 14)

Terminals for side O head connection.

11.5V, approx.

WRITE DATA interval Side O read: 2.7V, approx.

Side 1 write: OV, approx.

Side O write Side 1 read: OV, approx.
(b) RWOl (pin 13), RWll (pin 15)

Terminals for side 1 head connection.

‘J\_V__N‘ 11.5V, approx.

WRITE DATA interval Side 1 read: 2.7V, approx.

Side O write: OV, approx.

Side 1 write Side 0 read: OV, approx.

(c) GSC (pin 11), GSO (pin 10), GS1 (pin 9)
Setting terminals of pre-amplifier gain.

If GSC-GSO is shorted or connected with a capacitor, the differential

voltage gain of the pre-amplifier is 115 times, approx.
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If GSC-GS1l is shorted or connected with a capacitor, it is increased

to 230 times, approx.
(d) PREC (pin 7, pin 6)

Differential output terminals of the pre-amplifier. The phase of

pin 6 and 7 are opposite each other. Refer to Fig.204.

—Av&‘z .7V, approx.

Read Write

2.7V, approx.

(2) Differentiation amplifier
(a) DIFI (pin 5, pin 4)

Differential input terminals to the differentiation amplifier.

The phase of pin 5 and 4 are opposite each other.

—Av&—z.sv, approx. ————— 2.5V, approx.

Read Write
(b) DIFC (pin 3, pin 2)

Time constant setting terminals of the differentiation amplifier.

The phase of pin 3 and 2 are opposite each other.

A\//\ 1.1V, approx.

Read Write

1.1V, approx.
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(c) DIFO (pin 1, pin 44)

Differential output terminals of the differentiation amplifier.

The phase of pin 1 and 44 are opposite each other.

A 2.7V, approx. 2.7V, approx.

AANEAA
\Vva
Read Write

(d) CI (pin 43, pin 43)

Differential input terminal of the comparator (peak detector). The

phase of pin 43 and 42 are opposite each other.

VA ANEVAAN

+ \— 2.5V, approx.

2.5V, approx.
(3) Time domain filter
(a) TDCR (pin 40)

Pulse width setting terminal of the filter.

—V‘—V‘-—V—V‘— 1.5V, approx., —m——————

Delay pulse width
Write: 1.5V, approx.

Read Read inhibit: 0.7V, approx.
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(b) RDCR (pin 39)

Pulse width setting terminal for the RD output pulse.

W—V—ZV, approx. -_—————— 2V, approx.

RD pulse width Write & read inhibit

Read

(4) Write circuit

(a) COMO (pin 21), COMl (pin 19)

(b)

(c)

Output terminals of the common driver. Two terminals are equipped
for the side 0 and side 1 heads respectively.
Refer to tables 202 and 203 as to the output voltage at each

operating condition.
EOO0 (pin 24), EO1l (pin 22)

Output terminals of the erase driver which is constructed with open
collector NPN transistors. Two terminals are equipped. While the EG
input terminal is HIGH level, one of the drivers which is selected

by the cs input terminal turns on (becomes LOW).

Refer to Table 203.

WCSO (pin 26), WCS1 (pin 25)

External resistor terminals for setting the write current. Following
shows the circuit diagram of the terminal. By the pull up resistors

for the WCSO and WCS1l, the write current is determined. The current

is calculated by the expression in item 2-2~1-1 (2).
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(d)

(e)

LS] 5Y

vCS 1 R7

wCS 0 R6
w——]  CURRENT > 5y

MIRROR

WT (pin 17, pin 18)

External resistor terminals for the head termination in write operat-

ion. An appropriate value of res

istor is connected externally not

to occur the abnormal overshoot nor undershoot at write operation.

These terminals are also used for

operation.
11V, approx.
WRITE DATA interval
Write
CD (pin 36)

In order to protect the head from

terminal is used to set the delay

the asymmetry adjustment at read

12V, approx.

Read

undesirable magnetization, this

time to keep the write current flow

at a determined direction for 1 through 5us, approx., after the

completion of a write operation (WG turns off).

H
WG

L

cp -———1 ’//——————— 1.5V, approx.

—
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(£) CS (pin 27) --- Schmitt TTL input

Control input terminal having following two functions. Refer to

Table 203.

i) ON/OFF control of write current setting terminal WCS1.

ii) Selection of erase driver output terminals EOO and ECIL.
(g) WD (pin 28) --- Schmitt TTL input
WRITE DATA input terminal from the host controller.

Write Read

SV, approx.

(h) WG (pin 29), EG (pin 30) --- Schmitt TTL input

Control input terminals for write permit (WG) and erase permit (EG)

from the control circuit in the FDD. Refer to Tables 202 and 203.

(5) Others
(a) SI (pin 31) =--- Schmitt TTL input

Input terminal for controlling the side selection from the control
circuit. The terminal functions as the selector for common driver
outputs COMO/COMl and for head switch matrix of RWOO,0l/RW 10,11

terminals. Refer to Table 203.
(b) LVS (pin 32) --- Open collector TTL output

LVS signal output terminal to the control circuit of the FDD. Refer

to item 2-2-1-4.
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(c)

(e)

(£)

(g)

OINV (pin 35), DS (pin 34) --- TTL input

Control input terminal of RD output.

RD (pin 33) --- Totempole TTL output

Read data pulse output terminal to the control circuit.

The output is controlled by OINV and DS input signals as shown in
Table 203. In this FDD, both of the OINV and DS inputs are fixed
to LOW level and negative pulses are output at this terminal. Refer
to Fig.204.

AGND (pin 16), EGND (pin 23), and DGND (pin 38)

OV power terminals mainly for the following circuits in the LSI.
AGND: Analog operation circuits such as pre-amplifier.

EGND: Erase driver.

DGND: Digital operation circuits such as write control logic.
AVGG (pin 8), DVGG (pin 41), LVGG (pin 37)

+5V power terminals mainly for the following circuits in the LSI.
AVGG: Analog operation circuits such as pre-amplifier.

DVGG: Digital operation circuits such as write control logic.
LVGG: Low voltage sensor (LVSl)

EVCC (pin 20)

+12V power terminal for common driver.
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LV: Low voltage

(Table 203) Read write LSI control table
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Inputs Outputs Write
WG | EG | S1 | CS | Ds |oINv{ LvS|como{coMl| EOO[ EOL| RD | current
R L L H - L H R o} Z Z o]
z L L) ]| - ] w] o} R|] 2} 2| ~ 0
d L L - - L H A zZ zZ 0
L L H - - H H R 0 Z Z PAL 0
L L L - - H H 0 R Z Z P ; 0
Wil H L H H - - H | Hi 0 Z Z F| WCS 0
el sl alal -0 - alm] of of 2] 0
tf H H H H - - H | Hi 0 0 Z F WCS 0
j sl vl o] w] -] -l 8] ofni| z] 2] r| wcs
E|{ L H L H - - H 0 | Hi 0 Z F | 0
: H| #| »| =H - - 85| o m 0 z| Pl wcs o
sf H L H L - - H | Hi 0 4 z F | WCS 0+1
l o] s] wafl ] -] -] 8l ] of 2] of ¢ 0
H H H L - - H | Hi 0 Z 0 F | WCS 0+1
H L L L - - H 0 | Hi Z Z F | WCS 0+1
L H L L - - H 0 | Hi Z 0 F 0
H H L L - - H 0] mi Z 0 F | WCS 0+1
w| - -] -] -] -1 - el o] o 2] = zL 0
Logic level O (LOW) R: COM voltage, 2.7V, approx.
H: Logic level 1 (HIGH) P: Positive pulse
» Z: High impedance (OPEN) N: Negative pulse
Hi: COM voltage, 11.5V, approx. F: FALSE (No pulse output)



2-2-2. Control Circuit

The control circuit consists of strap circuit, front LED control circuit,
head load control circuit, write/erase control circuit, motor-on gate,
ready detector, stepping motor control circuit, track counter, RD/INDEX

gate, interface driver, etc.
Almost all the circuits except for strap circuit and stepping motor

driver are enclosed in the control LSI (bipolar LSI, Ul).

Fig.207 shows the block diagram.
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2-2-2-1. Strap circuit

In order to select the various function by users, several strap posts
are equipped. Refer to the Specification items 1-11 and 1-12 as to
the details of strap function.

Some models have not strap posts. These models have soldered jumping
wires instead of the strap posts, and the function is fixed. (Refer

to the wversion table in the schematic diagram).
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2-2-2-2. Front LED control circuit

The circuit consists of LED gate and LED driver. They are enclosed in

the control LSI, Ul.

DRIVE SELECT (DSEL) and IN USE (fﬁ)signals via strap circuit are input
to the LED gate. According to the function selected by UO/Ul/IR straps.
these input signals are gated to output as the DLED signal through the

LED driver. While the DLED signal is LOW level, the front LED turns on.

Strap setting Ul input LED turn-on condition

U0 | Ul | IL Uo| ul| IL | (DLED: LOW)
IU(L) + DSELI(L)

OFF ON | OFF

TU(L)
IU(L) + DSEL(L) * RDYO(L)

ON | OFF |OFF

ON ON | OFF

OFF ON ON IUL + DSEL(L)

ON | OFF ON I0L

cleo(xmje |0 |m=m
[l I~ 2 B B T e+ O )
el )@mpm | m

ON ON ON IUL + DSEL(L) * RDYO(L)

Notes 1. RDYO: Output signal from ready detector in Ul. LOW in ready.
IU: IN USE input signal LOW.
IUL: Internal signal of LSI. Latched signal of IN USE by
leading edge of DRIVE SELECT.

2. TU and IUL conditions are effective only when the IU strap
is on-state.

(Table 204) Front LED turn-on condition
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2-2-2-3. Head load control circuit

(1)

(2)

(3)

The circuits consists of head load gate, overdrive timer 1, solenoid

driver, and overdrive circuit 1.
Head load gate

DRIVE SELECT (DSEL) and HEAD LOAD (THL)} signals via strap circuit are
input to the head load gate in the control LSI, Ul. According to the
selected function designated by HL/HS straps, these input signals are
gated to output as the HLC signal to the solenoid driver U3 (pin 3-14).
While the HLC signal is HIGH level, the head load solenoid is activated.

Strap setting Ul input Head load solenoid turn-on
condition (HLC: HIGH)

HL HS IHL HM
OFF OFF L H PRDY
OFF ON L L PRDY * DSEL(L)

ON ON L/H L PRDY * DSEL(L) =* IHL(L)

Notes PRDY: Ready + Pre-ready
Pre-ready: Internal signal of LSI. It goes to TRUE 50msec
before the ready state. Refer to item 2-2-2-6.

(Table 205) Head load solenoid turn-on condition

Solenoid driver

The HLC signal from the control LSI is supplied to the driver IC, U3.

Refer to Fig.208 as to the construction of U3.

Overdrive timer 1

The HLC signal is also supplied to the overdrive timer 1 in the control

LSI. The overdrive timer is constructed with a retriggerable counter.
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(Fig.208) Construction of driver IC, U3

For the initial 24msec of the solenoid activation, it maintains the HOD

output at HIGH level.
(4) Overdrive circuit 1

The HOD output signal is supplied to the overdrive circuit 1 constructed
by transistors Q2 (NPN) and Q1 (PNP) and it makes Ql turn on while the
HOD signal is HIGH level. +12V power is applied to the solenoid at that
time to execute the drawing-in action of the solenoid securely.

After the overdrive period, the solenoid maintains its situation with

+5V power through the diode CRl to save the power.
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HLC signal

HOD signal

Applied voltage
to solenoid coil

-

—_[—————————llv,approx.

24ms
approx.

—Overdrive period

] 4V,approx.

(Fig.209) Overdrive timing of head load solenoid
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2-2~2-4. Write/erase control circuit

The circuit consists of write/erase gate and erase timer. Most of the

parts of the circuit are enclosed in the control LSI, UL.

(1) Write/erase gate

The gate judges whether new data can be written on an installed disk.
If it can be, the circuit supplies the WG signal for the read write
LSI and erase timer.

The WG signal goes to TRUE in the following condition.
WG(H)= DSEL(L) * IWG(L) * FPT(L)

Notes WG: Write operation at HIGH.
DSEL: DRIVE SELECT input signal LOW.
IWG: WRITE GATE input signal LOW.
FPT: File protect sensor output (FPT input of LSI) LOW.
The same as that the file protect sensor detects the write
enable notch (light passing condition) of a disk which is
equivalent to that the WPO (WRITE PROTECT) output signal

is HIGH (write-enable condition).
(2) Erase timer

The circuit to make the WG signal delay from the write/erase gate as in
Fig.205 to output the EG signal for the read write LSI. Refer to item
2-2-1-3.

Various delay time can be set by HDS, HO, Hl, and SS input terminals

of the control LSI. By these input terminals, the output of HD and SPED
terminals are also set which executes the selection of the FDD function.
The setting of this FDD, however, is fixed as shown in the following

Table.

- 231 -



FDD model Ul input UL output Erase delay

HDS HO | 'H1 Ss HD | SPED| On-delay Of f-delay

B,F models L L L L L H 250v267us | 916"v935us
(300rpm)
G model H H L H H L 208217us | 558v567us

(360rpm)

Notes: 1. The figure in the above Table is the calculated value
excluding the oscillator tolerance and propagation delay.

2. HO and SS input terminals are connected to HD output.
HD output state is determined by HDS input signals.

(Table 206) Erase delay control table
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2-2-2-5. Motor-on gate

The circuit, receiving a spindle motor-on command from the host
controller, supply the MC (motor control) signal to the spindle motor
servo circuit. The circuit consists of OR-gate, 133us delay circuit

and auto~turn circuit which are enclosed in the control LSI, Ul.

A motor-on command input to the MONO or MONIL terminal is supplied to
133us delay circuit via the OR-gate to be delayed for 133 ~ 267us.
The delay circuit eliminates the noises mixed onto the interface line
and protects the control circuit from erroneous operation.

The MC signal goes to TRUE in the following conditions.
MC(H)= (MONO(L) + MON1l(L)) * 133us delay * DISK(H)

Notes MC: Motor rotation at HIGH.
MONO: MOTOR ON input signal LOW.
MON1: DLED is low at ML strap is ON.
(Front bezel indicator is ON).

DISK: Fixed to TRUE (HIGH).

The auto-turn circuit makes the spindie motor rotate automatically at
a disk insertion to improve the chucking accuracy. The circuit is set
by an information of disk insertion from the file protect sensor, and
is reset by a detection of ready state or by a detection of more than
8.7 seconds, passing after the IDXS input terminal keeping TRUE (LOW) .
Even though the FDD goes to the ready state by a command from this
circuit, the RDYO output signal in item 2-2-2-6 maintains FALSE (HIGH

level) .
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2-2-2-6. Ready detector

Ready detector consists of 80% speed detector, internal ready latch, MON
delay circuit which are enclosed in the control LSI, Ul. 1In the block

diagram, these circuits are shown as one block of ready detector.

The MC signal for controlling the spindle motor is input to the ready
detector which enables the operation of all the above three circuits.
As the motor speed increased, the 80% speed detector operates first, and
then internal ready latch is set when the index (IDXS) pulse interval
becomes less than 250msec, approx. (i.e. disk speed reaches more than
80% of 300rpm).

On the other hand, the MON delay circuit generates MON delay 1l signal
(443 n 46lmsec delay) after the level change of the MC signal to TRUE
(HIGH). When the outputs of the MON delay 1 and the internal ready
latch are coincident with each other, FDD goes to the pre-ready state
and then it reaches to the ready state after further 49 Vv Slmsec delay

(MON delay 2). The sum of the delay time is 492 v 512ms.

1f DSEL input signal is TRUE after the FDD reaches to the ready state,
the RDYO signal (which indicates that the FDD is in read/write ready
state) is output from the FDD. Fig.210 shows the timing chart of the
ready detector. The §5?6'signal goes to TRUE (LOW) in the following

condition.

RDYO(L) = {MC(H) * 80% speed * MON delay 1} * MON delay 2 * DSEL(L)

— —

Pre-;eady
Notes RDYO: Ready at LOW.
MC: Motor rotates at HIGH.
80% speed: Disk rotational speed is more than 80%, approx. of
300rpm.
MON delay 1: Internal signal of LSI. 443 " 46lms after an input

of motor-on command.
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MON delay 2: Internal signal of LSI.

ready state.

DSEL: DRIVE SELECT input signal LOW

MC (Motor-on command)

Disk rotation speed

IDXS (Ul-2)
(Index detection)

80% speed detection

Ready latch in Ul

MON delay 1 in Ul

Pre-ready in Ul

Ready state in Ul

DSEL input (Ul1-53)

RDYO output (Ul-44)

IDXO output (Ul-54)

49 N Slmsec after the pre-

400ms ,Max. o

Constant speed

~//j

360rpm:166.7ms
300rpm: 200ms _ tl

—

mE,

I —

256ms, Max.

- )

443V461ms

[

Pre-ready

MON delay 2 (49V51msS) —fw—a|

I Ready

510ms,Ave.
800ms,Max.

.

1

Motor on

Notes 300rpm: B and F models

'

b= Head load enable
(with HL solenoid model)

360rpm: G model

(Fig.210) Ready detector waveforms
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All the three circuits of ready detector are reset by the MC signal

goint to FALSE (LOW level).
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2-2-2~7. Stepping motor control circuit

(1)

(2)

Stepping motor control circuit consists of direction latch, internal
step generator, shift register, phase drive selector, overdrive timer 2,
motor driver, and overdrive circuit 2.

All the above circuits except for the motor driver and overdrive circuit
2 are enclosed in the control LSI. Ul. In the block diagram, all the
enclosed circuit in the control LSI except for the overdrive timer 2

are shown as one block of the stepper control circuicz.

Direction latch

At every input of the STEP (ISTP) pulse from the host controller, the
direction latch samples and holds the head seek direction designated
by the DIRECTION SELECT (IDIR) signal. The latched output is supplied
to the bi-directional shift register and changes the activating order

of the stepping motor coil as shown in Fig.21l.
Internal step generator

The circuit has following purposes.

(a) The circuit generates an internal step pulse 3msec later from the

STEP (ISTP) input pulse. This function is executed only when the

signal level at the TDS terminal is LOW (48tpi mode) and the stepping
motor rotates for two step space (3.6°) in response to one STEP pulse.
When the TDS is HIGH (96tpi mode), the stepping motor rotates for one

step space in response to one STEP pulse.

(b) The circuit generates internal step pulses for auto-recalibration at

every 3msec. The auto-recalibration starts when the LVS signal from
the read write LSI is changed from LOW to HIGH after power-on and it
continues until the track 00 position is detected.

During the execution of the auto-recalibration, the FDD maintains
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(4)

(5)

Not-ready state (RDYO output HIGH) and the STEP (ISTP) pulse input from

the host controller is ignored.
Shift register and phase drive selector

Step pulse and the output of the direction latch are supplied to the
shift register and the phase drive selector to be converted to the
appropriate timing signals for uni-polar l-phase drive of the 4-phase
stepping motor. These phase drive signals are output from the control
LSI and supplied to the coil driver.

In order to improve the torque margin in the seek operation, partial
2-phase drive period is provided by the phase drive selector only in
the initial stage when the drive phase is changed. Refer to Fig.2ll

for timing chart.

Motor driver

Four outputs, PA, PB, PNA and PNB from the control LSI, Ul are input to

the motor driver IC, U3. Refer to Fig.208 as to the construction of U3.

Overdrive timer 2

External and internal step pulses are also supplied to the overdrive
timer 2 in the LSI. The overdrive timer 2 is constructed with a
retriggerable counter. During on-state of the timer (24msec, approx.},

SOD output from the LSI goes to HIGH level. Refer to Fig.212.
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DIRECTION SELECT (J1-18,IDIR)

Step-out l

Step-in

=

+

STEP (J1-20,ISTP)

/I

T

Direction latch in Ul

96tpi:

1
n

Internal step gen.

L

I

A

1 |

24ms,approx.

—

SOD(Overdrive timer 2)
output

Coil driver input

Overdrive operation

PA "
4
PB 1 vy, 7
PNA 9 .
PNB 7 7 "
t2 t2
48tpi: | Internal step 4dms ,approx
r' delay (3ms,approx.)
Internal step gen.in Ul I [ ! | I l I ™

SOD(Overdrive timer 2)
output

Coil driver input
PA

PB

N7 \ R/ A/

14
%’;

PNB

AN |

7

PNB

Z 1%
AU )

tl tl

4

TR

tl: Internal step delay (3msec, approx.)
t2: pPartial 2-phase activating period (0.6ms,approx.)

t2

(Fig.211l) Stepping motor control circuit waveform
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(6)

Final internal step
pulse in Ul ___J1447
SOoD output l

Applied voltage to 11V,approx.
motor coils — L— 4V,approx.

- - —ov

24ms, approx.
Overdrive period '

(Fig.212) Stepping motor overdrive timing

Overdrive circuit 2

The SOD signal is supplied to the overdrive circuit 2 constructed by

U3 (pins 2-15) and PNP transistor Q3 and it makes Q3 turn on while the
SOD signal is HIGH level. +12V power is applied to the stepping motor
coils at that time to execute the seek and settling operations securely
with high torque.

After the completion of the settling, only +5V power is supplied to the
coils through the diode CR2 which minimize the power loss by supplying
only the required torque for holding the stop position. By the above
design, heat radiation is decreased to the minimum level and the power

consumption of the stepping motor in seek stop is only 0.25W, approx.
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2-2-2-8. Track counter

Track counter memorizes the track position and outputs track switch
(SFO, SF1) signals for the read write circuit. It also outputs TGO
(TRACK 00) signal to the host controller. All the circuits are enclosed
in the control LSI, UL.

The output signal from the track 00 sensor (TP3) is supplied to the TOS
terminal of the LSI and is output as the TOO signal through the gate and
latch circuit in the track counter. The TOO signal goes to TRUE in the

following condition.
TOO(L)= TOS(H) * Step out * PA(H) * DSEL(L)

Notes TO00: Track 00 detected at LOW.
TOS: Track 00 sensor output at TP3 (TOS input of LSI) is HIGH.
Track 00 sensor detects the light disturbing wing of the
head carriage (track 00 position).
Step out: Direction latch output is step-out direction.
PA: PA output from stepping motor control circuit is HIGH.
Phase A coil of the motor is energized.

DSEL: DRIVE SELECT input signal LOW.

When the Eaa-signal goes to TRUE (LOW), the track counters constructed
from up-down counters are reset. When a step~in operation is executed,
the counter steps up and the SFO/SFL outputs change to HIGH at 44th
track for 96tpi models (22th track for 48tpi model). Refer to item

2-2-1-1 as to the function of the SFO and SFl signals.

FDD models TDS input SFO and SF1 output signals
terminal

B (48tpi) L LOW at Tr.00nv21, HIGH at TR.22Vv39

F,G (96tpi) H LOW at Tr.00%v43, HIGH at TR.44Vv79

(Table 207) SFO and SFl output signals
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2-2-2-9. RD/INDEX gate

READ DATA (RDO) and INDEX (IDXO) pulses are output to the host controller
through the RD/INDEX gate which is enclosed in the control LSI, Ul. The
RD/INDEX gate changes its function according to the MKEN input level.

In this FDD, the MKEN terminal is fixed to LOW level and the gate

functions as follows.

RDO(L) = RDI(L) * RDYO(L) * DSEL(L)
IDXO(L) = IDXS(L) * RDYO(L) * DSEL(L)

Notes RDO: Negative READ DATA pulse output to the host controller.
RDIL: Negative RD input from the read/write LSI.
RDYO: RDYO output signal LOW. FDD is in ready state.
DSEL: DRIVE SELECT input signal LOW.
IDX0: Negative INDEX pulse output to the host controller.

IDXS: Negative pulse input from the index sensor.

All the INDEX (fﬁia)output pulses are valid even if the first one by
means of index latch circuit in the LSI in spite of the DRIVE SELECT
input timing. For example, if the FDD is selected in the midst of an
IDXS (index sensor output) pulse, the pulse will not be output to the
host controller. The pulse will be output after one revolution of a

disk.
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2-2-2~10. Door-close circuit

Door-close circuit is optionally used in some special models with the
door-close detection switch. The circuit is enclosed in the control
LSI, Ul and it generates DOOR CLOSE or DRIVE STATUS signal using
bCl/Dez output terminals and DCS/DCSW input terminals of the LSI. Refer
to the Specification and Schematic diagram as to the detailed condition

including the DCl Vv DC4 straps.

In standard models without door-close switch, DCl, DC2, and DCSW

terminals of the LSI are open and the door-close circuit is not utilized.
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2-2-2-11. Other terminals and function of control LSI
Following explains other terminals and function of the control LSI, Ul.
(1) 0SCO/0SCl terminals and clock generator

It supplies clocks for operation to all the circuits in the LSI by

external ceramic oscillator.
(2) LVS input terminal

LVS signal input terminal from the read write LSI, U2.

When it is LOW, all the circuits in the control LSI are reset.
(3) SSI input and SSO output terminals

Terminals to select the disk side used.
The SSO output signal keeps LOW level while the SSI (SIDE ONE SELECT)
input signal is LOW which makes the ST input of the read write LSI LOW

to set the FDD to side 1 operating condition.

However, while the WG or EG output signal from the control LSI keeps

HIGH level (write or erase operating condition), the S0 output signal
does not change the state in spite of the ssT input signal and therefore,
the change of side O < side 1 is not executed to complete the tunnel
erase operation (refer to item 2-2-1-3). The side-change will be done
after the WG and EG signals return to LOW (read state) by the side select
latch in the control LSI.

The above delay operation is not executed only when the leading edge of
the IDXO (INDEX) pulse is detected during the formatting of a disk, and
the SSI input state is informed to the S50 output without significant

delay time.
{4) DINV and DLEN input terminals
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(5)

(6)

(7)

(8)

Terminals to select the designation method for high/normal density mode.
These terminals are not used for this FDD and they are fixed to HIGH
level.

WPO ocutput terminal

Terminal to output the WRITE PROTECT (WPO) signal to the host controller.
The WPO output goes to LOW when the FPT signal from the file protect
sensor is LOW and when the DRIVE SELECT (DSEL) input signal is TRUE
(LOW) .

HD output terminal

Invert output terminal of the HD output. This terminal is not used for

this FDD.

TEST input terminal

This terminal is not used for this FDD.
VCC and GND terminal

+5V and OV power terminals.
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2-2-3.

Servo Circuit

The DD motor Ass'y (spindle motor) of this FDD has two rotational speeds
which are 300rpm for B and F models and 360rpm for G model. The speed
is designated by HSPD input signal (J7-5) from the PCBA MFD control.
Wwhen the HSPD is HIGH, the speed is 300rpm while it is 360rpm when the
HSPD is LOW. Start/stop of the rotation is controlled by the MC signal

supplied through the motor-on gate in the control LSI.

The servo circuit aims to maintain the rotational speed of the spindle
motor at a determined constant speed, and the circuit is mounted on the
PCBA assembled with the spindle motor.

The spindle motor is a long life DC brushless motor having 3-phase coils
and bi-polar drive system. The coils are driven by the exclusive servo
IC. Energization and magnetized direction of the coils are controlled
by the signal from the hall elements mounted on the servo PCBA around
the rotor so that they are changed corresponding to the designated
rotational direction.

The rotational speed is maintained stably and precisely. The feedback
signal from the frequency generator (FG) printed around the rotor is
converted into the drive voltage (F~V conversion) by servo IC, and

supplied to the drive coils through the phase compensation circuit
Several manufacturers' spindle motors are used in FD-55R series for the

stable supply of the motor. Though these motors are the same in

function and performance, they are different in external view.
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2-3. FUNCTION OF TEST POINTS AND VARIABLE RESISTORS

Following shows the mounting position of the test points and variable

resistors.

Rl for asymmetry adjustment

TP1l: Index

TP2: Erase gate
TP3: Track 00

TP4: Pre-amp.

TP5: Pre-amp.

TP6: DC OV

TP7: Differentiator
TP8: Differentiator
Track 00 sensor

PCBA MFD control

o [

Zf, . Signal interface card edge
PCBA version

PCBA revision |Dip side

PCB issue

(Fig.213) Location of test points and variable resistors
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Function of Test Points

Eight test points (one for DC 0V) are equipped on the PCBA MFD control

for the check and adjustment of the waveforms of the FDD.

TPl (Index)

Test point to observe the output of the index sensor (photo-transistor).
When the index hole is detected, negative going pulse is observed.

The photo-transistor is mounted on the PCBA front OPT and the LED is

mounted on the DD motor Ass'y (spindle motor).

TPl is used for the following purposes.

(a) Confirmation of the disk rotational speed.

(b) Rough confirmation and adjustment of the index burst detection timing.

Burst timing is adjusted by the fixing screws of the PCBA front OPT.

(Use INDEX interface signal for precise confirmation and adjustment).

TPl (Index) I

Index
interval Pulse width

(Fig.214) Typical waveform of TPl (Speed observation)

TPl (Index) [

TP4 or 5 j
(Pre-amp. output)

' Index burst delay

(Fig.215) Typical waveform of TPl
(Rough observation of burst timing)
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Items Models
B and F models G model
Index interval 200 * 3ms 166.7 * 2.5ms
Pulse width 2 % 5.5ms 1 ~ 8ms
Index burst delay 200 * 200us 165 * 165us

(Table 208) Index timing

(2) TP2 (Erase gate)

Test point to observe

the output of the erase gate.

When TP2 is HIGH level, erase current flows through the erase head.

This TP is used for the check of the required delay time of the erase

gate signal against the WRITE GATE (WG) signal.

WRITE GATE input signal

TP2 (Erase gate)

On-delay Off-delay

[ ———

(Fig.216) Typical waveform of TP2
Models
Delay B and F models G model
On-delay 240 ~ 290us 200 ~ 240us
Off-delay 890 v 990us 530 v 590us
(Table 209) Erase gate delay

(3) TP3 (Track 00 sensor)

Test point to observe

interrupter).

the output of the track 00 sensor (photo-
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The signal level at this TP is opposite in phase to that of the TRACK 00
(T00) output signal. When the head is on track 00 or around track 00
position, TP3 goes to HIGH level.

The voltage of TP3 should be more than 4V at track 00 and less than 0.5V

at track 04 (96tpi) or at track 02 (48tpi).

V//——“——————‘4.OV, Min.
TP3 (Track 00 sensor) //}

0.5V, Max.

Track 04 (96tpi) —=——t +———= Track 00
Track 02 (48tpi)

(Fig.217) Typical waveform of TP3

Notes: 1. The TRACK 00 output signal goes to TRUE (LOW level) only when
the phase A (PA) coil of the stepping motor is energized and
the direction latch is set to the step-out directicn.
Therefore, the level change timing of the TRACK 00 signal is

not consistent with that of the TP3 signal.

2. Sense timing of the track 00 position will change if you loosen
the fixing screws of the PCBA MFD control. This is because that
the track 00 sensor is mounted on the PCBA. Be sure to readjust

the track 00 sensor timing according to item 3-4-14.

(4) TP4, TPS5 (Pre-amplifier)

Test point to observe the read pre-amplifier output signals.

The pre-amplifier has two outputs of the order of several dozen to
several hundred mVp-p, and they differ in phase by 180° (opposite phase).
Both outputs are observed at TP4 and TP5 respectively. For an accurate
observation of the read waveforms, use two channels of an oscilloscope
with one channel set to Invert mode and Add both channels. Use TP6 (0V)

test point for the oscilloscope ground.
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(5)

(6)

TP4 and TPS are used for checking various characteristics of the read/
write head and also for the check and adjustment of the head seek

mechanism such as track alignment.

4, 5 N\ PANYA YA 2,57, approx
D VA AR VA

(Pre-amp.)

kFig.ZlS) Typical waveform of TP4 and TP5

TP7, TP8 (Differentiation amplifier)

Test points to observe the differentiation amplifier output signals.
Like the pre-amplifier, the differentiation amplifier also has two
outputs of the order of several hundred mVp-p to several Vp-p which
differ in phase by 180°. Both outputs are observed at TP7 and TP8
respectively.

For an accurate observation of the waveforms, use two channels of the
oscilloscope with one channel set to Invert mode and Add both channels.

Use TP6 (0V) test point for the oscilloscope ground.
TP7 and TP8 are used for checking the total operation of the read/write

head and the read amplifier and for the check and adjustment of the head

seek mechanism such as track alignment.

TP7, TP8 2.5v,
(Differentiator) approx.

(Fig.219) Typical waveform of TP7 and TP8
TP6 (0V)
It is used as the ground terminal for measurement equipment. Be sure
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to use a small size clip to obtain a probe ground of the equipment.
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2-3-2.

(1)

Function of Variable Resistor

This item is applied only for a model with variable resistor on the
PCBA MFD control.
The variable resistor is correctly adjusted before the shipment of the

FDD and fundamentally it shall not be readjusted except for by a trained

technician.
Rl (for asymmetry adjustment)

Variable resistor for adjusting the asymmetry of the read data pulse.

Write and read 1F data and observe the pulse intervals at the READ DATA
output line. Then adjust the variable resistor so that the read data
asymmetry takes the minimum value in Fig.220. Repeat each adjustment

alternately for side 0 and side 1 heads to obtain the minimum asymmetry

for both sides. Refer to item 3-4-9.

1 2 3

READ DATA I 1 L

Asymmetry O
1F interval

1 2 3

U LI

Asymmetry at adjustment
B,F models: 0.6us,Max.
G model: 0.3us,Max.

Trigger

Note: When the READ DATA waveform is observed at the DOUT terminal
of the SKA, positive going pulse is observed.

(Fig.220) Read data asymmetry
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4-1. CONFIGURATION

Following shows the configuration of the main parts of FD-55R series.

(Refer to Fig.401 ~ Fig.404). Refer to items 4-2 and 4-3 as to detailed

break-down.

FD-55R—

—Transport

— Frame

DD motor Ass'y (Spindle motor)
l—Stepping motor Ass'y

Set arm Ass'y ——————Collet Ass'y

—~Holder Ass'y—ELevet shaft Ass'y
Clamp arm Ass'y

F—CSS sub Ass'y

I—Front bezel Ass'y

L—Front lever Ass'y

—Head carriage Ass'y—[ﬂead carriage Ass'y (main structure)

Small parts

F—PCBA MFD control #N

‘—PCBA front OPT #N

(Table 401) Main parts configuration of FD-55R series
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File protect sensor

PCBA fixing screws

J4 (Head)
card edge)

PCBA front OPT #N
CSS sub Ass'y
J5(PCBA front OPT)

Index sensor

Collet Ass'y
Frame
Set arm sub Ass'y

Front bezel Ass'y

(Fig.401) External view (No.l)
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Spindle (DD motor Ass'y)

Indéex sensor (LED)

DD motor Ass'y
fixing screws

Lever shaft

Ass'y

Head carriage Ass'y

Stepping motor Ass'y

(Fig.402) External view (No.2)
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Track 00 sensor

Head carriage Ass'y
fixing screws

6 (Stepping motor)

DD motor Ass'y

screws |

J7(Spindle motor)
PCBA fixing screws

Front bezel fixing

PCBA MFD control #N

(Fig.403) External view (No.3)
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Name plate

il

Parts number of the FDD

(Fig.404) External view (No.4)
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4-2. MECHANICAL BREAK-DOWN AND PARTS LIST

4-2-1. FDD

(Fig.405) Mechanical section break-down

- 406 -



Nos. | Parts Nos. Parts nase and ratings Q’ty Description
1 | 16153377 - 00 | Frame 1
2 | 14733730 - 70 | DD motor Ass’y 1
3 | 17967259 - 60 | Set arm sub Ass’y 1
4 | 16786397 -03 | Disk pad 1
5 | 16787624 - 00 | Pressure pad 1
8 | 16787540 - 00 | Touch pad 1
7 | 16787076 - 06 | Pad disk 1 For adjustment
8 | 16787944 - 00 | Pad 1 For adjustment
9 | 17967272-00 | Collet Ass’y 1
10 | 16385289 - 00 | Pressure spring B 1
13 | 16303479 - 00 | Holder 1
14 | 18787501 - 00 | Holder cushion 1
15 | 16787500 - 00 | Bush 2
16 | 17967258 - 00 | Lever shaft Ass’y 1
17 | 16389066 ~ 00 | Lever spring 1
18 | 16766856 - 50 | Clamp arm 1
21 | 17967308 - 00 | CSS Sub Ass’y 1
23 | 17967603 - 00 | Head carriage Ass’y BR 1
24 | 16392009 - 00 | Spring guide A 1
25 | 16382045-00 | Spring guide B 1
28 | 16496492 - 00 | Plate washer 1
27 | 14769070 - 80 | Stepping wotor Ass’y 1
14769070 - 60 | Stepping motor Ass’y 1 | Second source
29 | 15532097 - 02 { PCBA MFD control #N 1
30 | 15532091 - 00 | PCBA front OPT #N 1
31 | 17967267 - 68 | Front bezel Ass’y 1
32 [ 17967281 - 68 | Front -lever Ass’y 1

(Table 402) Parts list of the
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Note: Head carriage Ass'y can be broken-~down to the parts level shown in
Table 402-C. However, order the maintenance parts as an parts number
in Table 402 including small parts. This is because that the head
carriage and two guide shafts are supplied in a pair for the matched
hole combination. Two guide shafts are placed into the carriage holes
at the shipment and the shafts are selected for each hole. Be

sure not to ignore the combiantion when you use them.
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Nos. | Parts Nos. Parts name Q’ty Description
232 | 17967584 - 00 | Head carriage Ass'y (Main structure) 1
23b | 16766577 - XX | Guide shaft 2
23c | 16792349-00 | Steel belt 1
23d | 16392054 -00 | Belt spring 1
23e | 10902256 -00 | Shipping box 1

(Table 402-C) Parts list of head carriage Ass'y BR
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4-2-2. Screws and Washers

Nos. | Parts Nos. Parts nase and ratings Description

S 1} 16400304 Screw,pan 3s4 S ZMC

S 2 [ 16400305 Screw,pan 355 S 20C

S 3] 16400308 Screw,pan 3s6 S 2MC

S 5| 186470308 Screw,pan,sess Jx8 S ZMC

S 7] 16498839 Screw,pan,flat 338 S 7MC

S 8] 16475308 Screw,pan,flat 3:8 S ZMC

S 9| 16499237 - 00 | Screw,pan, three pieces 358 S ZMC

S 11 | 18351140 E-ring 3J

S 12 | 16351160 E-ring 4J

S 13| 16496060 - 00 | Mylar washer 0.1T=4. 128 For adjustment
16496061 - 00 | My lar washer 0.2T=4. 128 For adjustment
16496061 - 01 | Mylar washer 0.25Tx4.1s8 For adjustment
16496618 - 00 | Nylon washer 0.3T=4.1s8 For adjustment
184868062 - 00 | Mylar washer 0.35T=4.1s8 For adjustment
16496618 - 01 | Nylon washer 0.4Ts4.138 For adjustment

(Table 403) Parts list of screws & washers
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4-3. PCBA PARTS LIST

Following shows the parts list of PCBAs.

Notes
1.

for Table:

"REV" (PCBA Revision No.) in the Description column indicates that
the parts has been revised in the past. The revision number is
indicated on the PCB in one or two alphabets following the PCBA
version number. The earlier the character in the alphabets is,

the older the revision of the assembly.

The newest assembly parts have "~" mark after. the "REV".

Parts with old revision number are used only in that revision.
In Tables having plural PCBA versions, parts with PCBA version in

the Description column are exclusive parts for the version, while

parts without PCBA version are common parts.
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4-3-1. PCBA MFD Control #N (P/N 15532097-02)

Nos. Parts Nos. Parts name and ratings Description
U 1] 13442777-01 1C  IR4NOSA
U 2] 13442429-00 IC  BABS81CK
U 3} 13428129 Transistor array M54534P
Q 3| 13421244 Transistor 2SA881Q, R
PQ 1| 13419352 Photo-interrupter GP1S55
13419323 Photo-interrupter TLP809 Second source
CR 2| 13411388 Diode 1SS138
CR 3| 13040377 Juwper wire JP¥-01
CR 4 | 13040377 Jumper wire JPW-01
CR 5| 13040377 Jumper wire JP¥-01
CRAL | 13411398 Diode pair (X) 1SS233F
13411408 - Diode pair (K) MC321 Second source
RA 1| 13498981 Resistor array 8-1K ohms ]
RA 2| 13498288-00 Resistor array T-9288

(Table 404) PCBA MFD control #N parts list (1/5)
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Nos. Parts Nos. Parts name and ratings Description

RA 3| 13489136-00 Resistor array T-9186

R 3] 11186183 Resistor RD 1/5% 18K ohws J

R 5| 11186183 Resistor RD 1./5W 18K ohms J

R 6| 11982968 Resistor RN 1/4W 2.80K ohms F

R 8| 11186222 Resistor RD 1/5% 2.2K ohms |

R 9| 11090121 Resistor RN 1% 120 ohms J
11985065 Resistor RN 1W 120 ohes J Second source

R 10 | 11186223 Resistor RD 1/5W 22K ohss J

R 12} 11186472 Resistor RD 1/50 4.7K ohms

R 13| 11188159 Resistor RD 1/5W 1.5 ohms J

R 14| 11186151 Resistor RD 1/5W 150 ohes J

R 15| 11186151 Resistor RD 1/5W 150 ohms J

R 18| 11186223 Resistor RD 1/5W 22X ohms J

R 17| 11186223 Resistor RD 1./58 22K ohss J

R 18] 11186391 Resistor RD 1./5W@ 390 ohms J

R 19| 11882848 Resistor RN 1/4% 165 ohes F

R 20| 11186222 Resistor RD 1/58 2.2X ohss ]

R 21| 11170101 Resistor RD 1./2W 100 ohes J

R 22| 11170101 Resistor RD 1,/2W 100 ohms J

R 23| 11186563 Resistor RD 1/5W 58K ohss J

(Table 404) PCBA MFD control #N parts list (2/5)
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Nos Parts Nos. Parts name and ratings Description
R 25| 13040377 Jumper wire JP9-01

C 2| 12907080 Capacitor CE 25V 33uF M

C 4| 12907078 Capacitor CE 10V 100uF M
C 5| 12907113 Capacitor CC 25V 0.022uF Z
C 8| 12907053 Capacitor CE 10V 22uF M

C 7| 12907113 Capacitor CC 25V 0.022uF 7
C 9| 12907096 Capacitor CC 50V 470PF ]

C 10| 12907098 Capacitor CC S0V 4T0PF

C 11 ] 12907648 Capacitor CC 12V 0.1u4F M
C 12 ] 12907104 Capacitor CC 16Y 2200PF X
C 13| 12907648 Capacitor CC 12V O0.1uF M
C 14| 12907104 Capacitor CC 16Y 2200PF K
C 15| 12907104 Capacitor CC 16Y 2200PF K
C 18 | 12467222 Capacitor CQ S0V 2200PF G
C 18| 12467152 Capacitor CQ 50V 1500PF G
C 19 ] 12907081 Capacitor CE 50V 0.22uF W
C 20| 12907113 Capacitor CC 26V 0.022uF Z
C 21| 12907113 Capacitor CC 25V 0.022u4F Z

(Table 404) PCBA

MFD control #N parts list (3/5)
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Nos Parts Nos. Parts name and ratings Description
C 22| 12907113 Capacitor CC 25V 0.022uF Z
C 23| 12907081 Capacitor CC 50V 180PF J

C 24 | 12907088 Capacitor CC 50V 100PF ]

C 25| 12467101 Capacitor CQ 50V 100PF G

C 28 | 12906659 Capacitor CE S0Y B.8uF V
C 29| 12906659 Capacitor CE 50V B8.8uF Vv
C 30 ) 12907113 Capacitor CC 25V 0.02uF Z
C 31| 12907113 Capacitor CC 25V 0.022uF Z
C 32| 12907113 Capacitor CC 25V 0.022uF Z
L 1] 11984508 Resistor 0 ohm

L 2| 11884508 Resistor 0 ohm

L 3| 14723692 Coil chalk 330uH ]

L 4] 14723832 Coil chalk 330uH ]

L 5] 14723892 Coil chalk 330uH ]

Y 1| 13295084-00 Ceramic oscillator KBR-480

J 2| 13121916 Connector 4P

J 4| 13121235 Connector WI2P polarizing

J 5] 13123219 Connector SP

(Table 404) PCBA MFD control #N parts list (4/5)
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Nos. | ° Parts Nos. Parts name and ratings Description
J 6] 13121191 Connector 6P
J T 13123267 Connector 5P
u1 11984508 | Resistor 0 ohm
DO, D1 13189406 | 4-Post pins Unreplaceable
ML, RY 13189406 | 4-Post pins
)] 11984508 | Resistor 0 ohm
TP1~TP8 | 13189408 | 8-Post pins Unreplaceable
13122427 Short bar (For shorting the straps)

(Table 404) PCBA MFD control #N parts
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4-3-2. PCBA

Front OPT #N (P/N 15532091-00)

Nos. Parts Nos. Parts name and ratings Description
PQS1 | 13419060 Phot transistor
PQ52 | 13419060 Phot transistor
LEDS!1 | 13419261-00 | Lead-formed LED GL-5HDS RED
RS1 111886151 Resistor RD 1/5W 150 ohms J
13040460 Juwper wire 5 lines T7mm
16787503-00 Index holder (_For PQSI )
16787502-00 | Sensor holder ( For PQ52 )

(Table 405) PCBA Front OPT #N parts list
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4-4. PARTS LOCATION AND SCHEMATIC DIAGRAMS

Notes:

One of three types (Type S, K, and G) of DD motor Ass'y are used for
the FDD. These three types have compatibility with no relation to

revision number.

For Schematic diagram, parts with an asterisk (*) are different in
each PCBA version. Refer to VERSION TABLE.

If the parts with an asterisk (*) are not listed in the corresponding
column of the VERSION TABLE, it means that they are not used in that

PCBA version.

Resistor (R) and resistor array (RA) values are in Ohms, 1/8W or

larger, *5%(J), unless otherwise specified.

Capacitor (C) values are in Microfarads, 50V or higher, +10%(K),

unless otherwise specified.
Tolerance symbols for R, RA, and C are:

F: *1% G: 2% J: t5% K: *10%
V: +20-10% M: *20% Z: +80-20%
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PCBA DD MOTOR SERVO, PARTS LOCATION (Type S)

[N—REVISION
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PCBA DD MOTOR SERVO, PARTS LOCATION (Type K)

REVISION

=
LR 01 —-WR102
-~w-R103,
R104 -
TEAC

®14733730-79

VERSION
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PCBA DD MOTOR SERVO, PARTS LOCATION ( Type G)

VERSION
TYPE
/ /—aswsmn
o;.—oe:.eewr, x . )
¥2020L +ww»-R108 4T C112:3 3
v3 . 104 C108 T
c103' e Ri0T ¥ "“.2$
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PCBA DD MOTOR SERVO, SCHEMATIC (Type S)
o
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PCBA DD MOTOR SERVO, SCHEMATIC (Type K)
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PCBA DD MOTOR SERVO, SCHEMATIC (Type G)

WSFD 5 O
iy
¥ore R102 ”,
c110
v 1o ¥ cr101 10K rmr E;gs
R103 Gi“ 0.1
> 120 I o
=
CR102 2= cos | O A
b 4 22 2o 2 ’_z{zlop T=
cuu S= T~ I 2 c106
v 1O yov ° 2 %'u 2 0. 047
= '
! :Ts

17 18 19 20 21 22 23 24 25 26 27 28 28 30 3 3

Uiod  MS1785SP

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
19 108 3.0

G 0% 7107 3.0
€civs
L G4 R0 3.0
o

€107
1

2 «—

104 2.2K ‘

- 417C -



SPARE PAGE

- 417D -



SPARE PAGE

- 417E -



PCBA MFD CONTROL #N, PARTS LOCATION

% 89-vaosaaar

}Dip side

Revision
PCB Issue

Lvex’ sion
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PCBA FRONT OPT #N, PARTS LOCATION

REVISION
VERSION

X
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TTTI
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SECTION 3
MAINTENANCE



3-1. GENERAL

3-1-1. Periodic Maintenance

The FDD is designed to be free from periodic maintenance for 5 years
such as replacement of parts, grease-up, etc. when it is operated at a
normal operation duty.

However, cleaning of the magnetic head is recommended using a cleaning
disk since it may be effective to improve the reliability of data.

If some of the parts in the FDD are operated at a specially heavy duty,
or if the FDD is operated over 5 years, it is recommended to replace
the wear parts according to Table in item 4-5. Replacement of parts
should be executed according to item 3-5 referring to precautions in

item 3-2.

Periodic maintenance items Recommended cycle Required time

Cleaning of magnetic head Refer to item 3-3. 5 minutes

Replacement of wear parts Refer to items 4-5 and 3-5.

(Table 3101) Periodic maintenance items
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3-1-2. Check

Table 3102 shows all of the check and adjustment items.

not require periodic maintenance.

and Adjustment

These items do

Check and adjustment should be done

when required during replacement of the maintenance parts or during

trouble shooting referring to items 3-2 and 3-4.

The numbered procedure in Table 3102 shows a typical procedure of the

general check and adjustment all over the FDD.

After the mechanical

items of steps 1 Vv 4, electric performance items of steps 5 v 15 should

be done.

Steps Check and adjustment items Required time [Referred items
1 Adjustment of set arm position 3 minutes 3-4-1
2 Check and adjustment of holder 5 minutes 3-4-2

position
3 Check and adjustment of arm lifter 5 minutes 3-4-3
(Model with head load solenoid)
4 Check of CSS Ass'y (CSS model) 3 minutes 3-4-4
5 Check of file protect sensor 3 minutes 3-4-5
6 Check of disk rotational speed 3 minutes 3-4-6
7 Check of erase gate delay 3 minutes 3-4-7
8 Check of head touch 3 minutes 3-4-8
9 Check of asymmetry 3 minutes 3-4-9
10 Check of read level 3 minutes 3-4-10
11 Check of resolution 3 minutes 3-4-11
12 Check and adjustment of track 10 minutes 3-4-12
alignment
13 Check and adjustment of track 00 5 minutes 3-4-13
sensor
14 Check of track 00 stopper 3 minutes 3-4-14
15 Check and adjustment of index burst 5 minutes 3-4-15
timing

(Table 3102) Check and adjustment items
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3-1-3. Maintenance Jigs and Tools

The following are the jigs and tools required for adequate maintenance

of the FDD.

3-1-3-1. Equipments

(A) When conventional Simulator KA (abbreviated to SKA) is used:

(1) SKa
SKA model Applied FDD model
SKA-AVF FD-55BR/FR
SKA-G (or SKA-GFII, G mode) FD-55GR

(Table 3103) Conventional SKA model and applied FDD

Notes: 1. All SKAs are generally called as SKA in the following explana-
tion unless otherwise designated.
2. SKAs in Table 3103 can be used also for all the conventional
FD-55 series.

(2) Accessories for SKA
SKA needs the following accessories for operating the FD-55R series.
The following accessories are common for all the 55R series except for
special models.
(a) SKA/FDD interface cable #0, P/N 15922337-00
(b) Check cable #5, P/N 15922611-00

Check cable #5 includes SKA/FDD power cable.

(3) Oscilloscope (two channels)
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(4) DC power supply
(a) Commercially available DC power supply or any of the following TEAC
power unit can be used.
TEAC power unit: PS-II, PS3, or PS3~MINI
(b) Minimum required current for SKA operation.
+12V: 0.2A (for SKA) + a(for FDD)
+5V: 1.2A (for SXA) + ~{for FDD)

(c) Required accessory: PS/SKA power cable

(5) Thermometer and hygrometer
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(B) When Simulator KA3 (abbreviated to SKA3) is used:

Notes: 1. Conventional SKAs and SKA3 are generally called as SKA in the
following explanation unless otherwise designated.
2. SKA3 basically functions like as a conventional SKA and it is
improved in many points when compared.
Also the SKA3 can be applied to all FDD models including 3.5"
FDDs supplied from TEAC by replacing a small cartridge for

each FDD model.

(1) SKa3

The following Issue and Version shall be used for SKA3 itself and

installed ROM.

(a) SKA3 hardware: Issue E or later

(b) ROM installed: Version V1.06 or later

Note: Issue and Version are shown on bottom plate of the SKA3.

(2) Accessories for SKA3

SKA3 needs the following accessories for operating the FD-55R series.

(a) Cartridge

Cartridge is constructed with small printed circuit board to select
a function parameter of the SKA3 matching with a tested FDD. It
shall be attached to rear side of the SKA3 before operation.

Table 3104 shows the selection of the cartridge.
(b) SKA/FDD interface cable #0, P/N 15922337-00
(c) SKA/FDD power cable, P/N 15922336-00

(d) Check cable #8, P/N 15922670-00
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Name of cartridge P/N Applied model
PCBA cartridge #1, FD-55V AB 15532077-10 FD-55BR
PCBA cartridge #1, FD-55V EF 15532077-11" FD-55FR
PCBA cartridge #1, FD-55V G 15532077-12 FD-55GR

(Table 3104) Selection of SKA3 cartridge
(3) Oscilloscope (two channels)

(4) DC power supply

(a) Commercially available DC power supply or TEAC power unit (PS3 or
PS3-MIN) can be used.

Note: TEAC power unit, PS-II cannot be applied for the SKA3 as a rule,
because of small current capacity. If it is temporarily used,
connect PSB output of the PS-II to the PSB input of the SKA3 and
set the FD PWR switch to the PSB side.

(b) Minimum required current for SKA3 operation

+12V: 0.25A (for SKA3) + a(for FDD)
+5V: 2.0A (for SKA3) + a(for FDD)

(c) Required accessory: PS/SKA power cable.

(5) Thermometer and hygrometer
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(C} When an SKA is not used:

(1) FDD controller and DC power supply (user's system)
(2) Oscilloscope (two channels)

(3) Frequency counter

(4) Digital voltmeter

(5) Thermometer and hygrometer
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3-1-3-2. Tools, jigs, and disks
(1) Tools

(a) Cross-point screwdriver, M2.6 and M3
(b) Common screwdriver, small size

(c) Hexagon wrench key, 1.Smm

(d) A pair of tweezers

(e} Round nose pliers

(£) Cutting‘pliers

(g) Cutter knife

(h) Solder and soldering iron

(i) Scale, small size
(2) special jigs
(a) Max. media jig for adjustment (Jig.C, P/N 17890746-00)
(b) Max. media jig for check (Jig E, P/N 17890746-02)
(c) Alignment adjustment jig (P/N 17851100-00)
(3) Disks

(a) Work disk (commercially available disk)

i) For Normal density (FD-55BR/FR)
ii) For High density (FD-55GR)

(b) Double sided cleaning disk (commercially available, dry type)
(c) Level disk
i) For Normal density (FD-55BR/FR), P/N 14900015-00

ii) For High density (FD-55GR), P/N 14900015-01
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Note: Commercially available disks may be used if there is no doubt.

(b) Alignment disk

i) For double sided, 48tpi (FD-55BR), P/N 14900016-21
ii) For double sided, 96tpi (FD-55FR), P/N 14900016-24
iii) For High density, double sided, 96tpi (FD-55GR), P/N 14900016-25

(4) oOther articles used during maintenance

(a) Absolute alcohol (Ethanol)

(b) Cottom swab or gauze

(¢c) Locking paint (Three Bond, 1401B)

(d) Screws and washers (Refer to Table 403 in Parts List).
(e) 0il (Kanto Chemicals Co., FLOIL 946P, TEAC P/N 10854022)
(f) Grease (Kyodo Yushi, Co., Multemp P2B, TEAC P/N 10857031)
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3-2. PRECAUTIONS

3-2-1. Torque Applied to Screws and Locking Paint

(1) The following torque should be applied to screws, unless otherwise

specified.
Size of screws Application Torque
M3 For general usage 6Kg.cm
M3 Installation of steel belt
and PCBA front OPT 4.5Kg.cm

(2) Apply fresh locking paint to the following designated points after

(Table 3201) Torque applied to screws

tightening or adjusting the screw.

(a) Installation screws of stepping motor: M3, 2 poin

(b) Adjustment screw of arm lifter

ts

(Only for models with head load solenoid): M3 setscrew

(c) Steel belt and carriage: 4 points, refer to item 3-5-1.

Note: Before applying a drop of locking paint, be sure to remove old locking

paint on the screw and around it.
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3-2-2. Handling of Connectors
3-2-2-1. Location of connectors

The following connectors are used in the FDD. Fig.3201 shows the

location.

(a) J1: Interface connector

(b) J2: Power connector

(c) J3: IC socket for terminator network (only for full strap models)
(d) J4: Head connector

(e) J5: PCBA front OPT connector

(£) J6: Stepping motor connector

(g) J7: Spindle motor (DD motor Ass'y) connector

(h) J8: Head load solenoid (only for models with HL solenoid)

(i) J10: (Option, 1/1 size front bezel indicator connector)

(j) J11: (Option, Door close Ass'y or Door lock solenoid Ass'y connector)
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File protect sensor

PCBA front OPT

/— Index sensor

I .
VA, I
e N
——J5
J11 (Option)
[ J10 (Option)
Top view

DD motor Ass'y (Spindle motor)

o

—— PCBA MFD control

—— Track 00 sensor

——J3

/— J1l(Card edge)

¥, /—J2

Bottom view

(Fig.3201) Types of connectors
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3-2-2~2. Connection and disconnection of the connectors

Be sure to turn the power off before connecting and disconnecting the
connectors. Connection or disconnection should be done straightly and

correctly without applying excessive force to the cables and the post

pins.
3-2-2-3. Precautions for white connectors, J6 and Jl1
(1) Disconnection of the connector
As shown in Fig.3202, carefully push up the edges of the upper protruding

area of the connector little by little with the finger nails or with a

screwdriver.

Upper protruding area
Housing clamper ————=

Post pin side ]“'--’“ \\\\\\—-Push up

321

Pin numbers

(Fig.3202) Disconnection of J6 or Jll

(2) Connection of the connector

Push the connector into the post pin on the PCBA with the housing

clamper up.
(3) Removal of the pin (for reference)
Refer to Fig.3203,
Depressing the stopper of the pin lightly with a narrow object such

as a pair of tweezers, pull the cable in the direction indicated by
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the arrow mark.

Clamp securely Stopper (push)

Cable @
Contact area

Housing clamper
(Fig.3203) Sectional view of J6 and J1l1
(4) Insertion of the pin (for reference)
Before insertion, check the following three points.
(a) Confirm that the sheath and the core of the cable are securely

clamped.
(b) Confirm that the stopper is lifted as in Fig.3203 and it inhibits

accidental removal.

(c) No tarnish or contamination adheres on the contact area of the pin or
the PCB side post pin. If there is, remove it.
Contact failure may happen if any of these three points is not

satisfied.
When you insert the pin, it shall be so inserted that the stopper faces

the opening side of the housing.
After the insertion, check the connection by pulling the cable lightly.
3-2-2-4. Precautions for black connectors, J4 and J8
(1) Disconnection of the connector

Pull out slowly holding the housing with the fingers or a round nose
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(2)

(3)

(4)

pliers. Be sure not to apply tension to the fine cable of J4 (head

connector) .

Connection of the connector

Make the polarizing key position of the housing correspond with the

lack of the post pin, and push the housing carefully with the fingers.

Removal of the pin

Lifting up the stopper of the housing with a narrow object such as
cutter knife, pull the cable with a pair of tweezers in the direction

indicated by the arrow mark. Refer to Fig.3204.

Projection Stopper (pull up)

Clamp securely

Cable
Contact area

(Fig.3204) Sectional view of black connectors

Insertion of the pin

Before insertion, check the pins according to item 3~2-2-3 (4).

When you insert the pin, it shall be so inserted that the projection
side faces the stopper of the housing. After the insertion, pull the
cable with a pair of tweezers softly in order to confirm whether it

is securely connected.

- 3206 -



3-2-2-5. Precautions for flat cable connector, J5 and J7
(1) J5 (PCBA front OPT connector)
(a) Disconnection of the connector

After disconnecting the adjacent connector, J4 according to item

3-2-2-4, pick up the flat cable with fingers and draw it out slowly.
(b) Connection of the connector

i) Confirm that the core wires of the tip of the flat cable are
straight in parallel.

ii) Hold the flat cable with your right fingers and fit the core
wires in line against the J5 receptacle on the soldered side of
the PCBA MFD control.

iii) Guiding the cable with a tip of your left finger and push the
cable into the receptacle securely.

iv) Confirm visually that the cores are not bent nor jut out.
(2) J7 (Spindle motor connector)
(a) Disconnection of the connector
i) Lift up the flat cable from the frame surface by fingers or by a
pair of tweezers.

ii) Depressing the tip of the J7 housing (front bezel side) against
the rear end of the FDD with your thumb and draw out the flat
cable straightly. Be careful not to press the rotor of the
spindle motor or electric parts on the PCBA.

(b) Connection of the connector

i) Confirm that the core wires of the tip of the flat cable are
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ii)

iii)

iv)

v)

straight in parallel.

Hold the flat cable with fingers or with a pair of tweezers and

fit the core wires in line against the J7 receptacle.
Push the cable into the receptacle securely not to be
folded.

Depress the center area of the flat cable against the

Confirm visually that the core wires are not bent nor
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3-2-3.

(1)

Head Cable Treatment

Head cable shall be arranged correctly so that the head carriage can
move on the guide srafts smoothly.
When the FDD has head load solencid Ass'y, remove the Ass'y referring

to item 3-5-5 before the following steps.

Pass the head cable under the left bridge of the set arm.

Hold the head cable between the head connector and the frame so that the
cable has appropriate space margin against the mechanical parts when

the head carriage is set to the innermost track (front end of the

moving area) and track 00 (rear end of the moving area). The head

cable should run at a balanced position of moving area.

Head connector

Hold the cable.

(Fig.3205) Head cable arrangement
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Initial Setting of SKA

Following initial settings are required for operating an SKA. These

settings are applied to all the SKA models unless otherwise specified.

3-2-4-1. Cable connection and setting of power supply voltage

(A) Convertional SKA (SKA-AVF, SKA-G, SKA-GFII)

(L)

(2)

(3)

(5)

(6)

(8)

(9)

Set the output voltage of DC power supply to +12V and +5V, approx.

Turn the DC power off and connect the power cable to the PSA (SKA PWR)

connector of the SKA.

Set the FD PWR switch of the SKA to the OFF position.

Connect the SKA/FDD interface cable. Pay attention to identification

mark (V) of the connector so that it locates at pin 1 side.

Connect the FD PWR OUTPUT of the SKA and J2 of the FDD with the power

line of the check cable #5.

Connect the black connector (8P) of the check cable #5 to TPl ~ TP8 of

the FDD. Be sure to connect so that the green wire comes to TP8 side.

Connect the white connector with shielded wire of the check cable #5 to
terminals 6 v 9, G of the SKA. The shielded wires come to terminals 6

and 7 side of the SKA.

Connect the white connector without shielded wire of the check cable #5
to terminals 1 v 5 of the SKA. Green wire comes to terminal 1 of the

SKA.

Turn the DC power on. Set the FD PWR switch of the SKA to the PSA side.
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(10) Key in "CB". (+5V VOLTAGE)

(11) Adjust the DC power voltage so that the DATA indicator of the SKA, XX.XX
(V) indicates a value within the range of 5.00 + 0.1V.

(12) Key in "F". (STEP)

(13) Key in "“CC". (+12V VOLTAGE)

(14) Adjust the DC power voltage so that the DATA indicator, XX.XX (V)
indicates a value within the range of 12.00 % 0.24V.

(15) Key in "F". (STOP)

Note: The above items (1), (2), (7), (8), (10) ~ (15) may be omitted for

replacement or temporary power off of the FDD.
In this case, remain the DC power on for the SKA and control the FDD

power by the FD PWR switch.
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Attenuator box of
check cable DC power supplies
\L (+12V,+5V)
Check cable #5 \ Check cable #5
Ay
Power lines Ir——_ ] Power cable
[
; —T Power
SKA/FDD interface cable lines
] ;?:::: Z//y: c:cq\
'
g \— PSA
FD INTERFACE (Shlei cable:
pins 6 &
? 15 —— FD PWR
l (Green cable: pin 1) OUTPUT
]

SKA

PCBA MFD control Connect the green wire to TP8 side.

(Fig.3206) Connection of conventional SKA
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(B) SKA3
(1) Attach an appropriate cartridge to the SKA3 referring to Table 3104.
Pay attention to identification mark (V) of the cartridge connector so

that it matches with the mark of the SKA3.

(2) Set the slide switch mounted on the cartridge for FD-55BR or 55FR to "W"

(upper) side. This means double sided operation by single SKA3 command.

Note: Cartridge for FD-55GR has no slide switch and "20" position of the

cartridge is fixed to "W" side.

Cartridge type (AB/EF/G)

[FD-55V J

-5
2[82[4ﬁ %[ l; I[Gl|4lIZIOS 64 (H)E]
O

25232t S 1917181311 978 3(1)

Slide switch

SKAII CARTRIDGE #1

L CLE L LT T T T ]
NoonEunuESREEERD

(Fig.3207) Cartridge setting for FD-55BR and FR

(3) Set the output voltage of DC power supply to +12V and +5V, approx.

(4) Turn the DC power off and connect the power cable to the PSA (SKA PWR)

connectoxr of the SKA3.

(5) Set the FD PWR switch of the SKA3 to the OFF position.

(6) Connect the SKA/FDD interface cable. Pay attention to identification

mark (V) of the connector so that it locates at pin 1 side.

(7) Connect the FD PWR OUTPUT of the SKA3 and J2 of the FDD with the SKA/FDD
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(8)

(9)

(10)

(11)

power cable.

Connect the black connector (8P) of the check cable to TPl ~ TP8 of the

FDD. Be sure to connect so that the green wire comes to TP8 side.

Connect the white connector with shielded wire of the check cable to
terminals 6 v 9, G of the SKA3. The shielded wires come to terminals 6

and 7 side of the SKA3.

Connect the white connector without shielded wire of the check cable to

terminals 1 ~ 5 of the SKA3. Green wire comes to terminal 1 of the SKA3.

Turn the DC power on and push the RESET switch at the rear side of the

SKA3. The contents of the cartridge parameter are read into the SKA3.

Note: Be sure to push the RESET switch when a cartridge is changed or

(12)

(13)

(14)

(15)

(16)

(17)

a slide switch is reset.
Set the FD PWR switch of the SKA3 to the PSA side.
Key in "CB". (+5V VOLTAGE)
Adjust the DC power voltage so that the DATA O indicator of the SKA3,
XX.XX (V) indicates a value within the range of 5.00 + 0.1lV.
Data 1 indicator shows current consumption XXXX (mA) at that time.
Key in "F". (STOP)
Key in "cCC". (+12V VOLTAGE)
Adjust the DC power voltage so that the DATA O indicator, XX.XX (V)

indicates a value within the range of 12.00 * 0.24V.

DATA 1 indicator shows current consumption XXXX (mA) at that time.
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(18) Key in "F". (STOP)

Note: The above items (1) ~ (4), (9) ~ (11), (13) ~ (17) may be omitted
for replacement or temporary power off of the FDD. In this case,
remain the DC power on for the SKA3 and control the FDD power by the

FD PWR switch.
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Check cable

FDD

34

PCBA MFD control
Jl -

/]”1 _|
|
|

J2 [i
Zéreen wire: TP8

4 o> —
SKA/FDD
interface - —
cable
[

| |SKA/FDD power cabl

DC power supplies

(+12v, +5V)
Power
Cartrldge cable
. !
:::A [ ]("1
SKA3 PSE B3R’
-q 6"9,G
i w hleld cable:Pins 6,7
-
T
YY)
:J| Green cable:Pin 1
|
(-
| «iy FD PWR OUTPUT
t=2

(Fig.3208) Connection of SKA3



3-2-4-2. Setting or confirmation of the maximum track number

This item is not required for SKA3 except for special testing because
the maximum track number is pre-set to the cartridge. The following

shows the confirmation or changing method for reference.

For a conventional SKA, set the maximum track number according to the
following instructions before the check and the adjustment of the FDD.
The s=tting will be maintained until the main DC power (SKA PWR) is
turned -£f or until the RESET switch of the SKA is depressed. Since
the FD PWR switch is independent of this setting, it is convenient to
maintain the main DC power on for the successive operations.

The initial setting of the following is not required, if the maximum

track number is the same as the initial value of the SKA.

(1) Key in "CF". (SET TMAX)

(2) The maximum track number set at that time is indicated with the latter

two digits of the DATA (DATA O for SKA3) indicator, XXXX (track).

Note: If there is no change in the maximum track number in item (2),

depress "F" key.

(3) Key in new maximum track number used for the FDD in two digits of

decimal notation.

e.g. 48tpi (FD-55BR): CF 39 (for 40 cylinders)
96tpi (FD-55FR): CF 79 (for 80 cylinders)
96tpi, high density (FD-55GR): CF 76 (for 77 cylinders)

Note: If 80 cylinders are used in FD-55GR, key in "CF 79" also for the

SKA. Key in "CF F", if it is the same as the initial value of the

SKA.
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3-2-4-3. Setting or confirmation of step rate and settling time

(1)

(2)

This item is not required for SKA3 except for 4msec seek model of
FD-55BR because the step rate (STEP pulse interval) and the settling
time of the FDD are pre-set to the cartridge. The following shows the
comfirmation or changing method for reference.

For 4msec seek model of FD-55BR or for a conventional SKA, set the
step rate and the settling time according to the following instruction
before check and adjustment of the FDD.

The setting will be maintained until the main DC power (SKA PWR) is
turned off or until the RESET switch of the SKA is depressed. The
initial setting of the following is not required, if the step rate and

the settling time are the same as the initial values of the SKA.

Key in "DB". (SET STEP RATE)

Step rate set at that time is indicated by O.lmsec scale on the DATA

(DATA O for SKA3) indicator, XXX.X (ms).

e.g. DATA indicator "XX60" means 6.0msec.

(3)

Key in a new step rate down to one decimal place (unit:msec).

Note: If there is no change in step rate in item (2), omit item (3) and

(4)

(5)

forward to item (4).

Key in "F". (Completion of step rate setting).

Settling time at that time is indicated by 0.lmsec scale on the DATA
(DATA 1 for SKA3) indicator, XXX.X (ms).

e.g. DATA indicator "X150" means 15.0msec.

(6)

Key in new settling time down to one decimal place (unit: msec).
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Note: If there is no change in settling time in item (5), omit item (6)

and depress "F" key to complete the operation.

(7) Depress "F" key. (STOP -- Completion of settling time setting).

e.g. 48tpi, 6msec seek model
(Step rate 6émsec, Settling time 15msec): DB 60 F 150 F

48tpi, 4msec seek model
(Step rate 4msec, Settling time 1Omsec): DB 40 F 100 F

96tpi, 3msec seek model

(Step rate 3msec, Settling time 15msec): DB 30 F 150 F
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3-2-4-4. Level disk calibration

Setting of the following calibration value is required for accurate
measurement before the check of the read level or the resolution.

Use a level disk with a calibration value (100% center) written on the
label. The setting will be maintained until the main DC power (SKA PWR)
is turned off or until the RESET switch of the SKA is depressed.

If the calibration value is the same as the initial value (100%) of the
SKA, the initial setting of the following is not required.

Also the setting in this item is not required when the level disk is
not used (i.e., when it is substituted with a commercially available

disk and no accurate measurement is required).
(A) Conventional SKA
(1) Innermost track read level
(a) Key in "DO". (CALIBRATION READ LEVEL)

(b) Calibration value set at that time is indicated in the latter three

digits of the DATA indicator, XXXX (%).

(c) Key in a new calibration value written on the level disk label

(three digits, Max.).

Notes: 1. If the side is changed for a double sided FDD, new calibration
value shall be keyed in.
The side is changed alternately by a depression of "4" key.
If the side 1 is selected, SIDE 1 indicator of the SKA turns on.
Confirm the used side by the indication of the SIDE 1 indicator
at the input of a new calibration value.

2. If there is no calibration change in item (b), omit item (c).
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(d)

Depress "F" key. (STOP)

(2) Innermost track resolution

(a) Key in "D1". (CALIBRATION RESOLUTION)
(b) The same as in item (1)-(b) ~ (d).
e.g. READ LEVEL 103%, RESOLUTION 96%: DO 103 F, Dl 96 F
(B) SKA3

(1) Innermost track read level

(a)

(b)

(c)

(d)

(e)

(£)

Key in "DO". (CALIBRATION READ LEVEL)

Side O calibration value set at that time is indicated in the latter

three digits of the DATA O indicator, XXXX (%).

Key in a new calibration value of side O written on the level disk

label (three digits, Max.).
Key in "F". (Completion of side 0 calibration setting)

Side 1 calibration value set at that time is indicated in the latter

three digits of the DATA 1 indicator, XXXX (%).

Key in a new calibration value of side 1 written on the level disk

label (three digits, Max.).

Note: If there is no calibration change, omit items (c) and (f).

(g)

Depress "F* key. (Completion of side 1 calibration setting).
P! g
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(2) Innermost track resolution

(a) Key in "D1". (CALIBRATION RESOLUTION)

(b) The same as in item (1) - (b) ~ (g).

e.g. Double sided FDD, SIDE O READ LEVEL 103%, SIDE 1 READ LEVEL 95%

SIDE O RESOLUTION 96%, SIDE 1 RESOLUTION 98%:
DO 103 F 95 F, D1 96 F 98 F
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3-2-4-5. Alignment disk calibration

Setting of the following calibration value is required for accurate
measurement before the check and adjustment of the track alignment.

Use a correctly calibrated (0% center) alignment disk with a calibration
value written on the label. The setting will be maintained until the
main DC power (SKA PWR) is turned off or until the RESET switch of the
SKA is depressed.

If the calibration value is the same as the initial value (0%) of the

SKA, the initial setting of the following is not required.
(A) Conventional SKA
(1) SIDE O alignment
(a) Key in "EO". (CALIBRATION SIDE O ALIGNMENT)
(b) Calibration value set at that time is indicated in the latter two
digits of the DATA indicator, XXXX (%), and the polarity is indicated
in the initial digit. If a "0" is indicated, the polarity is positive.

Polarity indication: plus /-, minus -

(c) Key in a polarity and a new calibration value (two digits, Max.)

written on the alignment disk label.

Designation of polarity: Depress "B" key only for minus designation.

(No designation is reauired for plus).

Note: If there is no change in the calibration value in item (b), omit

item (c).

(d) Depress "F" key. (STOP)
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(2) Side 1 alignment
(a) Key in "E1". (CALIBRATION SIDE 1 ALIGNMENT)
(b) The same as in item (1)-(b) ~ (d).

(3) Index burst timing
ta) Kz~ in "ES". (CALIBRATION INDEX TIMING)

(b) Calibration value set at that time is indicated in the latter three
digits of the DATA indicator, XXXX (us), and the polarity is indicated
in the initial digit. Refer to item (1)-(b).

If a "0" is indicated, the polarity is positive.

(c) Key in a polarity and a new calibration value (three digits, Max.) of
side O written on the alignment disk label. Refer to item (1)-(c) as

to the polarity designation.

Notes: 1. If the side is changed by key "4" for a double sided FDD, new
calibration value for side 1 shall be keyed in. Refer to item
3-2-4~4, Note 1.
2. If there is no change in the calibration value in item (b),

omit item (c).
(d) Depress "F" key. (STOP)
e.g. Double sided FDD, SIDE O ALIGNMENT +3%, SIDE 1 ALIGNMENT -5%,

INDEX TIMING -25us:
EO 3 F, E1 BS F, E5 B25 F
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INDEX output signal

Lobe pattern
(TP7,8)
A B A B

Notes: 1. The lobe pattern ratio is calibrated in the SKA according to the
following expression.

Lobe pattern ratio A-B . .
. . = 0~ b
after calibration Larger one of A & B x 100-Cali raflon value (%)

2. If a calculated value with the above expression is positive, the
polarity is plus, while the polarity is minus when a value is
negative,

(Fig.3209) Calibration of alignment lobe pattern

INDEX output signal | I

B
Index burst (TP4,5) W

L Index burst timing

Notes: 1. The index timing is calibrated in the SKA according to the
following expression.

Calibrated timing = t - Calibration value (us)

2. If a calculated value with the above expression is positive, the
polarity is plus, while the polarity is minus when a value is
negative.

(Fig.3210) cCalibration of index burst timing

- 3225 -



(B) SKA3

(1) Alignment

(a)

(b)

(c)

(d)

(e)

(£)

Key in "EO". (CALIBRATION SIDE O ALIGNMENT)

Side 0 calibration value set at that time is indicated in the latter
two digits of the DATA O indicator, XXXX (%), and the polarity is
indicated in the initial digit. If a "O" is indicated, the polarity

is positive.
Polarity indication: plus /, minus -

Key in a polarity and a new calibration value (two digits, Max.) of

side O written on the alignment disk label.

Designation of polarity: Depress "B" key only for minus designation.

(No designation is required for plus).
Depress "F" key. (Completion of side O calibration setting)

Side 1 calibration value set at that time is indicated in the latter
two digits of the DATA 1 indicator, XXXX (%), and the polarity is

indicated in the initial digit.

Key in a polarity and a new calibration value (two digits, Max.) of
side 1 written on the alignment disk label. Refer to item (c) as to

the polarity designation.

Note: If there is no change in the calibration value, omit items (c¢)

(g)

and (f).

Depress "F" key. {(Completion of side 1 calibration setting)
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(2) Index burst timing

(a)

(b)

(c)

(d)

(e)

(£)

Key in "E5". (CALIBRATION INDEX TIMING)

Side 0 calibration value set at that time is indicated in the latter
three digits of the DATA 0 indicator, XXXX (us), and the polarity is
indicated in the initial digit. Refer to item (1)-(b).

If a "0" is indicated, the polarity is positive.

Key in a polarity and a new calibration value (three digits, Max.) of
side O written on the alignment disk label. Refer to item (l)~-(c) as

to the polarity designation.
Depress "F" key. (Completion of side O calibration setting)

Side 1 calibration value set at that time is indicated in the latter
three digits of the DATA 1 indicator, XXXX (us), and the polarity is

indicated in the initial digit.

Key in a polarity and a new calibration value (three digits, Max.)
of side 1 written on the alignment disk label. Refer to item (1)-(c)

as to the polarity designation.

Note: If there is no change in the calibration value, omit items (c)

(g)

e.qg.

and (f).
Depress "F" key. (Completion of side 1 calibration setting)
Double sided FDD, SIDE O ALIGNMENT +3%, SIDE 1 ALIGNMENT -5%

SIDE O INDEX TIMING -40Ous, SIDE 1 INDEX TIMING 20us:
EO 3 FB5F, ES B4OF 20 F
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3-2-4-6. Humidity setting

(1)

(2)

(3)

For the check and adjustment of the track alignment using an alignment
disk, set the environmental relative humidity to the SKA in order to

execute the accurate measurement.

This setting is important when the relative humidity is considerably

different from 50% at 96tpi FDD.
The initial setting of the following is not required if the relative

humidity is the same as the initial value (50%) of the SKA.
Key in "F2". (CALIBRATION RH ALIGNMENT)

The relative humidity set at that time is indicated in the latter two

digits of the DATA (DATA O for SKA3) indicator, XXXX (%).

Key in a new relative humidity (%) of the measurement environment

(two digits, Max.)

e.g. Relative humidity 58%: E2 58
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3-2-4-7. Gain setting

This item is applied only for conventional SKAs. Operator need not feel

concern about this setting for the SKA3.

(1) Track alignment of 96tpi (FD-55FR/GR) :

Key in "DD" to confirm that the H GAIN indicator is on.

(2) Track alignment of 48tpi (FD-55BR), and other items:

Confirm that H GAIN indicator is off. If it is on, depress "DD" key

again to turn it off.
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3-2-4-8. Setting of FDD straps and SKA special key
{1) Setting of FDD straps

It is required to confirm before the operation that the straps (short
bars) on the PCBA MFD control are at the appropriate position for the
system to be used in the check and adjustment.

For the purpose of simplyfying the explanation, it is recommended to
set che following straps on when you use an SKA. However, if you can
set tue straps correctly referring to Specification, Schematic Diagrams,

and Operation Manual, you need not to follow this recommendation.

Strap setting: Set the DO and FG straps to on-state as a general rule.
The other straps may be set as they were unless otherwise
designated.

For a model with head load solenoid, set the HS strap to

on~state and the HL strap should be off.

Notes: 1. If the strap position of the FDD is changed from the initial
setting at the system installation, be sure to change it back
to the initial position after maintenance.
2. When Dl strap is on, drive select is executed by key "1" of the
SKA. Similarly D2 corresponds to key "2" and D3 to key "3".
These keys of DO v D3 can also release the drive select condition

by depressing the same key again.
(2) Setting of SKA special key

The signal level of the interface connector pin No.4 (IN USE/HEAD LOAD)
changes alternately between TRUE and FALSE by depressing "A" (IN USE)
key of the SKA. When it is TRUE, "A" indicator turns on. Refer to
the Specification as to the function of the signal and its relation to

the straps.
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(3) signal of interface connector pin No.34

While the output signal of interface connector pin No.34 (READY, OPEN,
or other optional signals) is TRUE (LOW level), “RDY" indicator of the
SKA turns on.

Refer to the Specification as to the function of the signal and its

relation to the straps.
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3-2-5.

Others

(1) Total errxor test

(2)

(3)

In the check and adjustment in item 3-4, read/write error test is not
included. After the adjustment or the replacement of the maintenance
parts, it is recommended to perform a data error test by connecting the
FDD to the user's system or the TEAC simulator KB. The window margin

test is the most recommended item.

Terminator

When you check each FDD with a maintenance system such as an SKA, it is
necessary to put the terminator network into the IC socket J3 on the
PCBA MFD control. The terminator shall be returned to the initial

condition after completion of the maintenance.

For the fixed type terminator without IC socket (soldered on PCB), above

instruction is not applied.
Connection of probe ground

Connect the probe ground of the equipment as follows:

(a) For observation of test points (TP) 4, 5 (Pre-amplifier) and TPs 7, 8

(Differentiation amplifier):
Connect the probe ground to TP6 (OV) on the PCBA MFD control.

(b} For observation of the other test points and FDD circuits:

Connect the probe ground to TP6 (OV) on the PCBA MFD control, or GND
(OV) terminal of the system power supply unit, or the GND terminal of
the SKA. The frame of the FDD may be also used when the FG strap

is on-state.
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(c) For observation of SKA test points:

Connect the probe ground to the following terminal.

i) Conventional SKA: GND terminal of the SKA

ii) SKA3, PRE and DIF terminals: TPl (GND) of the SKA3
Other terminals: TP4 (GND) of the SKA3

Note: When you use the SKA, almost all the checks including the read
amp. output level at TPs of the FDD will be done automatically
through the check cable and FDD interface cable.

Also these signals can be observed by an oscilloscope using the

test points on an SKA.
(4) Head load of CSS model
For a CSS model (without head load solenoid), the FDD is always in
head load condition as far as a disk is inserted and the front lever
is closed.

(5) Orientation of the FDD

Position the FDD as shown in Fig.321l unless otherwise specified.

: Eiil

Horizontal setting Vertical setting

(Fig.3211) General orientation of FDD during maintenance
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(6)

(7)

Maintenance environment

Maintenance of the FDD should be done on a clean bench at room
temperature and humidity. It is recommended to execute the check and
adjustment of the track alignment after leaving the FDD for at least

2 hours at room temperature and humidity. The magnetic head, disk,
steel belt, etc. might suffer from dust and dirt if the maintenance is

not undertaken in a clean environment.

Disk

There are two sectoring types in normal density disks which are soft
sectored disk and hard sectored disk. Use soft sectored disks when an
SKA is used.

For the check and adjustment of high density FDD (FD-55GR), appropriate

high density (HD) disk is required.
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3-3. PREVENTIVE MAINTENANCE

3-3-1. Cleaning of Magnetic Head by Cleaning Disk

When you use the FDD in dusty environment, it is recommended to clean
the magnetic head surface periodically (e.g. once a month) with a
commercially available cleaning disk.

For a typical usage under typical environmental condition, the cleaning

cycle is enough at every three months.

(A) Equipment

(1) Dry type cleaning disk

(2) SKA or user's system

(B-1) Cleaning procedure (General method)

(1) Install an appropriate cleaning disk and start the spindle motor.

Notes: 1. Do not use a damaged cleaning disk.
2. Be sure to use a double sided cleaning disk. Side O (lower side)

and side 1 (upper side) heads will be cleaned at the same time.

(2) Execute head loading and clean the head at a suitable track position
for 10 v 30 seconds, approx. In order to avoid the concentration on
a specific track, it is a good way to make the head move between

track 00 and the innermost track during cleaning operation.

Note: The most appropriate cleaning time is different for each type of
cleaning disk used.
Excessively long cleaning time is not effective but has possibility

to accelerate the head wear.
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(3)

Remove the cleaning disk.

(B~2) Cleaning procedure (SKA method)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Connect an SKA referring to item 3-2-4 and set the FD PWR switch to

the PSA side.

Execute drive select by key "0". (DSO indicator turns on).

Key in "CO" and confirm that the TRACK indicator of the SKA becomes
"00". (RECALIBRATE)

Install an appropriate cleaning disk. See item (B-1), "Notes".

Start the spindle motor by key "5". (MON indicator turns on).

Key in "Cé". (SEEK TEST)

After 10 ~ 30 seconds, depress "F" key.

Eject the cleaning disk.
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3-4. CHECK AND ADJUSTMENT

3-4-1.

Adjustment of Set Arm Position

(A) Equipment

(1)

Cross point screwdriver, M3

(B) Adjustment procedure

(1)

(2)

(3)

(4)

(5)

Loosen two fixing screws of the set arm (see Fig.340l1) so that the set

arm can be moved manually without getting out of place.

Close the set arm by turning the front lever.

In this condition (item (2)), adjust the set arm so that the visial

gap between the collet shaft and the set arm hole becomes even.

Tighten the installing screws of the set arm with the specified torque.

Open and close the set arm by turning the front lever and confirm that

it does so smoothly.
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Collet shaft

et arm

— 2—S¢t‘arm
fixing screws

o~

Gap between collet shaft and set arm hole

Front lever

(Fig.3401) Adjustment of set arm position
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3-4-2. Check and Adjustment of Holder Position

This item is applied for a standard model without optional disk eject

mechanism.

(A) Equipment

(1) Cross point screwdriver, M3

‘2) MAX media jigs C and E
(B) Check and adjustment procedure

(1) Insert the MAX media jig E from open side until it strikes the frame

stopper. Refer to Fig.3402.

(2) When closing the front lever at the stop side of the MAX media jig E,
confirm that the wing of the front lever disturbs the rotation and that

the lever cannot be closed.

(3) When turning the MAX media jig E over to insert it for pass side, and

closing the front lever, confirm that the lever can be closed.

(4) If the item (2) or (3) is not satisfied, adjust the holder position

according to the following procedure.

(a) Loosen four fixing screws (see Fig.3403) of the holder so that the

holder can be moved manually without going out of place.

(b) Install the MAX media jig C from open side to set it to be in contact

with the frame stopper.

(c) Turn the front lever to close position. Loosen the fixing screws of
the holder again to make the holder move toward the arrow indicated
direction in Fig.3403, then depress the wing area of the front lever

against the MAX media jig C. Refer to Fig.3404.
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(d) Tighten the four fixing screws of the holder with specified torque.
(e) Confirm items (1) through (3).
(f) Check for the file protect sensor according to item 3-4-5.

(g) Check and adjust the index burst timing according to item 3-4-15.

Front lever

Stop side
(Longer side)

MAX media jig

Pass side
(Shorter side)

(Fig.3402) Insertion of MAX media jig
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Holder

Holder fixing screws

2~each side

Front lever

(Fig.3403) Adjustment of holder position 1

Front bezel

o
-
‘™

L
-
%

E
g

Front lever

(Fig.3404) Adjustment of holder position 2
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3-4-3. Check and Adjustment of Arxm Lifter

This item is applied only for a double sided model with head load

solenoid Ass'y.

(A) Equipment

(1) Common screwdriver, small size

(2) Work disk

(3) SKA or user's system

(4) Oscilloscope

(5) Locking paint

(B~1) Check and adjustment procedure (General method)

(1) Use two channels of oscilloscope. Connect the lst channel to the
head load command signal and the 2nd channel to TP7 or TP8 on the

PCBA MFD control. Triggering should be done by the head load command.

Oscilloscope range, The lst channel: DC mode, 2V, 20msec
The 2nd channel: AC mode, 0.5 n 1V, 20msec

Note: For the purpose of check and adjustment in this item, it is not
proper to execute the head loading by the MOTOR ON signal. Use
either of the DRIVE SELECT signal or the IN USE/HEAD LOAD signal.
Refer to item 3-2-4~8 (1) or the Specification item 1-12.

(2) Install a work disk and start the spindle motor.

(3) Set the head to track 00.

(4) Select the side 1 head.

(5) Execute the head loading.
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Arm lifting part

Upper arm
0.2mm,Min. PP

Head carriage Ass'y

Arm lifter

Note: Viewed from front bezel side.

(Fig.3405) Gap of arm lifter

Arm lifting part

Arm lifter adjusting screw

Head load

Head carriage Ass' i
ea gt Yy solenoid Ass'y

(Fig.3406) Adjustment of arm lifter
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(6)

(7)

(8)

(9)

(10)

(11)

Confirm that the gap between the upper arm and the arm lifter is larger

than 0.2mm. Refer to Fig.3405.

Execute 2F write operation (WRITE DATA frequency of 250KHz for FD-55BR
/FR and 500KHz for FD~55GR) for one rotation of the disk.

Unload the head.

Repeat the head loading and unloading alternately (tapping operation)

and observe the waveform of TP7 or TP8 by the oscilloscope.

Set the oscilloscope trigger to the positive mode and observe the read

waveform at TP7 or TP8 after the input of an unload command.

Confirm that there is no unload level (excludes very small one) at

1l0Omsec after the unload command as shown by dotted line in Fig.3407.

Note: This item shall be executed when the side 1 head is selected.

(12)

(13)

(14)

If the side 1 head is lifted too high during unload operation,
tapping sound increases and disk wear will be accelerated, while

unload level will be observed when it is too low.

Set the oscilloscope trigger to the negative (-) mode and observe the
waveform at TP7 or TP8 after the input of a head load command.

Confirm that the read waveform more than 5O0msec after the head load
command is almost settled.

Or confirm that bottom "A" of the read level more than 35msec after the
input of the head load command is more than 0.7 against the average

read level "B". (A/B > 0.7 in Fig.3407)
Make the head move to the innermost track.

Repeat the procedure from item (7) to (12).
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Head load command —17 TRUE

77
TP7 or TP8 — //g////
Head load time
Head load command (A/B20.7 after 35ms)
(Settled at 50ms)
Head unload command FALSE
’//r—Spike noise is allowed.
7 \
S, k
TP7 or TP8 // &

100ms Residual read level

(Unload level)

Head unload command
(Fig.3407) Read waveforms at head loading/unloading

(15) If the value in item (6), (11), (12), or (14) is out of the specified

range, adjust according to the following procedure.
(a) Execute items (3) through (10).

(b) Loosen the unload adjusting screw until the unload level is observed

at 100msec after the unload command. Refer to dotted line in Fig.3407.

(c) Tighten the adjusting screw little by little and search the screwing

point where the unload level exactly disappears at 100msec after the

unload command.

(d) Make the head move to the innermost track.
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(e) Confirm unload level according to item (11).

If the unload level is observed at 100msec after the unload

command, repeat item (c) at the innermost track.

(f) Tighten the adjusting screw by 90° from the above point.

(g) Apply a drop of locking paint on the adjusting screw.

(16)

(17)

(18)

(19)

Again set the head to track 00.

After opening the front lever, draw out the disk slowly. In the
process of drawing out, the side 0 and side 1 heads shall not catch
the head window edge of the disk jacket (opening area of the jacket
to make the head be in contact with the disk surface). The jacket

can be drawn out smoothly with appropriate space margin.
Insert the disk slowly and confirm that the disk jacket does not touch
the side O nor side 1 head and goes into the FDD smoothly with

appropriate space margin.

If the strap setting was changed, back it to the initial setting

after the check and adjustment.
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(B-2) Check and adjustment procedure (SKA method)

(1) Connect an SKA according to item 3-2-4 and set the FD PWR switch to
the PSA side.

(2) Install a work disk.
(3) Use two channels of oscilloscope. Connect the lst channel to the
DOUT terminal and the 2nd channel to the DIF terminal of the SKA.

Apply negative trigger by the DOUT terminal.

Oscilloscope range, The lst channel: DC mode, 2V, 20msec
The 2nd channel: AC mode, 0.5 ~ 1V, 20msec

Note: For the check and adjustment in this item, it is required to set

the straps according to item 3-2-4-8 (1).

(4) Key in "BC F". (DRIVE SELECT observation)

(5) start the spindle motor by key "S5". (MON indicator turns on).

(6) Key in "CO" and confirm that the TRACK indicator becomes "00".

(RECALIBRATE)
(7) Select the side 1 head by key "4". (SIDE 1 indicator turns on).
(8) Execute drive select and head loading by key "0". (DSO indicator
turns on).

(9) Confirm that the gap between the upper arm and the arm lifter is

larger than 0.2mm. Refer to Fig.3405.

(10) Key in "C9" for a conventional SKA or key in "C9A" for SKA3. (HEAD
LOAD TIME).
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(11) Observe the waveform of the DIF terminal at head unloading using the

oscilloscope.
SKA DOUT ] FALSE
SKA DIF Ea
4
100ms Residual read level
(Unload level)

Head unload command

(Fig.3408) Read waveform at head unloading

(12) Confirm that there is no unload level (excludes very small one) at

100msec after the unload command as shown by dotted line in Fig.3408.
Note: This item shall be executed when the side 1 head is selected
(SIDE 1 indicator turns on).
If the side 1 head is lifted too high during unload operation,
tapping sound increases and disk wear will be accelerated, while

unload level will be observed when it is too low.

(13) Confirm that the DATA indicator, XXXX (%) of the SKA indicates a value

within the following range.

Head load settling level: 70%, Min.

(14) Key in "F". (STOP)

(15) If the DSO indicator of the SKA is off, execute drive select by key

"O0". (DSO indicator turns on).

(16) Key in "Cl1". (SEEK TMAX)
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(17) Repeat the procedure from item (10) to (14).

(18) If the value in item (9), (12), (13), or (17) is out of the specified

range, adjust according to the following procedure.
(a) Key in "CO" (RECALIBRATE) and execute items (10) and (11).

(b) Loosen the unload adjusting screw until the unload level is observed

at 100msec after the unload command. Refer to dotted line in Fig.3408.

(c) Tighten the adjusting screw little by little and search the screwing
point where the unload level exactly disappears at 10Omsec after the
unload command.

(d) Key in "F". (STOP)

(e) Key in "Cl" (SEEK TMAX) and execute items (10) and (11).

(£) Confirm unload level according to item (12).
If the unload level is observed at 100msec after the unload command,
repeat item (c) at the innermost track.

(g) Key in "F". (STOP)

(h) Tighten the adjusting screw by 90° from the above point.

(i) Apply a drop of locking paint on the adjusting screw.

(19) Key in "CO" and confirm that the TRACK indicator becomes "00".
(RECALIBRATE)

(20) After opening the front lever, draw out the disk slowly. In the process
of drawing out, the side O and side 1 heads shall not catch the head

window edge of the disk jacket (opening area of the jacket to make the
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(21)

(22)

head be in contact with the disk surface). The jacket can be drawn

out smoothly with appropriate space margin.

Insert the disk slowly and confirm that the disk jacket does not touch
the side O nor side 1 head and goes into the FDD smoothly with

appropriate space margin.

If the strap setting was changed, back it to the initial setting

after the check and adjustment.
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3-4-4., Check of CSS Ass'y

This item is applied only for a double sided CSS model (without head

load solenoid).

(A) Equipment

(1) Work disk

(2) SKA or user's system

(B-1) Check procedure (General method)

(1) Open and close the front lever with no insertion of a disk.

(2) Confirm that the side 1 head is lifted even if the front lever is

closed and it has enough gap against the side 0 head. (See Fig.3409).

Side 1 head

Side 0 head

(Fig.3409) Gap between side O and side 1 heads

(3) After opening the front lever, insert a work disk slowly.
Confirm that the disk jacket does not touch the side 0 nor side 1 head

and goes into the FDD smoothly with appropriate space margin.
(4) Draw out the disk slowly. Confirm that the side 0 and side 1 heads
do not catch the head window edge of the disk jacket (opening area

of the jacket to make the head be in contact with the disk surface)
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and that the jacket can be drawn out smoothly with appropriate space

margin.

(5) Confirm that the cam (natural color) of the CSS Ass'y attached to the
left side of the head carriage moves as in Fig.3410 by opening/closing

of the front lever and insertion/ejection of the disk.

Cam
: l
]
——— > [y 1)
Disk Disk “:
Rotates
about 90°
(a) Disk is not fully inserted. (b) Disk is fully inserted and

front lever is close.

(Fig.3410) Cam rotation of CSS Ass'y

(6) Insert a work disk and start the spindle motor.

(7) set the head to track 00.

(8) In the close condition of the front lever, confirm that the gap
between the upper arm and the arm lifter is 0.2mm, Min. Refer to
Fig.3405.

(9) Make the head move to the innermost track.

(10) Confirm as in item (8).
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(B-2) Check procedure (SKA method)

(1) Open and close the front lever with no insertion of a disk.

(2) Confirm that the side 1 head is lifted even if the front lever is closed

and it has enough gap against the side O head. Refer to Fig.3409.

(3) After opening the front lever, insert a work disk slowly.
Confirm that the disk jacket does not touch the side O nor side 1 head

and goes into the FDD smoothly with appropriate space margin.

(4) Draw out the disk slowly. Confirm that the side 0 and side 1 heads do
not catch the head window edge of the disk jacket (opening area of the
jacket to make the head be in contact with the disk surface) and that

the jacket can be drawn out smoothly with appropriate space margin.
(5) Confirm that the cam (natural color) of the CSS Ass'y attached to the
Left side of the head carriage moves as in Fig.3410 by opening/closing

of the front lever and insertion/ejection of the disk.

(6) Connect an SKA according to item 3-2-4 and set the FD PWR switch to the

PSA side.

(7) Start the spindle motor by key "5". (MON indicator turns on).

(8) Execute drive select by key "0". (DSO indicator turns on).

(9) Key in "CO" and confirm that the TRACK indicator becomes "00".
(RECALIBRATE)

(10) In the close condition of the front lever, confirm that the gap between

the upper arm and the arm lifter is 0.2mm, Min.
Refer to Fig.340S5.
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(11) Key in "Cl". (SEEK TMAX)

(12) Confirm as in item (10).
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3-4-5. Check of File Protect Sensor

(A) Equipment

(1) MAX media jig C

(2) SKA or user's system
(B-1) Check procedure (General method)

(1) Place the FDD on the work bench with the LED indicator up and the
front lever down. (See Fig.3411).

(2) Connect an oscilloscope (DC range, 2V/div) to the WRITE PROTECT

interface line.
(3) Insert the MAX media jig C from open side and set it so that the
notch A area is located on the light pass from the file protect

sensor LED. See Fig.3411.

(4) Adjust the orientation of the FDD so that it is not exposed with

strong light.

(5) Confirm that the WRITE PROTECT signal goes to LOW level when power is
supplied and the FDD is DRIVE SELECTed.

(6) Pull out the jig a little so that the notch B area is located on the

light pass.

(7) Confirm that the WRITE PROTECT signal goes to HIGH level.
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LED indicator

MAX media jig

File protect

Notch B sensor

Notch A

(Fig.3411) Check of file protect sensor
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(B-2) Check procedure (SKA method)

(1)

(2)

(3)

(4)

(5)

(6)

Connect an SKA according to item 3-2-4 and set the FD PWR switch to

the PSA side.
Insert the MAX media jig C from open side and set it so that the
notch A area is located on the light path from the file protect

sensor LED. See Fig.3411.

Adjust the orientation of the FDD so that it is not exposed with

strong light.

Confirm that the WPROT indicator of the SKA turns on, when the FDD

is selected by key "0". (DSO indicator turns on).

Pull out the jig a little so that the notch B area is located on the

light path.

Confirm that the WPROT indicator turns off.
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3-4-6. Check of Disk Rotation Speed

Disk rotation speed is set to 300rpm for FD-55BR/FR and 360rpm for
FD-55GR.

(A) Equipment

(1) SKA or user's system

(2) Frequency counter (not required when an SKA is useds
(3) work disk

(B-1) Check procedure (General method)

(1) Connect a frequency counter to TPl (Index) on the PCBA MFD control or

to the INDEX interface signal line.
(2) Install a work disk and start the spindle motor.
(3) set the head to track 00.
(4) Execute the head loading.

(5) Confirm that the pulse interval at TPl or at the INDEX interface is

withon the following range.

Index interval, FD-55BR/FR: 200 * 3msec
FD-55GR: 166.7 * 2.5msec
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(B-2) Check procedure (SKA method)

(1) Connect an SKA referring to item 3-2-4 and set the FD PWR switch to

the PSA side.

(2) Install a work disk.

(3) Start the spindle motor by key "5". (MON indicator turns on).

(4) Execute drive select by key "0". (DSO indicator turns on).

(5) Key in "CO" and confirm that the TRACK indicator becomes "O00".
(RECALIBRATE)

(6) Key in "C3". (INDEX INTERVAL)

(7) Confirm that the DATA (DATA O for SKA3) indicator, XXXX (ms) indicates

a value within the following range.

Index interval, FD-55BR/FR: 200 % 3msec
FD-55GR: 166.7 * 2.5msec

(8) Depress "F" key. (STOP)
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3-4-7.

Check of Erase Gate Delay

The purpose of this item is to confirm the function of the control LSI.

This item is not so important as far as the FDD operates normally.

(A) Equipment

(1)
(2)
(3)

SKA or user's system
Oscilloscope (not required when an SKA is used)

Work disk

(B-1) Check procedure (General method)

(1)

(2)

3)

(4)

(5)

(6)

Use two channels of oscilloscope. Connect the trigger channel to the
WRITE GATE interface line and the other channel to TP2 (Erase gate
delay) on the PCBA MFD control.

Oscilloscope range: For both channels, DC mode, 5V, 100usec

Install a work disk and start the spindle motor.

Execute the head loading.

Set the oscilloscope to the negative trigger (-) mode. Make the

WRITE GATE signal TRUE (write command).

Confirm that "tl" (Erase on delay) in Fig.3412 is within the following

range.

Erase on delay, FD-55BR/FR: 240 n 290usec
FD-55GR: 200 v 240usec

Set the oscilloscope to the positive trigger (+) mode. Make the
WRITE GATE signal FALSE.
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(7) Confirm that "t2" (Erase off delay) in Fig.3413 is within the following

range.

Erase ofd delay, FD-55BR/GR: 890 v 990usec
FD-55GR: 530 " 590usec

WRITE GATE

TP2 (Erase gate)

tl

Erase on delay

(Fig.3412) Erase on delay

WRITE GATE

TP2(Erase gate)

t2
Erase off delay

(Fig.3413) Erase off delay
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(B-2) Check procedure (SKA method)

(1) Connect an SKA and check cable according to item 3-2-4 and set the FD

power switch to the PSA side.
(2) Install a work disk.
{(3) start the spindle motor by key "5". (MON indicator turns on)}.
(4) Execute drive select by key "0". (DSO indicator turns on).
(5) Key in "7". (WRITE GATE ON)

(6) Confirm that the DATA (DATA O for SKA3) indicator, XXXX (us) shows

a value within the following range.

Erase on delay, FD-55BR/FR: 240 " 290usec
FD-55GR: 200 Vv 240psec

(7) Key in "7" again. (WRITE GATE OFF)

(8) Confirm that the DATA (DATA 1 for SKA3) indicator, XXXX (us) shows

a value within the following range.

Erase off delay, FD-55BR/FR: 890 v 990usec
PD-55GR: 530 ~ 590usec
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3-4-8.

Check of Head Touch

(A} Equipment

1)
(2)
(3)
(4)

wWork disk

SKA or user's system

Oscilloscope (not required when an SKA is used)

DC clip on ammeter (not required when an SKA is used)

(B-1) Check procedure (General method)

(1)

2)

(3)

(4)

(s)

(6)

(7)

(8)

Connect an oscilloscope to TP7 or TP8 (Differentiation amp.) on the
PCBA MFD control.
Oscilloscope range: AC mode, 0.1 ~ 0.2V, 20msec

Install a work disk and start the spindle motor.

Set the head to the innermost track.

Execute the head loading.

Repeat the cycle of one write rotation and one read rotation.
Write data should be the fixed pattern of 2F (250KHz of WRITE DATA

frequency for FD-55BR/FR and 500KHz for FD-55GR).

Write down the average read level measured during the read operation

of item (5).
Execute items (5) and (6) with a slight depression (very slight
depression easy to release: 10 v 20g) by a finger on the top of the

upper head, and measure the average read level as in item (6).

Confirm that the read level measured in item (6) is greater than 80%

of that in item (7).
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(2) Execute items (S5) through (8) respectively for side O and side 1 heads.

(10) After making the head move to track 00, execute items (5) through (9).

(11) Possible causes for insufficient head touch:

Following causes are assumed for the insufficient result in items (8)

through (10).

(a) Inferior disk:

Disk and/or jacket is deformed or damaged. Replace the work disk

with a new one.

(b) Inferior head flexture:

Because of the failed performance of the arm lifter in item 3-4-3
(model with head load solenoid) or the failed performance of the
CSS Ass'y in item 3-4-4 (CSS model without head load solenoid),
the flexture on which the head piece is located may be deformed.
Remove the disk. Then open and close the front lever slowly to
observe the gap between the side 1 and side 0 heads from the front
bezel. If the two head surfaces are not in parallel each other,
it is considered to be the deformation.

Replace the head carriage Ass'y according to item 3-5-1.

(c) Inferior load force:

If the upper arm is over-lifted manually by careless handling during
replacement of the head carriage Ass'y and etc., spring at the upper
arm supporting point may be deformed and the head load force may
decrease. Carefully replace the head carriage Ass'y according to

item 3-5-1.
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(d) Inferior pressure of the jacket pads:

If the jacket pad attached under the set arm does not touch the jacket

surface, replace the pads. Refer to Fig.405 in Parts List.
Caution: If the jacket surface is excessively pressed by the pads, the

spindle motor might be overloaded because of increasing the

rotation torque.
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(B-2) Check procedure (SKA method)

(1) Connect an SKA and check cable according to item 3-2-4 and set the FD
PWR switch to the PSA side.

(2) Install a work disk.

(3) Start the spindle motor by key "5". (MON indicator turns on).

(4) Execute drive select by key "0". (DSO indicator turns on).

~

(5) Key in "CO" and confirm that the TRACK indicator becomes "00".
(RECALIBRATE)

(6) Key in "Cl". (SEEK TMAX)
(7) Key in "D3". (WRITE/READ LEVEL PRE 2F)

(8) Write 2F and read operations are repeated.
The DATA indicator, XXXX (mV) indicates the average read level at
TP4 and TPS5 (Pre-amp.) after each cycle of operation (one rotation

of write and one rotation of read) is finished.

(a) When SKA3 is used:
By keying in "D3", side O and side 1 read levels are indicated on

DATA O and DATA 1 indicators successively.

(b) When conventional SKA is used:
Depress "F"” key (STOP) and then depress "4" key to execute items
(7) through (10) for side O and side 1 heads respectively. The side
is changed alternately by a depression of "4" key. If side 1 is

selected, SIDE 1 indicator of the SKA turns on,

(9) Observe the DATA indicators with a slight depression (very slight
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(10)

(11)

(12)

depression easy to release: 10 ™ 20g) by a finger on the top of the

upper head.

Confirm that side 0 and side 1 read levels measured in item (8) are

more than 80% of that in item (9).

Key in "CO" (RECALIBRATE), and execute items (7) through (10) in the

similar way.

Possible causes for insufficient head touch:

Refer to item (1ll) of "General method".
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3-4-9. Check of Asymmetry

Adjustment is applied only for a model with variable resistor on the

PCBA MFD control.
(A) Equipment
(1) Common screwdriver, small size
(2) Work disk
(3) SKA or user's system
(4) Oscilloscope (not required when SKA3 is used)

(B-1) Check and adjustment procedure (General method)

(1) Connect an oscilloscope to the READ DATA interface line.

Oscilloscope range: DC mode, 2V, 0.5 ~ lpysec

(2) Install a work disk and start the spindle motor.

(3) Set the head to the innermost track.

(4) Execute the head loading.

(5) Execute 1lF write operation for one rotation of the disk (125KHz of
WRITE DATA frequency for FD-55BR/FR and 250KHz for FD-55GR).

(6) Measure the asymmetry referring to Fig.3414.
Note: Oscilloscope should be so set that three READ DATA pulses can be
observed. Asymmetry value shall be measured at the second READ

DATA pulse from the trigger pulse.

(7) Confirm that the average asymmetry is within the following range.
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Innermost track 1F asyymetry, FD-55BR/FR: 0.7usec, Max.
FD-55GR: 0.3S5usec, Max.

1 2
READ DATA 10 RO ﬁ_ﬂ
|l asymmet

— 1F interval

Trigger
(Fig.3414) Measurement of asymmetry
(8) Execute items (5) through (7) for side 0 and side 1 heads respectively.

(9) If the value in item (7) or (8) is out of the specified range, adjust

according to the following procedure.

Note: This item is applied only for a model with a variable resistor for

asymmetry adjustment.

(a) Adjust the variable resistor, Rl on the PCBA MFD control so that the
asymmetry takes a small value while repeating lF write and lF read

operations alternately.

(b) Repeat the operation in item (a) for side 0O and side 1 heads alter-
nately. The variable resistor shall be so adjusted that both
asymmetry for side 0 and side 1 heads take the minimum value. Refer

to Fig.220 in item 2-3-2.

(10) If the value in item (7) or (8) is out of the specified range on a model
without variable resistor, or if the adjustment in item (9) cannot be

done sufficiently, following causes are assumed.

(a) Leakage flux density in the environmental condition of the FDD is

high:
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(b)

(c)

(d)

If there is some flux sources near the FDD such as magnet, trans-
former, motor, Brown tube, magnetized iron plate, etc., take it

apart from the FDD. Then measure the asymmetry and adjust again.

Inferior disk:

Replace the work disk with a new one.

Inferior head:

Replace the head carriage Ass'y according to item 3-5-1.

Inferior PCBA MFD control:
Replace the PCBA according to item 3-5-7.
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(B~2) Check and adjustment procedure (Conventional SKA method)

(1) Connect an conventional SKA according to item 3-2-4 and set the FD PWR

switch to the PSA side.

(2) Key in "Bl F". (1F DUTY)

(3) Connect an oscilloscope to the DOUT terminal of the SKA.

Oscilloscope range: DC mode, 2V, 0.1 ~ 0.2usec

(4) Install a work disk.

(5) Start the spindle motor by key "5". (MON indicator turns on).

(6) Execute drive select by key "0, (DSO indicator turns on).

(7) Key in "CO" and confirm that the TRACK indicator becomes "00".
(RECALIBRATE)

(8) Key in "Cl"™. (SEEK TMAX)

(9) Key in "D4". (WRITE/READ LEVEL PRE 1F)

(10) Measure the asymmetry as in Fig.3415.

SKA DOUT ] 1l

Asymmetry

(Fig.3415) Measurement of asymmetry

(11) Confirm that the average asymmetry is within the following range.
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(12)

(13)

Innermost track 1lF asymmetry, FD-55BR/FR: O.7usec, Max.
FD-55GR: 0.3Susec, Max.

Depress "4" key and execute items (9) through (11) for side O and side
1 heads respectively. The side is changed alternately by a depression
of "4" key. If the side 1 is selected, SIDE 1 indicator of the SKA

turns on.

If the value in item (11l) or (12) is out of the specified range, adjust

according to the following procedure.

Note: This item is applied only for a model with a variable resistor for

asymmetry adjustment.

(a) Adjust the variable resistor, Rl on the PCBA MFD control so that the

asymmetry takes a small value by keying in "D4".

(b) Execute the operation in item (a) for both sides alternately by

(14)

changing the side by key "4". The variable resistor shall be so
adjusted that both asymmetry for side 1 and side 0 heads take the

minimum value. Refer to Fig.220 in item 2-3-2.
If the value in item (11) or (12) is out of the specified range on a

model without variable resistor, or if the adjustment in item (13)

cannot be done sufficiently, refer to item (10) of "General method".
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(B~3) Check and adjustment procedure (SKA3 method)

(1) Connect the SKA3 referring to item 3-2-4 and set the FD PWR switch to
the PSA side.

(2) Install a work disk.

(3) start the spindle motor by key "5". (MON indicator turns on).

(4) Execute drive select by key "O". (DSO indicator turns on).

(5) Key in "CO" and confirm that the TRACK indicator becomes "00".

(RECALIBRATE)

(6) Key in "Cl". (SEEK TMAX)

(7) Key in "DD". (ASYMMETRY)

(8

Write 1F and read operations are repeated.

Asymmetry values of side 0 and side 1 heads are indicated on the DATA 0
and DATA 1 indicators, XXXX (ns) successively after each cycle of
operation. DATA O indicates a value of side 0 head while DATA 1
indicates a value of side 1 head. The initial digit shows "E" which

has no relation to this item.
(9) Confirm that the both average values are within the following range.

Innermost track 1lF asymmetry, FD-55BR/FR: 700nsec, Max.
FD-55GR: 350nsec, Max.

(10) Key in "F". (STOP)

(11) If the value in item (9) is out of the specified range, adjust according

to the following procedure.
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Note: This item is applied only for a model with a variable resistor for

asymmetry adjustment.

(a) Key in "DD" and adjust the variable resistor, Rl on the PCBA MFD
control so that the asymmetry takes the minimum value. Since the
asymmetry changes at every measurement, rough adjustment will be
done.

(b) The variable resistor shall be so adjusted that both asymmetry for
side O and side 1 heads take the minimum value. Refer to Fig.220 in
item 2-3-2.
(c) Key in "F".
(12) If the value in item (9) is out of the specified range on a model

without variable resistor, or if the adjustment in item (11) cannot

be done sufficiently, refer to item (10) of "General method”.
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3-4-10. Check of Read Level

(A) Equipment

(1)
(2)
(3)

Level disk
SKA or user's system

Oscilloscope (not required when an SKA is used)

(B-1) Check procedure (General method)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Use two channels of an oscilloscope and connect them to TP7 and TP8
(Differentiation amp.) on the PCBA MFD control.

Oscilloscope range: AC mode, 0.2 ~ 0.5V

Set both channels, 1 and 2 to the above range. Set either of the

channels to Invert mode and Add both channels.

Install a level disk and start the spindle motor.

Set the head to the innermost track.

Execute the head loading.

Execute 2F write operation for one rotation of the disk (250KHz of

WRITE DATA frequency for FD-55BR/FR and 500KHz for FD-55GR).

Measure the average amplitude (Vp-p) of the read waveform as in

Fig.3416.

Calculate the read level by substituting the following expression
with the measured value in item (6) and READ LEVEL calibration value

(see level disk label).

100

Calibration value *)

Read level (True value) = Measured value x
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TP7, TP8 (Add)

(Fig.3416) Measurement of average read level (2F)

(8) Confirm that the true value of the read level is within the following

range.

Innermost track read level, FD-55BR/GR: 800mVp-p, Min.
FD-55FR: 600mVp-p, Min.

(9) Execute items (5) through (8) for side 0 and side 1 heads respectively.

(10) If the value in item (8) or (9) is out of the specified range,

following causes are assumed.
(a) Inferior disk:
Disk and/or jacket is deformed or damaged. Replace the level disk

with a new one.

(b) Abnormal disk rotational speed:
Check for the speed according to item 3-4-6.

(c) Inferior head touch:

Check for the head touch according to item 3-4-8.

(d) Inferior head:

Replace the head carriage Ass'y according to item 3-5-1.

(e) Inferior PCBA MFD control:
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Replace the PCBA MFD control according to item 3-5-7.

(11) Eject the level disk and release the Invert and Add modes of the

oscilloscope.
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(B-2) Check procedure (SKA method)

(1) Connect an SKA and check cable referring to item 3-2-4 and set the

FD PWR switch to the PSA side.

(2) Install a level disk.

(3) Start the spindle motor by key "5". (MON indicator turns on).

(4) Execute drive select by key "0". (DSO indicator turns on).

(5) Key in "CO" and confirm that the TRACK indicator becomes "00".
(RECALIBRATE)

(6) Key in "Cl". (SEEK TMAX)

(7) Key in "D7". (WRITE/READ LEVEL DIF 2F)
Calibration value of the level disk should be set previously in the

SKA.

(8) The DATA indicator, XXXX (mVo-p) indicates the average read level at

TP7 and TP8 (Dif-amp.).

(a) When SKA3 is used:
By keying in "D7", side O and side 1 read levels are indicated on

DATA O and DATA 1 indicators successively.

(b) When conventional SKA is used:
Depress key "4" (STOP) and then execute item (7) for side 0 and
side 1 heads respectively. The side is changed alternately by a
depression of "4" key. When side 1 is selected, SIDE 1 indicator

of the SKA turns on.

(9) Confirm that both read levels are within the following range.
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Innermost track read level, FD-55BR/GR: 400mVp-p, Min.
FD-55FR: 300mVo-p, Min.

(10) If the value in item (9) is out of the specified range, refer to

item (10) of "General method”.

(11) Eject the level disk.
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3-4-11. Check of Resclution

(A) Equipment

(1)
(2)
(3)

Level disk
SKA or user's system

Oscilloscope (not required when an SKA is used)

(B-1) Check procedure (General method)

1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Use two channels of an oscilloscope and connect them to TP4 and TPS
(Pre-amp.) on the PCBA MFD control.

Oscilloscope range: AC mode, 20mV ~ 0.1V

Set both channels, 1 and 2 to the above range. Set either of the
channels to Invert mode and Add both channels.

Install a level disk and start the spindle motor.

Set the head to the innermost track.

Execute the head loading.

Execute 1lF write operation for one rotation of the disk (125KHz of

WRITE DATA frequency for FD~55BR/FR and 250KHz for FD-55GR).

Measure the average amplitude (V1iF) as in Fig.3417.

Execute 2F write operation like in item (5), doubled in frequency to

that in item (5).

Measure the average amplitude (V2F) as in Fig.3417.
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TP4, TP5(Add) viF V2F

1F 2F

{Fig.3417) Measurement of resolution

(9) Calculate the resolution by substituting the following expression
with the measured values V1F, V2F, and RESOLUTION calibration value
(see level disk label).

V2F 100

Resolution (true value) = viF X Calibration value (%)

(10) Confirm that the true value of resolution is within the following

range.
Innermost track resolution: 60%, Min.

(11) Execute items (5) through (10) for side 0 and side 1 heads

respectively.

(12) If the value in item (10) or (1l1) is out of the specified range,

following causes are assumed.
(a) Inferior disk:
Disk and/or jacket is deformed or damaged. Replace the level disk

with a new one.

(b) Inferior disk rotational speed:

Check for the speed according to item 3-4-6.

(c) Inferior head touch:
Check for the head touch according to item 3-4-8.
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(d) Inferior head:
Replace the head carriage Ass'y according to item 3-~5-1.

(e) Inferior PCBA MFD control:
Replace the PCBA MFD control according to item 3-5-7.

(13) Eject the level disk and release the Invert and Add modes of the

oscilloscope.
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(B-2) Check procedure (SKA method)

(1) Connect an SKA and check cable referring to item 3-2-4 and set the FD
PWR switch to the PSA side.

(2) Install a level disk.
(3) Start the spindle motor by key "5". (MON indicator turns on).
(4) Execute drive select by key "0". (DSO indicator turns on).

(5) Key in "CO" and confirm that the TRACK indicator becomes "00".
(RECALIBRATE)

(6) Key in "Cl". (SEEK TMAX)

(7) Key in "D8". (RESOLUTION)
Calibration value of the level disk should be set previously in the

SKA.

(8) The DATA indicator, XXXX (%) indicates the resolution at TP4 and TPS

(Pre-amp.).

(a) When SKA3 is used:
By keying in "D8", side 0 and side 1 resolutions are indicated on

DATA O and DATA 1 indicators successively.

(b) Wwhen conventional SKA is used:
Depress key "4" (STOP) and them execute item (7) for side O and
side 1 heads respectively. The side is changed alternately by a
depression of "4" key. When side 1 is selected, SIDE 1 indicator

of the SKA turns on.

(9) Confirm that both resolution values are within the following range.
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Innermost track resolution: 60%, Min.

(10) If the value in item (9) is out of the specified range, refer to item
(12) of "General method”.

(11) Eject the level disk.
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3-4-12. Check and Adjustment of Track Alignment
(A) Equipment

(1) Cross point screwdriver, M3

(2) Alignment disk

(3) Alignment adjustment jig or M3 screw of 15mm long
(4) SKA or user's system

(5) Oscilloscope

(6) Hygrometer

(7) Locking paint

(B) Precaution for check and adjustment
(1) Environmental condition

Check and adjustment of track alignment should be done in an
environment of room temperature of 20 ~ 30°C (68 ~ 86°F) and relative
humidity of 40 ~ 60%. Even if the environmental condition is within
the specified operational condition, extreemly high or low temperature,
or high or low humidity should be avoided. Check and adjustment should
be done after two hours, Min. of storing the FDD and the'alignment disk
in the above mentioned condition. If the actual relative humidity is
out of the above range and it is difficult to control, use the humidity

calibration method in item (C) or (D).

(2) Orientation of the FDD
It is recommended that the orientation of the FDD for the track
alignment check is the same as when the FDD is actually installed in

the user's system.

(3) Alignment disk handling
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(a)

(b)

(c)

(d)

Confirm that the interface cable is correctly connected before power
on to the FDD. If the odd numbered pins of the interface connector

are connected to the even numbered pins, the data on the disk might

be erased without a command from the host side. (There will be no

damage to the FDD itself).
Install and eject an alignment disk during power on of the FDD.

Before installation, be sure to check that the write enable notch

of the alignment disk is masked.

The installation of an alignment disk to the FDD should be as less
time as possible. Remove the disk immediately after the required

check and adjustment.
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(C) Check and adjustment procedure (General method)

(1) Use two channels of an oscilloscope and connect them to TP7 and TP8
(Differentiation amp.) on the PCBA MFD control. Alsoc connect the
external trigger of the oscilloscope to TPl (Index) and apply positive
trigger.

Oscilloscope range: AC mode, 0.2 ~ 0.5V, 20msec
Set both channels, 1 and 2 to the above range. Set either of the

channels to Invert mode and Add both channels.
(2) Install an alignment disk and start the spindle motor.
(3) Execute the head loading.
(4) Set the head to the following alignment check track.

Alignment check track, 48tpi (FD-55BR): Track 16
96tpi (FD-55FR/GR): Track 32

(5) Confirm that two lobe patterns as in Fig.3418 can be observed (it is
not necessary that the levels of VA and VB are equal).

Va VE
TP7 and TP8 (Add)
48tpi
\/ VB
96tpi ——{I

(Fig.3418) Alignment check lobe pattern
If only one lobe pattern can be observed or if two lobes become one
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pattern, the head is not on the alignment check track.
In such event, execute step-out or step-in for the following tracks'

space to obtain the most similar waveform to that in Fig.3418.

48tpi: 2 tracks
96tpi: 4 tracks

Note: The above number of tracks to be stepped is required to make the

(6)

(7)

alignment track position be fit with the magnetized condition of
the basic phase "A" of the stepping motor. If the stepped track
numbers are inassured, set it again from track 00 (TRACK 00 output
signal goes to TRUE).

For a 48tpi FDD, the lobe pattexn in Fig.3418 shall be observed at
the even track, while it shall be observed at the track of multiple
number of four for a 96tpi FDD.

After one or several step-outs from the check track, step in the head

to the check track again and measure VA and VB at that time.

Calculate the true value of misalignment by substituting the value
in item (6) and ALIGNMENT calibration value (see alignment disk label,

attention to the side).

VA-VB
Larger value in VA & VB

Misalignment (true value) = ( x 100

- Calibration value) - (Relative humidity-50) x K

"K" is humidity compensation factor.

48tpi: K=0.26
96tpi: K=0.42

e.g. 96tpi, VA=0.58vV, VB-0.61V, Calibration value=-6 (%)

Relative humidity= 65%:
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0.58 x 0.61
0.61

x 0.42 = -5.2(%)

Misalignment (true value)= { x 100-(-6)} - (65-50)

If the calculated value is positive, the magnetic head is shifted
inward from the reference position, while the head is shifted outward

from the reference position when the value is negative.

(8) Conversely, measure VA and VB when the head is on the alignment check

track by stepping-out after one or several step-ins.
(9) Calculate the true value of misalignment as described in item (7).

(10) Confirm that both of the calculated values in items (7) and (9) are

within the following range.
True value of misalignment: 30%, Max.
(11) Execute items (4) through (10) for side O and side 1 heads respectively.

(12) If the value in item (10) or (11) is out of the specified range, adjust

the track alignment according to the following procedure.
(a) Loosen the two fixing screws of the stepping motor a little.

(b) Insert the alignment adjustment jig of M3 screw from the back side
of the FDD as shown in Fig.3419.

(c) Repeat step-in and step-out operations and adjust the misalignment
to be the smallest on the alignment check track during both step-in
and step-out operations by turning the jig or the screw (stepping

motor moves little by little).

Note: When you adjust the alignment by observing the lobe pattern
using the oscilloscope, pay attention to the calibration value

on the alignment disk label and the ambient relative humidity.
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i) Calibration value + (Relative humidity - 50) x k > O:
when the left side lobe pattern level, VA is assumed as "l",
lobe pattern ratio should be so adjusted that the right side
lobe pattern level VB takes the following value:

Calibration value + (Relative humidity - 50) x K
100

ii) Calibration value + (Relative humidity - 54 x ¥ > O:
when the right side lobe pattern level, VB is asamed as "1",
lobe pattern ratio should be so adjusted that the left side

lobe pattern level VB takes the following value.

Calibration value + (Relative humidity - 50) x K
100

VA =1 -

e.g. 96tpi, Calibration value = -6%, Relative humidity = 35%:

-6 + (35 ~ 50) x 0.42 = -12.3 < O

-6 + (35 - 50) x 0.42

150 = 0.88

VA =1 -
Therefore, the target value of VB when VB is assumed as "1"

is 0.88.

(d) Repeat the adjusting operation in item (c) alternately for side O
and side 1 heads until the both misalignment take the smallest value.

(e) Tighten the two fixing screws of the stepping motor little by
little for adjusting the true value of misalignment after tightening

the screws with the specified torque to be within *20%.

(£f) Remove the alignment disk.

(g) Apply a drop of locking paint to the head of the stepping motor

fixing screws.
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(h) Check and adjust the track 00 sensor according to item 3-4-13.

(i) Check the track 00 stopper according to item 3-4-14.

(13) Release the Invert and Add modes of the oscilloscope.

Stepping motor

Alignment adjustment jig

(Fig.3419) Adjustment of track alignment
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(D) Check and adjustment procedure (SKA method)

(1)

(2)

3)

(4)

(5)

(6)

7N

(8)

(9)

(10)

Connect an SKA and check cable referring to item 3-2-4 and set the FD

PWR switch to the PSA side.

Use two channels of an oscilloscope. Connect the lst channel to the
DOUT terminal of the SKA and the 2nd channel to the DIF terminal of
the SKA. Apply positive trigger by DOUT terminal.
Oscilloscope range, The lst channel: DC mode, 2V, 20msec

The 2nd channel: AC mode, 0.2 ~ 0.5V, 20msec

Key in "B9 F". (INDEX observation)

This item is applied only for 96tpi FDD (FD-55FR/GR) using a convent-

ional SKA. Refer to item 3-2-4-7.

Key in "DD". (H GAIN indicator turns on).

Install an alignment disk.

Start the spindle motor by key "S5". (MON indicator turns on).

Execute drive select by key "O". (DSO indicator turns on).

Key in "CO” and confirm that the TRACK indicator becomes "00".

(RECALIBRATE)

Set the head to the alignment check track by the following operation:

48tpi (FD-55BR): Key in "C2 16" and confirm that the TRACK indication
becomes "16".

96tpi (FD-55FR/GR): Key in "C2 32" and confirm that the TRACK
indication becomes "32".

Confirm that two lobe patterns as in Fig.3418 can be observed by the
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oscilloscope (it is not necessary that the levels of VA and VB are
equal).

If only one lobe pattern can be observed or if two lobes become one
pattern, the head is not on the alignment check track.

In such event, execute step-in or step-out of the following tracks'
space to obtain the most similar waveform to that in Fig.3418., Step
operation can be done by key "8" (STEP-IN) and key "9" (STEP-OUT). By

a depression of these keys, head will move for one track space.

48tpi: 2 tracks
96tpi: 4 tracks

Note: The above number of tracks to be stepped in required to make the
alignment track position be fit with the magnetized condition of
the basic phase "A" of the stepping motor.

For a 48tpi FDD, the lobe pattern shall be observed at the even
track, while it shall be observed at the track of multiple number

of four for a 96tpi FDD.

(11) Key in "E3". (ALIGNMENT)
Calibration value of the alignment disk and environmental relative

humidity should be set previously in the SKA.

(12) The DATA indicator, XXXX (%) indicates the misalignment value. ~(+)
mark means that the head is shifted inward from the reference position,

while - mark means that the head is shifted outward.

(a) When SKA3 is used:
By keying in "E3", side O and side 1 values are indicated on DATA 0
and DATA 1 indicators successively. The initial digit indicates /(I]
or J(OUT). "IN" means the value after step-in operation, while

"OUT" means the value after step-out operation.
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(b) When conventional SKA is used:

Key in "0" following the operation of item (11). The side is changed
alternately by a depression of "0" key during the execution of E3
command. When side 1 is selected, SIDE 1 indicator of the SKA turns

on.

(13) Confirm that all the misalignment values are within the following range.

Misalignment value: Less than *30%

(14) Depress "F" key. (STOP)

(15) If the value in item (13) is out of the specified range, adjust the

track alignment according to the following procedure.

(a)

(b)

(c)

@)

(e)

(£)

Loosen the two fixing screws of the stepping motor a little.

Insert the alignment adjustment jig or M3 screw from the back side

of the FDD as shown in Fig.3419.

Key in "E3" and adjust the jig or M3 screw so that the DATA indicator,
XXXX (%) shows the smallest value. The stepping motor moves little by

little when the jig or the screw is turned.

Repeat the adjusting operation in item (c) alternately for side O and
side 1 heads until the both misalignment take the smallest value.
Refer to item (12).

Tighten the two fixing screws of the stepping motor little by little
to obtain the value within *20% on the DATA indicator when the screws

are tightened with the specified torque.

Remove the alignment disk.
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(g) Apply a drop of locking paint on the screw head of the stepping

motor fixing screws.

(h) Check and adjust the track 00 sensor according to item 3-4-13.

(i) Check the track 00 stopper according to item 3-4-14.

(16) Release the Invert and Add modes of the oscilloscope.

(17) When the H GAIN indicator of the conventional SKA is on for a 96tpi

FDD, key in "DD" again to turn off the indicator.
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3-4-13. Check and Adjustment of Track 00 Sensor

(A) Equipment

(1)
(2)
(3)
(4)
(5)
(6)

Cross point screwdriver, M3

work disk

Alignment disk

SKA or user's system

Oscilloscope or digital voltmeter (not required when SKA3 is used)

Locking paint

(B-1) Check and adjustment procedure (General method)

(1)

(2

(3

(4)

(5)

Note: Check and adjustment of the track 00 sensor using this general
method is not so precise. It is recommended to use an SKA method
as much as possible.

Connect an oscilloscope or digital voltmeter to TP3 (Track 00 sensor)
on the PCBA MFD control.

Oscilloscope range: DC mode, 1V

Install a work disk and start the spindle motor.

Execute the head loading

Confirm that the voltage at TP3 is within the following range when the

head is set to track 00.
Track 00 position TP3 voltage: 3.7V, Min.
Turn the power off of the FDD and then turn it on again at the track 00

position. Confirm that the head carriage once moves to inner track and

then it returns to track 00 position (auto-recalibration).
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(6) Set the head to the following track.

48tpi (FD-55BR): Track 02
96tpi (FD-55FR/GR): Track 04

(7) Confirm that the voltage at TP3 is within the following range at the

track position in item (6).

TP3 voltage at track 02 (48tpi) or 04 (96tpi): 0.5V, Max.

(8) If the value in item (4), (5), or (7) is out of the specified range,

adjust the position of the track 00 sensor according to the following

procedure.

(a)

(b)

(c)

(d)

(e)

(£)

Connect the oscilloscope to TP7 or TP8 (Differentiation amp.) of the
PCBA MFD control.
Oscilloscope range: AC mode, 0.2 v 0.5V, 20msec

Install an alignment disk. The track alignment should be previously

adjusted according to item 3-4-12.

Make the head move to the position where the lobe pattern as in Fig.

3418 can be observed.

Remove the alignment disk.

Connect the oscilloscope or digital voltmeter to TP3 (Track 00 sensor)
on the PCBA MFD control.
Oscilloscope range: DC mode, 1V

Step out the head for the following space from the position where

the normal lobe pattern is observed.

48tpi: 15 tracks (the head will be on track O0l)
96tpi: 30 tracks (the head will be on track 02)
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(g)

(h)

(1)

(3)

(k)

Install a work disk.
Loosen the three fixing screws of the PCBA MFD control (see Fig.3420)
and move the PCBA position a little so that the voltage at TP3 falls

within the following range.

TP3 voltage at track Ol (48tpi) or track 02 (96tpi):
1v ~ 3V (2V, approx. center)

Confirm the items (4) through (7).
Adjust the track 00 sensor position so that the values in items
(h) and (i) satisfy the specification when the screws have been

tightened with the specified torque (6Kg.cm).

Check the track 00 stopper according to tiem 3-4-14.
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Head carriage Ass'y

rack 00 sensor

PCBA fixing screws

(Fig.3420) Adjustment of track 00 sensor
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(B-2) Check and adjustment procedure (Conventional SKA method)

(1) Connect an SKA and check cable referring to item 3-2-4 and set the FD
PWR switch to the PSA side.

(2) Use two channels of oscilloscope and connect them as £ollows:

(a) The lst channel: SKA DOUT terminal

(b) The 2nd channel: TP3 (Track 00 sensor) on PCBA MFD control,
2V range

(c) External trigger: DIRECTION SELECT interface signal (Interface
connector pin No.18) or pin 3 of J3 (resistor
network RAl for terminator) on the PCBA MFD

control, (+) trigger.

(3) Key in "B8 F". (STEP observation)

(4) Install a work disk and start the spindle motor by key "5".

(MON indicator turns on).
(5) Execute drive select by key "0". (DSO indicator turns on).
(6) Set the step rate and the settling time as follows referring to item
3-2~4-3.
FD-55BR, 6msec seek model: Step rate 6msec, Settling time l5msec
FD-55BR, 4msec seek model: Step rate 4msec, Settling time lOmsec

FD-55FR/GR: Step rate 3msec, Settling time lSmsec

(7) Key in "CO" and confirm that the TRACK indicator becomes "00".
(RECALIBRATE)

(8) Key in "C5". (TOO TIMING)
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(9) Measure the timing, tA according to Fig.3421. tA shall be within
the following range.
Track 00 detection timing:
FD-55BR (6msec seek model) and FD-55FR/GR: tA= 7.5 * 1.5msec
FD-55BR (4msec seek model): tA= 6.3 * l.3msec

Step-out

DIRECTION SELECT Sp-ou I s
(External trigger) J Step-in

1 2 3 4 S 1 2 3 4 5
SKA DOUT LL1 L L

Step rate 3.7V Min.
3 0.5V, Max. 2v
(Track 00 sensor) ov
ta
48tpi (FD-55BR)
Track 00
detection

1 2 3 4 5 1 2 3 4 5

SKA DOUT l n ﬂ l I l I l
3ms 3.7V,Min.
P3 0.5V, Max. 2v
(Track 00 sensor) - ov
tA
96tpi (FD-55FR/GR
tpi ( R/GR) Track 00 detection

(Fig.3421) Track 00 sensor output waveform
(10) Key in "F". (STOP)
(11) Turn the FD PWR switch of the SKA off at the track 00 position and
then set it again to the PSA side. Confirm that the head carriage

once moves to inner track and then it returns to track 00 position
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(auto-recalibration).

(12) If the value in item (9) or (11) is out of the specified range, adjust
the position of the track 00 sensor according to the following

procedure.

(a) Connect the 2nd channel of the oscilloscope to TP7 or TP8 (Differen-
tiation amp.) of the PCBA MFD control and change the trigger to this
channel.

Oscilloscope range: AC mode, 0.2 v 0.5V, 20msec

(b) Install an alignment disk. The track alignment should be previously

adjusted according to item 3-4-12.

(c) Key in "CO" and confirm that the track indicator becomes "00".

(RECALIBRATE) .

(d) Key in the following number and confirm that two lobe patterns as in
Fig.3418 can be observed.
48tpi: C2 16
96tpi: C2 32

If normal lobe pattern cannot be observed, move the head to the
track position where the typical lobe pattern can be observed by

stepping in by key "8" or by stepping out by key "9".
(e) Remove the alignment disk.
(£) Key in the following number. (SET TRACK NUMBER)
48tpi: E4 16

96tpi: E4 32

(g) Key in "C2 00". (SEEK 00)
Don't key in "CO". (RECALIBRATE)
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(h)

(1)

(3)

(k)

(L)

Change the connection of the oscilloscope as in item (2).

Key in “"C5". (TOO TIMING)
Loosen the three fixing screws of the PCBA MFD control (see Fig.3420)
and move the PCBA position so that the track 00 detection timing falls

within the specified range.

Repeat the adjustment so that the timing satisfies the specification

when the screws have been tightened with the specified torque (6Kg.cm).

Check the track 00 stopper according to item 3-4-14.
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(B-3) Check and adjustment procedure (SKA3 method)

(1) Connect the SKA3 and check cable referring to item 3-2-4 and set the
FD PWR switch to the PSA side.

(2) Install a work disk.

(3) Start the spindle motor by key "5". (MON indicator turns on).

(4) Execute drive select by key "0". (DSO indicator turns on).

(5) set the step rate and the settling time as follows referring to item
3-2-4-3.
FD-55BR, 6msec seek model: Step rate 6msec, Settling time lS5Smsec
FD-55BR, 4msec seek model: Step rate 4msec, Settling time 1lOmsec

FD-55FR/GR: Step rate 3msec, Settling time lSmsec

(6) Key in "CO" and confirm that the TRACK indicator becomes "00".
(RECALIBRATE)

(7) FD-55BR, émsec seek model: Key in "C5". (TOO TIMING)
FD-55BR, 4msec seek model: Key in "C5A" (TOO TIMING, 4msec model)
FD-55FR/GR: Key in "“CS". (TOO TIMING)

(8) Confirm that DATA O indicator, XXXX (ms) indicates a value within the

following range. Value on DATA 1 indicator must be ignored.

Track 00 detection timing

7.5 £ 1.5msec

FD-55BR (6bmsec seek model): DATA O
6.3

i+

1.3msec

FD-5SBR (4msec seek model): DATA O
FD-55FR/GR: DATA 0 = 7.5 % 1.5msec

(9) Depress "F" key. (STOP)
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(10)

(1)

Turn the FD PWR switch of the SKA3 off at the track 00 position and
then set it again to the PSA side. Confirm that the head carriage
once moves to inner track and then it returns to the track 00 position

(auto-recalibration) .
If the value in item (8) or (10) is out of the specified range; adjust

the position of the track 00 sensor according to item (B-2)-(12),

conventional SKA method excluding the step (h).
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3-4-14. Check of Track 00 Stopper

(A) Equipment

(1)

SKA or user's system

(B-1) Check procedure {(General method)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Set the head to track 00.
Step out the head from the track 00 position.

Confirm that the head carriage does not move by the step-out command

(head carriage rests on track 00).
Repeat step-in and step-out operations between track 00 and track XX.
Confirm that no impact sound can be heard between the head carriage

and the other fixing parts (track 00 stopper).

Turn off the FDD power and depress the head carriage lightly toward

the rear end of the FDD with fingers. Refer to arrow mark in Fig.3422.

Turn on the FDD power. Confirm that the head carriage once moves to

inner track automatically and then it returns to track 00 position.

Confirm that the TRACK 00 output signal is LOW during DRIVE SELECTed.
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ead carriage Ass'y

Stepping motor

Depress head carriage
toward the rear end

Track 00 sensor

(Fig.3422) Check of track 00 stopper
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(B-2) Check procedure (SKA method)

(1)

(2)

(3)

(4)

(5)

(6)

(7

(8)

(2)

(10)

(11)

Connect an SKA referring to item 3-2-4 ans set the FD PWR switch to the

PSA side.

Execute drive select by key "0". (DSO indicator turns on).

Key in "CO" and confirm that the TRACK indicator becomes "00".

(RECALIBRATE)

Set the step rate and the settling time as follows referring to item
3-2-4-3.
FD-55BR (6émsec seek model): Step rate 6msec, Settling time lS5msec
FD-55BR (4msec seek model): Step rate 4msec, Settling time lOmsec
FD-55FR/GR: Step rate 3msec, Settling time lS5msec

Key in "9". (STEP OUT)

Confirm that the head carriage does not move even if "9" is keyed in

(head carriage rests on track 00).

Key in "CO" and key in "C5". (STEP TIMING)

Confirm that no impact sound can be heard between the head carriage

and the other fixing parts (track 00 stopper).

Turn off the FD PWR switch of the SKA and depress the head carriage
lightly towards the rear end of the FDD with fingers. Refer to arrow

mark in Fig.3422.

Turn on the FD PWR switch again. Confirm that the head carriage once
moves to inner track automatically and then it returns to track 00
position.

Confirm that the TOO indicator of the SKA is on.

- 3472 -



3-4-15. Check and Adjustment of Index Burst Timing
(A) Equipment
(1) Cross point screwdriver, M3
(2) Alignment disk
(3) SKA or user'’s system
(4) Oscilloscope (not required when an SKA is used)
(B-1) Check and adjustment proceudre (General method)
(1) Use two channels of an oscilloscope. Connect the lst channel to TPl
(index) on the PCBA MFD control and the 2nd channel to TP4 or TPS

(Pre-amp.). Apply positive trigger by Tpl.

Oscilloscope range, The lst channel: DC mode, 2V, 50usec
The 2nd channel: AC mode, 0.5V, SOusec

(2) Install an alignment disk and start the spindle motor.
(3) Execute the head loading.
(4) Set the head to the following track:

48tpi (FD-55BR): Track 01
96tpi (FD-55FR/GR): Track 02

(5) Measure the index burst timing in Fig.3423.

(6) Substitute the following equation with the measured value in item (5)

and INDEX TIMING calibration value (see alignment disk label).

Index burst timing (true value) = Measured value - Calibration value (us)
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TPl (Index) B l

TP4 or TPS

b

e

Index burst timing

(Fig.3423) Index burst timing

(7) Confirm that the true value of the index burst timing is within the

following range.

Index burst timing, FD-55BR/FR: 200 t 200usec
FD-55GR: 165 % 165usec

(8) If the value in item (7) is out of the specified range, adjust the

index sensor position according to the following procedure.

(a) Loosen the two fixing screws (see Fig.3424) of the PCBA front OPT and
adjust its position to make the true value of the index burst timing
fall in the specified range in item (7).

(b) Repeat the adjustment so that the true value of the index burst timing
falls in the range of item (7) when the fixing screws have been

tightened with the specified torque (4.5Kg.cm).

(9) Remove the alignment disk.
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PCBA front OPT
fixing screws

Adjusting direction
of sensor

PCBA front OPT

Index sensor

(Fig.3424) Adjustment of index sensor
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(B-2) Check and adjustment procedure (SKA method)

(1) Connect an SKA and check cable referring to item 3-2-4 and set the FD
PWR switch to the PSA side.

(2) Install an alignment disk.

(3) Start the spindle motor by key "5". (MON indicator turns on).

(4) Execute drive select by key "0". (DSO indicator turns on).

(5) Key in "CO" and confirm that the TRACK indicator becomes "00".
(RECALIBRATE)

(6) Set the head to the index check track by the following operation:
48tpi (FD-55BR): Key in "C2 01" and confirm that the TRACK indication
becomes "O1".
96tpi (FD-5S5FR/GR): Key in "C2 02" and confirm that the TRACK
indication becomes "02".
(7) Key in "E6". (INDEX TIMING)
Calibration value of the index timing should be set previously in the

SKA.

(8) Confirm that the DATA indicator, XXXX (us) indicates the value within

the following range.

Index burst timing, FD-55BR/FR: 200 * 200usec
FD-55GR: 165 * 165usec

(9) Key in "F". (STOP)

(10) If the value in item (8) is out of the specified range, adjust the
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index sensor position according to the following procedure.

(a) Loosen the two fixing screws (see Fig.3424) of the PCBA front OPT and
its position so that the DATA indication under execution of item (7)
shows the median value in the specified range of item (8).

(b) Repeat the adjustment so that the DATA indication takes the median
value when the fixing screws have been tightened with the specified
torque (4.5Kg.cm).

(c) Depress "F" key. (STOP)

(11) Remove the alignment disk.
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3-5. MAINTENANCE PARTS REPLACEMENT

3-5-1.

Replacement of Head Carriage Ass'y

(A) Equipment

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

Cross point screwdriver, M3
Common screwdriver, small size
A pair of tweezers

Alcohol and gauze

Locking paint

0il (FLOIL 946P)

SKA or user's system

Required equipment for each referring item

(B) Replacement procedure

(1)

(2)

(3)

(4)

(5)

(6)

Disconnect the head connector (J4).

Remove the set arm sub Ass'y (Fig.405, No.3) by removing two fixing
screws (Fig.405, s8).

Apply alcohol to locking paint areas on the head carriage. There

are four points of shaded area as shown in Fig.3501 and Fig.3502.

Wait a minute.

Turn the FDD over so that the spindle motor (bottom side) goes up.
Depress A point of the steel belt (Table 402C, No.23c) according to
Fig.3501 in the direction of arrow mark using a common screwdriver or

rear end of a pair of tweezers, to make the locking paint 1 free.

Depressing B area of the belt spring (Table 402C, No.23d) according to
Fig.3501 with fingers in the direction of arrow mark, remove the steel

belt from the belt hook 1 of the carriage using a pair of tweezers.

- 3501 -



Belt hook 1 Locking paint 1

Locking paint 2 Steel belt

Even distance,
Step (15)

- [y (¢
Q-I lg»—Step (6)

\—Belt sprin
Step (5) pring
Locking paint 3 ; :
Spring guide

(Fig.3501) Belt hook area in the back side of carriage

Belt hook 2-\ /—-h:ckinq paint 4
\

4

\—Steel belt

(Fig.3502) Belt hook area on the upper side of the carriage

Step (6)

(7) Make the belt spring slide in the reverse direction of the arrow mark
in Fig.3501 using a pair of tweezers, and make the locking paint 2
and 3 free. Then remove the belt spring from the spring guide of the

carriage.
(8) Place the FDD so that the top side comes up. Pull C point of the steel

belt in the direction of arrow mark in Fig.3502 using a pair of tweezers

to make the locking paint 4 free. Then remove the steel belt from the
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(9)

(10)

(1)

(12)

belt hook 2 of the carriage.

Remove three screws (Fig.405, Sl) to remove the spring guides A and

B (Fig.405, Nos.24 & 25) which fix two guide shafts (Table 402C, No.23b).

Remove the head carriage Ass'y with the guide shafts., Refer to Fig.
3503.

Remove a screw (Fig.405, S1) on the capstan of the stepping motor Ass'y
and remove the steel belt and the plate washer (Fig.405, No.26).

Fix a new steel belt (accessory of the carriage) temporarily to the

capstan with the plate washer and the screw in item (l1) as they were.

Notes: 1. Fundamentally, the steel belt and the belt spring should be

(13)

replaced with the head carriage. However, if there is no
inferior points for these belt and spring, they may be used

after cleaning the surface carefully with alcohol and gauze.

2. Pay attention not to damage the surface of the steel belt or

the capstan.

Install a new head carriage Ass'y with two guide shafts in the reverse
order of items (5) through (10).

when fixing the steel belt to the carriage, install the belt spring

at the bottom side first, and hook the steel belt to the belt hook 1.
Refer to Fig.3501.

Then place the FDD with the top side up. Pull the steel belt in the
direction of arrow mark in Fig.3502 using a pair of tweezers and hook

it to the belt hook 2.

Note: When replacing the head carriage Ass'y, replace the two guide

shafts at the same time because of matching the respective hole

diameter of the carriage with those of the guide shafts. Each
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(14)

(15)

(16)

guide shaft is to be designated in combination with corresponding
hole of the head carriage Ass'y.
Guide shaft which goes through the hole of the carriage smoothly

with a little clearance is considered to be the best.

After finishing the installation of the carriage, loosen the screw

which fixes the steel belt to the capstan temporarily.

Confirm that the steel belt runs on the center of the belt spring
referring to Fig.3501.

After moving the head carriage several times manually, tighten the
fixing screw of the steel belt in item (14) carefully with the
specified torque of 4.5Kg.cm. At this time, be careful that the belt
is tensioned straightly. Pay attention not to damage the surface of

the belt or the capstan.

Note: Do not pinch the upper arm of the head carriage when move it

(17)

manually. Pinch the rear side of the carriage.

Move the head carriage to the middle of movable area and apply a drop
of oil (FLOIL 946P) on three points of guide shafts' surface near the
shaft holes of the carriage. This item shall be omitted, if the oil

has been already applied.

Notes: 1.. A small drop of oil shall be applied to each point.

(18)

For example, dip the tip of a narrow object such as wire or a

pair of tweezers with oil.

2. If the head carriage or the head piece is smeared with oil, wipe

it out completely by such a cotton swab dipped with alcohol.

Make the head carriage move manually several times to spread the oil

on all over the moving area.
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(19)

(20)

(21)

(22)

(23)

Apply a drop of locking paint to four points between the steel belt
and the carriage referring to locking paint 1 through 4 in Figs. 3501
and 3502.

Install the set arm and the head cable according to the reverse order
of items (1) and (2). Refer to item 3-2-3 as to the head cable

treatment.

Adjust the set arm position according to item 3-4-1.

Model with head load solenoid:

Check and adjust the arm lifter according to item 3-4-3.

CSS model:
Check the CSS Ass'y according to item 3-4-4.

Make the head move continuously between the track 00 and the innermost
track and confirm that the steel belt does not meander nor undulate.
wWhen an SKA is used, key in "C6" for this check and key in "F" for

stop.

Note: If the steel belt is replaced with a new one, continue the head

(24)

(25)

(26)

27)

(28)

seek operation in item (23) for 3 minutes, approx.

Check the head touch according to item 3-4-8.

Check the asymmetry according to item 3-4-9.

Adjust the track alignment according to item 3-4-12.

Adjust the track 00 sensor position according to item 3-4-13.

Check the track 00 stopper according to item 3-4-14.
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(29) Check or adjust the index burst timing according to item 3-4-15.
(30) Check the read level according to item 3-4-10.
(31) Check the resolution according to item 3-4-11.

(32) It is recommended to connect the FDD to the system for overall test.

Refer to item 3-2-5 (1) for the window margin test.

Head carriage
Ass'y

Stepping motor capstan

uide shafts

(Fig.3503) Replacement of head carriage Ass'y
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3-5-2. Replacement of Stepping Motor Ass'y
(A) Tools
(1) Cross point screwdriver, M3
(2) A pair of tweezers
(3) Alcohol and gauze
(4) Locking paint

(5)
(6)

SKA or user's system

Required equipment for rach referring item

(B) Replacement procedure

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Disconnect the stepping motor connector (J6).

Remove the stepping motor cable from the cable hooks of the frame

to make the cable be free.

Remove the steel belt (Table 402C, No.23c) and the belt spring (Table
402C, No.22d) according to item 3-5-1 (3) through (8).

Remove two fixing screws (Fig.405, S9) of the stepping motor Ass'y

(Fig.405, No.27) and remove the stepping motor with the steel belt.

Remove a screw (Fig.405, Sl1) on the capstan of the stepping motor and

remove the steel belt and the plate washer (Fig.405, No.26).

Confirm that there is no inferior nor defective point for the steel
belt and belt spring. Then carefully clean the surface of the steel
belt, belt spring and capstan with alcohol and gauze.

If an inferior or defective point is found, replace the steel belt or

the belt spring with a new one.
Fix the steel belt temporarily to the capstan of a new stepping motor

- 3507 -



with the plate washer and the screw as they were.

Note: Never remove the plate of the stepping motor Ass'y since they

are combined each other.

(8) Install the stepping motor in item (7) according to the reverse order

of items (1) through (4).

when fixing the steel belt to the carriage, install the belt spring
at the bottom side first and hook the steel belt to the belt hook 1
(refer to Fig.3501).

Then place the FDD with the top side up. Pull the belt in the
direction of arrow mark in. Fig.3502 using a pair of tweezers and

hook it to the belt hook 2.
(9) Loosen the screw which fixes the steel belt to the capstan.

(10) Confirm that the steel belt runs on the center of the belt spring when

viewed from the bottom side. Refer to Fig.350l.

(11) After moving the head carriage several times manually, tighten the
fixing screw of the steel belt in item (9) carefully with the specified
torque of 4.5Kg.cm. At this time, be careful so that the belt is
tensioned straightly. Pay attention not to damage the surface of the

belt or the capstan.

Note: Do not pinch the upper arm of the head carriage when move it

manually. Pinch the rear side of the carriage.

(12) Make the head move continuously between the track 00 and the innermost
track and confirm that the steel belt does not meander nor undulate.
When an SKA is used, key in "C6" for this check and key in "F" for
stop. If there is some abnormal running of the steel belt, readjust

the belt with screws in item (9). After the adjustment tighten the
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screws carefully with the specified torque of 4.5Kg.cm.

Note: If the steel belt is replaced, execute the continuous seek

operation in item (12) for 3 minuites, approx.

(13) Adjust the track alignment according to item 3-4-12.

(14) Adjust the track 00 sensor position according to item 3-4-13.
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3-5-3. Replacement of DD motor Ass'y (Spindle Motor)

(A) Tools

(1) Cross point screwdriver, M3
(2) Common screwdriver, small size
(3) A pair of tweezers

(4) Locking paint

(5) SKA or user's system

(6) Required equipment for each referring item
(B) Replacement procedure
(1) Disconnect the spindle motor connector (J7).
(2) Remove three fixing screws (Fig.405, S5) of the DD motor Ass'y from the
upper side of the FDD and draw out the DD motor Ass'y from the rotor

side (PCBA side).

(3) Install a new DD motor Ass'y in the reverse order of items (1) and (2).

Refer to item 3-2-2-5 as to the handling of J7 connector.
Note: The spindle area of the DD motor (clamping cup of the disk) is
precisely machined. For installing the motor to the frame,
place the spindle in parallel to the frame and push into the frame
slowly. Handle the spindle very carefully not to damage the spindle
surface.
(4) Adjust the set arm position according to item 3-4-1.

(5) Check the file protect sensor according to item 3-4-5.

(6) Check the disk rotational speed according to item 3-4-6.
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(7) Adjust the track alignment according to item 3-4-12.

(8) Check or adjust the track 00 sensor position according to item 3-4-13.

(9) Check or adjust the index burst timing according to item 3-4-15.

- 3511 -



3-5-4.

Replacement of Collet Ass'y

(A) Equipment

(1)
(2)
(3)
(4)
(5)
(6)

Cross point screwdriver, M3
A pair of tweezers

Round nose pliers

Locking paint

SKA or user's system

Required equipment for each referring item

(B) Replacement procedure

(1)

(2)

(3)

(4)

(5)

Remove the set arm sub Ass'y (Fig.405, No.3) by removing two fixing
screws (Fig.405, s8).

Remove an E-ring (Fig.405, S12) which fixes the collet Ass'y (Fig.405,
No.9) to the set arm and remove the collet and the pressure spring
(Fig.405, No.10).

Install a new collet Ass'y in the reverse order. Pay attention to the
orientation of the spring. The smaller diameter side shall face the
collet side and the larger diameter side shall face the set arm side.

Adjust the set arm position according to item 3-4-1.

Check (or adjust) the track alignment according to item 3-4-12.
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3-5-5. Replacement of Head Load Solenoid
This item is applied only for a model with head load solenoid Ass'y.
(A) Tools
(1) Cross point screwdriver, M3
(2) Hexagon wrench key, 1l.5mm
(3) A pair of tweezers
(4) Locking paint
(5) SKA or user's system
(6) Required equipment to each referring item
(B) Replacement procedure

(1) Disconnect the head load solenoid connector (J8).

(2) Remove two fixing screws (Fig.405, S2) to remove the head load solenoid

Ass'y (Fig.405, No.20).

(3) Install a new head load solenoid Ass'y in the reverse order.

(4) Position the head load solenoid Ass'y so that the arm lifter is in

parallel with the set arm. Refer to Fig.3504.

(5) Check and adjust the arm lifter according to item 3-4-4.
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ead load solenoid
Ass'y

(Fig.3504) Installation of the head load solenoid Ass'y
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3-5-6. Replacement of CSS Ass'y

This item is applied only for a CSS model (without head load soclenoid).

(A) Tools

(1) Cross point screwdriver, M3
(2) Required equipment for each referring item

(B) Replacement procedure

(1) Remove a fixing screw (Fig.405, S2) to remove the CSS Ass'y (Fig.405,

No.21) from the frame.

(2) Install a new CSS Ass'y in the reverse order. Be careful to install

the arm lifter area to be in parallel to the set arm.

(3) Check the CSS Ass'y according to item 3-4-4.

\ Arm lifter
(Parallel to set arm)

Set arm

(Fig.3505) CSS Ass'y and shift lever position
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3-5-7. Replacement of PCBA MFD Control
(A) Tools
(1) Cross point screwdriver, M3
(2) Common screwdriver, small size
(3) SKA or user's system
(4) Required equipment for each referring item

(B) Replacement procedure

(1) Disconnect all of the connectors connected to the PCBA MFD control

(Fig.405, No.29) referring to item 3-2-2.

(2) Remove the PCBA MFD control by removing three fixing screws (Fig.405,
S3).

(3) Install a new PCBA in the reverse order.

(4) Set the straps and terminator as they were on the old PCBA.
(5). Check the file protect sensor according to item 3-4-5.

(6) Check the erase gate delay according to item 3-4-7.

(7) Check (or adjust) the asymmetry according to item 3-4-9.

(8) Check the read level according to item 3-4-10.

(9) Check the resolution according to item 3-4-11.

(10) Adjust the track 00 sensor position according to item 3-4-13.
(11) Check the index burst timing according to item 3-4-15.
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(12) It is recommended to connect the FDD to the system for overall test.

Refer to items 3-2-5 (1) for the window margin test.
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3-5-8. Replacement of PCBA Front OPT
(A) Tools
(1) Cross point screwdriver, M3
(2) SKA or user's system
(3) Required equipment for each referring item
(B) Replacement procedure

(1) Disconnect PCBA front OPT connector (JS).

(2) Remove two fixing screws (Fig.405, S7) to remove the PCBA front OPT
(Fig.405, No.30).

(3) Install a new PCBA in the reverse order.

(4) Check the file protect sensor according to item 3-4-5.

(5) Adjust the index burst timing according to item 3-4-15.

(6) Check the front bezel indicator.
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3-5-9. Replacement of Front Bezel Ass'y

(A) Tools

(1) Cross point screwdriver, M3

(2) Required equipment for eachr referring item

(B) Replacement procedure

(1) Draw out the front lever Ass'y (Fig.4u5, No.32).

(2) Remove two fixing screws (Fig.405, S8) of the front bezel Ass'y (Fig.

405, No.3l) and draw the front bezel out.

(3) Install a new front bezel Ass'y in the reverse order. For the
installation of the front bezel, press the longitudinal ends of the
bezel against the frame and tighten the fixing screws with the

specified torque.

(4) Insert the front lever Ass'y fully against the lever shaft as it was.
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3-5-10. Replacement of Front Lever Ass'y

(A) Tools

(1) Required equipment for each referring item

(B) Replacement procedure

(1) Draw out the front lever Ass'y (Fig.405, No.32).
Yy

(2) Insert a new front lever Ass'y fully against the lever shaft as it was.

(3) Check (or adjust) the holder position according to item 3-4-2.
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4-5.

RECOMMENDABLE SPARE PARTS LIST

It is recommended to replace the wear parts periodically if the FDD

is operated at a specially heavy duty condition or if it is operated

over five years. Periodic replacement is not required for the parts

if the FDD is operated at a normal operation duty.

Table 406 shows all of the maintenance parts. Replace the wear parts

according to the recommended replacement cycle. Periodic replacement

is not required for parts without a recommended replacement cycle.

The replacement of the parts should be done according to each referred
item in Table 406.

Notes for Table:

Head carriage Ass'y are used always in pair with two guide shafts.
The head carriage Ass'y represented by listed parts number in Table
406 includes these guide shafts which parts number is different from
that of a head carriage Ass'y itself without these guide shafts.

Refer to Note 2 and Table 402-C in item 4-2-1 as to the details.

It is recommended that the steel belt and belt spring are replaced
together with the head carriage Ass'y. Parts number of the head
carriage Ass'y in Table 406 includes these two parts. Refer to

Note 2 and Table 402-C in item 4-2-1 as to the details.

If the steel belt and belt spring are replaced individually or
replaced with the stepping motor Ass'y, use the individual parts
number in Table 406.

Periodic replacement is not required for parts without a recommended
replacement cycle. Replace the parts when required such as during
repair.

If two recommended cycles are listed, the cycle which the parts reach
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first should have priority.

The required time for replacement includes the time for basic check

and adjustment after the replacement.

Use the designated parts number for ordering the spare parts.
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(Table 406) FD-55BR recommendable spare parts list

Spare parts

Replacement
Replacement cycle Required time

Parts name Description Parts No. Referred items |
Head carriage Ass'y BR Note 1| 17867603 - 00 { 10,000 head load & motor on hrs. 45 min
or 1X107 seeks

Steel belt Note 2 18792349 - 00 | Replace with head carriage Ass'y —_

Belt spring 16392054 - 60

Stepping motor Ass’y 14760070 - 80 | 1X10" seeks 30 min
14769070 - 80

DD wotor Ass'y 14733730~ 70 | 30,000 motor on hrs. 20 min

(Spindie motor)

Collet Ass'y 17967272~ 00 | 3X10* clamps 15 min

CSS sub Ass'y 17867309-00 | 8x10° clamps 10 min

PCBA MFD control #N 5532087 - 0 - 30 min

PCBA front OPT #N 15532091 - 00 - 10 min

Front bezel Ass'y 17967267 - 88 — 10 min

Front lever Ass'y 17967281 - 68 — 5 min
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BIOS Services

Device I/O Services
Introduction

The BIOS (Basic Input/Output System) is the lowest-level interface
between other software (application programs and the operating sys-
tem itself) and the hardware. The BIOS routines provide various
device input/output services as well as bootstrap and print screen and
other services. Some of the services that BIOS provides are not avail-
able through the operating system, such as the graphics routines.

All calls to the BIOS are made through software interrupts (that is, by
means of assembly language “INT x” instructions). Each I/O device is
provided with a software interrupt, which transfers execution to the
routine.

Entry parameters to BIOS routines are normally passed in CPU
registers. Similarly, exit parameters are generally returned from these
routines to the caller in CPU registers. To insure BIOS compatibility
with other machines, the register usage and conventions are, for the
most part, identical.

The following pages describe the entry and exit requirements for each
BIOS routine. To execute a BIOS call, load the registers as indicated
under the “Entry Conditions” banner. (Register AH will contain the
function number in cases where a single interrupt can perform more
than one operation.) Then issue the interrupt given for the call. The
following example can be used to read a character from the keyboard:

MOV AH,0
INT 16H




Software

Upon return, AL contains the ASCII character and AH the keyboard
scan code.

Note: All registers except those used to return parameters to the
caller are saved and restored by the BIOS routines.

Following is a quick reference list of software interrupts for all device
I/O and system status services.

Service Software Interrupts
Video Display 10 hex (16 dec)
Equipment 11 hex (17 dec)
Memory Size 12 hex (18 dec)
Diskette 13 hex (19 dec)
Serial Communications 14 hex (20 dec)
System Services 15 hex (21dec)
Keyboard 16 hex (22 dec)
Line Printer 17 hex (23 dec)
Bootstrap Loader 19 hex (25 dec)
System Clock 1Ahex (26 dec)
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Keyboard
16 hex (22 dec)

Function Summary

AH =090 Read keyboard (destructive with wait)

AH =1 Scan keyboard (nondestructive, no wait)

AH = 2 Get current shift status

AH =5 Store ASCII character and scan code in
keyboard buffer

AH = 10H: Extended keyboard read

AH = 11H: Extended ASCII status

AH = 12H: Extended shift status read

Function Descriptions
Read Keyboard

Read the next character typed at the keyboard. Return the ASCII value
of the character and the keyboard scan code, removing the entry from
the keyboard buffer (destructive read).

Entry Conditions
AH =0

Exit Conditions
AL ASCII value of character
AH keyboard scan code
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Scan Keyboard

Set up the zero flag (Z flag) to indicate whether a character is avail-
able to read from the keyboard or not. If a character is available, return
the ASCII value of the character and the keyboard scan code. The entry
remains in the keyboard buffer (non-destructive read).

Entry Conditions
AH =1

Exit Conditions

z = no character available

NZ = a character is available, in which case:
AL = ASCII value of character

AH = keyboard scan code

Get Shift Status

Return the current shift status.

Entry Conditions
AH =2

Exit Conditions
AL = current shift status (bit settings: set = true, reset = false)

Bit 0 = RIGHT SHIFT key depressed

Bit 1 = LEFT SHIFT key depressed

Bit 2 = CTRL (control) key depressed

Bit 3 = ALT (alternate mode) key depressed
Bit 4 = SCROLL state active

Bit 5 = NUMBER lock engaged

Bit 6 = CAPS lock engaged

Bit 7 = INSERT state active
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Store ASCII Character
Entry Conditions

AH =5

CL = ASCII character
CH = Scan Code

Exit Conditions

AL = 00: Successful
AL = 01: Buffer full
[C] = Operation failed
Extended Keyboard Read
Entry Conditions

AH = 10H

Exit Conditions
AL ASCII value of character
AH keyboard scan code

1

Extended ASCII Status

Entry Conditions
AH = 11H

Exit Conditions

Z = No character is available

NZ = A character is available, in which case:
AL = ASCII value of character

AH = keyboard scan code
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Extended Shift Status Read

Entry Conditions
AH = 12H

Exit Conditions
AL = shift status (bit settings: set = true, reset = false)
Bit7 = INSERT active
Bit6 = CAPS LOCK active
Bit5 = NUM LOCK active
Bit4 = SCROLL LOCK active
Bit3 = ALT pressed
Bit2 = CTRL pressed
Bit1 = LEFT SHIFT pressed
Bit0 = RIGHT SHIFT pressed

AH = extended shift status (bit settings: set = true,
reset = false)

Bit7 = SYS REQ pressed
Bit6 = CAPS LOCK active
Bit5 = NUM LOCK active
Bit4 = SCROLL LOCK active
Bit3 = RIGHT ALT active
Bit2 = RIGHT CTRL active
Bit1 = LEFT ALT active
Bit0 = LEFT CTRL active
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Video Display

These routines provide an interface for the video display - the output
half of the console (CON) device. MS-DOS considers the video dis-
play to be the default standard output (STDOUT) device.

Software Interrupts
10 hex (16 dec)

Function Summary Table
Supported Video BIOS Calls

INT 10H

AH=00 Set Video Mode
AH=01 Set Cursor Type
AH=02 Set Cursor Position

AH=03 Read Cursor Position
AH=05 Select Active Display Page
AH=06 Scroll Active Page Up
AH=07 Scroll Active Page Down

AH=08 Read Attribute/Character at
Current Cursor Position

AH=09 Write Attribute/Character at
Current Cursor Position

AH=0A Write Character Only at
Current Cursor Position

AH=0B Set Color Palette

AH=0C Write Dot

AH=0D Read Dot

AH=0E Write TTY to Active Display
AH=0F Current Video State
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INT 10H

AH=10
AL=00
AL=01
AL=02

AH=13
AL=00
AL=01

AL=02
AL=03

Color Palette Interface

Set Individual Register

Set Border Color

Set All Palette Registers and Border
Write String

Write Character String

Write Character String and

Move Cursor

Write Character and Attribute Strings
Write Character and Attribute Strings
and Move Cursor
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Function Descriptions
Set CRT Mode

Entry Conditions
AH =0
AL

mode value, as follows:

Alpha Modes
AL = 0: 40x25 black and white
AL = 1: 40x25 color
AL = 2: 80x25 black and white
AL = 3: 80x25 color

Graphics Modes
AL = 4: 320x200 color graphics

AL = 5: 320x200 black and white
graphics with 4 shades

AL = 6: 640x200 black and white graphics
with 2 shades

AL = 7: monochrome text

Additional Modes

AL = 8: 160x200 color graphics
with 16 colors

AL = 9: 320x200 color graphics
with 16 colors

AL = A: 640x200 color graphics
with 4 colors

Note: If the high order bit of the AL register is 1, then the video
buffer is not cleared.




Software

Set Cursor Type

Set the cursor type and attribute.

Entry Conditions

AH =1

CH = bitvalues:
Bits 5-6
Bits 5-6 = 0: produces a visible, blinking cursor
Bits 4-0

CL
Bits 4-0 = end line for cursor within character cell

an invisible or erratically blinking cursor

]

start line for cursor within character cell

bit values:

Set Cursor Position

Write (set) cursor position.

Entry Conditions

AH =2

BH = page number (must be 0 for graphics modes)
DH = row (0 = top row)

DL = column (0 = leftmost column)

10.
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Get Cursor Position
Read (get) cursor position.

Entry Conditions
AH =3
BH = page number (must be 0 for graphics modes)

Exit Conditions
DH = row of current cursor position (0 = top row)
DL

column of current cursor position
(0 = leftmost column)

CcX
See previous “Set Cursor Type” (AH = 1).

cursor type currently set [1]:

Select Active Page

Select active display page (valid in alpha mode only).
Entry Conditions

AH =5

AL = (0 through 7: new page value for modes 0, 1
AL = Othrough3:  new page values for modes 2, 3
AL = 80H: read CRT/CPU page registers

AL = 81H: set CPU page register to value in BL
AL 82H: set CRT page register to value in BH
AL 83H: set CRT and CPU page registers in BH and BL

Exit Conditions

If Bit 7 of AL = 1 upon entry, then:
BH contents of CRT page register
BL

contents of CPU page register

11.
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Scroll Up

Scroll active page up.

Entry Conditions

AH =6

AL = numbers of lines to scroll. The number of lines that
will be left blank at the bottom of the window.
(0 = blank entire window)

CH = row of upper left corner of scroll window

CL = column of upper left comer of scroll window

DH = row of lower right corner of scroll window

DL = column of lower right corner of scroll window

BH = attribute (alpha modes) or color (graphics modes)
to be used on blank line

Attributes

Color modes.

Foreground color:

Bit 0
Bit1

Bit2 =

Bit3

blue
green
red

intensity

All bits off =  black
Background color:

Bit 4
Bit 5
Bit 6
Bit 7

blue
green
red
blink

All bits off = white

12.
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Scroll Down
Scroll active page down.

Entry Conditions

AH =7

AL = number of lines to scroll (0 = blank entire window)
CH = row of upper left corner of scroll window

CL = column of upper left comer of scroll window

DH = row of lower right corner of scroll window

DL = column of lower right corner of scroll window

BH = attribute (alpha modes) of color (graphics modes)

to be used on blank line. See “Scroll Up” (AH = 6) for at-
tribute values and “Set Color Palette” (AH = 11) for
color values.

Read Attribute or Color/Character
Read a character and its attribute or color at the current cursor posi-
tion.

Entry Conditions
AH =8
BH = display page number (not used in graphics modes)

Exit Conditions
AL = character read
AH = attribute of character (alpha modes only)

13.
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Write Attribute or Color/Character
Write a character and its attribute or color at the current cursor posi-
tion.

Entry Conditions

AH =9

BH = display page number (not used in graphics modes)
CcX = number of characters to write

AL = character to write

BL = attribute of character (for alpha modes) or color of

character (for graphics modes. If Bit 7 of BL is set, the
color of the character is XOR’ed with the color value).
See “Scroll Up” (AH = 6) for attribute values and “Set
Color Palette” (AH = 0BH) for color values.

Write Character Only

Write character only at current cursor position.

Entry Conditions

AH = 0AH

BH = display page number (valid for alpha modes only)
CcX = number of characters to write

AL = character to write

BL = color of character (graphics mode)

14.
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Set Color Palette
Select the color palette.

Entry Conditions

AH = O0BH

BH = 0: Setbackground color (0-15) to color value

in BL.

BL = color value:
1 = blue 5 = magenta 9 = light blue 13 = light magenta
2 = green 6 = yellow 10 = light green 14 = yellow
3 = cyan = light grey 11 = light cyan 15 = white
4 = red 8 = dark grey 12 = light red

or

BH = 1: Set default palette to the number (0 or 1) in BL.

In black and white modes:

BL = 0: 1 for white

BL = 1: 1for black

In 4 color graphics modes:

BL = 0: (1 = green,2 = red, 3 = yellow)

BL = 1: (1 = cyan,2 = magenta, 3 = white)

In 16 color graphics modes:
1 = blue S5 = magenta 9 = light blue 13 = light magenta
2 = green 6 = yellow 10 = light green 14 = yellow
3 = cyan 7 = light grey 11 = light cyan 15 = white
4 = red 8 = dark grey 12 = light red

Note: For alpha modes, Palette Entry 0 indicates the border
color. For graphics modes, Palette Entry 0 indicates the border
and the background color.

15.
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Write Dot

Write a pixel (dot).

Entry Conditions

AH = O0CH

DX = row number

CX = column number

AL = colorvalue (When Bit 7 of AL is set, the resultant
color value of the dot is the exclusive OR of the current
dot color value and the value in AL.)

Read Dot

Read a pixel (dot).

Entry Conditions

AH = O0DH

DX = row number

CX = column number

Exit Conditions

AL

color value of dot read

16.
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Write TTY
Write a character in teletype fashion. (Control characters are inter-
preted in the normal manner.)

Entry Conditions

AH = OEH

AL = character to write

BL = foreground color (graphics mode)
BH = display page (alpha modes)

Get CRT Mode

Get the current video mode.

Entry Conditions

AH = O0FH

Exit Conditions

AL = current video mode. See the previous “Set CTR Mode”
(AH = 0) for values

AH number of columns on screen

BH

current active display page

17.
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Set Palette Registers
Sets palette registers.

Entry Conditions
AH = 10H
AL = 0: Set Palette register
BL = number of palette register (0 -15) to set

BH = color value to store
AL = 1: Set border color register
BH = color value to store
AL = 2: Set palette color value to store and

border registers
ES:DX points to a 17-byte list.

Bytes 0-15 = values for palette registers 0-15
Byte 16 = value for border register

18.
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Write String

Display a string of characters on screen.

Entry Conditions

AH = 13H

ES:BP = pointer to start of string

CX = length of string (attributes do not count)

DX = starting cursor position (DH = row, DL = column)
BH = page number (for text modes)

BL = attribute for characters (graphics modes)

AL = 00: Characters only string, cursor not updated

01: Characters only string, cursor updated
= 02: Character, attribute alternating string, cursor
not updated

03: Character, attribute alternating string, cursor
updated

19.
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Serial Communications

These routines provide asynchronous byte stream I/O from and to the
RS-232C serial communications port. This device is labeled the
auxiliary (AUX) I/O device in the device list maintained by MS-DOS.

Software Interrupts
14 hex (20 dec)

Function Summary

AH = (0: Reset Comm port

AH = 1. Transmit character

AH = 2. Receive character

AH = 3: Get current Comm status

DX = communication port number (0 or 1)

20.
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Function Descriptions
Reset Comm Port

Reset (or initialize) the communication port according to the
parameters in AL, DL, and DH.

Entry Conditions

AH =0

AL = RS-232C parameters, as follows:

DX = port number (0 or 1)
7 6 5 4 3 2 1 0
Baud Rate Parity Stop Bits Word Length

000 = 110baud 00 =none 0 =1bit 10 =7 bits
001 = 150baud 01 =odd 1 =2bits 11 =8 bits
010 = 300baud 11 =even

011 = 600 baud

100 = 1200 baud

101 = 2400 baud
110 =4800 baud
111 =9600 baud

Exit Conditions

AX = RS-232C status; See the following“Get Current
Comm Status” (AH = 3)

21.
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Transmit Character
Transmit (output) the character in AL (which is preserved).

Entry Conditions
AH =1
AL = character to transmit

DX

port number (0 or 1)

Exit Conditions

AH = RS-232C status; See the following “Get Current
Comm Status” (AH = 3). If Bit 7 is set, the routine was
unable to transmit the character because of a timeout
€rror.)

AL is preserved

Receive Character

Receive (input) a character in AL (wait for a character, if necessary).
On exit, AH will contain the RS-232 status, except that only the error
bits (1, 2, 3, 4, 7) can be set; the timeout bit (7), if set, indicates that
data set ready was not received and the bits in AH are not meaningful.
Thus, AH is non-zero only when an error occurred.

Entry Conditions
AH = 2
DX = port number (0 or 1)

Exit Conditions
AL = character received

AH = RS-232C status; See the following “Get Current
Comm Status” (AH = 3)

22.
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Get Current Comm Status
Read the communication status into AX.

Entry Conditions

AH
DX

]

=3
port number (0 or 1)

Exit Conditions

AH
Bit 0
Bit 1
Bit 2
Bit3

Bit4 =

Bit 5
Bit 6
Bit 7
AL
Bit0

Bitl =

Bit 2

Bit3 =
Bit4 =

Bit 5
Bit 6
Bit 7

RS-232C status, as follows (set = true):
data ready

overrun error

parity error

framing error

break detect

transmitter holding register empty
transmitter shift register empty
timeout occurred

modem status, as follows (set = true):
delta clear to send

delta data set ready

trailing edge ring detector

delta receive line signal detect

clear to send

data set ready

ring indicator

receive line signal detect

23.
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Line Printer

These routines provide an interface to the parallel line printer.
This device is labeled “PRN” in the device list maintained by the
operating system.

Software Interrupts
17 hex (23 dec)

Function Summary

AH = 0: Print character
AH = 1: Reset printer port
AH = 2: Get current printer status

Function Descriptions
Print a Character

Entry Conditions

AH =0

AL = character to print

DX = printerto be used (0-2)

Exit Conditions

O0AH = printerstatus. See the following “Get Current
Printer Status” (AH = 2)
(If Bit 0 is set, the character could not be printed
because of a timeout error.)

24,



BIOS Services

Reset Printer Port
Reset (or initialize) the printer port.

Entry Conditions
AH =1
DX = printerto be used (0-2)

Exit Conditions

AH = printer status; See the following “Get Current
Printer Status” (AH = 2)

Get Current Printer Status
Read the printer status into AH.

Entry Conditions
AH =2

Exit Conditions
DX = printerto be used (0-2)
AH = printer status as follows (set = true):
Bit 0 = timeout occurred
Bit1 = [unused]
Bit2 = [unused]
Bit3 = /O error
Bit4 = seclected
Bit5 = out of paper
Bit 6 = acknowledge
Bit 7 = not busy
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System Clock

These routines provide methods of reading and setting the clock main-
tained by the system. This device is labeled CLOCK in the device list
of the operating system. An interface for setting the multiplexer for
audio source is also provided.

Software Interrupts
1A hex (26 dec)

Function Summary

AH =0 Get time of day

AH =1 Set time of day

AH = 2: Read real-time clock

AH = 3 Set real-time clock

AH = 4 Read date from real-time clock
AH = 5: Set the date in the real-time clock
AH = 80H: Set up sound multiplexer

The clock runs at the rate of 1,193,180/65,536 per second (about 18.2
times per second).
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Function Descriptions
Get Time of Day

Get (read) the time of day in binary format.

Entry Conditions
AH =0

Exit Conditions

CcX = high (most significant) portion of the clock count
DX = low (least significant) portion of the clock count
AL = 0 of the clock was read or written (via AH = 0,1) within the

current 24-hour period; otherwise, AL = 0

Set Time of Day
Set (write) the time of day using binary format.

Entry Conditions
AH =1
CX = high (most significant) portion of clock count

DX

low (least significant) portion of clock count

27.
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Read Clock Time of Day
Read the time of day kept in the clock.

Entry Conditions
AH =2

Exit Conditions

CH hours in BCD
CL minutes in BCD
DH seconds in BCD

Set Clock Time of Day
Set the time of day kept in the clock.

Entry Conditions

AH =3

CH hours in BCD
CL minutes in BCD
DH seconds in BCD
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Read Clock Date

Read the date kept in the clock.
Entry Conditions

AH = 4

Exit Conditions

CH = century in BCD
CL = year in BCD

DH = month in BCD
DL = dayin BCD

Set Clock Date

Set the date kept in the clock.
Entry Conditions

AH =5

CH = century in BCD
CL = year in BCD

DH = month in BCD
DL = dayin BCD

29.
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Sound Multiplexer
Sets the multiplexer for audio source.
Entry Conditions
AH = 80
AL = source of sound
00 = 8253 channel 2
02 = audioin
03 = complex sound generator chip

30.
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Disk I/O Support for Diskette Only
System Configuration

Software Interrupt
13 hex (19 dec)

Function Summary

AH =0 Reset diskette

AH = 1: Return status of last diskette operation
AH = 2: Read sector(s) from diskette

AH = 3: Write sector(s) to diskette

AH = 4: Verify sector(s) on diskette

AH =5 Format track on diskette

AH = 08H: Read drive parameters

AH = 15H: Read DASD type

AH = 16H: Diskette change line status

31.
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Function Descriptions

Reset Diskette

Reset the diskette system. Resets associated hardware and recalibrates
all diskette drives.

Entry Conditions
AH =0

Exit Conditions
See the following “Exits From All Calls.”

Return Status of Last Diskette Operation
Returns the diskette status of the last operation in AH.

Entry Conditions
AH =1

Exit Conditions

AL = status of the last operation. For values, see the
following “Exits From All Calls.”

32,
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Read Sector(s) from Diskette
Read the desired sector(s) from the diskette into RAM.

Entry Conditions

AH = 2

DL = drive number (0-2 if Tandy 1000 TL; 0-1 if Tandy
1000 SL)

DH = head number (0-1)

CH = track number (0-79)

CL = sector number (1-9)

AL = sector count (1-9)

ES:BX = pointer to disk buffer

Exit Conditions
See the following “Exits from all Calls.”

AL = number of sectors read

Write Sector(s) to Diskette
Write the desired sector(s) from RAM to disk.

Entry Conditions

AH =3

DL = drive number (0-2 if Tandy 1000 TL; 0-1 if Tandy
1000 SL)

DH = head number (0-1)

CH = track number (0-79)

CL = sector number (1-9)

AL = sector count (1-9)

ES:BX = pointer to disk buffer

33.
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Exit Conditions
See the following “Exits From All Calls.”

AL

number of sectors written

Verify Sector(s) on Diskette
Verify the desired sector(s) are readable.

Entry Conditions

AH =4

DL = drive number (0-2 if Tandy 1000 TL; 0-1 if Tandy
1000 SL)

DH = head number (0-1)

CH = track number (0-79)

CL = sector number (1-9)

AL = sector count (1-9)

Exit Conditions
See the following “Exits From All Calls.”

AL

number of sectors verified

Format on Diskette
Format the desired track.

Entry Conditions

AH =35

AL = sector count (1-9)

DL = drive number (0-2 if Tandy 1000 TL; 0-1 if Tandy
1000 SL)

DH = head number (0-1)

CH = track number (0-79)

CL = sector number (1-9)

34,
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ES:BX

pointer to a group of address fields for each track. Each ad-
dress field is made up of 4 bytes. These are C, H, R, and
N, where:

= track number
= head number

= sector number

Z 3T 0

= the number of bytes per sector
(00 = 128,01 = 256,02 = 512,03 = 1024)

There is one entry for every sector on a given track.
Exit Conditions

See the following “Exits From All Calls.”

Read Drive Parameters
Return the drive parameters.

Entry Conditions

AH = (08H

DL = drive number (0-2 if Tandy 1000 TL; 0-1 if Tandy
1000 SL)

Exit Conditions

AX =0

BH =90

CH = Maximum usable track number
CL = Maximum usable sector number
DH = Maximum usable head number

DL = Number of diskette drives installed (0-2 if Tandy
1000TL; 0-1 if Tandy 1000 SL)

ES:Dl = Pointer to diskette drive parameter table for the
maximum media type supported on the specified
drive

35.
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CF = (. No error

CF = 1: Illegal parameter

Read DASD Type

Return the change line status.

Entry Conditions

AH = 15H

DL = drive number (0-1 if Tandy 10000 TL; 0-1 if Tandy
1000 SL)

Exit Conditions

CF = 1: Operation was not successful. Previous versions

of the Tandy 1000 will return CF=1.

AH = Invalid command.
CF = Operation was successful
AH = Drive not present

Diskette, no change line available

PR

Diskette, change line available

36.
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Diskette Change Line Status
Return the status of the diskette change line.

Entry Conditions
AH = 16H
DL = drive number (0-2 if Tandy 1000 TL; 0-1 if Tandy
1000 SL)
Exit Conditions
CF =0:. IfAH =0
CF = 1. IfAHisnon(
AH = 0: Diskette change signal not active
= 1: Invalid diskette parameter
= 6: Diskette change signal active
= 80: Diskette drive not ready (drive door is open)
Exits From All Calls
AH = Status of operation, where set = true
Error Code Condition
01H Illegal Function
02H Address Mark Not Found
03H Write Protect Error
04H Sector Not Found
06H Diskette Change Line Active
08H DMA Overrun
09H Attempt to DMA Across a 64K Boundary
10H Bad CRC on Disk Read
20H Controller Failure
40H Seek Failure
80H Device Timeout, Device Failed to Respond
[NC] = operation successful (AH = 0)

[C] operation failed (AH = error status)

37.
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Equipment
This service returns the “equipment flag” (hardware configuration of
the computer system) in the AX register.

Software Interrupts
11 hex (17 dec)

The “equipment flag” returned in the AX register has the following
meanings for each bit:

Reset = the indicated equipment is not in the system
Set = the indicated equipment is in the system

Bit 0 = diskette installed

Bit 1 = math coprocessor

Bits 2,3  always = 11

Bits 4,5  initial video mode
01 40x25 Color
10 80x25 Color

11 80x25 Monochrome
Bits 6,7  number of diskette drives (only if Bit 0 = 1)

00 1

01 2

10 3 (Tandy 1000 TL ONLY)
Bit 8 0 = DMA present (always present)

1 = noDMA present

Bits 9, 10, 11 number of RS232 cards
Bit 12 game I/O adapter present (joystick)
Bit 13 not used
Bits 14,15 number of printers
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Memory Size

This service returns the total number of kilobytes of RAM in the com-
puter system (contiguous starting from Address 0) in the AX register.
The maximum value returned is 640.

Software Interrupts
12 hex (18 dec)

Bootstrap Loader

Track 0, Sector 1 is read into Segment 0, Offset 7C00.
Control is then transferred as follows: (CS) = 0000H
(IP) = 7CO0H

(DL) — drive where bootstrap sector was read

Software Interrupts
19 hex (25 dec)

39.
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System Services

Software Interrupts
15 hex (21dec)

Function Summary
AH = COH: Machine identification
AH = 15H: Read and write EEPROM data

Function Descriptions
Machine Identification

The machine identification algorithm is the same as all previous Tandy
1000’s. As well, the Tandy 1000 SL and Tandy 1000 TL computers have
a new BIOS call to further identify the machine.

All current and previous Tandy 1000 computers have the following
machine identification:

Byte at address FFFF:E = FF hex (compatible with IBM PC)
Byte at address FC000:0 = 21 hex (Tandy 1000 unique)

Entry Conditions
AH = COH

Exit Conditions
If CF 0
ES:BX pointer to machine identification data in ROM
DW 0003 Byte count of data that follows (always 3)
DB xx Model ID
DB xx Submodel ID
DB xx BIOS revision level
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IF CF = 1, the call is not supported (all previous
versions of the Tandy 1000)

Tandy 1000 SL Tandy 1000 TL

Model ID FF FF
Submodel ID 00 01
BIOS revision level XX xx

Function Descriptions
Read From EEPROM

Read the 16-bit value from the indicated EEPROM word.

Entry Conditions

AH = T0H

AL =90

BL = word number to read (0-63)
Exit Conditions

DX = word value

Carry flag set indicates EEPROM call not supported.

41.
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Write to EEPROM
Write a 16-bit value to the indicated EEPROM word.

Entry Conditions

AH
AL
BL
DX

70H

=1

it

word number to write (0-63)

word value to write

Exit Conditions
Cafry Flag set indicates EEPROM call not supported.

42,
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Tandy 1000 SL and Tandy 1000 TL BIOS Sound
Support

The BIOS in these computers has the same support for sound as all
previous Tandy 1000 computers, as well as support for additional
sound features. The API for this new BIOS support is defined in the
following information.

Software Interrupts

1A hex (26 dec)

Function Summary

AH
AH
AH
AH

81H:
82H:
83H:
84H:

Get sound status

Input sound (from the microphone)
Output sound (to the speaker)
Stop sound input and output

Function Descriptions
Get Sound Status

Gets sound status.

Entry Conditions

AH

Exit Conditions

Not Busy:

AX
CF

= 00C4H

81H

0
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Busy:

AX = 00C4H
CF =1
Input Sound

Inputs sound from the microphone.

Entry Conditions

AH = 82H

ES:BX = buffer address

CcX = buffer length

DX = transfer rate (1-4095, where 1 is the fastest
transfer rate)

Exit Conditions

Not Busy:

AH =0

CF =0

Busy:

AH =0

CF =1




BIOS Services

Output Sound
Outputs sound to the speaker.

Entry Conditions

AH = 83H: Output sound (to the speaker)

ES:BX = buffer address

CcX = buffer length

DX = transfer rate (1-4095, where 1 is the fastest
transfer rate)

AL = volume (0-7, where 0 = no sound)

Exit Conditions

Not Busy:

AH =0

CF =0

Busy:

AH =0

CF =1

Stop Sound Input and Output
Stops sound input and output.

Entry Conditions
AH = 84H

Notes: The transfer rate values in register DX are not the same
for calls AH =82H and AH =83H. To input a buffer of data with
the AH =82H call with a given DX value, then play it back with
the AH =83H call so that it sounds the same, set the DX value
for output approximately 11.5 times as large as the DX value for
input when run on a Tandy 1000 SL and approximately 10.0 times
faster on a Tandy 1000 TL.
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This BIOS call uses the DMA hardware to input and output the
sound buffer. When functions AH=82H and AH=83H are
called, the BIOS initiates the I/O and returns to the calling
program immediately. When the DMA transfer is complete, the
BIOS will receive a hardware interrupt and will execute a
software INT 15H with AH=91H and AL =FBH. If an applica-
tion program needs to know when the data transfer is complete,
it has to hook INT 15H and watch for this event.

The BIOS call masks the hardware restriction of not being able
to DMA across a 64 kilobyte memory address boundary from the
calling program.




BIOS Services

Keyboard ASCII and Scan Codes
Function Keys, Cursor Keypad, Numeric Keypad

SCAN NORM CASE UPPER CASE CTRL CASEALT CASE

CODE ASCIl CODE ASCIH CODE ASCIll CODE ASCIl CODE

3B F1 x3B F11 x54 F21 x5E F31 x68
3C F2 x3C F12 x55 F22 x5F F32 x69
3D F3 x3D F13 x56 Fa3 x60 F33 x6A
3E F4 x3E Fi4 x57 F24 x61 F34 x68
3F F5 x3F F15 x58 F25 x62 F35 x6C
40 Fé x40 Fi6 x59 F26 x63 F36 x6D
41 F7 x41 F17 x5A F27 x64 Fa7 x6E
42 F8 x42 F18 x5B F28 x65 F38 x6F
43 FS x43 F19 x5C F29 x66 F39 X70
44 F10 x44 F20 x5D F30 x67 F40 x71

57 F11 e8500 e8700 8800 e8B800
58 F12 €8600 e8800 e8A00 e8C00
E037 PrintScm* PrintScm* CPrSc x72 SysRq* -

46 Scr Lock - Scr Lock- - - Scrlock -
E145 Pause* - Pause* - Pause* -
E046 Break* x00

E052 Insert x52 ©52E0 - e92E0 - eA200
E047 Home x47 e47E0 x77 e77E0 - €9700
E049 Page Up x49 e47E0 x84 e84E0 - €9900
E053 Delete x53 e53E0 - e93E0 - eA300
EO4F End x4F e4FEO x75 e75E0 - e9F00
EO051 Page Down x51 e51E0 x76 e76E0 - eA100
E048 Up x48 e48E0 - e8DEO - 9800
E04B Left x4B e4BEO x73 e73E0 - e9B00
E050 Down x50 e50E0 - e91E0 - eA000
E04D Right x4d e4DEO x74 e74E0 - e9D00
45 Num Lock-- Num Lock -- - -- Num Lock --
E035 / 2F / 2F ©9500 eA400
37 * 2A * 2A €9600 e37F0
47 Home  x47 7 37 ClrSe x77 ¥ -

a8 upP x48 8 38 e8DO0 ¥ -

49 Page Up x49 9 39 TOS x84 ¥ -

4A - 2D - 2D e8E0O0 e4AFO0
48 Left x4B 4 34 LWord x73 ¥ -

41C e4CFo 5 35 e8F00 ¥ -

4D RIGHT  x4D 6 36 RWord x74 ¥ -

4E + 2B + 2B e8000 e4EFO0
4F End x4F 1 31 ErEOL x75 ¥ -

50 DOWN x50 2 32 €9100 ¥ -

51 PgDn x5t 3 33 ErEOS x76 ¥ -

52 Ins x52 [} 30 9200 ¥ -

53 Del x53 . 2E 9300 - -
E0iC Enter oD Enter oD LF 0A eA600
o1 ESC 1B ESC iB ESC 1B e01F0
02 1 31 ! 21 - - ALT1 x78
03 2 32 @ 40 NULL 00 ALT2 x79
04 3 33 # 23 - - ALT3 x7A
05 4 34 $ 24 - - ALT4 x7B
06 5 35 % 25 - - ALTS x7C
o7 8 36 ~ 5E RS 1E ALT6 x7D
08 7 37 & 26 - - ALT7 x7E
08 8 38 * 2A - - ALT8 x7F
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SCAN NORM CASE UPPER CASE CTRL CASEALT CASE

CODE ASCIl CODE ASCIl CODE ASCIl CODE ASCli CODE

0A 9 39 ( 28 - - ALTS %80
OB - 30 ) 29 - - ALTO x81
oC - 2D _ 5F us 1F ALT- x82
ob = 3D + 2B - - ALT= %83
OFE BS 08 BS 08 DEL 7F eOEFO
OF HT 09 BTab XOF €9400 eA500
10 q 71 Q 51 DC1 1 ALTQ x10
1" w 77 w 57 ETB 17 ALTW x11

12 e 65 E 45 ENQ 05 ALTE x12
13 r 72 R 52 DC2 12 ALTR x13
14 t 74 T 54 DC4 14 ALTT x14

15 y 79 Y 59 EM 19 ALTY x15

16 u 75 U 55 NAK 16 ALTU x16
17 i 69 | 49 HT 09 ALTI x17
18 [ 6F (o] 4F St OF ALTO x18
19 p 70 P 50 DLE 10 ALTP x19
1A [ 58 { 78 ESC 1B e1AFO
iB ] 5D } 7D GS iD e1BFO
1C Enter oD Enter oD LF 0A ¢1CFO
1D Ctrl - Ctrl - Ctrl - Ctri -
EO1D Ctrl -- Ctrl -- Ctrl - Ctri -

1E a 61 A 41 SOH o1 ALTA x1E
1F s 73 S 53 DC3 13 ALTS x1F
20 d 64 D 44 EOT 04 ALTD x20

21 f 66 F 48 ACK 08 ALTF x21

22 g 67 G 47 BEL 07 ALTG x22
23 h 68 H 48 BS [e1:3 ALTH x23
24 i B6A J 4A LF 0A ALTJ x24
25 k 6B K 4B vT oB ALTK x25
26 | 6C L 4C FF oC ALTL X286
27 H 3B : 3A - - e27F0
28 ’ 27 . 22 - - €28F0
29 ‘ 60 ~ 7E - - e29F0
2A LShift - LShift -- LShift -

28 \ 5C | 7C FS iC e2BFO
2C z 7A 4 5A SuUB 1A ALTZ x2C
20 X 78 X 58 CAN 18 ALTX x2D
2E c 63 C 43 ETX 03 ALTC x2E
2F v 76 \ 58 SYN 16 ALTV x2F
30 b 62 B 42 STX 02 ALTB x30

N n 6E N 4E SO OE ALTN x31

32 m 6D M 4D CR oD ALTM x32
33 , 2C < ac - - €33F0
34 . 2E > 3E - - e34F0
35 / 2F ? 3F - - e35F0
36 RShift - RShift - RShift - RShift -

38 Alt - Alt - Alt - Alt -
EO38 Alt - Alt - Alt - Alt --

39 SPACE 20 SPACE 20 SPACE 20 SPACE 20

3A CapsLock-- Capsbock -- - - CapslLock --

56+ \ 5C 7C - - - -
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Keyboard Tables

These symbols have special meanings in the following tables:

-- Indicates that no ASCII code is generated for the key com-
bination.

X Values preceded by x are extended ASCII codes. The
keyboard driver returns a NULL ASCII code and the num-
ber in the table for the scan code.

e Values preceded by e are produced when you are using an
enhanced BIOS. When using the BIOS Read Key function,
these keys are either discarded or translated to a value com-
patible with older computers. When using the Enhanced
Read Key function, AH=10H, INT 16H, these keys are
returned to your program.

+ A + in the scan code field denotes the extra key on the in-
ternational version of the enhanced keyboard. This key is
not available on the standard USA enhanced keyboard.

¥ The ALT key provides a way to generate the ASCII code of
the decimal numbers in the range 1 to 255. Hold down the
ALT key while typing a number in that range on the numeric
keypad. When you release the ALT key, the character of the
ASCII code you typed is generated and displayed.

BREAK Empties the keyboard queue and exccutes the keyboard
break interrupt (INT 1BH). Places a NULL ASCII scan
code in the keyboard queue.

PAUSE Delays system activity until you press another key.

PrtSC or Invokes the BIOS print screen function (INT SH).
Print Scrn
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CPrSc

SysRq

Reset

Tells MS-DOS to direct console output to both the printer
and the console. A second CPrSc halts printer output.

Interrupts the current process and allows another program
to take control, if supported. When the SysRq key is
pressed, INT 15H is invoked with AX =8500H. When the
key is released, INT 15H is invoked with AX =8501H.

Restarts your computer.
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MS-DOS Memory Map
Hexadecimal
Starting Address
(Segment:Offset) Description
000:00 BIOS Interrupt Vectors
000:80 Available Interrupt Vectors
0040:00" ROM BIOS Data Area
0050:00 MSDOS and BASIC Data Areca
0070:00 I/O.SYS Drivers
0190:007 MS-DOS
05B0:00% Available to user
X800:00° Video RAM in 32K video modes
XC00:00° Video RAM in 16K video mode
B800:00* Video RAM Window (32K)
E000:00 ROM Drive
F000:00 Reserved for system ROM
FC00:00 System BIOS ROM
Notes:

! Detailed description in following pages.
2 Approximate address; subject to change.
3 X is defined as follows:

Memory Size X Value
128K 1
256K 3
384K 5
512K 7
640K 9
768K B

* Video memory accessed through the B800:0 window for
all video modes.
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ROM BIOS Data Area

The following table gives the starting offset, and length of each BIOS
device driver. This area is located at segment 40:00.

Comm card address
Printer addresses
Devices installed

Not used

Memory size

I/O channel RAM size
KBD data area

Disk data area

Video data area

Not used

Clock data area

KBD Break & Reset flags
Not used

Printer timeout counter
Comm timeout counter
KBD extra data area

0000
0008
0010
0012
0013
0015
0017
003E
0049
0067
006C
0071
0074
0078
007C
0080

8 (1 word per card)
8 (1 word per printer)
2 (16 bits)

1

2 (1 word)

2 (1 word)

39

11

30

5

5

3

4

4 (1 byte per printer)
4 (1 byte per card)

4 (2 words)
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The structure and usage of the Video driver RAM data area is as fol-

lows:

HEX Offset
From Segment
0040:0000

49H

4AH
4CH
4EH

S0H

60H

62

65H

66H

Length and

Intended Use

1 byte - current CRT mode (0-7)

1word-  screen column width

1word-  byte length of screen

lword -  address/offset of beginning of
current display page

8 words-  row/col coordinates of the
cursor for each of up to 8
display pages

1word - current cursor type (See
“Set Cursor Type” for correct
encoding)

1 byte - current display page 1 word -
base address + 4 of the CRT
controller card

1 byte - copy of value written to
the Mode Select Register

1 byte - current color palette setting
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The equipment check BIOS call (INT 11H) and memory size BIOS call
(INT 12H) return information from the following data areas:

HEX Offset

From Segment Length and

0040:0000 Intended Use
10H Devices installed word
13H Memory installed word

The structure and usage of the diskette driver RAM data area is as fol-
lows:

HEX Offset
From Segment Length and
0040:0000 Intended Use
3EH 1 byte - drive recalibration status - bit
3-0, if 0 then drive 3-0 needs
recalibration before next Seck.
Bit 7 indicates interrupt
occurrence
3FH 1 byte - motor status - Bit 3-0 drive
3-0 motor is on/off. Bit 7 -
current operation is write,
requires delay
40H 1 byte - motor turn off timeout
counter (see Timer ISR)
41H 1 byte - disk status - codes are
defined as in this section
42H 7bytes - 7 bytes of status returned by

the controller during result
phase of operation
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Value
01H
02H
03H
04H
06H
08H
09H
10H
20H
40H
80H

Error Condition

Illegal Function

Address Mark Not Found

Write Protect Error

Sector Not Found

Diskette Change Line Active

DMA Overrun

Attempt to DMA Across a 64K Boundary
Bad CRC on Disk Read

Controller Failure

Seek Failure

Device Timeout, Device Failed to Respond

The structure and usage of the RS232 driver RAM data area is as fol-

lows:
HEX Offset
From Segment Length and
0040:0000 Intended Use
00H 4 words - Base address of each one of 4
possible comm cards
7CH 4 words - 1 word timeout count for each

of 4 possible comm cards

55.



Software

The structure and usage of the Keyboard driver RAM data area is as
follows:

HEX Offset
From Segment Length and
0040:0010 Intended Use
17 1 byte- Keyboard shift state flag

returned by function 02

Bits 7- INSERT state active,
6 - CAPS LOCK on/off,
5 - NUM LOCK on/off,
4 - SCROLL LOCK on/off,
3 - ALT key pressed
2 - CTRL key pressed
1 - Left SHIFT key pressed,
0 - Right SHIFT key pressed,

18 1byte- Secondary shift state flag,
Bits = INSERT key pressed,
6 - CAPS LOCK pressed,
5 - NUM LOCK pressed,
4 - SCROLL LOCK NUM LOCK
pressed,
4 - SCROLL pressed,
4 - SCROLL LOCK pressed,
3 - Pause on/off, pressed,
3 - Pause on/off,
2,1,0 - not used

19 1byte- Used to store ALT keypad entry

1A 1 word- Pointer to beginning of the
keyboard buffer

1C 1 word- Pointer to end of the keyboard
buffer

1E 16- Keyboard buffer (enough for words)

15- Type ahead entries
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The structure and usage of the clock service routine is as follows:
HEX Offset

From Segment Length and
0040:0000 Intended Use
6CH 1word - Least significant 16 bits of
clock count
6EH lword-  Most significant 16 bits of
clock count
70H 1 byte - Twentyfour hour rollover
flag
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Additional Data Area
HEX Offset
From Segment
0040:0000
BOH 2 words international support
B4H 1 byte 0 = No monochrome monitor
FFH = Monochrome monitor
BSH 1 byte Bit0: 0 = Drive Ais5-1/4"
1 = Drive Ais3-1/2"
Bitl1: 0 = DriveBis5-1/4"
1 = Drive Bis3-1/2"
Bit2: 0 = Tandy1000 key-
board layout
1 = IBM keyboard
layout
Bit3: 0 = SlowCPU speed
mode
1 = Fast CPU speed
mode
Bit4: 0 = Internal color
video support
enabled
1 = Internal color

video support
disabled, external
color video
enabled
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HEX Offset
From Segment
0040:0000
Bit 5: 0 =No external mono-
chrome video installed
1 = External monochrome video installed
B6H lbyte Bit0: 0 = Drive Cis5-1/4"
1 = Drive Cis 3-1/2"
40:C2 1 byte 01 = ROM drive is A:

02 = ROM drive is B:
03 = ROMdrive is C:
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Break
Code
FO76

F0O05
F006
FO04
F00C
F003
FOOB
FO083
FOOA
FOO1
F009
FO78
F007
EOFQ7C
FO7E
E1F014F077
FOOE

Key Key Hardware Kybrd
#  Descript. Make
o Code
1 Esc 76

2 Fi 05

3 F2 06

4 F3 04

5 F4 0C

6 F5 03

7 Fé6 0B

8 F7 83

9 F8 0A
10 F9Y 01

11 F10 09

12 F11 78

13 F12 07

14 Print Scrn E07C
15 ScrollLock 7E

16 Pause Break E11477
17 ~ or\ OE

18 lortl 16

F016

KEYBOARD SCAN CODES

Kybrd Interrupt

Make
Code______
01

3B

3C

3D

3E

3F

40

41

42

43

44

57

58
E02ZAE037
46
E11D45
2B

02

Break

__Code

81

BB

BC

BD

BE

BF

Co

C1

C2

C3

C4

D7

D8
EOB7EOAA
Cé6
EI9DCS
AB

82

Norm
011B

3B00
3C00
3D00
3E00
3F00
4000
4100
4200
4300
4400

Note1

Note
Note
2960
0231

Shift
011B

5400
5500
5600
5700
5800
5900
SA00
5B00
5C00
5D00

Standard ASCII
(Scancode/ASCII code)
Ctrl £

011B

SE00
SFO0
6000
6100
6200
6300
6400
6500
6600
6700

It

Extended ASCII
(Scancode/ASCII code)
Norm _ Shift Cul  Alt
011B 011B 011B 0100

3B00 5400  SE00 6800
3C00 5500  SFOO 6900
3D00 5600 6000  6A00
3E00 5700 6100  6B0O
3F00 5800 6200  6CO00
4000 5900 6300  6D00
4100 SA00 6400  6E00
4200 SB00 6500  6F00
4300 5C00 6600 7000
4400  5D00 6700 7100
8500 8700 8900  8BOO
8600 8800  8A00  8CO0
Note!  Note! 7200 -

Note Note2 ----- 4 Notc2
Note Note Note Note
6000 7TE00  ----- 2900

0231 0221 ----- 7800



Key Key Hardware Kybrd
#  Descript. Make  Break
Code Code
19 @or?2 1E FOlE
20 #or3 26 F026
21 $ors 25 F025
22 %or5 2E FO2E
23 " or6 36 F036
24 &or7 iD FO3D
25 * or8 3E FO3E
26 (or9 46 F046
27 )orQ 45 F045
28 _ or- 4E FO4E
29 + or= 55 F0S5
30 Backspace 66 F066
31 [Insert EQ70 EOF070
32 Home E06C EOF06C
33 PgUp EO7D  EOFO07D
34 Num Lock 7 F077
35 / EO4A  EOF04A
36 * 7C F07C
37 - 7B FO7B

KEYBOARD SCAN CODES
Kybrd Interrupt

Make Break
Code _ Code

03 83

04 84

05 85

06 86

07 87

08 88

09 89

0A 8A

0B 8B

0C 8C

0D 8D

OE 8E
EO02AE(Q52 EOD2EOAA
E02AE047 EOCTEOAA
EO02AE049 EOCY9EOAA
45 C5

E035 EOBS

37 B7

4A CA

Standard ASCIl

(Scancode/ASCI code)

Norm  _ Shift ___ Ctrl

0332
0433
0534
0635
0736
0837
0938
0A39
0B34
0C2D
0D3D
0E08
5200
4700
4900
Note
352F
372A
4A2D

5

0340
0423
0524
0625
075E
0826
092A
0A28
0B29
0CSF
0D2B
0E08
5200
4700
4900

0300

_ Al
7900
TA00
7B00
7C00
7D 00
TEQQ
TF00
8000
8100
8200
8300

Extended ASCII
(Scancode/ASCII code)

Norm_ |
0332
0433
0534
0635
0736
0837
0938
0A39
0B34
0C2D
0D3D
0EO08
52E0
47E0
49E0
Note
EO2F
372A
4A2D

Shift
0340
0423
0524
0625
075E
0826
092A
0A28
0B29
0C5F
0D2B
0E08
52E0Q
47E0
49E0Q
Note5
EO2F
372A
4A2D

Curl _ Al
0300 7900
----- TA00
----- 7B00
----- 7C00
071E 7D 00
----- TE00
----- 7F00
----- 8000
----- 8100
OCIF 8200
----- 8300
0E7F 0E00
92E0 A200
77E0 9700
84E0 9900
———- Note
9500 A400
9600 3700
8E00 4A00



KEYBOARD SCAN CODES

Key Key Hardware Kybrd Kybrd Interrupt Standard ASCII Extended ASCII

#  Descript. Make  Brecak Make Break (Scancode/ASCII code) (Scancode/ASCII code)
= Code__ Code Code_ . _Code Norm ___Shift Ctrl Alt Norm Shift Ctrl Alt
38 Tab 0D FOOD OF 8F 0F90 0F00 - e 0F09 0F00 9400 AS500
39 Qorg 15 FO15 10 90 1071 1051 1011 1000 1071 1051 1011 1000
40 Worw 1D FOID 11 91 1177 1157 1117 1100 1177 1157 1117 1100
41 Eore 24 F024 12 92 1265 1245 1205 1200 1265 1245 1205 1200
42 Rorr 2D F02D 13 93 1372 1352 1312 1300 1372 1352 1312 1300
43 Tort 2C F02C 14 94 1474 1454 1414 1400 1474 1454 1414 1400
4 Yory 35 F035 15 95 1579 1559 1519 1500 1579 1559 1519 1500
45 Uoru 3C F03C 16 96 1675 1655 1615 1600 1675 1655 1615 1600
46 lori 43 F043 17 97 1769 1749 1709 1700 1769 1749 1709 1700
47 Ooro 44 F044 18 98 186F 184F 180F 1800 186F 184F 180F 1800
48 Porp 4D F04D 19 99 1970 1950 1910 1900 1970 1950 1910 1900
49 {or]| 54 D054 1A 9A IASB 1A7B  1A1B - 1A5B 1A7B 1A1B 1A00
50 }or] 5B FO5SB 1B 9B IB5SD 1B7D IBID - 1B5D iB7D 1BID 1B00
51 | or\ 5D FOSD 2B AB 2B5C 2B7C  2BIC - 2B5C 2B7C 281C 2B00
52 Delete E071 EO0F071 E02AE053 EOD3EOAA 5300 5300 o= e S3E0 53E0 93E0 A300
53 End E069 EOF069 EO0ZAE04F EOCFEOAA 4F00 4F00 7500 - 4FEO 4FE0Q 75E0 9F00
54 Page Down EO7A EOFO7A EO02AE051 EODI1EOAA 5100 5100 7600  ----- S1EO S1EQ 76E0 A100
55 7or Home 6C F06C 47 Cc7 4700 4737 7700 Note® 4700 4737 7700 Note
56 8 5 FO075 48 C8 4800 4838 - Note® 4800 4838 8D00 Note

57 9or Page Up 7D FO7D 49 Cc9 4900 4939 8400 Note 4900 4939 8400 Note



KEYBOARD SCAN CODES

Key Key Hardware Kybrd Kybrd Interrupt Standard ASCII Extended ASCII
#  Descript. Make Break Make Break (Scancode/ASCII code) (Scancode/ASCII code)

Code Code Code Code Norm__ Shift = Ctrl ___ Alt Norm__ Shift___ Ctrl___ Alt
58 + 79 F079 4E CE 4E2B 4E2B.  ---- -on- 4E2B 4E2B 9000 4E00
59 Caps Lock 58 FO58 3A BA Notc7 Nute7 ---- Note7 Note Nolc7 - Note
60 Aora 1C FO1C 1E 9E 1E61 1E41 1E01 1E00 1E61 1E41 1EO1 1E00
61 Sors 1B FO1B 1F 9F 1F73 1F53 1F13 LFO0 1F73 1F53 IF13 1FO0O
62 Dord 23 F023 20 A0 2064 2044 2004 2000 2064 2044 2004 2000
63 Forf 2B F02B 21 Al 2166 2146 2106 2100 2166 2146 2106 2100
64 Gorg 34 F034 22 A2 2267 2247 2207 2200 2267 2247 2207 2200
65 Horh 33 F033 23 A3 2368 2348 2308 2300 2368 2348 2308 2300
66 Jorj 3B FO3B 24 A4 246A 244A 240A 2400 246A 244A 240A 2400
67 Kork 42 F042 25 AS 256B 254B 250B 2500 256B 254B 250B 2500
68 Lorl 4B F04B 26 A6 266C 264C 260C 2600 266C 264C 260C 2600
69 :or; 4C F04C 27 A7 273B 273A -—-- - 273B 273A -—-- 2700
70 "or’ 52 F052 28 A8 2827 2822 ---- ---- 2827 2822 -—-- 2800
71 Enter SA FOSA 1C 9C 1COD 1COD 1CO0A ---- 1COD 1COD 1CO0A 1C00
72 4 6B F06B 4B CB 4B00 4B34 7300 Nole6 4B00 4B34 7300 Note6
73 5 73 F073 4C cc 0 - 4C35 Note 4C00 4C35 8F00 Note

74 6 74 F074 4D CD 4D 00 4D36 7400 Note6 4D00 4D 36 7400 Note



Key
#

76
7
78
79
80
81
82
83
84
85

87
88
89
90
91
92
93
94

Key
Descript.

Left Shift

Zorz

X or x
Corc
Vorv
Borb
Norn
Morm

< or,

> or.
?2or/
Right Shift
Up Arrow
1or End

2

3or PgDn
Left Ctrl
Left Alt
Space

Make
Code

12
1A
22
21
2A
32
31
3A
41
49
4A
59
E075
69
72

14
11
29

Hardware Kybrd

Break
Code

FO12
FOIA
F022
F021
FO2A
F032
FO31
FO3A
F041
F049
FO4A
F059
EOF075
F069
F072
FO7A
FO14
FOl1
F029

KEYBOARD SCAN CODES

Kybrd Interrupt

Make
Code __ _

2A
2C
2D
2E
2F
30
31
32
33
34
35
36
E02AE048
4F
50
S1
1D
38
39

Break

Code

AA
AC
AD
AE
AF
BO
B1
B2
B3
B4
BS
B6
EOCBEOAA
CF
DO
D1
9D
B8
B9

Norm_ __Shift
Notc8 Nole8
2C7A 2C5A
2D78 2DS8
2E63 2E43
2F76 2F56
3062 3042
316E 314E
326D 324D
332C 333C
342E 343E
352F 353F
Note8 Notc8
4800 4800
4F00 4F31
5000 5032
5100 5133
Note Note
Note 10 Note 10
3920 3920

Standard ASCII
(Scancode/ASCI code)
_Alt

Ctrl

Nou:8
2C1A
2D 18
2E03
2F16
3002
310E
320D

ch8
2C7A
2D78
2E63
2F76
3062
316E
326D
332C
342E
352F
Notes
48E0
4F00
5000
5100
Note
Note
3920

Note8
2C5A
2D 58
2E43
2F56
3042
314E
324D
333C
343E
353F
Note8
48E0
4F31
5032
5133
Note
Note
3920

10

Extended ASCII
(Scancode/ASCII code)
Norm Shift Ctrl

Note8
2C1A
2D 18
2E03
2F16
3002
310E
320D

Alt

No!cs
2C00
2000
2E00
2F00
3000
3100
3200
3300
3400
3500
Note
9800
Note
Note
Note
Note
Note
3920

8
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Key Key Hardware Kybrd
#  Descript. Make Break
Code Code
95 Right Alt EO11 EOQF011
96 Right Ctri E014 EOF014
97 Left Arrow  E06B EOQF06B
98 Down Arrow E072 EOF072
99 Right Arrow E074 EOF074
100 Oor Ins 70 F070
101 . or Del 71 FO71
102 Enter EOSA  EOFO05A

KEYBOARD SCAN CODES

Kybrd Interrupt Standard ASCII

Make Break (Scancode/ASCII codc)
Code  Code Norm ___ Shift Ctrl ___ Alt

10 10 10 10
E038 E0OB8 Note Note Notcg Note
EOID E09D Note Note Note Note

EO2AE(04B EOCBEOAA 4B00 4B00 7300 -----
E02AE050 EODOEOAA 5000 5000 - -
E024E04D EOCDEOAA 4D00 4000 7400 ----

52 D2 5200 5230 -ee- N0166
53 D3 5300 532E -—-- ----
EOIC E09C 1COD 1ICOD  1COA ----

(Scancode/ASCII code)

Norm _ _Shift __Ctrl__ __Alt
1 10 10

Note, N()t09 N()l09 Note,
Note Notec Note Note
4BEO 4BEO 73E0 9B00
SOEO SOEQ 91E0 A000
4DEO 4DEQ 74E0 9D()06
5200 523H 9200 Note
5300 532E 9300  -----
E0OD E00D E00A A600

E xtended ASCII

10



NOTES

Notel —INT OS5H is invoked and a screen dump is performed
Note2 —the scroll lock active bit is toggled

Note3 —the pause state is initiated

Note4 —INT 1BH is invoked

NoteS —the numlock active bit is toggled

Note6 —ALT num pad generates raw ascii code of typed number
Note7 —the caps lock active bit is toggled

Note8 —hold shift lock active until key is released

Note9 —hold control shift active until key is released

Note 10—hold alternate shift active until key is released
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