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

The information in this manual is intended for hardware and software
designers, engineers, programmers, and anyone who reguires 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 Keyboards
Devices Disk Drives
Power Supplies

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 M5-D0OS memory map

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

The 1000 TL Installation and Operation Guide (Packaged with the
computer)

The Intel B02B6 Programing Reference Manual, Intel order number
210498-005

The Intel 80286 Hardware Reference Manual. Intel order number
210760=-002

80286 Data Sheet. Intel order number 210253-012

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






Tandy 1000 TL
Page Insertion Guide

e 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
lLogic Board section

Schematics Cc8000300 — Rev A
Sheets 1 of 10 thru 10 of 10

Foldout PCB art: Insert after the Main Logic Board
schematics

Silkscreen 1700376 - Rev A
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. B790085
Foldout schematic page: Insert at the end of the &7
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 N860-4703-0001
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

Exploded view of Parts Assembly location: Insert after the
Section 4 Part Replacement portion of the Disk Drive section

Foldout schematic page: Insert after the Overall Diagram in
the Disk Drive section
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Introduction
General Description

The Tandy® 1000 TL 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 3%-inch 720K floppy disk
drive. The standard types of monitors used with the Tandy 1000 TL
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 TL comes standard with 640K of system RAM. An
opticnal 128K RAM can be added on the system board to expand the
memory to a full 768K 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 real-time clock, a speaker
for audio feedback, a headphone jack with volume control, and
microphone/line audio in jack for sound input.



Specifications Summary

80286 CPU running at 8 MHz, 1 wait state, switchable to 4
MHz
Socket for 80287 numerical coprocessor
640K bytes DRAM upgradeable to 768K bytes (l6-bit data bus)
4 Mbit BIOS ROM with MS-DOS® and Deskmate® (l6-bit data bus}
Tandy 1000 TL video controller that supports:
-~ 128K bytes DRAM (used as system and video memory)
= alphanumeric mode
- graphics modes including:
- 160 ¥ 200 l6-color
- 320 X 200 4-color
- 320 X 200 lé6-coler
- 640 X 200 2-color
- 640 X 200 4-color
8237-5 DMA ceontroller that supports:
~ 3 DMA channels
- B8-bit transfers
- 4 MHz clock speed
8259Aa interrupt controller for 8 interrupts
8254 interwval timer that supports:
- system interrupt timing
- sound timing
- refresh timing
Custom keyboard interface controller
101l-key Enhanced keyboard
Custom parallel printer port
Serial port (RS-232-C)
Real-time clock w/battery
Audio Out interface circuit that supports:
- internal 8-0Ohm speaker
- headphone jack with user accessible wvolume contrel
Audioc In interface circuit that supports:
- microphone in
- line audio in
- sound digitizing and recording
Joystick interface for two joysticks
Custom floppy disk controller circuit that supports:
- 5%-inch 360K floppy disk drives
- 3%-inch 720K floppy disk drives
On-board Intelligent Hard Disk interface
One 3%-inch 720K floppy disk drive
Five 8-bit expansion slots
Reset button and support legic
67-Wwatt power supply



Optional Features

4 80287 numerical math coprocessor

. 128K DRAM upgrade (l6-kit data bus memory)

= 5%-inch 360K floppy disk drive

% 34-inch 720K floppy disk drive

g Hard disk card (20/40 meg}

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

i 300, 1200, or 2400 baud modem boards



Physical Specifications
(Computer and Keyboard)
Processor: Intel® 80286
Dimensions: Computer - 164-inch x 13i-inch x 5%-inch
Keyboard - 164-inch x 8-inch x li-inch
Weight: Computer - 18 lbs. (with 2 floppy disk drives)
Keyboard - 3 1lbs. 4 oz. '
Power Reqguirements:

Range: 105 VAC to 135 VAC
Nominal: 120 VaC, 60 Hz, 3 Amp maximum

With 1 Floppy Disk Drive, 640K Memory:
AC Current: 350 - 400 mA with floppy doing R/W tests.

Disk Drive:

+5 VDC +12 vDC
R/W 560 maA (Min.) 340 mA (Max.)
Main Logic Board: 1700 mAa 450 ma
Operating Environment:
Temperature: 55° to B85° F (13° to 30° C)
Humidity: 40% to 80% non-condensing
Nen-Operating Environment:
Temperature: -40° to +160° F (-40° to 71° )
Humidity: 20% to 90% non-condensing
Disk Drive Specifications
Power:
Supply
Voltage +5 VDC Input +12 ¥VDC Input
Ripple
0 to 50 kHz 100 mv 100 mv
Tolerance
Including Ripple +/-5% +/-5%
Standby Current
Nominal 190 ma 160 mAa
Worst Case 220 ma 190 ma
Operating Current
Nominal 260 mA 600 ma
Worst Case 300 ma 1000 ma



Assembly/Disassembly







gystem Assembly/Disassembly (Including Exploded Views)

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

1. 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 hutton,
volume knob, and disk drive eject button and then lift the
cover straight up and off.

2. 3%-inch Floppy Disk Removal

Remove the top cover.
unplug the cable from the disk drive.

Remove the {3} screws attaching the drive to the drive
mounting tower,

Sslide the drive out of the drive mounting tower.

3. Power Supply Removal

Remove the top cover.

Remove the rear panel by slightly bending the hooks on each
side near the bottom and reotating 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 (3} 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

Remove the top cover.

Unplug all cables and remove all of the adapter boards from )
the system, s

Remove the power supply.

Remove the back of the chassis by removing (1)} screw 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,

Remove the (1l1) screws holding the main logic board in
place,

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 INTQO THE VOLUME CONTROL
POT CORRECTLY.
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TANDY 1000 TL FINAL ASSEMBLY
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CHASSIS - WELDMENT

PANEL - OPTION SLOT Rev D
SCREW - #4-40 X 3/16

OPTION SLOT PANEL

FQOT

RIVET - $#1661-0512

PC BOARD SUBASSY - TANDY 1000 TL MAIN LOGIC A
BATTERY - LITHIUM CR2032
SHIELD - GROUND, EARPHONE & MICROPHONE
SCREW - #6-32 X 1/4

MAIN BOARD

JACKNUT - #4-40 X 3/16

9 PIN CONNECTORS

SHIELDING STRIP FLITE-WAY ENGR
KNOB - VOLUME CONTROL

CLIP - HAIRPIN

CHASSIS - POWER SUPPLY Rev B
POWER SUPPLY - 67 WATT

INT'L

DOM.

DOM.

SCREW - #6-32 X 5/16

POWER SUPPLY

DC HARNESS

SWITCH - POWER

SWITCH - POWER

INT'L

SCREW - M3 x SPPH

SCREW - #6-32 X 5/16
ACTUATOR - POWER SWITCH
BUTTON -~ POWER

RECEPTACLE - AC

HARNESS - AC

DOMESTIC

HARNESS - AC Rev B

INT'L

CAPACITOR - 1000 PFD, 400V
TORROID - CORE FAIRRITE

NUT - KEPS, #6-32

FAN - 80 MM; 12 vDC

SCREW — #10 TAPIT THREAD
ENDPLATE — POWER SUPPLY
CHASSIS - REAR

SCREW - #6-32 X 5/16

BRACKET - 3 1/2 DISK DRIVE
BRACKET - HARD CARD

SCREW - #6-32 X 5/16

PART
NUMBER

8729710
8729562
8569333

8590179
8565014
8859022
8491012
8729720
8569326

8569341

8729658
8719624
8559080
8729690
8790084

8790085
8790091
8569339

8709857
8489111
8489112

8569293
8569339
8719620
8719625
8519246
8709868

8709873

8352106
8419030
8579004
8790424
8569301
8729691
8729693
8569339
8729687
8729704
8569339
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DISK DRIVE - 3 1/2" 720KB SONY MP-FI11W-70D
BUTTON - DISK EJECT

SCREW - M3 X 5 PPH

CABLE - SIGNAL

RAIL - 5 1/4" DRIVE

CLIP - GROUNDING, DRIVE

SCREW — #6 - 32 X 1/4 PHILLIPS PAN HD
SUPPORT — 3 1/2" DRIVE BRACKET
SPEAKER W/CABLE

SCREW - #6-32 X 5/16

PANEL - REAR

BEZEL - FRONT

LENS
PIN - GUIDE
CASE - TOP

PANEL — DRIVE COVER

SCREW — #6 X 3/8

SCREW — #10-24 UNC 3/8"

PHILLIPS OVAL HEAD MACHINE SCREW
BUTTON - RESET, FRONT

BUTTON - RESET, REAR

SPRING - RESET BUTTON

CORD - POWER 18/3 60/C

NAMEPLATE

LABEL - SERIAL UL/FCC

LABEL - SERIAL CSA

LABEL - SERVICE ADVISEMENT {6 LANG})
LABEL - CAUTION (6 LANG)

LABEL - SERIAL INT'L

LABEL - BATTERY WARNING

LABEL - EARTH GROUND

INT'L -

LABEL - VIDEQO, MONOCHROME COMMAND
KEYBOARD ASSEMBLY

PART
NUMBER

8790144
8719596
8569293
8709854
8719603
8529064
8569098
8729722
8490013
8569339
8719602
8719604
B719560
8739038
8729686
8719621
8569294
8569354

8719440
8719441
8739018
8709057
8719613
87891642
87891640
87891571
87821572
87891641
87891570
87891253

87891648

s
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Main Logic Board
introduction

The main unit is the heart of the Tandy 1000 TL. 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 adeqguate power capacity for a fully configured system
that has all the option slots in use,

The floppy disk drive uses 3%-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. fThe floppy diskette stores approximately 720K bytes
(formatted) of data. 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 pDefault

El-E2 Select Video Interrupt E2-E3
on IRQS

E2-E3 Normal Video Interrupt

Jumper Function Default

E6-E7 Select Direct Line E7-EB
Audio Input

E7-EB Select Mic Audio
Input



Theory of QOperation
80286 Microprocessor

The 80286 (U31l) is an advanced, high-perfcrmance, l6-bit
microprocessor with special capabilities for multi-tasking and
multi-user systems. Two modes of operation are available in the
80286, the Real Address mode, and the Protected Virtual address
mode. In the Real Address mode, the 80286 is compatible with
existing 8086 and 8088 software and allows addressing of one
megabyte of memory space. The Tandy 1000 TL does NOT support the
Protected virtual Address mode.

80287 Numerical Math Coprocessor

The 80287 (U60) performs high-speed arithmetic and logarithmic
functions and trigonometric operations that increase the
performance of an 80286 system. Performance increases are
obtained by the 80287's ability to perform math calculations
faster than the 80286, and also by executing math instructions in
parallel with the 80286,

Clock Generation (Night Blue)

All clocks reguired by the system are generated by the custom CPU
Controller (Ul7). There are two independent clock circuits
supplied by a Dual Oscillator Clock (¥2) from which all other
clocks are derived.

The 16 MHz Clock is routed into the CPU Controller, which
generates the output signals PRCLK, DMACLK, and SCLK. The Clock
Switch circuitry required to toggle the 80286 Microprocessor
between B MHz and 4 MHz mode, as well as the logic to prevent any
short cycling during a clock switch cycle, are implemented in the
CPU Controller IC. If the signal ¥D3 is asserted high during an
I1/0 write to port 062 (hex), then the output signal PRCLK is 16
MHz, which operates the 80286 in 8 MHz mode. If the signal XD3 is
asserted low during an I/0 write to port 062 {(hex), the output
signal PRCLK is at 8 MHz, operating the 80286 in the 4 MHz mode.
When Reset is generated, the signal RES- is asserted low and
defaults the Tandy 1000 TL to the 8 MHz mode.



The CPU Controller Chip also controls wait states to insert the
proper number of wait states required for a two clock mode of
operation. When the PRCLK signal is 16 MHz (8 MHz Mode), then
four wait states are inserted in all 8-bit Memory and I/Q cycles.
When the signal PRCLK is 8 MHz (4 MHz mode) then two wait states
are inserted during all 8-bit Memory and I/O cycles. buring all
16-bit memory cycles, only one wait state is inserted in both the
8 MHz and 4 MHz modes.

PRCLKO is then routed through a damping resistor to produce the
signal PRCLK for the 80286, PRCLKA for the 80287 math co-
processor, and PRCLKB for the DRAM/DMA control logic.

DMACLK and SCLK are output signals for system use. The DMACLK
output frequency is } of the PRCLK signal, and the SCLK output
frequency is % of the PRCLK signal. Both are synchronized by
Reset to the PRCLK output signal. After a Reset, DMACLK and SCLK
are held low until the 80286 asserts status S1 = 0. SCLK and
DMACLK make the first transition on the falling edge of PRCLK,
following with a Ts state that synchronizes them to PRCLK.

SCLK is buffered and filtered, then routed to the ExXpansion Bus
for option board use. DMACLK is filtered and then routed to the
DMA Controller.

Table 2 shows all the clocks generated from 16 MHz in both modes:

8 MHz Mode 4 MHz Mode
PRCLK 16 MHz 8 MHz
SCLK 8 MHz 4 MHzZ
DMACLK 4 MHz 2 MHz

Table 2, Clocks Generated From l16MHz.
Command and Control Signal Generation

The command and control signals required for the Tandy 1000 TL
operation are generated by the CPU Controller (Ul7). The command
signals are decoded from the CPU status signals S0- through S51-
and M/(I0-) 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 (ALE, DT/R, DSDENO-, DSDENl-, MEMCYC)
control the latching of addresses, determine the direction and
enabling of the data bus buffers, and start a memory cycle. Table
3 indicates the decoding of the CPU status signals.
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M/(1I0-) s1- 80— Type of Bus Cycle
0 0 0 Interrupt Acknowledge
0 0 1 I/0 Read
0 1 0 1/0 Write
0 1 1 None: Idle
1 0 0 Halt or Shutdown
1 0 1 Memory Read
1 1 0 Memory Write
1 1 1 None: Idle

Table 3. CPU Status Signal Decoding.

A0 and BHE- are decoded to determine the data transfer width to
and from the CPU. Table 4 shows the data transfer width depending
on the state of A0 and BHE-.

BHE- AD width of Data Transfer

Word Transfer

Byte Transfer D8 - D15
Byte Transfer DO - D7
Not Used

oo
OO

Table 4. Data Transfer Width Decode.

Command Buffer

Some of the command signals generated by the CPU Controller
require buffering to the system. This is accomplished by % of an
ALS244 (U25) and % of another ALS 244 (U9). These ICs buffer the
command signals to the system bus for the expansion bus slots,
the peripheral devices, and also the Video Controller.

11



DRAM Centrol

The CPU address decode for the Dynamic Random Access Memory
(DRAM) array is generated by the Custom DRAM/DMA Control IC
(U22). These signals are latched by ALE internally to the
DRAM/DMA Contreol IC and held for the complete cycle. The address
decode signals are RAS0-, RASl-, CASL-, and CASH-. Memory
configurations supported by the Tandy 1000 TL are 640K bytes or
768K bytes (which includes 128K of video memory). Table 5 shows
the different options available on the DRAM/DMA Centrol IC,

Memory MCL MCO System Total System Control Bank Address

Option Memory Memory* Range
1 0 1 512K 640K RASO 512K 000000-07FFFF
2 1 1 640K 768K RASO 512K 000000-07FFFF
RAS1 128K 080000-09FFFF

* Note: Total system memory includes 128X of video memory.

Table 5. Memory Configurations.

Port FFEA hex, Bits 6 & 7, control the Memory Configuration
Opticns. See the I/0 Map later in this manual for details,
MEMCYC triggers the control signals for the DRAM array. The
MEMCYC signal (generated by the CPU Controller) indicates that a
DRAM bus cycle is in progress., MEMCYC enables RASO-, RASL-,
CASH-, and CASL-, depending on the address of the bus cycle, The
selected RAS(x)- lines become active at the next falling edge of
PRCLK.

After i PRCLK cycle at the rising edge of the clock, MUX is
generated and switches the DRAM address (MAO-MAB) from Row
Address to Ceolumn Address. After another PRCLK cycle at the next
rising edge of the clock, CASL- and/or CASH- are asserted. Two
CAS signals are generated internally to the DRAM/DMA Control IC
to preovide the ability to access word or byte cycles in the DRAM
array. Table & shows the state of each control signal during each
type of bus cycle,

12



address Range Bus RAS0- RAS1- CASL- CASH-
width

000000~-07FFFFH Even Byte
000000-07FFFFH 0dd Byte
000000-07FFFFK Even Word
080000-0%FFFFH Even Byte
080000-09FFFFE Cdd Byte
080000-09FFFFH Even Word

HRROOoO
cCooHKFHK
orHOoORO
coHoOK

Table 6. Signal State Control Signals.

The signals WEO- and WEl- provide read and write contrcl. Both
are asserted at the same time and are controlled by MEMW- (memory
write). If WEO- and WEl- are asserted high, it is a read cycle;
if they are asserted low, it is a write cycle.

Refresh Control

The REFREQ pin of the KFIT custom IC (Ul3) generates an active
high pulse every 15 usec. The rising edge of the REFREQ signal
clocks the 8237 DMA contreller. This input to the DMA controller
is actually Data Transfer Request 0, (DREQO}, which requests the
DMA to perform a DMA cycle. The DMA controller channel 0 has been
programmed to perform a single transfer from memory to an I/0
device, such as a floppy drive. This causes a memory read at a
certain address to be performed. Each time the REFREQ signal is
generated, the DMA controller increments the address and performs
another memory read. This causes all memory rows to be read every
4ms to keep data in the DRAMs stable. Refer to the secticn on the
DMA controller for more information on DMA cycles.

BIOS ROM Control

The DRAM/DMA IC (U22} provides the CPU address decode used for
the ROM select, The signal generated is called ROMCS- (ROM Chip
Select) and is used as part of the decode used by PLS173 IFL (44,
The PLS173 IFL then generates the ROM Page Selects (RPCS-) and
Chip Enable for the BIOS ROMs US4, US55, U56, and US57. This output
is asserted whenever any of three addressed ranges is detected,
CPHLDA is inactive, and ALE is asserted. The three address ranges
are 0E0000-OFFFFFH, EE0000-EFFFFFH, and FEO000-FFFFFFH. The
address lines SAl-Sal5 are provided to the BIOS ROMs for lower
address control. The data is buffered onto the MD0-MDLl5 data bus,
controlled by the 82c205 IC.

13



Reset Circuit

The CPU Ceontrol IC (Ul7) controls the system reset required
either to initialize the complete system after power-up or to
reboot. Two reset output signals, RESET and RESCPU, are active
high and generated when a power-up condition is detected or when
the reset button on the front of the computer is pressed.

The RESET signal is used as a general system reset, while the
RESCPU signal resets the 80286 Processor. The RES- signal is the
input to (U17), which signifies a reset condition. The RES-
signal is generated either from an RC network during power up or
from the reset switch. During a power-up, RES- is held low for
the time period generated by the RC time constant of R41 and C62.
This is the time it takes C62 to change to an active high. also,
if the reset switch is pressed, it applies a ground to C62 and
discharges it, This asserts RES- low until C62 charges again to a
logic high.

During power-up, the RES- signal is generated twice to provide a
proper reset to the CPU control IC. A second RC time constant is
generated by R27 and CB3 to the input of a schmidt trigger
inverter (Ul4). This holds the input pin of U26 (% of a 74LS574)
high for approximately 150ms. When RESCPU is negated after the
first reset, the CPU issues the first command to the CPU control
IC by driving SI- low. This generates the first rising edge of
DMACLK, which latches into U26. The Q output of U26 is then
routed to an open ccllector inverter, {(U6), which discharges C62,
again asserting RES- low and generating the second reset. CRL
provides a reset to U26 when C62 is discharged to at least .7v.
After U26 is reset, RES- is released, and C62 is allowed to
charge, negating RES- and finishing the second reset pulse. When
the CPU issues the first command again, which starts DMACLK, U26
latches a low. This is because the D input of U26 has
transitioned to a low by the end of the second reset.

The CPU Control IC (Ul7} also internally controls the RESCPU

signal to meet the reguirements of the 802B6 during a detected
shutdown condition.

14
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Wait State and Ready Logic

Wait state control is implemented internally to the CPU Controel
IC. The function of the wait state contrel logic is to match the
speed of the various devices in the Tandy 1000 TL to the speed of
the 80286 CPU., Two circuits assert wait states within memory and
I/0 cycles., One methed is controlled by the device being
accessed, using the IOCHRDY signal input to the CPU Control 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 CPU Control IC to be asserted low, which tells the
CPU to terminate the cycle.

The second method (internal to the CPU Control IC) is several
default wait states during the various bus cycles. During a 16-
bit memory cycle (which is determined by the asserticn of AFlé-),
one walt state is automatically inserted. The default of an 8=bit
memory or I/0 cycle is four wait states. This can be overridden
by driving IQCHRDY low as mentioned above. As leng as IOCHRDY is
at a logic low level, wait states are inserted indefinitely.

Note: IQCHRDY should not be held low for leonger than 15 usec
because it will stop DRAM refresh cycles.

NMI- Logic

In the Tandy 1000 TL, the Non-Maskable Interrupt (NMI- indicates
an I/0 error condition and Numerical Math Coprocessor 80287
condition signal (NMI-). Both error conditions are being enabled
by the NMI- signal, which is generated from the System data bus
bit SD7, PAL CUl, and I/0 write (IOW-. The INT287- signal (from
the CPU Control IC) becomes active when the ERROR- signal is
asserted by the Numerical Math Coprocessor.

80287 control Logic

Incorporated into the CPU Control IC is the logic required to
interface the 80287 Math Coprocessor to the B0286 CPU. This legic
decodes the signals that select and reset the 80287 and also
handles the Busy/(Error-) signals from the 80287 to the CPU.

The input signal 287CS~- is a user I/Q address decoded signal used
by the CPU Control IC to generate the control signals to the
80287 IC. The 287CS- signal is asserted during I/0 address 0F0h -
0FFh., Further decoding is provided by the CPU Ceontrol IC, which
generates RES287, NPC5-, and BUSY287- signals. Table 7 defines
the internal decode.

15



Hex Address Description

OF0 Clear Math Coprocessor Busy
0Fl Reset Math Coprocessor Busy
0F8-0FF Math Coprocessor Chip Select

Table 7. 287CS- Decode.

Given the command to perform a task, the B0287 coprocessor issues
a BUSY- signal to the CPU Control IC. With the assertion of the
BUSY287- output, this signal is passed to the CPU. Normally the
BUSY- input is passed through to the BUSY287- output. Deassertion
of BUSY- results in deassertion of BUSY287-., The BUSY287- output
is latched, and the INT287- output pin is forced HIGH during this
busy period if the ERROR- input becomes active (signaling a
Numerical Processor errecr). Until cleared by an 1/0 write cycle
to address 0F0Oh or O0Flh, both signals then remain active. Both
the interrupt latch for INT287- and the busy latch for BUSY287-
are cleared after a system reset.

The CPU Ceontrol IC's RES5287 output pin handles resetting of the
80287 coprocessor. This can be activated by a system reset or an
1/0 write to address OFlh. This signal is active only for the
period of time that the source signal is active, as it is not
latched internally.

CPU Address Buffers

(U30), (U43), and (U27) 74ALS573 implement buffering of the
address lines to the system. SA01-SA19 are buffered and latched
for the expansion bus slots and I/0 peripherals. ALE is used to
latch SA01-5A19 and held for the complete bus cycle. Sa0l-5alsg
are also used to address the BIOS ROMS and DRAM/DMA Control. Al7-
A23 are routed directly to DRAM/DMA control to generate memory
address decoded signals. The multiplexed address lines MAO-MA7
are also generated and buffered to the DRAM memory by the
DRAM/DMA Control IC. To meet address requirements for the DRAMs,
the MUX signal multiplexes Sal-SAl6 internally to the DRAM/DMA
Control IC.

During a DMA cycle, a 74LS245 (U43), is used to buffer S0-57
directly from the DMA controller. S8-516 are buffered internally
to the DRAM/DMA controller. S17-8l9 are buffered by AU7 (% of a
74A1,5244) .
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Data Buffers and Conversion Logic

The 82A205 IC (U6l) provides the data buses, buffers, and drivers
for DO-D15 to the system. Three data buses are generated, SD0-SD7
for the expansion bus slots, MDO-MD15 for memory access from ROM
and DRAM, and D0-D15, which is routed to the 80286 CPU and 80287
Coprocessor data bus. The direction and control of the data
buffers are provided by the input signals to the 82A205 IC (DT/R,
DSDEN{-, DSDENl-, SBHE-, and SAO).

DT/R contrels the direction of the data path during a read or
write., The DSDENO- and DSDENl- signals control the word and byte
data transfers, while SBHE- and SA0 determine the buffers to be
enabled during a byte access.

Conversion logic is also implemented in the B2A205 IC, controlled
by ENHLB- and DIRHLB. This conversion logic allows data to be
transferred from the lower to upper or upper to lower data byte
to meet the reguirements of the CPU or receiving device.

1/0 Decode

Two PLS173 IFLs accomplish the I/0 Address deceding, These two
ICs provide all the necessary chip select signals to the system,
The A, B, and C output signals of the PLS5173 IFL (U42) are
encoded device select lines that are fed directly to the PLS173
IFL (U44), in which I/0 address decoding is generated. The second
PLS173 (U44) decodes the system address to generate the other 1/0
address decode select signals. Refer to the Tandy 1000 TL 1I/C Map
for details.

Floppy Disk Controller

The on-board Floppy Disk Controller (FDC) and KFIT custom IC
interface the system to the Floppy Disk Drive (FDD). Up to three
floppy disk drives can be supported.

The FDC circuit can be organized into the following subsections:

. uPD765A FDC chip

. System Interface

. Clock Generation

. Precompensation

. Data Separator

. Disk Drive Interface

17



uPD765A Chip. The uPD765A FDC chip (U23) integrates most of the
control legic necessary to:

. interface the Serial bit stream te 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 toc generate DMA requests until the
preprogrammed amount of data is transferred as signified by
generation of a Termination Count (TC) Signal. aAfter the TC is
reached, the FDC chip generates an interrupt to the system
through INT so that status and result data can be serviced.

Refer to the device data sheet for complete descriptions of the
available commands and the command and status registers.

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/0 write to port
3F2 (hex). This signal latches the data byte that is bit defined
as the Drive Select, DS0-, DS1-, and DS2-, Motor on, MTRON-, DMA,
(FDCDRQ), Interrupt Request (FDCINT}, and a reset signal
(FDCRST-) to the FDC controller u23,

Clock Generation. The FDC Support IC (Ul5) 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 (U23), 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 (ULl5). The write data bit can be
shifted either early or late in the serial bit stream, depending
on the reguirements of the Floppy Disk Drive. This function is
programmable and controlled by the FDC IC signals PS0 and PSl.

Data Separator. The FDC Support IC (Ul5) 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.

18
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Disk Drive Interface. All FDC outputs to the FDD are driven by
high current open collector buffers inside the KFIT custom IC.
All FDC inputs from the FDD are buffered by 74HCT14 SCHMIDT
triggered inverters. The inputs are pulled up on-board by 1K ochm
terminating resistors. All outputs should be terminated on the
last FDD by 1K ohm resistors,

Interrupt Controller

The Interrupt Controller is contained in the KFIT custom IC (UL3)
and supplies the maskable interrupt input to the CPU. The KFIT
custom IC has eight interrupt inputs controlled through scftware
commands. It can mask (disable) and pricritize (arrange priority)
to generate the interrupt input tc 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 Opticnal Bus Interrupt
#3 Interrupt on the Bus Modem (COM2)

$4 Interrupt on the Bus RS-232 (COoM1)

#5 Interrupt on the Bus Hard Disk Controller/

Vertical Sync
46 Floppy Disk Controller Optional Bus Interrupt
47 Printer Optional Bus Interrupt

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 TL 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
(Ul9), four 64K X 4 DRAMS (U32, U33, U34, and U35), a 74LS244
buffer (UB8), and associated logic for generating composite and
RGBI video,

The Tandy 1000 TL 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 TL video interface custom circuit is composed of a

6845 equivalent design, dynamic RAM address generation/timing,
and video attribute controller logic.
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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 CPBU for

proper synchronization with the video RAM access cycles.

The outputs from the RAM chips are connected only to the video
interface custom circuit, so all CPU read/write operaticns are
buffered by this part. During a normal display cycle, video data
from the RAM chips is first latched in the Video Attribute latch
and the Vvideo 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. Alsc, the Palette mask MUX allows any of the input

RGBI bits to be set to zero. \‘,J

The Palette allows the 16 colors to be remapped in any desired
organization. Normally, the Palette is set for a l:1 mapping
(red = red, blue = blue, and so on}) for PC compatibility.
However, lnstantly 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 is the Border MUX. This MUX allows the
Border to be replaced with any color selected by the border coler
latch. This latch is normally disabled in PC modes, but it is
used in all PC jr modes.
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Timer

The final Tandy 1000 TL function, other than I/0, is the timer
found in the KFIT custom IC (Ul3). This part is composed of three
independent programmable counters. The clock for all three
counters is 1.1925 MHz, which is derived from 14 MHz/12, Counters
0 and 1 are permanently enabled. Counter 2 is controclled 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 also to port Hex 0062, Bit 5.

Joystick Interface

The joystick interface contained in the PSSJ custom IC (Ull)
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. You can use two
joysticks.

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 egual 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/0 Write is made at Port 200/201 Hex. The joystick
information is "read" by the CPU at Port 200/201 Hex through Ull.
See the Joystick Block Diagram.

Keyboard Interface

The next I/0 function of the Tandy 1000 TL 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 164~ type shift register is used to
load the serial data and allow the CPU to read it as 8 parallel
bits.
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Sound Qut Circuit

The sound circuit is one of the five I/0 functions of the Tandy
1000 TL. 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 TL is the PSSJ custom
IC (Ull). 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.

From the output of the 76496, the sound signal is connected to a
dual analog multiplexer. The multiplexer is switched by Port &1,
Bit 4, and turns off the audio signal to the speaker, headphone
jacks, and external audic output. The output of the multiplexer
is routed to audio amplifiers U71 for the internal speaker and
headphone jacks. The volume of the internal speaker can be
adjusted by a user-accessible volume control (R59). When the
headphone jack is used, the internal speaker is disabled.

Sound In Circuit

Aan additional feature of the Tandy 1000 TL 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 audic output.
A microphone jack and audio input circuitry are provided for
recording analog sound, voice or music, and converting it to
digital data. A set of jumpers is provided with the sound circuit
to allow selection between microphone and direct line input.
Jumpers Ell to El2 select microphone input, and jumpers

El2 to El3 select direct line input. The audie input signal is
fed through an amplifier, U72, and increased by a multiple of
100, before being sent to the AUDIOIN pin of the PSSJ custom IC.
When direct line input is selected, the audio input signal is
reduced in amplitude by resistors R57A and R56A before being sent
to amplifier U72. 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.
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Real-time Clock

The Real-time Clock in the Tandy 1000 TL system is the Dallas
Semiconductor® DS1215, Its input is derived from a 32.768 KHz
crystal CYl, When system power is removed, operation of the
DS1215 is maintained by a 3v battery.

The DS1215 is capable of operating in both l2-Hour mode, with an
AM/PM indicator, or 24-Hour mode. The real-time clock is
initialized by reading a consecutive 64-bit stream with SA2 high
and the ROMCS- signal asserted. Then another 64-bit read or write
may be done to set, read, or update the clock. The 64-bit pattern
is programmed into B B-bit registers in the DS1215, All 8
registers must be programmed at the same time, and must be sent
from Register 0 to Register 7., The DS1215 is automatically
disabled after the 64-bit stream is read. Register and bit
definition for the DS1215 can be found in the data sheets on the
DS81215 in the "Devices" section of this manual.

DMA Controller

The major components of the Direct Memory Access (DMA) circuit
consists of an 8237A-5 DMA contreller (Ull), the DRAM/DMA Control
{U53), and a bi-directional address buffer 74ALS245 (U3).

Initialization-—A DMA Operation. When a DMA operation is
requested by software or by a peripheral through a DREQ line, the
8237A-5 DMA controller initiates a Bus Hold Reguest to the 80286
CPU through the CPU Controller IC. The CPU Controller arbitrates
the CPU Hold Request from the DMA controller to the CPU.

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

During the DMA operation, the 8237A-5 acts as the bus master and,
along with the CPU Controller IC, 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 IO map for complete descriptions of the registers,
their locations, and their functions.
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DMA Bus Cycles. During the data bus cycle, the 8237a-5 first

outputs the upper address (A8-Al5) on its data outputs (XD0-XD7),

to be latched in the buffer internally to the DRAM/DMA Control by

the Address Strobe signal (AS) from the 8237A-5. Next, the lower
address (A0-A7) is put directly on the S address bus by the

B237a-5, et

The DMA request acknowledge signals, DACKZ2 and DACK3-, are used
along with RFRSHE- and ACK* to enable the page register to be
output as the upper address (SAl6 and Al7 through A23), which are
buffered by U22 to the system expansion slots.

A DMA bus cycle can be extended by the RDY input of the DMA
controller. The DMA memory read DMAMR is routed to the CPU
Controller IC for extending the DMA bus cycle by inserting on DMA
clock period as a wait state. The CPU Controller inserts the wait
state by controlling the DMARDY input of the DMA controller.

I/0 devices can extend the DMA bus cycle by controlling the
IOCHRDY signal of the expansion bus. Setup times must be observed
for TOCHRDY 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 PSSJ custom IC that
functions as a serial data input/output interface. It performs gy
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.

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 PSSJ custom IC
includes a programmable Baud Rate Generator that allows operation
Erom 50 to 9600 Baud, The PSSJ custom IC is supplied with a clock
of 14 MHz from oscillator (¥2), The PSSJ 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 PSSJ serial port is programmed by selecting the I/0 address
3F8 - 3FE hex for primary and 2FB-2FE hex for secondary 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.
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One interrupt is provided to the system from IRQ4 for primary
operation and IRQ3 for secondary operation. This interrupt is
active high. Bit 3 of the modem control register must be set high
in order to send interrupts to the system. When this bit is high,
any interrupts allowed by the interrupt enable register cause an
interrupt.

Parallel Printer Port Interface

The final I/0 interface of the Tandy 1000 TL is the Printer
Interface contained in the PS8SJ custom IC (Ull)., This part
supplies all the signals required to interface to a typical
parallel printer. These signals are 8 data out lines, plus
various handshake contrecl signals. Also, the printer interface
generates an interrupt te the CPU if enabled,
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Expansion Ports

System Expansion Bus

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

bit,

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

Pin

al
A2
a3
a4
a5

a6
a7
a8
A9
al0

All
al2
al3
Al4
als

316
117
118
319
220

321
522
A23
A24d
25

226
az27
A28
A29
a30
a3l

Signal Name

NMI-
SD7
SDé6
SD5
SD4

SD3
SD2
spl
SDO
IOCHRDY

AEN

5al19
SAls
SAl7
5al16

Sals
SAl4
SAl3
Salz2
Sall

Salo
SA9
sa8
SA7
SA6

SAS
Sa4
SA3
SAZ2
sal
SAO

i/0

1/0
/0
/0
/0

I/0
/0
/0
/0
I

OCO0C

O0CO0OC COOOO O0OO0OO0OQO

Pin

B20

B2l
B22
B23
B24
B25

B26
B27
B28
B29
B30
B3l

Signal Name

BRESET
+5V
IRQ2
-5v

FDCDRQ
=12v
N/C
+12V
GND

SMEMW—
SMEMR-
I0wW-
IOR-
DACK3-

DRQ3
DACK1l-
DRQ1
RFRSH-
SCLK

IRQ7
IRQ6
IRQ5S
IRQ4
IRQ3

FDCDACK-
T/C
BALE
+5v

oscC

GND
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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.

SCLK (B20). SCLK 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 fregquency.

SA0 through SAl19 (Al2-A31l). These lines are 20 address bits used
to address memory and I/0 devices within the Tandy 1000 TL. They
are gated on the system bus when the BALE signal is high and are
latched on the falling edge of the BALE signal. Generation of
these signals is accomplished by the CPU or a DMA controller.
3A0-5A19 are active high,

BALE (B28). BALE 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 AEN. BALE is pulled to a high state
during DMA cycles, which include Refresh cycles. BALE is active
high.

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

8DO through SD7 (A2-A9). These signals are the data bus Bits 0
through 7 from the CPU to memory and I/0 devices on the bus. SDO
is the least significant bit (1sb), and SD7 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/0 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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IRQZ 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). IQR- is a read signal that instructs an I/0 device to
drive its data onto the data bus (SD0-8D7). This line can be
driven by the CPU Control IC or by the DMA controller. IOR- is
active low.

IOW- (B13). IOW- is a write signal that instructs an I/0 device
to read, or latch, the data from the data bus (SD0-SD7). This
line can be driven by the CPU Control IC or by the DMA
controller, IQW- is active low.

SMEMR- (Bl2). SMEMR- is a read signal that instructs a memory
device to drive its data onto the data bus (SD0-SD7). This line
can be driven by the CPU Centrol IC or by the DMA controller
through the CPU Control IC. SMEMR- is active only when the memory
address is within the first 1 megabyte range (000000-0FFFFFH).
SMEMR- is active low.

SMEMW- {B1l}. SMEMW- is a write signal that instructs a memory
device to read, or latch, the data from the data bus (SD0-SD7).
This line can be driven by the CPU Control IC or by the DMA
controller through the CPU Control IC. SMEMW- is active only when
the memory address is within the first 1 megabyte range (000000-
OFFFFFH). SMEMW- is active low.

DRQl, FDCDRQ, and DRQ3 (B18, B6, Bl6). These lines are
asynchronous DMA requests by peripheral devices to gain DMA
service. They are prioritized with DRQ1l having the highest
priority, FDCDRQ next, and DRQ3 lowest. A DMA request is
generated by driving a DRQ line active high and holding it until
the cerresponding DACK (DMA acknowledge) signal goes active.
DRQl, FDCDRQ, and DRQ3 perform only 8-bit transfers. All DRQ
lines are active high.

DACKl-, FDCACK-, and DACK3-, B26, Bl5). These lines are DMA
acknowledge signals used to acknowledge DMA requests DRQ1L,
FDCDRQ, and DRQ3. All DACK signals are active low,

RFRSH- (B19), This signal is used to indicate a refresh cycle
that can be used by a memory bocard tc refresh Dynamic memory.
RFRSH- is active low and generated every 15 usec.

T/C (B27). T/C is a signal that provides a pulse when the

terminal count for any DMA channel is reached. T/C is active
high.
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OSC (B30}. OSC 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

Memory Map
Address Name Allocated Function
000000-07FFFF 512K System RAM System Memory
080000-09FFFF 128K System/vVideo System Memory and
RAM or 128K Video Display Memory
Expansion Memory or System Memory
0AQ000~OBFFFF 128K video RAM Reserved for
Graphics
Display Memory
OE0000-0FFFFF, 16K BIOS ROM Reserved for BIOS
EE0O000-EFFFFF, Memory ROM Memory

or
FEOOQ0O-FFFFFF
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I/0 Port Map of System

Block

0000-001F
0020-003F
0040-005F
0060-007F
0080-009F
00A0-00BF
00Cc0-00DF
00EO0-00FF
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
FFFO-FFFF

I/0 Port Map Summary

Usage

0000-000F
0020-0027
0040-0047
0060-0067
0080-008F
00A0-00A7
00co-o00c7
00F0-00FF

0200-0207

02F8-02FF

0370-0377
0378-037F

03D0-03DF

03F0-03F7
03F8-03FF

FFE8-FFEF

Function

DMA Function

Interrupt Contreller

Timer

PIOQ Function

DMA Page Register

NMI- Mask Register

Sound Generator

Numerical Coprocessor
Reserved

Joystick Interface

Reserved

Serial Port Secondary (COM2
optional)

Reserved

Hard Disk Controller (optional)
Reserved

Floppy Disk Controller 2 {(optional)
Printer

Reserved

System Video

Reserved

Floppy Disk Contreller 1
Serial Port Primary (COML}
Not Used

System Control Registers
Reserved

31



Address

Description

0000

0001

0002

0003

0004

0005

DMA Controller

IOW=- = 0: Channel 0 Base and Current Address
Internal Flip/Flop = 0: Write AO-A7

Internal Flip/Flop = 1: Write A8-AlS

IOR- = 0: Channel 0 Current Address

Internal Flip/Flop 0: Read AO-A7

Internal Flip/Flop 1l: Read AB-aAl5

DMA Controller

IOW- = 0: Channel 0 Base and Current Word Count
Internal Flip/Flop = 0: Write WO-W7

Internal Flip/Flop = 1l: Write AW-W1S

IOR- = 0: Channel 0 Current Word Count

Internal Flip/Flop 0: Read WO-W7

Internal Flip/Flop 1: Read W8-W1l5

i

DMA Controller

IOW- = 0: Channel 1 Base and Current Address
Internal Flip/Flop = 0: Write AO0-A7

Internal Flip/Flop = 1: Write AB-ml5

IOR- = 0: Channel 1 Current Address

Internal Flip/Flop 0: Read AO-AY

Internal Flip/Flop 1: Read AB-AlS

DMA Controller

IOW- = 0: Channel 1 Base and Current Word Count
Internal Flip/Flop = 0: Write W0-W7

Internal Flip/Flop = l: Write AW-W15

IOR- = 0: Channel 1 Current Word Count

Internal Flip/Flop 0: Read WO-W7

Internal Flip/Flop 1: Read W8-W15

DMA Controller

IOW- = 0: Channel 2 Base and Current Address
Internal Flip/Flop = 0: Write AO0O-A7

Internal Flip/Flop = 1: Write A8-Al5

IOR- = 0: Channel 2 Current Address

Internal Flip/Flop 0: Read AD-A7

Internal Flip/Flop 1l: Read AB-AlS

DMA Controller

I0W- = 0: Channel 2 Base and Current Word Count
Internal Flip/Flop = 0: Write WO-W7

Internal Flip/Flop = 1l: Write AW-W15

IOR- = 0: Channel 2 Current Word Count

Internal Flip/Flop = 0: Read WO0-W7

Internal Flip/Flop = l: Read W8-W15
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Address Description

0006 DMA Controller
IOW- = 0: Channel 3 Base and Current Address
Internal Flip/Flop = 0: Write A0-A7
Internal Flip/Flop = l: Write A8-alS
IOR- = 0: Channel 3 Current aAddress
Internal Flip/Flop 0: Read AO0-A7
Internal Flip/Flop 1: Read A8-Al5

won

0007 DMA Controller
IOW- = 0: Channel 3 Base and Current Word Count
Internal Flip/Flop 0: Write WO-W7
Internal Flip/Flop l: Write AW-W15
IOR- = (: Channel 3 Current Word Count
Internal Flip/Flop 0: Read WO-W7
Internal Flip/Flop = 1: Read W8-Wl5

0008 DMA Controller
IOW- = 0, Write Command Register

Bit Description

0

Memcry to Memory Disable
= Memory to Memory Enable

H o

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

= Centroller Enable
Controller Disable

- o ol =]

= Neormal Timing
= Compressed Timing
If Bit 0 =1

o
|

4 0 = Fixed Priority

1 = Retating Priority
5 0 = Late Write Selection
1 = Extended Write Selection
X If Bit 3 =1
6 0 = DREQ Sense Active High
1 = DREQ Sense Active Low
7 0 = DACK Sense Active Low
1 = DACK Sense Active High
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Address Description

0008 DMA Controller
I0R- = 0, Read Status Register

Bit Description

0 1 = Channel 0 Has Reached TC
1 1l = Channel 1 Has Reached TC
2 1 = Channel 2 Has Reached TC
3 1 = Channel 3 Has Reached TC
4 1 = Channel 0 Reguest
5 1 = channel 1 Request
6 1 = channel 2 Request
7 1 = channel 3 Reguest
0009 DMA Controller
I0oW- = 0, Write Request Register
Bit Description
0-1 Bit 1 Bit 0
0 t] 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 Regquest Bit
3-7 Don't Care

IOR- = 0, Illegal
go0a DMA Controller
IOW- = 0, Write Single Mask Register
Bit Description
0-1 Bit 1 Bit 0
0 Select Channel 0 Mask Bit
1 Select Channel 1 Mask Bit
0
1

Select Channel 2 Mask Bit
Select Channel 3 Mask Bit

[=] oo

Clear Mask Bit (Enable
Channel)

1 Set Mask Bit (Disable Channel)
=7 Don't Care

IOR—- = 0, Illegal

34



Address

Description

000B

ooac

000D

000E

DMA Controller

IOW- = 0, Write Mecde Register
Bit Description

-1 Bit Bit ©

0 Channel 0 Select
1 Channel 1 Select
0 Channel 2 Select
1 Channel 3 Select
2-3 Bit Bit
Verify Transfer

Write Transfer To Memory
Read Transfer To Memory
Illegal

its 6 and 7 = 11

HOMORKN

X If

4 0 hutoinitialization Enable
Buteoinitialization Disable

address Increment Select
address Decrement Select
6-7 Bit Bit 6

0 Demand Mode Select
1 Single Mode Select
0 Block Mode Select

1 Cascade Mode Select

HMHNOoOO-HOQ

IQOR- = 0, Illegal
DMA Controller

I10W-
IOR-

0, Clear Byte Pointer Flip/Flop
0, Illegal

DMA Controller

I0W-
IOR-

0, Master Clear
0, Read Temporary Register

DMA Controller

IOW-
IOR-

0, Clear Mask Register
0, Tllegal
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Address Description
000F 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 Reserved

0020

8259A Interrupt Controller

Note:

Bit

Bit

Bit

Bit

Bit

Bit

Bit

Initialization Words are set up by the operating

system and are generally not to be changed.
Writing an initialization word might cancel
pending interrupts.

4 =1 Initialization Command Word 1
0 = 0 ICW4 Needed
= 1 ICW4 Not Needed
1 = 0 cascade Mode
= 1 single Mode
2 Not Used
3 = 0 Edge Triggered Mode
= 1 Level Triggered Mode
5-7 Not Used
4 = 0 & Operation Contrel Word 2
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Address

Description

0020

8259Aa Interrupt Controller

Bit 3 = 0 Bits 0-2: Determine the Interrupt Level Acted
on when the SL Bit is Active

Interrupt Level = 0 1 2 3 4 5 6 7
Bit 0 (LOY: 0 1 010101
Bit 1 (L1): 00110011
Bit 2 (L2): 0 0001111

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 EQOI Command End of Interrupt

1 0 1 Rotate on Non-Specific EOI Auto Rotation

1 0 0 Rotate in Automatic EOI Mode (Set) Auto
Rotation

@ 0 0 Rotate in Automatic EOQI Mode (Clear) Auto
Rotation

1 1 1 *Rotate on Specific EOI Command Specific
Rotation

1 1 0 *sSet Priority Command Specific Rotation
0 No Operation

{*L0 - L2 Are Used)
Bit 4 = 0 & Operation Control Word 3

Bit 3 = 1 Bits 0-1:

Bit 1 Bit 0 - Read Register Command
0 0 No aAction
¢} 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 Pecll Command
= 1l: 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

37



Address

Description

0021

82592 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 1Indicated IR Input has a Slave
0 Indicated IR Input does not have a

Slave

B

Initialization Control Word 3 (Slave Device)
Bits 0-2: = ID0-2
Bit

Bit Bit 2 - Slave ID #

1
0
0
1
1
0
0
1
1

HOoOrOHOHO
~NOUEs W HC

Bits 3-7: = 0 (Not Used)

Initialization Control Word 4
Bit 0: Type of Processcor

=0 MCS-80/85 Mode
=1 B8086/8088/80286 Mode

Bit 1: Type of End of Interrupt

0 Normal EOI
1 auto EOI

Bits 2-3: Buffering Mode

Bit 3 Bit 2
0 X Non-Buffered Mode
1 0 puffered Mode/Slave
1 1 Buffered Mode/Master

o
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Address

Description

Initialization Control Word 4

Bit 4: Nesting Mede

=0 Not Special Fully Nested Mode
=1 BSpecial Fully Nested Mcde

Bits 5-7:

=0 (Not
Operation

Bits 0-7:

=0
=1

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

Used)

Control Word 1

{IOR-)

Interrupt Mask for IRQO-IRQ7

Mask Reset (Enable)

Mask Set (Disable)

IRQ7.

0022-0027 same as 0020-0021

0028-003F Not Used

o 0040
0041
0042

8254-2

I0W- =
IOR- =

8254-2

IOW-
IOR-

8254~
I0owW-
IOR-

oo

Timer

Counter
Counter

Counter
Counter

Counter
Counter

39
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Address Description

0043 8254-2 Timer
IOW- = 0: Write Mode Word
Contreol Word Format

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

Bits 1-3: Mode Selection

Bit Bit 2 Bit 1

0 Mode

1 Mode

0 Mede

1 Mode

0 Mode

1

3
0
0
X
X
1
1 Mode

oHHOO
st o

Bits 4-5: Read/Load

Bit 5 Bit 4
0 0 Counter Latching Cperation
0 1 Read/Load LSB Only
1 0 Read/Load MSB Only
1 1 Read/Load LSB First, Then MSB

Bits 6-7: Select Counter

Bit 7 Bit 6
0 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 L Illegal

IOR- = 0: No-Operation 3-State

0044-0047 same as 0040-0043

0048-005F Not Used
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Address Description

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

Bit Description
Keyboard Bit 0-LSB
Keyboard Bit 1
Keyboard Bit 2
Keyboard Bit 3
Keyboard Bit 4
Keyboard Bit 5
Keyboard Bit 6
Keyboard Bit 7-M

=N WO

SB
0061 Port B Read or Write

Bit Description

0 8253 Gate 2 Enable
1 = Enable
0 = Disable

1 Speaker Data Out Enable
1 = Enable
0 = Disable

2 Not Used

3 Not Used

4 Internal Speaker Enable
1l = Disable
0 = Enable

5 Not Used

6 HOLDCK (if IBM PC Keyboard Mode)

1l = Tristate Keyboard Clock Line
0 = pPull Keyboard Clock Line Low

7 Keyboard Clear

1 = Clear Buffer and Reset Keyboard Interrupt
0 = Release Clear and Reset
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Address Description

0062 Port C Read/Write: Bits 0-3; Read Only Bits: 4-7
Bit Description
Not Used (Read/Write}
Not Used (Read/Write}
Not Used (Read/Write}
{output) CPU Clock Rate (Read/Write)
0 = 4.00 MHz (PC Compatible Rate)
1 = 8.00 MHz (Default By Boot ROM)
EEPROM Data Input (Read Only)
8253 out #2 (Read Only)
Monochrome Mode
0 = Color Monitor
1 = 350 Line Monitor, Mono
7 Reserved

WO R

b

0063-0064 Reserved
0065 Planar Control Register (Read/Write)

Enable
Disable

nu

1
0

Bi

ot

Description

Hard Disk Select Enable
Parallel Port Select Enable
Video Peort Select Enable
Floppy Disk Port Select Enable
Serial Port Select Enable
Reserved

Reserved

Parallel Port Output Enable

SN O

0066-0067 Reserved
0068-007F Reserved

0080 DMA Page Register (Reserved for Diagnostics)
Write Only
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Address Description

0081 DMA Channel 2 Page Register (Write Only)

Address Description

Bit 0 address Al6
Bit 1 Address Al7
Bit 2 address AlB
Bit 3 Address Al9
Bit 4 Address A20
Bit 5 Address A2l
Bit 6 Address A22
Bit 7 Address A23
0082 DMA Channel 3 Page Register (Write Only)

Address Description

Bit 0 Address Al6
Bit 1 Address al7
Bit 2 Address AlS
Bit 3 Address Al9
Bit 4 Address A20
Bit 5 Address A2l
Bit 6 Address A22
Bit 7 Address AZ3
0083 DMA Channel 0-1 Page Register (Write Only)

Address Description

Bit 0 Address Aalé6
Bit 1 address Al7
Bit 2 Address AlS8
Bit 3 Address Al9
Bit 4 Address A20
Bit 5 Address A2l
Bit & address AZ22
Bit 7 Address A23

0084-008F Same as 00B0-0083

43



Address Description

00AQ NMI- Mask Register, Write Only
Bit Description

Reserved

Reserved

Reserved

Reserved

Reserved

Not Used

Not Used

Non Maskable Interrupt (NMI) Enable
0 = Disabled

1 = Enabled

~ N RO

00A1-00A7 Reserved
00AB-00AF Not Used
00c0-00C3 Sound SN76496

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

= 1 0 0 0 Fé F7 F8 F9 Update Tone
Frequency 1

= 0 X FO Fl F2 F3 F4 F5 Additiocnal
Frequency Data

= 1 0 0 1 a0 Al A2 A3 Update Tone
Attenuation 1

= 1 0 1 ¢] Fé6 F7 F8 Fo9 Update Tone
Frequency 2

= 0 X FO Fl F2 F3 F4 F5 additional
Frequency Data

= 1 0 1 1 AQ Al A2 A3 Update Tone
Attenuation 2

= 1 1 (o] 0 F6 77 F8 F9 Update Tone
Frequency 3

= 0 X FO Fl F2 F3 P4 F5 additional
Freguency Data

= 1 1 ¢ 1 AQ al A2 A3 Update Tone
Attenuation 3

= 1 1 1 0 X FB NFO NFI Update Noise
Control

= 1 1 1 1 a0 al A2 A3 Update Noise
Attenuation
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Address Description

00C4-00C7 DAC Functien

00Cc4 DAC Mode Register (Write Commands)
Bits 0-1
Bit 0 Bit 1 Dac Function Selected
0 0 Joystick
0 1 Successive Approximaticon
1 4] Sound Channel
1 1 Direct Write to DAC
Bit 2 DMA Enable (for SA, Direct R/W)
Y DMA Disabled
1 DMA Enabled for Sa, Da
Bit 3 DMA Interrupt Clear
0 DMA Interrupt Held Clear
1 DMA Interrupt Allawed
Bit 4 DMA Interrupt Enable
0 DMA EQP Interrupt Disabled
1 DMA EOP Interrupt Enabled
Bit & Sound Divider Sync Enable
0 Synchronization Disabled
1 Synchronization Enabled (Write to 00C6 or
00C7 relcads all dividers)
Bit 6 Sound Chip Extra Divide Enable
0 Extra Divide Disabled
1 Extra Divide Enabled
Bit 7 Reserved
0oc4 DAC Mode Register (Read Commands)

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 Dene. Useful when

polling instead of using DMA.
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Address

Description

00c5

00cs

00ce

Waveshape Mode Select (Write Commands)

Bits 0-2 i
Bit 0 Bit 1 Bit 2 Duty Cycle
0 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

Read DAC Registers (Read Commands)

Direct Read of DAC when 00C4 Bits 0-1 = 1X
Direct Read of Control Register when 00C4 Bits 0-1 = 01

R/W Frequency lsb for DAC sound channel

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

46



Address Description

ooc? R/W amplitude/frequency msb for DAC sound channel
Bit 0 F8
Bit 1 F9
Bit 2 F10
Bit 3 Fl1l
Bit 4 Reserved
Bit 5 aMp 1
Bit 6 AMP 2
Bit 7 AMP 3

00CB8-00CF Reserved

00E0-00EF Reserved

00F0 Clear Numerical Coprocessor Busy

00F1 Reset Numerical Coprocessor to Real Mode
00F2 Ssame as 00FC

QOF3 Same as 00F1

00F4 Same as 00F0

00F5S Same as 00F1

00F6 Same as 00F0

00F7 Same as 00F1

00F8-00FF Math Coprocessor Chip Select
0100-01FF Reserved
0200-0207 Joystick

Clear (Resets Integrator to 0)

pz201 Read R = Right Joystick, L = Left Joystick

Bit Description

0 R - X Horizontal Positiocon

1 R - Y Vertical Positiocn

2 L - X Horizontal Position

3 L - ¥ vertical Position

4 R Button #1 {Logic 0 = Button Pressed)
5 R Button #2 {Logic 0 = Button Pressed)
6 L Button #1 (Logic 0 = Button Pressed)
7 L. Button #2 (Logic 0 = Button Pressed)

0208-020F Not Used

0210-02F7 Reserved
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Address

Description

2F8~2FF

Serial Port Secondary (COM2 Optional)

0300-036F Reserved

0378

0379

0370-0377 Floppy Disk Controller 2 {optional)
Printer - Data Latch
Bit Description
4] Bit 0 - LSB
1 Bit 1
2 Bit 2
3 Bit 3
4 Bit 4
5 Bit 5
6 Bit &
7 Bit 7 - MSB
Printer - Read Status
Bit Description
0 Not Used
1 Not Used
2 Not Used —
3 "0" = Brror (Fault)
4 "l" = Printer Select In
5 "0" = Qut of Paper (Paper Empty)
6 "0" = Acknowledge
';,' Il{)ll = Busy

037a

0378

Printer - Control Latch

Bit Description

npu
npm
npou
o
Ill "
nyw
Not
Not

s W= O B S T S o )

Not Used

Strobe

Auto FD XT
Initialize

Select Prinmter OQut
Enable Interrupt
Enable Qutput Data

LU | T [
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Address Description

037c EEPROM Control Register (Write Only)
Bit Description
0 NOVDO - EEPROM Data Output
1 NOVCE - EEPROM Chip Enable
0 = Enabled or Selected
1l = Disabled or Deselected
OVCLK - EEPROM Cleck

= Toggle Clock Low
= Tocggle Clock High

N
0
1
037D-037F Reserved
0378-03CF Not Used

03p0-03D3 Reserved

03D4 6845 Address Register
03p5 6845 Data Register
0306 Not Used

03p7 Not Used

03Dp8 Mode Select Register

Bit0 High Resoluticn Clock
= 0 Selects 40 X 25 Alphanumeric Mode
= 1 Selects B0 X 25 Alphanumeric Mode
Bitl Graphics Select
= (0 Selects Alphanumeric Mode
= 1 Selects 320 X 200 Graphics Mode
Bit2 Black and White
= 0 Selects Color Mode
= 1 Selects Black and White Mode
Bit3 videc Enable
Disables videc Signal
Enables video Signal

ey

Bit4 640 Dot Graphics
Disables 640 X 200 B&W Graphics Mode
Bit5 Blink Enable

Disables Blinking

1
0
0
1 Enables 640 ¥ 200 B&W Graphics Mode
i
0
1 Enables Blinking

wn
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Address

Description

03p9

03pA-03DE

03DB
03pcC

03pD

Coler Select Register

Bit
Bit
Bit
Bit
Bit
Bit

e wh - o

Background Blue
Background Green
Background Red

Background Intensity
Foreground Intensity

Color Select

-

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

Read

00
00
00
00
00

01
0l
01
0L

a2
02
0z
02
02

03
03
03
03
a3
03

Bit
Bit
Bit
Bit
Bit

Bit
Bit
Bit
Bit

Bit
Bit
Bit
Bit
Bit

Bit
Bit
Bit
Bit
Bit
Bit

(03pa)

b o O

WO

[ -SSR o] Nwho = o

Display Inactive
Light Pen Set

Light Switch Status
Vertical Retrace
Not Used

Clear Light Pen Latch

Preset Light Pen Latch

Write (03DE)
Not Used
Not Used
Not Used
Not Used
Not Used

Palette Mask
Palette Mask
Palette Mask
Palette Mask

Wk o

Border Blue

Border Green

Border Red -
Border Intensity

Reserved = 0

Mono Enable = 1
Reserved = 0

Border Enable

4-Color High Resolutiocn
16-Color Mode

Extra video Mode

Extended RAM Page Register - CPU Relative
Description

Bit

SN E W RO

Extended Addressing Modes

Not Used
Not Used
CRT Video Page Address "17"
CRT Video Page Address "18"
CPU Page Address "17"

CPU Page Address "18"

Select 64K Or 256K RAM
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Address Description

03pF CRT Processor Page Register - video Memory Relative
Bit 0 Al4 CRT Page O
Bit 1 Al5 CRT Page 1
Bit 2 Ale CRT Page 2
Bit 3 al4 Processor Page 0
Bit 4 AlS 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 - BK 0 0 1
4p 2 - 16K 0 1 0
4p 4 - BK o 1 1
4p 1 - 32K 1 0 0
2p 2 - 32K 1 0 1
03E0-03EF Reserved
03F0 Not Used
03r1 Drive Select Switch
Bit 0 Not Used
Bit 1 "1" ps0 = DsO
"0" D8O = DS1
Bit 2 Not Used
Bit 3 Not Used
Bit 4 Neot 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 Reguest/Interrupt
Bit 4 1l = Drive A Motor On
Bit 5 1 = Drive B Motor On
Bit & 1 = FDC Terminal Count
Bit 7 Not Used
03F3 Net Used
03F4 FDC - Status (Read Only). See FDC Specification
03F5 FDC - Data (R/W). See FDC Specification

51



Address Description

03F6 Reserved
03F7 FDC Data Rate Selection
Bit Description

Not Used

Write - Data Rate

0 = 500K bits per second
1 = 250K bits per second
Not Used

Not Used

Not Used

Not Used

Not Used

0=Disk Change

o

~1On LR L B

03Fr8-03FF Serial Port Primary {(COM1l)

03F8 Write Transmitter Holding Register (Character to
Send)

td
i
ct

Description

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

- LSB (First Bit sent Serially)

~ MO

0
1
2
3
4
5
6
7

03F8 Read Receiver Buffer Register (Character Received)

o]
e
[

Description

Bit 0 - LSB (First Bit Received Serially)
Bit 1
Bit 2
Bit 3
Bit 4
Bit 5
Bit 6
Bit 7

~N AU WO

- MSB
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Address Description

03F8 Divisor Latch LSB (Divisor Latch Access Bit DLABR = "1")
Bit Description

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

~ e WO
SN swNoEeEO

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

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

SN WO
S D LoD

03F9 Interrupt Enable Register

Bit Descripticn

0 "l" = Enables the Received Data Available Int

1 "l" = Enables the Transmitter Holding Register Int
2 "l" = Enables Receive Line Status Interrupt

3 "1" = Enables the Modem Status Interrupt

4-7 Always Logical "D"

03FA Interrupt Identification Register

Bit Description

0 "0" = Interrupt Pending
1-2 Bit 2 Bit 1
nqn "gn Fourth Level Priority
ngn WA Third Level Priority
n1a g Second Level Priority
Uy nyn Highest Level Priority

3-7 Always Logical "0"
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Address

Description

03FB

03FC

03FD

Line Control Register

Bit

0-1

B W

~1hn

Bit

o

s L N

Line

Bit

nNoawpoEHo

Description
Bit 1 Bit 0
nge age Five Bit Word Length
" "l Six Bit Word Length
i wn Seven Bit Word Length
i i A Eight Bit Word Length
"0" = One Stop Bit
"]m" = 14 Stop Bits when Five Bit Length Selected
Two Stop Bits with Six, Seven, or Eight Bit
"l" = parity Enable
"0" = 0dd Parity Select
"l" = Even Parity Select
Stick Parity Bit
"1" = Set Break Enable
"1" = pivisor Latch Access Bit Enable
Description
"l" = pata Terminal Ready Set (DTR)
"Q" = pata Terminal Ready Reset (DTR)
Request Toc Send (RTS)
Qut 1
Qut 2
Loop

Always Logical "0"
Status Register
Description

Data Ready (DR)
Overrun Error (OR}

"1"* = Detect Parity Error (PE)

"l" = Detect Framing Error (FE)

"l" = Break Interrupt (BI}

Transmitter Holding Register

"1t = character Transferred from Holding to Shift
Register

"Q" = Leoading Transmitter Holding Register

Transmitter Shift Register Empty

71" = ghift Register Idle

"0" = pata Transfer from Holding Register

Always Logical "O"
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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
lllll = On
"o = off

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

r

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

0400-FFE7 Not Used

FFE8-FFEB System Control Registers

FFES Video Configuration Register
Bit Description

Reserved

Memory Configuration 1
Memory Configuration 2
Memory Configuration 3
Reserved

16-Bit CPU Memory = 1
Reserved

Reserved

~SoUn e O

FFES Reserved
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Address Description
FFEA WRITE/READ
Bit Description
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: System Type (Reserved — See Note)

6=7

Bit 7 Bit 6
0 0 512K System Memory
0 1 512K System Memory
1 0 512K System Memcry
1 1 640K System Memory

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.) FFEA Bit 4 can be used to determine the
system type, If Bit 4 is read back inverted, the
system is identified as a Tandy 1000 SL. If Bit 4
is NOT inverted, the system is identified as a
Tandy 1000 TL.
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ROM Paging Definition:
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64K Page
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13
;
5
1
1
1
1
1
1
L
1
1
24
14
1
1
3
1

EFF

2 2 Meg X 8 ROMs
FOOOQ-FFFFF
EO0Q0Q-EFFFF
EQO0Q0-EFFFF
ED0O00-EF
EQDOO-EFFFF
E0000-EFFFF
EQQOQC-EFFFF
EQ0O00-EFFFF
EQOOQ0-EFFFF
EQOQ0-EFFFF
EQQO0-EFFFF
EOQ000-EFFFF
E0000-EFFFF
EOQO0-EFFFF
EOCGOO-EFFFF
EQ0CO0-EFFFF
EOQDD-EFFFF

-
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Address Description

FFEB UART Clock, Joystick, and Sound Enable
Bit Description

0 0 = Clock Divided by 13
1 = Clock Divided by 1

1 0 = Disable Joystick
1 = Enable Joystick

2 0 = Disable Sound Chip
1 = Enable Sound chip

3 Reserved

4 Reserved

5 Keyboard Interrupt (Read Only)
1 = Keyboard Interrupt Active
0 = Keyboard Interrupt Inactive

6 Reserved

7 eyboard Type (Read Only)

FFEC-FFEF Reserved

FFFPO-FFFF Reserved

= 101 Key Enhanced Keyboard

K
1 =
0 = Original Tandy 1000 Keyboard
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ELECTRICAL BILL OF

QTY. DESCRIPTION

1

WO MNEFWE -

e B b e

[

15

CPU PCB TANDY

STAKING PINS

SOCKET 8-PIN
SOCKET 16-FPIN
SOCKET 18-PIN
SOCKET 24-PIN
SOCKET 28-PIN
SOCKET 32-PIN
SOCKET 32-PIN
SOCKET 40-PIN
SOCKET 68-PIN,

DIP
DIP
DIP
DIP
DIP
DIp
DIE
Dip
PLCC

SWITCH, RESET
STEREO HEAD. JACK
MICROPHONE JACK
BATTERY HOLDER
CONNECTOR, 2-PIN
CONNECTOR, 6-PIN
CONNECTOR, 7-PIN
CONNECTOR, 9~PIN
CONNECTOR, 9-PIN
FEMALE "D" SUB

CONNECTOR,
“D" SUB
CONMECTOR, 17-PIN
HEADER (SHROUDED)
CONNECTOR, 31-PIN
CARD EDGE

9-PIN

RESISTOR, VAR. 10K
RESISTOR, VAR. TBD
RESISTOR 10 QOHM
1/4 WATT 5%
RESISTOR 33 OHM
1/4 WATT 5%
RESISTOR 300 OHM
1/4 WATT 5%

DESIGNATOR

MATERIAL - TANDY 1000 TL

VENDOR

1000 TL REV. A

El1-8

u12
U3,45-52,62-69
032-39

015,42,44

v24

U54,56 OR 55,57
U58,59
Uz23,28,60
vll,13,17,22,
31,61

sl

J14

J16

J13

J15 (SPKR)
J3,4 (JOYSTICK)
J2  (KEYBOARD)
J12 (POWER)

Ul (VIDEO)

J5  {SERIAL)
J11  (FLOPPY)}
J6-10

R63

R27

R48

rR6-9,17,21,22,
31,32,34-39
R50,49

AMP31-87022-0
AMP#640460-3
AMP#2-644100-3
AMP#2-383060-3
AMP#640962-3
AMP#2-641605-3
AMPR2-644018-3
AMP#2-644018~3
AMP#2-641606-3
AMP#821574~1
BURNDY368P410T
ALPS#KHC15901
HOSIDEN7HSJ0942-01-
HOSIDEN#HSJ0942~01~
SPECIALTY ELEC. 252
MOLEX#22-29-2021
HOSIDEN#TCS5040-16~
HOSTDEN#TCS5040-17~
MOLEX#26-48-1095
HOLMBERG#H4S09RA28C
AMP#745988-3
MOLEX#82009-2052
AMP$747840-3

MOLEX# 70246-3402

TEKA$021-31014-200
VIKING#3KT31/2JFF12
JAE#PB21-62T1-C1-5
AMP#6-530843-~5
HOLMBERG#&8D31D527C
BURNDY#PWBH3 1DDS1B
PIHER PT15NH510KA

GENERIC

n

"

1020
1060
032-0

1811
4071

142

2

8709842

8529014
8509011
8509036
8509037
8509029
8509007
8505048
8505048
8509002
8509020

8489065
8519322
8519355
8491013
8519193
8519318
8519358
B519191
8519279
8519269
8519324

8519236

8270510
8207010
8207033

B207130



ELECTRICAL

BILL OF MATERIAL - TANDY 1000 TL

MAIN LOGIC ASSY.

TANDY 1000 TL

QOTY. DESCRIPTION

all

2

RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTOR
1/4 WATT
RESISTCR
16-PIN DI

510 OHM
53

1R OHM
5%

1.2K OHM
1lg

1.2K OHM
1%

1.3K OHM
5%

2.2K OHM
5%

2.4K OHM
5%

2.7K OHM
5%

3.3K OHM
5%

4.7 OHM
5%

10K ouM
5%

13% OoHM
5%

27K OHM
5%

47K OHM
1]

GBK OHM
5%

91K OHM
1]

100% OHM
5%

1 MEG OHM
5%

DESIGNATOR

VENDOR

R24
RS, 29

R54,55,57

R26

R58

R51

RGO

R62

R52

R33,41,42,61
R1-4,30,40,45-47
R53,56
rR12,13,20,23,25
R14,15,43

R28

RS54

R15,44
R10,11,16,18

PAK 33 OHM RPl-4,12,13

P

RESISTOR PAK 33 OHM RP5,14,15,18,19

B-PIN SIP

RESISTOR PAK 1K OHM RP7,10

6-PIN SIP

GENERIC

"

PART
NUMBER

8207151
8207210

8207212

8207213
8207222
8207244
8207227
8207233
B207247
8207310
8207313
8207327
8207347
8207368
8207391
8207410
8207510
8290044
8295033

8290210



ELECTRICAL BILL OF MATERIAL - TANDY 1000 TL
MAIN LOGIC ASSY. TANDY 1000 TL
PART
QTY. DESCRIPTION DESIGNATOR VENDOR NUMBER
2 RES. PAK 4.7K OHM  RP6,17 GENERIC 8294247
10-PIN SIP
3 RES.PAK 10K OHM RP9,11,20 n 8290032
6-PIN SIP
2 RES.PAK 10K CHM RPB, 16 # 8292310
B-PIN SIP
2 RES. PAR 10K OHM RP21,22 i 8290010
10-PIN SIP
45 CAPACITOR 220 PFD  (C3,4,5,8,9, " X30122243
25v 10% SMD 101102503
14,15,:37.19,
20,21,22,23,
24,25,26,27,
28,29,30,31,
32,33,34,38,
39,40,41,42,
43,44,45,46,
47,48 ,49,50,
51,52,176,180
7 CAPACITOR 330 PFD (6,7,18,56, i X30133244
25v 10% SMD 57,58,59
9 CAPACITOR 47 PFD €70,75,76,78, " 8300475
50V 5% NPO CD B3,90,94,96,
98
2 CAP 1000 PFD cl69,171 " 8302104
50V 10% z5P CD
5 Cap .022 MFD €65,69,95,77,111 " 8303224
50V 25C
+80/-20% CD
1 Ccap ,047 MFD Ccle3 " 8373474
50V 10% 25p
CD OR EQUIV.
1 CAP .047 MFD cl31 " 8373484
50V 10% X7R
MONO. AX.



ELECTRICAL BILL OF MATERIAL - TANDY 1000 TL
MAIN LOGIC ASSY. TANDY 1000 TL
PART
QT¥. DESCRIPTION DESIGNATOR VENDOR NUMBER
50 CAP 0.1 MFD S50V Cl,16,35,53, GENERIC 8374104
+B0/-20% 25U 62,66,72,73,
MONO. AX. 74,82,87,88,
89,91,93,97,
99,101,103,
107,108,109,
110,111,113,
114,116,117,
126,127,128,
129,130,140,
141,144,145,
154,155,157,
158,159,160,
161,165,166,
175,177,178,
179
24 CAP .33 MFD cl18,119,120, " 8374334
50V +80/-20% 250 121,122,123,
MONO. AX. 124,125,132,
133,134,135,
136,137,138,
139,146,147,
148,149,150,
151,152,153
3 CAP .47 MFD 50V CD C64,182,183 " 8384475
13 CAP RFI TBD cz,36,37,81, L
92,100,102,
104,105,142,
143,164,112
3 CAP 3.3 MFD cles8,170,172 Y 8335322
9 cap 10 MFD c60,61,63,68, U 8326101
16V ELEC.RAD, 20% 79,80,173,174,
181
8 CAP 22 MFD c54,55,84,85, o 8326221
16V ELEC.RAD. 20% 86,115,156,162
1 CAP 47 MFD c71 . 8326474
16V ELEC.RAD. 20%
1 CAP 100 MFD cle7 o 8327101
16V ELE.RAD.
5 EMI FILTER .022 UF CF1,3,4,5,6 MURATA #DST310 55D-2238 B418013
W/FER. BEAD
i EMI cap, .022 CF2 MURATA #DS310 55D-2235 8418014
(NO BEAD)
8 FERRITE BEAD FB2-5,7-10 FARRITE #2743002121 8419013
4 FERRITE BEAD (801) FB1,6,11,12 FARRITE #2643000801 8419098

-
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ELECTRICAL BILL OF MATERIAL - T

ANDY 1000 TI,

TANDY 1000 TL

QTY. DESCRIPTION DESIGNATOR
1  FUSE - 1 AMP FL
{CANADA ONLY)
2  DIODE 1N4148 CR1,2
2 REGULATOR 78L05 YR2,3
1 REGULATOR 79MOASCT VR1
1 DUAL ©SC. ¥3
28.635636/32.514 MHZ
1  DUAL OScC. ¥2
24/16 MEZ
1 CRYSTAL 32,768 KHZ ¥l
1 IC 7416 U6
1 IC 741504 uls
1 Ic 74LS32 U29
1 IC 741574 U26
1 IC 74LS244 us
2 IC 74ALS244 Ug,u28
1 IC 74ALS245 u40
3 IC 74ALS573 uz7,30,43
1 IC 74F08 u20
1 IC 74HCTOO* Uls
1 IC 74HCT14* U4
1 IC T4HCT32* u4al
1 1C 74HCT244* 53
2 Ic 74HCT273* uz2l,70
1 IC LM339 u7
1 IC LM386 U7l
1 IC MC1458 u72
1 IC MCl458s uio
1 TIC MCl4B8 U2
2 IC MCl4B9 4,5
1 TC TANVID 2 100 PIN uld
QFP

¥ CAN SUBSTITUTE LS FOR ALL HCT PARTS

VENDCOR

MOTOROLA MC78L05S
FAIRCHILD uA7BLO5
TEXAS INST. wA78LOSC
MOTOROLA MC79MO5CT
FAIRCHILD uA7905

TEXAS INST. uaA79IMOSCKC
DIAWA ,MF

DIAWA ,MF

GENERIC

"

MOTOROLA
GENERIC

MOTORCLA
MCTQROLA
NCR

PART
NUMBER
8749045

8150148
8052805

8190005

8409076
B409075

8404033
8000016
BD20004
8020032
8020074
8020244
8025244
8025245
8025573
8015008
8026000
8026014
8026032
8026244
8026273
8050339
8050386
8051458
8052458
8050188
8050189

X07900100



MAIN LOGIC TANDY 1000 TL SUB ASSY

QTY.

DESCRIFTION

e S T S T o

]

16

=

[ SR,

DESIGNATOR

CPU TANDY 1000 TL SUB ASSY. (REV. A)

JUMPER PLUG

IC 80286 8 MHZ CPU

C,E STEP

IC DATA BUFFER ¥

IC CPU CONTROLLER

(NT. BLUE)

1C DRAM/DMA CONTROLLER

IC PSSJ
IC KFIT
IC 8237a-5

IC 8272A FDC CONT.

IC FDC SUPPORT

IC DS1215 REAL TIME CLK
IC EEPROM 64 X 16 9346

IC 256K X 1 DRAM 130 NS

IC 64K X 4 DRAM 120 NS

IC 256K X 8

BIOS ROM EVEN 200NS (1)

IC 256K X 8

BICS ROM ODD 200NS (1)

IC 256K X 8

BIOS ROM EVEN 200NS (1}

Ic 256K X 8

BICS ROM ODD 200NMS (1)

IC 16K X B

*

CHARA.GEN. ROM 200NS

IC PLS173 I/0 DECODE
IC PLS173 ROM CNTL.

E2-E3,E6-E7
g3l

U6l
vi7
pz22
ull
vul3
uz2s
u23
ul5s

U3
ulz

U45-52,62-69

32-35

us5
us7
Us4
use

U4z
ud4

VENDOR

INTEL, AMD

MOTOROLA,
FUJITSU
VLSI, RCA

MOTCROLA, RCA
NCR

NCR

INTEL, AMD,
NEC

INTEL,
ROCKWELL,
ZILOG
MOTOROLA, NCR
DALLAS SEMI.
NATIONAL,
HYUNDAI ,
AMI/GOULD
FUJITSU,
HITACHI,
NEC, TI,
SAMSUNG,
MICRON
FUJITSU,
HITACHI,
NEC, TI,
SAMSUNG,
SHARP,
MOTOROLA
SHARP

SHARP
HITACHIL
HITACHL
HITACHI,
SHARP, NEC

SIGNETICS
SIGNETICS

PART

NUMBER

8855022

8519098
8041286

8079022
8040810
B040142
8079021
8079019
8040237
8040272
8041401

8079023
B040346

8049008

8040464

8076323
BO75323
8079025
8079026
8079027

8077173
B076173



ELECTRICAL BILL OF MATERIAL - PROJECT B78B

MAIN
PART
QTY. DESCRIPTION DESIGNATCOR VENDOR NUMBER
*THE FOLLOWING PARTS MAY BE SUBSTITUTED IF NECESSARY:
1 IC UPD765 uz23 NEC 8041765
1 IC BZAZ0S Usl CHIPS 8075205

DATA BUFFER



DESCRIPTION

OPTION KITS:

1
4

IC BD2B7-6 OR 8
IC 64K X 4 DRAM
150 OR 120NS

DESIGNATOR

u60
036-39

VENDOR

INTEL
FUJITSU,
HITACHI, NEC,
TI, SAMSUNG,
MICRON,
SHARP,
MOTOROLA

PART
NUMBER

B040464









Devices







inter
8237A
HIGH PERFORMANCE
PROGRANMMABLE DMA CONTROLLER

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

8 Enable/Disable Control of Individual ® Directly Expandable to Any Number of
DMA Requests Channels
B Four Independent DMA Channels & End of Process Input for Terminating
m Independant Autoinitialization of All Transfers
Channels B Software DMA Requests
® Memory-to-Memory Transfers ® Independent Polarity Control for DREQ
B Memory Block Initiallzation and DACK Signals
E Avallable In EXPRESS
B Address Incremant or Decremeant — Standard Temperature Range
B High Performance: Transfers up to

B Avallable In 40-Lead Cerdip and Plastic
Packages
{See Packaging Spec, Order #231369)

1.6M Bytes/Second with 5 MHz B237A-5

The 8237A Multimode Direct Memory Access (DMA) Controller is a peripheral interface circuit for microproc-
essor systerns. |1 is designed to improve system performance by allowing external devices to directly transfer
infermation from the system memory. Memory-to-memory transfer capability is also provided. The 8237A
offers a wide variety of programmable control featurss to enhance data throughput and system optimization
and to allow dynamic reconfiguration under program control.

The B237A 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 channal 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 B8237A-5 are 4 MHz and 5 MHz versions of the standard 3 MHz 8237A respectively.
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8237A

Table 1. Pln Description

Symbeol

Type

Name and Function

Vee

POWER: + 5V supply.

Vsg

GROUND: Ground.

CLK

CLOCK INPUT: Clock Input controls the internal operations of the
B237A and its rate of data transfers. The input may ba driven at up
10 3 MHz for the standard B237A and up 10 5 MHz for the B237A-5.

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

RESET

RESET: Resst 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. Following a Aeset the
device is in the Idle cycle.

READY

READY: Ready is an input used 1o extend the memory read and
wrile 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 peripharal circuits to
obtain DMA service. In fixed Priority, DREQO has the highest
priority and DREQ3 has tha 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 goas active.

DBO-DB7

110

DATA BUS: The Data Bus lines are bidirectional three-state
signals connacted to the system data bus. The outputs are
enabled in the Program condition during the 1/0 Read 1o output
the contents of an Address registar, a Status register, the
Temporary register or a Word Count ragister to the GPU. The
outputs are disabled and the inputs are read during an I/O Write
cycle when the CPU is programming the 8237A control registers.
During DMA cycles the most significant B bits of the address are
output onte the data bus to be strobed inlo an external latch by
ADSTB. In memory-to-memory operations, data from the memory
comes into the B237A on the data bus during the read-from-
memory transier. In the write-to-memory transfer, the data bus
outputs place the data into the new mamory location.

(e}

1/0 READ: |/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 conirol
signal used by the 8237A to access data from a peripheral during a
DMA Write transfer.

[{e]

1/0 WRITE: I/Q Write is a bidirectional active low three-state line.
In the Idle cycle, it is an input contrel signal used by the CPU to
load information into tha 8237A. In the Active cycle, it is an output
control signal used by the 8237 A 1o load data to the peripheral
during a DMA Read transfer.
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8237A

Table 1. Pin Description (Continuad)

Symbol

Typs

Heme and Function

10

END OF PROCESS: End of Process is an active low bidiractional
signal. Information conceming the complation of DMA services is
available at the bidirectional pin. The B237A allows an
axtarnal signal to terminate an active DMA service. This is
accomplished by pulling the EOP input low with an extarnal EOP
signal. The 8237A alsc genserates a pulse when the terminal count
(TG} for any channel is reached. This generates an EOP signal
which is cutput through the EQP line, Tha raception of , gither
internal or external, will cause the B237A to terminate the sarvics,
rasat the raguest, and, if Autcinitialize is anabled, to write tha base
ragistars to the currant registers of that channel. The mask bit and
TC bit in the status word will ba set for the currantly active channel
by EOP unless the channel is programmed for Autcinitialize. In that
casa, tha mask bit ramains unchanged. During memory-te-memory
transfers, EOF will ba 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.

AO0-A3

110

ADDRESS: Tha 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 cycla they are outputs and provide the lower 4
bits of the output address.

Ad4-AT7

ADDRESS: The four most significant address lines ara thraa-stata
outputs and provide 4 bits of address. These lines are enabled
only during the DMA sarvice.

HRQ

HOLD REQUEST: This is the Hold Request to the CPU and is
used to request control of the system bus. If the correspending
mask bit is clear, the presence of any valid DREQ causes B237A to
issue the HRQ.

DACKO-DACK3

DMA ACKNOWLEDGE: DMA Acknowladgs is used to notify the
individual peripherals when cne has been granted a DMA cycle.
The sensa of these iines is programmable. Resat initializes them
to active low.

AEN

ADDRESS ENABLE: Addrass Enable enablas the B-bit latch
containing the upper B address bils onto the system address bus.
AEN can also be used to disable other system bus drivers during
DMA transfers. AEN is active HIGH.

ADSTB

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

MEMR

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

MEMW

MEMORY WRITE: The Memory Write is an active low threa-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 lavel. An internal
pull-up rasistor will establish a logic high when the pin is left
floating. It is recommended however, that PINS be connacted to
Voo
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8237A

FUNCTIONAL DESCRIFTION

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 ara
the various control signals between the blocks. The
8237A contains 344 bits of internal memory in the
form of registers. Figure 3 lists thasa registers by
name and shows the size of each. A detailed de-
scription of the registers and thair functions can be
found under Register Description.

MName Sizs Numbar
Base Address Reglslers 18 bita 4
Base Word Count Registers 16 bita 4
Cument Address Regiaters 16 bita 4
Current Word Count Registers 16 bits 4
Temporary Address Register 18 bits 1
Tamporary Word Count Register 18 bits 1
Statua Regiater 8 bits 1
Command Register 8 bits 1
Temporary Regialer 8 bits 1
Mode Registers 6 bits 4
Mask Regisler 4 bits 1
Request Register 4 bita 1

Figure 3. 8237A Internal Reglatera

The 8237A contains three basic blocks of control
logic. The Timing Control block gensrates internal
timing and external control signals for the B237A.
The Program Command Control block decodes the
various commands given to the 8237A by the micro-
processor prior to servicing a8 DMA Request. It also
decodes the Mode Control word used to selaect the
type of DMA during the servicing. The Priority En-
soder block resolves priority contention between
IMA channels requesting service simultaneously.

The Timing Control block derives internal timing
from the clock input. In B237A systems, this input
will usually be the ¢2 TTL clock from an 8224 or
CLK from an BO8S5AH or 8284A. 33% duty cycle
clock generatars, however, may not meet the clock
high time requirement of the B237A of the same fre-
quency. For example, B2CB4A-5 CLK output violates
the clock high time requirement of 8237A-5. In this
case B2CB4A CLK can simply be inverted 10 meat
B237A-5 clock high and low time requirements. For
B80B5AH-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 B237A is designed to operate in two major cy-
cles. These are called |dle and Active cycles. Each
device cycle is made up of a number of states. The
B8237A can assume seven separate states, each
composed of ona full clock period. State | (S1) is the
inactive state. It is antered when the B237A has no

valid DMA requests pending. While in SI, the DMA
controller is inactive but may be in the Program Con-
dition, being programmed by the processor. State
80 (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 B237A may
still ba programmed until it receives HLDA from the
CPU. An acknowladge from the CPU will signal that
DMA transfers may begin. S1, S2, 53 and S4 are the
warking states of the DMA service. If more time is
neaded to complete a transfer than is available with
normal timing, wait states (SW) can be inserted be-
twaen S2 or 53 and S4 by the use of the Ready line
on the B237A. Note that the data is transferred di-
rectly from the |/O device te 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 B237A in I/0O-to-memory or memo-
ry-to-1/C 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, 512, $13, S14) are used for the read-
from-memory half and the last four states (S21, S22,
523, §24) 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-
ary clock cycle to determine if any channel is re-
%%esting a DMA service. The device will alsc sample

, looking for an attempt by the microprocessor to
write or read the internal ragisters of the B237A.
When CS is low and HLDA is low, the B237A 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 AD-AJ are inputs to the device and
select which registers will be read or written. The
TOR 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 generats an
additional bit of address. This bit is used fo 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
JOW. 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 anter
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 1o make one transfer only.
The word count will ba decremented and the ad-
dress decremanted or incremented following each
transter. 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
s0.

DREQ must be held active until DACK becomes ac-
tive in order to be recognized. |f DREQ is held active
throughout the single transter, HRQ will go inactive
and release the bus to the system. It will again go
active and, upen receipt of a new HLDA, another
single transfer will be parformed. In 8080A, BOB5AH,
8088, or BOB6 system, this will ensure one full ma-
chine cycle execution betwaen DMA transfers. De-
tails of timing between the B237A and other bus
cantrol protocols will depend upon the characteris-
tics of the microprocessor involved.

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

Process (EOF) is encountered. DREQ need only be
held active until DACK becomes aclive. 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
maode the device is programmed to continue making
transfers until a TC or external ECP is encountered
or until DREQ goes inactive. Thus transfers may
continue until the 1/0 davice has exhausted its data
capacity. After the |/0O 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. EOF is gener-
ated sither 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 cascads
more than one B237A together for simple system
expansion. Tha 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
propagale through the priority network circuitry of
the preceding device. The priority chain is preserved
and the new device mus! wait for its turn to acknowl-
edge requests. Since the cascade channel of tha
initial B237A is used only for prioritizing the addition-
al device, it does not output any address or control

2ND LEVEL
15T LEVEL B23TA
MICROPROCESSOR
HRQ DREQ HRO
HLDA DACK HLDA
B237A
DREQ HRO
DACK HLDA
INITIAL DEVICE 823TA
ADDITIONAL
DEVICES
231466-3

Flgure 4. Cascaded 8237A=
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signals of its own, These could conflict with the out-
puts of the active channel in the added device. Tha
B237A will respond to DREQ and DACK but all other
outpuls except HRQ will be disabled. The ready in-
put is ignored.

Figura 4 shows two additional devices cascadad into
an initial device using two of the previous channaels.
This forms a two level DMA system. Mora B237As
could be added atl the second level by using the
remaining channals of the first level. Additional de-
vices can also be added by cascading into the chan-
nals of the second level device, forming & third level.

TRANSFER TYPES

Each of the three active transfer modes can parform
three different types of transfers. These are Read,
Write and Verify. Write transfers move data from an
1/0 device to tha memory by activating MEMW and
IOR. Read transfers move data from memory to an
1/0 davice by activating MEMA and 1OW. Verify
transfers are pseudo transfers. The 8237A operales
as in Read cor Write transfers generating addresses,
and responding to EOP, etc. However, the memaory
and |/O 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 & minimum of program effort and time, the
8237A includes a memory-to-memory transler fea-
ture. Programming a bit in the Command registar
selects channsls 0 and 1 to operate as memory-to-
memory transfer channels. The transfer is initiated
by setting the software DREQ for channel 0. The
B8237A requests a DMA service in the normal man-
nar. After HLDA is true, the device, using four state
transfers in Block Transfer mode, reads data from
the memaory. 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 1o memory using the address in its
Currant 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-
ed causing an EOP output terminating the sarvice.

Channal 0 may be programmed to retain the same
address for all transfars. This allows 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 1o 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.

Autolnitiallize—By programming a bit in the Mcde
register, a channel may be set up as an Autoinitialize
channal. During Autoinitialize initialization, the origi-
nal values of the Current Address and Current Word
Count registers arae automatically restored from the
Base Address and Base Word count registers of that
channel tollowing EOP. The base registers are load-
ed simultansously 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 Autocinitial-
ize the channel is ready to perform another DMA
sarvice, 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, EOP pulses should be applied
in both bus cycles.

Priority—The B237A has two types of prionty en-
coding available as software selectable options. The
first is Fixed Priority which fixes the channals 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.
Aftar the recognition of any ona channel for service,
the other channels are pravented from interlering
with that servica until it is complated.

AMter comptetion of a service, HRQ will go inactive
and the 8237A will wait for HLDA to go low befcre
activating HRQ to service another channal.

The second schame is Rolaling Priority. The last
channal to get service becomes the lowest priority
channal with the others rotating accordingly.

a1 et d
Service Barvice Barvics
highost Q 2 ~p— parvice 3 —a— service
1 e d4rvize 3~ raquasl [
2 \0 1
foweal 3 1 2
231466-4
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With Rotating Priority in a single ¢hip DMA system,
any device requaesting service is guaranteed fo be
recognized after no mare than three higher priority
services have occurred. This prevents any ons
channel from monopolizing the system.

Compressed Timing—In order to achieve aven
greater throughput where system characteristics
permit, the B237A can compress the transfer time to
two clock cycles. From Figure 11 it can be seen that
state 53 is used to extend the access time of the
read pulse. By removing state S3, the read pulse
width is made equal 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. 51
states will still occur when AB~A15 need updaling
(see Address Generation). Timing for compressed
transfers is found in Figure 14.

Address Generatlon—In order to reduca pin count,
the 8237A multiplexes the eight higher order ad-
dress bits on the data lines. State 81 is used lo out-
put the higher order address bits 1o 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 lalch.
Address Enable (AEN) is used to enable the bits
onto the address bus through a three-state enable.
The lower order address bits are outpul by the
8237A directly. Lines AD-A7 should be connected
1o the address bus. Figure 11 shows the time rela-
tionships between CLK, AEN, ADSTB, DB0O-DB7
and AO-A7.

During Block and Demand Transier mode services,
which include multiple transfers, the addresses gen-
erated will ba sequential. For many transfers the
data hsld 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
sequance of addresses. To save lime and speed
transfers, the B237A axecutes S1 states only whan
updating of AB-A15 in the lateh is necessary. This
means for long services, S1 slales and Address
Strobes may occur anly once every 256 transfers, &
savings of 255 clock cycles for each 256 transfers.

REGISTER DESCRIPTION

Current Address Reglster—Each channel has a
16-bit Current Address register, This register holds
Ihe value of the address used during DMA transfers.
The address is automatically incremanted or decre-
mented after sach 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 successiva B-bit
bytes. It may alsa be reinitialized by an Aulecinitialize
back fto its original valus. Autcinitialize takes place
only after an EQP,

Current Word Reglater—Each channel has & 16-
bit Current Word Count register. This register deter-
mines the number of transfers to be performed. Tha
actual number of transfers will be onae more than the
number programmaed in the Current Word Count reg-
istar (i.e., programming a count of 100 will result in
101 transfers). The word count is decremented atter
sach transfer. The intermediate value of the word
coun! is stored in the register during the transfer.
Whan tha value in the register goes from zero 1o
FFFFH, a TC will be generated. This register is load-
ed or read in successive B-bil bytes by the micro-
processor in the Program Condition. Following the
and of a DMA saervice it may also bae reinitialized by
an Aulcinitialization back to its original valus. Auto-
initialize can occur only when an 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-bil registers stors
the original value of their associated current regis-
tars. During Autcinitialize these values are used to
restore the current registers to their original values.
The base registers are written simultaneously with
their corresponding cument ragister in B-bit bytes in
the Program Condition by the microprocessor.
These registers cannot be read by the microproces-
sor.

Command Feglster—This B-bil 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 & for address coding.

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

Regquost Roglster~-The 8237A can respond 10 re-
queslts 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-maskabla and subject to pri-
oritization by the Priority Encoder network. Each reg-
ister bit is set or resel separately under software
control or is cleared upon generation of a TC or ex-
ternal EOP. The entire ragister is cleared by a Reset.
To sel or reset a bit, the software loads the proper
form of the data word. See Figure 5 for register ad-
drass coding. In order to make a software request,
the channel must be in Block Mcde.
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Command Reglater

7 8 5 4 3 2 1 0 -a—BH Number

a

Memory-to-memory disable
Memaory-to-memory enable

0 Channe! 0 asdress hold disable
1 Ghannel 0 address held anable
X Wbl0=0

0 Controllar enabla
1 Controller disable

0 Normal timing
1 Compreesed timing
X itbi0=1

—

—
4| ? :::l::l:::‘rllgnw

—

—

—

0 Late writa selaction
1 E d wiile
X Hblt3a=1

0 DREQ sansa active high
1 DREQ sensa active low

0 DACK sanso active low
1 DACK sensa activa high

231466-5

Mode Reglater

7T & &8 4 3 T 1 0 =-a— Bt Numbasr

00 Channal O seisct
01 Channet 1 select
10 Channel 2 select
11 Channe! 3 salect

00 Verlly transier

0% Write iranater

10 Read iransfer

1 llisgal

XX lbisEand 7a 1

_

[ 0 Auto disabla
1 1 Autoinitialization enatia

¢ Addrasa Increment salect
1 Addresa decramant selacl

00 Demand mode salecl
01 Singla moda aslecl
10 Block mode aslecl
11 Casceds mods salect

231466-6

Request Register

T 8 8 4 3 2 1 0 -=—28illNumbar

00 Selecl channal 0
07 Select channsl 1
10 Sslect channal 2
11 Salect channet 3

[ 0 Rass! requast bit
1 Se! requasl bit

231466-7

Don't Care

Mask Reglster—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 EOPF if the channel is not pro-
grammed for Auloinitialize. Each bit of the 4-bit
Mask register may also be sel or ¢leared 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 similar in form to that used with the Request
regisier. See Figure 5 for instruction addressing.

7 8 5 4 3 2 1 0-=— BI Nwnbaer

LLTTT
00 Salect channal 0 mask bit
Dan’t Care 01 Salact channal 1 mask bit
10 Salact channal 2 maak bit
11 Salect channal 3 mask bit

0  Clear mask bit
1 Sat mask bit
231466-8

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

7 8 5 4 3 32 1 0-w—Blt Number

LITTTTT

s 0 Glaw channal 0 mask bit
Don't Care 1 Set channe! 0 mask bit

{ G Clear channel 1 mask bit
1 Set channel 1 mask bit
0 Clear channsl 2 maak bit
1 Sal channsl 2 mask bit
‘ 0 Ciear channel 3 mask bit
1 Sel channal 3 mask bit

231466-9

Reglster |Operation Slgnaln

CS IOR I1OW A3 A2 A1 AD
Command |Write o 1 0 10 00
Moda Write o 1 0 10 1 1
Request |Writa 0 1 0O 100 1
Mask Set/Reset[0 1 0 1 0 1 0
Mask Writa 0 1 0 1 1 1 1
Temporary|Read c o0 1 11 01
Status Read 0 0 1 1 000

Flgure 5. Definition of Reglster Codes

Status Reglater—The Status register is available to
ba read out of the 8237A by the microprocessor. It
contains information about the slalus of the devices
at this point. This information includes which chan-
nels have reached a terminal count and which chan-
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0 -—— @8It Numbar

=

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

Channsl 0 request
Channal 1 request
Channel 2 requast

Channeal 3 requast
231486-10

nels have pending DMA requests. Bits 0-3 are set
every tima a TC is reached by that channel or an
external EOP is applied. Thase bits are cleared upon
Resat and on each Status Read. Bits 4-7 are set
whanavar their corresponding channel is requasting
service.

Temporary Reglster—The Temporary register is
used to hold data during memory-to-memory trans-
fars. Following the completion of the transiers, 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 pravi-
ous memory-lo-memaory operation, unless cleared
by a Resset.

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

Clear First/Last Flip-Fiop: 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 & known state so that sub-
sequent accesses to register contents by the mi-
croprocessor will address upper and lower bytes
in the corract 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 clearad and the
Mask ragister is set. The 8237A will enter the Idls
cycla.

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

Figure & lists the addrass codes for the software
commands.

Signals

A3 A2 At A0 oA oW Pubtrand

1 0 0 4] 0 1 Raad Status Register

1 0 0 0 1 0 Write Command Regisier

1 0 0 1 0 1 lllegal

1 0 0 1 1 0 Wrile Request Register

1 0 1 0 0 1 lllegal

1 1] 1 0 1 0 Write Single Mask Registar Bit
1 1] 1 1 0 1 lllegal

1 0 1 1 1 Q Write Mode Register

1 1 0 0 [ 1 llegal

1 1 0 Q 1 0 Clear Byta Pointar Flip/Flop
1 1 Q 1 Q 1 Read Temporary Regislar

1 1 0 1 1 0 Master Clear

1 1 1 Q a 1 llegal

1 1 1 Q 1 o Clear Mask Register

1 1 1 1 0 1 llegal

1 1 1 1 1 o Write All Mask Ragister Bits

Flgure 6. Software Command Codes
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Channel Roglater Operation|_____ Slgnals Internal | Data Bus
CS IOR IOW A3 A2 A1 Ao|Filp-Flop| DBO-DB7

0 Base and Current Address Write 0o 1 0 0 0 0 0 0 AD-AT
0 1 0 0 AB-A15

Current Address Read 0 0 1 0o 0 0 0 Q AQ=AT7

o 0 1 0 0 0 0 ] AB-A15

Base and Current Word Count|  Write o 1 0 0 0 0 1 0 Wo-W7
0 1 0O 0 0 0 1 1 WB-W15

Current Word Count Read 0 0 i 0 0 0 1 0 Wo-w7
0 0 i 00 0 1 1 WB-W15

1 Base and Current Addrass Write 0 1 0O ¢ 0 1 0 o] AO-A7
o 1 0O 0 ¢ 1 0 1 AB-A15

Currant Address Read Q 0 1 00 1 0 o AD-A7

o 0 1 0 0 1 0 1 AB-A15

Base and Current Word Count|  Write 0 1 0 0 0 1 0 Wo-w7
0 1 0 0 0 1 1 Wa-w15

Current Word Count Read o © 1 0 o i 0 Wo-w7
0 0 1 0 0 1 1 W8a-W15

2 Base and Current Address Write o 1 0 0 1 0 0 0 AD-A7
o 1 o] 0 1 0 0 1 AB-A15

Current Address Read 0 0 1 0 1 0 O 0 AD-A7

o 0 1 0 1 0 0 1 AB-A15

Base and Current Word Count Write o 1 0 0 1 0 1 0 WOo-W7
0 1 0o 0 1 0 1 1 W8-W15

Current Word Count Read 0 0 1 0 1 0 1 0 WOo-W7
0 0 1 O 1 0 1 1 WB-W15

3 Base and Current Address Write 0 1 00 1 1 0 o} AQ-AT7
0 1 0 0 1 1 0 1 AB-A15

Current Address Read 0 0 1 0 % 1 0 0 AOQ-AT

0 0 1 0 t 1 0 1 AB-A15

Base and Current Word Count |  Write 0 1 oo 1t 1 1 0 WO-W7
0 1 o o 1 1 1 L) WB-W15

Current Word Count Read 0 0 10 1t 1 1 0 Wo-w7
0 0 10 1 1 1 1 WB-W15

Figure 7. Word Count and Address Realster Command Codes

2-243




intel

8237A

PROGRAMMING

The B237A will accept programming from the host
processor any time that HLDA is inactive; this is true
aven if HAQ 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 channal while tha
B237A is being programmed. For instance, the CPU
may be starting to reprogram the two byte Address
register of channel 1 whan channal 1 receives a
DMA request. If the 8237A is enabled (bit 2 in the
command register is 0) and channal 1 is unmaskad,
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 Mods 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
B0OBOA/B0B5AH microprocessor system. The multi-
mode DMA controller issues a HRQ 1o the processar
whenever there is at least one valid DMA request
from a peripheral device. When the processor re-
plies with a HLDA signal, the B237A takes control of
the address bus, the data bus and the control bus.
The address for the first transier 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 inte an B-bit latch to complete the full
16 bils 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 B237A is used.
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Flgure 8. 8237A System Interface

NOTE:

1. Sea Application Note AP-67 for 8086 design information.
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias
Case Temperatura
Steorage Temperature

Voitage on Any Pin with
RespecttoGround. .............

Power Dissipation .............cocovviun.. 1.5 Watt

D.C. CHARACTERISTICS
Ta = O°C to 70°C, Teasg = 0°C to 75°C, Vo = +5.0V 5%, GND = 0V

.......... —65°C to +150°C

0°Cto 70°C
0°Clo +75°C

—05Vto +7V

*Notice: Siresses above thoss listed under "Abso-
lute Maximum Ratings" may cause permanent dam-
age lo the device. This is a slress 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 fo absoluts maximum rating conditions for
axtendsd periods may affect dsvica reliability.

Symbol Parameter Min {N:-l{:ﬂ Max Unit Test Conditions
VoH Output High Voltage 24 V | lon = —200 pA
33 v lon = —100 pA (HRQ Only)
VoL Output LOW Vollage 0.40 v loL = 3.2 mA
Vin Input HIGH Voltage 2.0 Vee + 0.5 Vv
ViL Input LOW Voltage -05 0.8 V'
Iy Input Load Current +10 pA | OV < Vi £ Ve
Lo Output Leakage Current +10 pA | 045V < Vour < Voo
lce Ve Supply Current 110 130 mA | Ta= +25°C
130 150 mA | Ta=0C
Co Output Capacitance 4 8 pF
G Input Capacitance 8 15 pF | fc = 1.0 MHz, Inputs = OV
Cio |/0 Capacitance 10 18 pF
NOTE:

1. Typical valuas are for Tp = 25°C, nominal supply voltage and nominel processing paramstars,
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A.C. CHARACTERISTICS—DMA (MASTER) MODE
Ta = 0°Cto 70°C, Tcage = 0°C to 75°C, Vgg = +5V £5%, GND = OV

Symbol Parameter 823TA 8237A-4 8237A-6 Unit
Min |Max| Min Max Min Max
TAEL |AEN HIGH from CLK LOW (S1) Delay Time 300 225 200 ne
TAET |AEN LOW from CLK HIGH (SI) Delay Timse 200 15C 130 ns
TAFAE | ADR Active to Floal Delay from CLK HIGH 150 120 80 na
TAFC |READ or WHITE Float from CLK KIGH 150 120 120 na
TAFDB | DB Active o Ficat Delay from CLK HIGH 250 180 170 ns
TAKR |ADR from READ HIGH Hold Time TCY-100 TCY-100 TCY-100 ns
TAHS | D8 from ADSTB LOW Hold Time 40 40 a0 ns
TAHW | ADR from WRITE HIGH Hold Time TCY-50 TCY-50 TCY-50 ns
TAK DACK Yalid from CLK LOW Delay Time (Note 1) 250 220 170 ns
ETP HIGH from CLK HIGH Delay Time {Nota 2) 250 180 170 ns
EDQF LOW from GLK HIGH Delay Time 250 180 170 | na
TASM |ADR Stabile from CLK HIGH 250 180 170 ns
TASS |DB 1o ADSTB LOW Setup Tima 100 100 100 ns
TCH Clock High Time (Transitione < 10 ns) 120 100 B0 ns
TCL Clock LOW Tims (Transitions< 10 ns} 150 110 8g ne
TCY GCLK Cycle Time 20 250 200 ns
TDCL [CLK HIGH to FEAD or WHITE LOW Delay (Nota 3) 270 200 190 na
TDCTA |READ HIGH from CLK HIGH 270 210 180 | ns
(54} Delay Time (Note 3)
TDCTW |WRITE HIGH from CLK HIGH 200 150 190 | ne
(S4) Delay Time (Note 3)
TDQ1 [HRQ Valld from CLK HIGH Delay Time (Note 4) 180 120 120 ng
TODQZ 250 180 120 na
TEFS | EOF LOW from CLK LOW Setup Time 80 45 40 ns
TEPW | EDP Pulse Width 300 225 220 ns
TFAAB | ADA Float to Active Delay from CLK HIGH 250 180 170 ne
TFAC | READ or WHITE Active from CLK HIGH 200 150 150 ns
TFADB | DB Float 1o Active Delay from CLK HIGH 300 235 200 na
THS HLDA Valid to CLK HIGH Satup Time 100 75 75 ns
TIDH [ Input Data from MEMR HIGH Hold Time ] 1] 0 ns
TIOS | Input Data to MEMR HIGH Setup Time 250 190 170 ns
TODH | Output Data from MEMW HIGH Hald Time 20 20 10 ns
TODV | Qutput Oata Valid to MEMW HIGH 200 125 125 ns
TQS DAEQ to CLK LOW (), 34} Setup Tima (Note 1) Q 0 0 ns
TRH CLK to AEADY LOW Hold Time 20 20 20 ne
TRS READY to CLK LOW Setup Time 100 60 80 ne
TSTL |ADSTB HIGH from CLK HIGH Dalay Tima 200 150 13¢ ne
TSTT |ADSTBE LOW fram CLK HIGH Delay Time 140 110 80 na
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A.C. CHARACTERISTICS—PERIPHERAL (SLAVE) MODE

Ta = 0°C 1o 70°C, Tease = 0°C to 75°C, Voo = +5V £5%, GND = OV

8237A

B237A-4

B237A-5

Symbol Parametor Unit
Min |Mex| Min | Max | Min | Max
TAR ADR Valid or TS 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 1o RESET LOW Setup Time | 500 500 500 ns
TRSTS | RESET to First OWR 2TCY 2TCY 2TCY ns
TASTW | RESET Pulse Width 300 300 300 na
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 WHITE HIGH Hold Time 30 30 30 ns
TWWS | Write Width 200 200 160 ns
TWR End of Write o 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. EDP Is an open collector output, This parameter assumes the presence of a 2.2K pullup to Vee.
3. The net or MEMW Pulse width for normal write will be TCY — 100 ns and for extended write will ba 2TCY — 100 ns.
The net TOR or MEMR pulse width for normal read will be 2TCY — 0 ns and lor compressed read will be TCY — 50 ns.

4. TDQ Is specified for two different output HIGH levels, TDQ1 is measured at 2,0V, TDQZ Is measured at 3.3V. The value

for TDQ2 assumes an external 3.3 KN pull-up reslstor connected from HRQ to Veg.

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

A.C. TESTING INPUT/QUTPUT WAVEFORM

XY

231488-12
A.C. Testing: Inputa are driven al 2.4V for a Logic *'1" and 0.45V
for & Logle "0." Timing measurements are mads at 2.0V for a
Logic “1" and 0.8Y for & Loglc “0." Input timing paramaters as-
sume transition times of 20 ns or less. Waveform measurement
pointa for both Input and output signals are 2.0V for HIGH and
0.8V for LOW, unleas otherwise noled.
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WAVEFORMS
" SLAVE MODE WRITE TIMING
TCW
a )\ 4
—J TWC
- I ey
o N Pl
— TWA
TAW
AD-A1 k INPUT VALID
—] |——-‘rvm
Tow
oso-pa7 } INPUT VALID

NOTE:

pulse followed by & DMA transfer,

231488-13

1. Successive read and/or write operations by the external processor to program or examine the controller must be
timed to allow at least 800 ns for the B237A, at least 500 ns for the 8237A-4, and at least 400 ns for the B237A-5 as
recovery time between active read or write pulses. The same recovery time la needed between an active read or wiite

- Figure 9. Siave Mode Write
SLAVE MODE READ TIMING
4] \ 4
Ad- AL ! ADDMESS MUST BE VALID K
b T4 — A
_" "W | 2
) q ¥
TROE TRDF
—
DB0-087 DATA OUT YAUD
231488-14
KOTE:
1, Successive read and/or write operations by the external processor 10 program or examine the controller must be
timed to akiow at lsast 600 na for the 8237A, at least 500 na for the 8237A-4, and at least 400 ns for the B237A-5 as
recavery 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.
[ Flgure 10, Slave Mode Read
\ /
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WAVEFORMS (Continued)

DMA TRANSFER TIMING

~_
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e B NWANNNNNNNY YA
231466-15
NOTE:
1. DREQ should be held active until DACK is returned.

Figure 11. DMA Transfsr
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WAVEFORMS (Continued)

MEMORY-TO-MEMORY TRANSFER TIMING
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231466-16

READY TIMING

Figure 12. Memory-to-Memory Transfer

e

23146517

Figure 13. Ready
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WAVEFORMS (Continued)

COMPRESSED TRANSFER TIMING
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221456-18
Figure 14. Compressed Transfer
RESET TIMING
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™
i " 1
231466-19

Figure 15. Reset
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DESIGN CONSIDERATIONS

1.

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, ar 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. If DREQ becomas
inactive at any time during state S4, an illegal
slale may occur causing the 8237 to operate im-
properly,

HRQ must remain active untii HLDA becomes
active. I{ HRQ goes inactive before HLDA is re-
ceived the 8237 can enter an illegel state causing
it 10 operate improperly.

. Make sure the MEMR # line has 50 pF loading

capacitance on it. When doing memory 10 mem-
ory transfers, the B237 requires at least 50 pF
loading capacitance on the MEMRA# signal for
proper operation. In most cases board capaci-
tance is sufficiant.

Treat the READY Input as a synchronous In-
put. If a transition occurs during the setup/haid
window, erratic operation may result.

DATA SHEET REVISION REVIEW

The following list represents key differences be-
tween this and the -002 data sheetl. Please review
this summary carefully.

1. Major cleanup on the "NOTE" sections of this
data shesl.

a. Pin 5 no longer references a note. It is now
included in the pin description area under the
narne “PIN5".

b. Tha note placed in the “'typical’ section of the
D.C. Characteristics 1able is now referenced to
a nota section included with that table.

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

d. The note that was praviously referenced in the
AC. TESTING INPUT/OQUTPUT WAVEFORM
diagram has been replaced with the actual
note.

8. The nota 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 praviously referenced in the
SLAVE MODE READ TIMING diagram has
been included in a "NOTE" section with the dia-
gram.

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

. A "Design Considerations” section was added to
alert designars to certain design aspects of the

8237.

The timing parametars TAR for the 8237A-4 and
B8237A-5 have bean changed from 50 ns 1o 0 ns.

n

w
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8272A

SINGLE/DOUBLE DENSITY FLOPPY DISK CONTROLLER

"b ® IBM Compatible in Both Single and B Data Transfers in DMA or Non-DMA

Double Density Recording Formats Mode

® Programmable Data Record Lengths: m Parallel Seek Operations on Up to Four
128, 256, 512, or 1024 Bytes/Sector Drives

B Multi-Sector and Multi-Track Transfer @ Compatible with all Intel and Most
Capability Other Microprocessors

@ Drives Up to 4 Floppy or Mini-Floppy = Single-Phase 8 MHz Clock
Disks B Single + 5V Power Supply (+ 10%)

® Contrals 8, 5%" and 3" Floppy Disk g plastic 40 Pin DIP or 40 Pin CERDIP

rives

Packages

The B272A is an LS| Floppy Disk Controller (FDC) Chip, which contains the circuitry and contral functions for
interfacing a processor to 4 Floppy Disk Drives, It is capable of supporting either IBM 3740 single density
format (FM), or IBM System 34 Double Density format (MFM) including double sided recording. The B272A
provides cantrol signals which simplify the design of an external phase locked loop and write precompansation
circuitry. The FDC simplifies and handles most of the burdens associated with implementing a Floppy Disk
Drive Interface. The B272A is a pin-compatible upgrade to the 8272.

-
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210806-2

210505 Figure 2. Pin Configuration

Figure 1. B272A Internal Block Diagram
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Table 1. Pln Description

Pin Connec-
Symbol No. Type tion To Name and Function

RESET 1 | uP RESET: Places FDC in idle state. Resats output lines {e FDD to “0"
{tow). Does not clear the last specify command.

RD 2 11 uP | READ: Control signal for transter of data from FDG to Data Bus, when
0" (low).

WR 3 11 wP | WRITE: Gontrol signal for transfer of data to FDC via Dala Bus, when
“0" ({low).

Gs 4 | uP | CHIP SELECT: IC selected when “0" {low) allowing RO and WR 1o be
enabled.

Ag 5 it} P |DATA/STATUS REGISTER SELECT: Selects Data Reg {Ap = 1) or
Status Reg (Ag = 0) contenis to be sent to Data Bus.

DBp-DBy | 6-13 |1/00}| pP | DATA BUS: Bidirectional 8-Bit Data Bus.

DRQ 14 0 DMA | DATA DMA REQUEST: DMA Requast is being made by FOC when
DRQ *1".(3)

DACK 15 | DMA | DMA ACKNOWLEDGE: DMA cycle is active when 0" (low) and
Controller is performing DMA transter.

TC 16 | DMA | TERMINAL COUNT: Indicatss the termination of a DMA transfer when
1" (high)@).

IDX 17 | FDD | INDEX: Indicates the beginning of a disk track.

INT 18 0 uP INTERRUPT: Interrupt Aequest Generated by FDC.

CLK 19 | CLOCK: Singla Phase 8 MHz (4 MHz for mini floppies) Squarewave
Clock.

GND 20 GHROUND: D.C. Power Return.

Voo 40 D.C. POWER: + 5V

RAW/SEEK | 39 la] FDD |READ WRITE/SEEK: When 1" {high) Seek mode selected and when
*0" (low) Read/Write mode selected.

LCT/DIR 38 O FOD |LOW CURRENT/DIRECTION: Lowers Write current on inner tracks in
Read/Write mode, determines direction head will step in Seek mode,

FR/STP ar o} FDD | FAULT RESET/STEP: Resets fault FF in FDD in Read/Write mods,
provides step pulses to move head to anather cylinder in Seak mode.

HOL 36 o] FDD |HEAD LLOAD: Command which causes Read/Write head in FOD to
contact disketta.

RDY 35 | FOD |READY: Indicates FDD is ready to send or receive data. Must be tied
high {gated by the index pulse) for mini floppies which do not normalty
have a Ready line.

WP/TS 34 H FDD | WRITE PROTECT/TWO-SIDE: Sansas Write Protect status in Read/
Write mode, and Two Side Media in Sesk made.

FLT/TAKO| 33 [ FOD |FAULT/TRACK 0: Senses FDD fault condition in Read/Write moda
and Track 0 condition in Sesk mode.

PS,,PSg 31,32 © FDD |PRECOMPENSATION (PRE-SHIFT): Write pracompansation status
during MFM mode. Detarmines early, late, and normal times.

WR DATA | 30 o} FDD | WRITE DATA: Serial clock and data bits to FDD.

DSy, DSp [28,29] O FDD | DRIVE SELECT: Selects FDD unit.

3-2
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Table 1. Pin Description (Continued)

Pin Connec-
Symbol No. Type tlan To Name and Function

HDSEL 27 o] FOD HEAD SELECT: Head 1 selected when “'1" {high) Head O selected
when "'0" {low).

MFM 26 (@] PLL MFM MODE: MFM mode when "1," FM mode when "'0".

WE 25 o] FDD WRITE ENABLE: Enables write data into FDD.

VGO 24 o] PLL VCO SYNC: Inhibits VCO in PLL when “Q" (low), enables VCC when
g

RD DATA | 23 | FDD READ DATA: Read data from FDD, containing clock and data bits.

DW 22 [ PLL DATA WINDOW: Generaied by PLL, and used to sample data from
FDD.

WHCLK | 21 | WRITE CLOCK: Write data rate to FDD FM = 500 kHz, MFM = 1
MHz, with a pulse width of 250 ns for both FM and MFM.
Must be enabled for all operations, both Read and Write.

NOTES:

1. Disabled when 5 = 1.
2. 7¢ must ba activated 1o terminate the Execution Phase of any command.
3. DRA is also an input for cerlain test medeas. It should hava a § k) pull-up resistor to prevent activation.

load a command into the FDC and all data transfers
%I occur under control of the B272A and DMA control-

ler.
: There are 15 separate commands which the 8272A
rIERBUS )| will execute. Each of these commands require multi-

ple 8-bit bytes to fully specify the operation which
DATA

the processor wishes the FDC 1o perform. The fol-
R WINDOW !
= D DATA m

lowing commands are available.
WR DATA

Read Data
Read ID

Write Data
Format a Track

e GAER s P Read Deleted Data Write Deleted Data
CONTROLLER C@&_ MTERFACE Read a Track Seek
Scan Equal Recalibrate {Restore to
= @::> Scan High or Egual Track 0)

TERMINAL

count Scan Low or Equal

Specity

Sense Interrupt Status

210606-3 Sense Drive Status

For more information see the Intel Application Notes

Flgure 3. 8272A System Block Diagram
AP-116 and AP-121.

DESCRIPTION

Hand-shaking signals are provided in the B8272A

FEATURES

which make DMA operation easy to incorporate with
the aid of an external DMA Controller chip, such as
the 8B237A. The FDC will operate in either DMA or
Non-DMA made. In the Non-DMA mode, the FDC
generates interrupts to the processor for every
transfer of a data byte between the CPU and the
B272A. In the DMA mode, the processor need cnly

Address mark detection circuitry is internal to the
FDC which simplifies the phase locked loop and
read electronics. The track stepping rate, head load
time, and head unload time may be programmed by
the user. The B272A offers many additional featlures
such as multiple sector transfers in both read and
write modes with a single command, and full 1IBM
compatibility in both single (FM) and double density
(MFM} modes.
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8272A ENHANCEMENTS

On the 82724, after detecting the Index Pulse, the
VCO Sync output stays low for a shorter period of
time, See Figure 4a.

On the 8272 there can be a problem reading data
when Gap 4A is 00 and there is no 1AM, This occurs
on some older floppy formats. The B272A cures this
problem by adjusting the VCO Sync timing so that it
is not low during the data field. See Figure 4b.

Gap u| m.lj
index Pults —— L
B7IVCO Syrg ——————
wrAvCaSyRe ———

210606-4
“5BQ s in FM mode; 527 usin MFM mode

a. Margln on the Index Pulse

Trach Gep1 [0 ] Oz | Daw

Track aspdana [0 | Qapz [ Dan
index Pulss —
8377 -_— Y
vCO Syne
82724
¥EO Sync —r
210606-5

b. Abllity to Read Data
When Gap 4A Contains 00

Figure 4. B272A Enhancements over the 8272

8272A REGISTERS—CPU INTERFACE

The 8272A contains two registers which may be ac-
cessed by the main system processor; a Status Reg-
ister and a Data Register. The 8-bit Main Status
Register contains the status information of the FDC,
and may be accessed al any time. The 8-bit Data
Register (actually consists of several registers in a
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 writlen into, the Data Register in order 1o pro-
gram or obtain the resulls after execution of a com-
mand. The Status Register may only be read and is
used to facilitate the transfer of data between the
processor and 8272A.

The relationship between the Status/Down registers
and the signals RD, WR, and Ag is shown in Table 2,

Table 2. Ap, RD, WR Decoding for the Selection
of Status/Data Register Functions.

Ay | RD | WR Function

0 o 1 Read Main Status Register

0 1 0 Illegaltt)

0 0 0 INegal{t)

1 0 0 lllegal(")

1 0 1 Read from Data Register

i 1 v} Write into Data Register
NOTE:

1. Dasign must guarantee lhal the B272A is not subjected
to illegal inpuls.

The Main Status Register bits are defined in Table 3.

S
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Table 3. Main Status Register Bit Description

Bit Number Name Symbol Description
Do FDD 0 Busy DgB FDD number 0 is in the Seek mode.
D4 FDD 1 Busy D4B FDD number 1 is in the Seek mode.
Dy FDD 2 Busy DoB FDD number 2 is in the Seek mods.
Dy FDD 3 Busy DsB FDD number 3 is in the Seek mode.
Dy FDC Busy CB A read or wrile command is in process.
Ds Non-DMA Mode NOM The FDC is in the non-DMA mode. This bit is set only

during the execution phass in nor-DMA mode.
Transition to “0" state indicates execution phase has
ended.

Dg Data Input/Gutput DIO Indicates direction of data transier between FDC and
Data Register. If DIO = "1" then transfer is from Data
Register to the Processor. If DIC = 0", then transfer
is from the Processor to Data Register.

Dy Request for Master RQOM indicates Data Register is ready to send or receive
data 1o or from the Processor. Both bits DIO and RQM
should be used to perform the handshaking functions
of "'ready” and "direction” to the processor.

The DIO and RQM bils in the Status Register indicate when Data is ready and in which direction data will be
transferred on the Data Bus.

NOTE:
There is a 12 ps or 24ps AOM flag delay whan using an B or 4 MHz clock respeciively
QUT OF FDC AND INTO PACCESSGR
DATA IN-OUT
oo
QUT OF PROCESSOR AND INTO £DC
READY
REQUEST [ |
FOR MASTER NOT ’ l
(RO} READY

WA

w T Y1 | |

: ‘ I ‘ ‘ ‘ i ’ ‘

[+ [ o] « Je[afclofeT oldas
210606-6

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 ready for next data byte to be read by the processcr
D—Data register nol ready lor next data byte to be read by processor

Flgure 5. Status Register Timing
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The 8272A is capable of executing 15 different com-
mands. Each command is initiated by a multi-byte
transfer from the processor, and the result after exe-
cution of the command may also be a multi-byte
transfer back 1o the processor. Because of this mul-
li-byte interchange of information between the
8272A and the processor, it is convenient to consid-
er each command as consisting of three phases:

Command Phase: The FDGC receives all information
required to perform a particular
operation from the processor,

The FDC performs the operation
it was instructed 1o do.

After completicn of the opera-
tion, status and other house-
keeping information are made
available 1o the processor.

Execution Phase:

Result Phase:

During Command or Result Phases the Main Status
Register (described in Table 3) must be read by the
processor before each byte of informalion is written
into or read from the Data Register. Bits D6 and D7
in the Main Status Register must be in a 0 and 1
state, respectlively, before each byle of the com-
mand word may be written into the B272A. Many of
the commands require multiple bytes, and as a re-
sult the Main Status Register must be read prior 1o
each byle transter to the 8272A. On the other hand,
during the Resull Phase, D6 and D7 in the Main
Status Register must both be 1's (D6 = 1 and D7 =
1) before reading each byte from the Data Register.

NOTE:
This reading of the Main Status Register before
each byle transfer to the 8272A is required in only
the Command and Result Phases, and NOT during
the Execution Phase.

Ouring the Execution Phase, the Main Status Regis-
ter need not be read. If the 82724 is in the non-DMA
Maode, then the receipt of each data byte (if 8272A is
reading data from FDD) is indicated by an interrupt
signal en pin 18 (INT = 1). The generation of a
Read signal (RD = 0) will resel the interrupt as well
as output the Data onto the Data Bus. For example,
it the processor cannot handle Interrupts fast
enough (every 13 ps for MFM made) then it may poll
the Main Status Register and then bit D7 (RQM)
junctions just like the Interrupt signal. If a Write
Command is in process, then the WR signal per-
forms the reset to the Interrupt signal.

3-6

The 8272A always operates in a multi-sector trans-
fer mode. It continues to transter data until the TC
input is active. In Non-DMA Mode, the system must
supply the TC input,

If the 8272A is in the DMA Mode, no Interrupts are
generated during the Execution Phase. The 8272A
generates DRQ's (DMA Requests) when each byte
of data is available. The DMA Controller responds to
this request with both a DACK = 0 (DMA Acknowl-
edge) and a RD = 0 (Read signal). When tha DMA
Acknowledge signal goes low (DACK = 0) then the
DMA Reguest is reset (DRQ = 0). If a Write Com-
mand has been programmed then a WR signal will
appear instead of AD. After the Execution Phase
has been completed (Terminal Count has occurred)
then an Interrupt will occur (INT = 1). This signifies
the beginning of the Result Phase. When the first
byle ot data is read during the Result Phase, the
Interrupt is automatically reset (INT = 0}.

It is important to note that during the Result Phase
all byles shown in the Command Table 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 8272A will not accept
a new command until all seven bytes have been
read, Other commands may require fewer bytes to
be read during the Result Phase.

The 8272A contains five Status Registers, The Main
Status Register mentioned above may be read by
the processor at any time. The other four Status
Registers (STO, ST1, T2, and ST3) are only avail-
able during the Result Phase, and may be read only
after successfully completing a command. The par-
ticular command which has been executed deter-
mines how many of the Stalus Regislers will be
read.

The bytes of data which are sent to the 8272A to
ferm the Command Phase, and are read out of the
8272A in the Result Phase, must occur in the order
shown in the Table 4. Thal is, the Command Caode
must be sent first and the other bytes sent in the
prescribed seguence. No foreshortening of the
Command or Result Phases are allowed. After the
last byte of data in the Command Phase is sent to
the 8272A, the Execution Phase automatically
starts. In a similar fashion, when the last byle of
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Table 4, 8272A Command Set

Phase R/W BalaHus Remarks
Dy D Ds Dy D D; D, Do
READ DATA
Command w MT MFM  SK o] ¢ 1 1 o} Command Codes
W 0 0 0 v} o HDS DS DSso
w c Sector ID Information
W H Prior ta Command
w R Execution
W N
W EOT
w GPL
W DTL
Exacution Data Transfer
Between the FDD
and Main-System
Result R STO Status Information
R STt - After Command
R sT2 —_ Execution
R C
3] H Sector ID Information
R A After Command
R N Execution
READ DELETED DATA
Command W MT  MFM  SK 0 1 1 0 0 Command Codes
W 0 o} 0 o] o] HDS DSt DS0
W C Saector ID Informaltion
W H Prior to Command
w R Execution
W N
w EQT
w GPL
W oTL
Exacution Data Transfer
Between the FDO
and Main-System
Rasult A 5To Status Information
R ST1 - After Command
R sT2 Execution
R c
R H Sector ID Information
R A Atter Command
R N Execution
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Table 4. 8272A Command Set (Continued)

Phase R/W Data Bug Remarks
Dy Dg Dgs D4 D3 Dy D4 Dp
WRITE DATA
Command w MT  MFM 4] 0 0 1 0 1 Command Codes
W 4] o] 0 0 ] HDS DS1 DSo
w c Sector 1D Information
w H Prior 1o Cemmand
w R Execution
w N
w EOT
w GPL
w DTL
Execution Data Transfer
Between the Main-
System and FDD
Result R STO Status Information
R 8TH1 After Command
R 8T2 Execution
R c
R H Sector 10 Information
R R After Command
R N Execution
WRITE DELETED DATA
Command w MT  MFM 0 0 1 o] o] 1 Command Codes
W a 0 0 0 ] HDS DS1  DSso
w c Sector ID Information
w H Prior to Command
w A Execution
w N
w EOT
W GPL
W pTL
Execution Data Transfer
Between the FOD
and Main-System
Result R STO Status Information
R STH After Command
R sT2 Execution
R c
R H Sector ID Infarmation
R R After Command
R N Execution

3-8
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Table 4. 8272A Command Set {Continued)

Phase R/W Db Pk Remarks
D7 Dg Ds Dy Dy Dy Dy Dy
READ A TRACK
Command W 0 MFM 5K o] 0 o] 1 0 Command Codes
W 0 4] Q Q o HDS b3S 0so
w c Sector ID Information
w H Prior to Command
w R Execution
w N
w EOT
W GPL
w DTL
Execution Data Transfer
Between the FDD
and Main-Systam.
FOC Reads all of
Cylinders Contanis
from Index Hole to
EOT
Result R sTO Status Information
A §T1 After Command
R §T2 Exscution
R o
R H Sactor ID Information
R R After Command
R N Execution
READ ID
Command w 0 MFM 0 0 1 Q 1 0 Commands
W ] 0 0 0 o] HOS DSt DSO
Exacution The First Correct ID
Information on the
Cylinder is Stored in
Data Register
Result R sTC Status Information
R 8T1 Atter Command
R ST2 Execution
R G
R H Sector 1D Information
R R During Execution
R N Phase

3-9
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Table 4. 8272A Command Set (Continued)

Phase R/W Dt Bl Remarks
D7 Dg Ds Dy Dg D2 Dy Dy
FORMAT A TRACK
Command W o] MFM [ 0 1 1 0 1 Command Godes
w o] 0 c 0 ¢ HDS Ds1 DS0
W N Bytes/Seclor
w SC e Sectors/Cylinder
w —_— GPL Gap 3
w D Filler Byte
Execution
FDC Formals an
Entira Cylinder
Result R M STO Status Information
R - ST SR After Command
A - ST2 Execution
A o]
A H In This Case, the 1D
R R - Information has no
R e N Meaning

3-10




intel

8272A

Table 4. 8272A Command Set (Continued)

Phase R/W Dlta R Remarks
Oy Dg Dg Dy D3 Da Dy Do
SCAN EQUAL
Command W MT MFM  SK 1 0 o} o] 1 Command Codes
W 0 o] Q 0 0 HDS DS1 Dso
W C Sector 1D Information
w H Prior 1o Command
W R Exacution
W N
w EOT
w GPL
w STP
Execution Data Compared
Between tha FDD
and Main-Syslem
Rasult R sSTO Status Information
R 5T1 After Command
R ST12 Execution
R [o]
R H Sector 1D Information
R R After Command
R N Execution
SCAN LOW OR EQUAL
Command w MT MFM  SK 1 1 0 0 1 Command Codes
W 0 Q0 0 Q o HDS Ds1 DS0
W C Sector ID Information
w H Prior to Command
W R Execution
W N
w EOT
w GPL
W STP
Execution Data Compared
Between the FDD
and Main-System
Result A STO Status Inlormation
R ST1 After Command
R sT2 Exacution
R C
R H Sector 1D Information
R R After Command
R N Execution
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Table 4. 8272A Command Set (Continued)

Phase R/W Dty Bus Remarks
Dy Dg Ds Dy Dy Do Dy Do
SCAN HIGH OR EQUAL
Command W MT MFM  SK 1 1 1 0 1 Command Codes
W 0 0 0 0 0 HDS DS1 DSso
w c Sector ID Information
w H Prior to Command
W R Execution
w N
w EOT
w GPL
W STP
Execution Data Compared
Between the FDD
and Main-System
Result P STO Status Information
R ST 1 After Command
R S§T2 Exacution
R c
R H Sactor ID Information
R R Atter Command
R N Exscution
RECALIBRATE
Command w 0 o] 0 G 0 1 1 1 Command Codes
W 0 o] ¢ v 0 0 DS1 Dso
Execution Head Retractad to
Track 0
SENSE INTERRUPT STATUS
Command w 0 0 0 0 1 a 0 0 Command Codes
Result R STO Status Information at
A PCN the End of Each Seek
Operation About the
FDC
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Table 4. 8272A Command Set (Continued)

Phase R/W Data By Remarks
D7 Dg Ds Dy Dy Dy D4 Do
SPECIFY
Command w 0 o] 0 0 0 a 1 1 Command Codes
w — SAT > < HUT =
w . HLT > ND
SENSE DRIVE STATUS
Command w 0 o] 0 0 0 1 0 0 Command Codes
w 0 ¢} 0 0 0 HDS DS1 DSo
Result R ST3 Status Information
about FDD
SEEK
Command w 0 0 0 0 1 1 1 1 Command Codes
W 0 0 o] 0 o] HDS DS1  DS¢
w NCN
Execution Head is Positioned
Over Proper Cylindar
on Diskette
INVALID
Command W Invalid Codes Invalid Command
Codes {NoOp—FDC
Goes Inlo Standby
State)
Rasult R sTO STO = 80
(16}

3-13
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Table 5. Command Mnemonics

Symbol Name Description

Ag Address Line 0 Ag controls selection of Main Status Register (Ag = 0} or Data Register
{Ag = 1).

C Cylinder Number | C stands for the current selected Cylinder track number 0 through 76 of
the medium.

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

D7-Dp Data Bus 8-bit Data bus where Dy is the most significant bit, and Dy is the least
significant bit.

DS0, DS1 | Drive Select DS stands for a selected drive number O or 1.

OTL Data Length When N is defined as 00, DTL stands for the data length which users are
going to read oul or write into the Sector,

EOT End of Track EOT stands for the final Sector number of a Cylinder.

GPL Gap Length GPL stands for the length of Gap 3 (spacing between Sectors excluding
VCO Sync Field).

H Head Address H stands for head number 0 or 1, as specified in ID field.

HDS Head Select HDS stands for a selected head number 0 or 1 (H = HDS in all command
words).

HLT Head Load Time HLT stands for the head load time in the FOD (2 to 254 ms in 2 ms
increments).

HUT Head Unload Time | HUT stands for the head unload time after a read or write operation has
occurred {16 to 240 ms in 16 ms increments),

MFM FM or MFM Mode | If MF is low, FM mode is selected and if it is high, MFM mode is selected.

MT Multi-Track If MT is high, a multi-track operation is to be peformed (a cylinder under
both HDO and HD1 will be read or written).

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

NCN New Cylinder NCN stands for a new Cylinder number, which is going lo be reached as a

Number result of the Seek operation. Desired position of Head.
ND Non-DMA Mode ND stands for operation in the Non-DMA Mode.
FCN Present Cylinder PCN stands for the Cylinder number at the completion of SENSE
Number INTERRUPT STATUS Command. Position of Head at present time.

R Record R stands for the Sector number, which will be read or written.

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

SC Sector SC indicates the number of Sectors per Cylinder,

SK Skip SK stands for Skip Deleted Dala Address Mark.

SAT Step Rate Time SRAT stands for the Stepping Rate for the FDC (1 to 16 msin 1 ms

increments). The same Stepping Rate applies to all drives (F = 1 ms,
E = 2ms, elc.).

3-14
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Table 5. Command Mnemonics (Continued)

Symbol Name Description

STO Status 0 ST 0-3 stand for one of four registers which store the status information after

571 Status 1 a command has been executed. This information is available during the resull

8T2 Status 2 phase after command execution. These registers should not be confused with

ST 3 Status 3 the main status register (selected by Ag = 0). ST 0-3 may be read only after
a command has been executed and contain information relevant to that
particular command.

§TP During a Scan operation, if STP = 1, the data in contiguous seclors is
compared byle by byte with data sent from the processor (or DMA), and if
STP = 2, then alternate sectors are read and compared.

data is read out in the Result Phase, the command is
automatically ended and the 8272A is ready for a
new command. A command may be aborted by sim-
ply sending a Terminal Count signal to pin 16
(TC=1). This is a convenient means of ensuring that
the processor may always get the 8272A's attention
even if the disk system hangs up in an abnormal
manner.

POLLING FEATURE OF THE 8272A

After pawer-up RESET, the Drive Select Lines DSO
and DS1 will automatically go into a polling mode. In
between commands {and between step pulses in
the SEEK command) the 8272A polls all four FDDs
locking for a change in the Ready line from any of
the drives. If the Ready line changes state (usually
due te a door opening or ¢losing) then the 82724 will
generate an interrupt. When Status Register 0 (ST0)
is read (after Sense Interrupt Stalus is issued), Not
Ready (NR) will be indicated. The polling of the
Ready line by the 8272A occurs continuously be-
tween inslructions, thus notifying the processor
which drives are on or off line. Approximale scan
timing is shown in Table 6.
Table 6. Scan Timing

DS1 DS0 Approximate Scan Timing
Q 220 ps
1 220 us
i 0 220 us
1 1 440 ps

COMMAND DESCRIPTIONS

During the Command Phase, the Main Status Regis-
ter must be polled by the CPU before each byte is

written into the Data Register. The DIC (DB6&} and
ROM (BD?7) bits in the Main Status Register must be
in the 0" and “1" stales respectively, before each
byte of the command may be written into the 8272A,
The beginning of the execution phase for any of
these commands will cause DIO and RQOM to switch
to "1" and "'0" slates respectively.

READ DATA

A set of nine (9) byle words are required 1o place the
FDC into the Read Data Mode. After the Read Data
command has been issued the FDC loads the head
(it it is in the unloaded state), waits the specified
head setlling time (defined in the Specify Com-
mand), and begins reading ID Address Marks and ID
fields. When the current sector number (“R") stored
in the ID Register (IDR) compares with the seclor
number read off the diskette, then the FDC outputs
data (from the data field) byte-by-byle 1o the main
sysiem via the data bus.

After completion of the read operation from the cur-
rent sector, the Sector Number is incremented by
one, and the data from the next sector is read and
oulput on the data bus. This continuous function is
called a “Multi-Sector Read Operation.” The Read
Data Command must be terminated by the receipt of
a Terminal Count signal. Upen receipt of this signal,
the FDC stops outputting data to the processor, but
will continue to read data from the current sector,
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 (mul-
ti-track), MFM (MFM/FM), and N (Number of Bytes/
Sector). Table 7 on the next page shows the Trans-
fer Capacity.
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Table 7. Transfer Capacity

Multi-Track | MFM/FM | Bytes/Sector Maximum Transfer Capacity Final Sector Read
MT MFM N (Bytes/Sector)(Number of Sectors) from Diskette
Q 0 0o (128)(26) = 3,328 26 at Side 0
Q 01 (256) (26) = 6,656 or 26 al Side 1

1 0 00 (128) (52) = 6,656 )

1 1 o1 (256) (52) = 13,312 2681 Side )
0 0 ey (256) (15) = 3,840 15 at Side 0
0 1 02 (512)(15) = 7.680 or 15 at Side 1
1 0 01 (256) (30) = 7,680 :

1 1 02 (512) (30) = 15.360 toralBide ]
0 0 02 (512)(8) = 4,096 8 at Side 0
0 1 03 (1024)(8) = 8,192 or 8 at Side 1
1 o] 02 (512)(16) = 8,192 ¢

1 1 03 (1024y (16) = 16,384 8t Side 1

The "multi-track” function (MT) allows the FDC to
read data from both sides of the diskette. For a par-
ticular cylinder, data will be transferred starling at
Sector 1, Side 0 and compleling at Sector L, Side 1
(Sector L = last sector on the side).

NOTE:

This function pertains to only one cylinder (the
same track) on each side of the diskette.

When N = 0, then DTL defines the data length
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 (internally) the complete
Sector performing the CRC check, and depending
upon the manner of command termination, may per-
form a Multi-Sector Read Operation. When N is non-
zero, then DTL has no meaning and should be set to
OFFH.

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
slapsed. If the processor issues another command
before the head unloads 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 1o another,

If the FDC detects the Index Hole twice without find-
ing 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 respactively.)
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Afler reading the 1D and Data Fields in each sector,
the FDC checks the CRC bytes. If a read error is
detected (incorrect CRC in 1D field), the FOC sets
the DE (Data Error) flag in Status Register 1 to a 1
(high), and if a CRC error accurs in the Dala Field
the FDC also sets the DD (Data Error in Data Field)
llag in Status Register 2 to a 1 (high), and terminates
the Read Data Command. (Status Register 0 also
has bits 7 and 6 set to O and 1 respectively.)

It the FDC reads a Deleled Data Address Mark off
the diskette, and the SK bit (bit D5 in the first Com-
mand Word) is not set (SK = 0), then the FDC sets
the CM {Control Mark) flag in Status Register 2 to a
1 (high), and terminates the Read Data Command,
after reading all the data in the Sector. It SK = 1,
the FDC skips the sector with the Deleted Data Ad-
dress Mark and reads the next sector.

During disk data transfers between the FDC and the
processor, via the data bus, the FDC must be serv-
iced by the processor every 27 us in the FM Mode,
and every 13 us in the MFM Made, or the FDC sets
the OR (Over Run) flag in Status Register 1 to a 1
(high), and terminates the Read Data Command.

If the procassor terminates a read (or write) opera-
tion in the FDC, then the ID Information in the Result
Phase is dependent upon the state of the MT bit and
EOT byte. Table 5 shows the values for C, H, R, and
N, when the processor terminates the Command.
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Table 8. ID Information When Processor Terminates Command

MT EOT Final Set;lorcTranaferred to 1D Information at Result Phase
rocessar c H " N

1A Sector 1 to 25 at Side 0
OoF Saector 1 1o 14 at Side 0 NC NC R+ 1 NC
08 Sector 1 to 7 at Side 0
1A Saector 26 at Side 0
oF Sector 15 at Side 0 C+1 NC R=01 NC

0 08 Sector 8 at Side 0
1A Seclor 1 1o 25 at Side 1
OF Seclor 1to 14 at Side 1 NC NC R+1 NG
08 Sector 110 7 at Side 1
1A Sector 26 st Side 1
OF Sactor 15 at Side 1 C+1 NC AR =01 NC
08 Sector 8 at Side 1
1A Sector 1 to 25 at Side 0
OF Sector 1 to 14 at Side 0 NC NC R+1 NC
o8 Sector1to 7 at Side ©
1A Sector 26 at Side 0
OF Sactor 15 at Side 0 NC LSB R=101 NC

4 08 Sector 8 at Side 0
14 Sector 1 10 25 at Side 1
oF Sector 1 to 14 at Side 1 NC NC R+1 NG
08 Sector 1 to 7 at Side 1
1A Sector 26 at Side 1
OF Sector 15 at Side 1 C+1 LSB R=01 NC
os Seclor 8 at Side 1

NOTES:

1. NC {No Change): Tha sama value as the one al the baginning of command exacution.
2. LB (Least Significant Bit): The least significant bit of H is complameantad.

WRITE DATA

A set of nine (9) bytes are required to set the FDC
into the Write Data mode. After the Write Data com-
mand has been issued the FDC loads the head (if it
is in the unloaded state), waits the specified head
seftling time (defined in the Specity Command), and
begins reading ID Fields. When the currenl sector
number (“R"), stored in the ID Register (IDR) com-
pares with the sector number read off the diskette,
then the FDC takes data from the processor byts-
by-byte via the data bus, and outputs it to the FDD.

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 continuas
this “Multi-Seclor Write Operation' until the issu-

ance of a Terminal Count signal. If a Terminal Count
signal is sent to the FOC it continues writing into the
current seclor to complete the data lield. If the Ter-
minal Count signal is received while a data field is
being written then the remainder of the data field is
filled with 00 (zeros),

The FDC reads the ID field of each sector and
chacks the CRC bytes. If the FDC detects a read
error (incorrect CRC) in one of the ID Fields, it sets
the DE (Data Error) flag of 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 respectivaly.)

The Write Command cperates in much the same
manner as the Read Command. The following items
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are the same; 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 (see Table 2)

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

In the Write Data mode, data transfers between the
processor and FDC must occur every 31 ps in the
FM mods, and every 15 s in the MFM mode. If the
time interval between data transfers is longer than
this then the FDC sets the OR (Over Run) flag in
Status Register 1 1o a 1 (high), and terminates the
Write Data Command,

For mini-floppies, multipla track writes are usually
not permitted. This is because of the turn-off time of
the erase head coils—the head switches tracks be-
fare the erase-head turns off. Therefore the system
should typically wait 1.3 ms before attempting to
step or change sides.

WRITE DELETED DATA

This command is the same as the Write Data Com-
mand except a Deleted Data Addrass Mark is written
at the beginning of the Data Fiald instead of the nor-
mal Data Address Mark.

READ DELETED DATA

This command is the same as the Read Data Com-
mand except that when the FDC detects a Data Ad-
dress 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 Status Register 2 10 a 1
(high), and then terminate the command. 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 READ DATA Command
except that the entire data field is read continuously
from each of the sectors of a track. Immediately af-
ter encountering the INDEX HOLE, the FDC starts
reading all data fields on the track as continuous
blocks of data. If the FDC finds an error in the ID or
DATA CRC check bytes, it continues to read data
from the track. The FDC compares the ID informa-
tion read from each sector with the value stored in
the IDR, and sets the ND flag of Status Register 1 to

a 1 (high) if there Is no comparison. Multi-track or
skip operations ara not allowed with this command.

This command terminates when EOT number of
sectors have been read. If the FOC does not find an
ID Address Mark on the diskette after it encounters
the INDEX HOLE for the second time, then it sets
the MA (missing address mark) flag in Status Regis-
ter 1 to a 1 (high), and terminates the command.
(Status Register 0 has bits 7 and 6 set to 0 and 1
respectively.)

READ ID

The READ ID Command is used to give the present
position 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 sec-
ond time then the MA (Missing Address Mark) flag in
Status Register 1 is set to a 1 (high), and if no data is
found then the ND (No Data) flag is also set in
Status Register 1 1o a 1 (high) and the command Is
terminated.

FORMAT A TRACK

The Format Command allows an entire track to be
formatted. After the INDEX HOLE is detected, Data
is written on the Diskette: Gaps, Address Marks, 1D
Fislds and Data Fields, all per the |BM System 34
(Double Density) or System 3740 (Single Density)
Format are recorded. The particular format which
will be written is controlled by the values pro-
grammed into N (number of bytes/sectar), SC (sec-
tors/cylinder), GPL (Gap Length), and D (Data Pat-
tern) which are supplied by the processor 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 far C {Cylin-
der Numbaer), 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.

After formatting each sector, the processor must
send new values for C, H, R, and N to the B272A for
each sactor on the track. The contents of the R Reg-
ister is incramented by one after each sector is for-
mattad, thus, the R register contains a valua of R +
1 when it is read during the Result Phase. This incre-
menting and formatling continues for the whole
track until the FDC encounters the INDEX HOLE for
the second time, whereupon it terminates the com-
mand.
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It 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 termi-
nates the command after setting bits 7 and 6 of
Status Register 0 1o C and 1 respectively. Also the
loss of a READY signal at the beginning of a com-

mand execution phase causes command termina-
tion.

Table 9 shows the relationship between N, SC, and
GPL for various sector sizes:

Table 9. Sector Size Relationships

Format | BYtes/ 8" Flopp Byles/ 5%" Floppy Bytes/ 31%" Minl Floppy
Sector | N | 5C | GPL() | GPL(2) | Sector | N | SC | GPL(Y | GPL(2) | Sector | N | SC | GPLIN | GPL(2)
FM 128 (o0|1A| 07 1B 128 [o0| 12| o7 09 128 |0 |OF| 07 1B
Mode 256 |01|OF | ©OE 2A 128 (00|10| 10 19 =] e e
512 |oz| 08| 18 3A 256 |01]|08| 18 30 256 | 1|08 OF 2A
1024 (03|04 | 47 BA 512 (02| 04| 46 87 512 [2]|05| 1B aA
2048 (04| 02| CB FF 1024 |03|o2| c8 FF ) o [ —
4096 (05|01 | C8 FF | 2048 [04|01| CB FF | == = —
MPM 256 [01|1A| OE 36 256 (01|12 oOA oc 256 [ 1|0OF| CE 36
Mode 512 |02|OF| 1B 54 256 (01|10 20 32 — == - —
1024 (03|08 | 35 74 512 (02| 08| 2A 50 512 |2 |09 | 1B 54
2048 |04| 04| 99 FF | 1024 |03| 04| B8O Fo | 1024 |a|o05| 35 74
4096 (05| 02| C8 FF | 2048 |04|{02| C8 FF — == - —
8192 |06| 01| CB FF | 4096 |05|01| C8 FF — o] — —
NOTES:

1. Suggested values of GPL in Reed or Write Commands to avaid splice point between data field and 1D field of contiguous

sections.
2, Suggested valuas ot GPL in format command.

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 (Proc-
essor in NON-DMA mods, and DMA Controller in
DMA mods). The FDC compares the data on a byte-
by-byte basis, and locks for a sector of data which
meets the conditions of Drpp = Dprocesser OFoD <
Dprocessor © DFpp 2 Dprocesser- Ones comple-
ment arithmetic is used for comparisen (FF = larg-
est number, 00 = smallest number), After a whole

sector of data is compared, if the conditions are not
met, the sector number is incremented (R + STP
— R), and the scan operation is continued. The
scan operation continues until one of the following
conditions occur; the conditions for scan are met
(equal, low, or high}, the last sector on the track is
reached (EOT), or the terminal count signal is re-
ceived.

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 terminales the Scan Command. If the

Table 10, Scan Status Codes

Command

Status Reglster 2

Comments

Bit2 = SN

Bit3 = SH

Scan Equal

Crop = Dprocassor
Depp * Derocessar

o -

Scan Low or Equal

- 0QO|—= 0O

Drpo = Drrocessor
Drpp < Dprocessor
Drpp ¥ Dprocessor

Scan High or Equal

==

Drpp = Derocessor
Drpb * Dprocessor
Orpp ¥ Dprocessar

(==l =S




intel

B272A

conditions for scan are not met between the starting
sactor (as specified by R) and the }ast sactor on the
cylinder (EOT), then the FDC sets the SN (Scan Not
Satisfied) flag of Status Register 2 to a 1 {high), and
terminates the Scan Command. The receipt of a
TERMINAL COUNT signal from the Processor or
DMA Controller during the scan operation will cause
the FDC to complete the comparison of the particu-
lar byte which is in process, and then to terminate
the command. Table 10 shows the status of bits SH
and SN under various conditions of SCAN.

If the FDC encounters a Deleted Data Address Mark
on one of the sectors {and SK = 0}, then it regards
the sector as the last sector on the cylinder, sets CM
(Control Mark) flag of Status Register 2 1o a 1 (high)
and terminates the command. I SK = 1, the FOC
skips the seclor with the Deleted Address Mark, and
reads the next sector. In the second case (SK = 1),
the FDC sets the CM (Control Mark) flag of Status
Register 2 to a 1 (high) in order to show that a Delet-
ad Sector had been encountered.

When either the STP (contiguous sectors STP = 01,
or alternate sectors STP = 02 sectors are read} or
the MT (Multi-Track) are programmaed, it is neces-
sary to remember that the last sector on the frack
must be read, For example, if STP = 02, MT = 0,
the sectors are numbered sequentially 1 through 26,
and we start the Scan Command 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 EOT
value of 26 can be read. This will result in an abnor-
mal termination of the command. If the EOT had
baen set at 25 or the scanning started at sector 20,
then the Scan Command would be completed in a
normal mannaer.

During the Scan Command data is supplied by sither
the processor or DMA Controller for comparison
against the data read from the diskette. In order to
avoid having the OR (Over Run) flag set in Status
Register 1, it is necessary to have the data available
inless than 27 us (FM Mods) or 13 ps (MFM Mode).
If an Overrun occurs the FDC terminates the com-
mand.

SEEK

The read/write within the FOD is moved frem cylin-
der to cylinder under control of the Seek Command.
The FOC compares the PCN (Present Cylinder Num-
bar) which is the current head position with the NCN
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{New Cylinder Number), and performs the following
operation if there is a difference:

PCN < NCN: Direclion signal to FDD sat 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 con-
trolled by SRT (Stepping Rate Time) in the SPECIFY
Command. After each Step Puise is issusd NCN is
compared against PCN, and when NCN = PCN,
then the SE {Seek End) flag is set in Status Register
0 to a 1 (high), and the command is terminated.

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, ancther Seek
Command may be issuad, and in this manner paral-
lel seek operations may be done on up to 4 Drives at
once.

If an FDD Is in a NOT READY state at the baginning
of the command execution phase or during the seek
operation, then the NR (NOT READY) flag is set in
Stalus Register 0 to a 1 {high), and the command is
terminated.

Note that the 8272A Read and Write Commands do
not have implied Seeks, Any R/W command should
be preceded by: 1) Seek Command; 2) Sanse Inter-
rupt Status; and 3) Read ID.

RECALIBRATE

This command causes the read/write head within
the FDD to retracl to the Track C position. The FDC
clears tha contants of the PCN counter, and checks
the status of the Track 0 signal from the FDD. As
long as the Track O signal is low, the Direction signal
remains 1 (high) and Step Pulses are issued, Whan
the Track O signal 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 0 signal is still
low after 77 Step Pulses have been issued, the FDC
sots the SE (SEEK END) and EC (EQUIPMENT
CHECK) flags of Status Register 0 to both 1s
(highs), and terminates the command.

Tha ability to overlap RECALIBRATE Commands to
multiple FDDs, and the loss of the READY signal, as
described in the SEEK Command, also applies to
the RECALIBRATE Command.
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SENSE INTERRUPT STATUS
An Interrupt signai 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
8) Write Data Command
f) Format a Cylinder Command
g) Write Deleted Data Command
h) Scan Commands
2) Ready Line of FDD changes slate
3) End of Seek or Recalibrate Command
4) Curing Execution Phasa in the NON-DMA Mode

Interrupts caused by reasons 1 and 4 above occur
during normal command cperations and are easily
discernible by the processcr. However, interrupts
caused by reasons 2 and 3 above may be uniguely
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 D identifies the cause of the interrupt.

Neither the Seek or Recalibrate Command have a
Result Phase. Therefore, it is mandatory to use the
Sanse Intarrupt Status Command after these com-
mands to effectively terminate them and to provide
verification of the head position (PCN).

Table 11. Seek, Interrupt Codes

Sa;:(‘ Esnd Interrupt Cade Cause
Biteé | Bit?7
o] 1 1 Ready Line Changed
State, Either Polarity
1 0 0 Normal Termination
of Seek or Recalibrate
Command
1 1 o] Abnormal Termination
of Seek or Recalibrate
Command
SPECIFY

The Specify Command sets the intitial values for
each of the three internal timers, The HUT (Head
Unload Time) definas the time from the end of the
Execution Phase of one of the Read/Write Com-
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mands to the head unload state. This timer is pro-
grammable from 16 1o 240 ms in increments of
16ms (01 = 1Bms, 02 = 32 ms....0OF =
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 when the
Read/Write operation starts. This timer is program-
mable from 2 to 254 ms in increments of 2 ms (01 =
2ms, 02 = 4ms, 03 =6ms,... FE = 254 ms).

The step rate should be programmed 1 ms longer
than the minimum time required by the drive.

The time intervals mentioned above are a direct
function of the clock {CLK an pin 18). Times indical-
ed above are for an 8 MHz clock, if the clock was
reduced 1o 4 MHz (mini-floppy application) then all
time intervals are increased by a factor of 2.

The choice of 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 NO = 0 the DMA mode is selected.

SENSE DRIVE STATUS

This command may be used by the processor whan-
ever it wishes to obtain the status of the FDDs.
Status Register 3 contains the Drive Status informa-
tion.

INVALID

It an invalid command is sent to the FDC {(a com-
mand not defined above), then the FDC will termi-
nate the command. No interrupt is genarated by the
B272A during this condition. Bit & and bit 7 (DIO and
RQM) in the Main Status Register are baoth high
(1") indicating to the processor that the 8272A is in
the Result Phase and the contents of Status Regis-
ter 0 (STO) must be read. When the processor reads
Status Register 0 it will find an 80H indicating an
invalid command was received,

A Sense Interrupt Status Command must be sent
after a 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
command as a No-Op command, tc place the FDC
in a standby or no operation stale.
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Table 12, Status Registers

Bit i
Description

No. Name Symbol

STATUS REGISTER 0

Dy Interrupt IC Dy =0andDg =0

Code Normal Termination of Command, (NT). Command was completed and
properly executed.

Dg Dy =0CandDg = 1
Abnormal Termination of Command, (AT). Execulion of Command was
started, but was not successfully completed.

D; =1andDg =0

Invalid Command issue, (IC). Command which was issued was never
started.

D7 =1andDg =1

Abnormal Termination because during command execution the ready
signal from FDD changed state.

D5 Seek End SE Whan the FDC completes the SEEK Command, this flag is set to 1
(high).

Dy Equipment EC If a fault Signal is received from the FDD, or if the Track 0 Signal fails

Check to occur after 77 Step Pulses (Recalibrate Command) then this flag is
set.

7] Not Ready NR When the FDD is in the not-ready state and a read or write command
is issued, this flag is set. If a read or write command is issued to Side 1
of a single sided drive, then this flag is set.

Do Head HD This flag is used to indicate the state of the head at Interrupt.

Address

D4 Unit Select 1 Us1 These flags are used to indicate a Drive Unit Number at Interrupt.

Dp Unit Select 0 uso

STATUS REGISTER 1

Dy End of EN When the FDC tries to access a Sector beyond the final Sector of a

Cylinder Cylinder, this flag is set.

Dg Not used. This bit is always 0 (low).

D5 Data Error DE When the FDC detects a CRC error in either the ID field or the data
field, this flag is set.

Dy Over Run OR if the FOC is not serviced by the main-systems during data transfers,
within a certain time interval, this flag is set.

D3 Not used. This bit always 0 {low).

Dy No Data ND During execution of READ DATA, WRITE DELETED DATA or SCAN

Command, if the FDC cannot find the Sector specified in the IDR
Register, this flag is set.

During execuling the READ |ID Command, if the FDG cannot read the
1D field without an error, then this flag is set.

During the execution of the READ A Cylinder Command, if the starting
sector cannot be found, then this flag is set.
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Table 12. Status Register (Continued)

Bit

No.

Name

Symbol

Description

STATUS REGISTER 1 (Continued)

o] Not NW During execution of WRITE DATA, WRITE DELETED DATA or Format
Writable A Cylinder Command, if the FDC detects a write protect signal from the
FDD, then this flag is set.
Do Missing MA If the FDC cannot detect the ID Address Mark after encountering the
Address index hole twice, then this flag is set.
Mark If the FDC cannot detect the Data Address Mark or Deleted Data
Address Mark, this flag is set. Also at the same time, the MD (Missing
Address Mark in Data Field) of Status Register 2 is set.
STATUS REGISTER 2
Dy Not used. This bit is always 0 (low).
Dg Contro! CM During executing the READ DATA or SCAN Command, if the FDC
Mark encounters a Sector which contains a Deleted Data Address Mark, this
flag is set.
Ds Data Errorin DD If the FOC detects a CRC errar in the data field then this flag is set.
Data Field
Dy Wrong WC This bit 1s related with the ND bit, and when the contents of C on the
Cylinder medium is different from that stored in the IDR, this flag is set.
D3 Scan Equal SH During execution, the SCAN Command, it the condition of “equal” is
Hit satisfied, this flag is set.
[ Scan Not SN During executing the SCAN Command, if the FDC cannot find a Sector
Satisfied on the cylinder which meets the condition, then this flag is set.
D4 Bad BC This bit is related with the ND bit, and when the content of C on the
Cylinder medium is different from that stored in the IDR and the content of C is
FF, then this flag is set.
Do Missing MD When data is read from the medium, if the FDC cannot find a Data
Address Address Mark or Deleted Data Address Mark, then this flag is set.
Mark in Data
Field
STATUS REGISTER 3
Dy Fault FT This bit is used to indicate the status of the Fault signal from the FDD.
Dg Write WP This bit is used to indicate the status of the Write Protected signal from
Protected the FDD.
Ds Ready RDY This bit is used to indicate the status of the Ready signal from the
FDD.
Dy Track 0 TO This bit is used to indicate the status of the Track 0 signal from the
FDD.
Da Two Side T8 This bit is used to indicate the status of the Twe Side signal from the
FOD.
Do Head HD This bit is used to indicate the status of Side Select signal to the FDD.
Address
D4 Unit Select 1 us This bit is used to indicate the status of the Unit Select 1 signal to the
FOD.
Do Unit Select 0 uso This bit is used to indicate the status of the Unit Select 0 signal to the

FDD.
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ABSOLUTE MAXIMUM RATINGS*

Operating Temperature ............. 0°Cto +70°C
Storage Temperature —-40°Cto +125°C

All Cutput Vollages .. ............... ~051t0 +7V
All Input Voltages .................. -05t0 +7V
Supply Voltage Vog - ocvveviennn —-05t0 +7V
Power Dissipation .........ocvviiiivnnnnns 1 Watt
*Tp = 25°C

*Notice: Stressas above those listed under “Abso-
fule Maximum Ralings” may cause parmanent 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 impliad. Ex-
posure fo absolule maximum rating conditions for
extended periods may affact device reliabilily.

D.C. CHARACTERISTICS T, = 0°Cto +70°C, Vg = +5V +10%

Symbol Parameter o Limits = Unit c:orTc.lEifitons

ViL Input Low Voltage —0.5 0.8 v

VIH Input High Voltage 20 Vo + 0.5 v

VoL Output Low Vollage 0.45 v loL = 2.0 mA

VoH Output High Voltage 2.4 Voo Vv lon = —400 pA

lec Vi Supply Current 120 mA

I Input Load Current 10 BA Viy = Ve
(All Input Pins) -10 nA Vin = 0V

ILoH High Level Output 10 pA Vout = Voo
Leakage Current

loFL Output Float 10 LA 0.45C < VoyTt < Ve
Leakage Current

CAPACITANCE T = 25°C,f. = 1 MHz, Voo = OV

Symbol Parameter i LlrnitsMax Unit CDIT;T:DI"IS

ClN(:b) Clock Input Capacitance 20 pF All Pins Except Pin

Cin Input Capacitance 10 pF :i":gr;fosstzad

Ci/o Input/Qutput Capacitance 20 pF
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A.C. CHARACTERISTICS T, = 0°C1o +70°C, Vge = +5.0V £ 10%

Symbol | Parameter Typ(1 [ Min I Max Unit Notes
CLOCK TIMING

oy Clock Period 120 500 ns (Note 5)
tcH Clock High Period 40 ns (Nota 4, 5)
tRST Reset Width 14 oy

READ CYCLE

taR Select Setupto RD | ] ns

trA Salect Hold from RD T 0 ns

trr RD Pulse Width 250 ns

tRo Data Delay from RD { 200 ng

tpF Qutput Float Delay 20 100 ns

WRITE CYCLE

taw Select Setup to WA L 0 ns

twa Select Hold from WR T 0 ns

tww WR Pulse Width 250 ns

tow Data Setup to WA T 150 ns

twp Data Hold from WR T 5 ns

INTERRUPTS

iR INT Delay from AD T 500 ns {Note 6)
twi INT Delay from WR T 500 ns (Note 6)
DMA

tracy DRQ Cycle Period 13 us (Note 6)
tAKRO DACK | oDRQ L 200 ns

lRaR DROT toRD L 800 ns (Note 6)
trow DRQT to WR L 250 ns (Note 6)
tRarw DRQT toRDT orWR T 12 us (Note 6)
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A.C. CHARACTERISTICS T, = 0°CGto +70°C, Ve = +5.0V +10% (Continued)

Symbol | Parameter | Typ(1) I Min ] Max ‘ Unit [ Notes
FDD INTERFACE
tweoy WCK Cycle Time 2ord MFM = 0
Tor2 BS | MEM = 1 (Note 2)
weH WCK High Time 250 80 350 | ns
tcp Pre-Shift Delay from WCK T 20 100 | ns
o WDA Delay from WCK T 20 100 | ns
twop Write Data Width twcH — 50 ns
twe WET toWCK T orWE | to 20 100 | ns
WCK | Delay
twwicy Window Cycle Time 2 MM =0
1 PS MFM = 1
twrp Window Setup to RDD T 15 ns
tRow Window Hold from RDD | 15 ns
(=T RDD Active Time (HIGH) 40 ns
FDD SEEK/DIRECTION/STEP
tus USy, 1 Setup to RW/SEEK T 12 us | (Note6)
tsuy USg, 1 Hold after RW/SEEK | 15 us | (Note 6)
1sp RW/SEEK Setup to LCT/DIR 7 us | (Note 8
os AW/SEEK Hold from LCT/DIR 30 us | (Note &)
tpsT LCT/DIR Setup to FR/STEP T 1 s | (Note &)
tsTp LCT/DIR Hold from FR/STEP | 24 s | (Note6)
tsTU DS, 1 Hold from FR/Step | 5 us | (Note 8)
tsTe STEP Active Time (High) 5 us | {Note6)
tsc STEP Cycle Time 33 pns | {Note 3,6)
R FAULT RESET Active Time (High) 8 10 | ps | (Notes)
tiox INDEX Pulse Width 10 1oy
tre Terminal Count Width 1 oy
NOTES:

1. Typical valuss for To = 25°C and nominal supply voltagea.

2. The former values are used for standard floppy and the lalter values are used for mini-floppies.

3. lsc = 33 s min. is for different drive unils. In the case of sama unit, ¢ can be ranged from 1 ms to 16 ms with 8 MHz
clock period, and 2 ms 1o 32 ms with 4 MHz clock, under software contral.

4, From 2.0V to +2.0V.

5. At 4 MHz, the clock duty cycle may range from 16% to 76%. Using an 8 MHz clack the duty cycle can range from 32% to
52%. Duty cycle is defined as: D.C. = 100 (igy + tgy) with typical rise and fall times of 5 ns.

6. The specified values listed are for an 8 MHz clock period. Multiply timings by 2 when using a 4 MHz clock period,
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

14
0 20
o & WE
TEST FOINTS
TEST
0.8 (1] Cy = 100pF
RS
210606-7 l
A.C. Tesling: Inputs are driven at 2.4V for a Logic "'1" and 0.45V - 210606-8
for a Logic “0". Timing measuremants are made al 2.0V for a =
Logic "1" &nd 0.8V for a Logic "0". i = 100 pF
Cy Includes Jig Capacitance
WAVEFORMS
PROCESSCR READ OPERATION
4. 5.
GACK
— i | tha | "
RO
e
1 f—— 1,
OATA = == = o = e — — — — — < vaue | e e
|
ta,
T
210606-9
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WAVEFORMS (Continued)

PROCESSOR WRITE OPERATION

A..C5. DacK

S —

DATA

INT

210806-10

DMA OPERATION

:LT] /

tannol

—

WA ot KB

210606-11
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WAVEFORMS (Continued)

e CLOCK TIMING

N

210606-12

FDD WRITE OPERATION

WRITE CLOCK
(WCK)
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-
WRITE DATA
IWDA)
210606-13
Preshift0 | Preshift 1
MNormal Q 0
Late 0 1
Early 1 0
Invalid 1 1
“emr
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WAVEFORMS (Continued)

SEEK OPERATION

STABLE

RWISEEK

Tao

tos

LCT!
DIRECTION

STEP

fosr

i

tare—m|

210606-14

FLT RESET

INDEX

FAULT RESET
FAIL UNSAFE RESET
-ty

210606-15

1
210606~16
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IMPROVED TANDY 1000 VIDEOC CONTROLLER
VIDEO CONTROLLER FEATURES
1) 100 % software compatible with the current Tandy 1000

video controller design.

2) Provides international support with alternate character
sets and video mode contrel locking.

3) 128K of Video/System memory.

4) External character ROM for all 200 line and 350 line
modes.,

5) Supports 720 X 350 Monochrome text and 720 X 348 Hercules
graphics.
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Improved Tandy 1000 video Controller Pin-Out

NAME

MEMR-
MEMW—
GND
IOR-
IOW-
BHE-
RESET
ADRLTCH
VIDWT
XMDO
XMD1
XMD2
XMD3
XMD4
vVCcC
XMD5
XMD6
XMD7
YMDO
YMD1
YMD2
YMD3
YMD4
YMD5
YMD6
YMD7
OEXY-
GND
RAS-
CAS-
MWEX -
MWEY-
MEMIOS-
N/C
N/C
OUTR
OUTG
OouTB
oUTI
OUTHSYNC
OUTVSYNC

DESCRIPTION

Mem read
Mem write
GROUND

I/0 Read
I/0 Write
CPU CTL
S5ys Reset
add latch
Video wait
Memory A/D
Memory A/D
Memory A/D
Memory A/D
Memory A/D
+ 5 Volts
Memory A/D
Memory A/D
Memory A/D
Memory A/D
Memory A/D
Memory A/D
Memory A/D
Memory A/D
Memory A/D
Memory A/D
Memory A/D
RAM CTL
Ground

RAM CTL
RAM CTL
RAM Write
RAM Write
Mem & I/0 sel
NO CONNECT
NO CONNECT
RED VIDEO
GREEN/MONO
BLUE VIDEO
INTENSITY
Herz Sync
Vert Sync
NO CONNECT
NO CONNECT
NO CONNECT
NO CONNECT
ROM Enable
NO CONNECT
Font dat/adr 0
Font dat/adr 1
Font dat/adr 2

DRIVE

4MA

4MA
4MA
4MA
4MA
AMA
4MA
4Ma
4MA
4MA

8MA
8MA
4MA
4MA
2MA

4MA
4MA
4MA
4MA
4MA
4MA

2MA
2MA
2Ma
ZMA
2MA

PIN#

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
B1
82
83
84
85
B6
87
88
89
a0
91
92
93
94
95
96
a7
98
99
100

NAME

CFNT3
CFNT4
GND
CFNT5
CFNT6
CFNT7
CFNT8
CFNT9
CFNT10
CFNT11
CFNT12
CFNT13
N/C
CLTH
vCe
14.3
RFSH

N/C
DOTCLK
GND
25
28MHZ
AOD/MDO
Al/MD1
A2/MD2
A3/MD3
A4/MD4
A5/MD5
A6/MDG
A7/MD7
A8/MDB
A9/MD9
Al0/MD10
All/MD11
Al2/MD12
Al3/MD13
Al4/MD14
Al5/MD15
Alé
Al7
AlB
Al9

DESCRIPTION

Font dat/adr
Font dat/adr
GRCUND

Font dat/adr
Font dat/adr
Font dat/adr
Cfont add
Cfont add
Cfont add
Cfont add
Cfont add
Cfont add

NO CONNECT
Cfont latch
+ 5 Volts
5Y5 CLOCK
REFRESH IN
CPU Data

CPU Data
CPU Data

CPU Data

CPU Data

CPU Data
CPU Data

CPU Data

No Connect
DOT CLOCK
Ground
25,175

Clock

CPU A/

CPU &/D

CPU A/D

CPU A/D

CPU A/D

CPU A/D

CPU A/D

CPU A/D

CPU A/D

CPU A/D

CPU A/D

CEU A/D

CPU A/D

CPU A/D

CPU A/D

CPU A/D

CPU Address
CPU Address
CPU Address
CPU Address

L

-~ ay LN

DRIVE

2MA
2Ma
IN

2MA
2MA
2MA
2MA
2MA
2MA
2MA
2MA
2MA
2MA
2MAa
IN

4MA
IN

4MA
aMa
4MA
4MA
aMA
aMA
4MA
4MA

4MA
IN

IN

IN

4MA
4MA
4Ma
4MA
4MA
4MA
4MA
4MA
4MA
4aMa
4MA
4Ma
4MA
4MA
4MA
4MA
IN

IN

IN

IN



General Description

The new improved Tandy 1000 videc contreoller chip is
designed to operate with one of two types of monitors, an
RGBI 200 line Color monitor or a Mecnochrome 350 line
monitor. This custom controller implements all of the video
logic for the Tandy 1000. Figure 1 shows a block diagram of
this custom video controller chip.

If an RGBI 200 line monitor is used, the display system
supports up to 16 colors. These sixteen colors are defined
by combinations of the R, G, B, and I bits as shown in the
chart below.

|

o |
1 |
0 |
1 |
0 RED |
1 MAGENTA |
0 BROWN |
1 LIGHT GRAY |
0 DARK GRAY |
1 LIGHT BLUE |
0 LIGHT GREEN |
1 LIGHT CYAN [
] PINK |
1 LIGHT MAGENTA |
0 YELLOW |
1 WHITE |
I

TABLE 1

AVAILABLE COLORS

OPERATING MODES
The operating modes supported by the Tandy 1000 video

controller may be grouped in two categories: Alphanumeric
and Graphic. A list of these modes is shown in Table 1A.



ALPHANUMERIC MODES

The Alphanumeric modes have two basic types of operation:

80 character and 40 character. In both modes the character
font tables are stored in a separate character ROM and
consist of one or two pages of 256 characters. Two bytes of
data are used to define each character on the screen. The
even address is the character code and is used to address
the character font pattern stored in ROM. The odd address is
the attribute byte, that defines the foreground and the
background color of the character. The following chart shows
how the attribute byte controls the colors.

e e e - +
I ATTRIBUTE BYTE |
o - - - -+
| 7 6 5 4 i 3 2 1 o i
e i +
| BACKGROUND | FOREGROUND |
B e e e +
| I R G B | I R G B |
e + - - —— +
I * R G B | * R G B |
e e e e e +
Selects blink " Selects font page
TABLE 2

ALPHANUMERIC MODE ATTRIBUTE BYTE DEFINITION



BIOS
MODE

0/1
2/3
475

~ ~1h

H

Mmoo

TYPE

ALPHA

ALPHA
GRAPHICS
GRAPHICS

ALPHA
GRAPHICS
GRAPHICS
GRAPHICS
GRAPHICS
RESERVED
RESERVED
GRAPHICS

TANDY 1000 IMPROVED VIDEO CONTROLLER MODES

COLORS

16

16

4

2

4

2

16

14

4
Used
Used

16

ALPHA BUFFER

FORMAT START
40 % 25 B8000O
80 X 25 BB0O0D
40 X 25 BB0O0O
80 X 25 BB00O
B0 x 25 BOOOO
80 X 25 B0ODO
20 X 25 BB00O
40 X 25 BBOOO
80 X 25 B8000O
by the BIOS to
by the BIOS to
80 X 25 A00CO

TABLE

BOX
SIZE

BX9
BX9
Bx8
8x8
5X14
9x14
BXx8
8x8
8x8
igad the
load the
8x8

1a

MONITOR

CM-5/11
CM-5/11
CM-5/11
CM-5/11
VM-5

vM-5

CM-5/11
CM-5/11
CM-5/11

color character font
mono character font

CM-5/11

RESOLUTION
320 ¥ 225
640 X 225
320 X 200
640 X 200
720 X 350
720 X 348
160 X 200
320 % 200
640 X 200

640 X 200

TYPE

CGA
CGA
CGA
CGA
MDA
MDA
PCjir
PCir
PCir

TDA



To take advantage of the type of monitor used, the
1000 supports two different types of character box

Tandy
sizes

depending on the type of monitor that is used. With a
standard 200 line RGBI monitor, the Tandy 1000 video

controller supports an 8 X 9 character box. On the
monochrome monitor, a 9 X 14 character box is used.

GRAPHIC MODES
The Tandy 1000 video controller supports a variety
graphics modes.

GRAPHICS MEMORY USAGE

*200 Line Low or Medium Resolution Graphics Memory
either 2 or 4 banks of B000 bytes. In either case,
information for the display's upper left corner is
address BB800O0.

#HE# The 4 Color High Resolution 640 X 200 (A)

350 lin

of

uses
pixel
found a

and

#H#4H the 16 Color Medium Resolution 320 X 200 (9)

£33 33 use 4 banks of 8000 bytes as follows:

Offset
From
B800O {(===—==-=160 Byteg————== >
0000 I [ 00 Scans

| | (0,4:8,00.,
1F3F | I

I I
2000 | | 01 Scans

| | (1,5+900-s
3F3F | |

| |
4000 | | 10 Scans

| | (2,6,10,...
S5F3F | |

| |
6000 | [ 11 Scans

I | (3:7:11,4.0
7F3F I |

196)

197)

,198)

+199)



e

$4#$ The 2 Color High Resolution 640 X 200 (6) and
44 the 4 Color Medium Resclution 320 X 200 (4/5)and
ti4d the 16 Color Low Resolution 160 X 200 (8)

#h## use only 2 banks of 8000 bytes as follows:

Offset
From B80G00O {--80 Bytes-->
0000 I [ Even Scans
| | {0,2,4,6,8,...,198)
1F3F | |
| |
2000 | | 0dd Scans
| | (1,3,5,7,9¢...,199)
3F3F | |
| |

*#350 Line Graphics Memory uses 4 banks of BK bytes, The
pixel information for the display's upper left corner is
found at address B000O.

444 Hercules Graphics 720 x 348 (7H)
#E4# uses 4 banks of BK bytes
o i 90 Bytes ——————- >
BOOOO | | 00 SCANS
| | (0,4,8,...,344)
B1E96 | |
| I
B2000 | | 10 SCANS
| | {1,5,9,...,345)
B3E96 | |
| |
B4000 | | 01 SCANS
| | (2,6,10,...,346)
B5E96 | |
| |
B6000 | | 11 SCANS
| | (3,7,11,...,347)
B7E96 | |




2 COLOR MEDIUM RESOLUTION 640 X 200 GRAPHICS MODE (6)

The 2 Color Medium Resolution 640 x 200 Graphics mode may |
require a high resolution monitor for proper operation. e
Available in the IBM PC and IBM PCjr, this mode has the

following characteristics:

Contains a maximum of 200 rows of 640 PELS.

Can display 2 of 16 possible colors,

Requires 16k bytes of read/write memory.

Formats 8 PELs per byte for each byte in the following
manners;

7 6 5 4 3 2 1 0
PAQ PAQ PAD PAD PAOD PAQ PAQD PAQ
|[First |Secnd [Third |Forth |Fifth [Sixth |Svnth [Eghth |
IDsply IDsply |Dsply |Dsply |Dsply |Dsply |Dsply |Dsply |
| PEL | PEL | PEL | PEL | PEL | PEL | PEL | PEL |

4 COLOR MEDIUM RESOLUTION 640 X 200 GRAPHICS MODE (A)

The 4 Color Medium Resclution 640 X 200 Graphics mode may
require a high resolution monitor for proper operation. Only
supported on the IBM PCjr, this mode has the following
characteristics:

Contains a maximum of 200 rows of 640 PELs

Can display 4 of 16 possible colors

Each pixel selects 1 of 4 colors

Requires 32K bytes of read/write memory

Formats 8 PELs per two bytes (1 even byte and 1 odd
byte} in the following manner:

EVEN BYTES
7 6 5 4 3 2 1 0
PAD PAl PAD PAO PAOD PAOD PAO PAOD

First Second Third Forth Fifth §Sixth Seventh TEighth
Dsply Dsply Dsply Dsply Dsply Dsply Dsply Dsply

PEL PEL PEL PEL PEL PEL PEL PEL
PAlL PAl PAl PAl PAl PAl PAl PAL
7 6 5 4 3 2 1 Q
ODD BYTES -



16 COLOR MEDIUM RESOLUTION 320 X 200 GRAPHICS MODE (9)

The 16 Color Medium Resolution 320 X 200 Graphics mode works
with all types of display devices. This mode is available on
the IBM PCjr only and has the following characteristics:

Contains a maximum of 200 rows of 320 PELs

Can display 16 of 16 possible colors

Each pixel selects 1 of 16 colors

Requires 32K bytes of read/write memory

Formats 2 PELs per byte in the following manner:

7 6 5 4 3 2 1 0
BA3 PAZ PAl PAQ BA3 pPA?2 PAl PAQD
| [ |
| First | Second |
| Display | Display |
| PEL | PEL |
I | |

16 COLOR LOW RESOLUTION 160 X 200 GRAPHICS MODE (8)

The 16 Color Medium Resolution 160 X 200 Graphics mode works
with all types of display devices. This mode is available on
the IBM PCjr only and has the following characteristics:

Contains a maximum of 200 rows of 160 PELs

Can display 16 of 16 possible colors

Each pixel selects 1 of 16 colors

Requires 16K bytes of read/write memory

Formats 2 PELs per byte in the following manner:

7 6 5 & 3 2 1 0
PA3 PAZ PALl PAQ PA3 PA2 PAl PAOD
I I I
| First | Second |
| Display | Display |
| PEL | PEL |
| I I




4 COLOR MEDIUM RESOLUTION 160 X 200 GRAPHICS MODE (4/5)

The 16 Color Medium Rescluticn 320 X 200 Graphics mode works

with all types of display devices. This mode is available on

the IBM PC and IBM PCjr modes and has the following —
characteristics:

Contains a maximum of 200 rows of 320 PELs

Can display 4 of 16 possible colors

Each pixel selects 1 of 4 colors

Requires 16K bytes of read/write memory

Formats 4 PELs per byte in the following manner:

7 6 5 4 3 2 1 0
PA3 PA2 PAl PAD PA3 PA2 PAl PAO
[ [ [ [ [
| First | Second | Third | Fourth |
| Display I Display I Display | Display |
| PEL I PEL I PEL | PEL |
| I [ [ |

HERCULES GRAPHICS (7H)

2 Color Hercules graphics works with a 350 line Monochrone
display. This mode has the following characteristics:

720 PELs by 348 Rows
2 color Monochrome Graphics requires 32k bytes of RAM
Formats 8 PELs per bytes in the following manner :

7 6 5 4 3 2 1 0
PAD PAQ PAD PAO PAD PAD PAOD PAQ

First Second Third Forth Fifth Sixth Seventh Eighth
Dsply Dsply Dsply Dsply Dsply Dsply Dsply Dsply
PEL PEL PEL PEL PEL PEL PEL PEL

10



16 COLOR HIGH RESOLUTION 640 X 200 GRAPHICS MODE (E)

The 16 Color High Resolution 640 x 200 Graphics mode works
with a 200 line high resolution RGBI monitor. This mode has
the following characteristics:

Contains 200 rows of 640 PELs

Can display 16 of 256K possible colors

Requires 64k bytes of read/write memory

Formats 2 PELs per byte for each byte in the following
manner:

7 6 5 4 3 2 d! 0
PA3 PAZ Pal PAD PA3 PAZ PAl PAD
| First | Second ]
| Display | Display |
| PEL | PEL
| I |

VIDEO 1/0 MAP

I
I
I
|
|
I
I
|
|
I
|
I
I
I
|
|
|
I
I

e e e e e e +
| Hex Address | Register
e e e e e +
| |

| 0065 | System Chip Select Register

| FFES8 | video Configuration Register

| 03B4 | CRTC Address Register

| 03B5 | CRTC Data Register

| 0388 | Monochrome Control Register

| 03BA | Monochrome Status Register

| 03BF | Monochrome Cenfiguration Switch

| 03D0 | Not Used

| 03Dl | Not Used

| 03p2 | Not Used

| 03D3 | Not Used

| 03D4 | CRTC Address Register

| 03D5 | CRTC Data Register

| 03D6 | Not Used

| 03D7 | Not Used

| 03D8 | Mode Select Register

| 03D9 | Color Select Register

| 03pa | Video Array Address & Status

| 03DB | Not Used

| 03pC | Not Used

| 03DD | Not Used

| 03DE | video Array Data

| 03DF | CRT Processor Page Register
T e e +

11



o Fommm e e e +
| Address|Register | Bit Programming |
I D s St Tl SEBEEN SRRIY S SR B
| (Hex) | | 71 61 51 4} 31 2] 11 0 [Notes|
o Fom e s et e T e +
| 0065 |System Chip | ~ | X | X | * | | = | © | X |Write]
| |Selects [ [ I T T T Y O A | only]|
T e s el et ettt e B T e e I T I T e &
| | | | | | | |
| | {Parallel OE) | | | | I |
| | (Serial C8) | | I | I
i | (Disk CS) I I | |
| VIDCS |Video CS 1 = video on | | |
I | (Parallel CS) [ |
| | |
| | |
tm————— e ———— +
e o ———— m——— _— ————— +
| Address|Register | Bit Programming |
| | |———4———t———t et mm et m et e |
| (Rex) | | 71 6 1| 51 41312111 0 |Notes|
Fm————— Fm—m———————— e E e e T s ittt ST (R +
| FFE8 |Video X1 X1 71X "1 "1 "X IWrite|
| |Config. I | I I T O Y A jonly |
e B e TR [ S Sy IR R PRI R
| | | | | | |
|16BIT |16 Bit CPU Memory = 1_| | | | |
| MC3 |Memory Configuration 3 - | | |
| MC2 |[Memory Configuration 2 | | |
| MC1 |Memory Configuration 1 | |
| I |
R T et T T T +
3B4 CRTC ADDRESS REGISTER (see 3D4)
3B5 CRTC DATA REGISTER (see 3D5)

12



= + e O B U +
| Address|Register | Bit Programming |
| | I s Eataats e B T R ]|
| (Hex) I | 71 6151 4] 3] 21 1] 0 |Notes]|
+m————— Fommmm——— to—— Hommm e e e +
| 3B8 {Monochrome | * | X | * | X | “ I X | ° | " |Write|
I |Control (I I i Pl I I [Only |
Fm e B e e e Bl et e e B et e I e e e e el e
|

I

|
| | |
|MSTART |Display start | |
| |0 = BO0O0OO 1 = BBOOO |
|MNOBLK |Disable blink = 0 |
|MNOVID |Disable video = 0

|HRCULES |Hercules Graphics =1
|MTEXT |Monochrome text =1
| |
o ———— e +
Fmmm o et +
| Address|Register | Bit Programming |
| | e e e it AT e e |
| (Hex) | |l 7161 51 413121 1] 0 |Notes]|
fom———— e e e e e S e s Rata e T e +
| 3BA, |[Monochrome | | * | X | £ | | X1 X | " |Read |
I |Status I I | [ 11 } | | Iomnly |
o - | bt 4
| | | [ | | |
|CVSYNC* |Vertical Sync | | [ |
|[HRGRP | = 1 if 3BS8 | | |
[ | bit 1 and 3BF | | | |
| bit 0 are both 1_| | | [
| OUTG |video I |
| CHSYNC |Horizontal Sync |
| | |
tmm————— o e +
o ———— Fomr e ———— e +
| Address |Register | Bit Programming |
| } | ===ttt Fm— |
| (Bex) | i 71 61 51 41 3[ 2] 11 0 |Notes|
R fmmm e et e S Tt St L e +
| 3BF |Monochrome | X | X | X 1 X | X | x| © | 7 |writel
| |Config, | | | | | | I 1 | | lonly |
B T s T T e R e il Dt il s et e
| | |
|MSKCLMP |Mask B8000 and lock at BOO0O = 0 | | |
|HERCOK |Disable Hercules Graphics = 0 | |
I | |
e B T T T +

13



CRTC CONTROLLER AND MISCELLANEOUS CONTROL REGISTERS

The CRTC and Miscellaneous control registers are accessed by
two I/0 commands. The two I/0 commands function by first
writing the desired index value to address hex 3D4 (3B4},
and then writing the data to address hex 3D5 (3B5).

Index Register, Hex 3D4 (3B4): This register is read and
write, and points to the specific data register addressed
through hex 3D5 (3B5).

_____________________ +
Function ]
_____________________ |
Not Used |
Not Used !
Index5 |
Index4 |
Index3 |
Index?2 |
Indexl |
Index( |
e e e e e e e e e +
Figure 1B CRTC Controller Index Register

SN W oy~

+————————r—+
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The following is a list of the data registers and their
functions.

Index

(Hex) Register Description

] Horizontal Total

01 Horizontal Characters Displayed

02 Start Horizontal Sync

03 Sync Pulse Width

04 Vertical Total

05 Vertical Total Adjust

06 Vertical Characters Displayed

07 Start Vertical Sync

08 Reserved

09 Scan Lines per Character

0A Cursor Start

0B Cursor End

oc Start of Screen High

0D Start of Screen Low

0E Cursor Position High

oF Cursor Pesition Low

10 Mode Control

12 Character Generator Interface and
Sync Polarity, or Display
Sense

13 Character Font Pointer

21 Test Mode Register 2

HORIZONTAL TOTAL REGISTER, INDEX 00:

This register contains the total number of characters in the
horizontal scan interval. The number consists of the total
of the displayed and non-displayed characters. minus one.
This register determines the frequency of the 'horizontal
sync' signal.

HORIZONTAL DISPLAYED REGISTER, INDEX 01:

This register determines the total number of characters to
be displayed during a horizontal line. This register must be
loaded with a walue that is less than the horizontal total
register.

HORIZONTAL SYNC POSITION REGISTER, INDEX 02:

This register specifies the character position count at

which the 'horizontal sync' signal becomes active. The
specified value -1 must be programmed.

15



SYNC WIDTH REGISTER, INDEX 03:

This register specifies the pulse widths of the horizontal

and vertical synchronization signals. The horizontal pulse

width is programmed in units of character clocks. The -
vertical pulse width is programmed in units of the

horizontal synchronization period. This register is

programmed to match the display specifications.

o e ———— e e e +
| Address |Register | Bit Programming |
| | I e e et T B e S |
| (Hex) | |l 71 6151 4] 3] 2] 1] 0 |Notes|
- e T et S s Kttt e Tl S S +
j103 |Sync Pulse | [ IR IR I | = Iwrite]|
| IWwidth Reg. | | | | | | I | | lOnly |
tomm e | = | = | == | m = | b | — = | = | et

|

|

I | I

|Wwidth vSynec3 _|
| VSync2
VSyncl
VSyncO

Width HSync3
HSync2

|
I
I
I
|
I
I
|
I

Figure 1-31. Sync Pulse Width Register
VERTICAL TOTAL REGISTER, INDEX 04:

This register contains the 8 bits for the total number of
horizontal scan lines in the vertical scan interval. The
total number consists of both the displayed and non-
displayed scan lines minus 1. This register and the
Vertical Total Adjust register determine the freguency of
the 'vertical sync' signal.

16
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VERTICAL TOTAL ADJUST REGISTER, INDEX 05:

This register is used to adjust the total number of
horizontal scan lines in the vertical scanning interval. It
allows for an odd number of horizontal lines (525 for &0
Hz) .

+
| Address |Register | Bit Programming |
| 1 | ===ttt mmmpmm |
| (Hex) | | 71 61 51 413121 1] 0 |Notes|
+

== +

|Write]
|Only |

+
| 105 |vertical Tot] X | X | ~ |
| |Adjust Reg. | | [

+

+
T
~ | ~

I |vadjust5 |
| |VAdjustd

| |vAadjust3
|
|
|

|VAdjust2
|vadjustl
|vAdjust0

= o mm e et +
Figure 1-32. Vertical Total Adjust Register

VERTICAL DISPLAYED REGISTER, INDEX 06:

This register contains the 8 least-significant bits for the
number of horizontal scan lines displayed during the
vertical scan interval. The ninth bit is the inversion of
bit 6 of the Mode Control register.

VERTICAL SYNC POSITION REGISTER, INDEX 07:
This register contains the 8 bits for the vertical scan line

count. It determines when the 'vertical sync' signal becomes
active. The specified value -1 must be programmed.

17



SCAN LINES PER CHARACTER REGISTER, INDEX 09:

This register determines the number of horizontal scan lines
in a character row.

PR —— A + ——— - —_—
|Address|Register | Bit Programming |
! i e e b pmm |
| (Hex) | 1716151 4131211120/ Notes|
| X
|

== —— — e
1109 |Scan Lines X1 X120~ 1 "1 %17 |weite |
| [per Char. | | [ L1111 1 only |
| | Register | | | | T T T I A [
e e | m = | m = | m = | m e}
l | | I ] ] |
| |Row Size3 | | |
| | Row Size2 | |
[ |
I

|Row Sizel
|Row Sizel
dmmm e L -

Figure 1-33. Scan Lines per Character Register

CURSOR START REGISTER, INDEX O0A:

Bits 3 through 0 in this register determine the horizontal
scan line count at which the cursor outputbecomes active.

o o ————— e e e e e +
| Address|Register | Bit Programming |
| | |=——t==—t———tmm—t—mm it mm e —— e ——}
| (Hex) | | 71 615 41 3] 2] 1] 0 |Notes|
T e S e
| I0A |Cursor Start| X | X | 0| X | | | | ™ |write]
| |Register | I Pl I | | |Only |
R et e e e s e e Rl B el e el e S e

|Cursor Start3 |

|
|
| |Reserved 0O | | |
|
|

|

| |Cursor Start2
| |Cursor Startl
| |Cursor Startl0
tm—————— e +

Figure 1-34., Cursor Start Register

18



CURSOR END REGISTER, INDEX 0B:

This register determines the horizontal scan line count when
the cursor output becomes inactive.

+
| address|Register i Bit Programming |
| | I s St st e e e e

I

+

|

-~

[ {Hex) | | 61 51 4] 31 2111 0 |Notes|
- e R R e S +
| I0B |Cursor End X | X I X1 %21 11" |write]
I [ I | | | [ I I [only |

Sy O [ —_——

I |Cursor End3 |
| |Cursor End2
| |Cursor Endl
| jCursor EndoO

I
e e e e el I Tl b

|

I

Figure 1-35, Cursor End Register
START OF SCREEN HIGH REGISTER, INDEX 0C:

This register contains the 6 most-significant bits for the
starting memory address of the video display buffer.
Fourteen address bits determine the starting address. This
register is initialized to a value of hex 00.

START OF SCREEN LOW REGISTER, INDEX 0D:

This register, together with the Start of Screen High
register, gives the starting address of the display buffer.
For all modes, this register is initialized to a value of
hex 00.

CURSOR POSITION HIGH REGISTER, INDEX O0E:

This register contains the 4 most-significant bits for the
cursor location.

+

| Bit Programming |
e s S e
716151 413121 11 0 |Notes|
+
]

|Write]
| [High Reg. I I f I [ ]
B T e T et et Sl B
| |Cursor PositionB |
| |Cursor PositionA
| |Cursor Position9
| |Cursor Position8
o e +
Figure 1-36. Cursor Position High Register

-t

| I0E |Cursor Pos. X1 x 1 x1%01°1"0"

| | | lonly |

+ + | = mm———
| |
| [
[
|

19



CURSOR POSITION LOW REGISTER, INDEX OF:

This register contains the 8 least-significant bits for the
location of the cursor. A value of hex 00 in both of these
registers will locate the cursor in the upper left-hand
corner. The cursor is not supported in any graphics mode.

MODE CONTROL REGISTER, INDEX 10:

TT— o —————— + - -_— -— - —_———t
| Address|Register | Bit Programming |
I | e et SO Y
| (Bex) | | 7161 51413112111 0 |Notes|
Fmm Fmm B S s f Tt SN R W +
| 110 |[Mode Control|l = | = | X | x| ~ | X | X | X |Write|
| |Register I I I Ll I I [Only |
T Bt Bl i Gt SETSTES S P S S S
|NOCRTCW | Inhibit Write | | | |
| |Reserved = 0 |

Reserved = 1

Figure 1-37. Mode Control, Write
WRITE

BIT 7 When set to 1, the inhibit write bit prevents any
writes to the horizontal and vertical registers.

+= ———— e e e e e e e —————— +
|address|Register | Bit Programming i
| | R e i Sttt rt s (" SN T SN §
| (Hex) | Il 7161 51! 4] 3] 2] 1] 0 |Notes|
o o —— T e B s i T, SN B +
| 110 IMode Centrel|l © | X | © | * | " | © | X | X |Read |
| IRegister RD | | | | T T I I A | ionly |
e | b e = | m = | = | mdmm e
|HRESCK |80 X 25 i | | | | |
|HRESAD |Clock Select | | | | |
125CLK |Clock | | | |
| ALPHAMD | Alpha Mode | | |
|SPCTL1 |Double Scan | |
I [ |
| | |
Fmmm———— e e —————— +

Figure 1-38. Mode Control, Read

20



CHARACTER GENERATOR INTERFACE AND SYNC POLARITY REGISTER,
INDEX 12:

The register controls the character font ROM.

| i
| SWPFONT | Swap Active Font
|512CHAR|Enable 512 Characters
o e —————— T +
Figure 1-40. Character Generator Interface and Sync
Polarity Register

Fmm———— o e —————————————— +
| Address|Register | Bit Programming |
| | e e e B e e e L Attt
| (Hex) | | 716151 4312111 0| Notes|
pmm———— e tm— et —t——— i it St SR Fo————— +
| Tl2 |Character | X | X | " | " [ X1 X ]| X | X | Write|
| [Gen. I/F & | | [ | i | | Only |
| |sync | | [ A | | | | |
I |Polarity I I I I I | | | |
s et ol [ e B R e et
| |
| |
I

BIT 5 This bit selects the font page that is used as the
font table. When set to 1, font page 1 is selected; when
clear to 0, font page 0 is selected.

BIT 4 When this bit is set to 1, 512 character codes are
displayable in the text modes. Bit 3 of the attribute byte
then determines the font page when displaying the character.
When this bit is set to 1, only eight foreground colors are
supported. When this bit is cleared to 0, only 256 character
codes are displayed, and bit 5 of this register determines
the active font.

CHARACTER FONT REGISTER, INDEX 13:
Bit 4 of this register is used to select between the 200
line RGBI character set and the 350 line monochrome

character set. A 0 in bit 4 selects the 200 line character
set.

TEST MODE REGISTER 1, INDEX 20

This register is reserved for future test purposes and
should be cleared to zero at all times,

21



TEST MODE REGISTER 2, INDEX 21

This register is used only during manufacturing tests and
must be cleared to zero at all other times.

B e —_—t e e e e e +
|Address|Register | Bit Programming |
| e e a et TR S SRR + +

| (Hex) | |l 71615141 312111 0| Notes|
o Fom T e R el +
121 | Test X1 x| X1 x 1~ I = | Write]
| Register | | [ [ | | | | | Only |

B s e T e T e B el e O e e e

1l = Clock 6845 & Blink
with 28 MHz and mux
out blink

Enable a test reset
Force access to active
Mux out Dotclk on OQUTB

——— —— —— . o +

b
nono

I
!
+
|
!
|
I
|
|
|
!

VIDEO ARRAY REGISTERS

The following registers can be accessed by writing their Hex
address to 3DA and their Hex Data to 3DE.

| Hex Address | Video Array Register |
o e e +
| | |
| 01 | Palette Mask |
| 02 [ Border Color |
| 03 | Mode Control |
[ 05 | Extended RAM Page Register |
| 08 | Monitor / Mode Selection |
| 10 - 1F i Palette Registers |
| | |
+ +—== -— +

22



ARRAY PALETTE MASK REGISTER

|address|Register

| Bit Programming |
I S e T s L Mttt
| 71 61 51 41 31 2] 1] 0 |Notes|
+
|

| (Hex)

fmm————— et T O et T e T +
[ 101 X1 x| x 1 x| | [ |Write]|
I ! | | I b1 1 1] lonly |
s s ettt e et L L s ol Bl o It el Bt el Bt ettt
| | | | | |
|MSK {3) Mask 3 | | | |

|MSK(2) Mask 2 | | | |
|MSK (1) Mask 1 | | |
|MSK{0) Mask 0 | |
I |
Fm—————— o ———— e ———_——————— +
|Wwhen bits 0-3 are 0, they force the appropriate palette |
|address to be 0 regardless of the incoming color |
linformation. This feature allows some of the color |
|information in memory to hidden until it is required. |
I |
e +

Fm—————— e e ———— +
| aAddress | Register | Bit Programming |
| T s e S S R e Attt
| (Hex) | 71 61 5 41312111 0 |Notes|
m—————— fom e e S e e e +
1 102 X1 x{o0o1 x|~ 11" )" |Writel
| | | 1~ I 1101 1 1 lonly |
= g mmt = | b m = | == | — b= | == | =+
| I | | | | |
| BORI Border Color Select | | | | |
| BORR |R (Red) Border Color Select | | | |
| BORG |G (Green) Border Color Select | | ]
| BORB Border Color Select | |
o ————— o ———— +

|A combination of
|of 16 colors,
|at the beginning

bits 0-3 selects the screen border as one|
listed in Table 1 "Available Color Table"|
of this section. |

23



ARRAY MODE CONTROL REGISTER

s T — —_—
[ Bit Programming |
I | R s ST T TRs U S U S W
|
+
I

| {Hex) | 716151 4] 3] 2] 11| 0 |Notes]|
fmm————— e R S T e Rt e T S +
| 103 |Mode Xt xlx1r | 0| X |Write]
| |control | | | I 11 | [~ [Only |
et e e o s o (Tl [y s Sy SR S

|
I
| | [ |
|C16COL |1 for 16 Color Modes | |
|
|CACOLHR|1 for 4 color 640x200 Mode |
|
| BORENB |Enables the Border color register |
|For PC compatibility, this bit should
|be set to 0. For PCjr compatibility,
|this bit should be 1.
|
|Reserved for future implementations.
|[Must always be set to 0

tmmm———— e e +
+- —4——- ———— e - ——————— e +
| Address |Register | Bit Programming |
| e Rt s ST S SR NS BRp— |
| {Hex) | | 7161 514131 2] 1| 0 |Notes |
o e fmmm e ———— et ST SRR Y S S +
| I05 |[Extended | "1 X X1 X1 X1 X ] X! ~ |wWeite |
| |RAM  Page | | | | | I [ | | | |only |
[ |IRegister [ 11 I | [ | | 11 I
R e el Dt e e e e s (e TNy Y PE——)
i | |
[SWICK |Select Video_| | |
| [Clock 0 = 2876 | |
| |1 = 32.5 [
| [ | I
| EXTADR |Extended addressing mode bit | |
| | |
e e e +

24
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———————— e
[Address|Register | Bit Programming |
i | R e |
| (Hex) | | 71 61 5114131 2] 1] 0 |Notes |
o e ittt e s (ot T T S St +
[ I08 |Monitor X1 X1 X1 "1 xXx1] x| | X |write |
I |Mode | I I [ | [ [Oonly |
| |Selection | I ! I 1 | 11 | |
B i i e Kt Sl [N GG S
| | | | |
| MONO [1=350 line mono display | | [
|MODEE |l=Graphics mode E | |
| | I
A e e e e ———————— +

ARRAY PALETTE REGISTERS

There are sixteen 4 bit wide palette registers implemented
by a 16x4 bit RAM. These registers are Read/Write. Their
address in the video array are from 10 - 1F Hex, and can be
used to re-define any color.

To lcad the palette, write the hex address to the Video
Array Register at 3DA hex. Then, the new palette color is
written to 3DE hex.

Palette address 10 hex is accessed whenever the color code
from memory is a hex 0, and address 11 hes is accessed
whenever the color code from memory is a hex 1, and so
forth. A description of the color codes can be found in the
"Available Colors Table" at the beginning of this section.

Note: The palette address can be 'masked' by using the
palette mask register.

The following is a description of the register's bit
functions:

Bit Number Function
0 Blue
1 Green
2 Red
3 Intensity

When loading the palette, the video is 'disabled' and the
color viewed on the screen is the data contained in the
register being addressed by the processor.
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When the program has completed loading the palette, it must
change the hex address to some address less than 10 hex for
video to be 'enabled, again.

If a programmer does not wish a user to see the adverse
effects of loading the palette, the palette should be loaded
during the vertical retrace time., The program must modify
the palette and change the address to less than 10 hex
within the vertical retrace time., A vertical retrace
interrupt and a status bit are provided to facilitate this
procedure.

In two color modes, the palette is defined by using one bit,
PAO, with the following logic:

[s=s=ss======s=s====s=========c===a====S=====]
I PAO Function I
I============== ==============================I
I 0 Palette Register 0 I
I 1 Palette Register 1 I
I====s====ss=s=s==Ss=S=o=sSsS==s=sos====s==s======]

In four color modes, the palette is defined by using two
bits, PAl and PAQ, with the following logic:

I===============csSss==s=SS=SSSSSSS=SSSSSS=E===
I PAl PAQ Function I
I=s========s====sS=csss==SsSsS=SssSsS=S=S=SsSEE=====]
I 0 0 Palette Register 0 I
I 0 1 Palette Register 1 1
I 1 0 Palette Register 2 I
I 1 1 Palette Register 3 I
Is===msnesnm s e eSS s e = s oS === g o e==aT
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In sixteen color modes, the palette is defined by using four
bits, PA3, PA2, PAl and PAO, with the following logic:

I e e e s e e e e e e e e e e e e e e e ===sms=a=]
IPA3 PA2 PAl PAO Function I
I=========== =============================='—"=======I
10 0 0 v} Palette Register 0 I
I0 0 0 1 Palette Register 1 I
I0 0 1 0 Palette Register 2 1
I0 0 1 1 Palette Register 3 I
I0 1 0 0 Palette Register 4 I
I0 1 0 1 Palette Register 5 I
i0 1 1 0 Palette Register 6 I
I0 1 1 1 Palette Register 7 I
I1l 0 0 0 Palette Register 8 I
11 0 0 1 Palette Register 9 I
ril 0 1 0 Palette Register 10 I
I1 0 1 1 Palette Register 11 I
I1 1 0 0 Palette Register 12 I
I1 1 0 1 Palette Register 13 I
I1 1 1 0 Palette Register 14 i
I1 1 1 1 Palette Register 15 I
I=========================.’=======—_‘================I
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e e T +
|Address|Register | Bit Programming |
| | R Lt S S e R s T m——
| (Hex) | | 71 61 511 4] 311 2] 1| 0 |Notes|
fm—————e e e s bl (L ST SR SR U S +
| 3D8 |Mode X1 X111 "1 10" |Write|
| IControl [ I bl I | I~ [only |
Fmmm e b b b | =t | =t o | == | = | ————+
| ENA | : |

|
|
|
|BLINK |Set to 1 for |
| |blink if attribute bit |
|7 is set. |
|Set to 0 = 16 Color |
|background. A 1 selects 8 |
|color background |
| |
HRESAD |Set to 1 640X200 2 or 4_ |
Icolor graphics

VIDEN I
|1 = enable video display
|
|different color palette is selected by
|this bit in 320 X 200 4 color mode.
I
GRPH |Set to 1 for Graphics

|land 0 for Alpha Numeric Mode
I

HRESEK |High Resclution Dot Clock
|2 0 selects lower speed for 40 character text
|or low resolution graphics. A 1 selects high speed
|for for 80 character text or high resolution
|graphics

e e ——————— e +

I
|-
|
|
I
|
I
|
|
|
I
I
I
|
I
|
I
|
I
|
|
|
|

|

|
| |
| |
| |
| |
| |
| |
[ |
| |
| |
| |
| |
| BW |IBlack and White select. A |
| [
| |
| |
| |
[ |
| |
| |
| |
| |
| [
| |
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|address|Register

|
| (Hex)

| 3D9
I

| COLSEL
|

|

| BACK

716151 4

| Mode
|Control | | |

|
|1320X200 4 color blue _| |
lcontrol |
| |
| |
|

| GROUNDI | Alpha background

OVER
SCANI

| /320 Graphics Foreground
|intensity. When blink is
|enabled in Alpha mode, this
|bit is used to select
|intensity.

|In the 320 X 200 4 color mode

it selects the intensity of
|the foreground

|

|

|In Alpha Mode Screen Border

|intensity

|In 320 X 200 4 color mode sets

|Background intensity if PAO
land PAl = 0

|In 640 ¥ 200 2 color selects
|Foreground Intensity

I
OVER |

3

SCANR |In Alpha Mode Screen Border Red

|Background Red if PAO0 and PAl
|In 640X200 2 color selects Foreground

| Red

|

|
OVER

+
| Bit Programming
| i e s T T U SR
|
+
|

I 2|

0

SCANG |In Alpha Mode Screen Border Green
|In 320 X 200 4 color mode sets
|Background Green if PAQ and PAl
|In 640X200 2 color selects Foreground

|Green

|
|
OVER I

=0

SCANB |In Alpha Mode Screen Border Blue
|[In 320 X 200 4 color mode sets
|Background Blue if PAO and PAl
|In 640X200 2 color selects Foreground

|Blue

|
|
|
|
|
|
I
|
I
|
|
|
|
|
|
|
|
I -
| |In 320 X 200 4 color mode sets
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

=0

11

0

|Notes]|

[Write]

—t—————t

I
|
[
I
|
I
I
[
[
I
|
[
|
|
|
|
|
|
I
|
|
I
I
I
|
I
I
|
I
|
|
I
I
i
|
I
I
|
I
|

pmm———— e +
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| 3DA |Video
| |status

e

|
|CHSYNV |1 during ho
|

|CVSYNV |Egual 1 dur
|

|DISPENB|Equal 0 whe
I

+

| Bit Programming |
T s et e e e |
| 71 61 5141 3| 2] 11| 0 |Notes |
+
|

~

X121 71217 1%x1 x| |Read |

] I [ 11 [ 1 | | | lonly |
B et ] B e O B e e Bt T E R S
| | | |

riz. sync_| |
|
|

ing vertical sync_

n the display is active
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|Mode 0 with
|Register 3DE index
|5 bit 0 selects Video
|Address supplied to
| RAM

I

|CPUPG2 |Processor Page 2
|CPUPGl |Processor Page 1

| CPUPGO |Processor Page 0

| |

ICRTPG2 |CRT Page 2

| CRTPG1 |CRT Page 1

|CRTPGO |CRT Page 0

I
!
[
|
|
|ADRMO |
I
I
|
I
[
|

fm—————— e ————— e e e —_——————— —— +
|Address|Register | Bit Programming |
I I | mmmt e m e e e e
| {Hex) | | 71 61 5] 4] 3| 2] 1] 0 |Notes|
Fmm——— o e B s Sttt TR ST P IS S S +
| 3DF |CRT/Proc. [ I I R N I T R £ XY
I |Page Reg. N T Y Y I I | I I [Only |
ot |t = |t = | = | = =t | = [t = | -
| | | | | | |

| ADRM1 | | | | |

| (*%) |Video Address | | I |

|Mode 1 with Reg. | | [

|3DE index 5 bit 0 | | |

|selects Video | | |

| Address | | |

|supplied to RAM | | |

| | | [

| | |

(xk) |Vvideo Address | | |

| |

| [

| |

| [

| |

| |

[ |

|

| The processor page bits are combined with the CPU address |
|to select the 32K segment of memory accessed at B8000 |
|lhex. If an odd pagenumber is selected, the window is |
|reduced to 16K. |
| |
| The CRT page bits select the 16K Page used by the Video. |
|In 32K modes bit 0 is ignored. |
| |
[Note (**): These bits are used in conjunction with |
|register 3DE index 5, bit 0 to select the video addresses |
|to RAM. See the Video Addressing Modes Table. Also the |
|Graphics control bit ,3D8 bit 1, (GRPH) will force the |
|same condition as ADRMO.
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CONTROL BIT PROGRAMMING CHART
I=—=-I-—-I-=-I~~-I-—-I==-I~--I---I-—-I---I---1I

el

I

H -
— o
H
= 0
o
[ cal
H -
= a]
H o
B+
H
52l
H -
= &)
HoH
[GN: AT
HHH
=0
H H -

HIHIMIHIHTICTIC

I

=0n0Q

L B B

IOIHIUICIXISISIOICTIET

IE

E I

ILIOITIAICILTIOTI

I

IDIKIHILTI

I EIKTI

I-——-I-—=I--=I-—=I-=-I-—=I--~I-—=I---I-—=I---I

I0

I0OIO0OIXIXIXIOIOIXTIZXTIXTI

I-===T===l===T===T===T=w-T=m-J==-T=m-T-—T———]

I2

IOIOCIXIXIXTIOTI1l1IXTIXTIXTI

I-—=~I~==I-~=I-—=I~==I-==I===I===I-==I~==I-=-1

I4

IOI1IXIXIXIOIOTIOIOTIOTI

I~===J===I===J==-I~==I==~I-==I-==I-—=[-==I-~-1
IGIITXRTXTXILEOITGTOE O
I====I===]===I===]===I==-I==~I===I~-=[-—~I-~-1I

I6

I1I1IXIXIXI1IXIXIXIXTIZXTI

I-===I==-I===I===I===I==~I-==I--=I-—=[-—-I---1

17

I7HI1IXI1I1IO0OIXIXIXIXIOTI
I--==I===I===]===[===I==—J===I==-I===[==-I-~=I

I0OI1IXIXIXIOIOIOI1IOTI
I====I===I===]===]===I==~I===]=-=I~=~[-—~I-=-1

I8

I0I1IXIXIXIO0OI1lIO0OTIlIOoTl
I-——=I-—=I=~=I-==I-==I-—~I-—-I-—~J]-==]—~-T-—~]

9

I0OI1IXIXIXI1I1I1IO0TIOTI

I--—-I-—~I-==J~==I-=-I=—=J-—=I~—=I-—=I-—=I-—-1

IA

IOII1IXIXIXI1I1IO0OTI1l1lTI1lTI

I-~==I===I===I===I===I===T===]===T==-[===T-—~1

IE
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CRTC PROGRAMMING TABLE

[====—=- R e I
I CRTC I CRTC I VIDEO MODES I
I INDEX I REGISTER I I
I VALUE I I0I2I4I9I7IMHMIETI
I I I 1 I51AI I I I
I I I I I16I I I I I
I 1 I 1 18I I I I I
I===mm=elemseeecceemelome]ome[==e[===]-me]-==]~==]
I 00 I HORIZONTAL I38 I71 I38 I71 I6Ll I35 I71 I
I 1  TOTAL E ¥ © & ® T T I
I-———=—-I-———=—————=—==I-—-I——=I-—-I——~I-—-I-—-I-—-I
I 01 I HORIZONTAL I28 I50 I28 I50 I50 I2D I50 I
I IDISPLAYED I I I I I I I I
[=====m=]=====~mmerme]-=e]-==]-m=[—==[—==]-~=]~==]
I 02 I HORIZONTAL I2D I5A I2D I5A I52 I2E I5A I
I ISyNcpPOS 1 I I I I I I I
e L e——— e i e Ly 1 e Lo
I 03 I HORIZONTAL IF8 IFE IFB IFE IFF IF7 IFE I
1 ISYNCWIPTH I I I I I I I I
B B B B L B B I S |
I 04 I VERTICAL IIC IlC I7F I3F I19 I5B IFF I
I 1  TOTAL I ¥ © ¥ ¢ & I I
I-————- I-————————— I-—-I---I-—-I-—-I-——I-—-I-—I
I 05 I VERTICAL 1I01 IOl I06 I06 106 I02 I06 I
I I apjusT I I I I I I I I
I=——msws[mmemmme— i [ ] <o [mmm [ e [im = [ [ ==
I 06 I VERTICAL Il9 I19 164 I32 I19 I57 IC8 I
I I DISPLAYED I I I I I I I I
I-—mmmme I-—mememm———— I-—=I—==I——=J—==f——=I-==I-==]
I 07 I VERTICAL Ila Ila I70 I38 I19 I57 IE2 I
I I sysxcpPOS I I I I I I I I
I-—————-I--—-——————~-I-—-I-—-I-—-I-—-I-—-I-—-I-—-I
I 09 I SCAN LINES I08 I08 I02 I03 IOD I03 IO0 I
I I /JCHARACTER I I I I I 1 I I
I==mm——— I==mmrmm————— I-=~I===I===I=-=I=~=I===I~==I
I 0A ICURSOR STARTIO6 I06 IXX IXX IOB IXX IXX I
[e—m e [rimmesm i I~==I===[=~=[==a]~==]===]===1
I OB I CURSOR END I07 I07 IXX IXX I0OC IXX IXX I
I-———~—- I-—————m— I---I-——-I-—=I-——I-~-I-—I-—1I
I 0C ISCREEN HIGH I00 I00 I00 I00 I00 I00 I0O0 I
I-—————m T-—————mm e I-—-I-—-I-—-I-—=I-—=I-—=I——=I
I 0D I SCREEN LOW I00 I00 I00 I00 I00 I00 I00 I
[=~———= D — I=~=I=m=I===[===[===]===]~==1
I O0E ICURSOR HIGH I00 I0O0 IXX IXX I00 IXX IXX I
L B — I-—I-——I-——I-—-I-——I-—I-—1I
I OF I CURSOR LOW I00 I00 IXX IXX I00 IXX IXX I
Tmm — e I-————m I---I---I---I-=-I-=-I-—-I-—-I
I 10 I MODE I18 I18 I18 I18 I18 I18 I18 I
I I CONTROL I I I I I I I I
B ety GEE RSP SRS C s CE T CEES L CELS CEE |
I 12 I CHAR GEN 107 107 I07 107 I07 I07 I07 I
I-—————-I-———————————J==-I==—J=—-I=a-I==—J==w=I===I
I 13 ICHAR FNT PTRI0O0 I00 IXX IXX I10 IXX IXX I
I I=mmmmm—————— [ msion Pt i i T [ e e Do
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VIDEQ/SYSTEM MEMORY ADDRESS MAP

Fomm e R e +

I FFE8 BITS I VIDEOQ/SYSTEM MEMORY I VIDEQ/SYSTEM MEMORY I

I 321 E START ADDRESS I ADDRESS RANGE L

R et T B R +

I 000 I 00000 I 00000 - 1FFFF I

Fomm e o o ———— e e +

I 001l I 20000 I 20000 - 3FFFF 1

Fomm e o R e E e +

I 010 T 40000 I 40000 - S5FFFF I

Fom - e B +

I 011 1 60000 I 60000 - 7FFFF I

R e o +

I 100 I 80000 I 80000 - 9FFFF L

o ————— e T +

I 1 &k I = I No System Memory I

e e e e +

VIDEO MEMORY ADDRESSING MODES

Frmm e S R e — +
I 03DAI5 I 03DF I 03DF I I
I BITO I BIT 7 I BIT 6 I VIDEO MEMORY ORGANIZATION 1
I EXTADR I ADRM1 I ADRMO I 1
+ ———mt- + e e e —— e +
I 0 I 0 I 0 I 1 - 16K segment of memory (8 pages) I
Frm——————— Frm———— F——————— o e e e e ————— e +
I 0 I 0 I 1 1 2 - 8K segments of memory (8 pages) I
I I I I Switched on RAOQ I
o o R A e e e e e —————— +
I 0 I 1 I 0 I 2 - 16K segments of memry (4 pages) I
I I I I Switched on RAD I
e O oo T U ——— +
1 0 I 1 I 1 I 4 - BK segments of memory (4 pages) I
I I I I Switched on RA0 & RAl 1
P Fommm o e T T ——— +
I 1 I 0 1 0 I 1 — 32K (64K)segment of memory {4/2 pages)I
e e — = ——— F—rm——— e e e e e e e e e +
o Fomm to—— e e ———— +
I I
I Mode E uses the larger memory size (64K). 1
i I
I For 8 Page Modes the Video Pages are selected by CRTPG[2:0]. I
E For 4 Page Modes the Video Pages are selected by CRTPG[1:0]. I
T For 2 Page Modes the Video Pages are selected by CRTPG2. I
I I
Fmmee o e e e e e e e e e e +
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1.0 GENERAL

1.1 Functional Description

The P$S8J Tandy ASIC 1is contained in a 68 pin PLCC package, and

comprises the Printer port, a Serial
functien, and the Joystick function of

2.0 PIN LIST

PIN NAME PIN NO. DRIVE
vCC 1,35 =

VBB 59 ==

GND 18,52 =

RST 25 TTL in
CLK14M P TTL in
CLKZ2IN 37 TTL in
I0D0 — 10D7 14,15,16,17 Dslzls,

19,20,21,22 8 mA TS

IOR- 10 TTL in
I0OW- 11 DS1218
AD - AZ, A7 6,7,8,9 TTL in
€S0 ~ €82 3,4,5 TTL in
PINT 12 2 mA TS

({R5232) port, the Sound
the Tandy 1000 computers.

DESCRIPTION

Pawer inputs
Analcg Power input
Grounds

System reset signal,
active high.

Clock signal input,
14,31313 MHz, 50% duty
cycle.

Clock signal input,
either 24

MHz or 1.8B432 MHz, 50%
duty

cycle.

Eight bit peripheral data
bus intended to drive 5
AT type I/0 slots, as
wall as all on board
peripherals.

CPU/DMA I/0 Read signal,
active low. System
gcontrol line.

CPU/DMA I/0 Write signal,
active low. System
control line.

System address lines.
address decode inputs.

Printer Interrupt,
tristate.



PIN NAME

SINT

PPITIM

AUDIO_IN

SND_ouT

GAIN_ OUT

DRQ

TC

DACK1

WAIT-

JPOS1 - JPOS4

JSW1l - Jsw4

DAC_OUT

PDO -~ PD7

INIT

AFXT-
STROBE-

ACK-

PIN NOC.

13

68

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 mh OD

DsS1218

DS1218

An out

D51218

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-p.

Analog audio output, 2 V
P-P-

Analeog 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
veltages.

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-

CTs5-

R¥D-

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 bhusy input.
Printer fault input.

R5232 data terminal ready
sutput.

RS232 reguest 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

Storage Temperature: -65 150
Operating Temperature: 0 25 55
All output pins -0.5 7.0
411 input pins —0:5 7.0
Power Supply (Vcce) -0.5 7.0
Power dissipation 700

4.0 D. C. ELECTRICAL CHARACTERISTICS

4.1 Inputs

Leakage current Min_Typ Max

+/=-10

Vih {TTL in) 2.0 Vee+.5
vih (DS51218) 2.1 vece+.5
Vil -0.5 0.8
Input capacitance 10

PD0 - PD7, INIT, /AFXT, /STROBE

Min_Typ Max

Icl 4

vol 0.4
Ioh 1

Voh 2.4
Capacitive load 100

/WAIT

Iol 4
Vol 0.4
Capacitive load 100

DRQ, /TXD, /DTR, /RTS, PINT, SINT

Iol 2

Vol 0.4
Ioh 1

Voh 2.4
Capacitive load 40

Units

degrees C
degrees C
valts DC
volts DC
valts DC
milliwatts

Units

ud

volts DC
voelts DC
volts DC

pF

Units

ma at®
volts DC

mA

volts DC

pF

Units

ma
volts DC

pF

Units

mA
volts DC
mA
volts DC

PF



-

I10D0 - I0D7

Iol 8
Vol

Ich 2
voh 2.4
Capacitive load 100

Units

mA
volts DC
mA
vaelts DC
pF



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 nsSec
Tdhr (Data Hoeld (Read)) 10 30 nSec
Tdhw {Data Hold (Write}) 25 nSec
Addr ,C8x X X
—=>[ |<-- Tav —=>] |<--Tah
| |K=erar=ee TWpW———————~ >
| |
IOWB \ #
[{--—-Tdsu-——->|
| —=—=>| | <—=-Tdhw
I |1
BEkE: 200 Fesstioaseasampasos X b e

I/0 Write Cycle

addr ,CSx X X
-=>T | <-- Tav -->| |<--Tah
| | gmmmmmmm Trpw———————- >
| I
IORB \ /
[ I [
Tdacc-—-%| J ¢=——— -=>| |<--Tdh
Data =  sme—cssecsessesmesee X K=o = e

I/0 Read Cycle



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

When clocked by a 3.579545 MHz signal, the lowest frequency
generated by the 76496 ({with its 10 bit dividers) is 109.24 Hz.
It is desired to be able to generate lower freqguencies. An extra
bit of division will allow freguencies down to 54.62 Hz, or an

octave lower than the lowest 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 fregquency 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 CO0 - C3 Write
Access 76496 megacell

port R/W 7 6

DMAEN

HOO

1]

DICL— DMAEN DF1 DFO

Dac Function Select
Joystick

Sound Channel

Successive Approximation
Direct write to DAC

DMA Enable (for SA, direct
R/W)

DMA Disabled

DMA Enabled for SA, DA

DMA interrupt clear
DMA interrupt held clear
DMA interrupt allowed

DMA Interrupt enable
DMA EOP interrupt disabled
DMA EOP interrupt enabled

Sound Divider Sync Enable
Synchronization Disabled

Sync Enabled: Write to Cé
or C7 reloads all dividers

Sound Chip Extra Divide
Enable

Extra Divide disabled
Extra Divide enabled

reserved



Port C4 Read
[ Readback all bits except bit 3. 1In addition: ]
bit 7 = SAD- = Successive Approximation
done. Useful when polling
instead of DMA for
successive approximation.

bit 3 = DIO

il

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

Port C5 Write

Direct write to DAC (DF1,0 = 11 bin).
Pulse width and waveshape (DF1,0 = 01 bin}.
7 6 5 4 3 2 1 0
WSl WSO (res) (res) (res) PW2 PW1 PWO
Where:
W51 Wso = Waveshape select bits
0 0 = Pulse
0 1 = Ramp
1 0 = Triangle
1 1 = Reserved
PwW2 PWl PWQ
0 0 0 = 6.25% duty cycle
0 0 1 = 12.5% duty cycle
0 1 0 = 18.75% duty cycle
0 I 1 = 25.0% duty cycle
1 0 0 = 31.25% duty cycle
1 ] 1 = 37.5% duty cycle
1 1 0 = 43.75% duty cycle
1 1 1 = 50% duty cycle

Port C5 Read

Direct read of DAC (Succ. Approx.) (DF1,0
Direct read of Snd Control register (DFL,0

1X bin).
01 bin).



Port C6 R/W

Frequency LSB for DAC scound channel.

Port C7 R/W

Amplitude/frequency MSN for DAC sound channel.

SAMP3 SAMP2 SAMPl res Fl1 F10 F9 F8

The amplitude will be programmable in 7 levels, with
approximately 3 dB per level, The maximum level ('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 up 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 c¢ount 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 intc the sound freguendy 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 wvalue 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 te 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 Jjoystick 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 (bkit 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 is divided by 13 or 1. Bit D1 must be
high to enable the joystick functicn, and bit D2 must be high to
enable the sound chip functions. Bits D1 and D2 default te 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

Q065 R/W 1,4,7 Planar Control

00C0-00€C3 W all Sound Chip Data

00C4~-00C7 R/W all DAC Functions

0200-0207 R/W all Joystick Function
0378B-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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Floppy Disk Support Logic
Tandy Part #8041404
January 29, 1987

1.0 G@General Description

1.1 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,

and FDC interrupt signals.
1--[{CLK16M +5V |-~24
2——|WCK SWITCH |--23
3--|FDCCLK INT+ |——-22
4—— | RDDATA* DMA/INTE |=--21
5--| RDD DRQ |--20
6—— | RDW FDCINT |--19
7~-|FRES/S FDCDMRQ* |-—18
8-- | RW*/SEEK PSQ (--17
9—— | TRKO* Psl |--16
10--|F/TRKO WRD |--15
11--| STEP* WRE |--14
12--|GND WRDATA* |--13
Figure 1. Pin Assignment



1.2 DESCRIPTION OF PINS:

PIN NAME

CLK16M

WCK

FDCCLK

RDDATA
RDD

RDW
FRES/S
RW* /SEEK
TRKO*
F/TRKO
STEP*
GND
WRDATA*
WRE

WRD

PS1

PSO
FDCDMRQ*
FDCINT
DRQ
DMA/INTE
INT+
SWITCH

+5V

OUTPUT

OouTPUT

INPUT
ouTPUT
OUTPUT
INPUT
INPUT
INPUT
OUTPUT
OUTPUT

OUTPUT
INPUT
INPUT
INPUT
INPUT
OUTPUT
OUTPUT
INPUT
INPUT
INPUT
INPUT

TANDY COMPUTER PRODUCTE

DESCRIPTION

Frequency = 16.0000 Tolerance = 100pmm

If SWITCH = 0, period = 2 us, 250 ns pulse
If SWITCH = 1, period = 1 us, 250 ns pulse
If SWITCH = 0, then CLK16M/4
If SWITCH = 1, then CLK16M/2

Serial data from FDD

Serial data from FDC

Read Data Window

Step pulses to move head to another cylinder
Specifies seek mode when high

From FDD, indicating head is on track O
Te FDC, indicating head is con track 0
Moves head of FDD

Ground

Serial Data to FDD

Write Enable

Serial Data from FDC

Write precompensation status

Write precompensation status

DRQ delayed by 1.0 usec.

Interrupt reguest

FDC DMA Request

DMA request and PDC interrupt enable
Interrupt request generated by FDC

0 = low density drive

1 = high density drive

+5 Volts

C
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LDA

LE WRITE LIBDATA

PSQ,PS1 DATA

CLK 16 FDCCLK

SWITCH CLOCKS LICK

B 18 DF?TF{ ——F0
SEPRRATOR —HbiL

INT+ DMA FDCINT

DHA-1NTE CONTROL

DRQ LOGIE — e

TRKA FDC __ FLT-TR@

Be=SEEK | CONTROL o

FRSTE | OBIC |—SIEEx

BLOCK U 1AGRAN







2.0 ENVIROMENTAL SPECIFICATIONS

2.1 Storage temperature: -65°C min.,

3.0 DC ELECTRICAL SPECIFICATIONS

3.1 Absolute Maximum Rating:
Voltage on any pin

w.r.t, Ground: -0.5 min.,

3.2 Operating Electrical Specifications:
Min.
3.2.1 Operating Ambient:
Air Temperatue Range 0

3.2.2 Power Supplies:
vCc 4.5
VSS Q
ICC

Total Power

3.2.3 Leakage Current, All Inputs:
Vin = 0.0 v

Vin = 5.0 v
3.2.4 Input voltages:

3.2.4.1 Except RDDATA*, TRK¥*
Logic "O"
Logic "1" 2.0
3.2.4.2 RDDATA*, TRK*
Positive going threshold
Negative going threshold
Hysteresis voltage 220

3.2.5 Qutput Voltages:
3.2.5.1 Except WRDATA*, STEP*
Logic "0" @ 4.0 mA load
Logic "1" @ 4.0 mA load 2.4

3.2.5.2 WRDATA*, STEP*
Logic "0" @ 48 mA

3.2.6 Input Capacitance (0.0 < Vvin < 5.0)
All inputs

3.2.7 Output Capacitance
All loads

TANDY COMPUTER PRODUCTS

+150°C max.
2.2 Operating temperature: 0°C min., +25°C typ, +70°C max.

7.0 max.
Typ. Max.
25 70
5.0 LT
1} 0

-10

+10

.8
1.8
1.2

.4

«5

10

50

volts

volts
volts
milli-
amps
milli-
watts

micro-
amps
micro-
amps

volts
volts

volts
volts
milli-
volts

volts
volts

volts

pf

pf




AC CHARACTERISTICS
FDCCLK Timing

Parameter

H
rRrtp

CY
WRDATA* Timing

WCK . ,~WE

WCKE—WEE

PSD

WDD

WDA

WRDx

WDDH-WRDL early
WDD —WRDp, nominal

WDD,-WRD[ late
DMA/INTERRUPT Timing

IH—FIH

I -FIL

D& -FI

L

WCRH—DRQH
WCKL—DRQ
DRQH~FDR
DRQ; -FDRQ;
DI, -FDRQ

FC g~ FDRQy

TANDY COMPUTER PRODUCTS

Min

90

100
245

100

20
20
20
20

115
150
275
400

750

¢ Typ. Max.
120 130
5 10
120 160
250 255
250 250
5 10

toy=(tyttptty)

100

100
WCK4-50
125 135
250

ath

500

30
30

=20
1050
30
30
30

nsSec
nSec

uSec

nSec
nSec
nsSec
nSec
nsSec
nSec
nSec
nSec
nSec

nSec
nSec
nSec
nSec
nSec
nSec
nSec
nSec
nSec




-

4.5

Hpn

ngh

"Cll

CONTROL Timing

Parameter

-5
R -gﬁ
DATA SEPARATOR Timing

RDA.
RDA; -RDDy

RDD
RDW?ND)

RDA
RDWC—RDDH

RDAS
RDWC_RDDB

RDAg
RDW--RDDy

TANDY COMPUTER PRODUCTS

Min,

200
188
240
850

3062
15

4812

5062
15

TYP.

350

250
875
2.0

Max.

30
30
30
30
30
30

550
313
260
300

1938

Units

nSec
nSec
nSec
nSec
pSec

nSec
nSec

nSec
nSec

nSec
nSec
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FDSL AC TIMING

FiG.1 FDCCLK /——\_/

be—ta—s] pe—tr—>|
f——— tcy——]
tR—>] le— —| je—1tF

FIG.2 WCK /——\ /

] b ] fo 17
et |}« t —

be tey |

—l'{ F—WCKH—WEH WCKL—WE, —»

w1\

PSD, W'DD_,J |_‘_ "
WDAN - "'_H

WRDL(EARLY) “‘— Whaw I_, WDAH— L,WRDw
WRDLINOM) | __ wpAy - WRDL(LATE)

FIG.3 WRITE DATA TIMING.
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: :
l 1]
1 [}
| i
IH—FIH_..| [ _,j je—IL—FIL _..[ i.‘_._DIL—FIL

weK [\ M\

1
1
(]
!
]
I
1
1
1
i
]

: —»1' i-q-WCKL—
fi 1\ DRQH

1
s} {«DRQL-FDRQL_»| [« DIt FDRQy,
WCKH-DRQH | [ 5] 'r._ FCKy - FDRQy
}« DRQH —»|
FDRQu

=}
=]
£

FIG.4 DMA/INTERRUPT TIMING.
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RW* - SEEK \
TRK0* A f \
|
FLT-TKO0 f: \ f \
I

| |
TL—FTH—D{ fee —l le— Ty-FTL l«RSL-FTL

FR-STP _/—\_[—

1

|

STEP® A / —
| ! 1

Hy L

FH-SL—] |« — i*-— F1—Su

B I S

T
—] }=—RSL-Sy

FIG.5 CONTROL LOGIC TIMING.
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uAP

“B"

“«c"

—] |«—RDAL-RDDH —| |«—RDDw

I
1
i

RDDyi - RDWc>| e —»| j« RDWc—RDDy
K f— RDW(ND)w —>|

RDATW——BDAS_.\_/
RDDJ fi_\_
Row A X |

RDW

-

N b Bl
i T\ RDAs NS
/\ /\

A A A

L RDWc —RDDH.—.i f—

FIG. 6 DATA SEPARATOR TIMING.
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FUNCTIONAL DESCRIPTIONS

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

- Programmable Peripheral Interface (PPI)

- Keybocard Interface Logic

- Fleppy Disk Interface Logic

- Pregrammable Interrupt (eguivalent to Intel B259Aa)
and sharing interrupt legic

- Programmable Timer (equivalent tc 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 € (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 keybcard 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 74L5322, 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 DS0B,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
te an Intel 8254-5 and is designed to use with the Tandy 1000 TX.
It is crganized 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 IRQ1 (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 hit 3 when bit 3 is HIGH.

e
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INPUT/OUTPUT PIN DESCRIPTIONS

# Signal Output Pin Type Descriptions
Current Number
1 XDO Bma 14 1/0 Data bus 0
{8§.T input)
2 XD1 8ma 15 /0 Data bus 1
(S.T input)
3 XD2 8ma 16 1/0 Data bus 2
{(5.T input)
4 XD3 Bma 17 1/0 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
{(5.T input}
7 XD6 8ma 21 /0 Data bus 6
(5.T input)
8 XD7 8ma 22 1/0 Data bus 07
{8§.T input)
9 SAD 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/0 address
decode LSB
14 B 33 I CPU I/0 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



-

# Signal Output Pin Ty pe Descriptions
Current Number
18 14MHZ 27 I Clock signal
14.318 MHZ
19 BUSY 8ma 58 0 Keyboard busy
(0.C., Pull up)* When High
20 KYBDTYP 61 I Keyboard type
(Pull-up) select. When
High, selects IBM
PC Kkeybocard.
When Low selects
Tandy keyboard
21 PPITM 2ma 12 6] Programmable
Peripheral
Interface Timer
output signal
for sound generator.
22 KBDDATA 8ma 60 I/0 Input data signal
(3-state) from keyboard.
In the IBM PC
keyboard this pin
is used as an output
to hold the data
Low.
23 KBDCLK 8ma 59 I/0 Input clock signal
(3-state) from keyboard. In
the IBM PC keyboard
this pin is used as
an output tc hold
the clock LOW.
24 DSOB 8ma 57 o] Drive select signal
(C.C. Pull up*) When Low.
25 DS1B 8ma 56 o} Drive select signal
(0.C. Pull up*) when is LOW.
26 DS2B 8ma 55 o Drive select signal
(0.C. Pull_up*) when is LOW.
27 DCB 38 I Disk change signal
(Pull_up) when is LOW



Output
Current

Pin
Number

Descriptions

29

30

3l

32

33

34

35

36

37

38

FDCRST

RESET

MTRONB
{0.C.)

FDHSELI

FDHSELOB
(0.C.)

FDWREIL

FDWREOB
(0.C.)

FDDIRI

FDDIROB

(0.C.}

FDCCHPB

dma

léma

léma

léma

léma

4ma

46

66

53

42

49

41

50

40

51

47

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 frem floppy
disk controller.

Head select input
signal for floppy i’
drives when is LOW. -

Write enable input
signal from £loppy
disk controller.

Write enable cutput
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.
-’



40

41

42

43

44

45

46

47

48

49

Current

Pin
Number

Descriptions

FDACKIB

FDACKOB 2ma

FDCINT

FDCDMRQ

FDCDRQ 4ma

IRQZ2
{5.T. Pull up)

IRQ3
{S§.T. Pull up)

IRQ4
(5.T. Pull up)

IRQ5
(5.T. Pull up)

1IRQ6
(3-state, Pull up)

IRQ7
(3.7. Pull up)

45

39

43

48

10

FDC contreller
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
reguest input signal
to DMA when is LOW

Floppy disk service
regquest ocutput
signal tc the DMA
when is LOW

Interrupt request 2
input signal

Interrupt reguest 3
input signal

Interrupt request 4
input signal

Interrupt reguest 5
input signal

Interrupt reguest 6
input/output signal

Interrupt reguest 7
input signal



Signal Qutput

51

Current
INTAB
INTR 2ma
RTCINTB

52

53

54

55

56

57

58

59

60

(S.T. Pull_up)

NOVDI

NOVCE 2ma
NOVDO 2ma
NOVCK 2ma
RFRSHB

REFREQ 2ma
COL/MON
PARCHK

Descriptions

Pin Type
Number

4 1
11 o]
2 1
26 I
23 o]
25 o]
24 0
3 1
13 0
68 I
67 b

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

Interrupt request
signal. This signal
is used to interrupt
the CPU when HIGH

Real time clock
interrupt signal
from the Real Time
Clock device when
LOW.

NOV_RAM data in
signal

NOV_RAM chip enable
signal

NOV_RAM data out
signal

NOV_RAM clock

DMA acknowledge
signal from B237.
This signal is
active HIGH

DMA Request signal
for B237. This
signal is active
HIGH

Input configuration
control signal

Parity Check input
signal



# Sig
61 vCe
62 VCC
63 GND
64 GND
65 not
66 not
67 not
68 not
Notes:-

used
used
used
used

0.C.
3-Sta
= g
* =

M

Cutput Pin Type Descriptions
Current Number

1 Power supply +5V
35 Power supply +5V
52 Ground

18 Ground

62

63

64

65

= Open_Collector
te = Tri_State

= Schmitt Trigger

ax.=l.6éma, Min.=0.4ma sinking current.

These signals must have external termination.



1/0 MAPS

I/0 Signal Definition:

Address Range Hex

0020 - 0027
0040 - 0047
00co - oo0c7y
0060 - 0067

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

037C

10

Function
Interrupts
Timer

Sound

PPI

Planar Register
Floppy

Joystick
Printer

NOVRAM

Serial

Non IBM compatible
Inactive



Register Definition:

Address Range Hex Bit Description
Interrupt
0020 - Initialization Command
Word 1
0021 = Initialization Command
Word 2
Q022 - 0027 Not used
Timer
D040/0044 n Timer
004170045 - Timer
0042/0047 - Timer
Note: - = refers to system I/0 maps.
PPI/Keyboard
Address Range Hex Bit Description

0060 - Port A

~m e WO

0061 - Port B

WO WO

13

Keyboard Read Data Input
Read only Keybcard bit
Read only Keyboard bit
Read only Keyboard bit
Read only Keyboard bit
Read only Keybecard bit
Read only Keyboard bit
Read only Keyboard bit
Read only Keyboard bit

LSB

SN BEWN O

Read/Write

R/W Timer gate $#2 enable

R/W Spezker data out enable
R/W not used

R/w not used

R/W l=disable internal speaker
R/W not used

R/W HOLDCK

R/W 1l=keyboard clear



Address Range Hex

0062 - pPort C

0063-0064

Planar Control

0065

0066

0067

STl O

NOounbBswhNEO

Non Volatile Memory Access

037¢C

~Nouns Wl HO

12

Description

Read/Write

R/W not used

R/W not used

R/W not used

R/W O=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 Bit Description

03F0 Not used

03F1 FDC Mode Control
Not used

Write - Drive Select switch
0= 0-0 1-1

1 = 0-1 1~0

Not used

Not used

Not used

Not used

Not used

Not used

=<

-1 T LN e L B

03F2 FDC Digital Output Register
(DOR)
Write Only

DSO DS1 DS2

0 Write - 0 1 0
1 Write - 0 0 1
2 Write — FDC reset
3 Write - Enable DMA Reg/Int.
4 Write — Drive 0 Motor ON
5 Write - Drive 1 Motor ON
6 Not used
7 Not used
03F3 Not used
03F4 FDC chip select
03F5 FDC chip select
03F6 Not used
03F7 FDC Data Rate Selection
0 Not used
1 Write - Data Rate
0 = 500K bits per second
1 = 250K bits per second
2 Not used
3 Not used
4 Not used
B Not used
6 Not used
7 D=Disk Change

13



System Configuration Register

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

0=Tandy Keyboard

1=101 Enhanced Reyboard

N &WN-HO

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

Adddress 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

| VYoltage, any pin

| Power Dissipation

D.C. Electrical Characteri

{vdd |Supply Voltage

|J¥il | Input Low Voltage

|vel |Output Low Voltage
| |Unless otherwise spe

|voh |Output High Voltage
| |Unless otherwise spe

|Voh {INTR) Output High
| |[Vvoltage for INTR

|Za |Cutput Capacitance
| |XD0 — XD7

Notes: A. 50 PF is used in

| | !
! | |
| -0.5 | |
mfmmmmm R e | =-mmmmmm 1
| | |
| | |

stics at Ta= 0 to 70 degree Celsius

| Min. | Typ. | Max. |Unit|Condition]|
==|======|======|======z|====|=========
| 4.5 | | 5.5 |V | |
mfmmm s | motmmin [immmmes | =i | BeemEa—e |
\ | | 0.8 |V |TTL inputl|
o[ | ==---- | -—--- e . |
| 2.0 | | v |TTL input]|
o | s | e l=zz=—— [ Bt ppn s |
£t | =10 | | 10 lua | |
| memE= | s e e |
| | | 10 |PF | |
el e | Sm=— e e |- |
| | | 0.4 |V | 2MA |
cified in I/0 Pin Descriptions |
R | -————~ |-————- B |
| 2.4 | I v [-2MA I
cified in I/0 Pin Descriptions |
e | ===  aimiaden el ittt |
| -10 | | 10 lua | |
=== | ——==m- Jimimisans = | i | s |
| 3.5 | | |v |@ -100ua |
| 2.4 | | |V |@ -400ua |
e === s et e |
| | | | | |
| 100 | | |PF  |Note A |

manufacture test.
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KEYBOARD TIMING SPECIFICATIONS

|NUM., Parameter | Min. | Typ. | Max |Unit]| |
| s=======ce=c==========s====|ss====|======|======|==== | s========|
| 1  Address valid to IOWB | 15 | | | ns | |
[ active | | I | | |
| | frommim s | —————= J=m—— | = |
| la Address hold from IOWB| 20 | | | ns | |
| Inactive | | | J | |
[ == e [~ | | mm———— | —=m=] |
| 2 IOWB pulse width | 125 | | | ns | |
| —= [mm———— | == | === e B |
| 3 Data setup from IOWB | 65 | | | ns | Write |
| Inactive | | | | | |
| ——— e | F=mmmim = | ===~ === | ————— |
| 4 Data hold from IOWB | 30 | | | ns | Write |
| Inactive | | | | [ |
[ ==~ | o [mmm——— [ | === | —mm - |
| 5 Address valid tb IORB | 15 | I | ns | I
| active | | | | | ]
| === e [ === [ m=mm— [t [———= == |
| 52 Address hold from | 30 | | | ms | Read |
| IORB inactive | I | | : |
ittt Sl B e | ===~ [==rm—m [ === [—=——=| === |
| 6 IORB pulse width | 120 | | | ns | |
| e | | =it | == Rmm= | = e |
| 7 Data hold/release | 5 | { 55 | ns | Read |
| from ICRB inactive | | [ | |

= | = | e |=—==== [==—= | m———— |
| 8 Data access time | | | 100 | ns | Read |

| I | | |

16



I/0 Write Cycle

Address Cs. X X
| [
1-=>1  [|<=-= la-=->| [<--
[r=mmene 2 e > |
IOWB \ /
3—==>] | <=~
| 4===>| | <===
[ |
Data X X
I/0 Read Cycle
Address Cs. X X
I [
5=>| |<-- 5a-->| |<--
[ {=m=m=ee & ——————= >
IORRE \ '
-=>| [<---8
I [ T===p| |L===
| I
Data X X

17



FLOPPY DISK TIMING SPECIFICATIONS:

|NUM. Parameter | Min. | Typ. | Max |Unit| |
|::::::::::::::::x::::::====|==::==|==:===|:=::::l====]======::=|
| 1 Address setup from | 15 | | . ns | |
| IOWB active | | | | | |
| m e [prommnis et | fe— e |
| la Address hold from IOWB] 20 | | | ns | |
| Inactive ! I \ | | J
| = | =i | Eemme | === | ===~ | == |
| 2 I0WB pulse width | 125 : | : ns | [
| mm | emmma | s e | mREEnme—— |
| 3 Data setup from IOWB | 65 | | | ns | |
| inactive [ I I | | |
[ =mmm e | === | S [ [-—== == |
| 4 Data hold from IOWB | 30 | \ | ns | |
| inactive | | | | | |
[ == [ s [ | === | —=—=]=mmm————— |
| 5 DSOB-DS2B,FDCRST, | | | 43 | ns | I
I MTRONB inactive delay | | [ [ [ |
| from IOWB inactive | | | | |
= s s s f i, [ | e |
] 6 DS0B-DS2B,FDCRST, [ [ [ 41 | ns | |
| MTRONB active delay | | | | | I
| from IOWB inactive | | | | |
I/0 Write Cycle
Address Cs, X X

[T [ |

1=->| |<— la~=>| | <=~
[ === I >

I0WB \ 7

3-==3] fiiees

| 4——-> | ¢———
| | |
Data X X
5-->1 | <—-
6-=>] [<--
_t_.

DS0B-DS2B  Low te High _ /

High to LOW

PROGRAMMABLE INTERRUPT TIMING AND DESCRIPTIONS
Must meet Intel B8259A. 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

/*t*******ii**********i****************************************/

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

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

/**  Inputs *%/

PIN 1 = sall H /* System address 1 */
PIN 2 = s5a00 : /* System address 0 */
PIN 3 = sal2 F /* 8ystem address 2 */
PIN 4 = liow : /* 1/0 Write */
PIN 5 = ltior ; /* I/0 Read */
PIN [ = fdcport ; /* FDC Port 03F0-03F8 hex */
PIN 7 = lkeyport ; /* Keyboard Port 0060 - 0067 *if
/**  Qutputs *%/

PIN 9 = tfdmdrd ; /% Read FDC Port 03F7 hex */
PIN 11 = (Edmdwt ; /* Write FDC Port 03F7 hex */
PIN 12 = tfdcchp /* FDC Chip Select 03F4 - Q3F5 */
FPIN 13 = dorltch ; /* Write DORLTCH Port 03F2 ®
PIN 14 = drvsck H /* Write Port 03FLl DriveSwitch */
PIN 15 = writdp ; /* Write Keyboard Port 0067 or D*/
PIN 16 = cp ; /* Port 0062 or C * /7
PIN 17 = bp : /* Port 0061 or B ®/
PIN 18 = readap H /* Read Port 0060 */
PIN 19 = Ccsen H /* Chip Select Enable Port 0065 */

/** Logic Equations #**%/

fdmdrd = fdcport & sal2 & sall & sall & ior;
fdmdwt = fdeport & sal2 & sall & sall & iow:
fdcchp = fdeport & sal2 & lsall;

tdorltch = fdcport & iow & !saD2 & sall & !sall;
!drvsck = fdcport & iow & lsa02 & !sall & saC0;
'readap = keyport & ior & !sal2 & !sall & !sa00;

bp = keyport & !sal2 & !sall & sal0;

cp keyport & lsal2 & sall & tsa0d;

csen = kReyport & sal2 & !sall & sal0;

19






ﬂ'-" Dallas Semiconductor

¥ TimeChip

FEATURES

* TimeChip keeps track of hundredths
of seconds, seconds, minutes, hours,
days, date of the month, months, and
years

s Adjusts for months with fewer than 31
days

= |_eap year automatically corrected
® No address space required

* Provides nonvolatile controller func-
tions for battery backing up RAM

* Supports redundant batteries for high-
rel applications

* Uses a 32.768 KHz watch crystal
* Full 10% operating range

* Operating temperature range 0°C to
70°C
® Space saving 16-pin DIP package

DESCRIPTION

DS1215
PIN CONNECTIONS
S = R wE Vool
X Oz 1503 veco
WE 3 [0 BAT,
BAaT, O+ 3@ RST
GND 5 121 BE
0 s np@ GE
o O wpP  CEo
GaND s 90  ROMIRAM
PIN NAMES

Pins 1 & 2- X4, X2 - 32.768 KHz Crystal
Connections

Pin 3 - WE - Write Enable
Pin 4 - BATq - Battery 1 Input
Pins 5 &8- GND - Ground
Pin 6 - D - Data In
Pin 7 -Q - Data Out
Pin 9 - ROM/

RAM - ROM-RAM Select
Pin 10 - CEQ - Chip Enable Qut
Pin 11 - CEl - Chip Enable Input
Pin 12 - OE - OQutput Enable
Pin 13 - RST - Reset
Pin 14 - BAT2 - Battery 2 Input
Pin 15 - Voo - +5V Output
Pin 16 - Vggl - +5V DC Input

The DS1215 is a combination of a CMOS timekeeper and a nonvolatile memory controller. In
the absence of power, an external battery maintains the timekeeping operation and provides
power for a CMOS static RAM. The watch provides hundredths of seconds, seconds, min-
utes, hours, day, date, month, and year information, while the nonvolatile controller supplies
all the necessary support circuitry to convert a CMOS RAM to a nonvolatile memory. The
DS1215 can be interfaced with either RAM or ROM without leaving gaps in memory.

The last date of the month is autematically adjusted for months with less than 31 days, in-
cluding correction for leap year every four years. The watch operates in one of two formats: a
12-hour mode with an AM/PM indicator, or a 24-hour mode.




The nonvolatile memory controller portion of the circuit is designed to handle power fail
detection, memory write protection, and battery redundancy. In short, the controller changes
standard CMOS memories into nonvolatile memories, and provides continuous power to the
TimeChip. Alternatively the TimeChip can be used with ROM memory by controlling the Chip
Enable Output signal (CEO) while the TimeChip is being accessed.

OPERATION

The block diagram of Figure 3 illustrates the main elements of the TimeChip. Communica-
tion with the TimeChip is established by pattern recognition of a serial bit stream of 64 bits
which must be matched by executing 64 consecutive write cycles containing the proper data
on Data In (D). All accesses which oceur prior to recognition of the 64-bit pattern are directed
to memory via the Chip Enable Qutput pin (CEO).

After recognition is established, the next 64 read or write cycles either extract or update data
in the TimeChip and Chip Enable Output remains high during this time, disabling the con-
nected memory.

Data transfer to and from the timekeeping function is accomplished with a serial bit stream
under control of chip enable (CEI}, output enable (QE), and write enable (WE). Initially, a read
cycle using the CEl and OE control of the TimeChip starts the pattern recognition sequence
by moving a pointer to the first bit of the 64-bit comparison register. Next, 64 consecutive
write cycles are executed using the CEl and WE control of the TimeChip. These 64 write
cycles are used only to gain access to the TimeChip.

When the first write cycle is executed, it is ccmpared to bit 1 of the 64-bit comparison
register. If a match is found, the pointer increments to the next location of the comparison
register and awaits the next write cycle. If a match is not found, the pointer does not ad-
vance and all subsequent write cycles are ignored. If a read cycle occurs at any time during
pattern recognition, the present sequence is aborted and the comparison register pointer is
reset. Pattern recognition continues for a total of 64 write cycles as described above until all
the bits in the comparison register have been matched. (This bit pattern is shown in Figure
1). With a correct match for 64 bits, the TimeChip is enabled and data transfer to or from the
timekeeping registers may proceed. The next 64 cycles will cause the TimeChip to either
receive data on D, or transmit data on Q, depending on the level of OE pin or the WE pin.
Cycles to other locations outside the memary block can be interleaved with CEI cycles
without interrupting the pattern recognition sequence or data transfer sequence to the
TimeChip.

A 32,786 Hz quartz crystal, Seiko part no. DS-VT-200 or equivalent, can be directly connected
to the DS1215 via pins 1 and 2 (X1, X2). The crystal selected for use should have a specified
load capacitance (C|) of 6 pF.
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NONVOLATILE CONTROLLER OPERATION

The operation of the nonvolatile controller circuits within the TimeChip is determined by the
level of the ROM/RAM select pin. When ROM/RAM is connected to ground, the controller is
set in the RAM mode and performs the circuit functions required to make static CMOS RAM
and the timekeeping function nonvolatile. First a switch is provided to direct power from the
battery inputs or VG| te Vooo with a maximum voltage drop of 0.2 volts. The Vg output
pinis used to supply uninterrupted power to CMQOS static RAM. The DS1215 also performs
redundant battery control for high reliability. On power fail the battery with the highest
voltage is automatically switched to Vgco. If only one battery is used in the system, the
unused battery input should be connected to ground. The DS1215 provides the function of
safeguarding the TimeChip and RAM data by power fail detection and write protection.
Power fail detection occurs when Vg falls below VTP which is equal to 1.26 x VBAT. The
DS1215 constantly monitors the Vol supply pin. When Ve is less than VTP, a comparatar
outputs a power fail signal to the control logic. The power fail signal forces the chip enable
output (CEO) to ch_%r VAT — 0.2 volts for external RAM write protection. During nominal
supply conditions, CEO will track CE! with a maximum propagation delay of 20 ns. Internally,
the DS1215 aborts any data transfer in progress without changing any of the TimeChip
registers and prevents future access until Voo exceeds VTP. A typical RAM/TimeChip inter-
face is illustrated in Figure 4.

When the ROM/RAM pin is connected to Vo0, the controller is set in the ROM mode. Since
ROM Is a read-only device which retains data in the absence of power, battery backup and
write protection is not required. As a result, the chip enable logic will not force CEQ high
when power fails. However, the TimeChip does retain the same internal nonvolatility and
write protection as described in the RAM mode. In addition, the chip enable output is set
at a low level on power fail as Vg falls below the level of VBAT. A typical ROM/TimeChip
interface is illustrated in Figure 5.




TIMECHIP COMPARISON REGISTER DEFINITION Figure 1

7 6 5 4 3 2 1 0

Byte 0 r{ 1 1 0 0 0 1 0 1 }“ G5
Byte 1 ’_' 0 0 1 1 1 0 1 0 ]‘J 3A
Byte 2 [j 1 0 1 0 0 0 1 1 }‘J A3
Byte 3 ﬁ 0 1 0] 1 1 1 0 0 )‘J 5C
Byte 4 r‘ 1 1 0 0 0 1 o 1 }J C5
Byte 5 "“ 0 0 1 1 1 0 1 0 PJ 3A
Byte 6 ’_( 1 0 1 0 0 0 1 1 ﬁ A3
Byte 7 | 0 1 0 1 1 1 0 0 }‘J 5C
Note:

The pattern recognition in Hex is C5, 3A, A3, 5C, C5, 3A, A3, 5C. The odds of this pattern being
accidentally duplicated and causing inadvertent entry to the TimeChip is less than 1 in 108,

TIMECHIP REQISTER INFORMATION
The TimeChip information is contained in 8 registers of 8 bits each which are sequentially
accessed one bit at a time after the 64-bit pattern recognition sequence has been completed.
When updating the TimeChip registers, each must be handled in groups of 8 bits. Writing
and reading individual bits within a register could produce erroneous results. These read/
write registers are defined in Figure 2.

Data contained in the TimeChip registers are not binary coded decimal format (BCD) in
12-hour mode. Reading and writing the registers is always accomplished by stepping
through all B registers, starting with bit 0 of register 0 and ending with bit 7 of register 7.




TIMECHIP REGISTER DEFINITION Figure 2

Register 7 6 5 4 3 2 1 0 Range (BCD)
0 0.1 SEC 0.01 SEC = 00-99
7 0
1 |— 0 10 SEC SECONDS & 00-59
7 0
2 r 0 10 MIN MINUTES < 00-59
7 0
01-1
3 ﬁ 12124 | o [M%p | HR 1 HOUR i‘ 0023
7 0
4 r 0 0 OSC | RST 0 DAY 01-07
7 0 J
5 0 0 10DATE DATE 01-31
7 0
B 0 0 0 19 L
MONTH MONTH 01-12
7 0
7 10 YEAR YEAR ' 00-99

AM-PMI12/24 MODE

Bit 7 of the hours register is defined as the 12- or 24-hour mode select bit. When high, the
12-hour mode is selected. In the 12-hour mode, bit 5 is the AM/PM bit with logic high being
PM. In the 24-hour mode, bit 5 is the second 10-hour bit (20-23 hours).

OSCILLATOR AND RESET BITS

Bits 4 and 5 of the day register are used to control the reset and oscillator functions. Bit 4
controls the reset pin (Pin 13). When the reset bit is set to logical 1, the reset input pin is ig-
nored. When the reset bit is set to logical 0, a low input on the reset pin will cause the Time-
Chip to abort data transfer without changing data in the timekeeping registers. Reset
operates independently of all other inputs. Bit 5 controls the oscillator. When set to Logic 0
the oscillator turns on and the watch becomes operational.

ZERO BITS
Registers 1, 2, 3, 4, 5, and 6 contain one or more bits which will always read logical 0. When
writing these locations, either a logical 1 or 0 is acceptable.




TIMECHIP BLOCK DIAGRAM Figure 3

Xq
azveshz —=— ]
o |:| X ClockiCalendar Logic
ROM/RAM 2
CEO
Update
CEl
—-
—_ Read
OF Control
—_—
| 2
WE i wrile Timekeeping Reglster
—_—
_— Pawer Fail
RAST
—_—
Access
Enable Comparison Register
Sequence
Detector
0 I
—_—
' Data
IO Bullers
a
] Internal Voo
Power Fall v,
[ P —— Dotect cco
Logic
BAT1 BAT2

—_



RAMITIMECHIP INTERFACE Figure 4

CMOS RAM
ot T N
WE WE
_ _ Data 10 K > 0y
OF 5F _/
Data 1Q [*——oy
CE  Vec
D81215
10 | =—
geo vecol
12 &
OE o)
3| __ 7
WE [+]
“E TIE e 16
CE ——— MTH  vgg [— +5voC
AST 13 Aomr | g
— o T
4 14 =
BAT, BAT, Or tie to GHND tor
+ cne-haltery operation

"T Iyl T

32768 Hz




ROMITIMECHIP INTERFACE Figure 5

Aghn

RST

Lo

32768 Hz

ROM
V
ADD cc +5V
p Z
Data 116 ) 2z e >
Ag ~
Data 110
OE
Ag CE
DS1215
6 — |10
o CEC
2] __ 7
CE Q
3l 16
WE Veot +5V
ml__ 15
—— B Ycco
Y romi|®
RAM
4 14
BAT, BAT, 4 Or tie to GND for
+ | +| one-battery operalion

BAT,

1
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any Pin Relative to Ground -1.0V to +7.0V
Operating Temperature 0°C to 70°C

Storage Temperature -85°C to 125°C

Soldering Temperature 260°C for 10 Sec

*This Is & stress raling only and functicnal operation of the device al these or any other conditions above those Indicaled in Ihe operalion sections
of this specificalion is not implied. Exposure to absolule maximum rating cenditions lor extended periods of time may atfect reliability.

RECOMMENDED D.C. OPERATING CONDITIONS (0°Cto 70°C)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Voltage vee 4.5 5.0 55 A 1
Logic 1 ViH 2.2 Ve +0.3 vV 1
Logic 0 ViL -03 +0.8 v 1
AL Volal? | VeaT 25 a7 v 7

D.C. ELECTRICAL CHARACTERISTICS {0°Cto 70°C, Voo = 4.5t05.5V)
Supply Current ool 5 mA 6

Supply Current

Voco=Vegi-0.2 | 'ccot i A 8
Input Leakage he ~1.0 +1.0 uA
Output Leakage ILo -1.0 +1.0 uA
Output @2.4V I0H -1.0 mA 2
Output @0.4V loL 4.0 mA 2

(0°C to 70°C, Vg 4.5V)

CEO v Vgel or

CEOQO Qutput OH1 VBAT- 0.2 Y 9

VBAT1 or VBAT2

Baitery Current IBAT 1 LA 6
Battery Backup Current

@Voco=Vpar-0.2v | 'CCO2 10 HA 10




CAPACITANCE (tp =25°C)

PARAMETER SYMBOL MiIN UNITS NOTES
Input

Capacitance CIN 5 pF
Qutput

Capacitance Cout 7 PF

A.C.ELECTRICAL CHARACTERISTICS ROM/RAM =GND (0°Cto70°C,Vgc =4.5t05.5V)

PARAMETER SYMBOL | MIN TYP MAX UNITS | NOTES
Read Cycie Time tRC 250 ns
CEl Access Time tco 200 ns
OE Access Time toE 100 ns
CEl To Output Low Z tCOE 10 ns
OE To Output Low Z tOEE 10 ns
CEl To Output High Z toD 100 ns
OE To Cutput High Z topo 100 ns
Read Recovery tRR 50 ns
Write Cycle twe 250 ns
Write Pulse Width twp 170 ns
Write Recovery twR 50 ns 4
Data Set Up tps 100 ns 5
Data Hold Time tpH 10 ns 5
CEl Pulse Width tow 170 ns
RST Pulse Width tRST 200 ns
CEl Propagation Delay tpp 5 10 20 ns 2,3
CEl High to Power Fail tpr 0 ns
(0°C to 70°C, Voo <4.5V)
Recovery at Power Up tREC 2 ms
Vcg Slew Rate 4.5 - 3.0V tF 0 ms




TIMING DIAQRAM—READ CYCLE TO TIMECHIP ROM/RAM=GND

WE = VIH
i |
|+—— AR
fco
cEl — || 7
s
‘ob
s 10E —
QF
e oo
loEE 10DO
= lcoE
I

TIMING DIAGRAM—WRITE CYCLE TO TIMECHIP ROM/RAM =GND

QE=VIH we
'WR
e -]
WE A%
| tow | b
& )'{ -
tns 'OH
'DH
o TIIITITIIAswenswe— XT7777777777,




A.C.ELECTRICAL CHARACTERISTICS ROM/RAM = Vo (0°Cto 70°C, Vog = 5V = 10%)

PARAMETER SYMBOL | MIN TYP MAX | UNITS | NOTES
Read Cycle Time tRC 250 ns

CEl Access Time tco 200 ns

OE Access Time toE 200 ns

CEl to Qutput in Low Z tcOE 10 ns

OE to Output in Low Z tOEE 10 ns

CEIl to Output in High Z toD 100 ns

OE to Output In High Z topo 100 ns

Address Set Up Time tas 20 ns

Address Hold Time tAH 10 ns

Read Recovery tRR 50 ns

Write Cycle Time twe 250 ns

CEl Pulse Width tcw 170 ns

OE Pulse Width tow 170 ns

Write Recovery twRr 50 ns 4
Data Set Up Time tps 100 ns 5
Data Hold Time toDM 10 ns 5
AST Pulse Width tRST 200 ns

CEIl Propagation Delay tpp 5 10 20 ns 2,3
CEIl High to Power Fail tPF 0 ns

(0°C to 70°C, Voo < 4.5V)

Recovery at Power Up tREC 2 ms

Vce Slew Rate 4.5 -3V tF 0 ms




‘. TIMING DIAGRAM—READ CYCLE ROM/RAM=Vcco

|

s}
il

READ/MWRITE

'RC

A\ $ ;ﬁ—
tas __r":‘fs’ .-._1;:51:

wn-

‘coe

—loEE— W

TIMING DIAGRAM—WRITE CYCLE ROM/RAM=Vcco

(2]
m

READMWRITE

-

N QUTPUT DATA VALID m—_

twe
1 |
few WR
N \ / N
lwe -
tow WA
PRI il L
tas — [—1aH
tag — AH™
A\
'ons I
Tos i DH
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TIMING DIAGRAM—POWER DOWN

ICE

AN

— tPF
ROM/AAM =GND  CEO e o VBAT-O02V
ROMIRAM = Voo CEC
Yool — ] \F
v
x

TIMING DIAGRAM—POWER UP

CEl
VIR
| VIL
VBAT - 0.2V
ROM/RAM = GND GEO A
v
— Jtmecl | "t
S rp— —1
ROMRAM =Voog CEO — Fo /
47_
Ve o — 7

TIMING DIAGRAM—RESET FOR TIMECHIP
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NOTES

1
2
3
4

. All voitages are referenced to ground.

. Measured with load shown in Figure 6.

. Input pulse rise and fall times equal 10 ns.

: ";V%'IES a function of the latter occurring edge

t
0 or CE in RAM mode or OF or GE in ROM mode.

.ipH and tps are functions of the first

oceurring edge of WE or CE in RAM mode or
OE or CE in ROM mode.

6. Measured without RAM connected.

10.

1

, Trip point voltage for power fail detect.

Vrp=1.26xVgaT For 10% operation VBAT = 3.5V
max.; for 5% operation VBAT =3.7V max.

.ccoq is the maximum average load current the

DS1215 can supply to memory.

. Applies to CEO with the ROM/RAM pin grounded. _

When the ROM/RAM pin is connected to Voo, CEO
will go to a low level as V) falls below VBAT.

lccoz is the maximum average load current which
the DS1215 can supply to memory in the battery
backup mode.

. Applies to all input pins except RST. RST is pulled

internally to Vgoi.

OUTPUT LOAD Figure 6

+5VOLTS

D.U.T.

680 50pF
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Tandy T000TL DRAMDHMA Contpeol 10 consishbs of the fallowing
functicnal blocks:

= ROM/DRAM Decodse Laten and Cunbvol signals
- Page Registers

= Memory Addrecss Muliipleser

ROM/DRAM Decode Latch and Control signal

The ROM/DRAM Detode Latch bl cotzing the circuitry to decode
the CFU's Address bus  A17 - A and Lo provide bhe nece Y
latched signals for controlling ROME and DRAME. CPU's Address A17
= AZD together with MCO - MCE determine whick ament (bank) of
memory is being selected ba o one of i possible nemory
configurations. fsee memory map figurs 1.2, The memary
configurations ranaing Trom 256 kilo bytes to 1.5 mega bvtes.

Additional support for memory refresh is also peavided in this
Block. During a Refresh Cycle, {he assertion of REFRESHE will
cause the circuitry to ignore bhe cureent addresz inputs and
activate RASO#, RASTE, RA armnd LMEGCEE: outpouts. Also
MEMCYC and FRCLE signals are controlling the start of a
memory access and timing For s, MAO - MAZ and CAS=w
signals. (see Timing Diacgran figure 2 3.

ROMCZH is decoded from AI7 - AZZ and latched by ALE when HLDA is
active, The ROM address ranoss Trom CEZO000R to OFFFFFR for the
low address, EEOOQOR to EFFFFFh anad FEOQOOOH to FFFFFFR far high
address. This output signal is assertied when any one of the thres
address ranges is detected and REFRESH: is inactive.

The two outputs LMEGCEE and MDBENY are intended Lo be used as
menory buffer enable signal. LMEG is active whenever any
femory access is made Lo an address below 0100000 opF when
REFRESHY is active. MDEENY is memory data bus buffer and becomes
active whenever CASx¥s or ROMCSY is active.

The ROM/DRAM Decods's intermal latch is controlled by two input
signals — HLDA and ALE. During & CPU Memory Cyvole, ALE will
enabile the RAM Decaode latch and allow the input from decoder to
be transferred to the owutput pins. When ALE goes inactive, the
decoder outputs is latched for the rewainder of the cycle.
Asserting HLDA will enable the decoder outputs to the output pins
and force ROMCE® inactive, This block has one outputbt signal that
is unlatched. This cutput, AF1&E, is intended to be used by
external circuitry as an indication that a 16—hit memory transfer
is taking place.




Fage Register

= DM&a Controller takes control of the
abtion comes in Lwo bytes. The first
CZAQ Lhrowgh 2470 that 1s put

by OMA controller. The second byte
Lhrowgh SAT5) that iz on its data
in Lhe 74AL internally by Address
sigqnal fram OM&S Control ey,

the time thse 22

s bus, the
bvte is  a lower
divectly on Lhe
im & upper achdresg
outputs, o bhe latch
Slrobe (AT

Tow 4 by 4 registers are used bto perform Fage Registfer function,
During DMA Bus Cyele, the pead function is controlled by the DMA
Regquest Acknowledge signale - DAGC and DACKEZE in conjuncbtion
with HLDAL enables Lhe Fage Reogisitor to be output as the upper
address (SA1E and A17 throwgh A2 The wirile function is
comtrallied by S50 bo SAZ in conjunebion with FGREGWRE: to latch
dala bits - XDO to XDV inlo Fage Registenr,

Address Multiplexer

The Memory Addvess Multiple=er is useod Lo provide the Row Address
o Column Address and refresh counter thal ig reguired by Dynamic
Rems . Additionally. i provides the drive and buffering
capablility for menory aodress bus MAO to MAZ, MA7 is generated
From SA0 or 543 which is wmulliplesed by REFREZHE signal. The
addresses {or the memory ave ndltiplesed as shown below

Equation For Multiplexed Memory Sddresses

Row Address Colunn Addvress
(First) e oind 2
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MEMORY CONFIGURATION

MC 1T MCO

0
(]

1

1

1
]

FlGURE

i
=

=

Iz

=N o o

R X

MOT

DEF LMED
MOT DEFIMEL

MEMDRY

(]

CONF LGLIRAT TOM .

ADRESS RAONGE

rTODoOOR-Gl1FEFF )
CORODOO-ORFFFF 2

COQOODDO-07FFFFD

LOEFFFF~-G9FFFF D
(100000-17FFFF 2
COGOO0O-07FRFFER )
1QOO--O9FFFF 2
L1 OOO0O0—-17FFFF 3

COONOON—-0O7FFFF 2

L WTRERS vt o i i
L1 00a000—17FFFF )
L1ENGO0- | FFFFF )



Control Logic Egquations

/Brasi

fBras> =

/Brasi3

/Bras =

ABElm=g

/Broies

& /a2 & /laZl
& /laZi & Flad
+rarrash;
Flal & /lazd & flaz]
] /mc1 & /mez
ali & /la
Alalz & /laZ2 & /lazl
& /mct & SmeR
+/1laZ2 & /lazz & [laZ]
& Smcl
+41 & [lazZR & [flazt
+refresh;
/1 & /lazZz & /lazl
+wpefrash )
A1lals & /lal)
& /me0 & /rLfrush
+/1azs &

&

flaiz &
& /refresh

HAlBRS & /lazZz A
& /m:U & frefre

f1la2l
sk

Fl1aZZ & /la)
flazz & Flazl

B S1aZ0 & Sflal® & /mcZ A owcd
& flazZ0 & Slald & mco!
& f1aZ0 & flz19 & /ladl & /117 A /mco
& Slaz0 & 1lalT & /lald & /1al? & mel
& /1aZ0 & /lal? & /lals & 1al7 & /mcd
& 1320 & /la1m & Slalg & flal7 & /mch &
& 1aZ0 & /lal® & mci & mel
& lalZd & 1212 & /mcd & mel & omeZ
& /lald & flal® & flalg & /mel & /fmcl
& FlalZo & /1319 & /w2 & meO & frefresh
4 Atalh & /1819 & mel & /frefresh
& /1a20 & 1a19 & /lals & /1lal7 & mcl
& laZ0 & Flal2 & /lal& & /1lal7? & /mc2 &
Alald & me2 & mcl & /refresh
me2 B omel & /e & frefresh;

& /laZi+refresh)
& AlaZd & 1al19 & lals & lat? & /refresh
lag“ & lalg & l1laa # 1al7 & /refresh

& lala & lals & 1al7 & /refresh)

mc ]

el
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SA1 MA1
SA2 MA2
SA3 MA3
SAd A4
SAS MAS
SAB MAB
SA7 MA7
8 DRAM/DMA CONTROL VAS
SA9 RASO»
SA10 RAS1=
SAT1 RAS2+
SA12 RAS3+
MCO CASLs
MC1 CASH+
Ye2 ROMCSs
¥BHE+ MDBEN=
MEMCYC LMEGCS+

AF16+

ALE

HLDA
PGREGWR+
DACK 3+
DACK2+
Cf REFRESH#
AS

6 1xp7
XDE
XDS

XD4

*D3

xD2

xD1

X00
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FIGURE 3. PIN CONFIGURATION
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6. INFUT/OUTPUT PINS FUNMCTION AND DESCRIFTIONM

F IN#

R R

R N T

[ag}

14

1&

—
et

44

B
m

u

FIN NAME

LA
=41

REFRESH#

DacCkzs

HLDA

FGREGUWRE

MEMCYC

P
i

TYFE

INFUT
INFUT
TfFUT
LJRPLT
TRFLT
THNFLIT
LMFUT
TMFLY
LHPUT AOUTEUT
TMPUT A OUTEuT
INFUTAOUTFUT
TMFUT AGQUTFLT
INFUT AOUTRUT
TMFUT AOUTRUT
INFLT AOUTFUT
INFLT AGUTERUT
INPLT A0 TELT
INEOTAQUTELT
INFUT 200
TMFUT /GUTEL
INFUT/OUTEUT
LMPUT /OUTFUT
TRFT ATUTFUT
INFUT Z7OUTRUT
ITMFUT

INFUT

IMNFUT
TRNFLT

INFUT

INFUT

TMELT

TMFUT

DESCRIFTION

LINME
LINE
LIME
l.INE
LINE
L IKWE
LINE
LINE
LINE
L IMNE
LITNE
LIME
LINME

CFLu ADDR

CRU @oDR
ADDRE!
ADDR
ARDR
ADDRE
ADDRE:

ADDRE LIMNE
ADDRE: LINE

ADGRE: LIHE

ADDRKE! LINE
HDDRE L. IMNE
[=18] LInNE
RDDR L IMNE
ARIRE: LINE
ADDR - IMNE

LLIME

L. IRE

LATCH EMAELE
Aclive HIGH - Lo lateh
UMEG
I = Avtive LDW to
ate a refresh cvole
dvnamic RAPMs .

7 Channel 2 DA
NOWLEDGE

EZ237 Chaonel 3 DMA
ACENOWLEDGE

HOLE ACEAHNOWLELGE

Active HIGH = it
imdicates that the DMA
has the system bus,
FAGE REGISTER WRITE-
active LOW ta perform
I/0 WRITE cwvele to the
OMA Fage Register.
MEMORY CYCLE — Actiwve
HIGH to initiate

RAS/C MAD—MAZ ocutputs .
ADDR STROEE - Active
HIGH it latches the
addres lines STAZ-SATS
DO-D7 into external
latoch for DMA cyole

init




FIN#

1F

FIN NAME

XEHE®

FROLE
MO

MC1

mez

MPAO

MAT

AL

MAZ

A

MAL

MAL

MA7

L

CASH*

TYFE

InrFuT

INFPUT
TNFLIT

IRFUT

TMEUT

OUTFUT

QUTFLT

ouruT

GUTRUT

OUTFUT

QUTFUT

OUTFOT

OuTELT

OUTRUT

OUTEUT

ol

DESCRIPTION

EYTE HIGH EMNAEBLE

Ter gnable the high
memory calta bytes DE-DIS
1EMHZ CLACE .
MEMORY CONFIGURATION
SELECT LSE.

MEMORY CONFIGURATION
SELECT.

MEMORY CONFIG, =ZELECT
MSE.

EXED MEMORY

= addressing
rejquired for DRAM
L1 [ Dol N

MOLTY IFLEXED MEMORY
ADDR =~ addressing
requiirad Tor DRAM

[HE=T 1Rl R

MULTIRPLEXED HMEMORY
ADDRESS - addressing
required for DRAM
MENDTY |

MULTIFLEXED MEMORY
AODRESS — acdressing
required for DRAM
ey,

MULTIFLEXED MEMORY
ADDRE - addressing
required for DRAM
MEnoyey

MULTIFLEXED MEMORY
ADDRE = adviressing
redquired for DRAM
Menzry

MULTIFLEXED MEMORY
ADDRE = addressing
requirad for DRAM
Ty

MULTIFILEXED MEMORY
ADDRE ~- addressing
regquired for DRAM
MeEmory .

MOLTIFLEXED MEMORY
ADDRE - addvessing
required for DRAN
MEMDYTY |

COLUMN ADDRE! STROBE
HIGH — Active LOW, it's
used Lo select the high
data byte MOS-MDIS for a
DRAM acrcess cycle.

% ¥
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FIN NAME

ChsSLE

RAs1E

LMEGCS &

MDEEN$

ROMC=®

XDo

A

XDz

XDz

XDa

XD&

XD7

VCC
GND

TYFE

OUTREUT

ouTERUT

SUTFUT

CUTFUT

OUTFUT

OQUTHFUT

OUTFRUT

CUTFUT

ouTELT

INFUT

INFUT

INFUT

ITNFLT

[NEUT

INFUT

INFUT

INFUT

DESCRIFTION

COLUMN ADDREZS STROEBE
LOW - Active LOW, it's
used Lo select low data
bvte MDO-MD7 for a2 DRAM
HCCESS Tvele,

ROW ADDRE STROBE O ~
Active LOW, it’'s used
fzr selecting DRAM
Eanki,

ROW ADDRE=Z STROEBE 1 -
Active LOW, it’'s used
foor selecting DRAM

Eanlk 1,

RIOW ADDR STROEBE & -
Active LOW, it's used
for selecting DRAM
Bank® .

ROW ADDR . STROBE 3 -
Active LOW, it's used
Tor selecting DRAM

Eank s,

LOWER MEGAEYTE CHIF
SELECT — Active LOW, it
indicates that bellow

1 megaby e

FMEMORY DATA BUS ENABLE
Active LOW it is used to
snakle the data bus

L f fer .

AF1E Active LW — it
signals the contral
logic (CPU CHTL: that
the memory cycle is a 16
bit 1 wait state cyele.
ROM CHIPF ZELECT

Active LOW

DATA BUS 0 for the

i

e ik 1 b=
DETA BLUS T for the
peripheral bus,

DATA BUS Z Tor the
peripheral bus.
DATA BUS % 7or the
peripheral bus.
DATA BUZ 4 for the
pEripheral bus.
CATA BLIZ B for the
peripheral bus.
LATA BUS & for the
paripheral bus.
DATA EBUZ 7 for the
peEripheral bus.

+5Y FOWER SURPFLY
GROUND



7. TIMING SPECIFICATIONS

SYM FARAMETER

11 FPRCLE Perioed

Tia FPRCLE Low Time
Tl FRCLE Hioh time
T2 ALE Active Dalav
T2 ALE Inactive D=
T4 Address Delav

TE Latched Adilvress From &L
aective

TE MEMCYE Active Dmlay From
L FRCLI

T7 MEMCYC Imactive Delay From

VERrCLE
2 Active Delayv From

| PROLIK

™ RASx¥ Inactive Delav Fron
 BRCLE

i Fracharae Tife

Hold Time

c Active Delav Time From

FPRCLK

TEa CAS=4% Inactive Delay Tims
Fromn | MEMCYC

T14 Fow Address Setun Time
TG Memorv fcldress Delav Tipe

From S681 to 16
Ti5 Mamory Address Delsy From
ALE
17 Memory Address Siable Dalav
From 4 FRCLE
Row Address Hald Time
s Colunn Addreses Setun Times
Column Address Hold Tinme
T2 Column Sduress Hold Time
Referencad Ta RAZ
TZEZ ALE 4 o MDEEN tharst
T25 ALE 1 Lo LMESCEE |4 Aasl
T24  ALE?T to ROMCEER [t AT

10

UNITS

o

ey

S0

50

pe
ooE
1.0 0

Vil om

=
i
m
2l

(4]
o

naec
nsac
Msec
NEaC

REMARES

at 1O0RT

at Zooof

[14]
=3
13
o
o

CRUMHLDA
H1GH

Q



3YM FARAMETER MIN MAX UNITS REMARKS

Aal7-azs Mo wriesdtar
CRURLDAYL to MDEEN
CRUHLDATL o R x H AT
CRUHLDAtL 1o 3 "
(,FUHLF‘HT[. i F‘H“FL 4L I neer
. DACI*::_WH b BBIE, 1l

S0 RET S
Dac o AFek . MDEERG
LHMEG 20
REFREZHE TJLD Ma7 a1 sa) at ZOOpT
ADO-X07 Setun Lo Asd (el

up to & LR Tt
Setup b PEHTEGWRSY 100 resee
M to AFlER 50 neec
C L to MDERM L NEET

REFRE H¥
REFREZ




Timing Diagram.
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ALE _r\i

A17-A23 I'
J—t b—@
IMEGCSs D
N -@
ROMCS: T
@
MDBENs T X
)
AF1Bs

CPUHLDA r—'—?
MOBEN# f® \

___‘_,L_

._J
ROMCSs H
SAB-SA15 :)C::x:

SAT6,A17-A23 :xfnc
DACK2#,DACK 3+ :):7:

DACKX s r—l

- FrOe®
AF16+MDBENe LMEGCS, —

REFRESHy T —
= g-@

T R S—
——@

PN e—

2

B

MDBENs

i

X00-XD7 ---{C T T
P
PGREGWRs —

SAD-SA3

TIMING  DIAGRAM

BAUTIU0Y WeIbETg Buiwt ]



9. ELECTRICAL SPECIFICATIONS

ABSOLUTE MAX RATINGS (NON-OFERATING, VS5S=0.0V)

MIN MAX
STORAGE TEMPERATURE —=5 +150
VOLTAGE ON ANY FIN =B Ty

W.R.T GROWND

OFERATING ELECTRICAL SPECIFICATIONS:

OFERATING AMBIENT MIN TYF MAX
AIR TEMF. RANGE o wE 70
FOWER =SUFPLIES

VCC .5 5.0 .5

VEs (4] ) 0

MIN TYF MAX

LEAKAGE CURRENT

Vi = ¢.0 v z20

Vin = 5,0 v —20

INPUT VOLTAGES

LOGIC #a" Vil 0=
LOGIC 17 Vil Z.0

OQUTPUT VOLTAGES CURRENT LOADING

LOGLIC "O" (vol2 0.4

MALCI-MACE] [
SRAS-SXAATE , A1 7—A
RAZ=E @ dmatmind
CASYX® @ 5 madfmin?
Othevs must be able
Lo SINK minimam & 2ma

e il
2 dinaCoedn?

LOGIC "1 (Vah

]
%

MALCQI-MALE],
SXATE, A17-AZ2 @ Zma
£ 0 4ma

a =
Others must be able
to DRIVE minimum @ Zmna

LUNITS
Degress C.

Volts

UNITS
Degrees C
Volts
Vixlis
UNITS

Microanps
Microamps

vinlts
vialts

valts

-



INPUT CAPACITANCE

All inputs 0.0 < Vin < 5.0 16 ploafarads
OUTPUT CAFACITANCE

piczfarads
picafarads

plroofaracls
proofarads

MELOI-MALEZ]

All other outputs =1s} picafarads

‘IE






CPU Control Chip
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Functional Description

The Tandy 1000 TL CPU Control IC consists of the following
function blocks:

« - Clock Generation, Ready and Reset Control Logic
. = Bus Control Logic

. = Data Conversion Logic

- Wait State Control Logic

- DMA Arbitration Logic

- Numerical Co-processor Control Logic

- A20Gate and CPU Reset Logic

» s a

Clock Generation, Ready and Reset Control Logic

The clock generation logic includes the clock inputs used to
derive all of the system clocks. The 16 MHz clock input is used
to generate the CPU clock (PRCLK), and is twice the CPU operation
frequency of 8 MHz. The 2B.6 MHz clock input is used to generate
the 14.31818 MHz clock {0OSC) and other clocks required by the
system.

Three clocks are generated from the 28.6 MHz clock input. These
are 08C, 3.58 MHz, and the 1.19 MHz clock outputs. The 28.6 MHz
signal input is divided by 2 to generate the 08C output which is
14.31818 MHz., The 28.6 MHz clock is divided by 8 to gencrate the
3.58 MHz clock which is used by the sound generator circuit. The
28.6 MHz clock is also divided by 24 to generate the 1.19 MHz
clock that is used by the Interval Timer 8254.

All other system clocks are generated from the 16 MHz clock
input. PRCLK is used to drive the CPU, the Co-processor, and the
DRAM/DMA Control IC, PRCLK is ocutput as 16 MHz in the B MHz
(FAST) mode and is divided by 2 to 8 MHz in the 4 MHz (SLOW)
mode. PRCLK output buffer has sufficient drive capability to
meet the 3.8 volt minimum Vih requirement of the B0286/80287
clock inputs,

SCLK and DMACLK are system clocks generated from 16 MHz. SCLK is
generated by dividing PRCLK by 2 and DMACLK is generated by
dividing PRCLK by 4. Both SCLK and DMACLK are held in a LOW
state immediately following a reset and will not start operation
until the CPU issues the first bus cycle by asserting S1* LOW.
Immediately following S1* asserted LOW, SCLK and DMACLK will make
their first LOW to HIGH transition at the falling edge of PRCLK
during the start of Tc., This will synchronize SCLK and DMACLK
with PRCLK. Refer to timing diagrams for an illustration of the
startup of SCLK and DMACLK.



A ready signal (READY*) is generated by the CPU Contrel IC to
allow the CPU to operated with slower devices such as peripherals
and slow memory. READY* is synchronized with PRCLK in this
control block by the control logic of READY* located in the Wait
State Control Legic.

Two reset output signals are generated by the CPU Control IC to
provide a reset to the main system and a separate reset to the
CPU. RESET which is active HIGH is a synchronized reset and is
used for reseting the main system. RESCPU is dedicated to the
CPU for proper reseting of the 80286. Both RESET and RESCPU are
generated when RES* input is asserted LOW to indicate a power-on
reset or when RES* is asserted LOW by a reset switch. RESCPU is
also generated when a Shutdown condition of the CPU is detected.
When a Shutdown condition is detected, RESCPU is asserted HIGH
for 16 PRCLK cycles and then negated to assure proper CPU
operation. RESCPU can also be generated by doing an I/0 write to
Port 068 with bit 2 = 0. This will generated RESCPU to reset the
CPU and can be used to jump from protected mode to real time mode
of the CPU.

The RES* input is buffered internal to the CPU Control IC with a
Schmitt trigger input buffer. This signal should be held in a
LOW state during power-up for at least 10 msec or until all
operating voltages have reached their specified range of
operation.



Bus Control Logic

The Bus Control Logic of the CPU Control IC generates several
Memory and I/0 command and contrel signals that are issued by the
80286. There are two types of control signals that are generated
as output signals. The command outputs are the first type of
control signals generated which are decoded from the CPU status
inputs MI/0*, S1*, S50*. The generated output command signals are
MEMR*, MEMW*, IOR*, IOW*, INTA* which determine which type of
cycle is to be performed. The second type of signals are the
control signals which is ALE, DT/R*, DSDENO0*, DSDEN1*, and
MEMCYC. These signals latch the address from the CPU, control
the direction and enabling of the data bus buffers, and determine
the start of an on board memory cycle. Table 1, contains a list
of the command cutput signals that are generated from the CPU
status line inputs.

MI/O* S1* So* Type of Cycle
0 0 0 Interrupt Acknowledge
0 0 it I/0 Read
0 1, 0 I/0 Write
0 1 1 None; Idle
1 0 0 Halt or Shutdown
J! a 1 Memory Read
1 1 0 Memory Write
1 1 1 None; Idle

Table 1. CPU Control Signal Generation

The state machine that controls the output timing of the command
and control signals has three bus states, which are the Idle
state (Ti), the Status state (Ts), and the command state (Tc}.
The Idle state (Ti) is generated when the CPU is not actively
issuing a bus cycle. During an Idle state, all command and
control output signals are in an inactive condition. The
beginning of a bus cycle is detected when the CPU asserts S1* or
50*. The state machine will start a Status state (Ts) and will
assert ALE to an active HIGH state until the end of Ts. At the
end of the Status state, the state machine enters the command
state (T¢) and will assert the decoded command issued by the CPU.
The command signal may be delayed by one half bus cycle or one
PRCLK clock cycle, if the conditions exist to produce a command
delay. A Command delay will be generated on all I/0 cycles, all
Memory cycles in which both AF16* and MEMCS16* are negated are
inactive HIGH, and on all INTA* cycles.

-



For the control of the data bus buffer, three control signals are
generated which are DT/R*, DSDEN(O*, and DSDEN1*. DT/R* is used
to control the direction of the data bus to and from the CPU.
DSDENO* and DSDEN1* are enable signals for the data bus buffers.
DSDENO* is qualified with A0 to control the lower 8 bits of the
data bus (D0-D7). DSDENl* is gualified with BHE* to control the
upper 8 data bits (D8-D15). Control of the upper and lower data
bits independently is reguired in the AT type architecture to
control the 8 to 16 bit data conversions,

ALE is a control signal used to latch the address line from the
CPU so that the address will remain stable throughout the
complete command cycle. ALE as generated when either S0* or Sl1*
is asserted from the CPU to start a bus cycle., This allows the
address latches to be enabled as early as possible to provide
sufficient address setup time to the on board memory array. ALE
is negated at the start of the command state (Tc) to latch the
address while they are guaranteed from the CPU.

The last control signal generated is MEMCYC which is used to
control the start of a memory access to the on board memory
array. MEMCYC is asserted HIGH at the middle of the Status state
(Ts) and is held active during the complete bus cycle. MEMCYC is
negated at the end of a bus cycle or the end of the command state
(Tc}.

Bus Conversion Logic

This block of the CPU Control IC provides the logic to control
the 16 bit transfers to and from an 8 bit device or memory. The
conversion logic detects when a conversion is required, asserts a
walt to the CPU by asserting the READY* line to a HIGH or
inactive state, and then generates the required control signals
to the data buffers to perform the conversion, A& conversion is
required during all 16 bit transfers to all I/0 devices, the
Interrupt Controller, and 8 bit memory. An 8 bit memory cycle is
detected by sampling the state of AFl6* and/or MEMCS1l6* at the
beginning of a memory cycle. If both are inactive HIGH then the
conversion logic acknowledges it as an 8 bit memory cycle. The
control signals that are generated are DIRHLB (Direction High Low
Byte), ENHLB {(Enable High Low Byte), and CNTLOFF (Control Off).
ENHLB enables the conversion buffer during the conversion cycle
and DIRHLB determines the directicn of the buffer. CNTLOFF is
used to latch the lower B bkits (D0-D7) during a 16 bit read from
an 8 bit device. SA0 is also controlled and generated by the
conversion logic so the even byte is read first then SAQ is
toggled to a HIGH state so the odd byte will be read.



Wait State Control Logic

The Wait State Control Logic is used to allow slow memory and
peripheral devices to be used with a faster CPU. Wait states are
controlled by the CPU Control IC by negating the READY* line to
the CPU to inactive state. The CPU will not end the cycle in
progress until the READY* line is reasserted to an active LOW
state. The READY* line is negated at the middle of the Status
state (Ts} to an inactive HIGH to guarantee recognition of a wait
state by the CPU. The READY* line is reasserted at the middle of
the Command state or Wait State to end the existing cycle,

There are several default wait state cycles that are generated by
the CPU Control IC for control of all bus cycles. During a 16
bit memory cycle which is determined by the assertion of AFl6* or
MEMCS16*, a default of one wait state is automatically inserted.
During a 8 bit memory cycle which is determined when both AF16*
and MEMCS16* are negated, a default of four wait states are
automatically inserted. All I/0 cycles have a default of four
wait states inserted to guarantee timing compatibility with
existing I/0 channel add in boards. All of the default wait
state are the same in the 8 MHz (FAST) mode and the 4 MHz (SLOW)
mode except for the I/0 bus cycles. During an I/0 cycles in the
4 MHz (SLOW) mode, a default of only two waik states are
inserted. This allows only the memory cycles to be effected to
slow down the program speed without degrading the performance of
I/0 accesses.

All bus cycles can be extended above the default number of wait
states by negating the IOCHRDY (I/O Channel Ready) to inactive
LOW. The CPU Control IC will continue to insert wait states to
the CPU until IOCHRDY is released allowing it to be asserted.
IOCHRDY should not be held LOW for more that 15 usec. because
Refresh to the DRAMs will be inhibited.

DMA Arbitration Logic

The DMA Arbitration Logic in the CPU Control IC control the
arbitration of the bus between the CPU and the DMA Controller.
The arbitration logic detects when the DMA is requesting the bus
when HRQ (Hold Request) is asserted HIGH. After HRQ is
recognized, the arbitration logic will assert CPUHRQ to the CPU
to reguest release of the bus. The CPU will respond to CPUHRQ
after finishing the cycle in progress by suspending operation and
asserting CPUHLDA to the CPU Control IC. The arbitration Logic
will then tri-state the output command signals and generate HLDA
to the DMA, allowing it to take control over the bus.

~



All DMA cycles have a default of one wait state automatically
inserted to maintain compatibility with existing I/0 channel
boards and peripheral devices. The DMA c¢cycle can be extended by
and I/0 device by applying a LOW state to the IOCHRDY signal.
The DMA Controller will be held in a wait state until IOCHRDY is
returned to a HIGH state, Refer to Timing Diagrams for Timing
specifications of a DMA cycle and DMA Arbitration operation.

The CPU Control IC also controls two functions required in the
B0286 architecture during a DMA cycle. 1In order to guarantee the
integrity of an Interrupt Acknowledge (INTA) cycle, which
requires two bus cycles to complete, a DMA arbitration inhibit is
included in the arbitration logic. &After an INTA cycle has
started, a DMA cycle will be inhibited until the CPU performs a
memory write cycle. The memory write cycle will normally be
executed after the INTA cycle due the stack operation of the CPU
reguired to service an interrupt routine. The inhibit will
guarantee the a DMA cycle can not be allowed until both bus
cycles of an INTA cycle is complete.

Numerical Co-processor Contreol Logic

The Numerical Co=-processor Control Logic provides an interface
for the 80286 CPU to control an 80287 Co-processer. This logic
controls the decoding required to select and reset the 80287,
control of the BUSY* and ERROR* signals from the 80287 to the
CPU, and generating the interrupt signal during an error
condition.

The input signal 287CS8* is an I/0 decode at 0F0-0FFh I/Q address.
287C8* is used by the CPU Control IC to generate the Numerical
Co-processor Chip Select (NBCS*), and the reset signal (RES287%)
to the 80287. Refer to the 1/0 decode table for details about
the further internal decode done by the CPU Contrel IC.

When the 80287 receives a command to perform a task, it will
output the BUSY* signal which is input to the CPU Contrel IC,

The CPU Control IC will then assert BUSY287* to the CPU. During
normal operation of the B0287, when it finishes the task, it will
negate BUSY* which will in turn negate BUSY2B7* to the CPU. If
the ERROR input from the 80287 is asserted during this busy time,
which indicates a 80287 error, BUSY287* cutput is latched and
INT287* is asserted LOW to generate an interrupt te the CPO.

Both BUSY2B7* and INT2B87* will remain latched in an active LOW
state until they are cleared by writing to the I/0 address (FOh
or OFlh. These signals are cleared after a system reset.

RES2B7* is generated to reset the 80287. It is generated by
writing to I/0 address 0Flh or when a system reset is issued.



A20 and CPU Reset Control Logic

The CPU Control IC incorporates the leogic required to control the
Address line A20 and to reset the CPU. 1In the PC architecture,
A20 must be held in a LOW state so the some programs that do
wrapping will function correctly. After a reset, the cutput
signal GA20 is help in a LOW state. If a program needs to
address above the 1 MEG limit, OUT to I/0 address 068h with data
bit 1 to a HIGH or "1" state will allow A20 to be muxed to GA20.

The CPU can reset itself by doing an I/0 wtrie to address 068h
with bit 2 at a LOW or "O0" state. After a reset has occurred, by
Reading I/0 address 068, it can be determined it was a power up
reset or if the CPU reset itself. Refer to the I/0 address map
for further details.

10



I1/0 Address Map

Address Description

062 Port C (Write Only)

Bit

76543210

99% 999494

1§ 999YY 9 +-—— Reserved

f 99994 +-———- Reserved

1 99¢9%9¢9Y +———m-r Reserved

4 ¥ Y § A—eesnses 0 = 4 MHz (SLOW) Mode
119449 1 = 8 MHz (FAST) Mode
1994 Default after Reset

{ 1 9 dm——————— Reserved

I e e Reserved

M R s e e ke Reserved

P —————————— e Reserved

068 Port I {(Read and Write)

Bit

76543210

Y9999%Y9191¢9

Y 9% % 9YY9Y +-— Not Used

1999499y +-———- 0 = GA20 always 0
11T999Y%Y Default after Reset
1999 ¢4¢Y9 1 = A20 Muxed to GA20
1v19¢9%¢ +————- Write Mode 0 = Reset CPU

1 99449 1 = No Effect

1 9 9% 149 Read Mode 0 = Power On Reset
1994949 1 = CPU Reset

- ERER - Not Used

9494 +-————————=——- Not Used

Y - Not Used

§ t=——mmm———————— Not Used

Fommm————————————— Not Used

0FQ Clear Numerical Co-processor Busy
0Fl Reset Numerical Co-processor
0FB-QFF Numerical Co-processor Chip Select

11
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Ping
62
63
64
65
60
59
58

57

18

17
16

19

68

i3

Pin Name
16MHZ
PRCLK
SCLK
DMACLK
28.6MH2
0sC
3.58MHZ

1.19MHZ

M1/C

51+*
so*

READY*

CPUHRQ

CPUHLDA

MEMR*

Functional Pin Description

Type

I

(8]

Description
16 MHZ Clock Input
80286 Processor Clock - 16:8 MHZ
System Clock - B:4 MHZ
DMA Contreller Clock = 4:2 MHZ
28.63636 MHZ Clock Input
14.31818 MHZ Clock
3.5795 MHZ Clock for sound chip

1.19 MHZ Clock for Interval Timer
chip B254.

Memory Input/Output from the CPU.
Indicates a memory access when HIGH
and a I/0 access when LOW. Used to
generate the memory and I/0 command
signals for the system.

Status Line 1 from the CPU
Status Line 0 from the CPU

Ready signal to the 80286 Processor
Indicates the current bus be
completed when LOW.

CPU hold request signal feor the
CPU. Indicates DMA transfers by the
DMA contreller when HIGH. It is
also active during refresh cycles.

Hold Acknowledge signal from CPU.
Indicates the CPU granting a DMa
cycle to the DMA controller when
HIGH. And causes all command
signals to be tri-stated provided
the CNTLOFF output is LOW

Memory Read Command output signal
instructs a memory device to place
data on the bus when LOW. It is
also active during refresh.

13



32

22

21

20

55

56

36

37

34

47

45

MEMW* 1/0

IOR¥* 1/0
I0W* 1/0
INTR* o)
ALE 0
MEMCYC o}
RES* I
RESET 0
RESCEU 0

XBHE* (SBHE*) 1/0

SA0Q o]

AD I

Memory Write Command Input/Output
signal. Instructs a memory device
to read the data on the bus when
LOW.

Input/Output Read signal. Indicates
a Read cycle is performed with an
I/0 device or port when LOW.

Input/Output Write signal.
Indicates a Read cycle is performed
with an I/0 device or port when
LOW.

Interrupt Acknowledge for the
Interrupt Controller. It is used by
the Interrupt controller to output
the interrupt vector onto the data
bus when LOW.

Address Latch Enable, It is used to
hold the address during bus cycle
when HIGH.

Memory cycle signal, It is used to
generate memory control signal,
RAS, MUX and CAS when HIGH.

Reset signal. It is connected to
the power good and used to reset
the system when LOW.

Reset ocutput signal. It is a
synchronized reset signal for
general system reset when HIGH.

CPU Reset output signal. It is used
to reset CPU when HIGH.

Bus High Enable Input/Output
signal. It is used to enable the
high byte data bus signals when LOW
System Address 0.

Address 0 input signal from CPU.

It is used to generate the enable
signal for the data bus.

14



10

11

12

46

67

Al

5a3

SA4

A20

GA20

PPICS™*

287Cs*

HRQ

HLDA

DMAAEN

Address 1 input signal from CPU.
It is used to detect the SHUT DOWN
condition cof the CPU.

System Address 3 input signal. It
is used to generate the chip select
and reset signal for B80287.

System Address 4 input signal. It
is used to generate the chip
select.

Address 20 from the CPU. It is used
to generate GA20 signal when
CPUHLDA LOW.

Gated Address 20. Address 20 is
being negated by XDl and PORTI
(internal)}, When XDl is LOW, Gated
A20 on the CPU address bus is
forced LOW. When XDl is HIGH, GA20
is transmited as Address 20,

Programable Peripheral Interface
Chip Select input signal. It is
used to generate Chip Select Signal
signal for the peripheral interface
device when is LOW,

287 Chip Select input signal. It is
used for generating the Numerical
Processor Select NPCS for 80287
when is HIGH.

Hold Reguest input signal from DMA
controller, It is used to generate
the CPU Heold Request Signal when is
HIGH.

Hold Acknowledge output signal for
DMA Controller. It is used to
previde Hold Acknowledge for DMA
controller when is HIGH.

DMA Address Enable input Signal
from DMA Controller. It is used to
provide enable signal for any I/0
device during DMA Access to the
system memory when is HIGH,

15



66

52

53

51

50

49

48

38

39

40

DMAMR*

DMARDY

BUSY*

ERROR*

BUSY287*

INT287*

RES287

NPCS*

DT/R*

DSDENO*

DSDEN1*

DMA Memory Read signal from DMA

controller. It is used to generate

Memory Read - MEMR* signal when is
LOW.

DMA Ready output signal for DMA
Controller. It is used to extend
memory Read and Write cycles from
the DMA Controller for slower
memory or I/0 device when is HIGH.

Busy input signal from 80287. It
indicates that B0287 is currently
executing a command when is LOW.

Error input signal from 80287. It
indicates an unmasked error
condition exists.

Busy 80287 output signal for the
CPU. It indicates to the processor
the operating condition of the
80287 when is LOW.

Interrupt 80287 output signal for
the Interrupt controller. It is the
interrupt request from 80287

Reset 80287 output signal for the
80287. It is used to reset to the
80287 when is HIGH.

Numerical Processor Chip Select
output signal for the 80287. It is
used to select the 80287 device
when is LOW.

Data Transmit/Received output
signal, It is used to determine the
data direction to and from local
data bus. It is a write bus cycle
when is HIGH and read bus cycle
when is LOW.

Data Strobe Data Enable 0 output.
It is used to enable the data
transceivers connected toc the low
byte (D0-D7) when is LOW.

Data Strobe Data Enable 1 cutput
signal, It is used to enable the
data transceivers connected to the
high byte (D8-D15) data bus when is
LOW.

16



41

42

43

13

14

54

15

31

30

29

28

26

ENHLB*

CNTLOFF

DIRHLD

AFla*

MEMCS16*

IOCHRDY

VIDWAIT*

Do

D1

D2

D3

D4

1/0

1/0

1/0

1/0

/0

Enable High To Low byte output
signal. It is used to perform the
high to low conversion when is LOW.

Control Off output signal. It is
used to enable the low data bus
latch during byte accesses when is
LOW.

Direction High to Low byte output
signal, It is used to perform high
to low byte conversion when is
HIGH.

AFl6* output signal. It is used to
control the 16 bit memory accesses
and to inhibit the command delays

for memcry accesses by I/0 device

when is LOW.

Memory Chip Select input signal. It
is used to inhibit command delays
when 16& bit memory accesses are
made when is LOW.

I/0 Channel Ready input signal from
1/0 device., It is used generate
walt states in I/0 or memory
accesses by I/0 device when is
HIGH.

Video Wait input signal from video
controller. It is used to generate
Video delay ready signal when is
HIGH,

Data Bus Bit 0 of the peripheral
data bus.

Data Bus Bit 1 of the peripheral
data bus.

Data Bus Bit 2 of the peripheral
data bus.

Data Bus Bit 3 of the peripheral
data bus.

Data Bus Bit 4 of the peripheral
data bus.

17



25

24

D5

D6

D7

vCe

VSss

I/0

/0

/0

PWR

GND

Data
data

Data
data

Data
data

Bus Bit 5 of the peripheral
bus.

Bus Bit 6 of the peripheral

Ground,

bus.
Bus Bit 7 of the peripheral
bus.,

Power Supply.
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ELECTRICAL SPECIFICATIONS

ELECTRICAL PARAMETERS

ABSOLUTE MAX RATINGS (NON-OPERATING, VSS=0.0V)

MIN MAX
STORAGE TEMPERATURE -65 +150
VOLTGAE ON ANY PIN -0.5 7.0
W.R.T GROUND
OPERATING ELECTRICAL SPECIFICATIONS:
OPERATING AMBIENT MIN TYP MAX
AIR TEMP. RANGE 0 25 70
POWER SUPPLIES
vcc 4.5 5.0 5.5
VSS 0 0 0
MIN TYP MAYX
LEARKAGE CURRENT
Vin = 0.0 v 20
Vin = 5.0 v -20
DC ELECTRICAL CHARACTERISTICS
INPUT VOLTAGES AND CURRENTS
MIN TYP MAX
LOGIC "0" (vil) @ 8ma 0.8
LOGIC "1" (vih) @ Bma 2.0
INPUT CURRENT +10
All inputs 0.0 % Vvin % 5.0 10
OUTPUT VOLTAGES CURRENT LOADING
MIN TYP MAX
LOGIC "0" (Vol) € Bma 0.45
LOGIC "1" (Voh) & 8ma 2.4

19

ONITS
Degrees C.

Volts

UNITS
Degrees C
Volts
Volts
UNITS

Microamps
Microamps

UNITS
Volts

Volts
Microamps
Picofarads
ONITS
Volts

Volts



CURRENT LOADING AND CAPACITANCE OF EACH QUTPUT
At Vol = 0.45 volts, Voh = 2.4 volts

PIN NAME MIN UNITS CAPACITANCE NOTES -
OuTPUT
RESCPU, NPCS, BUSY2B7, INTZ287
RES2§7,CPQ§EQL HLDA, DIRHLB
CNTLOFF, ENHLE, DMARDY 2 ma 20pf
RESET, GA20 2 ma sopt
READY, MENCYC, DT/R, DSDEWO
DSDEN1 4 ma 20pf
SCLE, DMACLK, 0SC, 1.loMaz T
3.58MHZ 4 ma 50pf
PRCLK, INTA 8 ma  sopr
ae 8w sepr T
menE T T T e T
weur/ovreor T IR
XD0 - XD7 2 ma 80pf
v 4 ma | sopr
W 8 ma sopt
o, TR 8 ma | aser
520 T T 120pf T
—-_—

20



Timing Diagram Specifications

IMIN IMAX IUNITS INOTES !
1 _1 IPRCLK Period ! 62 t 250 ins f f
: 2 iPRCLK Low Time ; 25 i 125 ins i E
| 5 T High Time |25 1 125 tns | !
i 4 isT(),é"i,M/I_o Setup time to PRCLK) ; 20 % .ins i .i
: 5 iﬁ),s_l,m/iﬁ Hold time to PRCLK . L1 Ins : !
i 6 :ALE active from 50,51 ! i 5 i 25 ins t :
i 7 iALE inactive from PRCLKl i 5 i 25 :ns i ;
Vo, e delay from 28.6 MHZ ; | ap ;ns 1 !
t 8 :MEMCYC active from PRCLK I 5 ; 25 %ns ; i
. dn G delay from 0SC i 1 15 ins 1 i
i 9 iMEMCYC inactive delay from PRCLK ii 8 i 35 ins ; i
:QA il.lg MHZ delay from 0SC i i 15 ins i i
ilU iCommand active delay from PRCLK J: 5 ; 45 ;ns ; ;
ill iCommand inactive delay from PRCLKli 5 i 45 %ns i E
ilz inT/ﬁ active delay from PRCLK'! ? 5 f 50 %ns ;Read !
M am delay from PRCik | : 10 ? 40 Ins %Read |
514 iEEBEﬁETi active delay from PRCLKI % 10 % 50 ;ns iRead ;
:15 iEEBEEETi inactive delay from DT/§ % 3 % %ns ;Read %
;16 :5§BEEETE inactive delay from PRCLA% 8 % 50 %ns %Read %
:17 iDT/E inactive delay from DSDENO,1 E 3 % %ns ERead %
ilB iﬁEEEEETi active delay from PRCLKl : B % 60 %ns %Write i
:19 imﬁ inactive delay from PRCLKIE B ! 50 Ins IWrite {

21



l=====s==scccesssonsosTesssssswe=========== ZEsssssCESss=========|

1SYM! DESCRIPTION IMIN !MAX |UNITS !NOTES

| e i g
w
wu

1

i
120 |AF16 ,MEMCS16 setup time to ALB! Ins 1
! l ! ! !
121 IAF16,MEMCS16 hold time from ALE] L1 Ins !
! ! ! 1 ! !
122 |PRCLK delay from 16MHZ ! ! 50 Ins !
1 ! 1 ! ! l
123 IRSET hold time from PRCLK} ! 10 ! Ins !
! ! 1 ! ! !
124 !RSET setup time to PRCLKl I 25 1 Ins !
i I [ ] 1 !
125 IRESET A/I delay from PRCLKl {1 51 35 lns 1
! ! ! ] ! !
126 ISCLK delay from PRCLK ! ! 25 !ns 1
1 ! ! ! ! !
127 IDMACLEK delay from SCLK 1 ! 15 !Ins !
! 1 ! 1 1 1
128 IRESCPU inactive delay from PRCLKl { 51 50 !lns !
! 1 t ! 1 1
129 IRESCPU active delay from SCLKT ! 51 20 lns !
! 1 f ] ! !
130 lHRQ setup to DMACLK1 ! 15 | Ins 11
[} ] I 1 1 !
131 lHRQ holdtime from DMACLKT 11 lns 11
1 ! t ! 1 1
132 ICPUHRQ A/I delay from CPUHLDAT ! | 30 Ins |
] 3 I 1 ! L
133 IHLDA active delay from SCLK ! ! 25 Ins !
1 ] I ! ! !
134 IHLDA A/I delay from CPUHLDA t 1 30 !ns !
! 1 l 1 f 1|
135 !HLDA inactive delay from DMACLK1 ! ! 30 Ins !
1 ! 1 ! 1 !
136 !DMAMR setup to DMACLK1 I 15 3 ins !
! 1 ! ! 1 !
137 ICMD tristate elay from CPUHLDA ! ! 30 !ms ! 2
H ! ! ! ! !
138 IMEMR active delay from DMACLRI ! I 25 ins !
! ! {Due to DMAMR) L | ! !
! 1 ! l ! [
139 !MEMR inactive delay from DMAMRT ! ! 25 Ins !
| ] 1 ' 1 1
! ! . ! ! ! !
140 IMEMR tri-state delay from DMACLK| ! ! 25 Ins 1
1 ! {(Due to DMAMR) 1 ! ! l
t ! ! i 1 !
!41 ICMD active delay from CPUHLDA ! { 30 !ns !
! ! ! l ! !
142 IDMARDY inactive delay l ! 30 !ns !
! | from DMAMR,IOR ! ! ! !
! ! 1 l 1 !
143 !DMARDY active delay from DMACLKl ! 1 30 !ns 1

22

[ e i I O e S e Y .

b b b e G e M e b B B B R b I— d— Ao B fm A gem fw e ek b B B dea A B e I e S e



IMIN IMAX !UNITS INOTES
=== | ==s@=s===Sc==s=ssS=SSsS=s====SS=S=== l====]=====ls=====ls=====
1 ! i ! i !
144 |MEMCYC active delay from MEMW,MEMR! { 30 !Ins !
I ! i t ! t
145 IMEMCYC inactive delay from § 1 30 !ns 4
1 tfrom MEMW,MEMR 1 i 1 !
1 t ! ! ! t
146 !AQ setup time to PRCLK ¥ 1 0 Ins 1
1 ! l i 1 !
147 1A0 hold time from PRCLK! I 51 ins !
l 1 ! ! ! !
148 1SA0 delay from PRCLK 4 ! | 50 Ins !
I ! ! ! ! ]
149 IXBHE setup time to ALE} 1 01 Ins t
t 1 ! 1 ! !
150 !READY inactive delay from PRCLKV 1 ! 25 Ins f
1 | (middle of Ts cycle) ! 1 { !
! ! 1 | l l
151 IREADY active delay from PRCLKl ! | 24 !ns !
l 1 ! ! ! f
152 ICNTLOFF A/I delay from PRCLK ! ! 30 !nms !
l 1 l ! 1 !
153 IDIRHLB,ENHLB active delay from ! ! 50 Ins 1
l lfrom IOR,IOW ! ] ! 1
l 1 ! ! ! I
!54 !DIRHLB inactive delay ! 1 50 Ins !
! !|from PRCLK (IOW) ! ! ! 1
! ! ! ! ! !
155 IENHLB active delay from PRCLK ! t 50 !ns !
! ! (IOW cycle) ! ! ! !
! ! ! ! ! !
!56 !ENHLB inactive delay from ICR ! ! 50 Ins !
L 1 ! ] 1 !
157 !ERROR holdtime from BUSY active 1 0! Ins !
! ! l ! ! !
158 IBUSY active pulse width | 15 1 !ns !
! ! ) ! ! !
159 lERROR setup to BUSY ! 10 ! Ins i
! l l ] ! 1
160 |BUSY287 A/I delay from BUSY A/I ! ] 30 !ns 1
! ! 4 ! [ 1
161 !ERROR active pulse width 110 ! Ins !
l I ! ! ! i
162 1INT287 active delay from ! f 30 Ins !
l 1B0OSY , ERROR ! ! 1 L
! 1 1 { l l
'63 IINT287 inactive delay from ERROR ! ! 30 !ns !
! 1 ! ! ! 1
164 1BUSY287 inactive delay from IOW ! ! 40 !ns ¢
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===== EEEE] B e e e e L 1

1SYM! DESCRIPTION IMIN [MAX [IUNITS INOTES !

! !

! 1 ! ! 1 ! !
165 18MIQ,S5A0,5A3,287CS5,INTA setup time! 10 | Ins 1 !
! lto IOW I 1 1 ! t
f 1 ! 1 ! t !
{66 1SMIOC,SA0,SA3,287CS,INTA hold time | 1 | Ins ! !
! {from IOW ! ! ] ! 1
! [} ] f [ ] !
167 IRES287 active delay from IOW 1 Il 40 Ins ! !
! ] 1 { ! I 1
168 !RES387 inactive delay from IOW ! ! 40 !ns ! !
! I 1 ! ! 1 !
169 INPCS active delay from SMIO,SA3, ! ! 35 lns ! 1
! 1287CS, INTA ! ! ! 1 [
! ! I 1 ! ! !
170 INPCS inactive delay from SMIO,SA3,! ! 35 Ins ! 1
! 1287C5,INTA 1 1 1 i !
! 1 ! 1 ! ! ]
171 IData Setup to IoW | 130 1 ins ! 1
I 1 ! ! E ! 1
172 IData Qutput from IOR! ! ! B0 Ins ! !
1 1 1 ! I f l
173 {pata float from IOR ! ! | 50 Ins ! !
l 1 1 { ] ! 1
!74 1U46 0 outputs from 1ow! ! | 80 Ins ! 1
! ! 1 ! 1 1 1
175 1U46 0 outputs clear from RESET 4 1 | B0 lns ! 1
! 1 [} ! 1 1 1
176 1220 GATE delay from IOW ! ! ! 80 Ins ! t
! I ! 1 1 [} !
177 1A20 GATE delay from RESET J I 1 80 ins 1 !
! l ! 1 ! 1 !
178 1GA20 delay from A20 GATE [ 5 1 50 lns 1 1
! l [} 1 l ! !
179 1GA20 delay from A2Q0 ! 51! 50 I!ns ! !

1. Setup and Hold times are required to guarantee
recognition eof signa' at clock edge.

2. CMD MEMR ,MEMW,IOR and IOW.
A/T Active and Inactive
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1000TL 67 WATT SINGLE INPUT POWER SUPPLY






1000TL 67 Watt Single Input Power Supply
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OFPERATING CHARACTERISTICS

MINIMUM  TYPICAL

- Operating Voltage Range Q0 120
Line Frequency 47 50/60
Qutput Voltages
Vol 4,85 5.00
Vo2 11.40 12.00
Vol =13.20 -12.00
Output Loads
Iol 1.25 -
Io2 0.15 -
Io3 0 -

Over Current Protection
Current Limit ICL1 - -
IcL2 - L
ICL3 - -

- Over Voltage Protection
Crowbar 5.8 -

Qutput Neise
Vel - -
Vo2 - -
Yo3 - -

Efficiency 63 65

Holdup Time
Full load at Nominal Line 16 -

Insulation Resistance

Input to Output 7 1000

Input to Ground 7 1000
Isolation

Input teo Ground L -

MAXIMUN
135
63

5.15
12,60
-10.80

7.0
2.4

0.25

14,0
4.8
1.0

6.8

50
100
150

>

mV P-~P
¥ P-P
mnV P-F

mSec.

¥ ohms
¥ ohms

Kvoc
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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 rvectifying
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
dees not fix the oscillating freguency. Whenever input voltage
is high or the load becomes light, the oscillating freguency will
be high.

The current through R2 supplies transistor Ql's base, then Q1
turns ON. When transister Q1 is On, the Ql current excites the
transformer Tl and voltage rises in the bias coil of T1{5-6)
which leads tramsistor Ql positive bias, then transistor Ql turns
ON .

When transister Ql turns ON, collector current charges the energy
to primary inductance of transformer T1 (l1-3). Increasing the
collector current of transistor Ql to the point of:

I > I .hfe
C= B

Then, transister 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 Sheort Circuit
Protector is provided to protect transistor Ql from excess
ameunts 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 Q1. 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.



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-vVoltage 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 dicde (D1l) and stops oscillation by turning on

03, 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.
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OPERATIKG CHARACTERISTICS

MIKIMUKM
QOperating Voltage Range 90
198
Line Frequency L7
Dutput Voltages
Yol 4.85
Vo2 11.40
Vo3 -13,20
Qutput Loads
Iol 1.25
Io2 0.15
Io3 0
Over Current Protection
Current Limit ICL1 -
IcLz -
ICL3 -
Over Voltage Protectiion
Crowbar 5.8
Qutput Heise
Yol &
Vo2 -
Ye3 &
Efficiency 63
Holdup Time
Full Load at Nominal Line 16
Insulation Resistance
Input to Qutput 7
Input to Ground 7
Isolation
Input to Ground 1.25

Input to Output 3.75

TYPICAL

120
240

50/60

5.00
12,00
-12.00

1000
1000

FAXTHUM
135
264

63

5.15
12.60
-10.80

7.0
2.4
0.25

1%.0
4.8
1.0

6.8

50
100
150

UNITS

VAC

Hz

-t

nV P-F
m¥ P-P
my¥ P-P

m3ec,

M ohms

M ochms

KYAC
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 contrels
the charging current to electreolytic capacitors when power is ON.
The line filter reduces noise that leaks from the power source to
the AC line or that returns frow 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. circult
does not fix the oscillating frequency. Whenever input voltage
is high or the lcad hecomes light, the oscillating frequency will
be high.

The current through R4 and R5 supplies transistor Ql's base, then
Q1 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 0l positive bias, then transisteor Ql turns
On .

When transistor Ql turns ON, collector current charges the energy
te primary inductance of transformer Tl {4-6). Increasing the
collector current of transistor Q1 to the point of:

I > I .hfe
= B

Then, transister Ql immediately turns QFF. 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 Q1 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 Q1 against
excessive current from the -12V line.



5V Output Voltage Detecting Circuit

The circuit detects the change of ocutput 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 isclates 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 (D1l) and stops oscillation by turning on

Q3, which turns ofE Q1 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 cirecuits,
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FUJITSU KEYBOARD
ASSEMBLY # NB60-4703-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 NB60-4703-T Keyboard assembly.

The keyboard is enccded in such a way as to produce a unique
cutput 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 Communication
are all campatible 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 fram 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 Pravel: 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 BREBKOVER 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 unigue 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
"FO" 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 Mcode,
the break code is B0 Hex, plus the make code. Example: The make
ccde for the "ESC" key is 0l 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.



Key Key AT Mode
#  Descript. Make  Break
Code Code
I Esc 76 F076
z R 05 FO05
3 R 06 F006
4 F3 04 Foo4
5 F oC Fooc
6 F5 03 Foo3
7 Fb 0B FOOB
8 F7 83 F083
9 I8 0A Fo0A
10 F9 01 F001
11 FI0 09 F009
1z F11 78 Fa78
13 Fi12 07 007
14 Print Sern E07C EOF07C
15 Scroll Lock  7E FO7E
16 Pause Break E11477 E1F014F077
17 ~or\ )38 FOOE
18 lorl 16 Fo16

KEYBOARD SCAN CODES

XT Mode Standard ASCII
Make Break {Scancode/ASCII code)
Cﬂdg ._Cﬂdﬂ. N.Qfm_s.h.lﬂ_cm_w
01 81 011B  011B  O11B -
3B BB 3B00 5400  5E00 6800
3C BC 3C00 5500 SFO0 6900
3D BD 3D00 5600 6000 6A00
3B BE 3E00 5700 6100 6800
I BF 3F00 5800 6200 6C00
40 co 4000 5900 6300 6100
41 cl 4100 5A00 6400 6E00
42 c2 4200 5B00 6500 6F00
43 3 4300 5C00 6600 7000
44 4 4400  5D00 6700 7100
57 D7 e eeeee e
58 DR wmme.  semim,, s s
E02AE037 FOBTEOAA Notel Notel 7200 -
46 Cé Note, Note  ------ Note?
ELID45  E19DCS  Noted  Note® Note?  Note
28 AB 2960  297E  -ee-
02 82 0231 0221 - 7800

Table 1

Extended ASCIl

(Scancode/ASCII code)

Norm  Shift  Ctd Al
011B 011B 011B 0100
3B00 5400 SE00 6800
3C00 5500 5F00 6900
3Do0 5600 6000 6A00
3E00 5700 6100 6BCO
3F00 5800 6200 6C00
4000 5900 6300 6000
4100 S5A00 6400 6E00
4200 5B00 6500 61700
4300 5C00 6600 7000
4400 S5D00 6700 7100
8500 8700 8900 8B0O
8600 8800 8A00 8C00
Note! Notel 700 - )
NoteZ Note?  -em- NoteZ
Notc3 Note’ Notc4 Nolu3
6000 7E00 - 2900
0231 0221 - 7800



.

Key Key AT Mode

#  Deseript. Make Break
Code Code

19 @or2 1 ol

20 #or3 24 1026

21 5 or4 25 Fn2s

22 %orh 2B FO2E

23 Toréb 36 1’036

24 &or? 3D Fo3n

25 * or8 k13 10318

% ( or¥ 46 46

27 Yor@ 45 1°D4s

28 _or- 4B 10418

29 +or= 55 F0s5

30 DBackspace 66 Fooh

31 Insert 1070 Li0r070

32 Home EoeC  FOro6C

33 Pglp BEO7D  FOro7D

34 Num Lock o ro7?

3% o HEO4A L0I04A

36 i FFO7C

37 - 3 1078

KEYBOARD SCAN CODES

XT Modc
Make Break
Code Code
03 83
04 84
s 85
O 8O
07 87
[ B8
04 89
OA BA
on 81
oC ’C
D 812
4151 815
LOZAE052 EODZEOAA
LO2ALI047 DOCTHOAA
[H02AL049 EOCOHOAA
45 s
in3s EOBS
T B7
47 CA

Standard ASCII

(Scancode/ASCIE code)

Norm  Shift  Cirll Al
0332 (340 (300 7900
0433 0423 - TADO
0534 (524 -eee- 100
0635 4625 - 7C00
07306 G731 0711 71300
0837 0826 a---- TEOO
0938 092A THEOD
0A39  (GAZR ceee- 8000
01334 OB29 e 8100
¢ QOsE QC1F 8200
a3 N2 - 8300
01308 0108 0OL71

5200 5200 -ee-

4700 4700 7700 e
4900 4500 8400  ---e-
Nate' Null:5 ----- Nate
asz2r 3521 e aren
372A 372A 0 s e
4A21  4A2D 0 - s

Extended ASCII
{Scancode/ASCII code)

0332 0340 0300 7960
0433 0423 ——en- TAON
0534 0524 ———-- 7R00
0635 0625 e 7C00
0736 075K 0711 71200
0837 0826 —— T7I:00
D938 092A s TF00
DA3Y 0A28 e 8000
N334 0B2% e 8100
0C20y [esih o1y 8200
0n3D apz2n ————- 8300
0I:08 0L08 0LiTr 0106
5210 5210 0921iQ A200
470 4710 7760 9700
4910 491:0 841i0 9900
Note” Note” e Note™
HO2F EO2F 9500 Ad00
372A 372A 9600 3700
4A21  4A2D  BLOD 4AD0



Key Key AT Mode
#  Descripl. Make  Break
Code Code
38 Tab D Foop
39 Qorg 15 Fol5
40 Worw ID FOlID
41 Liore 24 F024
42 Rorr i Fo2D
43 Tort 2C Fo2C
44 Yory 35 F035
45 Uoru 3C F03C
46 Tori 43 Fo43
47 Oaro 44 044
48 Porp 40D FO4D
49 {or] 54 DO54
50 }or] 58 F05B
51 |or\ 5D FOsSD
52 Delete 071 L0071
53 TLnd EC69 FOF069
54 PageDown F0TA  EOFOTA
55 7 or Home 60 FO6C
56 8 5 075
57 YorPageUp 7D 07D

KEYBOARD SCAN CODES

XTMode
Make Break
Code  Code
oF 8F
1] %0
11 91
12 92
13 93
14 94
15 95
16 96
17 97
18 98
19 9
1A 9A
13 9B
2B AB
BE02AE053 FOD3R0AA
EO2ZAEBE04F LOCFTOAA
E0ZAE0S] BODIEOAA
47 7
48 C8
49 Co

Standard ASCII

(Scancode/ASCILI code)

Norm _Shift  Cirl Al
OF90  OFD0  —oee e
1071 1051 1011 1600
177 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
iB6F  184F  1BOF 180D
1970 1950 1910 1900
IASB  1ATR  1AIB -
185D IB7D  1BID e
2B5C  2B7C  2BIC e
5300 5300 -eee _—
4F00 AF00 7500 -
5100 5100 T600  eeees
4700 4737 700 Notc®
4800 4838 - Note®?
4900 49319 8400  Note”

Extended ASCII
(Scancode/ASCII code)

Norm _ Shift  Cirll Al
0F0Y 000 9480  AS00
1071 1051 1011 1600
1177 1157 M7 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
186I°  [84F  180F 1800
1970 1950 1910 1900
1ASB IA7TB IAIB 1AD0
IBSD 1B IBID  IBOO
2B5C  2BIC 2BIC  2B00
s3L0 530 93B0 A300
4FE0  4FB0 75L0 9100
SIE0 SIED  76E0 ALOO
4700 4737 7700  Note®
4800 4838  8DO0  Note®
4900 4939 8400 Note



Key  Key AT Mode
#  Descript Make  Break
{odc Code
58 + 7 FO7%
59  Caps Lock 58 ['as8
60 Aora 1 rFolc
01 Sors 13 o1
62 Dord 23 1023
63 Faorl 4 1021
64 Giorg 34 1034
65 Heorh 33 1033
o6 Jorj ElH 1Fo3B
67 Kork 42 17042
68 [.orl 4B [o413
oY :ar; 4 1040
o e 52 1°052
71 Enter 5A IF'O5A
72 4 18 FO6i
73 5 73 1°073
EE T 7 17074

X1 Mode
Make Break
C C
41 CE
A BA
11 91
1’ Pig
20 Al
2l Al
22 A2
23 Al
24 M
25 AS
20 Ab
27 AT
28 AN
18 9
41 B
AC e
4D (615

KEYBOARD SCAN CODES

Standard ASCII
{Scancode/ASCH code)

i Sl e ;
428 4L2B -
Note Note -—-- Nalc—'"
1861 1341 LE01 1E0R
IF73  IFS3 013 10w
2064 2044 2004 2000
2066 2046 2106 2000
2267 2247 2207 2200
2368 2M8 2308 2300
246A  24A UOA 2400
2563 2543 2508 2500
2660 2640 260C 2600
7B ITIA -
227 222 e
10D LCOD LCOA e
4B00 AB3 7300 Nawe?
----- 4035 - Nate?
ADO0 4136 7400 Nate?

Iixtended ASCIE
(Scancode/ASCII code)

Noim Shifl Ctrl Al
421 L2 9060 4H0.
Nate Note e anc."
11261 1H41 101 11300
1773 11753 1IF13 LEDO
2064 2044 2004 2000
2166 2146 2186 2100
2267 2247 2207 2200
2308 2348 2308 2300
246A 244N 240A 2400
2568 2548 2508 2500
266C 2604C 2600 2600
273B 273A —-- 2700
2827 2822 ———- 2800
10D 1COD 1C0A 1 GO0
AB0D 41334 7300 N[Jll:{l
4000 4C35 BEO0 Noll:'fl
4D00 4D36 7400 Noted



Key Key AT Maode
#  Descript. Make  Break
Code Code
76 Left Shift 12 1’012
77 Zorz 1A FO1A
78 Xorx 22 ro22
79 Core 21 021
80 Vorvy 2A FO2A
81 Borb 32 F032
82 Norn 31 1031
83 Morm 3A F03A
84 < or, 41 Fo41
85 > or. 49 F049
86 7Tor/ 4A Fo4A
87 Right Shift 59 059
88  Up Arrow E075 10r07s
89 1lorEnd 69 1069
9z 72 072
91 3or Pghin  7A TO7A
92 Left Ctri 14 014
93 Left Alt 11 Fo1l
94  Space 29 029

KEYBOARD SCAN CODES

XT Mode
Make Break
Code Cod
2A AA
2C AC
2D AD
2E AE
2F AT
30 B30
31 BI
32 B2
33 B3
34 B4
35 B5
36 B6
L02AEG4E EOCBEOAA
4r CF
50 Do
51 DI
1D 9
38 B8
3 B9

Standard ASCII

(ScancodefASCII code)
: Shif c
Nolc8 I\’olr.‘.8 NolcB NotcB
2CTA 205A IC1A 2C00
2D78 2DD58 D18 2000
2E63 2E43  2E03 2E00
2F76 2F56 2F16 2FQ0
3062 3042 3002 3060
316E 314E 3100 3100
326D 324D 320D 3200
332C 333C eeeee eees
342E 3438 -
352F 353F e e
ND!CB Note' chs Nolus
4800 4800 ————- ——
41700 41731 7500 N()I.CG
5000 5032 - Noted
5100, 5133, 7600, Notep
Note Note Note Note
Nolum Nulcw chm No!cm
3520 3520 3920 3920

Extended ASCII

(Scancode/ASCI code)

Norm  Shift  Cerd  Alt
Noln:8 Ncm:B Notcs Nolcs
2C7A 20C5A 2C1A 200
2D78 2D58 2D18 2000
2863 2043 2803 2LE00
2FK76 2F56 2F16 2100
3062 042 3002 3000
3168 31415 3106 3100
326D 324D 320D 3200
332C 3330 - 3300
3428 MIE - 3400
352F 3[F, - 3500
Note Nolc8 Nmn:R Note
48E0 48E0 8DE0 9300
4100 4F31 7500 chﬁ
5000 5032 2100 Nurc(’
s100,  S133, 7600 anug
Note Note Nate Nole
Notclu Notcm Nolcm Nuu:l
3920 3920 3920 3920



KEYBOARD SCAN CODES

Key Key AT Maode XT Mode Standard ASCII Extended ASCI

#  Descript. Make  Break Make Break (Scancode/ASCI code) (Secancode/ASCII code)
o Code Code Code  Code Norm_ Shift  Cifd Al Norm  Shift Clel Alt

95 Right Al E0Il  EOT0L1 13038 HOBS Note)! Notes! Notes! Note)' Notey’ Notey” Notey! Note
9 Right Ctrl E014 FOF014 EoID E09D Note Note™ Nole Note Note Note Note Note
97 Left Arrow  EDOB EOF06B L02AEN4B LEOCBECAA 4B00 4800 7300 - 4BEQ 4BE0 TR IBO0
98  Down Arrow ED72 BEO0F072 ED2AE050 BEODOEOAA 5000 5000 ceses emee S0ED 5010 91ED A0
99 Right Arrow 074 E0r074 ED24E04D  FOCDEDAA 4D00 4000 7400 - 4DE0 4DED T4ED ‘JD()G(
100 Oorlns 70 F070 52 D2 5200 5230 - Nate 5200 523H %200 Naote”
101 , or Det 71 Fo71 53 N3 5300 532E weee --- 5300 532E 9300 -

102 Enter EosA  BOFOSA Lol Booc 1con 100D 1C0A w-—e LooD Loon E00A AGDO




0T

NOTES

Notel —INT OS5Il is invoked and a screen dump is performed
Note2 —the scroll lock active bit is toggled

Note3 —the pause state is initiated

Noted —INT 1BH is invoked

Note5 —the numlock active bit is toggled

Note6 —ALT num pad generates raw ascii code of lyped number
Note7 —the caps lock active bit is loggled

Neted —hold shift lock active untii key is released

Note —hold control shift active until key is released
NotelU—hold altcrnate shift active until key is released



5.0 PROTOCOL
5.0.1 COMMUNICATION 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 commnicaticns 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 data line is
then checked. If the host system is holding the data line low,
transmissions are disabled. The keyboard will retain the keycode
Eor 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 keybcard 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 QUTPUT-XT MODE >

oo — Iml

DATA

T1 I

: |START‘ Do ] DI D2 D7

i
.

~
g

Tl ; 100~ 250us (CHECKING TIME QF DATA QUTPUT READY OR PROHIBITION)
T2, 104us=20%
T3; 10us MIN,
T4} 10us MIN,

FIGURE 2
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5.0.2 COMMUNICATION MODE 2 (AT MODE)

The keyboard communicates 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 QUTPUT-AT MODE > Figure 3A

T T2 T3 T4
— — — f— — — —
CLOCK _l_J 1 ﬂ F m l
DATA —{ 4 .
STARTI Do Di | D Dp l STOP |
g H

[

T1; 104ys = 20%

T2; 20ps MIN,
T3,  Zps MIN.
T4 35us =20%

<KEYBOARD DATA INPUT-AT MODE > Figure 3B

DATA f. 5 ......
START ’ Do J D1 | " Dp |STOF|

3
L
T3 ;  60us MIN. {WAITING TIME FOR HOST DATA GUTPLUT)
T6 ;  Sps MIN,

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,

AT Mode FF Hex
AT Mcde 00 Hex

Codes received after this code are lost until the keyboard
clears additicnal space in the keyboard buffer,

13



Self Test Passed — AA Hex AT and XT Modes

The keyboard issues this command upon successful completion of
the keyboard self test. The self test consists of the following.

XT MODE

. Mawory is cleared.

. Keyboard buffer is cleared.

. ROM checksum is read and compared.

. RAM is tested.

. Self test completion code is ocutput.

. AA Hex is output to indicate successful self test.

. 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. BAA 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 Mcde, 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 Command (EE Hex) is sent in response to an Echo Cammand
from the host system instead of the normal Acknowledge (ACK) for
diagnostic purposes.
Acknowledge — FA Hex AT Mode
The keyboard sends an Acknowledge (FA Hex) in response to a

valid command from 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 from the host system.

KEYBOARD BUFFER OVERRUN — AT and XT Mcdes

When the lé-character keyboard buffer receives the 17th
character, an overflow condition occurs. This condition is
communicated to the host system by transmitting the Keyboard
buffer Overrun (FF Hex for XT Mode, 00 Hex for AT Mcde) 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.

211 commands fram the host systemn require a response fram the

keyvboard. The kKeyboard 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 command, the
keyboard will not respond within 20 microseconds as described
above.

RESET — FF Hex

Upon receiving this command, the kevboard 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 ocutput
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 command 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 cammand the keyboard responds with an

Acknowledge, clears the output buffer, and starts scanning the
matrix.

16



SET TYPEMATIC RATE/DELAY — F3 Hex

This cammand consists of cne cammand 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
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 command is processed
and the keyboard continues scanning the matrix.

The parameter 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.

Example
1 01 0 1 0 1 1 parameter 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 (01011l) 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
defanlt settings,

17



i) Delay

Bit Delay
6 5 ms
00 250
01 500 0
10 750
10 1000
i) Rate
Bit Rate Bit Rate
£ 3 2 1 0f ©s) 4 03 2 1 0] @)
000 0 0 0] 30.0 1 00 0 0] 15
00 0 0 1| 26.7 1 0 0 0 1| 67
000 0 1 0 24.0 1 0 0 1 0] 6.0
0 0 0 1 1] 21.8 {0 0 1 1| 55
000 1 0 0] 20.0 1 0 1 0 0] 5.0 -
0 0 1 0 1| 185 1 0 1 0 1| 456
000 1 1 0] 171 1 0 1 1 0] 4.3
000 1 1 1| 160 101 1 1] 4.0
0 1 0 0 0] 150 1 10 0 0| 3.7
001 0 0 1] 133 1 1 0 0 1] 3.3
001 0 1 0] 120 110 1 0] 30
001 0 1 1] 10.8 11 o0 1 1] 27
001 1 0 0| 10.0 11 1 0 0] 25
001 1 0 1| 8.2 1 1 1 0 1] 23 .
001 1 1 0| 856 11 11 0 2. o
001 1 L 1] 8.0 11 11 1] 20

TABLE 2
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ECHO — FE Hex

This command is provided for diagnostic purposes. The keyboard
shall respond with EE Hex, instead of aAcknowledge, and continue
scanning the matrix.

SET/RESET STATUS INDICATORS — ED 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
parareter 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.

Example
0 ¢ 0 00
7 6 5 4 3
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 — FZ2 Hex

This command causes the keyboard to return two identification
bytes ABB3 Hex. The keyboard responds with an Acknowledge to the
camand and stops scanning the matrix. The keyboard then
transmits the keyboard I AB83 Hex and resumes scanning the
matrix,
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SET/READ SCAN SET — [0 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
comnand consists of a command byte and a parameter byte. Upon
receiving this camand, the keyboard sends an Acknowledge to the
host system and walts for the parameter byte. When the keyboard
receives the parameter byte, it responds with an Acknowledge.

A parareter byte of 00 Hex will cause the keyboard to transmit
the Hex value for the Scan Set currently in use. A parameter
byte of 0l 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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Print Scrn
Scroll Lock
Pause or Break

I @QWo-~Jda U &b

Backspace

Insert cursor pad
Hame cursor pad
Page Up cursor pad
Num Lock

/ number pad

* number pad

— number pad

Tab

—tO O PSR DR

TABLE 3

MAKE CCDE

EREAK CCDE DEFAULT KEY STATE

2333383332333233333333333333333333333333333333334833

08 Make Only
07 Make Only
OF Make Only
17 Make Only
1F Make Only
27 Make Only
2F Make Only
37 Make Only
3F Make Only
47 Make Only
4F Make Only
56 Make Only
5E Make Only
57 Make Only
5F Make Only
62 Make Only
0E Typematic
16 Typematic
18 Typematic
26 Typematic
25 Typematic
2E Typematic
36 Typematic
3D Typematic
3E Typematic
46 Typematic
45 Typematic
4E Typematic
55 Typematic
66 Make Only
67 Make Only
6E Make Only
6F Make Only
76 Meke Only
77 Make Only
TE Make Only
84 Make Only
0D Typematic
15 Typematic
ip Typematic
24 Typematic
2D Typematic
2C Typematic
35 Typematic
3c Typematic
43 Typematic
44 Typamatic
4D Typematic
54 Typematic
5B Typematic
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Delete cursor pad
Hane cursor pad
Page Up cursor pad
7 number pad

8 number pad

9 number pad

+ = 3DUT0TSN0ONRDN

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

Right ctrl

Left Arrow cursor
Down Arrow

Right Arrow

Ins number pad
Del number pad

64
65
6D
6C
5
7D

14
1c

23
2B
34
33
3B
42
4B

52
5A
6B
73
74
12

22
21
2A
32
31
3n
41
49
59
63
69
72
7a
79
11
19
29
39
58
61

61
70
71

d33333333333333383333333333333333333333333333332333

3C

65
6D
6C
75
D

14
1c
1B
23
2B
34
33
3B
42
4B
ac
52
5a
6B
73
74
12
1a
22
21
2A
32
31
3a
41
49
59
63
69
72
7a
79
11
19
29
39
58
61
60
6A
70
71
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Typematic
Typematic
Make Only
Make Only
Make Only
Make Ornly
Make Only
Make Only
Make/Break
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Make Only
Make Only
Make Only
Make/Break
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Make/Break
Typematic
Make Only
Make Only
Make Only
Make Only
Make/Break
Make/Break
Typematic
Make Only
Make Only
Typematic
Typematic
Typematic
Make Only
Make Only
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SET ALL KEYS — TYPEMATIC — F7 Hex

SET ALI, KEYS — MAKE/BREAK — F8 Hex

SET ALL KEYS — MAKE CNLY — F9 Hex

SET ALL KEYS — TYPEMATIC/MAKE/BREAK — FA Hex

These commands 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
command, and continues scanning the matrix if it was previously
enabled.

SET SINGLE KEY —— TYPEMATIC — FB Hex

SET SINGLE KEY -- MAKF/BREAK — FC Hex

SET SINGLE KEY —— MAKE ONLY — FD Hex

These commands 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
from 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 cutput in the
proper sequence, However, when the keyboard detects more than
four keys pressed during a scan of the matrix, the keyboard does
not output the keycades 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 el
using the AT Communications Mode.

5.5 BUFFERING

The keyboard is capable of storing 16 scan codes in a first in/
first out (FIFO) 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 7415125 equivalent buffers. The
keyboard side is terminated by 2200 Ohm resistors, All voltage
levels are TTL campatible 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

CLOCK

DATA

NO CONNECTION
LOGIC GROUND
+5 VOLTS DC

Ut s o

24



6.2 CHASSIS GRCUND

Chassis ground is isolated fram logic ground.

6.3 POWER REQUIREMENTS

The keyboard requires 5 Volts DC, +/-53%, at 500 milliamps (max).

7.0 ENVIRONMENTAL REQUIREMENTS

7.1 TEMPERATURE

OPERATING..0cvunnnv- «v...0 to 50 degrees C
NON-CPERATING...vsnsseans -20 to 60 degrees C

7.2 RELATIVE HUMIDITY

20% to 90% non-condensing

7.3 SHOCK

Operating and non-operating............ 106 11 mS duration

7.4 VIBRATICN

Operating and non—operating............ 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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DOCUMENT CONTROL SECTION
—_

PIN DESCRIPTION

Vgg )
Circuit ground pofential.

Vco

+5V power supply dunng operaticn, programming
and verification.

Port 0

Port 0 is an B-bit cpen drain bidirectional YO port.

il is alsa the mulliplexed low-order address and data
bus when using exiernal memory. It is used for dala
input and output during programming and vernifica-
tion. Port 0 can sink/source two TTL loads.

Port1

Porl 1 is an B8-bit quasi-bidirectional I/0 porl It is
used lor the low-order address byte during program-
ming and verification. Porl 1 can sink/source ane
TTL load,

Port 2

Port 2 is an 8-bil quasi-bidirectional O port, i alsa
emits the high-order 8 bits of address when accessing
external memory. 11is used for the high-order address
and the control signals during programming and
venfication. Port 2 can sink/source one TTL load.

Port 3

Port 3 is an B-bit quasi-bidirectional I/0 por, it alsg

conlains the interrupt, timer. serial port and AD and

WA pins that are used by various options. Tha out-

put latch carrespending to a special function must

be programmed 1o a one {1} for that function 1o

operate. Pont 3 can sink/source one TTL load, The

special functions are assigna2d 1o the pins of Port 3,

as lollows:

—RXDrdata {P3.0}. Serial part's receiver data input
{asynchronous} :or dala inpul/output {synehro-
nous}.

-=TXD/clock (FL1). Senal port's lransmitier data
oulput [asynchroncus) or clock output {synchro-
nousj,

—INTO (P3.2). Interrupt O input or gate control input
{or counter 0.

—iNTT (P3.3). Interrupt 1 inpul or gale control
input lor counter 1.

—T0 (F2.4). Input 1o counter 0,

=T1 (P.5}. Input 1o counter 1.

—WR {PL.B). The wnle control signal lalches the

dats byte from Port 0 inlo Ihe External Datz |[—

Memary.
—HAD (P2.7). The read control signal enables External
Data Memory 1o Port 0.

RST/VpD

A low (¢ high transition on this pin {al approximately
V) resets the 8051, Il Vpp is held within its spec
(approximately +5V), while Voo drops below spec.
Vpp will provide standby power 1o the RAM, When
Vpp is low, the RAM's current is drawn from Vo,
A small inlernal resistor permits power-on reset
using only a capacitor connected to Vo
ALE/PROG

Provides Address Lalch Enable outpul used lor
fatching the address into external memary during
narmal operation. Receives the program pulse
input duting EPAOM programmming.

PSEN

The Program Store Enable outpul is a control signal
that enaoles the external Program Memary to the
bus during notmal leten operations.

EA/NDD

When heid at a TTL high level. the 8051 executes
instructions from Ihe internal ROM/EPROM when
the PC is less than 4095, When held at a TTL low
level. the 8051 leiches all instuctions trom external
Pragram Memory. The pin also receives the 21V
EPROM programming supply vollage.

XTAL1

Inpul 1o the oscillator’s high gain amplitiee A crystal
or external seurce can be used,

XTALZ

Qutput trom the oscillator's amplifier. Required when
a crystal is used.
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1. Descriptien
This document describes the specifications of the SONY 3.5" Micro
Floppy Disk Drive, the MP-F1lW-70D that is designed for general
applications, even for lap-top computers. It features a low
profile, a low power cunsumption, single power veltage, a light
weight, ruggedness, high reliability and easiness to use.
2, Specifications
2.1 Configuration
The drive consists of Read/Write heads, head positiening
mechanism, disk moteor, interface logic circult and Read/Write
circuit,

2.2 Physical Dimensions

The detailed physical dimensions are shown in Figure 2,1.
The main dimensicns are:

1} Height i 25.4 mm (1.0 inch)
2) Width 1 101.6 mm (4.0 inches)
3} Depth : 150.0 mm (5.9 inches)
(excluding a front panel thickness)
2.3 Weight
Weight : 425 ¢ (0.%4 pound)
2.4 Performance
2.4.1 Recording Capacity (unfermatted, MFM)
1.0 Mbytes/disk 0.5 Mbytes/surface

2.4.2 Transfer Rate

Burst transfer rate : 250 Kbits/sec for MFM
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Access Time

Track to Track Slew Rate : 3 msec min.
Head Settling Time : 15 msec max.
Motor Start Time : 500 msec max.
Functicnal

Rotation Speed : 300 rpm

The continuous speed variation is within +1.5%.
The instantanuous speed variation is within #1.5%.

Recording Density : 8717 BPI
(8ide 1, TracHk 79)
Track Density ; 135 TPI
Number of Cylinders : 80
Number of Tracks : 160
R/W Heads H 2
Reliability

Mean Time Between Failures (MTBF) : 30,000 PCH

Mean Time to Repair (MTTR) : 30 minutes
Preventive Maintenance (PM) : Not Required
Components life : 5 years or 15,000 POH

Error Rate
1. Soft Read Errcr : Less than 1 per 10? bits read
2. Hard Read Error : Less than 1 per 1012 pits read

3. Seek Error : Less than 1 per 10% seeks
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2.5 Input Power Requirements
2.5.1 Power Consumption
Standby 0.1 W max.
Operation (read/write mode) 1.1 W typ.
2.5.2 Supply Voltages

Yoltage Max., Ripple Current

+5.0V +10% 0.1vpp 20 mA max. (Standby)
220 mA Typ. (Read/Write)
680 mA max. (Motor starts}
890 mA max. (Step during meteor rotates)

2.5.3 Current Profile

See FPigure 2.2

(md}
1000
B
500

B0

0 I [i] 200 [ 18 (msec)
Power Dn Stand by  Motor Oa Read ./ Write  Step

Figure 2.2. <Current Profile
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2.6 Environmental Limits

2.6.1 Temperature Range

2.6.5

Operating
Transportation
Storage
Humidity Range
Operating £
Transportation
and Storage :
Vibration

Operating ]

Transportation
and Storage :

Shock
Operating 1
Transportaticon

and Storage :

Grientation

The drive can

: 59 to 50°C ambient (40°F to 122°F)
1 -40°C to 60°C {(~40°F to 140°F)

: -209C to 60°C {-20°F to 140°F)

B% to B80% relative humidity with a wet bulb
temperature of 29°C (85F) and no condensation.

5% to 95% relative humidity with a wet bulb
temperature of 29°C (85F) and no condensation.

The unit can perform Read/Write operations without
errors at continuous vibration from 10 to 500 Hz
at a2 maximum of ©0.5G along each of the twe
mutually perpendicular axes.

The unit can withstand continuous vibraticn from
10 to 500 Hz with & maximum level of 2.0G along
each of the three mutually perpendicular axes
without any degradation of any characteristics
below the performance specifications.

The unit can withstand a shock of 5.0G shock for
11 msec with a 1/2 sine wave shape in each c¢f the
two mutually perpendicular axis while performing
normal read/write functions without damage or any
loss of data.

The unit when unpacked can withstand an 11 msec
with & 1/2 sine wave shock of 70G on any of the
three mutually perpendicular axis.

be set horizontal or vertical including a top-

loading. The detail orientations are shown in Figure 2.3.
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3. Signal Interface

3.1 Connector and Pin Assignments

3.1.1 Signal ceonnector
Receptacle : 3M 3414-6500xx or equivalent
Cable 3M 3365/34 or equivalent
3.1.2 Signal Connector Pin Assignment
PIN SIGNAL DESCRIPTION PIN SIGNAL DESCRIPTION

1 N.C. 2 N.C.

3 N.C. 4 N.C.

5 + 5V 6 DRIVE SELECT 3
7 + 35V 8 INDEX

5 + 5V 10 DRIVE SELECT 0
IX + 5V 1.2 DRIVE SELECT 1
13 RETURN 14 DRIVE SELECT 2
15 RETURN 16 MOTOR ON

1F RETUERN 18 DIRECTION

19 RETURN 20 STEP

21 RETURN 22 WRITE DATA
23 RETURN 24 WRITE GATE
25 RETURN 26 TRACK 00

27 RETURN 28 WRITE PROTECT
29 N.C. 30 READ DATA

31 N.C. 32 HEAD SELECT
33 N.C. 34 DISK CHANGE
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3.2 DC Characteristics of Interface Signals
3.2.1 OQutput Signal from Drive

C-MOS Open Drain Driver is used for the Qutput.

Dutput voltage (VOH) : Open
Output voltage (VOL) : 0.4 V max.
Qutput current (IOL) : 4B mA max.

3.2.2 Input Signal to Drive

Input voltage (VIH)

2.2 V min.
Input voltage (VIL) 0.8 v

max.
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Recommended Circuit for Signal Interface
The detail interface circuits are shown in Figure 3.1.

A 1K ohm pull-up resister can be put on each output line

from the drive. The recommended cable length is 1.5 m
{(4.92ft.) or less.

Recommended driver ICs : 7406, 7438 or eguivalent.

-

RIVE
Hestr INPUT CIRCUIT
sv
\ —-7
7438
7405 T r
W :
.
WRITE GATE i B E%
MOTCR ON : S
HEAD SELECT | 7
e B
T -1 |
7438 L =y E
7408 T st
: 4
K
DIRECTION : II 1
QRIVE SELECT
WRITE DATA o 7T
STEP
INDEX, TRKOO OUTPUT CIREUIT
WRITE PROTECT
READ DATA
DISK CHANGE
EY—s
*
721514 ‘ el

Figure 3.1. Interface Circuits
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3.3

Signal Definitions

ol

CRIVE SELECT 0,1.2,3

The SELECT lines are used to enable or disable all other
interface lines except a MOTOR ON line. When the SELECT line
is true {(low), the drive is enabled and is considered actlive.
When the SELECT line is false thigh), all contreolled inputs
except the MOTOR ON line are ignored and all output ljines are
disabled,
¥M.B. IN USE {LED) lamp
When a drive 1is selected, the IN USE lamp on the
selected drive is turned on, and when a drive is not
selected, it 15 turned off.

MOTOR ON

When this input is true {(low), the spindle motor will start
te run. When this line is made false (high), the spindle
motor will decelerate and stop. The spindle motor will not
rotate until a c¢isk is inserted even if the MOTOR ON signal
is low (true). If the MOTOR CN signal becomes false during
either & write or erase operation, the disk moter will not
stop tctating until both the ERASE GATE signal and the WRITE
GATE sigral become high (falsel.

STE?

When a drive is selected, a true (low) pulse on this line
will cause the read/write heads teo move to the adjacent
track. The direction of the head movement is determined by
the DIRECTION input et the trailing edge of the pulse.

The step cperation can be performed even if there is no disk
inserted in the drive.

DIRECTION

When a drive is selected, a false (high) level on this input
will cause a STEP input to move the read/write hezd away from
the disk spindle. A true (low! level will cause a STEP input
to move the read/write head toward the drive spindle.

HEAD SELECT

When a drive is selected, a true {(low} level on this input
will cause Head 1 (upper) to be selected, A false (high)
level on this input will cause Head 0 (lower) to be selected.
If the HEADR SELECT signal changes during either write or
erase operation, the head will not be changed until both
ERASE GATE and WRITE GATE signal become high {false}.
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3.3.6 WRITE GATE
When a drive is selected and this line is made true (low),
the write current circuit is enabled and informatien in the
WRITE DATA input may be written.

3.3.7 WRITE DATA
If a drive is selected, and the WRITE GATE is true (lew), a
true pulse f{low) on the WRITE DATA line will cause a bit to
be written on the disk. Pulses on this line will be
neglected when WRITE GATE 1s false (high). No pre-—
compensation 1s required.

3.3.8 INDEX

When the drive is selected, a true {low) pulse is generated
on this line by each reveclution of the spindle.

3.3.9 TRACK 00

This line is true (low) when the drive is selected and the
Read/Write head is positioned on track 00.

3.3.10 WRITE PROTECT
If a write-protect disk or no disk is inserted while a drive
is selected, this line will be true (low) and the drive will
not be able to write data.

3.3.11 READ DATA

When the drive is selected, a true {low) pulse is generated
on this line every time a bit is detected.

3.3.12 DISK CHANGE
This line is true (low) whenever a disk is removed from the
drive. The line will remain true (low) until both the

following conditions have been met:

1, A disk is inserted.
2. A STEP pulse has been received when the drive is selected.

Page 14
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3.4 Timing Reguirements

3.4.1 Head Access

DRIVE SELECT

L
T1 T7
DIRECTION
T4 M
STEP T Y L L
T2 T3 | TG
T1 0.5 usec min.
T2 : 0.5 usec min.
T3 : 3.0 msec min.
T4 : (.5 usec min.
TS5 : 0.5 usec min.
T6 = 18 msec min.
T7 0.5 usec min.
Page 15




3.4.2 TRACK 00 Signal

DIRECTION ]
STEP H
TRACK 00
l Tl Ld
Tl : 2.9 msec max.
T2 : 2.9 msec max.
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3.4,3 Vrite Data Timing

- SELECT
STEP L L
2 T7
MOTOR off on —
ON ¢
. =
*DISK IN out | inserted
HEAD
SELECT - Tlg"—"
WRITE
GATE Ts"'_"' i L
WRITE
DATA
e
o
TL : 0.5 usec min. T6é : 0.5 usec min.
T 2 18 msec min. T7 : 905 usec min.
T3 : 500 msec min. T8 : B usec max.
T4 : 100 usec min. T9 : 150 as min., 2000 ns max.
T8 & 8 usec max. T10 : See 3.3.5

*DISK 1IN, the disk-in sensor signal inside the drive, is
low when a disk is inserted in the drive.
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£

4.

4

Read Data Timing

SELECT

MOTOR of £

on [

ON

*DISK IN out

¥

T2

inserted

STEP

WRITE
GATE

HEAD
SELECT

T3

T4

L5

Valid Read
Data

TL : 0.5 usec
T2 =: 500 msec

T 2 18 msec

*DISK IN,

T6

max.

max.

max.

T4

TS

Th

535 usec max
100 usec max

500 nsec min., 1200 nsec max.

the disk-in sensor signal inside the drive, is

low when a disk is inserted in the drive.
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3.4.5 1Index Pulse

M T1 -
INDEX L
24
Ti* 137 msec min., 203 msec max.
T2 a4 1.5 msec min., 1.7 msec max.

*When the disk motor rotatjion is at the steady state.

3.4.6 Disk Change

*DISK IN out inserted
T
STEP PULSE LI |
T2
DISK
CHANGE
T} : 0.5 usec max. T2 : 1.0 usec max.

*DISK 1IN, cthe disk-in sensor signal inside the drive, is
low when a disk is inserted in the drive.
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3.5 Power On and Power off Requirements
3.5,1 Data Protection
Turning power on or off will pot cause any damage to
recorded data on the disk as long as the drive is not in the
midst of writing when the power is shut off or supplied,
3.5.2 Power Supply Sequencing
When the powet 1is turned on, no special power supply
sequencing 15 required. When the power is turned off, the
power supply must fall monotonically to zero wvolt.
3.6 Power-0On Reset Timing
A drive will be ready in 100 msec after power on. It takes up
te 100 msec to reset the control IC of the drive.

4. Bafety

The drive will meet the following product safety regulations:
U.L. 478

C.5.A. C.22.2, HNo.l54
U.L. 94V-0 for Front Bezel
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5.

Power On Initialization

In order to reduce the peak current requirement when drives are
used in a daisy chain, the MP-F11W-70D has been designed not to
seek track 00 automatically. If all the drives connected in the
daisy chain sought trach 00 simultaneously, this would place a
significant power drain on the host system.

Thus, the host system must perform the following routine just
after power on in order to reset the track counter inside the drive.

Power on initialization

Start of
power on initialization
|

Power on

STEP outwards until TRACK 00
signal becomes true

L

(: End of routine :)
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1. INTRODUCTION

1-1. Purpose
This material provides the information necessary to interface the
MP-F11W/MP-F17W Micro Floppydisk drive to a floppy disk controller.

1-2. General description

The SONY Micro Floppydisk Drive represents a technological break
through offering extreme lightweight, compactness, (101.6mm wide by
25.4mm high by 150.0mm deep, weighting 425g) that provides a
versatile data storage component for the systems designer.

SONY's leadership in high-density recording techniques, perfected in
video technology, enabled SONY engineers to develop the 3.5" Micro
Floppydisk standard. Yet an unformatted, storage capacity of 1MBytes
(MP-F11W, double density), 2MBytes (MP-F17W high density) in 135
tracks per inch provides that of conventional 5.25" disks or more.

A semi-rigid protective shell provides protection unique to the Micro
Floppydisk. When the disk is inserted into or taken out of the drive, its
shutter automatically opens and closes to protect the disk from dust,
dirt, fingerprints and other foreign objects that might degrade
performance. A metal centering hub allows positioning with greater
ease and more positive accuracy in over 30,000 disk interchanges.

The SONY proprietary read/write and tunnel erase head, developed
using video techniques, is positioned by a precision stepper motor
assembly, providing fast access while maintaining high positioning
accuracy. High coercivity media accomplishes high data integrity with
the SONY high density head.

The SONY Micro Floppydisk drive is interface signal-compatible with
conventional 5" floppydisk drives. Accordingly, popular FDC chips
such as Western Digital FDIWDs, NEC uPD765 series can be used.

| REVISION NO. : 11-88 | DATE OF REVISION : MAR. 4,88 |
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Whether your application is small business systems, test instruments,
personal computers or any related application, you will find that the
Micro Floppydisk drive will offer a whole new range of possibilities.

The Micro Floppydisk drive offers the following features :
*3.5" floppy disk media with automatic shutter mechanism

* Large capacily ....vceecieesesmrnnes IMB(MP-F11W) / 2ZMB(MP-F17W)
* Small footprint

* Light weight

* Low power consumption

* High track density ....coociiinen. 135 TPI

* High reliability ........ «eeure.. MTBF 30,000POHs

* High transfer rate ......coeveeeenne 250Kbps(1MB),  S00Kbps(ZMB)

| REVISION NO. : 11-88 | DATE OF REVISION : MAR. 4,88 |
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2. MECHANISM
The mechanism mounted on the chassis consists of a cassette
compartment mechanism, a disk chucking and disk rotation mechanism,
magnetic heads and carriage, a head positioning mechanism, some
detectors, and so omn.

2-1. Chassis
The chassis made of aluminum diecast is strong, highly durable, and
precision-manufactured. This is the base structure for mounting most
of mechanisms and printed circuit board.

2-2. Cassette compartment mechanism
The cassette compartment mechanism precisely positions the cassette
on chassis by one touch operation. The mechanism is designed that the
cassette is ejected easily as well.

2-3. Disk chucking and disk rotation mechanism
The disk chucking mechanism is mounted on the top of the thin
brushless direct drive DC motor. The disk chucking mechanism
precisely positions a disk and drives it.
The disk rotation mechanism directly mouted in a chassis consists of
a printed circuit board for drive control, a rotor magnet, a rotor yoke,
a stator yoke, and so on.
CENTERHOLE
DRIVE HOLE

CENTERHUB

Fig. 2-1 Chucking Mechanism
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2-4. Magnetic heads and head carriage

The tunnel erase type head with narrow track width is developed to
attain a 135 TPI wack density. The head is designed for higher Read
signal quality. The head surface is treated for less the disk wear and
the head wear. The head comprises a readfwrite gap to read and write
data and two erase gaps to erase the recorded track edge immediately
after recording. The heads and the carriage are very impotant parts in
the MFDD, so they are especially precision-assembled.

CERAMIC
READWRITE— L || @ 72 TUNNEL ERASE
FERRITE CORE 7| FERRITE CORE

Fig. 2-2 Magnetic Head

2-5. Head positioning mechanism
The head positioning mechanism consists of a stepping motor, a lead
screw, a bearing, and a guide shaft. The head carriage is held with the
guide shaft and the lead screw with stepping motor. The 4-phase
stepping motor rotates 2 micro steps (18°X 2) per track.

2-6. Detection mechanism
a) Write protect
The micro switch is mounted on the printed circuit board to detect
the position of the write protect tab on the disk. If a write-protected
disk is inserted and the micro switch is not pushed down, the
recordingferasing power is not supplied and the data is protected from
an erroneous writing command.

b) Track 00

The mechanism consists of a photo-interrupter to detect the
outermost track position (Track 00). The head carriage is not moved
more outer track, after the MFDD detects the Track 00. So, the head
and head positioning mechanism do not get damaged.

| REVISION NO. : 11-88 | DATE OF REVISION : MAR. 4,88 |
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c) Index
Since the MFDD is designed to make the spindle motor and the disk
be fixed in the same corresponding position, the Index pluse is

generated by the spindle motor circuit.

d) Disk-in
If the cassette pushes the micro switch on the printed circuit board,
it is detected that the cassette is inserted.

e) Density select (Only for MP-F17Ws)

The micro switch is mounted on the printed circuit board to detect
the hole of the high density disk. If a high density cassette is inserted
and the micro switch is not pushed, the MFDD works in high density
mode. If a nomal density disk is inserted and the micro switch is
pushed down, the MFDD works in normal density mode.

| REVISION NO. : 11-88 | DATE OF REVISION : MAR. 4,88 |
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3. ELECTRONICS

The electronics of the MFDD consists of a read/write circuit, a control
circuit and some drivers, and so forth. The electronic circuits are
mounted on two printed circuit boards (Motor and Logic boards).

3-1. Read/write circuit
The read/write circuit consists of a read circuit, a write circuit, and a
power on detection circuit. These circuits are mostly included in a
read/write amplifier LSI(bipolar) on the Logic board.

3-2. Control circuit
The control circuit consists of an input and output interface circuit, a
spindle motor control circuit, a stepping motor control circuit, a sensor
circuit, and a function control circuit. These circuits are mostly
included in a control LSI{C-MOS) on the Logic board.

3-3. Spindle motor driver circuit
This circuit consists of a three phase spindle motor driver, a rotation
speed detector, a rotation phase detector, and a current limiter. These
circuits are mostly included in a spindle motor driver IC(bipolar) on the
Motor board.

3-4, Stepping motor driver circuit
This circuit consists of two bridge driver circuits. The IC is made by
the bipolar process, which is mounted in the Logic board.

| REVISION NO. : 11-88 | DATE OF REVISION : MAR. 4,88 |
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HEAD SELECT

Density select sensor

DRIVE SELECT -
0-3

WRITE DATA ———4

WRITE GATE ———»=4{

MOTOR ON ——— ]
STEP———— =

DIRECTION ————

READ DATA -a———
TRACK 00 —a—- ]
INDEX —~4————
DISK CHANGE ~——

WRITE PROTECT —-t—]

+5V,0V ————

Cantrol
circuit

Spindle

Write protect sensor
Indicator

Disk
/— Spindle mator

—=— motor

driver
circuit

WD, LWCT,
WG, EG

1 Read/

wrile

circuit

Magnetic head —/

Track 00 sensor

Stepping motor

Stepping
motor

Fig. 3-1 General Block Diagram

driver
circuit

Disk-in sensor
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4. SPECIFICATIONS

4-.1. Drive performance

Table 4-1 lists
Floppydisk drive.

performance specifications for the SONY Micro

TABLE 4-1 Performance Specifications

Specification MP-F11W MP-F17W (2MB mode
CAPACITY
Unformatted per disk 1MB for MFM 2MB for MFM
Unformatted per track 6.25KB for MFM | 12.5KB for MFM
Recording density 8,717BPI 17,434BPI
Burst transfer rate 250K bitsfsec S0QKDbits/sec
ACCESS TIME
Track to track 3msec
Settling Time 15msec
FUNCTIONAL
Rotational speed 300rpm
Track density 135TPI
Cylinders 80
Tracks 160
R/W heads 2
Encoding method _MFM or FM
POWER CONSUMPTION
Read/Write mode 220mA
tandby mode 20mA(TTL I/F), 6mA(C-MOS I/F)
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4-2. Dimensional data
Table 4-2 lists the dimensional data for the Micro Floppydisk drive.

TABLE 4-2 Dimensional Data

Physical Dimension VYalue
Height 25.4 mm
Width 101.6 mm
Depth 150.0 mm
Weight 425 ¢
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5. INTERFACE DESCRIPTION

5-1. Host system interface
The SONY Micro Floppydisk drive is compatible with conventional
floppy disk controllers. The interface consists of 15 signal lines for
data, control and hand-shaking (see Figure 5-1, details will appear in a
product specification of each mode).

SELECTQ
SELECT 1 N
SELECT 2
FLOPPY DISK SELECT3 FLOPPY DISK
DIRTN
CONTROLLER STEP DRIVE
WRTDATA
WRTGATE
HDSL,
INDEX
<« TRACK 00
WRTPRT
RDDATA
MTON
DSKCHG

Fig. 5-1 Interface Signal Diagram
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e

5-2. Signal interface

The drive has 15 interface signals. Ten signals are input to the
drive, and six are output.

Table 5-2 MNEMONIC

SIGNAL DESCRIPTION | MNEMONIC
DRIVE SELECT 0 SELECTO
DRIVE SELECT 1 SELECT 1
DRIVE SELECT 2 SELECT 2
DRIVE SELECT 3 SELECT 3
DIRECTION SELECT DIRTN
STEP STEP
WRITE DATA WRTDATA
WRITE GATE WRTGATE
HEAD SELECT HDSL

e INDEX INDEX
TRACKO00 TRKOO
WRITE PROTECT WRTPRT
READ DATA RDDATA
MOTOR ON MTON
DISK CHANGE DSKCHG

| REVISION NO. : 11-88 | DATE OF REVISION : MAR. 4,88 |
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6. EJECT BUTTON, INDICATOR AND SELECT SWITCH
6-1. Eject button
The eject button (see Fig. 6-1) is used to remove a disk cartridge from
the unit. Depression of the eject button causes the disk cartridge in the

unit to be ejected.

6-2. Indicator
The activity indicator (see Fig. 6-1) indicates that a drive is selected.

e

Indicator Eject button

Fig. 6-1 Front Bezel
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6-3. Drive select switch
Drive Select switch located next to a power connector on the rear side
is used to designate driveQ up to drive3 in a daisy chain application.
Usually, this switch is set to drive 1 in shipping from the drive factory.

Fig. 6-2 Drive Select Switch
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SECTION 4
PART REPLACEMENT

4-1 COYER ASS'Y REPLACEMENT

4-1-1 Removal

2, Insert your finger wnto the rear zight side
portion af rthe Cover Ass'y as shown in
Fig. +-1, and dislecate the Cover Ass'y from
the hook while applying some farce to the
direcrion marked with arcow. The whole
Cover Ass'y can be takea ourt.

4-1-2 Installarion

a. March the projection located 1in the front
side of the Cover Ass'y with square hole of
the front panel ass'y and thea pur the reac
of the Cover Ass'y into the proper position.

(Refer to Fig. 4-1)

Caver Ass'y

Fig. 41 Cover Ass’y Replacemnent

4-2 FRONT PANEL ASS'Y AND EJECT BUTTON
REPLACEMERNT

4-i-1 Removal

2, Remove the cover ass'y, {Refer to 4-1)

b. Push slighdy the plastic hinges located on
cach of rght and lefc sides with (<} shaped
screw driver through the square hole of
uppee cover, and pull ir slowly toward you.
{Refer to Erg, 4-2)

¢. Duslocare the Ejcct Button irom the hook of
the shide plate,

4-2-2 loscailation

a, Hang the Eject Button te the hook af slide
plate 35 shown Fig, 4-2.

b, Install the Fronc Pancl Ass'y wnto the meral
frame by sliding in the hook located on each

side of the Front Panel Ass'y.

. Make sure that protuberances of LED and

the Eject Butten arec properly locared in the
recess and square hole of the Front Panel

Ass'y,

Inseall the cover ass'y. (Refer ta +1)

Fig. 4-2 Fronr Panel Ass'y Replacement

4-3 1LG-2 MOUNTED BOARD REPLACEMENT
4-3-1 Removal

Remove the cover ass'y, (Refer to 41}
(CN102 for
steppmg motor, CN104 for 00 sensor, CN105

Disconnect the all cennecross.

and CN106 for head carriage ass'y)
Desolder the jumper cable (CN1} on MT-Z

82& x4

' g

LG-2
Mounted Soard

Jumper Cable

Fig. 4-3 LG-2 Mounted Board Replacernent



d,

Remaove the three screws (B2.6x4) secusing
the LG-Z Mounted Board and then remave
the LG-2 Mounted Board, {Refer to Fig,
-3

4-3-2 Inscallation

a.

Solder the jumper cable to the CN1 of MT-2
mounted board,
the LG-2z Mounted Board with three
sceews (BZ.6x4).

Install

Connect the all connecrtors.

Perform the Radial Alignment and TREK00
{(Refer to 5-1)

(Refer to +1)

sensor Adjustment.

Install the cover ass'y.

4-4 MT-2 MOUNTED BOARD REPLACEMENT
4-4-1 Removal

i, Desolder the jumper cable on MT-2 Mounted
Board with socldering iron.

b, Remove the four screws (P2.6x4) sccuring the
Statar Yoke Ass'y and then remove the Stator
Yoke Ass'y. (Refer to Fig. 9-4)

¢, Disconnect the connencror CN2Z {hall 1C
z5s'y) and  then remove the MT-2 Mounted
Board.

Maror Coit ﬁ:u?: ted Board
e y,
PREX A

£ig. 4-4 MT-2 Mounted Board Replacement

4-4-2 Installation

2.

L

Connect the CNZ (hall IC
onto the MT-2 Meounted Beard.

Salder the Jumper Cable to CN1 of MT-2
Mpunted Board,

conncctor ass'y)

-

o

Match the hole of the MT-2 Mounted Board

with the cmboss of the chassis ass'y,
fnstall the Stator Yoke Ass'y on MT-Z Mounted
Board with

four screws (P2.6x4), not to

damage ta six motor coils for disk motor.

(Refer 1o Fig. 4-4)

4-5 HALL IC ASS'Y REPLACEMENT
451 Removal

a,

Remove the four screws {P2.6x4) secuting the
stator yoke zss'y and then remove the stator
(Refer to Fig, 4-4)

CNZ

yoke ass'y.

Discennect the connector (Hall 1C
Ass'y).

Remove the screw {PSW2xs) securing the Hall
IC Ass'y and then remove the Hall IC Ass'y.

{Refer to Fig, 4-5)

MT-2 Mounted Board
|

Fig. 4-5 Hall IC Ass'y Replacement

4-5-2 Inseallation

a.

o.

Fasten laosely the Hall IC Ass'y with a
screw (PSW2x5) Bur this screw must not be
tightened for later adjustment.
CN2Z (Hall IC Ass'y}
ante the MT-2 mounted board.
Match the hole of the MT-2 mounted board

with the emboss of the chassis assy.

Connect the connector

Install the stator yoke ass'y on MT-2 wicunted

board with four screws (P2.6z4), Not to
damage to six motor coils for disk matar,
{Refer o Fig. 4-4)

Perform the Index phase adjusiment. {Refer

to 5-3)



4-6 CASSETTE HOLDER ASS'Y REPLACEMENT
4+-6-1 Remaval

i,

Comnect  the MEFD Funcuon

Checker {Refer to Fig. 2-14), move the head

drive to  the

to the TRKO0O and then disconnect the drive
from MFD Funcnon Checker.
Remove the cover ass'y, (Refer to 4-1)

Remove the fromt panel ass'y and  eject

burton. {Refer to +2)

Be careful not rta apply the excessive force
to the head carrisge ass'y.  While pushing
the eject lever, take the Casserte Holder

Ass'y, (Refer to Fig. 4-6)

Fig. 4-6 Casserre Holder Ass'y Replacement

4-6-2 Iostallatico

Holder
head

ass'y, then set the holder inte the locaticn

Insert carcfully the Cassetce Ass'y

underneath the arm of the cacriage
shown by arrow as shown in Fig. 4-6, while
pushing the cject lever,

Install che front panel ass'y and cject butron,
{Refer to +2)

Install the cover ass'y, (Refer 1o 41}

4-7 SLIDE PLATE ASS'Y REPLACEMENT
4-7-1 Remoral

a,

b,

2

d.

€.

Remave the cover ass'y. (Refer to 4-1)

Remove the front

panel  ass'y  and  ejece
butten, (Hefer o 4-2)
Remove the casscice holder ass'y. (Refer ta

4- 6)

Slide the reigger srm to ser the Disk In-mode
as shown in Fig. +-7.

Remeve the onc end of Tension Springs on
chassis ass'y and then take the Slide Plate

Ass'y, (Refer to Fig. 4-7)

Trigger Arm

Fig. 4-7 Siide Plate Ass’y Replacement

4-7-2 Inpstallation

b,

n

s
.

While pushing the trigger arm, set the Slide
Plate Ass'y it the location shown in Fig,
7.

Hang the Tension Springs on hock of chassis
ass'y.

Push the Slide Plate Ass'y, while pushing the
teigger arm back side,  (This stays “disk-in
made

Install the casserte holder ass'y,
4-6)

(Refer 1o

Install the front panel ass'y and eject butten.
{Refer to &2

Install the cover ass'y,
Make the head clean.

(Refer o 4+1)
{Refer to 5-4)



4-8 00 SENSOR REPLACEMENT

481 Removal

a. Connect the drive to the MFD Function
Checker as shown in Fig, 2-14, move the
head t¢ TRK79 and then disconnect the drive
from the MFD Function Checker.

b Remove the cover ast'y, (Refer 1o 4-1)

£, Disconnect the conncctor TN 104 (00 Sensor)
from the LG-2 mounted board.

d. Remove the screw (PSW2.6x5) securing the 00
Sensor and remove 00 Scnsor, (Heier e Fig.

+-5)

PSWZ5 x & %5

Fig. 4-8 00 Sensor Replacement

4-8-2 Installaton

a. Install the 00 Sensor with 1 screw
(PSW2.6x5).

b. Connect the CN104 connector onto the LG-2
mounted board.

¢. Perform the radial alignment and TRKO0
sensor adjustment, (Refer to 3-1)

d. Install the cover ass'y. {Refer to +1)

4-9 HEAD CARRIAGE ASS'Y REPLACEMENT

4-9-1 Removal

a. Remove the cover ass'y. (Refer 1o 4-1)

b, Remove the fromt panel asg'y and cject
button. (Refer 10 4-2)

c. Remaove the cassctte holder ass’y, (Refer 1o
4-6)

00 Sensar

o

Disconnece the connectors CN105 and CN10G4
{tlexible boards) from the LG-2 mounted
board,

e, Remove the screw (P2.6x4) securing the
Guide Retatner and then remove the Guide
Retainer, Head Carriage Ass'y  and  Slide
Guide Shafr. (Refer to Fig. 4-5)

4-9-2 Installation

Note: Apply Seny cil to the Guide Shaft before
installarion. Apply Somy ol o che
openings of Head Carriage Ass'y using the
bamboo stirk.

a. Pass the Guide Shaft through the opening of

Head Carriage Ass'y.

Neote: The speing of Head Carriage Ass'y, that
i !pcared in around shaft hele, should be
installed inside so that the Guide Shafe 15
forced outwardly by the spring force, as
shewn in Fig. 4-9,

b, Put the Head Carriage Ass'y and the Slide
Guide Shalt in place, and install the guide
retainer with 2 screw {(P2.6x¢). (Refer to
Fig. 4-9)

c. Connect the ilexible boards to CN105 and

CN10§ on the LG-2Z mounted boatd.

Head Carrisge Ass'y

Fig. 4-9 Head Carriage Ass’y Replacement



d. Install the cassecce holder ass'y.  (Refer to
=6}

c. Insrail the frenc panel ass'y and eject burton,
{Refer to a-2)

f. Pertorm the radial alignment and TRKOD

sensor adjustment. {(Refer to 5-1)
g. Perform the head compliance. (Refer to §-2)
(Refer 10 +1)

(Refer to 3-4}

h. Instail the cover ass'y.

1. Make the head clean.

4 10STEPPING MOTOR ASS'Y (ROTOR ASS'Y AND
STATOR ASS'Y) REPLACEMENT
4-10~1 Removal

3. Remove the cover ass'y, (Refer to +1)

b. Remeve the front panel ass’y and ejece
button. (Refer to +2)

c. Remove the cassctte holder ass'y, ({Refer to
4-6}

d. Dhsconneect the connector CNIDZ  (Stavor

Ass'y) from the LG-2 mounted beard.

e. Remove the three screws (B2.6x4) secunng

LG-2 mounted board  se  thir  removal  of
Stater Ass'y can be eanly pecformed.

f, Remove the two screws (PSW2.6x5) securing

the Stator Ass'y and then remove the Stater

Ass'y and steel ball, (Reiec o Fig, 4-10)

lead

removal of

g. Wipe away the acound

screw  with

grease applied

soft cloth before
Stator Ass'y and Rotor Ass'y, neor to leave
the the

the grease in chass'y hole during

remroval.

Stepping
Marar Ass'y

N Sreet Bail :
SN | ‘a3

o N\

L

"y Rotor Ass’y

Fig. 4-10 Stepping Moter Ass'y (Stator Ass'y and
Rator Ass'y) Replacement

A

Grease

Srator Ass'y PSW2.6x 5

&2

While  twisting  Rotor Ass'y,

the

the
head

separate

Rocor Ass'y from needle pin of

carciage asa'y.
Take the steel ball from the hole of chassis

ass'y.

4-10-2 [nscallation

Note: The stepping motor muse be replaced with

Note: Apply

-

[

. Fasten

the whele ass'y, since the wrong com-

bination (Rotor Ass'y and Stater Ass'y) in
the ass'y causes the mulfunction.
(EM10L)

quantity of match tp) en whale area of

Malykote Grease (1ame
lead screw and two steel balls before the
installation,

Iasert the steel ball inte hele of the chassis

ass'y.

While liftuing she head carriage ass'y a litele,

the lead the

berween the necedle and plate :pring of head

nsect screw  of Rotor Ass'y

catciage ass'y.

Insezt the steel ball into hole of Rortor

Ass'y.
the
screws {(PSW2.6x5),

taosely Stator Ass'y  with
Bur
not be rightened foc later adjustment.

the CN10Z (Rotor Ass'y)

onto the LG-2 mounted board.

two
these screws must

Connect connector

Install the casserce holder ass'y, {(Reier to
4-6)

Install the front panel ass'y and ¢ject button,
{Refer o 1)
Perform the cadial alignment and TRKOO
(Refer to 5-1}

{Refee to 4-1)

Make the head clean, (Refer 1o 5-4)

sensor adjustment,

Inscall the cover ass'y.



6-6-2 Chip parts replacement procedure
This wnit use: chip components such as carbon
1esistor, Cecamic Capacitor, tcansistes and diede
in some ciccuits. It also uses LC's of flat-pack
type. A3 the appearance of carbon resistor and
ceramic capacitor are identical, destinguishment
of each can be possible by visual check of
teference address of silk-screen prnt on the
printed circuit board, As the shape of rtransistor
and diode are same, they also are distinguished
by the reference address of silk-sereen print,

Tools:
Soldering ron: 20W
df possible, use soldecing tip with heat-

controller of 270:10°C)

Desoldering metal braid ("SOLDER  TAUL"
ot equivalent)
Solder (of 0.6mm dia. is recommended.)
Tweezers

Soldering Conditicns:
Tip temperature; 270£10°C
Solder within Zsec. per an electrode
Higher temperature or longer tip application
than specified may be damaged to the chip
component,

(1) Resister and capacitor

a, Add hecat onto the chip-parr by the top of
soldering iron tip and slide the chip-part
aside when the solder s melred.

b, Confirm visually with care that cthere is no
pattern pecling, damage, and/or bridge where
the patr was removed or its surrounding.

€. Presolder the partern inte thin where the
part was temoved,

d. Place a new chip-parr onto the pattern and
solder bath sides.

CAUTION: Do not use the chip-part again once

used.

Soldering fron

{2) Transistor and diode

a. Cut the leads of the semaconductor pard to
be removed with a cutrer,

b, Remeve the tach pin of semiconductor (rum
the pattern by tweerers while heating the
pin by soldering iron.

t. Confirm visually with care thar there is ne
pattern peeling, damage, and/or bridge where
the patt was remoeved or its surrounding.

d, Presclder the patrern into thin where the
pact was removed.

e, Place a new semiconducter onto the paivem
and sclder the leads,

Currer

{3} IC (Flat-pack cype)

1. Cut the leads of the 1C to be removed with
a cutter,

b. Remove the each pin of IC from the patiem
by weezers while heating the pin by
soldesing iron,

<. Confitm visvally with care that there is ne
pattern peeling, damage, and/or bridge where

the part was removed or its surrounding.

Flar-Pack Typa



Presolder e pattern
part was removed,
Place a mew iC onto
1.

Contum by a1 cester
between 1C's terminal

surely made,

the pattern

st thin where the

and solder

that rach conduction

and copper pattern is

If not, resolder the portion.
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6-2. MECHANICAL PARTS LIST

Hote: 1, Parts printed in Bald-Face type arc normally stocked for replacement purposes, The remaining

L R e

11
1z

14
15

17
18
19
20

parts shown in this list arc pot normally required for routine service woik, Ocders for parts

neot shown in Beld-Face type will be processed, bur allow for additional delivery time.

. The screws and washers may be supplied with the substitution that is similar to ones listed

becsuse of part-standardization program in SONY,

Parts Ho.

A-BO10—280-A
A-B010-253-A
A-B010-283-A
4—613-114-01
A-BOLC-234~4
4613-132-01
A-8051-404-4
A-B8051~349-A
A-B0B0=284-A
8-759-404-25
X~4613=102-1
1-808-058-11
4-606=001~11
4-613-103-01
4-613-104~01
4-613-105-01
X-4613-105-1
X=4613=106~1
4—613-145-02
3-701-428-01

4-613-717-01
4-614-322-01
71-6121-259-25
1-621-77520
1=621-759-45
71-623-923-11

Description

Bead Carriage Ass'y (ON)
Steppiog Motor Ass'y
Cassette Holder Ass'y
Teasion Spring

Slide Plate Ass'y
Tension Spring

LG~2 {1T) Mounted Board
HT-2 (1A) Mounted Board
Hell IC Aas'y

DW6 8455-D

Stator Yoke Asa'y

00 Sensor

Slide Guide Shaft
Trigger Amm

Spring

Guide Retainer

Bracket Ass'y (Left)
Bracket Asa'y (Riglt)
Cover

Special Serew +B 2.6x4

Screw LR PSW Ix5
Screw LR PSW 2.6x5
Screw +P 2.6x4
Serew +B 2.6x5
Screw +P5W 2.6x6
Nylone Washer 2.6

MP-F11W-70D



6-3. OVER ALL DIAGRAM

6-3-1, Intcrconnection Diagram

| 1-462-263-11

effe || >

Eal

0 Sensor

'70 _________ _|
1-808-058-11 |

CHIDE

GHD

— 8 1l

cning

A

| A-8010-280-A

Ay

| st 0

COWD

[

LHASE

COM 1

nes

GHD

Complete PCB LG-2 (1T} evitr: |
A-8051-404-A ks

©c 660400

1
2
3
l
5
[
7
]

e o

F
we
1o
170
1o
140
150
150
(kXY
180
195
FIT
2t
20
34
40
250
%0
210
280
1\
e
LIS
310
330
Mo

CN108

I_‘Mall IC Ass'y —l

| A-BOB0-284-A

Jumper Cable
] 1-535-674-11

|

| Ic

| DNEBASS-D 7
I

|

|:3.|5.r.rug-nn|;l

____:r“i_‘__ _______ N

Complete PGB MT-2 (1A)
A-8051-349-8 _J

HE
HC
NE
HC
5V
SELECTD
+aV
INDEX
¥
SLicTe
45
SELECTI
GHG
SELECTZ
GHD
MION
GHR
BiE
GND
STER
GND
WOATA
GHE
WEATE
GHO
TRLGO
GND
WFRI
HC
AODATA
HC
HEREL
L2
DEKCHG

by
GHO
GND
NE

MP-F11W-700D



6-4-2. Circuit Diagram oo MT-2 (7A)
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6-5. PARTS LAYOUT
6-5-1. Parts Layout on LG-2 (IT)

- Component Side -
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6-5-2. Parts Layout on MT-2 (1A)
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6-6, ELECTHIC PARTS

6-6-1. BLECTRIC PARTS LIST

Mote: 1, All capaciters are 10 micro farads unless otheewise specificd,
oAl

uctots ace in micro henties unless otherwise specified.
. Al resistors are an ohims,

4, "CHIM stands fer chip component,

Bef, No. Parts No. Descraplian Hef., Nu. Farts No. leseription
T4-2 (17) HOUNTED ROARD RES15TORS
CAPACITORS RIOI 1-216-042-00  METAL Clilp 1% 5% 1106
R10D5 1=216~048-00 METAL CuIpP 3.3 5% L/1oW
v10d 1-126-134-11 ELECT AT 207 b.1Y Ri0G 1-216-049-00 HETAL CUIEF 1R 5T L/1oW
€107 1-161-038-00  CERAMIC GNP 0.1 5% RIDY  1-216-049-00  METAL CH1E 1 5110w
€107 1-163-809-11  CERAMIC GHIF  0.047 107 2%V RIOB  1-216-043-00  METAL CNip 1K 51 1/10W
CIDA  1-161-0F8-00 CRRAMIC CUIF 6.1 5%
€109 i-163-018-00 CERAMIC CUIP 0.1 25v RIOG  )1-216-049-00  METAL CMIF 1% 5% /10w
RILOD 1-218-042~00 METAL Ccit19 1x 5T /10w
< 1-163-038-00 CERAMIC CNIp 0.1 5y RI 1-216-049-00 METAL Cillp 1 52 1/1aw
Citl o 1-183-809-11  CERAMIC CUIP  ©.D47 10X 25V 2112 1-216-049-00 HMETAL CHIF 18 S 1/1aw
cilz 1-163~-241-11 CERAMIC Ol ek 5% 5OV RILA 1-216-042-00 METAL CUIP 1K ST 1710w
clil 1-163+241-11 CERAMIC CHIP 398F 5% 50V
Cll3 1-163-0206-00 CERAMIC CHIP 0.0082 107 50V RIS 1-216-049-00 METAL Cu1p 34 5% 1/10W
Mith  1-214-049-00  HMETAL CHIP 1K ST L/1ow
ciid $=163-115-00 CERAMIC CHIP S50PF 5% 5DV RIE7 1-216-049-00 METAL CUIP 1K 5% /10w
€119 1-143-115-00  CRERAMIC CIIP  5BOFF 5% 5Qv A1 1-216-049-00  HETAL CH1P 1K 5% 1/10wW
€120 1-163-809-11  CERAMIC CHIP  0.047 10T 25V ®19 1-2i6-049-00  METAL CHIv i1 ST L/10v
clzl 1-161-8059-11 CERAMIC CHIP D.06F 107 715V
€122 1-161-209-11  CERAMIC CH1E  0.D47 10% 25V HIZ0 1-206-049-00  METAL CHIP 1% T t/low
RL24  1-216-073-00 METAL CHIP 10K 5% 1/10wW
€121 1-163-038-00 CERAMIC CHIP a.1 5y R12% 1-216-045-00 HETAL CINIP 680 % L/10%
Ciz4d  1-163-80%-11  CERAMIC CUIP  0.04) 10% 29% RiZ6 1-216-073-00  HETAL CHIP 10K 5% 1710w
€125  1-163-80%-11 CERAMIC CHiP  0.D47 10% 25V RLZ7  1-216-D45-00  HETAL CHIF 680 5% Lf1ow
CL24 1-163-038-00 CERAMIC CHIP o.l 2%y
R128  1-216-085-00  METAL CHIP K 5L /10w
CONNECTORS R129  1-716-D85-00  METAL CHIP 13K 51 1/10v
R130 1-216-119-00 HETAL CUIP 820K 5% 1/1oW
CHNlBL 1-564-041-11 HEADER, COBHECTOR 4P RL3L 1-216-073-00  METAL CUIP 10K 5% 1/10W
CHIOZ2  1-564-003-00 FIN, CONHECTOR 4F RI3z2 1-216-0723-00 HETAL CHIP 10K 5% 1710w
CHIDG  1-564-002-00  PIN, CONHECTOR 39
CHIDS 1-562-787-21  CONNECTOR, FLEXIBRLE 5@ RI33 1-716-049-00  METAL CHIP Il 5% LF10M
CHI0E  1-362-787-21  COMBECTOR, FLEXTBLE 5P RIT4  1-216-037-00 METAL CHIP  1D0K ST L/1oW
CH108 1-535-874-11  JUMPER CABLE RAI36 1-216-059-00  METAL CMIP  Z.7K 51 1/10%
RIJE 1-216-05%-00 HETAL QP 2.1K 5% 1710w
OIODES R11Y 1-216-166-00 HETAL CHIP &7 5% 176w
Blol 8-719-100-01 152835 (CHTP) /a0 1-216-166-00 HETAL CNIP 47 5% 1/8W
nig? B-719-100-03 182835 (curp) HY R 1-?14-166-00 METAL CHIF Ly 5% 1/BY
bIny B-719-100-05 152837 (cuip} R142 l-2la-166-00 METAL CITF 47 St i/8W
nios 8-719-180-05 182817 (cuip) LA R/E] 1-216-166-00 METAL CHIP 47 ST 1/8W
D106 8-719-100-03 187835 {cnie) 145 1-216-017-00 HETAL CUIP 47 5% 1/10W
1Cs RI4F  1-216-049-00 HMETAL Clilg 1% S L/10W
RIAB  F-216-041-00  HMETAL ClilP 410 ST L/10w
w0l B-157-325-50  Cxullarg RI49  i-716-041-00  METAL CHIP 470 sz oLlow
1€102  B-752-033-0%  CXAI284G-2 RI50  1-216-D63-D0  METAL Cuir 3.3 ST 1L/10W
TCI03  B-759-305-19 HAL3AZLAME R151 1-116~067-00 METAL ClH1P 5.6K % LALOW
COILS R157 1-216-085-00 METAL ClIP IE 51 L/1ow
RIS 1-21a-745-11 METAL ClIP 15K 12 1/10%
Ligl 1-410-941-2) LHBUCTDR CUHIP 560 155 1-214-081-00 METAL CHIP SHK 5L 1710w
LI0% 1~410-%41-2] THDUCTOR CHIF 380 R1 56 1-216-061-00 METAL CHIP 1.3K ST 110w
Lol 1-408-785-21 INDUCTOR CHEIP 47 Ri58 1-216-075-00 METAL CITE 12% 5% 1/10K
TRAHSTISTORS AlG) 1-216-041-00  HETAL CHIP 560 5% 1f10M
A163  1-216-073-00  METAL CHIP 10% 5% 1/10W
IOl B-729-162-44  7SEB24-RVA4 (CHIP)} k166 1-216-180-00  METAL CHIP 180 51 1/Bw
qloz 8-729-9200-53 DTCLILEK {Curg) Rl6é 1-216-089-00 HETAL CHIP 47K 51 1f10W
Qle} 8-729-162-44  2SBEZ4~BV4 (CNIP) R168 1-216-089-00  METAL CHIP 47K 5% 1710w
Q104 8-729-900-53 DTCII4EK (cHIr) R170 1-216-089-00 HMETAL CHIP 47K 5% 1710

MP-F1iW-700



ReF. HNo.

K176
Riz?
n1B0

RILOS
rRJiQ
RI1IZ

SLALOS
SLDJ 02

5101

X101

Ps1al

Parts Ho. Deg
1-216-073-00  HETAL CUIF
1-216-073-00 HETAL CRIT
1-216-073-00  METAL CIP
1-716-295-00  METAL Op
L-216-295-00  METAL €n1p
1-216-295-00 HETAL €01P
1-216-295-00  METAL CUTR
1-216-295-00  METAL CNIP

SWITCH

1-554-6h4-00 SWITCH, SLTN

OSCILLATOR

1-967-912-11 OSCILLATOR,
1C LINK
1-532-727~-11 IC LINK

HT-2 (1A} BOUNTED BOARD

<h
e

7
CB

<9

€10
t1l
oLz
€13

oN2

bl

Il

Ri
w2
R4
s
Rb

RY
R%
R1O
RlI
R12

W13
Rl4
(3%
Rl&
R17
R1 8
RI2

CAPACITORS
1-124-261-00 ELECT
1-163-017-08  CERAMIC CHIT
1-163-037-11  CERAMIC CHIP
1-163-081-00  CERAMIC CIIP
¥-163-D38-00 CERAMIC CHIP
1-162-638-11  CERAMIC CUIP
i~1h2-638-11 CERAWIC CUTP
1-162-638-11  CERAHIC CIIP
1-163-038-00  CERAMIC CHIF
1-161-038-00 MIC CHTP

COHNECTOR

1-56h-427-11 PN, CONRECTS
bDIODE
B-719-904-92 aL-911v2 (Yel
e
8-739-305-25 WAI3440M8
RESISTORS
1-216-035-00 HETAL CHip
1-216~184-00  METAL Cntp
1-216-073-00 HMETAL ClIIP
1-216-0713-00 METAL Cntp
1-216-081-00 METAL CHIP
1-216-095-00  METAL CHIP
1-216-147-00 METAL Culp
1-216-142-00  METAL CHIP
1-216-142-00  HETAL CI1P
1-216-298-00 HETAL Q1P
1-216-296-00  METAL CHIP
1-216-073-D0  METAL CHIP
1-216-073-00  METAL CHIP
1-216-298-00 HETAL CHIP
1-216~-298-00  METAL CUIP
[-216-298-00 HETAL CHIP
1-216-296-00  METAL CIIF

criptton
10x% 5% /W
10K 5% /0w
1n% A% 1f10v
] %o
a 5% 1/100
o 5% /10w
n ST oL
0 A% Loy

CERAMIC (4.91n)

1o i sov
0.0047  l0T S0V
0.022 103 257

0.22 25v
0.1 25V

i 16v

1 16y

1 16y

[+ 25v

0.1 5y

o 3r

low}
270 5% 1/10W
270 5% /W
10K 5 1/10W
10% St 1/10w
22K 51 t/10W
:¥33 5% 1/10W
4.7 5% L/EW
4.7 5% 1789
4.7 5t/
2.1 5% 1710w
2.2 5% 1/10W
10K 5% /10w
198 5T 1100
7.3 5% 1710w
2.2 51 /10w
z.2 5% /10
0 5% /8%

kef, Ho. Parts o,

K3 1-216-295-00  METAL
KI5 1-216-295-00  HMETAL
RI7 1-216-296-00  METAL
RI8 1-216-295-00  HETAL
SLAL i-216-295-00 METAL
SHITCUES

51 1-571-237-11

57 1-571-237-11

cerr
cruie
cup
e
cr

lgacription

52
3%

cosoo

5%

SHITON, MICRG
SWLTCH, M

(U]

HP-FL1W-70D

1/1ow
1/10v

L/8w
EAIOW
¥t









Software







Software






Software Contents

BIOS Services . . . . . . . . . . .. e 1
Device VO Services . . . .. .ot it v i it it et e e 1
Keyboard . .. .. .. . . . . 3
VideoDisplay . . .. .. .. 7
Serial Communications . . . .. ... ... ... ........ 20
Line Printer . . . . .. . ... . .. ... 24
SystemClock ... ... . .. . . e 26
Sound Multiplexer . . . ... .. ... L oL 30
Diskette I/O Support for Diskette Only . . . ... . ... ... 31
EQUiDMEnE « o« owmonvvw i wn vn 50 s i mn e v s o v ow 33
MEmMOrYySIZE .« ocvw v mw sn sn v e wima W s e 39
BootstrapLoader . . . . ... ... . ... .. ... .. ..., 39

System Services . . ... ... e e e 40
Machine Identification . . . ... ..., ... ... ... .... 40
EEPROM. :nimemsss@s £8 58 65 66,8500 e my 41
BIOS Sound Support . . ... ... .. . e 43

Keyboard ASCITand Scan Codes . . . . . .. .. ... ..... 47

MS-DOSMemory Map . . . . . .. .. ... ... ... ..... 51
ROMBIOS Data Area . . . . ... .ot ittt ee e o 52

Additional Data Area . . . ... v v v e e e 58






BIOS Services

Device I/O Services
Introduction

The BIOS (Basic Input/Qutput System) is the lowest-level interface
between other software (application programs and the operating sys-
tem itseif} 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
routing.

Entry parameters to BIOS roulines 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 lo read a character from the keyboard:

MOV AH,0
INT 16H
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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)
Disketle 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 = Read keyboard (destructive with wait})

AH = 1; Scan keyboard (nondestructive, no wait)

AH = 1 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 [lag) 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 (bil settings: sel =true, reset = [alse)

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

Il
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Store ASCII Character

Entry Conditions

AH =5

CL ASCII character
CH Scan Code

It

Exit Conditions

AL = 00: Successful
AL = (1: Buffer full
IC] = QOperalion failed

Extended Keyboard Read

Entry Cenditions
AH = 10H

Exit Conditions
AL ASClI value of character
AH kevboard scan code

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

LA
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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
Bit 2 = 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
i 320x200 color graphics
with 16 colors
AL = A: 640x200 color graphics
with 4 colors

AL

1]
)

Note: If the high order bit of the AL register is 1, then the video
buffer is not cleared.
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Set Cursor Type

Set the cursor type and attribute.

Entry Conditions

AH =1

CH = bit values:
Bits 5-6 = aninvisible or erratically blinking cursor
Bits 5-6 = 0: produces a visible, blinking cursor
Bits 4-0

CL = bit values:

Bits 4-0 = end line for cursor within character cell

start line for cursor within character cell

Set Cursor Position

Write (set) cursor position.

Entry Conditions
AH = 2

BH
DH
DL

page number (must be 0 for graphics modes)

row (0 = top row)

column (0 = leftmost column)

10.
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Get Cursor Position

Read (get) cursor position.

Entry Conditions
AH = 3
BH

Il

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 vaiue for modes 0, 1

AL = () through 3: new page values for modes 2, 3

AL = 80H: rcad CRT/CPU page registers

AL = 81H: set CPU page register ta value in BL

AL = 82H: set CRT page register to valuc 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. o
Foreground color:
BitQ = blue
Bitl = green
Bit2 = red
Bit3 = intensity
Allbits off =  black
Background color:
Bit4 = blue
Bit5 = green
Bit6 = red
Bit7 = blink
All bits off =  white -

1Z;
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Scroll Down

Scroll active page down.

Entry Conditions

AH =17

AL = number of lines to scrolf (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.



Software

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)
CX = 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) [or 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)
CX = number of characters to write

AL = character lo write

BL = color of character (graphics mode)

14.
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Set Color Palette
Select the color palette.

Entry Conditions

AH = 0BH
BH = 0: Set background 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 7 = light grey 11 = light cvan 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: 1for white

BL = 1: 1 forblack

In 4 color graphics modes:

BL = 0; (1 = green, 2 = red, 3 = yellow)

BL = 1. (1 = cyan,2 = magenla, 3 = white)

In 16 color graphics modes:
1 = blue 5 = magenita 9 = light blue 13 = light magenta
2 = green 6 = yellow 10 = light green 14 = yellow
3 = cyan 7 = light grey 11 = hght 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 = 0CH

DX = row number

CX = column number

AL = colorvalue (When Bit 7 of AL is set, the resullant

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 = ODH

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 = (0EH

AL = character o write

BL = foreground color (graphics mode)
BH = display page (alpha modes)

Get CRT Mode

Get the current video mode.

Entry Conditions
AH = OFH

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 = colorvalue to store
AL = 1: Set border color register
BH = color value to store
AL = 2: Set paletle color value to store and

border registers
ES:DX points to a 17-byte list.

Byles 0-15 = values for palette registers 0-15
Byle 16 value for border register

18.
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Write String

Display a string of characters on screen.

Entry Conditions
13H

pointer to start of string

AH
ES:BP
CX
DX
BH
BL
AL

length of string (attributes do not count)

starting cursor position (DH = row, DL = column)

page number (for text modes)

attribute for characters (graphics modes)

00:
01:
02:

03:

Characters only string, cursor not updated
Characters only string, cursor updated

Character, attribute alternating string, cursor
not updated

Character, attribule 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 = (: 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 10
| 1
Baud Rate  Parity | Stop Bits i Word Length
|
000 = 110baud 00 =none 0 =1bit 10 =7 bhits
. 001 = 150 baud 01 =odd 1 =2bits 11 =8 bits
010 = 300baud 11 =cven
011 = 600 baud
100 = 1200 baud
101 = 2400 baud
110 =4800 baud
111 = 9600 baud
Exit Conditions
AX = RS-232C status; See the [ollowing“Gel Current
Comm Status” (AH = 3)
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Transmit Character
Transmit (output) the character in AL (which is preserved).

Entry Conditions

AH =1
AL = character to transmit
DX = portnumber (Qor 1)

Exit Conditions

AH = RS-232C status; See the following “Get Current
Comm Status” (AH = 3). If Bit 7 is set, the routinc was
unable to transmit the character because of a timeout
error.)

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 nol 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 = charactler received

AH = RS8-232C 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
Bit 3
Bit4
Bil 5
Bit ¢
Bit 7

AL
Bit 0
Bit 1
Bit 2
Bit 3
Bit 4
Bit 5
Bit 6
Bit 7

RS-232C status, as follows (set = true):

data ready

OVerrun error

parity error

framing error

break detect

transmitier holding register empty
transmitter shifll 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 =10

AL
DX

Il

character to print

I

printer to be used (0-2)

Exit Conditions

0AH = printer status. Sce 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,
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Reset Printer Port

Reset (or initialize) the printer port.

Entry Conditions

AH =1

DX = printerto be used (0-2)

Exit Conditions

AH = printerstatus; 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]
Bit 2 = [unused]
Bit3 = l/Oerror
Bit4 = selected
Bit 5 = out of paper
Bit6 = acknowledge
Bit 7 = not busy

25,
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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 = (h 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 = BOH: Set up sound multiplexer

The clock runs at the rate of 1,193,180/65,536 per second (about 18.2
times per second).

26.
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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

CX = high (most significant) portion of the clock count
DX = Jlow (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
DX

high (most significant) portion of clock count

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
DH

minutes in BCD
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

28.
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Read Clock Date

Read the date kept in the clock.

Entry Conditions
AH = 4

Exit Conditions

CH = cenlury 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 =35

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

AL
00
02
03

I

I

80

source of sound
8253 channel 2
audio in

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 = O Reset diskette

AH = i Return status of last diskette operation
AH = 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

3l.
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Function Descriptions
Reset Diskette

Reset the diskette system. Resets associated hardware and recalibrates
all diskette drives.

Entry Conditions
AH =40

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 = frack 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 =

Z R3® T O
I

pointer to a group of address fields for each track. Each ad-
dress ficld is made up of 4 bytes. These are C, H, R, and
N, where:

track number
head number
sector niutmber

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 =
DL

08H

drive number (0-2 il Tandy 1000 TL; 0-1 if Tandy
1000 SL)

Exit Conditions

AX =
BH =
CH
CL
DH
DL =

ES:D] =

0

0

Maximum usable track number

Maximum usable sector number

Maximum usable head number

Number of diskette drives installed (0-2 if Tandy
1000TL; 0-1 if Tandy 1000 SL)

Pointer to diskette drive parameter table for the
maximum media type supported on the specificd
drive
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CF
CF

0:
1:

No error

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

5Bl =

Diskette, no change line available

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 munber (0-2 if Tandy 1000 TL; 0-1 if Tandy
1000 SL)

Exit Conditions

CF =0 IfAH=0

CF If AH is non 0

AH Diskette change signal not active

Invalid diskette parameter

Diskette change signal active

= 80 Diskette drive not ready (drive door is open)

il

Exits From All Calls

AH = Status of operation, where sel = truc

Error Code Condition

01H Tllegal 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)

(€]

operation failed (AH = ¢rror status)
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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 prescnt (always present)
1 = no DMA present
Bits 9, 10, 11 number of RS232 cards
Bit 12 game [/O adapter present (joystick)
Bit 13 not used
Bils 14,15 number of printers
Lo
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Memory Size

This service returns the total number of kilobytes of RAM in the com-
puter sysiem (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, Secior 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)
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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 Submode!l ID
DB x 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 Xy

Function Descriptions
Read From EEPROM

Read the 16-bit value from the indicated EEPROM word.

Entry Conditions

AH = 70H
AL =0
BL = word number to read (0-63)

Exit Conditions
DX = word value
Carry flag set indicates EEPROM call not supported.
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Write to EEPROM
Write a 16-bit value to the indicated EEPROM word.

P—

Entry Conditions

AH
AL
BL
DX

I

70H
1
word number to write (0-63)

word value fo write

Exit Conditions

Carry Flag set indicates EEPROM call not supported.
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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 slatus

Input sound (from the microphone)
Output sound (to the speaker)
Stop sound input and output

Function Descriptions
Get Sound Status

Gelts sound status.

Entry Conditions

AH

81H

Exit Conditions

Not Busy:

AX
CF

00C4H
0
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Busy:
AX = 00C4H
CF =1

Input Sound

Inputs sound from the microphone.

Entry Conditions

AH = 8H

ES:BX = buffer address

CX = buffer length

DX = transfer rate (1-4095, where 1 is the fastest

transfer rate)
Exit Conditions

Not Busy:
AH =0
CF =
Busy:

AH =0
CF =1

44.
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Output Sound
Outputs sound to the speaker.

Entry Conditions

AH = 83H: OQutput sound (to the speaker)

ES:BX = buffer address

cX = 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 oulput.

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.
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Keyboard ASCII and Scan Codes
< Function Keys, Cursor Keypad, Numeric Keypad

SCAN NORM CASE UPPER CASE GTRL CASEALT CASE
CODE ASCH CODE ASCI CODE ASCIl CODE ABCH CODE
aB F1 =38 F11 ®x54 F21 *5E Fa1 x68
ac F2 ®3C F12 %55 Faz x5F F32 X689
aD F3 x3D F{3 X586 F23 %80 F33 *EA
3E F4 X3E F14 x57 Fad %81 Fa4 x6B
aF F5 x3F F15 %58 Fa25 XG2 Fas ®6G
40 F& 40 Fi6 58 F26 x63 F36 %60
41 F7 x41 Fi7 xEA F27 =64 Faz7 %6E
42 Fa HAZ Fig§ x58 F28 x65 Fas x6F
43 Fg 43 F1g x5C Fag9 x68 Fag ®70
44 F1o 44 F20 x5D F30 87 F40 ®71
57 F11 eB500 e8700 e8900 eBBQ0
58 F12 eB600 28800 e3A00 eBCOO
E037 Print8em®* PrintScm* CPrSc ®72 SysRq* =
46 Ser Lock - Scr Lock- - - SerLock -
E145 Pause* -- Pause* - Pause* =
ED46 Break* %00
ED0S52 Insert x52 eS2E0 - eS2EQ - eAZ00
EQ47 Home x47 e47E0 x77 e77E0 - e9700
E042 Page Up ®48 ed7EQ %84 eB4EQ - 29900
E053 Oelete ®53 e53E0 - e33E0 - eA300
EQ4F End ®aF e4FEQ %75 e?5E0 - e9F00
EDSY Page Down ®51 e51E0 ®76 a7BED 4 eA100
E048 Up x48 e48E0 - e8DEC - «39800
EQ4B Left %48 e4BEC 73 e73ED - eSB00
— E0s0 Down x50 e50E0 - e31EQ - eADOD
EC4D Right x4d e4DEO 74 e74EQ - egDo0
45 Num Lock-- Num Lock -- - s Num Lock  --
E035 / 2F f 2F eS8500 ehd00
37 * 2A . 2A e8600 e37F0
a7 Home  x47 7 37 CirSe X7 b .-
48 ur x48 8 38 esD00 ¥ -
48 Page Up x48 9 ag TOS 84 L] 2%
4A - 20 4 20 e8E0D edAFOD
48 Left %48 q 34 LWord %73 ¥ -
4C edCFO 5 35 e8F00 ¥ -
40 RIGHT x4D 8 36 RwWord #74 ¥ e
4E 4 2B = 28 28000 e4EFQ
4F End ®dF 1 31 ErEQL x75 ¥ =
50 DOWN x50 2 32 e9100 L] -
51 Pg On %51 3 33 ErEQS *76 L J #n
52 Ins ®32 8] 30 e9200 Y &
53 Del =53 i 2E e9300 == -
EC1G Enter oD Enter o LF GA eAB00
o1 ESC 1B ESC 18 ESC 1B el1F0
o2 1 31 ! 21 s ) ALTH A78
03 2 32 @ 40 NULL 00 ALT2 %79
04 a 33 # 23 45 o ALT3 x7A
05 4 34 S 24 - - ALT4 x78
06 5 a5 % 25 B i ALTS X7
07 <] 36 - SE RS 1E ALTs x7D
08 7 ar & 28 = o ALT7 xTE
i) 8 38 X 2A - = ALTB x7F
-
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SCAN NORM CASE UPPER CASE CTRL CASEALT CASE

CODE ASCIl CCDE ASCIll CODE ASCIl CODE ASCIl CODE

0A 2] 3g { 28 22 - ALT9 X80
oB - 30 1 29 - - ALTO x81
ac - 2D _ 5F us iF ALT- x82
oD = ao + 28 - - ALT = %83
OE as 08 8s 08 DEL 7F e0EFO
oF HT o] BTab xOF e9400 eA500
10 q 7 Q 51 DCH 11 ALTQ X10
1 w 77 W 57 ETB 17 ALTW x11

12 e 65 E 45 ENQ 05 ALTE xi2
13 r 72 R 52 pca 12 ALTR x13
14 t 74 T 54 DC4 4 ALTT X114
15 ¥ 79 Y 58 EM 19 ALTY %15
16 u 75 u 55 NAK 15 ALTU x16

17 i 69 l 418 HT 09 ALTI x17
18 [} 6F |a] 4aF St oF ALTO x18
19 P 70 P 50 DLE 10 ALTP x19
1A [ 58 { 78 ESC 1B elAFD
1B ] 50 1 7D GS 1D elBFO
iCc Enter oD Enter ab LF oA e1CFQ
iD Ctr) - Ctrf - Cirl - Ctrl -
E0ID Ctrl o Ctrf - Ctrl - Citrl -

iE a 61 A 41 SOH o ALTA x1E
1iF s 73 S 53 o) 13 ALTS x1F
20 d 64 ] 44 EOT 04 ALTD x20

21 f 68 F 46 ACK 08 ALTF x21
22 a 67 G 47 BEL o7 ALTG x22
23 h 68 H 48 Bs 08 ALTH ®23
24 i 6A Xl 4A LF 0A ALTd x24
25 k 68 K 4B VT o]=] ALTK %25
26 | 8C L 4C FF oc ALTL 26
27 7 3B H 3A - - e27F0
28 % 27 ! 22 = - e28F0
29 ' 8C -~ 7E - - e29F0
24 LShift - L3hift -- LShift -

28 Y 5C | 7C FS iCc e2BFO
2C z 7A Z 5A sSuB 1A ALTZ x2C
2D X 78 X 58 CAN 18 ALTX x2D
2E c 83 o] 43 ETX 03 ALTC x2E
2F v 76 v 56 SYN 18 ALTV *x2F
30 b 62 g8 a2 STX o2 ALTE x30
31 n GE N 4aE so oE ALTN x31

32 m 6D M 4D GR oD ALTM x32
a3 & 2C¢ < ac - - e3d3Fo
34 é 2E > 3E - - e34F0
a5 / 2F ? aF - - e35F0
3B RShift - RShift -- HShift - RShift -

38 Alt - Alt - Alt - Alt o
EQ28 Alt - Alt -- Alt - All @

38 SPACE =20 SPACE 20 SPACE 20 SPACE 20

3A CapslLock-- CapsLock -- - - Capslock -

56+ y 5C 7C - = - -
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Keyboard Tables

“. These symbols have special meanings in the following tables:

BREAK

PAUSE

PrtSC or
Print Scrn

Indicates that no ASCII code is generated for the key com-
bination.

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.

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 1s
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.
Empties the keyboard queue and executes the keyboard
break interrupt (INT 1BH). Places a NULL ASCII scan
code in the keyboard queue.

Delays system activity until you press another key.

Invokes the BIOS print screen function (INT 5H).
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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.

0.
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Hexadecimal
Starting Address
(Segment:Offset)

000:00
000:80
0040:00"
0050:00
0070:00
0190:00°
05B0:00°
X800:00°
X C00:00°
B800:00
E000:00
F000:00
FC00:00

Notes:

MS-DOS Memory Map

Description

BIOS Interrupt Vectors
Available Interrupt Vectors
ROM BIQOS Data Area
MSDOS and BASIC Data Area
1/0.SYS Drivers

MS-DOS

Available to user

Video RAM in 32K video modes
Video RAM in 16K video mode
Video RAM Window (32K)
ROM Drive

Reserved for system ROM
System BIOS ROM

! Detailed description in following pages.
2 Approximate address; subject to change.

3 X is defined as follows:

Memory Size

128K
256K
384K
512K
640K
768K

X Value
1

o) W

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

170 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 limeout 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 Length and
0040:0000 Intended Use

40H 1 byte - current CRT made (0-7)

4AH 1word-  screen column width

4CH 1word - byte length of screen

4EH 1 word - address/offset of beginning of
current display page

50H Swords-  row/col coordinates of the
cursor for eachofup to 3
display pages

60H 1word - current cursor type (See
“Set Cursor Type” for correct
encoding)

62 1 byte - current display page 1 word -
basc address + 4 of the CRT
controller card

65H 1 byte - copy of value written to
the Mode Select Register

66H 1 byte - current color palette setling
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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
0040:0000

10H
13H

Length and

Intended Use

Devices installed word

Memory installed word

The structure and usage of the diskette driver RAM data area is as fol-

lows:

HEX Offset
From Segment
0040:0000

3EH

3FH

40H

41H

42H

Length and

Intended Use

1 byte -

1 byte -

1 byte -

1 byte -

7 bytes -

drive recalibration status - bit
3-0, 1f 0 then drive 3-0 needs
recalibration before next Seek.
Bit 7 indicates interrupt
occurrence

motor status - Bit 3-0 drive
3-0 motor is on/off, Bit 7 -

current operation is wrile,

requires delay

motor turn off timeout
counter (see Timer ISR)

disk status - codes are
defined as in this section

7 bytes of status returned by
the controller during result
phase of operation

54.



BIOS Services

Value
01H
02H
03H
04H
06H
08H
09H
10H
20H
40H
80H

Error Condition

liegal 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 R§232 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
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The structure and usage of the Keyboard driver RAM data area is as

follows:

HEX Offset
From Segment
0040:0010

17

13

19
1A

1C

1E

Length and
Intended Use

1 byte- Keyboard shift state flag

returned by function 02

Bits 7- INSERT state active,

6 - CAPS LOCK on/olff,

5 - NUM LOCK on/off,

4 - SCROLL L.OCK on/off,
3- ALT key pressed

2 - CTRL key pressed

1 - Left SHIFT key pressed,
0 - Right SHIFT key pressed,

ibyte- 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

1 byte- Used to store ALT keypad entry

1 word- Pointer to beginning of the

keyboard buffer

1 word- Pointer o end of the keyboard

16-
15-

buffer
Keyboard bufler (enough for words)

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 1word -  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
B4H

B5H

2 words international support

1 byte

1 byte

(} = No monochrome monitor

FFH = Monochrome monitor

Bit Q:

Bit 1:

Bit 2:

Bit 3

Bit 4:

0
1
0

il

Drive A is 5-1/4"
Drive A is 3-1/2"
Drive B is 5-1/4"
Drive B 1s 3-1/2"
Tandy 1000 key-
board layout
IBM keyboard
layout

Slow CPU speed
mode

Fast CPU speed
mode

Internal color
video support
enabled

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 = ROMdriveis A:

02 = ROM drive is B:
03 = ROMdriveis C:
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Key Key

13

Deseript.

Esc

Fl

F2

EF3

F4

F3

F6

F7

F8

Fy

Fl0

FIl

F12

Print Scrn
Scroll Lock
Pause Break
~ or\
torl

Make
Code
76

15

06

04

nc

(43

0B

83

0A

01

09

78

07
EO07C
7E
E11477
0E

16

Hardwire Kybrd

Break
Cade
FOT6

Fa5
Fioo
Fho4d
FOOC
F003
FO0B
FOs3
FOOA
FOUI
Foow
FO78
F(H7
EOFO7C
FO7E
EIF014F077
FOOE
EG16

KEYBOARD SCAN CODES

Kybrd [nterrupt

Muake
Code
01

an

ac

D

IE

IF

40

4]

42

43

44

57

58
EOZAEN37
460
E11D45
2B

(2

Break
Code
81

BB

BC

BD

BE

BF

(&)

Cl

2

23

C4

D7

D8
EOBT7EUAA
Co
E19DCa
ADB

82

Norm

MmiB

3BOH
3CH0
D00
3EON
Fon
4000
4100
4200
4300
4411)

1
Note

Note
Note
2960
0231

Shifi
0B
400
5500
5600
5700
800
5900
SA00
5800
5C00
ADoG

297E
0221

Standard ASCII
(Scancode/ASCIH cude)

Ciurl
01
SENO
SFO0
HOO0
6100
6200
h30}
60
6500
GO0
6700

Alt

6804
6901
HA 00
OBO0
6Co0
6D ()
GEND
GFO0
7000
7100

Norm
1B

oo
3CH0
300
3EN
JF00
4000
4100
4200
4300
4440
8500
8600
Note
MNote
Nate
G000
0231

Extended ASCIHI
{Scancode/ASCIL code)

Shift
0118
54010
5500
56400
5700
5800
5900)
5A00
SB0O0
S5C00
SD00
8700
8800
Nole
Nole
Nole
TEQ0
0221

L) b —

Ctrl
nre

SEOD
SFON
6000
6100
06200
6300
ENY
0500
H600)
H7H
Ko
KA
72(K)

Alt
0106

6800
6900
KA
61300
6CO0
GO0
GE G
GFOO
F000
7100
KB
BCH
Nutc2
Notc
2900
7800



KEYBOARD SCAN CODES

Key Key Hardware Kybrd Kybrd Interrupt Standard ASCII Extended ASCIE
#  Descripl. Make Break Make Break {Scancode/ASCII code) (Scancade/ASCII code)
Code Code Code _ _ Code Norm _ Shift Cirl Alt Norm Shift Ctrl All

19 (@or2 IE FOIE (13 83 332 (0340 0300 7900 0332 (0340} 0300 7900
20 #or3 26 FO26 04 84 (1433 0423 ———— TAN) 0433 0423 ———— TA00
21 Sord 25 FO25 05 85 0534 0524 ----- 7B00 0534 0524 e 7R00
22 %orl 2E FO2E 06 86 0635 0625  ----- 7C0N0 0635 0625 ----- 7CH0
23 ~or6 36 FO36 07 87 0736 075E 071E Do 0730 075E O71E 7000
24 &or?7 D FO3D 08 858 837 0826 ----- TENN 837 0826 - TE00
25 *or8 3E FO3E 0Y 89 0938 D92A  -e--- TEO0 0938 DU2A  ----- TFO0
26 (or9 a6 FO46 0A 8A 0A39 0A28 - 8000 0A3Y 0A28  ---ee 8000
27 ) orh 45 FO45 0B 8B B34 0B29 s g100 0B34 0B29  ceeee 8100
8 _ or- 4E FO4E oc 8C ncz2on OC5F NCIF 8200 ncz20 NC5F (CIF K200
29 + ar= 55 FO55 0D 8D OD3D 0D2B  -eee- 8300 OD3D op28 - 8300
30  Backspace 66 FO66 OE 8E OEO8 ODEN8 OE7F  -eee- UEO8 (IEQ8 OET7F OEDO
31 Insert EU70 EOFO70 EN2AE(052 EODZ2EOAA 5200 5200 smmem mmem 52E0 S2E0 Q2EN A200
32 Home E06C EUF06C EO2AE047 EOCTEOAA 4700 4700 7700 e 47E0 47E0 T7E0 9700
33 PgUp E07D EOFO7D EU2AEQ49 EOCYEODAA 4900 4900 8400 ————- 49E0 49E0 84E0 9900
34 Num Lock 7 FO77 45 Cs Nutc5 Note™  ~=--- Nalc5 Nole Note —ee Note
3/ EG4A EOF04A E035 EOBS5 352F 352F - e EO2F EOZF 9500 A400
36 * 0 FO7C 37 B7 I72A 372A e e 372A 372A 9600 3700
37 - 7B FO7B 4A CA 4A2D 4A2D  meeee s 4A2D 4A2D 8E0O0 4A00



49
50
51
52
53
54
55
56

Key
Descript.
Tab
Qury
Worw
Eore
Ruorr
Torl
Yory
Uuoru
lori
Ouoro
FPorp
{for]
tor|
| ory
Delete
End
Page Down
7 or Home
8
9or age Up

Mauke
Code
918)

L5

1D
24
FAb]
2C
as
ac
43

44
4
54

5B
5D
E071
E(69
E07A
6C
75
7D

Hardware Kybrd

Break
Code
FOND
FO1s
FOID
Fi24
FO2D
F02C
FO35
FO3C
FO43
Fi)44d
F04D
D054
FO5B
FOSD
EOF0O7!
EOF069
EQFO7A
F0O6C
F(75
FO7D

KEYBOARD SCAN CODES

Kybrd Interrupl

Muke
Code

Nk

10

Il

12

13

14

15

1

17

18

iy

1A

1B

2B
EU2ZAENS3
EOZAE(4F
EOZAEUS]
47

48

49

Break

Code

8F

90

91

92

93

494

45

96

97

94

9y

YA

9B

AB
EOD3IEOAA
EOCFEOAA
EODIEOAA
£7

Cs

c9

Norm
DF90
1071
1177
1265
1372
1474
1579
1675
17649
186F
1970
1ASB
IB5D
2B35C
5300
4F00
5100
4700
4814
4900

Shilt
OFO0
1051
1157
1245
1352
1454
1559
1655
1744
184F
1450
1ATB
1BTD
2B7C
3300
4F(H)
5100
4737
4838
4939

Standard ASCIH
{Scancade/ASCII code)

Ctrl

1615
1704
180F
1910
1A1B
IBID
2BIC
7500
7600
7700

8400

1000
1100
1200
1300
1400
1500
1600
1700
1800
1900

o 2
Note

Norm
(F(
1071
1177
1265
1372
1474
1579
1675
1769
186F
1970
I1ASB
135D
2B5C
53E0
4FEQ
S5IEQD
4700
4800
4900

Shift
OFOD
1051
L1157
1245
1352
1454
1559
1655
1749
IB4F
1950
IATB
1B7D
2B7C
53E0
4FEQ
S1EQ
4737
4838
4939

Extended ASCII
(Scancede/ASCI code)

Ctrl
9400
1011
1117
1205
1312
1414
1519
1615
1709
IROF
191{)
IAIB
IBID
2BIC
93E0
75E0
TeEQ
7700
8D0O0O
8400

Alt
AS500
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
1AOD
1BOD
2BO0
A0
9FOy
ALOG
Note
Nolc6
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)

e Code_ Code Code __Code Norm  Shift Cirl _ Al Norm_ _ Shift Ctrl All
58 + 79 F(179 4E CE 4E2B 4E2B s - 4E2B 4E2B H000 4E (H)
59  Caps Lock 38 FO58 3A BA Nulc? ch? ——- Nulc7 Nole Note ---- Note
60 Aora 1C Fu1C 1E YE 1EAI 1E4]I IEDI 1EOD 1EfI IE4] 1E0I TED)
6! Sors 1B FOIB IF 9F 1F73 1F53 1Ft3 1FQD 1F73 1F53 TE13 LFO0
62 Dord 23 F023 20 Al 2064 2044 2004 2040 2064 2044 2004 2000
63 Forf 2B FO2B 21 Al 2166 2146 2100 2100 2166 2146 2106 210
64 Gorg 34 FO34 22 A2 2267 2247 2207 2200 2267 2247 2207 2200
65 Horh i3 F033 23 A3 2368 2348 2308 2300 2368 2348 2308 2300
66 Jorj 3B FO3B 24 Ad 246A 2444 2400A 2400 246A 244A 240A 2400
67 Kork 42 F42 25 AS 256B 2548 2508 2500 2508 2548 2508 2500
68 Lorl 4B FO4B 20 Ab 266C 264C 260C 2600 266C 264C 2600 2600
69 :or; 4C FO4C 27 AT 2738 273A o ——- 273B 273A o 2700
70 tor’ 52 F052 28 A8 2827 2822 - - 2827 2822 ---- 2800
71 Enter 5A FO3A 1C SC 1COD 1COD  1C0A ---- 1COD 1C0D 1C0A 1CO0
72 4 6B FO6B 4B CB 4B00 4B34 7300 Note®  aBOO 4B34 7300 Note?
73 5 73 FO73 4C cc e 4C35 - Note 4C00 4C35 8F00 Note®
74 6 74 FO74 4D CcD 4D 00 4D36 7400 Note?  4D0O 4036 7400 Note®



KEYBOARD SCAN CODES

Key Key Hardware Kybrd Kybrd Interrupt Standard ASCII Extended ASCH
it Descript. Mike Break Make RBreak (Scancode/ASCI code) {Scancode/ASCI code)

Code Code Cade Code Norm  Shift Cirl All Norm Shift Ctrl Al
76 Lcft Shift 12 FOl2 2A AA NntuM Nul{:8 Nulc8 Nt)ch NU[CB Nulr:8 NutcH NutL."H
T Zarz 1A FOIA 2c AC 2CTA 205A 2CI1A 2C00 207A 2C5A 201A 201K
8 Xourx 22 Fu22 20 AD 2D78 258 2D IR 2000 2D78 2D 58 2D 18 2000
79 Corc 21 Fi32i 2E AE 2E63 2E43 2E03 2E00 2ER3 2643 2E03 2EIH)
80 Vaoarwv 2A FUZA 2F AF 2F706 2F56 2F 16 2F00 2F76 2F56 2F 16 2F(H)
4l Borh 32 Fi32 30 130 3062 3042 3002 3000 3062 3042 3002 3000
82 Norn kil Fi3l 3 Bl 3I6E J4E JL0E 300 JL6E 3l4E ANE 3100
83 Morm 3A FO3A 32 B2 326D 324D 3200 3200 326D 324D 3200 3200
84 =< or, 41 Fu4l1 33 B3 3320 3 T S 332C 333C e 3300
85 > or. 44 F049 34 B4 342E 343E - meees 3426 343E  ----- 3400
g6 Tor/ 4A Flda a5 B35 352F 353F  ----- e 352F.. 353F  eee-- 3500
87 Right Shit 59 F1159 36 B Note®  Note?  Nowe®  Nowe®  Note®  Note® Noie®  Note
88 Up Arrow E075 ENOF075 EOZAEU4Y LEUCSEOAA 4800 48000 —---- s 48EN 48EQ SDE( 9800
89 Llor End 0y FO6Y 4F Cr 4F00 4F31 7500 Nulcél 4F00 4F31 7500 Note!
gy 2 72 FO72 50 DO 5000 3032 - Nolc6 5000 5032 9100 Nole
91t 3Jor PgDn TA FU7A 51 DI Sll}l)g 5]339 76[]()( Nulcg 5D 5]33‘ 7()(1(!9 Nul(:l6
42 Left Cirl 14 FO14 1D 9D Note Note Note Nuote Notc Note Naole Note
93 Lell Alt I FO11 38 B& Note'? Note!® Note!® Note!® Note!® Note!® Now!®  Note!"

94 Space 29 FO29 39 BY 3920 3920 3920 3920 3920 3920 3920 3920



Key  Key
#  Descript.

Make
Code_

U5  Right Alt

96  Right Ctrl
97 Left Arrow
98 Down Arrow
99  Right Arrow
100 0 or Ins

101 . ar Del

12 Enter

EOlt
E014
EO6B
E072
E(74
)

71
EOSA

Hardware Kybrd

Break
Code

EOFQO11
EOFO14
EOF06B
EOFO72
EOF074
FO70
FO71
EOFO5A

KEYBOARD SCAN CODES

Kybrd Interrupt

Make
Code

EO38

EOID
EOZAEMMB
E0ZAE050
E024E04D
52

53

E0IC

Break
Code

EOBS

EOYD
EOCBEOAA
EODOEGAA
ENCDEOAA
D2

D3

EQ9C

Norm

)
Nulc(])(

Note
4B00
5000
4D
5200
5300
1COD

Shift

ch]0

Note
4B00
5000
40(%)
5230
532E
1COD

Standard ASCII
(Scancode/ASCII codc)

Ctrl
10

Nulc(
Note
7300
7400

1COA

All

10
ch9

Nate

N()lcﬁ

Norm

i\'[ull:é‘cl

Notc
4BE(
S0EQ
4DEV
5200
5300
EQO0D

Shift

4]
Nulcl])

Note
4BEUD
S0EQ
4DED
523H
532E
EOOD

Extended ASCII
(Scancode/ASCII code)

Ctrl
10

No Le,
Nole
7IE0)
91ED
T4EQ
9200
9300
E(DA

Alt

N(chl]In
Nole
9B0O0
AODD
9D
chﬁ

A600



NOTES

Nolel —INT OS5H is invoked and a screen dump is performed
Notc2 ~—the scroll lock active bit is toggled

Note3 —the pause state is initiated

Noted —INT 1BH is invoked

Note5 —the numlock active bit is toggled

Note6 —ALT num pad generates raw ascii code ol typed number
Note7 —the caps lock active bit is toggled

Note8 —hold shift lock active until key is releascd

Note9 —hold control shift active until key is released

Note l0—hoid alternate shift uctive until key is released
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SECTION 6
PARTS LOCATION AND LIST

6-1. PARTS ASS'Y LOCATION

LRPSW2xS

PSW26a2 6
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G-4. CIRCUIT DIAGRAH
6-4-1, Cizrcuit Diagram on LG-2 {(IT)
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