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INTRODUCTION TO THE TANDY 1000 HX COMPUTER

The Tandy 1000 HX Computer is modular in design to allow
maximum flexibility in system configuration. The computer
consists of a Main Unit, and a monitor. The Main Unit is
supplied with one 3 1/2" internal disk drive. A second
internal 3 1/2" disk drive is optional. Each disk drive has
a capacity of 720K bytes formatted. The standard types of
monitors used with the Tandy 1000 HX are the monochrome
composite and the color RGB monitor.

The Tandy 1000 HX has a standard 256K of system RAM. An
optional DMA/RAM board allows the Tandy 1000 HX to be
expanded by 128K or 384K of RAM. This board will fit onto
the expansion slot. With a fully populated RAM board
installed, the Tandy 1000 HX will have 640K bytes of RAM
allowed by the system memory map.

Other features include a parallel printer port, two built-in
joystick interfaces, and a headphone connection for private
listening.

The Main Unit is the heart of the Tandy 1000 HX. It houses
the Main Logic Assembly, system power supply,
internal 3 1/2" disk drive, and keyboard.

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. Figure 1
shows the Tandy 1000 HX.

The Power Supply is a 28W switching regulator type, designed
to provide adequate power capacity for a fully configured
system.

The Internal 3 1/2" Disk Drive uses double-sided,
double-density diskettes to read, write, or store data.
These are soft sector diskettes. The Disk Drive assembly is
installed in the standard unit. All system programs, with
the exception of the system startup sequence, are stored on
disk.
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Either a monochrome or a color display may be used with the
Tandy 1000 HX. The monochrome monitor is a high-resolution
green phosphor display which provides excellent visual
guality. It features a 12" screen with an anti-glare
surface. Each display is capable of 25 lines of 80
characters. The character matrix is 8 wide x 9 high.

Figure 1. TANDY 1000 HX
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SPECIFICATIONS

Processor: Intel 8088-2

Dimensions: 3 1/4 x 17 x 14 1/2 (HWD)
Weight: 11 1bs

Power Requirements: 120 vAC, 60 Hz

With 3 1/2" Disk Drives, Memory Cards, and RS-232:
AC Current: 0.7 - 0.8 Amps with Floppy doing R/W tests.
Leakage Current: 0.5 mA
Power Supply Output:
+5 VDC 3.0 Amps max., 1.
+12 VDC 2.0 Amps max. 1.
-12 VDC .1 Amp max.

9 Amps Typ.
2 Amps continuous

Environment:
Air Temperature
System ON: 55 to 85 degrees F (13 to 30 degrees C)
System OFF: -40 to 150 degrees F (-40 to 69
degrees C)
Humidity: System ON-OFF: 8% to 80%

Disk Drive Specifications

Power:

Supply

Voltage +5 VDC Input +12 VDC Input
Ripple

0 to 50 kHz 0.1 Vpp 0.1 Vpp
Tolerance

Including Ripple +/-5% +/~5%
Standby Current

Nominal 50 mA 0.3 mA
Average Current 130 mA
(Read)
Peak Current 500 mA
(Motor Start)
Peak Current 450 mA

(Stepping during Motor On)
Operating Current
Nominal 240 mA
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Connector Pin Assignments

J1l -- Speaker Interface

(2-Pin Vertical Header)

1 -- Sound 2 -- Ground
J2 ~-- PWR, NUM, CAP

1 -- Power Indicator 2 -- Gnd

3 -- Num Indicator 4 -- NUMLOCK Control

5 -- CAPS Indicator 6 -- CAPS Control
J3 -- Keyboard Interface

1 --x1 7 -- X0

2 -- X5 8 -- X7

3 -- X4 9 -- X3

4 -- X3 10 —- X1

5 -- X2 11 -- X5

6 -- X6 12 -- X4
J4 ~- Fan

1 -—- +1l2v 2 -- GND
J5 -- DC POWER

(6-Pin Vertical Header)

1 -- +5 VDC 2 -- +5 VDC

3 -~ GND 4 -~ Ground

5 -- +12V 6 —-- -12v
J6 -- Keyboard Interface

1 -- Y0 8 -~ Y6

2 -- Y1 9 -~ Y7

3 -- Y11 10 -- v8

4 -- Y2 11 -- Y9

5 -- ¥3 12 -- Y10

6 —— Y4 13 -- Y11

7 -- Y5
J7 -- Audio Jack

1l -- GND 2 -- AUDIOOUT
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J8 —-

J9 -~

Jlo --

Right Joystick
(6-Pin Rt. Angle Circular Din)

1l -- Y Axis 2 -- X Axis

3 -- Ground 4 -- Switch 1
5 -~ +5 VDC 6 -- Switch 2
Left Joystick

(6-Pin Rt. Angle Circular Din)

1l -- Y Axis 2 -- X Axis

3 -- Ground 4 -- Switch 1
5 -= 45 VDC 6 —-— Switch 2
3 1/2" Disk Interface Internal

(Dual 17-Pin Vertical Header)

1 -- NC 2 -- NC

3 -- +5 V. 4 -- NC

5 —— +5 V. 6 -- NC

7 -- +5 V. 8 -- INDEX*
9 —- +5 V. 10 -- DSO
11 -- +5 V. 12 -- DS2

13 -- Ground 14 -- NC
15 -- Ground 16 =-- MTRON¥*
17 -- Ground 18 -- DIR*

19 -- Ground 20 -- STEP*
21 -- Ground 22 -- WRDATA*
23 -- Ground 24 -- WEN*

25 -- Ground 26 -- TRKO*
27 -- Ground 28 -- WRPRT*
29 -~ +12 V. 30 -- RDDATA*
31 ~-- +12 v. 32 -~ SIDESELECT*
33 - +12 V. 34 -- NC
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Jil --

Expansion Interface Connectors
(Dual 31-Pin Header)

A0l -- NMI B0l --
A02 -- D7 BO2 --
a03 -- D6 B03 --
A04 -~ D5 B04 -—-
A05 -- D4 B05 ~--
A06 -- D3 B06 --
A07 -- D2 BO7 ~--
a08 -- D1 B08 --
A09 -- DO B09 --
Al0 -- RDYIN B10 --
All -- AEN Bll --
Al2 -- AlS B12 --
Al3 -~ Al8 Bl3 --
Al4 -- Al7 Bl4 --
al5 -~ Alé6 Bl5 --
Al6 -- AlS B16 -~
Al7 -- Al4 Bl17 ~--
Al8 -- Al3 Bl18 --
Al9 -- Al2 B19 --
A20 -- All B20 --
A2l -- AlO B21 ~--
A22 -- A09 B22 --
A23 -~ A0S B23 --
A24 -- A07 B24 --
A25 -- AQ06 B25 --
A26 -~ A0S B26 —-
A27 -- AD4 B27 --
A28 -- A03 B28 --
A29 -- A02 B29 --
A30 -- A0l B30 --
A3l -- A00 B3l -~

Ground
RESET
+5 VDC
IR2

NC
FDCDMRQ*
-12 vDC
NC

+12 VDC
Ground
MEMW*
MEMR*
IOW*

REFRESH*
CLK
RFSH
BREQ*
NC

IR4

1IR3
FDCDACK*
DMATC
ALE

+5 VDC
0sC
Ground




Jl2 --

Jl3 --

Jl4 --

Jl5 --

Parallel Interface
(34-Edge Card)

3

7

9
11
13
15
17
19
21
23
25
27
29
31
33

PPSTROBE*
PPDATAO
PPDATAL
PPDATA2
PPDATA3
PPDATA4
PPDATAS
PPDATA6
PPDATA7
PPACK¥*
PPBUSY
PPE
PPSEL*
PPAUTOF*
NC
Ground
Ground

Floppy Disk Interface External

+12v
+12v
GND

GND

GND

GND

GND
SIDESELECT*
DIR*
WRPRT*
RDDATA*
WRDATA*
WEN*

NC
DSEXT*

Composite Qutput
(Rt. Angle RCA-Type Phone Jack)

1 -- Compvid

RGBI Video
(9-Pin Socket Rt. Angle D-Subminiature)

O 3w

Ground

Red

Blue

Green (Monochrome Video)
VSYNC
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2 -- Ground
4 -- Ground
6 =-- Ground
8 =-- Ground
10 -- Ground
12 -~ Ground
14 -- NC
16 -- Ground
18 -- Ground
20 -- Ground
22 -- Ground
24 -- Ground
26 -- NC
28 -- PPFAULT
30 -- PPINIT*
32 == NC
34 -~ 45 V
2 -- +5V
4 -~ 45V
6 —— +5V
8 -- +5V
10 -~ INDEX*
12 =-- TKO*
14 -- STEP*
16 =-- MTRON*
18 -- GND
20 -- GND
22 -- GND
24 -- GND
26 -- GND
28 -- +12v
30 -- +1l2v
2 -- Ground

2

4
6
8

-- Ground

-- Green

—-- Intensity
-- HSYNC
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PINOUT:
IBM Bus
Signal

Option Card Description
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GND
RESETDRV
+5V
IRQ2
-5VDC
DRQ2
-12v
Reserved
+12Vv
GND
MEMW*
MEMR*
IOwW*
IOR*
DACK3*
DRQ3
DACK1*
DRQ1
DACKO*
CLOCK
IRQ7
IRQ6
IRQS5
IRQ4
IRQ3
DACK2*
T/C
ALE
+5V
0scC
GND

0sC

CLK

BRESET

A0-Al9

NC
FDCDMARQO*
-12v

NC

+12v
GND
MEMW*
MEMR *
IOW*
IOR*

NC

NC

NC

NC
REFRESH*
CLK
RFSH*
BREQ*

NC

IR4

IR3
FDCDMACK*
TC

ALE

+5V

0sC

GND

PIN PIN
BO1 AQL
BO2 A02
BO3 A03
BO4 A04
BOS A0S
BO6 A06
BO7 AQ7
BOS A08
BO9 A09
B10 alo
Bll All
Bl2 aAl2
B13 Al3
Bl4 Al4
B15 AlS
B16 Alé6
B17 Al7
Bl8 Al8
B19 Al9
B20 A20
B21 A2l
B22 A22
B23 A23
B24 A24
B25 A25
B26 A26
B27 A27
B28 A28
B29 A29
B30 aA30
B3l A3l

IBM Bus
SIGNAL Signal
NMI I/0CHCK*
D7 D7
D6 D6
D5 D5
D4 D4
D3 D3
D2 D2
D1 D1
DO DO
READY I/0CHRDY
AEN AEN
Al9 Al9
Al8 Al8
Al7 Al7
Alé Alé6
AlS AlS
Al4 Al4
Al3 Al3
Al2 Al2
All All
AlQ Al0
A09 A09
A0S a08
AQ7 AQ7
AQ6 A06
A0S A0S
A04 A04
AQ3 A03
A02 A02
A0l A0l
a00 AQ00

Oscillator: 14.31818 Mhz High-speed clock
with a 50% duty cycle

System clock:

It can be 4.77 Mhz with a 33%

duty cycle or 7.16 Mhz with a 50% duty

cycle.

Buffered Reset: This line is used to reset
or initialize system logic upon power-up or
during a lowline voltage outage. This
signal is synchronized to the falling edge
of clock and is active high.

Address bits 0 to 19: These lines are used
to address memory and I/0 devices within
the system. The 20address lines allow
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access of upto 1 megabyte of memory. AO is
the least significant (LSB) and Al9 is the
most significant (MSB). These lines are
generated by either the processor or DMA
controller. They are active high.

DO-D7 1/0 Data Bits 0 to 7: These lines provide data
bus bits 0 to 7 for the processor, memory,
and I/0 devices. DO is the least
significant bit (LSB) and D7 is the most
significant bit (MSB). These lines are
active high.

ALE (o} Address Latch Enable: This line is provided
by the Bus Controller and is used on the
system board to latch valid addresses from
the processor. It is available to the 1/0
channel as an indicator of a valid
processor address (when used with AEN).
Processor addresses are latched with the
falling edge of ALE.

NMI I -Nonmaskable Interrupt: This line provides
the processor with parity (error)
information on memory or devices in the I/0
channel. When this signal is active low, a
parity error is indicated.

RDYIN I Ready In: This line, normally high (ready),
is pulled low (not ready) by a memory or
I/0 device to lengthen I/O or memory
cycles. It allows slower devices to attach
to the I/0 channel with a minimum of
difficulty. Any slow device using this line
should drive it low immediately upon
detecting a valid address and a read or
write command. This line should never be
held low longer than 10 clock cycles.
Machine cycles (I/0 or memory) are extended
by an integral number of CLK cycles
(210ns or 140ns, depending upon CPU speed).

IR2-IR4 1 Interrupt Request: These lines are

BREQ, RFSH* used to signal the processor that an I/0
device requires attention. They are
prioritized with IRQ2 as the highest
priority and RFSH* as the lowest. An
Interrupt Request is generated by raising
an IRQ line (low to high) and holding it
high until it is acknowledged by the
processor (interrupt service routine).

IOR* 0 -1/0 Read command: This command line
instructs an 1/0 device to drive its data

10
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onto the data bus. It may be driven by the
processor or the DMA controller. This
signal is active low.

IOwW* o] -1/0 Write command: This command line
instructs an I/0 device to read the data on
the data bus. It may be driven by the
processor or the DMA controller. This
signal is active low.

MEMR* [0} Memory Read command: This command line
instructs the memory to drive its data onto
the data bus. It may be driven by the
processor or the DMA controller. This
signal is active low.

MEMW* 0 Memory Write command: This command line
instructs the memory to store the data
present on the data bus. It may be driven
by the processor or the DMA controller.
This signal is active low.

FDCDMRQ* o FDC DMA Request: This line is an
asynchronous channel request used by a
floppy disk to gain DMA service. A request
is generated by bringing the line to an
active level (high). The line must be held
high until the FDCDACK* line goes active.

REFRESH* I -DMA Acknowledge: These lines are

FDCDACK* used to acknowledge FDC DMA requests and to
refresh system dynamic memory. They are
active low.

AEN [o] Address Enable: This line is used to
de-gate the processor and other devices
from the I/0 channel to allow DMA transfers
to take place. When this line is active
(high), the DMA controller has control of
the address bus, data bus, read commnad
lines (memory and I/0), and the write
command lines (memory and 1/0).

DMATC T Terminal Count: This line provides a pulse
when the terminal count for any DMA channel
is reached. This signal is active high.

Voltages:
+5Vdc+/-5%, l.4a, located on 2 connector pins (.45A per
option board).

11
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located on 1 connector pin (0.03A per

option board).
located on 1 connector pin (0.03A per

option board).
located on 3 connector pins

+12vdc+/-5%, 0.1a,
-12vdc+/-10%, 0.1A,

GND (Ground),

12
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BUS INTERFACE SPECIFICATIONS

This

specification is for the primary bus on the Tandy 1000

HX main logic board, which also is available to the option
board connectors. The specification describes the signals
in the following manner. See Figures 2 and 3.

(o]

The following signal nomenclature is used in the
schematic and literature. Signals designated with the
suffix "*" are logically "true low" (normal inactive
state is high); if they are not so designated, the
signal is logically "true high."

Direction -~ input or output ~-- is referenced to the
CPU.

Brief functional description of the signal.

Description of the "drive" or "load" characteristics of
the signal. This includes the specific source by IC
type and reference designator, drive capability for
"output" signals, and actual load for "input" signals.
The drive/load is defined in "unit loads" and specified
as "high/low." This specification is for the main
logic board only. Some signals have an alternate
source, an external bus master such as the DMA.

.04mA @ 2.4V
l.6mA @ 0.5V

1 Unit Load (UL) is defined as: Ioh
Tol

Signal Listing

A00 - A19 O ADDRESS SOURCE: U23,032,U36

D0-D7

ALE
IOW*
IOR*
MEMW*

Drive - 65/15 UL
Latch Strobe - ALE
Output Enable - AEN
Alternate external
source

I/0 DATA SOURCE: U40
Drive ~ 37/15 UL
Direction Control - RD*
(CPU read signal)
Enable - DEN*

O ADDRESS LATCH STROBE SOURCE: U6

0 I/0 WRITE STROBE Drive ~ 50/7.5 UL
o} I/0 READ STROBE Output Enable - AEN
o]

MEMORY WRITE STROBE Pull-Up - 4.7K ohms

13



CLK

osC

NMI

RDYIN

RESET

BREQ¥*

IR2
IR3

IR4

MEMORY READ STROBE

CPU CLOCK

OSCILLATOR

NON-MASKABLE
INTERRUPT

SYSTEM WAIT

SYSTEM RESET

BUS REQUEST

BUS GRANT

INTERRUPT REQUEST#2
INTERRUPT REQUEST#3

INTERRUPT REQUEST#4

TANDY COMPUTER PRODUCTS

Alternate external
source

7.16MHz, 50% duty cycle

or
4.77MHz, 33% duty cycle
SOURCE: U23

Drive - 75/7.5 UL

14.32MHz, 50% duty
cycle

SOURCE: U23

Drive ~ 75/7.5 UL

To System NMI
Load: 1/1 UL, Ulé

SQURCE: OPEN-COLLECTOR
OR 3-STATE BUFFERS
Load: 1 UL and 1.0K ohm
pull-up. 10/0.9 UL

Set LOW by Peripherals
(I/0 or Memory) to
extend READ or WRITE
cycles.

Power On or Manual
SOURCE: U23
Drive: 75/7.5 UL

From external masters
Load: 1 UL and 10K ohm
pull-up. 10/0.9 UL

To external masters
SOURCE: U23
Drive - 75/7.5 UL

To system interrupt
controller
Load: 1 UL and 2.2K
pull-down

14
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The following are not sourced by the CPU but are to be
SOURCED (0) OQutput or Loaded (I) Input by an external DMA

source:
RFSH
DRQ1
FDCDMRQ
DRQ3
REFRESH*
DACK1*
FDCDACK*
DACK3*

DMATC

+5vDC

+12VDC
-12vDC
GROUND

I REQUEST DMA
CHANNEL#0

I REQUEST DMA
CHANNEL#1

I REQUEST DMA

CHANNEL# 2

REQUEST DMA

CHANNEL#3

H

ACKNOWLEDGE DRQO*
ACKNOWLEDGE DRQ1*
ACKNOWLEDGE DRQ2*
ACKNOWLEDGE DRQ3*

©C 0000

TERMINAL COUNT

Dedicated input
requests to DMA

1 MOS load 40/160 UL

Dedicated output
acknowledges from DMA.

Used by DMA Controller
to indicate Terminal
Count reached.

Drive: 2/2 UL

+5VDC 4% 1.0 Amps available on the bus.
+12VDC 5% .3 Amps available on the bus.
-12vDC +8.3% - 25% 0.06 Amps available on the bus.

Power Return for +5, +12,

-12 vDC.

15
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SYSTEM TIMING DIAGRAMS
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THEORY OF OPERATION

Main Logic Board

The Block Diagram of the main logic board (Figure 4) shows
the basic functional divisions.

CPU Function

The CPU function consists of the CPU (Intel 8088-2) U-28,
the address interface, data interface, the CPU control
signal generator, the bus control signal generator and the
interrupt controller (Intel 8259a) U-37.

Non-CPU Function, Main Logic Board

The non~CPU functions can be divided into two main parts:
memory and I/0. Memory consists of RAM and ROM. RAM or
video/System Memory (Figure 5) serves as storage for both
the video data and program data. ROM memory contains the
BIOS and diagnostics. I/0 consists of all the peripheral
functions: keyboard, floppy disk controller, printer,
joystick and sound.

Processor Address/Data Interface

The 8088 has three groups of Address/Data lines; ADO - AD7,
A8 - Al5 and Al6 - Al9. ADO - AD7 are multiplexed address
and data lines. To separate and save the address that comes
out first, the signals are applied to U36 (74HCT373) and
latched by ALE. Additionally, the signals are applied to
data transceiver U40 (74HCT245). U40 is enabled only during
the data portion of the CPU cycle. (The exception is during
an Interrupt Acknowledge cycle.) Direction of transmission
is controlled by the RD* (READ) signal from the Timing
Control Generator. Address lines A8 - AlS5 are present
during the entire CPU cycle and need only to be buffered.
Address lines Al6 - Al9 are multiplexed with status signals
S4 - 87 and need to be latched. The results are: A8 - All,
Al6 - Al9 are latched into U3l (74HCT373) by ALE and Al2 -
Al5 are buffered by half of U23 (74HCT244). The outputs
from these latches/buffers/transceivers are the BUS Signals
A0 - Al9, DO - D7.
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CPU Control Signal Generation

The 8088 CPU uses a 4.77 (7.16) MHz clock with a special
duty cycle (4.77 — 33% high, 67% low, - 7.16 —> 50% high,
50% low). This clock is produced by the Timing Control
Generator. The Timing Control Generator receives a 28.63636
MHz input clock and divides it by 6 to produce 4.77 MHz
CPUCLK or by 4 to produce 7.16 MHz CPUCLK, and by 24 to
produce D4CLK (1.193 MHz). In addition to being used by the
control signal logic, the clocks are buffered by U20
(74HCT244) for the bus signals 0OSCY (14 MHz), CLKY (CPU
clock: 4.77/7.16 MHz). (See the Bus Interface
Specification).

The RESET signals (RESET and BRESET) originate at U20
(Timing Control Generator) which synchronizes the input
RSTIN*, RSTIN* originates from Cl132 which is discharged to
0 volts by diode CR2 when the power is off.

The READY circuit synchronizes the system "ready" signals
with the CPU clock and generates the CPU input READY. If a
function needs one or more "wait" states added to its
access, it must set the RDYIN line low. From the main logic
board, RDYIN is set low by the sound IC for 32 extra "wait
states" and the video/system memory sets RDYIN low for
typically one or two "wait" cycles. The READY circuit of
the Timing Control Generator (U20) is operated in the
non-asynchronous mode; i.e. two sequential edges of clock (a
rising edge first) are required to set the READY signal
true. RDYIN is pulled-up by R20,

IFL Equations

Ul6 Buffer Control Checksum: FF6C
Inputs Outputs

PIN 1 = !mio PIN 7 = !lfdcack PIN 15 = tdisnmi
PIN 2 = !memr PIN 8 = !lior Pin 16 = tromcs
PIN 3 = al9 PIN 9 = lrefresh PIN 17 = tbufenb
PIN 4 = als8 PIN 11 = nmien PIN 18 = tbufdir
PIN 5 = al?7 PIN 13 = nmi

PIN 6 = Imemios PIN 14 = !romdis
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Equations:

/** Logic Equations **/

disnmi = !nmien # !nmi;

romcs = memr & !refresh & al9 & al8 & al7 & !romdis;

Imemios & romcs
memios & fdcack;

bufenb

= |l

bufdir = memr & !mio & !fdcack
# memr & !mio & memios

# memr & !mio & ior

# mio & ior

# ior & fdcack & !memios & !memr;

System Control Signal Generation

The Timing Control Generator (U20) provides the timing
strobes required by the system, These include LIOW*, LIOR¥*,
LMEMW* , LMEMR*, LALE, LDEN* and LIO/M*. They are buffered by
U6 and become IOW*, IOR*, MEMW*, MEMR*, ALE, DEN* and

I0/M*. All external devices, except the 8259A Interrupt
Controller, are buffered by a HCT244 (U6) that is controlled
by the DEN* signal. Since the 8259A is not buffered, the
DEN* signal must remain inactive during access to the 8259A.
The signals LIOW*, LIOR*, LMEMW*, LMEMR*, LALE, LDEN* and
LIO/M* are synthesized 8088 status signals S0*, S1*, S2* and
INTCS* (8259A chip select). See Figure 6.

Bus Specification

Specifications for the bus will include the expansion
connector pin/signal assignments and the signal
characteristics. Refer to the Expansion I/F Connector
diagram, See Figure 7.
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Figure 7. Expansion I/F Connector
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Interrupt Function

The 8088 supports two types of interrupts: maskable (by the
CPU, INT) and non-maskable (NMI). See Figure 8. The 8259A
Interrupt Controller is the source of the INT for the 8088.
The 8259A has eight interrupt inputs controlled through
software commands. It can mask (disable) and prioritize
(arrange priority) to the inputs which can generate INT.
These eight interrupts are:

#0 Timer Channel 0 Software Timer

#1 Keyboard Keyboard Code Received

#2 Hard Disk Controller Optional Function, Interrupt
on Bus

#3 Comm 2 Optional Function, Interrupt
on Bus

#4 Comm 1 Optional Function, Interrupt
on Bus

#5 Vertical Sync Software Timer for Video

#6 Disk Controller, Floppy Ready to Receive/Transmit
Data

#7 Printer Data Transmission Complete

The NMI interrupt is not maskable by the CPU but it can be
enabled/disabled by hardware. The enable is at Port 00A0
Bit 7. The enable is cleared by RESET. There is no
specific function assigned to NMI and it is available on the
bus.
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5 VERTICAL SYNC.
6 FLOPPY DISK CONTROLLER
7 PARALLEL PORT

Figure 8. Interrupt Structure
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Bus Interface

The interface to the main bus is divided into three parts:
address/control strobes, memory data and I/O data. The
address/control strobe part (A0 - Al9, MEMR*, MEMW*, IOR*,
IOW*) is shared by both the I/O and the memory sections.
The address buffers are U23, U32 and U36. One function of
the address bus is the select logic for each of the
functions. U27 decodes all the I/0 chip selects except
those for the Video/System Memory I/0 ports which are
decoded by U3l. The memory selects are decoded by U3l except
the ROMCS*, which is decoded by Ulé. The I/O data
transceiver is U44 with its output enable and direction
control decoded by Ul6.

Keyboard / Timer / Sound Circuits

The Keyboard Interface consists of an 8048 CPU (U9) and a
Keyboard Controller (Ul3), which is a Custom Gate Array.
Included in Ul3 is an 8255 programmable peripheral interface
equivalent design. It has three 8 bit parallel ports, A, B
and C. Port A is configured as an input port and is used
for keyboard data. Port B is configured as an output port
and is used for control signals for the sound, keyboard and
timer functions. Port C is split into 4 inputs, including
the timer channel and #2 monitor and 4 outputs including the
keyboard/multifunction interface signals.

The 8048 generates strobes to the keyboard. Data from the
keyboard is received by the 8048, translated to an 8 bit
asynchronous serial format, and transmitted to the Keyboard
controller. The Keyboard Controller translates this serial
data into a parallel format and makes it available to the
data bus. The serial data from the 8048 consists of a clock
signal and a data signal. The clock consists of 8
consecutive positive pulses (signal normal state is logic
low). The rising edge of each pulse is centered in the
middle of each data period. The data signals consists of 8
data periods and an "end-of-character® bit. Normal state of
the data signal is logic high which represents a logic 1.
Thus, the data signal will change only if the data bit is a
0. The ninth and last data bit is always a 0., 1In the
absence of a ninth clock, it will set the interrupt and busy
signals. See Figure 9 for the Keyboard Timing Chart.
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Timer Function

The Timer is an 8253 Timer/Counter consisting of three
independent counters. The clock for all three counters is
1.1925 MHz. The gates for counters #0 and #1 are
permanently "on". The gate for counter #2 is controlled by
a bit of the keyboard interface (8255 Port B). The output
of counter #0 is dedicated to system interrupt #0 (8259 IRO)
for software timing functions. The output of counter #1 is
dedicated to the REFRESH function. When the optional
DMA/Memory board is installed, DMA channel #0 is used for
refreshing the RAM memory. Counter #1 sets RFSHRQ* (DRQO)
every 15 micro-seconds to initiate a single "dummy" memory
read. The output of counter #2 is routed to the sound
circuit and into the 8255 Port C for monitoring by the CPU.
See Figure 10.

Sound Function

The sound function consists of an internal and an exteranal
sound circuit. These are directly connected to the
Headphone Output via U5. The source of the sound
frequencies is U19, a Complex Sound Generator. Internally,
Ul9 has three programmable tone generators and a noise
generator. The frequency and output level of each is
controlled by software. The four internal generators are
summed with an external input into a single output. The
external source is from the 8253 counter #2 (programmable
frequency and fixed amplitude). It is one of two selectable
sources for the external audio out signal. This signal is
intended as an input into an external earplug. The two
sound frequency sources are:

1. Complex sound generator Ul9.
2. The 8253 counter at channel 2.

The output driver for Audio Out is U5. See Figure 11,
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Figure 10. System Timer 8253-5
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Joystick Interface

The joystick interface converts positional information from
hand-held joysticks (1 or 2) into CPU data. Each joystick
provides 1 or 2 push-buttons and X, Y position for a total
of 4 bits each. Two joysticks can be used. The joystick
handle is connected to two potentiometers mounted perpendic-
ular 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 U24.
The other comparator input is the reference signal (a ramp
between 0.0 to +5.0 volts.) When the position signal is
equal to or greater 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 a "write" is made at Port 200/201 Hex. The IOW*
signal turns on Q2, which discharges C129 to 0.0 volts.
When Q2 is turned off, Ql, R22, R28, R35, and CR3 create a
constant~current source that linearly charges Cl129 to +5.0
VDC in 1.12 milliseconds. The joystick information is
"read" by the CPU at Port 200/201 Hex through U26. See
Figure 12.

Printer Interface

The printer interface is totally contained in a custom Gate
Array U37 and is shown in Figure 13. Functionally, the
printer interface consists of an output data latch (write
port 378) and accompanying input data buffer. The data
written to the output port latch may be read at port 37A.
The input data from the printer connector may be read back
at port 378. The input buffer is for reading printer input
signals (read port 379), I/0 address decoding, data
transceiver, and interrupt logic. The interrupt is
logically connected to ACKNOWLEDGE* if interrupts are
enabled (37A Bit 4).
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Figure 13, Printer Block Diagram
Pin Definitions of the FDSL:
Pin Name Type Description
1. CLK16M Input Raw Clock 16 MHz
2. WCK Output Write Clock
3. FDCCLK OQutput FDC Clock
4. RDDATA* Input Serial Data From FDD
5. RDD Output Serial Data From FDC
6. RDW Output Read Data Window
7. FRES/S Input Step Pulses to Move the Head
8. RW* /SEEK Input Specifies Seek Mode When High
9. TRKO* Input From FDD Indicating Head @ Track 0
10. F/TRKO Output To FDC Indicating Head @ Track 0
11. STEP* output Moves Head Of FDD
13, WRDATA* Output Serial Data To FDD
14. WRE Input Write Enable
15. WRD Input Write Data From FDC
16. PS1 Input Write Precompensation Status
17. PSO Input Write Precompensation Status
18. FDCDMRQ* Output DRQ Delayed By 1 usec.
19, FDCINT Output Interrupt Request
20. DRQ Input FDC DMA Request
2L, DMA/INTE - Input DMA Request & FDC Interrupt Enable
22. INT+ Input Interrupt Request Generated By FDC
23 SWITCH Input 0 = Low Density Drive
1 = High Density Drive
Table 1.
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Floppy Disk Controller Interface

The FDC interface consists of the NEC uPD765A controller
and Custom FDC Support Chip (FDSL). The clocks are
generated by the FDSL. The FDSL receives a raw clock of 16
MHz. The clock outputs to the FDC Controller consist of
Write Clock (WCK) at 250 nsec every 2 usec, and FDC Clock
(FDCCLK) at 4.00 MHz which is applied to the FDC Controller
for its internal processor clock (CLK pin 19).

The FDSL receives the step signal (FRES/S) from the FDC
Controller and generates the step pulses (STEP*) to the FDD
to move the heads. The FDSL receives the Track 0 signal from
the FDD (TRKO*) and relays it to the FDC Controller with the
F/TRKO signal.

The FDSL also handles DMA Request and Interrupt

Enable (DMA/INTE) as well as Interrupt Request (INT+)
generated by the FDC Controller. The FDSL receives DMA
Request (DRQ) from the FDC Controller and generates a 1 usec
delayed DMA Request (FDCDMRQ*) to the Expansion Bus.

The FDSL converts Serial Read Data (RDDATA*) from the FDD
into Serial Read Data (RDD) and Read Data Window (RDW) and
sends it on to the FDC Controller.

The FDC Controller supplies Write Enable (WRE), Serial Data
(WRD) and Write Pre-compensation (PS0, PS1l) to the FDSL to
produce Serial Output Data (WRDATA*) to the FDD. The FDC
Controller also generates the (RW*/SEEK) signal to the FDSL
to put the FDC in Seek Mode. (High signal to indicate Seek
Mode) .

Pin Definitions for the FDSL are found in Table 1. Pin
definitions for the uPD765A may be found in the Device
Specifications Section.
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Video System Logic

A major block of the Tandy 1000 HX is the video interface
circuitry. A block diagram of the video controller
circuit is shown in Figure 14. This custom part contains
all of the logic necessary to generate an IBM compatible
color video display. The video interface logic

consists of the 84 pin custom video circuit, 8 - 64K X 4
RAMs, a 74LS244 buffer, and associated circuitry for
generation of composite video.

The Tandy 1000 HX video interface circuitry controls 256K of
memory. See Video System Memory Map, Figure 15. This RAM is
shared by the CPU and the video. Normally, the video only
requires 16K or 32K for the video screen and the remainder
of the 256K is available for system memory uses.

The Tandy 1000 HX video interface custom circuit is composed
of a 6845 equivalent design, dynamic RAM address generation/
timing (see Figure 16.), and video attribute controller
logic.

Normal functioning of the video interface custom circuit is
as follows: After the 6845 is programmed with a correcc set
of operating values (see Table 2), the address inputs to the
dynamic RAMs are generated by a 4:1 multiplexer. This MUX
switches between video (6845) addresses and CPU addresses as
well as between row and column addresses. 1In addition, the
video interface chip provides the RAM timing signals and
generates a wait signal to CPU for proper synchronization
with the video RAM access cycles.

The outputs from the RAM chips are only connected to the
video interface custom circuit, so all CPU read/write
operations are 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 Video Character
latch. The video interface requires a memory organization
of 64K X 16 and will latch 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 graphics modes. A final 2:1
MUX is used to switch between foreground or background in
the alpha mode.

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.
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Main System Board Ram Timing Specification

AC Operating Conditions and Characteristics

Parameter Symbol|[Min. [Max.|Units
Random Read or Write Cycle Time tRC 279 -- ns
Read Write Cycle Time tRWC 279 - ns
Access Time from Row Address tRAC - 200 ns
Strobe
Access Time from Column Address tCAC - 100 ns
Output Buffer and Turn-Off Delay tOFF 0 30 ns
Row Address Strobe Precharge Time tRP 100 - ns
Row Address Strobe Pulse Width tRAS1 170 - ns
Column Address Strobe Pulse Width tCAS 130 - ns
Row Address Setup Time tASR 0 - ns
Row Address Hold Time tRAH 20 - ns
Column Address Setup Time tASC 0 ~— ns
Column Address Hold Time tCAH 35 - ns
Transition Time (Rise and Fall) tT - 50 ns
Read Command Setup Time tRCS 0 - ns
Read Command Hold Time tRCH 0 - ns
Read Command Hold Time Referenced tRRH 0 - ns
to RAS
Write Command Hold Time tWCH 35 - ns
Write Command Hold Time Referenced| tWCR 95 - ns
to RAS
Write Command Pulse Width tWP 35 - ns
Write Command to Row Strobe Lead tRWL 45 - ns
Time
Write Command to Column Strobe tCWL 45 - ns
Lead Time
Data in Setup Time tDs 0 ns
Data in Hold Time tDH 35 - ns
Data in Hold Time Referenced to tDHR 95 - ns
RAS
Column to Row Strobe Precharge tCRP V] - ns
Time
RAS Hold Time tRSH 85 - ns
Refresh Period tRFSH - 2.0 ns
WRITE Command Setup Time tWCS 0 - ns
CAS to WRITE Delay tCWD 45 - ns
RAS to WRITE Delay tRWD 120 - ns
CAS Hold Time tCSH 200 -~ ns

Figure 16. Main System Board RAM Timing Specification
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PROGRAMMING TABLE FOR THE 6845 Rll Values in Hex (Decimal)

Register 40 x 25]80 x 25 |Low Res.|High Res.[[40 x 25[80 x 25 [Low Res [High Res
Address aAlpha Alpha Graphics|Graphics Alpha Alpha Graphics|Graphics

LU Horizoatal Total|38 (56) |71 (113)|38 (56) 71 (I13)]|38 (560 |71 (113738 (56) |71 (113)
Horizontal

0l pDisplayed 28 (4u) |50 (80) |28 (40) S0 (80) [[28 (40)|50 (80) |28 (40) |50 (80)
Horizontal

02 sync Position 2D (45) (59 (89) |2D (45) 59 (89) ||2D (45)]59 (89) 2D (45) |59 (&9)
Horizontal

03 sync Width Os (8) |10 (le) [U& (8) 10 (l6) fjug (8) [10 (16) |08 (8) 10 (16)

U4 Vertical Total 1c (28)]1cC (26) |7F (127)] 3F (63) ||1F (31)|1F (31) |7F (127)|3F (63)
Vertical

U5 Total Adajust 01 (1) jul (1> 06 (6) 06 (6) 06 (6) (0B (6) 06 (6) 06 (6)
Vertical

06 Displayed 19 (25319 (25) |64 (100)j 32 (50¢) ||19 (25)]19 (25) |64 (100)|32 (5u)
Vertical

07 Sync Position 1A (26) 1A (26) |70 (112)| 38 (56) f[lCc (28)|1C (28) |70 (112)|38 (56)

08 Interlace Mode 02 (2) |02 (2} 02 (2) 02 (2) 02 (2) |02 (2) 02 (2) 02 (2)
Max Scan

09 Line Address 08 (8) |08 (8) 01 (1) 03 (3) 07 (7) |07 (T) 01 (1) 03 (3)

16 Cursor Start 06 (6) (06 (6} 06 (&) 06 (6 06 (6) |08 (&7 06 (&) 06 (&)

11 Cursor End 07 (7) |07 (7) 07 (7 07 () 07 (7) |07 (7} 07 (1) 07 (D
Sstart

12 Address (High) 00 (0) (00 (0) 00 (0) 00 (0) 00 (0) 00 (O) 00 (0 00 (0)
Start

13 Address (Low) 00 (u) (00 0) 00 (») 00 (0} 00 (0) |00 (O) 00 (0) 00 (0)

Monitor Mode TV Mode
Table 2
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The palette mask MUX is used to switch between incoming RGBI
data and the palette address register. During a CPU write
to the palette, this address register selects one of the 16
palette locations. Also, the palette mask MUX allows any of
the input RGBI bits to be set to zero.

The palette allows the 16 colors to be remapped in any
desired organization. Normally the pallete is set for

a l:1 mapping (red = red, blue = blue, etc.) for PC
compatibility. However, instantly changing the on-screen
colors is a very 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 color latch. This latch is normally disabled in
PC modes, but it is used in all PCjr modes.
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Block

0000-001F
0020-003F
0040-005F
0060~-007F
0080-009F

00A0-00BF
00Cc0-00DF
00EO0-O1lFF
0200-020F
0210-031F
0320-032F
0330-036F
0370-037F
0380-03CF
03D0-03DF
03E0-03EF
03F0-03FF

0400-FFFF

Address
0000

0001

0002

1/0 MAP SUMMARY

Usage Function

0000-000F Optional DMA Function

0020-0021 Interrupt Controller

0040-0043 Timer

0060-0063 PIO Function

0080-0083 Optional DMA Page
Register

00A0 NMI Mask Register

00C0-00C1 Sound Generator
Reserved

0200-0201 Joystick Interface
Reserved

Reserved Hard Disk
Not Assigned

0378-037B Printer
Not Used
All System Video
Reserved
03F1,03F2,F4,F5 Floppy Disk Controller
03F8-03FF Optional COM Port
Not Usable
Description

DMA Controller

IOW* = 0: Channel 0 Base and Current Address
Internal Flip/Flop = 0: Write A0-A7
Internal Flip/Flop = 1: Write A8-alS

IOR* = O: Channel 0 Current Address
Internal Flip/Flop = 0: Read A0-A7
Internal Flip/Flop = 1: Read A8-Al5

DMA Controller

IOW* = 0: Channel 0 Base and Current Word Count
Internal Flip/Flop = 0: Write WO-W7
Internal Flip/Flop 1l: Write W3-Wl5

IOR* = 0: Channel 0 Current Word Count
Internal Flip/Flop 0: Read WO-W7
Internal Flip/Flop = 1: Read W8-Wl5

(]

DMA Controller

IOW* = 0: Channel 1 Base and Current Address
Internal Flip/Flop = 0: Write A0-A7
Internal Flip/Flop = 1l: Write A8-AlS

IOR* = 0: Channel 1 Current Address
Internal Flip/Flop = 0: Read a0-A7
Internal Flip/Flop 1: Read A8-AlS
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Address

0003

0004

0005

0006

0007

Description

DMA Controller

IOW* = 0: Channel 1 Base and Current Word Count
Internal Flip/Flop = 0: Write WO-W7
Internal Flip/Flop = 1: Write a8-Al5

IOR* = 0: Channel 1 Current Word Count
Internal Flip/Flop = 0: Read WO-W7
Internal Flip/Flop l: Read W8-W15

DMA Controller
IOW* = 0: Channel 2 Base and Current Address
Internal Flip/Flop = 0: Write A0-A7
Internal Flip/Flop = 1l: Write A8-AlS
IOR* = 0: Channel 2 Current Address
Internal Flip/Flop = 0: Read A0-A7
Internal Flip/Flop = 1: Read A8-Al5
DMA Controller
IOW* = 0: Channel 2 Base and Current Word Count
Internal Flip/Flop = 0: Write WO-W7
Internal Flip/Flop = 1l: Write W8-Wl5
IOR* = 0: Channel 2 Current Word Count
Internal Flip/Flop = 0: Read WO-W7
Internal Flip/Flop 1: Read W8-W15

"ol

DMA Controller
IOW* = 0: Channel 3 Base and Current Address
Internal Flip/Flop = 0: Write AO0-A7
Internal Flip/Flop = 1l: Write A8-Al5
IOR* = 0: Channel 3 Current Address
Internal Flip/Flop = 0: Read A0-A7
Internal Flip/Flop = 1: Read A8-al5
DMA Controller
IOW* = 0: Channel 3 Base and Current Word Count
Internal Flip/Flop = 0: Write WO-W7
Internal Flip/Flop = 1l: Write W8-W15
IOR* = 0: Channel 3 Current Word Count
Internal Flip/Flop = 0: Read WO-W7
Internal Flip/Flop = l: Read W8-W15
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0008

Bit

w

O NOUVBWNROPR
o

DMA Controller
IOW* = 0, Write Command Register

Description

Memory to Memory Disable
Memory to Memory Enable
Channel 0 Address Hold Disable
Channel 0 Address Hold Enable
If bit 0 = 0

Controller enable

Controller disable

Normal timing

Compressed timing

If bit 0 =1

Fixed priority

Rotating priority

Late write selection

Extended write selection

If bit 3 =1

DREQ sense active high

DREQ sense active low

DACK sense active low

DACK sense active high

hnonwn

HOMFHOXIHFOHFOXKMFOHOXMHFOMO

LB I I T T 1 I

IOR* = 0, Read Status Register

Description

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

1 = Channel 1 Request

1 = Channel 2 Request

1 = Channel 3 Request

DMA Controller
IOW* = 0, Write Request Register

Description

Bitl Bit0

0 0 Select channel 0
0 1 Select channel 1
1 0 Select channel 2
1 1 Select channel 3
0 Reset request bit

1 Set request bit

Don't Care
IOR* = 0, Illegal
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DMA Controller
IOW* = 0, Write Single Mask Register

Description

Bitl Bito0

0 0 Select channel 0 mask bit
0 1 Select channel 1 mask bit
1 0 Select channel 2 mask bit
1 1 Select channel 3 mask bit
0 Clear mask bit (Disable Channel)

1 Set mask bit (Disable Channel)

Don't care
IOR* = 0, Illegal

DMA Controller
IOW* = 0, Write Mode Register

Description

Bitl BitO

0 0 Channel 0 select

0 1 Channel 1 select

1 0 Channel 2 select

1 1 Channel 3 select
Bit3 Bit2

0 0 Verify transfer

0 1 Write transfer to memory
1 0 Read transfer to memory
1 1 Illegal

X If bits 6 and 7 = 11

0 Autoinitialization disable

1 Autoinitialization enable

0 address increment select

1 Address decrement select
Bit7 Bit6

0 0 Demand mode select
0 1 Single mode select
1 0 Block mode select

1 1 Cascade mode select
IOR* = 0, Illegal

DMA Controller
IOW* = 0, Clear Byte Pointer Flip/Flop
IOR* = 0, Illegal
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000D DMA Controller
IOW* = 0, Master Clear
IOR* = 0, Read Temporary Register
000E DMA Controller
IOW* = 0, Clear Mask Register
IOR* = 0, Illegal
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* = Illegal
0010 - OOLlF Not Used
Address Description
0020 8259A Interrupt Controller
Note: Initialization Words are setup by the operating
system and are generally not to be changed.
Writing an initialization word may cancel pending
interrupts.
Bit4 = 1: INITIALIZATION COMMAND WORD 1
Bit0 = 0: ICW4 needed
= 1: ICW4 not needed
Bitl = 0: Cascade Mode
= 1l: Single
Bit2 = Not used
Bit3 = 0: Edge Triggered Mode
= 1l: Level Triggered Mode
when the SL bit is active
Bit5 - 7: Not Used
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Bitd = 0 & OPERATION CONTROL WORD 2
Bit3 = 0 Bit0 ~ 2: Determine the interrupt level acted on
when the SL bit is active
Interrupt Level = 0 1 2 3 4 5 6 7
Bit0 (LO): 010101001
Bitl (Ll): 00110011
Bit2 (L2): 00001111
Bit5 - 7 Control Rotate and End of Interrupt
modes
B7 B6 BS
¢ 0 1 Non-specific EOI command End of Interrupt
0 1 1 Specific EOI command End of Interest
1 0 1 Rotate on non-specific EOI command Automatic Rotation
1 0 0 Rotate in Automatic EOI Mode (set) Automatic Rotation
0 0 0 Rotate in Automatic BOI Mode (clear) Automatic Rotation
1 1 1 *Rotate on Specific EOI command Specific Rotation
1 1 0 *Set priority command Specific Rotation
¢ 1 0 No operation
*LO - L2 are used
Bit4 = 0 & OPERATION CONTROL WORD 3
Bit3 = 1 Bit0 - 1:
Bitl Bit0- Read Register Command
0 0 -~ No Action
0 1 - No Action
1 0 - Read IR Register on next IOR* Pulse
1 1 - Read IS Register on next IOR* Pulse
Bit2 = 0: No Poll Command
= 1l: Poll Command
Bit5 -~ 6:

Bit6 Bit5- Special Mask Mode
0 - No Action

0 1 - No Action

1 0 - Reset Special Mask
1 1 - Set Special Mask

0
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0021 8259A Interrupt Controller

INITIALIZATION CONTROL WORD 2

Bit0 - 7: Not Used

Bit3 - 7: T3 - T7 of Interrupt Vector Address
(8086/8088 Mode)

INITIALIZATION CONTROL WORD 3 (Master Device)

Bit0 - 7: =1 1Indicated IR input has a slave
=0 Indicated IR input does not have
a slave

INITIALIZATION CONTROL WORD 3 (Slave Device)
Bit0 - 2 = IDO - 2
Bit0 Bitl Bit2 -~ Slave ID #

HFRFRROoOOO
FROOHROO
FOMOMHOMO
(]
NOMBWN O

Bit3 -~ 7 = 0 (Not Used)

INITIALIZATION CONTROL WORD 4
Bit0: Type of Processor
=0 MCS-80/85 Mode
=1 8086/8088 Mode
Bitl: Type of End Of Interrupt
=0 Normal EOI
=1 Auto EOI
Bit2 ~ 3: Buffering Mode

Bit3 Bit2
0 X Non-buffered Mode
1 0 Buffered Mode/Slave
1 1 Buffered Mode/Master

Bit4: Nesting Mode
=0 Not Special Fully Nested Mode
=1 Special Fully Nested Mode
Bit5 - 7: =0 (Not Used)

OPERATION CONTROL WORD 1 (IOR*/IOW*)

Bit0 - 7: Interrupt Mask for IRQO - IRQ7
=0 Mask Reset (Enable)
=1 Mask Set (Disable)

NOTE: Peripherals Requesting an interrupt service must
generate a low to high edge and then remain at a
logic high until service is acknowledged. Failure
to do so will result in a Default Service for IRQ7.
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0022-003F
Address

0040/0044
0041/0045

Address
0040/0044

0041/0045

0042/0046

0043/0047

0048-005F

TANDY COMPUTER PRODUCTS

Not Used
Description
8253-5 Timer
IOW* = 0: Load
IOR* = 0: Read
8253-5 Timer
IOW* = 0: Load
IOR* = 0: Read
Description
8253-5 Timer
IOW* = 0: Load
IOR* = 0: Read
8253-5 Timer
IOW* = 0: Load
IOR* = 0: Read
8253-5 Timer
IOW* = 0: Load
IOR* = 0: Read
8253-5 Timer
IOW*

Counter No.
Counter No.

Counter No.
Counter No.

H+ oo

Counter No.
Counter No.

oo

Counter No. 1
Counter No., 1

Counter No. 2
Counter No. 2

= 0: Write Mode Word
Control Word Format

Bit0: BCD

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

Mode Selection

Bitl

0 Mode 0
0 Mode 1
0 Mode 2
1 Mode 3
0 Mode 4
1 Mode 5
Read/Load

Counter Latching Operation

Read/Load LSB only

Read/Load MSB only

Read/Load LSB first, then MSB
Select Counter

Select Counter 0
Select Counter 1
Select Counter 2
Illegal

= (: No-Operation 3-State

BIT1 - 3:
Bit3 Bit2
0 0
0 0
X 1
X 1
1 0
1 0
BIT4 - 5:
Bit5 Bit4
0 0
0 1
1 0
1 1
BIT6 - 7:
Bit7 Bité
0 0
0 1
1 0
1 1

IOR*
Not Used
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0060 PORT A / KEYBOARD INTERFACE CONTROL PORTS
(READ ONLY)
BIT Description
0 Keyboard Bit 0-LSB
1 Keyboard Bit 1
2 Keyboard Bit 2
3 Keyboard Bit 3
4 Keyboard Bit 4
5 Keyboard Bit 5
6 Keyboard Bit 6
7 Keyboard Bit 7-MSB
0061 PORT B - READ or WRITE
BIT Description
0 1 = 8253 Gate #2 Enable
1 1 = Speaker Data Out Enable
2 Not Used
3 Not Used
4 1 = Disable Internal Speaker
{Sound Control 2)
5 0 = Not Used
6 0 = Not Used
7 1 = Keyboard Clear
0062 PORT C - READ/WRITE: Bits 0-3; READ ONLY:
BITS 4-7
BIT Description
0 (Qutput) Not Used
1 (Output) Not Used
2 (Output) Not Used
3 (Output) CPU Clock Rate
0 = 4,77 MHz (PC Compatible Rate)
1l = 7.16 MHz (Default by Boot ROM)
4 EEPROM Serial Data Read
5 8253 Out #2
6 Monochrome Mode
0 = Color Monitor
1 = (Not Supported)
7 0 = Reserved
0063-007F Not Used
Address Description
0080 DMA Page Reg. (Not Used)
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0081 WRITE ONLY
Address Description
Bit 0 DMA Ch 2 Address Alé6
Bit 1 DMA Ch 2 Address Al7
Bit 2 DMA Ch 2 Address AlS8
Bit 3 DMA Ch 2 Address Al9
Bit 4 Not Used
Bit 5 Not Used
Bit 6 Not Used
Bit 7 Not Used
0082 WRITE ONLY
Address Description
Bit 0 DMA Ch 3 Address Aalé6
Bit 1 DMA Ch 3 Address Al7
Bit 2 DMA Ch 3 Address AlS8
Bit 3 DMA Ch 3 Address Al9
Bit 4 Not Used
Bit 5 Not Used
Bit 6 Not Used
Bit 7 Not Used
0083 WRITE ONLY
Address Description
Bit U DMA Ch 0 - 1 Address Al6
Bit 1 DMA Ch 0 - 1 Address Al7
Bit 2 DMA Ch 0 - 1 Address AlS8
Bit 3 DMA Ch 0 - 1 Address Al9
Bit 4 Not Used
Bit 5 Not Used
Bit 6 Not Used
Bit 7 Not Used
0084-008F Not Used
00A0-00A7 NMI Mask Register, Write only
Bit Description
0 External Video
0 = Normal Operation
1 = All video Addresses
and Ports are Disabled
1 MEMCONFIG 1 - Al7 128K SW
2 MEMCONFIG 2 -~ Al8 256K SW
3 MEMCONFIG 3 - Al9 512K SW
4 "l" Enable 256K of vVideo RAM
5 Not Used
6 Not Used
7 1 = Enable NMI

0 = Disabled
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BIT BIT BIT BIT MEMORY MEMORY MEMORY
4 3 2 1 START LENGTH RANGE

256K

Enable Al9 Al8 Al7
0 0 0 0 0 0000 128K 6 0000-1 FFFF
0 0 0 1 2 0000 128K 2 0000-3 FFFF
0 0 1 0 4 0000 128K 4 0000-5 FFFF
0 0 1 1 6 0000 128K 6 0000-7 FFFF
0 1 0 0 8 0000 128K 8 0000-9 FFFF
1 0 0 1 0 0000 256K 0 0000~3 FFFF
1 0 1 0 2 0000 256K 2 0000-5 FFFF
1 0 1 0 4 0000 256K 4 0000-7 FFFF
1 1 0 0 6 0000 256K 6 0000-9 FFFF

NOTE: To turn off on-board video, be sure Port AOH, Data Bit 0 is
a "1l" AND Video Array Register 3 (Selected by writing 03 into
3DAH) Data Bit 0 (Write to Port 3DEH) must be = "0" to disable
3B8H and 3BAH.

00A8 - OOAF Not Used

Address Description

00Cc0-00C7 Sound SN76496
Bit7 Bité Bit5 Bit4 Bit3 Bit2 Bitl BitO

=1 0 0 0 Fé F7 F8 F9 Update Tone Frequency 1
=0 X FO Fl F2 F3 F4 F5 Additional Frequency Data
=1 0 0 1 A0 Al A2 A3 Update Tone Attenuation 1
=1 0 1 4] Fé F7 F8 F9 Update Tone Frequency 2
=0 X FO Fl F2 F3 F4 F5 Additional Frequency Data
=1 0 1 1 A0 Al A2 A3 Update Tone Attenuation 2
=1 1 0 0 F6 F7 F8 F9 Update Tone Frequency 3
=0 X FO Fl F2 F3 F4 F5 Additional Frequency Data
=1 1 0 1 -\ al A2 A3 Update Tone Attenuation 3
=1 1 1 0 X FB NFO NFI Update Noise Control

=1 1 1 1 AO Al A2 A3 Update Noise Attenuation
00C8-00DF Not Used

00EO-01FF Reserved

WRITE (IOW*)

0200 - 0207 Joystick

Clear (Resets Integrator to Zero)
0208 - 020F Not Used
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B

[ad

NV W N O

Addresses
0370 - 0377

0378
Bit

Nt WO

0379
Bit

<

SO UL W N

037A (037E)
Bit
0

~NoneswN
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R =

Desc

Bu
Bu
Bu
Bu

[l ol B N ol e ]

Not

Prin
Desc
Data
Data
Data
Data
Data
Data
Data
Data

Prin
Desc
Not
Not

Z
(o]
t

coorO
nwonan

Prin
Desc
0

LU T I O 1

orooC

zZ2
(o]
ot

Right Joystick, L = Left Joystick

ription

X Horizontal Position

Y Vertical Position

X Horizontal Position

Y Vertical Position
tton #1 (Logic 0
tton #2 (Logic 0
tton #1 (Logic 0O
tton #2 (Logic 0O

wownu

Used

ter - Data Latch
ription

Bit 0 - LSB

Bit 1 -

Bit
Bit
Bit
Bit
Bit
Bit

NSO e wN
]

-~ MSB

ter - Read Status
ription

Used

Used

Used

Error

Printer Select
End of Form
Acknowledge

Busy

ter - Control Latch
ription

Strobe

Auto FD XT
Initialize

Select Printer
Enable Interrupt
Enable Output Data
Used

Used
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0378
037c¢C

037D ~ 03D3

03D4
03D5
03D6
03D7

03D8

Bit 0

Bit 1

Bit 2

Bit 3

Bit 4

Bit 5

03D9
Bit
Bit
Bit
Bit
Bit
Bit

e woHC

03DA, O3DE

Not Used
DO - Serial Data Write
D1 - EEPROM Chip Enable
D2 -~ Serial Data Clock
Not Used

6845 Address Register
6845 Data Register
Not Used

Not Used

Mode Select Register
High Resolution Clock
=0: Selects 40 by 25 Alphanumeric Mode
=1l: Selects 80 by 25 Alphanumeric Mode
Graphics Select
=0: Selects Alphanumeric Mode
=1l: Selects 320 by 200 Graphics Mode
Black and White
=0: Selects Color Mode
=1: Selects Black and White Mode
Video Enable
=0: Disables Video Signal
=1: Enables Video Signal
640 Dot Graphics
=0: Disables 640 by 200 B&W Graphics Mode
=1: Enables 640 by 200 B&W Graphics Mode
Blink Enable
=0: Disables Blinking
=1l: Enables Blinking

Color Select Register
Background Blue
Background Green
Background Red
Background Intensity
Foreground Intensity
Color Select

Write Video Array Address & Read Status (3DA)
Write Video Array Data (3DE)
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READ (3DA)

00
00
00
00
00

01
01
0l
01

02
02
02
02
02

03
03
03
03
03
03

10-1F Bit 0
10-1F Bit 1
10-1F Bit 2
10-1F Bit 3

Bits

03DB

03DC

03DD
Bit

NAUEWN O

Bit
Bit
Bit
Bit
Bit

LRV S o )

Bit
Bit
Bit
Bit

Bit
Bit
Bit
Bit
Bit

NWNH-=O WNHO

Bit
Bit
Bit
Bit
Bit
Bit

e wnoH=o

4 -7
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WRITE (3DE)
Display Inactive Not Used
Light Pen Set Not Used
Light Switch Status Not Used
Vertical Retrace Not Used
Not Used Not Used

Palette Mask
Palette Mask
Palette Mask
Palette Mask

wNoHOo

Border Blue
Border Green
Border Red
Border Intensity
Reserved = 0

Mono Enable = "1*"
Reserved = 0

Border Enable

4-Color High Resolution
16 Color Mode

Extra Video Mode

Palette Blue
Palette Green
Palette Red
Palette Intensity
Not Used

Clear Light Pen Latch

(Not Used on Tandy 1000 HX)

Preset Light Pen Latch

(Not Used on Tandy 1000 HX)

Extended Ram Page Register - CPU Relative
Description
Extended Addressing Modes

Not
Not
CRT
CRT
CPU
CPU

Used

Used

Vvideo Page Address "17"
vVideo Page Address "18"
Page Address "17"

Page Address "18"

Select 64K or 256K Ram
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03DF CRT Processor Page Register

- Video Mem Relative
Bit 0 Al4 CRT Page 0
Bit 1 AlS CRT Page 1
Bit 2 Alé 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
03F1 DO - Not Used

Dl ~ = 1 DSO = DSO

= 0 DSO = DS2
D2 - = 1 (3 Drive Selects)

03F2, 3F0, 3F3 DOR Register (Write Only)
Bit0 - 1l: Drive Select

Bitl BitO
0 0 Drive Select A*
[¢] 1 Drive Select B*
1 0 Drive Select C*
Bit2: 0 = FDC Reset
Bit3: 1 = Enable DMA Reqg/Interrupt
Bitd4: 1 = Drive A Motor On
Bit5: 1 = Drive B Motor On
Bit6: 1 = FDC Terminal Count
Bit7: Not Used
03F4, 3F6 FDC - Status (Read Only)
- See FDC Specification
03F5, 3F7 FDC - Data (R/W) - See FDC Specification
03F8 - 03FF COM 1 Port

For Ports 3F0 - 3F7, the following general conditions apply:
Al = Don't Care
For DOR, A2 = 0
For FDC, A2 1
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IBM PC IBM PCjr TANDY 1000 HX
0062 ~- PORT C -~ 0062 -- PORT C -~ 0062 -- PORT C --
DATA READ ONLY READ ONLY
BIT O CONFIG SW16 OR (R/W) 1 = KEYBOARD LATCHED (OUT) NOT USED
CONFIG SW12 (R/W)
SEE PORT 0061, BIT 2
(R/W)
BIT 1 CONFIG SW15 (R/W) 0 = INTERNAL MODEM (OUT) NOT USED
INSTALLED
BIT 2 CONFIG SW1l4 (R/W) 0 = DISKETTE DRIVE (OUT) NOT USED
INSTALLED
BIT 3 CONFIG SW13 (R/W) 0 = 64K RAM FAST (0=STD OPERATION)
EXPANSION read/write "0"=4.77MHz
"1"=7.16MHz
INSTALLED read/write "0"=4,77MHz
"1"=7,16MHz
BIT 4 CASSETTE DATA IN (R) SAME VIDEO EEPROM SERIAL DATA-
READ ONLY
BIT S5 8253 OUT #2 (R) SAME (IN) SAME
BIT 6| 1=I/0 CHECK (PARITY KEYBOARD MONOCHROME MODE
ERROR) (R} DATA 0=COLOR MONITOR
1=350 LINE MONITOR
MONO
BIT 7| 1=RAM PARITY ERROR KEYBOARD CABLE RESERVED = 0

(R)

INSTALLED

HARDWARE LOGIC
ATTACHED
IS FOR INPUT ONLY.

IN TaNDY 1000 THE
HARDWARE LOGIC IS
CONFIGURED SO THAT
PORT C IS SPLIT WITH
INPUT: PC4 -~ PC7
OUTPUT: PCO -- PC3
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IBM PC
0061 -- PORT B --

IBM PCjr
0061 -- PORT B --

TANDY 1000 HX
0061 -- PORT B --
READ OR WRITE

DATA READ OR WRITE READ OR WRITE
BIT 0| 1=8253 GATE SAME SAME

#2 ENABLED
BIT 1| SPEAKER DATA OUT SAME SAME
BIT 2| I=ENABLE READING 1=ALPHA (GRAPHICS) NO FUNCTION

CONFIG SW13 THRU 16
|7 [T(TI/0 CcHAN ROM SIZE) OR
| | O=ENABLE READING
T7|T | CONFIG SWiZ2 (€PC0 ——
v PC3)
BIT 3| 1=CASSETTE MOTOR OFF SAME NO FUNCTION
BIT 4| O=ENABLE RAM PARITY T=DISABLE CASSETTE MTR| L=DISABLE INTERNAL
RELAY, INTERNAL BEEPER| SPEAKER (SOUNDCONT2)
BIT 5| O=ENABLE I/0 CH PARITY SPKR SW O
BIT 6| O=HOLD REYBOARD CLK SPKR SW 1
LOW

BIT 7| O=ENABLE KEYBOARD I=KEYBOARD CLEAR 1=KEYBOARD CLEAR
"l“ 1=CLEAR KEYBOARD AND
TV | ENABLE CONFIG SW 1-8
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VIDEO / SYSTEM MEMORY ADDRESS MAP

TANDY COMPUTER PRODUCTS

MC3
0AQ | 0A0
BIT|BIT

4| 3
al9
0*|70
0|0
0|0
0|0
o1
T
1o
|70
T|T
* ENDBIP

MC2|MCl
0A0[0AO
BIT|BIT
2 1
Al8(Al7
0 0
0 1
1 0
1 1
0 0
0 1
1 0
1 1
0 0
256K OF

VIDEO/SYSTEM| VIDEO/SYSTEM| VIDEO/SYSTEM

MEMORY MEMORY MEMORY
START LENGTH ADDRESS

ADDRESS RANGE

00000 128K 00000~-1FFFF
(0)

20000 128K 20000-3FFFF
(128K)

40000 128K 40000-5FFFF
(256K)

60000 128K 60000-7FFFF
(324K)

80000 128K 80000-9FFFF
(512K)

00000 256K 00000-3FFFF
(0)

20000 256K 20000-5FFFF
(128K)

40000 256K 40000-7FFFF
(156K)

60000 256K 60000-9FFFF
(384K)

VIDEO ROM IF "1*"
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m 8-Bit Data Bus Interface
16-Bit Internal Architecture
m Direct Addressing Capability to 1 Mbyte

8088
8-BIT HMOS MICROPROCESSOR
8088/8088-2

B Byte, Word, and Block Operations

B 8-Bit and 16-Bit Signed and Unsigned
Arithmetic in Binary or Decimal,
Including Multiply and Divide

of Memory
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— Standard Temperature Range
W 24 Operand Addressing Modes — Extended Temperature Range

The intel® 8088 is a high performance microprocessor implemented in N-channel, depletion load, silicon gate
technology (HMOS), and packaged in a 40-pin CERDIP package. The processor has attributes of both 8- and
16-bit microprocessors. It is directly compatible with 8086 software and 8080/8085 hardware and peripherals.
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Table 1. Pin Description

The following pin function descriptions are for 8088 systems in either minimum or maximum mode. The “local
bus” in these descriptions is the direct multiplexed bus interface connection to the 8088 (without regard to
additional bus buffers).

Symbol Pin No. | Type Name and Function
AD7-ADO 9-16 | 1/0 | ADDRESS DATA BUS: These lines constitute the time multiplexed
memory/10 address (T1) and data (T2, T3, Tw, T4) bus. These lines are
active HIGH and float to 3-state OFF during interrupt acknowledge and
local bus “hold acknowledge™.
A15-A8 2-8,39] O | ADDRESS BUS: These lines provide address bits 8 through 15 for the
entire bus cycle (T1-T4). These lines do not have to be latched by ALE
to remain valid. A15-A8 are active HIGH and float to 3-state OFF
during interrupt acknowledge and local bus “hold acknowledge”.

A19/86, A18/S5,)| 35-38 | O | ADDRESS/STATUS: During T1, these are the four most significant
A17/84, A16/83 address lines for memory operations. During I/0 operations, these lines
are LOW. During memory and I/0 operations, status information is
available on these lines during T2, T3, Tw, and T4. S6 is always low.
The status of the interrupt enabie flag bit (S5) is updated at the
beginning of each clock cycle. S4 and S3 are encoded as shown.

This information indicates which segment register is presently being

used for data accessing.
These lines float to 3-state OFF during local bus “hold acknowledge’.
S4 S3 Characteristics
0 (LOW) 0 | Alternate Data
0 1 ] Stack
1 (HIGH) 0 | Code or None
1 1 Data
S6 is 0 (LOW)
RD 32 O | READ: Read strobe indicates that the processor is performing a

memory or /0 read cycle, depending on the state of the I0/M pin or
82. This signal is used to read devices which reside on the 8088 local
bus. RD is active LOW during T2, T3 and Tw of any read cycle, and is
guaranteed to remain HIGH in T2 until the 8088 local bus has floated.
This signal floats to 3-state OFF in *“hold acknowledge”.

READY 22 I | READY:is the acknowledgement from the addressed memory or I/0
device that it will complete the data transfer. The RDY signal from
memory or 1/0 is synchronized by the 8284 clock generator to form
READY. This signal is active HIGH. The 8088 READY input is not
synchronized. Correct operation is not guaranteed if the set up and hold
times are not met.

INTR 18 | | INTERRUPT REQUEST: is a level triggered input which is sampled
during the last clock cycle of each instruction to determine if the
processor should enter into an interrupt acknowledge operation. A
subroutine is vectored to via an interrupt vector lookup table located in
system memory. [t can be internally masked by software resetting the
intgrrupt enable bit. INTR is internally synchronized. This signal is active
HIGH.

TEST 23 1 | TEST: input is examined by the “wait for test” instruction. If the TEST
input is LOW, execution continues, otherwise the processor waits in an
“idle” state. This input is synchronized internally during each clock
cycle on the leading edge of CLK.
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Table 1. Pin Description (Continued)

Symbol | PinNo. | Type Name and Function

NMI 17 NON-MASKABLE INTERRUPT: is an edge triggered input which causes a
type 2 interrupt. A subroutine is vectored to via an interrupt vector lookup
table located in system memory. NMI is not maskable internally by
software. A transition from a LOW to HIGH initiates the interrupt at the end
of the current instruction. This input is internally synchronized.

RESET 21 RESET: causes the processor to immediately terminate its present activity.
The signal must be active HIGH for at least four clock cycles. it restarts
execution, as described in the instruction set description, when RESET
returns LOW. RESET is internally synchronized.

CLK 19 CLOCK: provides the basic timing for the processor and bus controller. It is
asymmetric with a 33% duty cycle to provide optimized internal timing.

Vee 40 Vgt is the +5V +10% power supply pin.

GND 1,20 GND: are the ground pins.

MN/MX 33 MINIMUM/MAXIMUM: indicates what mode the processor is to operate in.
The two modes are discussed in the following sections.

The following pin function descriptions are for the 8088 minimum mode (i.e., MN/MX = Vo). Only the pin
functions which are unique to minimum mode are described; all other pin functions are as described above.

Name and Function

10/M

Symbol | Pin No. | Type
(e}

28

STATUS LINE: is an inverted maximum mode S2. It is used to distinguish a
memory access from an 1/0 access. I0/M becomes valid in the T4 preceding a
bus cycle and remains valid until the final T4 of the cycle (I/0 = HIGH, M =
LOW). IO/M floats to 3-state OFF in local bus *hold acknowledge”.

29 o

WRITE: strobe indicates that the processor is performing a write memory or write
1/0 cycle, depending on the state of the 1O/M signal. WR is active for T2, T3, and
Tw of any write cycle. Itis active LOW, and floats to 3-state OFF in local bus
“hold acknowledge™.

24 (o}

INTA: is used as a read strobe for interrupt acknowledge cycles. It is active LOW
during T2, T3, and Tw of each interrupt acknowledge cycle.

ALE

25 0

ADDRESS LATCH ENABLE: is provided by the processor to latch the address
into an address latch. Itis a HIGH pulse active during clock low of T1 of any bus
cycle. Note that ALE is never floated.

DT/R

27 o

DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use
a data bus transceiver. It is used to control the direction of data flow through the
transceiver. Logically, DT/R is equivalent to 57 in the maximum mode, and its
timing is the same as for IO/M (T = HIGH, R = LOW). This signal floats to
3-state OFF in local “‘hoid acknowledge”.

26 0

DATA ENABLE: is provided as an output enable for the data bus transceiver in a
minimum system which uses the transceiver. DEN is active LOW during each
memory and I/0 access, and for INTA cycles. For a read or INTA cycle, it is
active from the middle of T2 until the middle of T4, while for a write cycle, itis
active from the beginning of T2 until the middle of T4. DEN fioats to 3-state OFF
during local bus *'hold acknowledge™.
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Table 1. Pin Description (Continued)

Symbol | Pin No.

Type

Name and Function

HOLD,
HLDA

31,30

1,0

HOLD: indicates that another master is requesting a local bus “hold”. To be
acknowledged, HOLD must be active HIGH. The processor receiving the “hold”
request will issue HLDA (HIGH) as an acknowledgement, in the middle of a T4 or
T1 clock cycle. Simuitaneous with the issuance of HLDA the processor will float
the local bus and control lines. After HOLD is detected as being LOW, the
processor lowers HLDA, and when the processor needs to run another cycle, it
will again drive the local bus and controf lines.

Hold is not an asynchronous input. External synchronization should be provided if
the system cannot otherwise guarantee the set up time.

34

STATUS LINE: is logically equivalent to SO in the maximum mode. The
combination of S0, 10/M and DT/R allows the system to completely decode the
current bus cycle status.

10/M DT/R §50 Characteristics
1(HIGH) 0 0 Interrupt Acknowiedge
1 0 1 Read 170 Port
1 1 0 Write I/0 Port
1 1 1 Halt
o(LOW) 0 0 Code Access
0 0 1 Read Memory
0 1 [o] Write Memory
0 1 1 Passive

The following pin function descriptions are for the 8088/6288 system in maximum mode (i.e., MN/MX =
GND). Only the pin functions which are unique to maximum mode are described: all other pin functions are as

described above.
Symbol | Pin No. Name and Function
$2,51,50( 26-~28 STATUS: is active during clock high of T4, T1, and T2, and is returned to the

passive state (1,1,1) during T3 or during Tw when READY is HIGH. This status is
used by the 8288 bus controller to generate all memory and 1/0 access control
signals. Any change by S2, ST, or S0 during T4 is used to indicate the beginning
of a bus cycle, and the return to the passive state in T3 and Tw is used to
indicate the end of a bus cycle.

These signals float to 3-state OFF during “hold acknowledge”. During the first
clock cycle after RESET becomes active, these signals are active HIGH. After
this first clock, they float to 3-state OFF.

§2 §1 50 Characteristics
O(LOW) 0 0 Interrupt Acknowledge
0 0 1 Read {/0 Port
0 1 0 Write 1/0 Port
0 1 1 Halt
1(HIGH) 0 0 Code Access
1 0 1 Read Memory
1 1 0 Write Memory
1 1 1 Passive
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Table 1. Pin Description (Continued)

Symbol

Pin No.

Type

Name and Function

RO/GTO,
RQ/GTT

30, 31

110

REQUEST/GRANT: pins are used by other local bus masters to force the

processor to release the local bus at the end.of the processor’s current bus
cle. Each pin is bidirectional with RQ/GTO0 having higher priority than RQ/
T1. RQ/GT has an internal pull-up resistor, so may be left unconnected.

The request/grant sequence is as follows (See Figure 8):

1. A pulse of one CLK wide from another local bus master indicates a local

bus request (“hold”) to the 8088 (pulse 1).

2. During a T4 or Tl clock cycle, a pulse one clock wide from the 8088 to the

requesting master (puise 2), indicates that the 8088 has allowed the local

bus to float and that it will enter the “hold acknowledge” state at the next

CLK. The CPU’s bus interface unit is disconnected logically from the local

bus during “hold acknowledge”. The same rules as for HOLD/HOLDA apply

as for when the bus is released.

3. A pulse one CLK wide from the requesting master indicates to the 8088

(pulse 3) that the “hold” request is about to end and that the 8088 can

reclaim the local bus at the next CLK. The CPU then enters T4.

Each master-master exchange of the local bus is a sequence of three

pulses. There must be one idle CLK cycle after each bus exchange. Pulses

are active LOW.

If the request is made while the CPU is performing a memory cycle, it will

release the local bus during T4 of the cycle when ali the following conditions

are met:

1. Request occurs on or before T2.

2. Current cycle is not the fow bit of a word.

3. Current cycle is not the first acknowledge of an interrupt acknowledge

sequence.

4. A locked instruction is not currently executing.

If the local bus is idle when the request is made the two possible events will

follow:

1. Local bus will be released during the next clock.

2. A memory cycle will start within 3 clocks. Now the four rules for a currently

active memory cycle apply with condition number 1 already satisfied.

29

LOCK: indicates that other system bus masters are not to gain control of the
system bus while LOCK is active (LOW). The LOCK signal is activated by
the “LOCK?” prefix instruction and remains active until the completion of the
next instruction. This signal is active LOW, and floats to 3-state off in “hold
acknowledge”.

Qs1, QS0

24,25

QUEUE STATUS: provide status to allow external tracking of the internal

8088 instruction queue.
The queue status is valid during the CLK cycle after which the queue

operation is performed.

Qs1 Qso Characteristics

o(LOW) 0 No Operation

0 1 First Byte of Opcode from Queue
1(HIGH) 0 Empty the Queue

1 1 Subsequent Byte from Queue

34

Pin 34 is always high in the maximum mode.
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FUNCTIONAL DESCRIPTION

Memory Organization

The processor provides a 20-bit address to memory
which locates the byte being referenced. The memo-
ry is organized as a linear array of up to 1 million
bytes, addressed as 00000(H) to FFFFF(H). The
memory is logically divided into code, data, extra
data, and stack segments of up to 64K bytes each,
with each segment falling on 16-byte boundaries
(See Figure 3).

All memory references are made relative to base ad-
dresses contained in high speed segment registers.
The segment types were chosen based on the ad-

dressing needs of programs. The segment register
to be selected is automatically chosen according to
the rules of the following table. All information in one
segment type share the same logical attributes (e.g.
code or data). By structuring memory into relocat-
able areas of similar characteristics and by automati-
cally selecting segment registers, programs are
shorter, faster, and more structured.

Word (16-bit) operands can be located on even or
odd address boundaries. For address and data oper-
ands, the least significant byte of the word is stored
in the lower valued address location and the most
significant byte in the next higher address location.
The BIU will automatically execute two fetch or write
cycles for 16-bit operands.

Memory Segment
Reference Used Register Used Segment Selection Rule

Instructions CODE (CS) Automatic with all instruction prefetch.

Stack STACK (SS) Ali stack pushes and pops. Memory references
relative to BP base register except data references.

Local Data DATA (DS) Data references when: relative to stack, destination
of string operation, or explicity overridden.

External (Global) Data EXTRA (ES) Destination of string operations: Explicitly selected
using a segment override.
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Certain locations in memory are reserved for specific
CPU operations (See Figure 4). Locations from ad-
dresses FFFFOH through FFFFFH are reserved for
operations including a jump to the initial system ini-
tialization routine. Following RESET, the CPU will al-
ways begin execution at location FFFFOH where the
jump must be located. Locations 00000H through
003FFH are reserved for interrupt operations. Four-
byte pointers consisting of a 16-bit segment address
and a 16-bit offset address direct program flow to
one of the 256 possible interrupt service routines.
The pointer elements are assumed to have been
stored at their respective places in reserved memory
prior to the occurrence of interrupts.

Minimum and Maximum Modes

The requirements for supporting minimum and maxi-
mum 8088 systems are sufficiently different that
they cannot be done efficiently with 40 uniquely de-
fined pins. Consequently, the 8088 is equipped with
a strap pin (MN/| which defines the system con-

figuration. The definition of a certain subset of the
pins changes, dependent on the condition of the
strap pin. When the MN/MX pin is strapped to GND,
the 8088 defines pins 24 through 31 and 34 in maxi-
mum mode. When the MN/ pin is strapped to
Ve, the 8088 generates bus control signals itself on
pins 24 through 31 and 34.

The minimum mode 8088 can be used with either a
multiplexed or demultiplexed bus. The multipiexed
bus configuration is compatible with the MCS-85™
multiplexed bus peripherals. This configuration (See
Figure 5) provides the user with a minimum chip
count system. This architecture provides the 8088
processing power in a highly integrated form.

The demuitiplexed mode requires one latch (for 64K
addressability) or two latches (for a full megabyte of
addressing). A third latch can be used for buffering if
the address bus loading requires it. A transceiver
can also be used if data bus buffering is required
(See Figure 6). The 8088 provides DEN and DT/R to
control the transceiver, and ALE to latch the ad-
dr This configuration of the minimum mode

FFFFFH

RESET BOOTSTRAP

PROGRAM JUMP FEFFOR

-

3 —

d

3FFH

INTERRUPT POINTER

FOR TYPE 255
IFOH

;

it

[

™

INTERRUPT POINTER
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INTERRUPT POINTER
FOR TYPE 0

4H
3H

oH
231456-4

Figure 4. Reserved Memory Locations
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provides the standard demultiploxed bus structure
with heavy bus buffering and relaxed bus timing re-
quirements.

The maximum mode employs the 8288 bus control-
ler %S_ee Figure 7). The 8288 decodes status lines
30, S, and $2, and provides the system with all bus
control signais. Moving the bus controt to the 8288
provides better source and sink current capability to
the control lines, and frees the 8088 pins for extend-
ed large system features. Hardware lock, queue
status, and two request/grant interfaces are provid-
ed by the 8088 in maximum mode. These features
allow co-processors in local bus and remote bus
configurations.



1]

intel 8088
/T 4/} Vss Voo
H— ce  PORIK

ADOR
N -—
10-%@ TimeR
Reser  OUT
-
ADo — AD, ADDR/DATA
o
H—
z_. Ay o
sos8 87554
ReaDy 83558
MNX ——Vcc 28;:
ALE — o
o PKED
RESET  AD 1 RESET 8
WR — Vee
ol 1 o |-
— Vgs Vec Voo PROG
WR
#D
& g1es
ALE
T T8 ce,
1 Ag. Ay

231456-5

Figure 5. Multiplexed Bus Configuration

2-67



intel 8088

(]
2500
INTERRUST
CONTROL

231456-6

—nc

RAM @)

PROM

MCS-80
PERIPHERAL

C:m

231456-7

Figure 7. Fully Buffered System Using Bus Controller

2-68




intel

8088

Bus Operation

The 8088 address/data bus is broken into three
parts—the lower eight address/data bits (ADO-
AD?), the middle eight address bits (A8-A15), and
the upper four address bits (A16-A19). The ad-
dress/data bits and the highest four address bits are
time multiplexed. This technique provides the most
efficiont use of pins on the processor, permitting the
use of a standard 40 lead package. The middle sight
address bits are not multiplexed, i.e. they remain val-

id throughout each bus cycle. In addition, the bus
can be demuitiplexed at the processor with a single
address latch if a standard, non-muitiplexed bus is
desired for the system.

Each processor bus cycle consists of at least four
CLK cycles. These are referred to as T1, T2, T3, and
T4 (See Figure 8). The address is emitted from the
processor during T1 and data transfer occurs on the
bus during T3 and T4. T2 is used primarily for chang-
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Figure 8. Basic System Timing
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ing the direction of the bus during read operations. In
the event that a “NOT READY” indication is given
by the addressed device, “wait” states (Tw) are in-
serted between T3 and T4. Each inserted “wait”’
state is of the same duration as a CLK cycle. Periods
can occur between 8088 driven bus cycles. These
are referred to as “idle” states (Ti), or inactive CLK
cycles. The processor uses these cycles for internal
housekeeping.

During T1 of any bus cycle, the ALE (address latch
enable) signal is emitted (by either the processor or
the 8288 bus controller, depending on the MN/MX
strap). At the trailing edge of this pulse, a valid ad-
dress and certain status information for the cycle
may be latched.

Status bits S0, ST, and 52 are used by the bus con-
troller, in maximum modes, to identify the type of bus
transaction according to the following table:

§2 S1 |50 Characteristics
o(LOW) 0 0 | Interrupt Acknowledge
0 0 1 Read 1/0
0 1 0 Write I/0
0 1 1 Halt
1(HIGH) 0 0 Instruction Fetch
1 [} 1 Read Data from Memory
1 1 0 | Write Data to Memory
1 1 1 Passive (No Bus Cycle)

Status bits S3 through S6 are muitiplexed with high
order address bits and are therefore valid during T2
through T4. S3 and S4 indicate which segment reg-
ister was used for this bus cycle in forming the ad-
dress according to the following table:

Sy S3 Characteristics
o(LOW) 0 | Alternate Data (Extra Segment)
0 1 | Stack
1(HIGH) | 0 | Code or None
1 1 Data

85 is a reflection of the PSW interrupt enable bit. S6
is always equal to 0.

1/0 Addressing

in the 8088, I/0O operations can address up to a
maximum of 64K |/0 registers. The I/0 address ap-
pears in the same format as the memory address on
bus lines A15-A0. The address lines A19~A16 are
zero in 1/0 operations. The variable 1/0 instructions,
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which use register DX as a pointer, have full address
capability, while the direct 1/0 instructions directly
address one or two of the 256 1/0 byte locations in
page 0 of the I/0 address space. I/0 ports are ad-
dressed in the same manner as memory locations.

Designers familiar with the 8085 or upgrading an
8085 design should note that the 8085 addresses
1/0 with an 8-bit address on both halves of the 16-
bit address bus. The 8088 uses a full 16-bit address
on its lower 16 address lines.

EXTERNAL INTERFACE

Processor Reset and Initialization

Processor initialization or start up is accomplished
with activation (HIGH) of the RESET pin. The 8088
RESET is required to be HIGH for greater than four
clock cycles. The 8088 will terminate operations on
the high-going edge of RESET and will remain dor-
mant as long as RESET is HIGH. The low-going
transition of RESET triggers an internal reset se-
quence for approximately 7 clock cycles. After this
interval the 8088 operates normally, beginning with
the instruction in absolute locations FFFFOH (See
Figure 4). The RESET input is internally synchroniz-
ed to the processor clock. At initialization, the HIGH
to LOW transition of RESET must occur no sooner
than 50 us after power up, to allow complete initiali-
zation of the 8088.

NMI asserted prior to the 2nd clock after the end of
RESET will not be honored. If NMI is asserted after
that point and during the internal reset sequence,
the processor may execute one instruction before
responding to the interrupt. A hold request active
immediately after RESET will be honored before the
first instruction fetch.

All 3-state outputs float to 3-state OFF during
RESET. Status is active in the idle state for the first
clock after RESET becomes active and then floats
to 3-state OFF. ALE and HLDA are driven low.

Interrupt Operations

Interrupt operations fall into two classes: software or
hardware initiated. The software initiated interrupts
and software aspects of hardware interrupts are
specified in the instruction set description in the
iAPX 88 book or the iAPX 86,88 User's Manual.
Hardware interrupts can be classified as nonmaska-
ble or maskable.
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Interrupts result in a transfer of control to a new pro-
gram location. A 256 element table containing ad-
dress pointers to the interrupt service program loca-
tions resides in absolute locations 0 through 3FFH
(See Figure 4), which are reserved for this purpose.
Each element in the table is 4 bytes in size and cor-
responds to an interrupt “type.” An interrupting de-
vice supplies an 8-bit type number, during the inter-
rupt acknowledge sequence, which is used to vector
through the appropriate element to the new interrupt
service program location.

Non-Maskable Interrupt (NMI)

The processor provides a single non-maskable inter-
rupt (NM!) pin which has higher priority than the
maskable interrupt request (INTR) pin. A typical use
would be to activate a power failure routine. The
NMI is edge-triggered on a LOW to HIGH transition.
The activation of this pin causes a type 2 interrupt.

NMI is required to have a duration in the HIGH state
of greater than two clock cycles, but is not required
to be synchronized to the clock. Any higher going
transition of NMI is latched on-chip and will be serv-
iced at the end of the current instruction or between
whole moves (2 bytes in the case of word moves) of
a biock type instruction. Worst case response to
NMI would be for multiply, divide, and variable shift
instructions. There is no specification on the occur-
rence of the low-going edge; it may occur before,
during, or after the servicing of NMI. Another high-
going edge triggers another response if it occurs af-
ter the start of the NMI procedure. The signal must
be free of logical spikes in general and be free of
bounces on the low-going edge to avoid triggering
extraneous responses.

Maskable Interrupt (INTR)

The 8088 provides a single interrupt request input
(INTR) which can be masked internally by software
with the resetting of the interrupt enable (IF) flag bit.
The interrupt request signal is level triggered. It is
internally synchronized during each clock cycle on
the high-going edge of CLK. To be responded to,
INTR must be present (HIGH) during the clock peri-
od preceding the end of the current instruction or the
end of a whole move for a block type instruction.
During interrupt response sequence, further inter-
rupts are disabled. The enable bit is reset as part of
the response to any interrupt (INTR, NMI, software
interrupt, or single step), although the FLAGS regis-
ter which is automatically pushed onto the stack re-
flects the state of the processor prior to the inter-
rupt. Untit the old FLAGS register is restored, the
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enable bit will be zero unless specifically set by an
instruction.

During the response sequence (See Figure 9), the
processor executes two successive (back to back)
interrupt acknowledge cycles. The 8088 emits the
LOCK signal (maximum mode only) from T2 of the
first bus cycle until T2 of the second. A local bus
“hold” request will not be honored until the end of
the second bus cycle. In the second bus cycle, a
byte is fetched from the external interrupt system
(e.g., 8259A PIC) which identifies the source (type)
of the interrupt. This byte is multiplied by four and
used as a pointer into the interrupt vector lookup
table. An INTR signal left HIGH will be continually
responded to within the limitations of the enable bit
and sample period. The interrupt return instruction
includes a flags pop which returns the status of the
original interrupt enable bit when it restores the
flags.

HALT

When a software HALT instruction is executed, the
processor indicates that it is entering the HALT state
in one of two ways, depending upon which mode is
strapped. In minimum mode, the processor issues
ALE, delayed by one clock cycle, to allow the sys-
tem to latch the halt status. Halt status is available
on I0/M, DT/R, and SSO. In maximum mode, the
Epcessor issues appropriate HALT status on S2,
1, and S0, and the 8288 bus controller issues one
ALE. The 8088 will not leave the HALT state when a
local bus hold is entered while in HALT. In this case,
the processor reissues the HALT indicator at the
end of the local bus hold. An interrupt request or
RESET will force the 8088 out of the HALT state.

Read/Modify/Write (Semaphore)
Operations via LOCK

The LOCK status information is provided by the
processor when consecutive bus cycles are required
during the execution of an instruction. This allows
the processor to perform read/modify/write opera-
tions on memory (via the “exchange register with
memory” instruction), without another system bus
master receiving intervening memory cycles. This is
useful in multiprocessor system configurations to ac-
complish “test and set lock” operations. The LOCK
signal is activated (LOW) in the clock cycle following
decoding of the LOCK prefix instruction. It is-deacti-
vated at the end of the last bus cycle of the instruc-
tion following the LOCK prefix. While LOCK is active,
arequest on a RQ/GT pin will be recorded, and then
honored at the end of the LOCK.
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Figure 9. Interrupt Acknowledge Sequence

External Synchronization via TEST

As an alternative to interrupts, the 8088 provides a
single software-testable input pin (TEST). This input
is utilized by executing a WAIT instruction. The sin-

e WAIT instruction is repeatedly executed until the
TEST input goes active (LOW). The execution of
WAIT does not consume bus cycles once the queue
is full.

If a local bus request occurs during WAIT execution,
the 8088 3-states all output drivers. If interrupts are
enabled, the 8088 will recognize interrupts and pro-
cess them. The WAIT instruction is then refetched,
and reexecuted.

Basic System Timing

In minimum mode, the MN/MX pin is strapped to
Vec and the processor emits bus control signals
compatible with the 8085 bus structure. In maximum
mode, the MN7MX pin is strapped to GND and the
processor emits coded status information which the
8288 bus controller uses to generate MULTIBUS
compatible bus control signals.

System Timing—Minimum System
(See Figure 8)

The read cycle begins in T1 with the assertion of the
address latch enable (ALE) signal. The trailing (low

2-72

going) edge of this signal is used to latch the ad-
dress information, which is valid on the address/
data bus (ADO-AD7) at this time, into the
8282/8283 latch. Address lines A8 through A15 do
not need to be latched because they remain valid
throughout the bus cycle. From T1 to T4 the IO/M
signal indicates a memory or 1/O operation. At T2
the address is removed from the address/data bus
and the bus goes to a high impedance state. The
read control signal is also asserted at T2. The read
(RD) signal causes the addressed device to enable
its data bus drivers to the local bus. Some time later,
valid data will be available on the bus and the ad-
dressed device will drive the READY line HIGH.
When the processor returns the read signal to a
HIGH level, the addressed device will again 3-state
its bus drivers. If a transceiver is required to buffer
the 8088 local bus, signals DT/R and DEN are pro-
vided by the 8088.

A write cycle also begins with the assertion of ALE
and the emission of the address. The 10/M signal is
again asserted to indicate a memory or 1/0 write
operation. In T2, immediately foliowing the address
emission, the processor emits the data to be written
into the addressed location. This data remains valid
until at least the middie of T4. During T2, T3, and
Tw, the processor asserts the write control signal.
The write (WR) signal becomes active at the begin-
ning of T2, as opposed to the read, which is delayed
somewhat into T2 to provide time for the bus to
float.



intgl

8088

The basic difference between the interrupt acknowl-
edge cycle and a read cycle is that the interrupt ac-
knowledge (INTA) signal is asserted in place of the
read (RD) signal and the address bus is floated.
(See Figure 9) in the second of two successive INTA
cycles, a byte of information is read from the data
bus, as supplied by the interrupt system logic (i.e.
8259A priority interrupt controller). This byte identi-
fies the source (type) of the interrupt. It is multiplied
by four and used as a pointer into the interrupt vec-
tor lookup table, as described earlier.

Bus Timing—Medium Complexity
Systems

(See Figure 10)

For medium compiexity systems, the MN/MX pin is
connected to GND and the 8288 bus controller is
added to the system, as well as a latch for latching
the system address, and a transceiver to ailow for
bus loading greater than the 8088 is capable of han-
dling. Signals ALE, DEN, and DT/R are generated
by the 8288 instead of the processor in this configu-
ration, although their timing remains relatively the
same. The 8088 status outputs (52, 51, and 50) pro-
vide type of cycle information and become 8288 in-
puts. This bus cycle information specifies read
(code, data, or I/0), write (data or 1/0), interrupt ac-
knowledge, or software hait. The 8288 thus issues
control signals specifying memory read or write, 1/0
read or write, or interrupt acknowledge. The 8288
provides two types of write strobes, normal and ad-
vanced, to be applied as required. The normal write
strobes have data valid at the leading edge of write.
The advanced write strobes have the same timing
as read strobes, and hence, data is not valid at the
leading edge of write. The transceiver receives the
usual T and OE inputs from the 8288's DT/R and
DEN outputs.

The pointer into the interrupt vector tabie, which is
passed during the second cycle, can derive
from an 8259A located on either the local bus or the
system bus. If the master 8289A priority interrupt
controller is positioned on the local bus, a TTL gate
is required to disable the transceiver when reading
from the master 8259A during the interrupt acknowl-
edge sequence and software “poli”.

The 8088 Compared to the 8086

The 8088 CPU is an 8-bit processor designed
around the 8086 internal structure. Most internal
functions of the 8088 are identical to the equivalent
8086 functions. The 8088 handles the external bus
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the same way the 8086 does with the distinction of
handling only 8 bits at a time. Sixteen-bit operands
are fetched or written in two consecutive bus cycles.
Both processors will appear identical to the software
engineer, with the exception of execution time. The
internal register structure is identical and all instruc-
tions have the same end result. The differences be-
tween the 8088 and 8086 are outlined below. The
engineer who is unfamiliar with the 8086 is referred
to the iIAPX 86, 88 User's Manual, Chapters 2 and 4,
for function description and instruction set informa-
tion. Internally, there are three differences between
the 8088 and the 8086. All changes are related to
the 8-bit bus interface.

* The queuse length is 4 bytes in the 8088, whereas
the 8086 queue contains 6 bytes, or three words.
The queue was shortened to prevent overuse of
the bus by the BIU when prefetching instructions.
This was required because of the additional time
necessary to fetch instructions 8 bits at a time.

To further optimize the queue, the prefetching ai-
gorithm was changed. The 8088 BIU will fetch a
new instruction to load into the queue each time
there is a 1 byte hole (space available) in the
queue. The 8086 waits until a 2-byte space is
available.

The internal execution time of the instruction set
is affected by the 8-bit interface. All 16-bit fetches
and writes from/to memory take an additionat
four clock cycles. The CPU is also limited by the
speed of instruction fetches. This latter problem
only occurs when a series of simple operations
occur. When the more sophisticated instructions
of the 8088 are being used, the queue has time to
fili and the execution proceeds as fast as the exe-
cution unit will allow.

The 8088 and 8086 are completely software com-
patible by virtue of their identical execution units.
Software that is system dependent may not be com-
pletely transferable, but software that is not system
dependent will operate equally as well on an 8088
and an 8086.

The hardware interface of the 8088 contains the ma-

jor differences between the two CPUs. The pin as-

signments are nearly identical, however, with the fol-

lowing functional changes:

¢ A8-A15—These pins are only address outputs
on the 8088. These address lines are latched in-
ternally and remain valid throughout a bus cycle
in a manner similar to the 8085 upper address
lines.

¢ BHE has no meaning on the 8088 and has been
eliminated.
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* SS0 provides the SO status information in the ¢ ]0/M has been inverted to be compatible with the

minimum mode. This output occurs on pin 34 in MCS-85 bus structure.
minimum mode only. DT/R, 10/ M, and pro- o ALE is delayed by one clock cycle in the mini-
vide the complete bus status in minimum mode. mum mode when entering HALT, to allow the

status to be latched with ALE.

Ty T2 T Ts
—
ac__ [\ / \ S\ /" / \
0s1, as0 X X D4 X T D
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5.9 - 7777 o
A19/56 - A161S3 as-ate $6-53 P4
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8208 RDY 8288 D é
READY 8088
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8088  A15-48 X A15- A8 X

OTR /
8200 WROC \ /

DEN \
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Figure 10. Medium Complexity System Timing
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias ....0°Cto +70°C

Case Temperature (Plastic) ......... 0°Cto +95°C
Case Temperature (CERDIP) ........ 0°Cto +75°C
Storage Temperature .......... —65°Cto +150°C
Voltage on Any Pin with

RespecttoGround ............... —-10to +7V
Power Dissipation....................... 2.5 Watt

D.C. CHARACTERISTICS

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

(Ta = 0°C to 70°C, Tcase (Plastic) = 0°C to 85°C, Tcasg (CERDIP) = 0°C to 75°C)*
(Vcc = 5V +10% for 8088, Voo = 5V 5% for 8088-2)

Symbol Parameter Min Max Units Test Conditions
Vi Input Low Volitage -0.5 +0.8 \ (Note 1)
Viy Input High Voltage 2.0 Vee + 0.5 v (Notes 1, 2)
VoL Output Low Voitage 0.45 v loL = 2.0 mA
VoH Output High Voltage 24 \ lon = —400 pA
lec 8088 340 mA Ta = 25°C
Power Supply Current: 8088-2 350
P8088 250
Iy Input Leakage Current +10 pA oV < Viy < Vgo
Lo Qutput and I/0 Leakage Current +10 nA 0.45V < Voyt < Voo
VoL Clock Input Low Voltage -0.5 +0.6 \J
VeH Clock Input High Voltage 3.9 Vec + 1.0 \
CiN Capacitance If Input Buffer 15 pF fc = 1 MHz
{All Input Except
ADp-AD7, RQ/GT)
Cio Capacitance of (/0 Buffer 15 pF fc = 1 MHz
ADg-AD7, RQ/GT)
NOTES:

*For Extonded Temperature EXPRESS Voo = 5V 15%
. Vi, tested with MN/MX Pin = OV

Vi tested with MN/MX Pin = 5v

MN/MX Pin is a strap Pin

Not applicable to

-

[

/GTO0 and RO/GTT Pins (Pin 30 and 31)

2-75



intd. 8088

A.C. CHARACTERISTICS

(Ta = 0°C to 70°C, Tcage (Plastic) = 0°C to 95°C, Tcase (CERDIP) = 0°C to 75°C)*

(Voc = 5V +10% for 8088, Voo = 5V +5% for 8088-2)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

Symbol Parameter a0s8 8088-2 Units Test
4 Min | Max | Min | Max Conditions
TCLCL CLK Cycle Period 200 | 500 [ 125 | 500 ns
TCLCH CLK Low Time 118 68 ns
TCHCL CLK High Time 69 44 ns
TCH1CH2 | CLK Rise Time 10 10 ns From 1.0V to 3.5V
TCL2CL2 | CLKFall Time 10 10 ns From 3.5Vto 1.0V
TDVCL Data in Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
TR1VCL RDY Setup Time into 8284 35 35 ns
(Notes 1, 2)
TCLR1X RDY Hold Time into 8284 0 0 ns
(Notes 1, 2)
TRYHCH READY Setup Time 118 68 ns
into 8088
TCHRYX READY Hold Time 30 20 ns
into 8088
TRYLCL READY Inactive to CLK -8 -8 ns
(Note 3)
THVCH HOLD Setup Time 35 20 ns
TINVCH INTR, NMI, TEST Setup Time 30 15 ns
(Note 2)
TILIH Input Rise Time (Except CLK) 20 20 ns From 0.8V to 2.0V
TIHIL Input Fall Time (Except CLK) 12 12 ns From 2.0V to 0.8V
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A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
Symbol Parameter Soss 80882 Units Test
Min Max Min Max Conditions
TCLAV | Address Valid Delay 10 110 10 70 ns
TCLAX | Address Hold Time 10 10 ns
TCLAZ | Address Float Delay TCLAX 80 TCLAX 50 ns
TLHLL | ALE Width TCLCH-20 TCLCH-10 ns
TCLLH | ALE Active Delay 80 50 ns
TCHLL | ALE Inactive Delay 85 55 ns
TLLAX | Address Hold Time to TCHCL-10 TCHCL—-10 ns
ALE Inactive
TCLDV | Data Valid Delay 10 110 10 60 ns
TCHDX | Data Hold Time 10 10 ns
TWHDX | Data Hold Time after WR | TCLCH—30 TCLCH-30 ns
TCVCTV | Control Active Delay 1 10 110 10 70 ns
TCHCTV | Control Active Delay 2 10 110 10 60 ns
TCVCTX | Control Inactive Delay 10 110 10 70 ns
TAZRL | Address Float to READ 0 0 ns
Active
TCLRL | RD Active Delay 10 165 10 100 | ns
TCLRH | RD Inactive Delay 10 150 10 80 ns
TRHAV | RD Inactive to Next TCLCL—45 TCLCL~40 ns
Address Active
TCLHAV | HLDA Valid Delay 10 160 10 100 | ns
TRLRH | RD Width 2TCLCL-75 2TCLCL—-50 ns
TWLWH | WR width 2TCLCL—60 2TCLCL—40 ns
TAVAL | Address Valid to ALE Low | TCLCH—60 TCLCH-40 ns
TOLOH | Output Rise Time 20 20 ns { From 0.8V to 2.0V
TOHOL | Output Fall Time 12 12 ns | From 2.0V to 0.8V

NOTES:

*For Extended Temperature EXPRESS Voc = 5V £5%
1. Signal at 8284A shown for reference only. See 8284A data sheet for the most recent specifications.
2. Set up requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state (8 ns into T3 state).
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

24

1.5 «¢—— TEST POINTS ——» %

“1”" and 0.8V for a logic “0".

231456-11

A.C. Testing; Inputs are driven at 2.4V for a logic “1” and 0.45V
for a logic “0". Timing measurements are made at 2.0V for a logic

DEVICE
UNDER
TEST

|
I

C, - 100 pF

231456~12

Cy Includes Jig Capacitance

WAVEFORMS

BUS TIMING—MINIMUM MODE SYSTEM
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8088

WAVEFORMS (Continued)

BUS TIMING—MINIMUM MODE SYSTEM (Continued)

NOTES:

1. All signals switch between Vg and Vo unless otherwise specified.
2. RDY is sampled near the end of Ty, T3, Ty to determine if T, machines states are to be inserted.
3. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is floating during both INTA cycles. Control
signals are shown for the second INTA cycle.

4. Signals at 8284 are shown for reference only.

5. All timing measurements are made at 1.5V unless otherwise noted.

\ T2 LET ] Ta
© ez
Veu
CLK (8284 Output) 4 5( 7k 5( 5\—_ 7(_\___
oL
TCLAV — ool — TCHOX—~]
AD; - ADg ADp-AD) DATA OUT
TCVCTV—~| {0@ rrmax— chmx
WRITE CYCLE —
NOTE 1t N
TCVETV— |._
TWMLWH {
W X y
cuaz TCVCTX— fom
— l_y
|eTOVCL—= I._rc LOX
AD;7 - ADp {
! A FLOAT | FLOAT N\
-TeneTv \, 1 TCHCTY
oA \
INTA CYCLE N
NOTES 1.3 ove
(AD, Wh = Von) TR
Teverv—| TCV
DEN
SOFTWARE HALT -
BOEN,ADWRINTA Vou ADy - ADy INVALID ADDRESS SOFTWARE HALT
OT/R INDETERMINATE TeAV—] —

231456-14
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A.C. CHARACTERISTICS

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER)

TIMING REQUIREMENTS

Symbol Parameter 8088 8988-2 Units Test
Min | Max | Min | Max Conditlons

TCLCL CLK Cycle Period 200 | 500 | 125 | 500 ns
TCLCH CLK Low Time 118 68 ns
TCHCL CLK High Time 69 44 ns
TCH1CH2 | CLK Rise Time 10 10 ns From 1.0V to 3.5V
TCL2CL1 | CLK Fall Time 10 10 ns | From3.5Vto 1.0V
TDVCL Data in Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
TR1VCL RDY Setup Time into 8284 35 35 ns

(Notes 1, 2)
TCLR1X RDY Hold Time into 8284 0 0 ns

(Notes 1, 2)
TRYHCH READY Setup Time into 8088 | 118 68 ns
TCHRYX READY Hold Time into 8088 30 20 ns
TRYLCL READY Inactive to CLK -8 -8 ns

(Note 4)
TINVCH Setup Time for Recognition 30 15 ns

(INTR, NMI, TEST) (Note 2)
TGVCH RQ/GT Setup Time 30 15 ns
TCHGX RQ Hold Time into 8088 40 30 ns
TILIH Input Rise Time (Except CLK) 20 20 ns From 0.8V to 2.0V
TIHIL Input Falil Time (Except CLK) 12 12 ns From 2.0V10 0.8V
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A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
8088 8088-2 Test
Symbol Parameter Min Max Min Max Units Conditions
TCLML |Command Active Delay 10 35 10 3’| ns
(Note 1)
TCLMH | Command Inactive Delay 10 35 10 35 | ns
(Note 1)
TRYHSH | READY Active to 110 65 | ns
Status Passive (Note 3)
TCHSV | Status Active Delay 10 110 10 60 | ns
TCLSH | Status Inactive Delay 10 130 10 70| ns
TCLAV | Address Valid Delay 10 110 10 70 | ns
TCLAX | Address Hold Time 10 10 ns
TCLAZ | Address Float Delay TCLAX 80 TCLAX 50 | ns
TSVLH | Status Valid to ALE High 15 15| ns
(Note 1)
TSVMCH | Status Valid to MCE High 15 15| ns
(Note 1)
TCLLH | CLK Low to ALE Valid 15 15| ns
(Note 1)
TCLMCH | CLK Low to MCE (Note 1) 15 15 | ns
TCHLL | ALE Inactive Delay (Note 1) 15 15| ns
TCLMCL { MCE Inactive Delay (Note 1) 15 15| ns
TCLDV | Data Valid Delay 10 110 10 60 | ns
TCHDX | Data Hold Time 10 10 ns
TGVNV | Control Active Delay 5 45 5 45 | ns 2ﬁ ;0:80 alfgu‘t’: for
(Note 1) in Addition to
TCVNX | Controt inactive Delay 10 45 10 45 | ns ||nternal Loads
(Note 1)
TAZRL |Address Float to 0 0 ns
Read Active
TCLRL |RD Active Delay 10 165 10 100! ns
TCLRH | RD inactive Delay 10 150 10 80 [ ns
TRHAV | RD Inactive to Next TCLCL—45 TCLCL-40 ns
Address Active
TCHDTL | Direction Control 50 50 | ns
Active Delay (Note 1)
TCHDTH | Direction Control 30 30 | ns
Inactive Delay (Note 1)
TCLGL | GT Active Delay 85 50 | ns
TCLGH | GT Inactive Delay 85 50 | ns
TRLRH | RD Width 2TCLCL—75 2TCLCL—~50 ns
TOLOH | Output Rise Time 20 20 | ns |From 0.8V io 2.0V
TOHOL | Output Fall Time 12 12 | ns {From 2.0Vio 0.8V
NOTES:

1. Signal at 8284 or 8288 shown for reference only.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T3 and wait states.

4, Applies only to T2 state (8 ns into T3 state).
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
24
1.5 «-—— TEST POINTS —— 1.5 DEVICE
UNDER ——-1
0. TesT C_ = 100 pF
231456-11 I
A.C. Testing; Inputs are driven at 2.4V for a logic “1”* and 0.45V -
for a logic “0". Timing measurements are made at 2.0V for a logic 231456-12
“1" and 0.8V for a logic “0”, Cul JigC

WAVEFORMS

BUS TIMING—MAXIMUM MODE SYSTEM
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WAVEFORMS (Continued)

BUS TIMING—MAXIMUM MODE SYSTEM (USING 8288)

T T2 T Ta

o v:;{[_\ Y _ ¥ X/ £\

{
5. 5, % (EXCEPT HALD) K (00e note 8} \
WRITE CYCLE rewavef | |- —frcof— - ToLsH | TEHDX~e]
ADy - ADg X DATA

TCYNV-= TCVNX~w]

- TCLML TCLMH ==

8288 oUTAUTS
SEE NOTES 58 | AMWC OR ATOWE

— {-rcmt ]  |e—reu
MWTC on [OWE

INTA CYCLE

Iz l

FLOAT FOR '\
CASCADE ADDR / FLOAT FLOAT
o /\trcuz \ l—vOVCL—] le-TCLOX

ADr-ADy 4 4 POINTER FLOAT

A FLOAT
CLMCL=
1sVMCH—tefll e /__
MCE! [E— S NN
POER Tewmcn=] | =] [‘cnnu / \ |-venomn
omA —

828 OUTPUTS TCLML—]
SEENOTES 5.8 | INTA
— ToVNY ™ LmH
DEN -\g___—
ToVNX—={

SOFTWARE
HALT - (DEN = Vo, ; KD, WRDT, IO IWTS ANWE TOWC. AIOWC.INTA.OTR = Von.

AD7 — ADg, A - Ay
INVALID ADDRESS
TCLAV—{

NOTES: . 231456-16
1. All signals switch between Vo and Vo unless otherwise specified.

2. RDY is sampled near the end of Ty, T3, Ty, to determine if T,, machines states are to be inserted.

3. Cascade address is valid between first and second INTA cycles.

4. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is floating during both INTA cycles. Control for
pointer address is shown for second INTA cycle.

5. Signals at 8284 or 8288 are shown for reference only.

6. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, TORC, IOWC, ATOWC, INTA and
DEN) lags the active high 8288 CEN.

7. All timing measurements are made at 1.5V unless otherwise noted.

8. Status inactive in state just prior to T.

Agg - Ay
(SEE NOTES 3.4

NN

|
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WAVEFORMS (Continued)
ASYNCHRONOUS SIGNAL RECOGNITION

BUS LOCK SIGNAL TIMING
(MAXIMUM MODE ONLY)

cLK Any CLK Cycle.
NI l ——1 TINVCH (se0 note 1)
INTR signal X
i | } oo

Test
NOTE: 23145617 231456-18
1. Setup requi for asynch ignals only to
guarantee recognition at next CLK.

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)
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8086/8088 Instruction Set Summary

LAHF = Load AH with Flags
SAHF = Store AH into Flags
PUSHF = Push Flags
POPF = Pop Flags

10011100

Mnemonic and I Instruction Code
DATATRANSFER
MOV = Move: 76543210 76543210 76543210 76643210
Register/Memory to/from Register [ 100010dw | mod reg /m |
Immediate to Register/Memory [ 1100011w | modooorwm | data | cataitw=1 |
Immediate to Register [ 1o11wmeg [ data | dewitw=1_ ]
Memoty to Accumulator [ to1o000w | addr-low | addr-high ]
Accumulator to Memory [ 1010001w | addrdow | addr-high ]
Register/Memory to Segment Register [ 10001110 | modoregrm |
Segment Register to Register/Memory [ 10001100 | modoregr/m |
PUSH = Push:
Register/Memory 1111111 T modtiorm |
Rogite
Segment Register 000reg110
POP = Pop:
Register/Memory [ 10001111 | modooorm ]
S
——
XCHG = Exchange:
Register/Memory with Register [ "1000011w | modregr/m ]
Register with Accumuiator .IIHH!E!I.
IN = Input from:
Fixed Port [ 11100t0w | port ]
Variable Port
OUT = Output to:
Fixed Port [ 1110011w | port ]
Variable Port
XLAT = Transiate Byte to AL
LEA = Load EA to Register [ 10001101 | modregrrm |
LDS = Load Pointer to DS | 11000101 [ modregrim |
LES = Load Pointer to ES [ 11000100 | modregr/m |

All mnemonics copyright Intel Corporation 1987.
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8086/8088 Instruction Set Summary (Continued)

CBW = Convert Byte to Word
CWD = Convert Word to Double Word

10011000

Mnemonic and L instruction Code
ARITHMETIC 76543210 76543210 76543210 76543210
ADD = Adet:
Reg./Memory with Register to Either 000000dw mod reg r/m
Immediate to Register/Memory [ 100000sw mod 000 r/m data | dataitsw=o01 |
Immediate to Accumulator | ooo00010w data [ dataitw=1 |
ADC = Add with Carry:
Reg./Memory with Register to Either | _o000100dw | modregrim |
Immediate to Register/Memory [ 100000sw | modot0em | data | dataifew=01_ |
Immediate to Accumulator [ oo01010w | data [ detaitw=1_]
INC = Increment:
Register/Memory [ 1111111w_ | modo00r/m |
Register
AAA = ASCI Adjust for Add
BAA = Decimal Adjust for Add
$UB = Subtract:
Reg./Memory and Register o Either [ 001010dw | modregr/m |
Immediate from Register/Memory [ 100000sw | mod101e¢/m | data | dataifew=01 |
Immediate from Accumulator [ oot10110w [ data | datatw=1"_|
$SB = Subtract with Borrow
Reg./Memory and Register to Either 000110dw mod reg r/m
Immediate from Register/Memory 100000sw mod011r/m data | mns:w=01j
Immediate from Accumulator [ oo00111w data dataftw=1__|
DEC = Decrement:
Register/memory [ 1111111w | modooivm |
pogetm
NEG = Change sign [ 1111011w | modottem |
CMP = Compare:
Register/Memory and Register [ oo1110dw | modregr/m |
Immedigte with Register/Memory | _100000sw | mod111r/m data [ datafsw=01_ |
immediate with Accumuiator [ oott11ow [ data dataifw =1 |
AAS = ASCH Adjust for Subtract
DAS = Decimal Adjust for Sub [oot01111 ]
MUL = Muttiply (Unsigned) [T1111011w | med100e/m |
IMUL = Integer Multiply (Signed) | "1111011w | mod101¢/m
AAM = ASCIH Adjust for Multiply [ 11010100 | 00001010
DIV = Divide (Unsigned) [ 11110t1w | wmod1t1ovm |
IDIV = Integer Divide (Signed) { 1111011w | modi11r/m
AAD = ASCII Adjust for Divide [[11010101 ] oo001010

All mnemonics copyright Intel Corporation 1987.

2-86




intel

8086/8088 Instruction Set Summary (Continued)

Mnemonic and Instruction Code
LOGIC } 76543210 76543210 76543210 76543210
NOT = Invert [ 1111011tw | modoioe/m |
SHL/SAL = Shift Logical/A Lot [ 110100vw | mod100r/m |
SHR = Shift Logical Right [ 110100vw [ modtote/m |
SAR = Shift Arithmetic Right [ 110100vw_ | modtiiem |
ROL = Rotate Left [ t10100vw | modooowm |
ROR = Rotate Right [ 110100vw [ mos001rm |
RCL = Rotate Through Carry Flag Left [ t10100vw | modotowm |
RCR = Rotate Through Carry Right [ 110100vw | modo11vm ]
AND = And:
Reg./Memory and Register to Either [ oo1000dw [ modregrm |
Immediate to Register/Memory [ 1o00000w [ modicowm [ data dataifw =1 |
Immediate to Accumulator [ ootoo1ow | data ] dataifw =1
TEST = And Function to Flags. No Result:
Register/Memory and Register [ 1000010w ' mod reg r/m I
Immediate Data and Register/Memory [ 1111011w | modooowm | data dataifw=1_ |
Data and [ T1010100w | data [ dataitw=1
OR = Or;
Reg./Memory and Register to Either [ 000010dw | modregrrm ]
Immediate to Register/Memory [ “1000000w | modooirm | data dataiiw=1 |
Immediate to Accumulator [ “ocootiow | data | dataitw=1
XOR = Exclusive or:
Reg./Memory and Register to Either [ 001100dw |  modregr/m |
Immediate to Register/Memory [ 1000000w | moditoem | data dataifw = 1
Immediate to Accumulator [ oot1101ow | data | dataifw=1
STRING MANIPULATION
REP = Repest
MOVS = Move Byte/Word
cuPS = Compas By
048 = Scan By o
LODS = Load Byte/Wd 1o AL/AX
STOS = Stor Byte/Wd from AL/A
CONTROL TRANSFER
CALL = Cait:
Direct Within Segment [ 11101000 disp-low T disp-high
Indirect Within Segment [IEEEEEEEE mod010r/m |
Direct Intersegment [ 10011010 ] offset-low | offset-high
{ seg-low [ seghigh
Indirect Intersegment [ 111101 T “modotiwm ]

All mnemonics

copyright Intel Corporation 1987.
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8086/8088 Instruction Set Summary (Continued)

ulmmonlcand Inst tion Cod
JMP = Unconditional Jump: 76543210 76543210 76543210
Direct Within Segment [ 11101001 | disp-low T “disp-high ]
Direct Within Segment-Short [_1t1101011 | disp ]
Indirect Within Segment r 11111111 I mod100+/m |
Diract Intersegment [ 11101010 ] offset-low [ offsethigh |
[ segiow [ ____seghign
Indirect Intersegment [T 111191111 | mod101e/m |
RET = Return from CALL:
Wit Sagen
Within Seg Adding fmmed to SP [ 11000010 | data-low [ data-high ]
—
Intersegment Adding Immediate to SP [ 11001010 | data-low | data-high
JE/JZ = Jump on Equal/Zero [ 01110100 | disp |
JL/INGE = Jump on Less/Not Greater I 01111100 | disp I
or Eq g
JLE/JNG = Jump on Less or Equal/ i
g o [ EEEERET | disp ]
JB/JNAE = Jump on Below/Not Above 0111 i
or Equat r 0010 l disp '
JBE/JNA = Jump on Below or Equal/ 01110110 i
Not Above l | = |
JP/JPE = Jump on Parity/Parity Even [T ot111010 | disp |
JO = Jump on Overflow [T ot110000 | disp |
J8 = Jump on Sign [T o1111000 | disp ]
JNE/JNZ = Jump on Not Equal/NotZero [ 01110101 | disp ]
JNL/JGE = Jump on Not Less/Greater 01111101
parsifer [ I disp ]
JNLE/JG = Jump on Not Less or Equal/ .
o [Cot111111 | disp ]
JNB/JAE = Jump on Not Below/Above "
Jum [ et1110011 | disp ]
JNBE/JA = Jump on Not Below or 01110111
Equal/ ( 0 | disp ]
JNP/JPO = Jump on Not Par/Par Odd [or11i010 T disp ]
JNO = Jump on Not Overfiow [ o1110001 | disp ]
JNS = Jump on Not Sign " 01111001 disp |
LOOP = Loop CX Times [ 11100010 disp |
LOOPZ/LOOPE = Loop While Zero/Equal | 11100001 | disp ]
LOOPNZ/LOOPNE = Loop While Not
i 11100000 | disp |
JCXZ = Jump on CX Zero [ 11100011 | dsp |
INT = Interrupt
Type Specified 11001101 ] type
Type 3 11001100

INTO = Interrupt on Overfiow
{RET = Interrupt Return

All mnemonics copyright Intel Corporation 1987.
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8086/8088 Instruction Set Summary (Continued)

ESC = Escape (to External Device)

m‘f‘:n"‘ l Instruction Code
76543210 76543210

PROCESSOR CONTROL

€LC = Cloar Carry
CMC = Compiement Carry
70 - swcany
CLD = Cloar Direction
8TD = Set Direction
o1 = Gowr e
8T1 = Set Interrupt
W =
war - et

[ 11019xxx | modxxxr/m |

11110000

LOCK = Bus Lock Prefix

NOTES:

AL = 8-bit accumulator

AX = 16-bit accumulator

CX = Count register

DS = Data segment

ES = Extra segment

Above/below refers to unsigned value

Greater = more positive:

Less = less positive {more negative) signed values

if d = 1 then “to” reg; if d = 0 then “from” reg

if w = 1 then word instruction; if w = 0 then byte

instruction
if mod = 11 then r/m is treated as a REG field
if mod = 00 then DISP = 0*, disp-iow and disp-high are
absent
if mod = 01 then DISP disp-low sign-extendsd to
16 bits, disp-high is absent

if mod = 10 then DISP = digp-high; disp-low

if r/m = 000 then EA = (BX) + (S!) + DISP

if //m = 001 then EA = (BX) + (DI) + DISP

if r/m = 010 then EA = (BP) + (SI) + DISP

if r/m = 011 then EA = (BP) + (DI) + DISP

if r/m = 100 then EA = (SI} + DISP

if r/m = 101 then EA = (DI) + DISP

if /m = 110 then EA = (BP) + DISP*

if /m = 111 then EA = (BX) + DISP

DISP follows 2nd byte of instruction (before data if re-

quired)

*except if mod = 00 and r/m
disp-low.

then EA = disp-high:

if ssw = 01 then 16 bits of immediate data form the oper-
and

if s:w = 11 then an immediate data byte is sign extended
to form the 16-bit operand

it v = 0then “count’ = 1;if v = 1 then “count” in (CL)
register

x = don't care

2 is used for string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

001reg110

REG is assigned according to the foliowing table:

16-Bit(w = 1) 8-Bit (w = 0) Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010 DX 0t0 DL 10 SS
011 BX 011 BL 11 DS
100 SP 100 AH
101 BP 101 CH
110 SI 110 DH
111 Di 111 BH

instructions which reference the flag register file as a 16-bit
object use the symbol FLAGS to reprasent the file:

FLAGS =

XXX XAOF):(DF):(IF):(TF):(SF):(2F):X:(AF):X:(PF):X:(CF)

Mnemonics © Intel, 1978

All mnemonics copyright Intel Corporation 1987.
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8253/8253-5
PROGRAMMABLE INTERVAL TIMER

8 MCS-85™ Compatible 8253-5 m Count Binary or BCD
@ 3 independent 16-Bit Counters m Single + 5V Supply
m DC to 2.6 MHz B Available in EXPRESS
— Standard Temperature Range
m Programmable Counter Modes — Extended Temperature Range

The Intel® 8253 is a programmable counter/timer device designed for use as an intel microcomputer peripher-
al. It uses NMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP.

it is organized as 3 independent 16-bit counters, each with a count rate of up to 2.6 MHz. All modes of
operation are software programmable.

(™
jo——— CLKO
DATA
0,00{ 8 Y s8us K N K )} COUNTER e Gareo
BUFFER -
—————=0uT 0
1 0,01 ~ apv,
RD — =) WR
- N T pe{] 2 23[JWR
O
READ/ COUNTER o5} 3 22RD
WRITE =1 o GATE 1
A — o] roGic 0,4 20&
Ao f—— ouT1 0,035 20A,
! 0,(ds 8253 19[4,
i r 0,037 180cik2
cs p,[J & v out2
cLko(] o 16 [JGATE 2
outo[] 10 1sJcuk
cLx2 GaTe o] 11 1 [Jcates
R COUNTER
aa K =2 [e——— GATE 2 GND(] 12 13[Jout
[—=out2 231306-2
l I Figure 2. Pin Configuration
INTERNAL BUS /J
2313061

Figure 1. Block Dlagram
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FUNCTIONAL DESCRIPTION

General

The 8253 is programmable interval timer/counter
specifically designed for use with the intel™ Micro-
computer systems. Its function is that of a general
purpose, multi-timing element that can be treated as
an array of I/0 ports in the system software.

The 8253 solves one of the most common problems
in any microcomputer system, the generation of ac-
curate time delays under software control. Instead of
setting up timing loops in systems software, the pro-
grammer configures the 8253 to match his require-
ments, initializes one of the counters of the 8253
with the desired quantity, then upon command the
8253 will count out the delay and interrupt the CPU
when it has completed its tasks. It is easy to see that
the software overhead is minimal and that multiple
delays can easily be maintained by assignment of
priority levels.

Other counter/timer functions that are non-delay in
nature but also common to most microcomputers
can be implemented with the 8253.

* Programmable Rate Generator

e Event Counter

¢ Binary Rate Multiplier

* Real Time Clock

¢ Digital One-Shot

¢ Complex Motor Controller

Data Bus Buffer

The 3-state, bi-directional, 8-bit buffer is used to in-
terface the 8253 to the system data bus. Data is
transmitted or received by the buffer upon execution
of INput or OUTput CPU instructions. The Data Bus
Buffer has three basic functions.

1. Programming the MODES of the 8253.
2. Loading the count registers.
3. Reading the count values.

Read/Write Logic

The Read/Write Logic accepts inputs from the sys-
tem bus and in turn generates contro! signals for
overall device operation. It is enabled or disabled by
CS so that no operation can occur to change the
function unless the device has been selected by the
system logic.

RD (Read)

A “low” on this input informs the 8253 that the CPU
is inputting data in the form of a counters value.

WR (Write)

A “low” on this input informs the 8253 that the CPU
is outputting data in the form of mode information or
loading counters.

A0, A1

These inputs are normally connected to the address
bus. Their function is to select one of the three coun-
ters to be operated on and to address the control
word register for mode selection.

CS (Chip Select)

A “low” on this input enables the 8253. No reading
or writing will occur unless the device is selected.
The TS input has no effect upon the actual opera-
tion of the counters.

Lo
COUNTER L Gareo
|—=oure
fe——cLx1
COUNTER
1 f——GATE1
|—eouts
cukz
contaoL o |
WORD oou:;'rsw [—aaTE2
REGISTER |\
|—our2
INTERNAL BUS /_J
231306-3

Figure 3. Block Diagram Showing Data Bus
Buffer and Read/Write Logic Functions
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Control Word Register

The Control Word Register is selected when A0, A1
are 11. It then accepts information from the data bus
buffer and stores it in a register. The information
stored in this register controls the operation MODE
of each counter, selection of binary or BCD counting
and the loading of each count register.

The Control Word Register can only be written into;
no read operation of its contents is available.

Counter #0, Counter #1, Counter #2

These three functional blocks are identical in opera-
tion so only a single counter will be described, Each
Counter consists of a single, 16-bit, pre-settable,
DOWN counter. The counter can operate in either
binary or BCD and its input, gate and output are con-
figured by the selection of MODES stored in the
Control Word Register.

The counters are fully independent and each can
have separate MODE configuration and counting op-
eration, binary or BCD. Also, there are special fea-
tures in the control word that handle the loading of
the count value so that software overhead can be
minimized for these functions.

The reading of the contents of each counter is avail-
able to the programmer with simple READ opera-
tions for event counting applications and special
commands and logic are included in the 8253 so
that the contents of each counter can be read “on
the fly” without having to inhibit the clock input.

8253 SYSTEM INTERFACE

The 8253 is a component of the Intel™ Microcom-
puter systems and interfaces in the sane manner as
all other peripherals of the family. It is treated by the

2-18

CS|RD|WR | A | A systems software as an array of peripheral I/O
ports; three are counters and the fourth is a control
0] 110 ]0]0 |LoadCounterNo.0 register for MODE programming.
0 1 0 0 | 1 | Load Counter No. 1
o[ 1 o | 1| o] Load Counter No. 2 Basically, the select inputs A0, A1 connect to the
oa.a ounter 0. AO, At address bus signals of the CPU. The TS can
0 | 10 111 | WriteModeWord be derived directly from the address bus using a lin-
0 0 1 0 | 0 | Read Counter No.0 ear select method. Or it can be connected to the
0 0 1 0 | 1 | Read Counter No. 1 output of a decoder, such as an Intel 8205 for larger
t 5
0 0 1 1 0 | Read Counter No. 2 systems
0 0 1 1 1 | No-Operation 3-State
1 X | X | X | X | Disable 3-State
0 1 1 X | X | No-Operation 3-State

INTERNAL BUS /

231306~4

Figure 4. Block Diagram Showing Control Word

Register and Counter Functions
{ ADORESS BUS (16} B
JSICN!
§ CONTROL BUS }
1] [
A DATA BUS (8) 3

M A Oy 0y
52
WV'DJYER cou"mn W;ITER

! 1 1
Tout gate cux ' Tout cate cun' Four gare cux’!

231308-5

Figure 5. 8253 System Interface
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OPERATIONAL DESCRIPTION RL—READ/LOAD:

RL1 RLO
General 0 | O |[CounterLatching operation (see
The complete functional definition of the 8253 is READ/WRITE Procedure Section).
programmed by the systems software. A set of con- 1 0 | Read/Load most significant byte only.
trol words must be sent out by the CPU to initialize —
each counter of the 8253 with the desired MODE 0 | 1 |Read/Load least significant byte only.
and quantity information. Prior to initialization, the 1 1 | Read/Load least significant byte first,
MODE, count, and output of all counters is unde- then most significant byte.
fined. These control words program the MODE,
Loading sequence and selection of binary or BCD
counting. M—MODE:
Once mogfammed, th.e.8253 is ready to perform M2 M1 MO
whatever timing tasks it is assigned to accomplish. o o Py Mode 0
The actual counting operation of each counter is 0 0 1 Mode 1
completely independent and additional logic is pro-
vided on-chip so that the usual problems associated X 1 0 Mode 2
with efficient monitoring and management of exter- X 1 1 Mode 3
nal, asynchronous events or rates to the microcom-
puter system have been eliminated. 1 0 0 Mode 4

1 0 1 Mode 5

Programming the 8253
All of the MODES for each counter are programmed BCD:
by the systems software by simple I/0 operations. 0 Binary Counter 16-Bits
Each counter of the 8253 is individually programmed 1 Binary Coded Decimal (BCD) Counter
by writing a control word into the Control Word Reg- (4 Decades)
ister. (AO, A1 = 11)

Counter Loading

Control Word Format
D; Dg Ds Dy Dy D D; Dy
| sc1 | sco| R | Rio] M2 mijmoleco]

Definition Of Control
SC—SELECT COUNTER:
sC1 SCO
0 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 Hegal

217

The count register is not loaded until the count value
is written (one or two bytes, depending on the mode
selected by the RL bits), followed by a rising edge
and a falling edge of the clock. Any read of the coun-
ter prior to that falling clock edge may yield invalid
data.

MODE DEFINITION

MODE 0: Interrupt on Terminal Count. The output
will be initially low after the mode set operation. After
the count is loaded into the selected count register,
the output will remain low and the counter will count.
When terminal count is reached, the output will go
high and remain high until the selected count regis-
ter is reloaded with the mode or a new count is ioad-
ed. The counter continues to decrement after termi-
nal count has been reached.

Rewriting a counter register during counting results
in the following:

(1) Write 1st byte stops the current counting.
(2) Write 2nd byte staris the new count.
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MODE 1: Programmable One-Shot. The output will
go iow on the count following the rising edge of the
gate input.

The output will go high on the terminal count. if a
new count value is loaded while the output is low it
will not affect the duration of the one-shot pulse until
the succeeding trigger. The current count can be
read at any time without affecting the one-shot
pulse.

The one-shot is retriggerable, hence the output will
remain low for the full count after any rising edge of
the gate input.

MODE 2: Rate Generator. Divide by N counter. The
output will be low for one period of the input clock.
The period from one output pulse to the next equals
the number of input counts in the count register. If
the count register is reloaded between output pulses
the present period will not be affected, but the sub-
sequent period will reflect the new value.

The gate input, when low, will force the output high.
When the gate input goes high, the counter will start
from the initial count. Thus, the gate input can be
used to synchronize the counter.

When this mode is set, the output will remain high
until after the count register is loaded. The output
then can also be synchronized by software.

MODE 3: Square Wave Rate Generator. Similar to
MODE 2 except that the output will remain high until
one half the count has been compieted (or even
numbers) and go low for the other half of the count.
This is accomplished by decrementing the counter
by two on the falling edge of each clock puise. When
the counter reaches terminal count, the state of the
output is changed and the counter is reloaded with
the full count and the whole process is repeated.

If the count is odd and the output is high, the first
clock pulse (after the count is loaded) decrements
the count by 1. Subsequent clock puises decrement
the clock by 2. After timeout, the output goes low
and the full count is reloaded. The first clock pulse
(following the reioad) decrements the counter by 3.
Subsequent clock pulses decrement the count by 2
until timeout. Then the whole process is repeated. In
this way, if the count is odd, the output will be high
for (N + 1)/2 counts and low for (N — 1)/2 counts.

2-18

In Modes 2 and 3, if a CLK source other than the
system clock is used, GATE shouid be puised imme-
diately following WR of a new count value.

MODE 4: Software Triggered Strobe. After the
mode is set, the output will be high. When the count
is loaded, the counter will begin counting. On termi-
nal count, the output will go low for one input clock
period, then will go high again.

If the count register is reloaded during counting, the
new count will be loaded on the next CLK pulse. The
count will be inhibited while the GATE input is low.

MODE 5: Hardware Triggered Strobe. The counter
will start counting after the rising edge of the trigger
input and will go low for one clock period when the
terminal count is reached. The counter is retriggera-
ble. The output will not go low until the full count
after the rising edge of any trigger.

Signal Low
Status| Or Going Rising High
Modes Low
0 Disables — Enables
counting counting
1 —_ 1) Initiates —
counting
2) Resets output
after next
clock
2 1) Disables 1) Reloads Enables
counting counter counting
2) Sets output | 2) Initiates
immediately| counting
high
3 1) Disables 1) Reloads Enables
counting counter counting
2) Sets output | 2) Initiates
immediately| counting
high
4 Disables — Enables
counting counting
5 — Initiates —_
counting

Figure 6. Gate Pin Operations Summary
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MODE 0: INTERRUPT ON TERMINAL COUNT MODE 3: SQUARE WAVE GENERATOR
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Figure 7. 8253 Timing Diagrams
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8253 READ/WRITE PROCEDURE

Write Operations

The systems software must program each counter
of the 8253 with the mode and quantity desired. The
programmer must write out to the 8253 a MODE
control word and the programmed number of count
register bytes (1 or 2) prior to actually using the se-
lected counter.

The actual order of the programming is quite flexible.
Writing out of the MODE control word can be in any
sequence of counter selection, e.g., counter #0
does not have to be first or counter #2 last. Each
counter's MODE control word register has a sepa-
rate address so that its loading is completely se-
quence independent. (SC0, SC1).

The loading of the Count Register with the actual
count value, however, must be done in exactly the
sequence programmed in the MODE control word
(RLO, RL1). This loading of the counter’s count reg-
ister is still sequence independent like the MODE
control word loading, but when a selected count reg-
ister is to be loaded it must be loaded with the num-
ber of bytes programmed in the MODE control word
(RLO, RL1). The one or two bytes to be loaded in the
count register do not have to foliow the associated
MODE control word. They can be programmed at
any time following the MODE control word loading
as long as the correct number of bytes is loaded in
order.

All counters are down counters. Thus, the value
loaded into the count register will actually be decre-
mented. Loading all zeros into a count register will
result in the maximum count (216 for Binary or 104
for BCD). In MODE 0 the new count will not restart
until the load has been completed. It will accept one
of two bytes depending on how the MODE control
words (RLO, RL1) are programmed. Then proceed
with the restart operation.

2.20

MODE Control Word

Counter n

LSB

Counter Register byte

Counter n

MSB

Counter Register byte

Counter n

NOTE:

Format shown is a simple example of loading the 8253
and does not imply that it is the only format that can be

used.
Figure 8. Programming Format

A1 A0
o[ enemrd] 1|
No.2 MODE&:::?: word | | |,
No.3 MODggmfolz word [ . | |
voa 13z o |
s [ss Siniemy™ o
No.6 | LSB Cwmczuegti:tre; e |, |,
No.8 | LSB m"é?:g:zeé Brte | o | o
No.9 | MSB mungsgti:treg Bre [ o | o

NOTE:

The exclusive addresses of each counter's count regis-
ter make the task of programming the 8253 a very sim-
ple matter, and maximum effective use of the device
will result if this feature is fully initilized.

Figure 9. Alternate Programming Formats




nte[ 8253/8253-5
Read Operations Read Operation Chart
In most counter applications it becomes necessary Al A0 RD
to read the value of the count in progress and make 0 0 0 Read Counter No. 0
a computational decision based on this quantity.
Event counters are probably the most common ap- 0 1 0 Read Counter No. 1
plication that uses this function. The 8253 contains 1 0 0 Read Counter No. 2
logic that will allow the programmer to easily read 1 1 0 iilegal
the contents of any of the three counters without
disturbing the actual count in progress.
Reading While Counting

There are two methods that the programmer can
use to read the value of the counters. The first meth-
od involves the use of simple |1/0 read operations of
the selected counter. By controlling the A0, A1 in-
puts to the 8253 the programmer can select the
counter to be read (remember that no read opera-
tion of the mode register is allowed A0, At-11). The
only requirement with this method is that in order to
assure a stable count reading the actual operation of
the selected counter must be inhibited either by con-
trolling the Gate input or by external logic that
inhibits the clock input. The contents of the counter
selected will be available as follows:

First 1/0 Read contains the least significant byte
(LSB).

Second 1/0 Read contains the most significant byte
(MSB).

Due to the internal logic of the 8253 it is absolutely
necessary to complete the entire reading procedure.
If two bytes are programmed to be read, then two
bytes must be read before any loading WR com-
mand can be sent to the same counter.

In order for the programmer to read the contents of
any counter without effecting or disturbing the count-
ing operation the 8253 has special internal logic that
can be accessed using simple WR commands to the
MODE register. Basically, when the programmer
wishes to read the contents of a selected counter
“on the fly” he loads the MODE register with a spe-
cial code which latches the present count value into
a storage register so that its contents contain an
accurate, stable quantity. The programmer then is-
sues a normal read command to the selected coun-
ter and the contents of the latched register is
available.

MODE Register for Latching Count

AO, A1 = 11
D7 | D6 (D5 (D4 (D3 | D2 | Dt | DO
SC1]sCo| o 0 X X X | X

SC1, SCO— specify counter to be latched.

D5,D4 — 00 designates counter latching opera-
tion.
X — don’t care.

The same limitation applies to this mode of reading
the counter as the previous method. That is, it is
mandatory to complete the entire read operation as
programmed. This command has no effect on the
counter's mode.

3MHz

* 1.5MHz2

CLK

£2

CLK

*If an 8085 clock output is to drive an 8253-5 clock input, it must be reduced to 2 MHZ or less.

82535

231306-12

Figure 10. MCS-85™ Clock Interface*
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias . ... .. 0°C to 70°C
Storage Temperature .......... —65°Cto +150°C
Voltage On Any Pin

with Respectto Ground............ —-0.5Vto 7V
Power Dissipation ...............coovvennn 1 Watt

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

D.C. CHARACTERISTICS T, = 0°Ct070°C, Vo = 5V £ 10%*

Symbol Parameter Min Max Unit Test Conditions
ViL Input Low Voltage —0.5 0.8 v
ViH Input High Voltage 22 Vee + .5V \
VoL Output Low Voltage 0.45 \ (Note 1)
VOH Output High Voltage 2.4 v (Note 2)
iL Input Load Current +10 MA VIN = Vg to OV
loFL Output Float Leakage +10 pA VouTt = Vge to 0.45V
lcc Ve Supply Current 140 mA
CAPACITANCE T, = 25°C, Voo = GND = OV
Symbol Parameter Min Typ Max Unit Test Conditions
CiN Input Capacitance 10 pF fc = 1 MHz
Civo 1/0 Capacitance 20 pF Unmeasured pins returned to Vgg

A.C. CHARACTERISTICS T4 = 0°Cto 70°C, Vo = 5.0V £10%, GND = 0OV*

Bus Parameters(3)

READ CYCLE
8253 8253-5
Symbol Parameter Unit
Min Max Min Max
tar Address Stable before READ 50 30 ns
tRa Address Hold Time for READ 5 5 ns
tRR READ Pulse Width 400 300 ns
trD Data Delay from READ“) 300 200 ns
tor READ to Data Floating 25 125 25 100 ns
trv Recovery Time between READ 1 1 us
and Any Other Control Signal
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A.C. CHARACTERISTICS (Continued)

WRITE CYCLE
8253 8253-5
Symbol Parameter Unit
Min Max Min Max
taw Address Stable before WAITE 50 30 ns
twa Address Hold Time for WRITE 30 30 ns
tww WRITE Pulse Width 400 300 ns
tow Data Set Up Time for WRITE 300 250 ns
twp Data Hold Time for WRITE 40 30 ns
try Recovery Time between WRITE 1 1 ps
and Any Other Control Signal
CLOCK AND GATE TIMING
8253 8253-5
Symbol Parameter Unit
Min Max Min Max
oLk Clock Period 380 de 380 dc ns
towH High Pulse Width 230 230 ns
twL Low Pulse Width 150 150 ns
tew Gate Width High 150 150 ns
taL Gate Width Low 100 100 ns
tas Gate Set Up Time to CLK T 100 100 ns
| te Gate Hold Time after CLK T 50 50 ns
top Output Delay from CLK | (4) 400 400 ns
toog Output Delay from Gate | (4) 300 300 ns
NOTES:
1.loL = 22 mA.

2. loH = —400 pA.
3. AC timings measured at Vo 2.2, Vo = 0.8.
4. G = 150 pF.

*For Extended Temperature EXPRESS, use M8253 electrical parameters.

A.C. TESTING INPUT, QUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

231306-13
A.C. Testing: Inputs are driven at 2.4V for & Logic 1" and 0.45V
for a “0”. Timing measurements are made at 2.2V for a

Logic
Logic “1” and 0.8V for a Logic “0".

DEVICE
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WAVEFORMS
WRITE TIMING READ TIMING
Ay-1.C8 Ap-1. C8
e oy » tan ——‘ l—taa
DATA BUS X L] "
Tow twp—>] o tor
ww oatasue 77 22, vam loicwmeeoance
o 231308-16
231306-15
CLOCK AND GATE TIMING
[*trwn tos —|

“_]

GATEG

tas—]

i

le—tow — [—— — oLk == ——]
b

1,
‘e

o —|

Mﬂh.i

X

j- - topg —

23130617
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PROGRAMMABLE INTERRUPT CONTROLLER
8259A/8259A-2/8259A-8

m 8086, 8088 Compatible | Single + 5V Supply (No Clocks)
2 MCS-80®, MCS-85® Compatible B 28-Pin Dual-In-Line Package
| Eight-Level Priority Controller H Available in EXPRESS

— Standard Temperature Range

® Expandable to 64 Levels — Extended Temperature Range

# Programmable Interrupt Modes
B Individual Request Mask Capability
The Intel 8259A Programmabile Interrupt Controller handles up to eight vectored priority interrupts for the CPU.

It is cascadable for up to 64 vectored priority interrupts without additionat circuitry. It is packaged in a 28-pin
DIP, uses NMOS technology and requires a single + 5V supply. Circuitry is static, requiring no clock input.

The 8259A is designed to minimize the software and real time overhead in handling muiti-level priority inter-
rupts. It has several modes, permitting optimization for a variety of system requirements.

The 8259A is fully upward compatible with the Intel 8259. Software originally written for the 8259 will operate
the 8259A in all 8259 equivalent modes (MCS-80/85, Non-Buffered, Edge Triggered).

NI

DATA CONTROL LOGIC
0)-0, 8us
BUFFER

— fo—1no

AD ——=q 1R
WR——=d AEAD/

! wRITE  |-—dg N kNTERRUPT] i

LOGIC SERVICE PRIORITY REQUEST §=—IR3

Ag et REG RESOLVER] REG  ju—ina

1SR} (RRA) "s

? f—rire

s jo—oin?

T e

Figure 2. Pin
CAS 0 w——ei o INTERRUPT MASK REG Configuration
CASCADE (IMR)
CAS } o BUFFER/
COMPARATOR|
CAS 2 o]
SP/EN .J \mmmu 8uUS

I~
231468-1

Figure 1. Block Diagram

October 1686
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Table 1. Pin Description

Symbol

Pin No.

Type

Name and Function

Vee

28

SUPPLY: + 5V Supply.

GND

14

GROUND

CHIP SELECT: A low on this pin enables RD and WR communication
between the CPU and the 8259A. INTA functions are independent of
CS.

WR

WRITE: A iow on this pin when CS is low enables the 8259A to accept
command words from the CPU.

READ: A low on this pin when CS is low enables the 8259A to release
status onto the data bus for the CPU.

D7-Do

170

BIDIRECTIONAL DATA BUS: Control, status and interrupt-vector
information is transferred via this bus.

CASy-CAS;

12,13,15

170

CASCADE LINES: The CAS lines form a private 8259A bus to control
a muitiple 8259A structure. These pins are outputs for a master 8259A
and inputs for a slave 8259A.

SP/EN

16

1/0

SLAVE PROGRAM/ENABLE BUFFER: This is a dual function pin.
When in the Buffered Mode it can be used as an output to control
buffer transceivers (EN). When not in the buffered mode it is used as
an input to designate a master (SP = 1) or stave (SP = 0).

INT

17

INTERRUPT: This pin goes high whenever a valid interrupt request is
asserted. it is used to interrupt the CPU, thus it is connected to the
CPU’s interrupg pin.

Ro-IR7

18-25

INTERRUPT REQUESTS: Asynchronous inputs. An interrupt request
is executed by raising an IR input (low to high), and hoiding it high untit
it is acknowledged (Edge Triggered Mode), or just by a high level on an
IR input (Level Triggered Mode).

26

INTERRUPT ACKNOWLEDGE: This pin is used to enable 8259A
interrupt-vector data onto the data bus by a sequence of interrupt
acknowledge pulses issued by the CPU.

27

AO ADDRESS LINE: This pin acts in conjunction with the CS, W, and
RD pins. It is used by the B259A to decipher various Command Words
the CPU writes and status the CPU wishes to read. It is typically
connected to the CPU AO address line (A1 for 8086, 8088).
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FUNCTIONAL DESCRIPTION

CPU-DRIVEN
MULTHPLEXOR

v
Interrupts in MicrocomputerSystems | ] 2 [---- F ==~
Microcomputer system design requires that 1.O de- ‘/} \ T

vices such as keyboards, displays, sensors and oth-
k:> K::> wom |}

er components receive servicing in a an efficient

manner so that large amounts of the total system han
tasks can be assumed by the microcomputer with
little or no effect on throughput.

The most common method of servicing such devic-

es is the Polled approach. This is where the proces- now :> k::> vow
sor must test each device in sequence and in effect
“ask"” each one if it needs servicing. It is easy to see
that a large portion of the main program is looping ===
through this continuous polling cycle and that such a ! |
method would have a serious detrimental effect on <::>= om

system throughput, thus limiting the tasks that could 4 | E—1

be assumed by the microcomputer and reducing the N

cost effectiveness of using such devices.

231466-3

A more desirable method would be one that would Figure 3a. Polled Method

aliow the microprocessor to be executing its main
program and only stop to service peripherai devices
when it is told to do so by the device itself. In effect,
the method would provide an external asynchronous
input that would inform the processor that it should
complete whatever instruction that is currently being
executed and fetch a new routine that will service
the requesting device. Once this servicing is com-

plete, however, the processor would resume exactly
wheras it left off. RAM (:::) K :j ne o

]
z

—

This method is called /nterrupt. It is easy 1o see that
system throughput would drastically increase, and
thus more tasks could be assumed by the micro-
computer to further enhance its cost effectiveness. nom

WO ()

Il

The Programmable Interrupt Controller (PIC) func-
tions as an overall manager in an interrupt-Driven
system environment. It accepts requests from the

peripheral equipment, determines which of the in-

coming requests is of the highest importance (priori- 1o @

ty), ascertains whether the incoming request has a
higher priority vaiue than the level currently being
serviced, and issues an interrupt to the CPU based o

on this determination. !
<____> "o N) D—J

Each peripheral device or structure usually has a {/ !

[ SR |

special program or “routine” that is associated with
its specific functional or operational requirements;
this is referred to as a “service routine”. The PIC, 231468-4

after issuing an Interrupt to the CPU, must somehow

input information into the CPU that can “point” the Figure 3b. Interrupt Method
Program Counter to the service routine associated

with the requesting device. This “pointer” is an ad-

dress in a vectoring table and will often be referred

1o, in this document, as vectoring data.
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The B8259A is a device specifically designed for use
in real time, interrupt driven microcomputer systems.
It manages eight levels or requests and has built-in
features for expandability to other 8259A's (up to 64
levels). It is programmed by the system’s software
as an |70 peripheral. A selection of priority modes is
available to the programmer so that the manner in
which the requests are processed by the 8259A can
be configured to match his system requirements.
The priority modes can be changed or reconfigured
dynamically at any time during the main program.
This means that the complete interrupt structure can
be defined as required, based on the total system
environment.

INTERRUPT REQUEST REGISTER (IRR) AND
IN-SERVICE REGISTER (ISR)

The interrupts at the IR input lines are handled by
two registers in cascade, the Interrupt Request Reg-
ister (IRR) and the In-Service (ISR). The IRR is used
to store all the interrupt levels which are requesting
service; and the ISR is used to store all the interrupt
levels which are being serviced.

PRIORITY RESOLVER

This logic block determines the priorites of the bits
set in the IRR. The highest priority is selected and
strobed into the corresponding bit of the ISR during
INTA pulse. .

INTERRUPT MASK REGISTER (IMR)

The IMR stores the bits which mask the interrupt
lines to be masked. The IMR operates on the IRR.
Masking of a higher priority input will not affect the
interrupt request lines of lower quality.

INT (INTERRUPT)

This output goes directly to the CPU interrupt input.
The Vpp level on this line is designed to be fully
compatible with the 8080A, 8085A and 8086 input
levels.

INTA (INTERRUPT ACKNOWLEDGE)

INTA pulses will cause the 8259A to release vector-
ing information onto the data bus. The format of this
data depends on the system mode (uPM) of the
8259A.

DATA BUS BUFFER

This 3-state, bidirectional 8-bit buffer is used to inter-
face the 8259A to the system Data Bus. Contro!
words and status information are transferred
through the Data Bus Buffer.

READ/WRITE CONTROL LOGIC

The function of this block is to accept OUTput com-
mands from the CPU. It contains the Initialization
Command Word (ICW) registers and Operation
Command Word (OCW) registers which store the
various control formats for device operation. This
function block also allows the status of the 8259A to
be transferred onto the Data Bus.

CS (CHIP SELECT)

A LOW on this input enables the 8259A. No reading
or writing of the chip will occur unless the device is
selected.

WR (WRITE)

A LOW on this input enables the CPU to write con-
trol words (ICWs and OCWs) to the 8259A.

RD (READ)

A LOW on this input enabies the 8259A to send the
status of the Interrupt Request Register (IRR), In
Service Register (ISR), the Interrupt Mask Register
(tMR), or the Interrupt level onto the Data Bus.

Ao

This input signat is used in conjunction with WR and
RD signals to write commands into the various com-
mand registers, as well as reading the various status
registers of the chip. This line can be tied directly to
one of the address lines.
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INTA INT

DATA
0,-Dq BUS
BUFFER

RD —O

WR —=Q READ/
WRITE
LOGIC

A, -

CASQ =—=

CASCADE
CAS1 <—=1 BUFFER/

COMPARATOR

CAS 2

SPIEN .—? ,\J \ INTERNAL BUS

231468-5

Figure 4a. 8259A Block Diagram
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INT

2
-
»

CONTROL LOGIC

1RO
fo——IR?
S
N hNTERRUPT] B
SERVICE PRIORITY (“ REQUEST [=—IR3
REG RESOLVERL | REG |o—IRe
(SR) URR) |, ne
|*—IR6
IR?
CASO <> INTERRUPT MASK REG
CASCADE (IMR)
cas1 BUFFER/ |=—
COMPARATOR
cas2
SP/EN -———T \ INTERNAL BUS
~J
231468-6

Figure 4b. 8259A Block Diagram

2-239




intel

8259A

THE CASCADE BUFFER/COMPARATOR

This function block stores and compares the IDs of
all 8259A’s used in the system. The associated
three 1/0 pins (CAS0-2) are outputs when the 8259A
is used as a master and are inputs when the 8259A
is used as a slave. As a master, the 8259A sends
the ID of the interrupting slave device onto the
CASO0-2 lines. The slave thus selected will send its
preprogrammed subroutine address onto the Data
Bus during the next one or two consecutive INTA
pulses. (See section “Cascading the 8259A™.)

INTERRUPT SEQUENCE

The powerful features of the 8259A in a microcom-
puter system are its programmability and the inter-
rupt routine addressing capability. The latter allows
direct or indirect jumping to the specific interrupt rou-
tine requested without any polling of the interrupting
devices. The normal sequence of events during an
interrupt depends on the type of CPU being used.

The events occur as follows in an MCS-80/85 sys-

tem:

1. One or more of the INTERRUPT REQUEST lines
(IR7-0) are raised high, setting the correspond-
ing IRR bit(s).

2. The 8259A evaluates these requests, and sends
an INT to the CPU, if appropriate.

3. The CPU acknowledges the INT and responds
with an INTA pulse.

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set, and the correspond-
ing IRR bit is reset. The 8259A will also release a
CALL instruction code (11001101) onto the 8-bit
Data Bus through its D7-0 pins.

5. This CALL instruction will initiate two more INTA
pulses to be sent to the 8259A from the CPU
group.

6. These two INTA pulses allow the 8259A to re-
lease its preprogrammed subroutine address
onto the Data Bus. The lower 8-bit address is re-
leased at the first INTA pulse and the higher 8-bit
address is released at the second INTA pulse.

7. This completes the 3-byte CALL instruction re-
leased by the 8259A. In the AEOI mode the ISR
bit is reset at the end of the third INTA pulse.
Otherwise, the ISR bit remains set until an appro-
priate EOl command is issued at the end of the
interrupt sequence.

The events occuring in an 8086 system are the

same until step 4.

4. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set and the correspond-
ing IRR bit is reset. The 8259A does not drive the
Data Bus during this cycle.

5. The 8086 will initiate a second INTA pulse. Dur-
ing this pulse, the 8259A releases an 8-bit pointer
onto the Data Bus where it is read by the CPU.

6. This completes the interrupt cycle. In the AEOI
mode the ISR bit is reset at the end of the sec-
ond INTA pulse. Otherwise, the ISR bit remains
set until an appropriate EOl command is issued
at the end of the interrupt subroutine.

If no interrupt request is present at step 4 of either
sequence (i.e., the request was too short in duration)
the 8259A will issue an interrupt level 7. Both the
vectoring bytes and the CAS lines will look like an
interrupt level 7 was requested.
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INT

z
=1
N

DATA
0,0, BUS
BUFFER

CONTROL LOGIC

REQUESTS 231468-8

Figure 5. 8259A Interface to
Standard System Bus
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LOGIC SERVICE PRIORITY REQUEST [==IR3
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» 1SR) uRR) | s
| w—|RE
cs ———j iR 7
CASO O INTERRUPT MASK REG
(IMR)
cAs 1
CAS 2
SP/EN INTERNAL BUS
e 231468-7
Figure 4c. 8259A Block Diagram
INTERRUPT SEQUENCE OUTPUTS
ADORESS BUS (16) )
) CONTROL BUS MCS-80®, MCS-85®
] l ]W‘ I'-’°_""'" I""“ This sequence is timed by three INTA pulses. During
1 DATA BUS (8) ) the first INTA pulse the CALL opcode is enabled
onto the data bus.
Content of First Interrupt Vector Byte
D7 D6 D5 D4 D3 D2 D1 DO
A 0,0
i CALLCODE [1 1 0 0 1 1 0 1]
CARADE cas1 82504
FBh T % fno 1o I maiiea During the second TNTA pulse the lower address of
the appropriate service routine is enabled onto the
[ l I data bus. When Interval = 4 bits As~A7 are pro-
. grammed, while Ag—A4 are automatically inserted by
muumn o o the 8259A. When Interval = 8 only Ag and A7 are

programmed, while Ag—-Ag are automatically insert-
ed.
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Content of Second interrupt Vector Byte

IR Interval = 4

D7 D6 D5 D4 D3 D2 Dt

A7 A6 A5 1 1 0

A7 A6 A5

A7 A6 A5
A7 A8 A5

A7 A6 A5

A7 A6 A5
A7 A6 A5
A7 A6 A5

DO
0
0
0
0
0
0
0
0

Ol=IpM|@|a|jlnje]|~
QIO |o|O|(~a|ala]la
olo|w|~+]|o|lo]|-
O|ls|ol=]|Oo|l=|o
olojo|o|o|o|o

Interval = 8
D5 D4 D3

[~
N
Q
-

D7 D6

A7 A6 1 1
A7 A8
A7 A6
A7 A6
A7 A6
A7 A6

A7 A6

QIO |={OClO|=
ol=lo|x|olale
ololo]o|o|ojolo
ojolo|olo|o]o]o
ojlojolo|o|ole|o|8

Ol=[dvjwlar|lolo |
O[O |(C |2 |={~s]|=

A7 A6

During the third INTA pulse the higher address of the
appropriate service routine, which was programmed
as byte 2 of the initialization sequence (Ag-A1s), is
enabled onto the bus.
Content of Third Interrupt Vector Byte
D7 D6 D5 D4 D3 D2 D1 DO

[a15 [ a14 [ Aa13 ] ar2 | a1 ] A10 ] A9 [ A8 ]

8086, 8088

8086 mode is similar to MCS-80 mode except that
only two Interrupt Acknowledge cycles are issued by
the processor and no CALL opcode is sent to the
processor. The first interrupt acknowledge cycle is
similar to that of MCS-80, 85 systems in that the
8259A uses it to internally freeze the state of the
interrupts for priority resolution and as a master it
issues the interrupt code on the cascade lines at the
end of the INTA pulse. On this first cycle it does not
issue any data to the processor and leaves its data
bus buffers disabled. On the second interrupt ac-
knowledge cycle in 8086 mode the master (or slave
if so programmed) will send a byte of data to the
processor with the acknowledged interrupt code

composed as follows (note the state of the ADI
mode control is ignored and Ag~Ay¢ are unused in
8086 mode):
Content of interrupt Vector Byte
for 8086 System Mode

D7 | D6 |D5|D4 D3| D2 | D1 | DO
R7 | T7 | T6 | T5 [ T4 | T3 [ 1 1 1
IR6 | T7 | T6 | T5 [ T4 | T3 | 1 1 0
RS | T7 | T6 | T5 | T4 | T3 | 1 0 1
R4 [ T7 | T6 | T65 | T4 [ T3 | 1 0} 0
R3[| T7 | T6|T5|T4| T3] O 1 1
R2 | T7|T6 | T5|T4|{T3| 0 1 0
IRt {T7 | T6 | TS | T4 [ T3 0 { O 1
IRO|T7 | T6 | T5|[T4|[T3{ 0| 0| O

PROGRAMMING THE 8259A

The 8259A accepts two types of command words

generated by the CPU:

1. Initialization Command Words (ICWs): Before
normal operation can begin, each 8259A in the
system must be brought to a startin int—by a
sequence of 2 to 4 bytes timed by WR puises.

2. Operation Command Words (OCWs): These are
the command words which command the 8259A
to operate in various interrupt modes. These
modes are:

a. Fully nested mode

b. Rotating priority mode
¢. Special mask mode
d. Polied mode

The OCWs can be written into the 8259A anytime
after initialization.

INITIALIZATION COMMAND WORDS
(Icws)

General

Whenever a command is issued with A0 = 0 and D4

= 1, this is interpreted as Initialization Command

Word 1 (ICW1). ICW1 starts the intiitalization se-

quence during which the following automatically oc-

cur.

a. The edge sense circuit is reset, which means that
following initialization, an interrupt request (IR) in-
put must make a low-to-high transistion to gener-
ate an interrupt.
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. The Interrupt Mask Register is cleared.

. IR7 input is assigned priority 7.

. The slave mode address is set to 7.

. Special Mask Mode is clearad and Status Read is
set to IRAR.

If IC4 = 0, then all functions selected in ICW4
are set to zero. (Non-Buffered mode*®, no Auto-
EOI, MCS-80, 85 system).

o o o0 o

-

*NOTE:
Master/Slave in ICW4 is only used in the buffered
mode.

Initialization Command Words 1 and 2
(ICW1,ICW2)

As-Aqs: Page starting address of service routines.
In an MCS 80/85 system, the 8 request levels will
generate CALLs to 8 locations equally spaced in
memory. These can be programmed to be spaced at
intervals of 4 or 8 memory locations, thus the 8 rou-
tines will occupy a page of 32 or 64 bytes, respec-
tively.

The address format is 2 bytes long (Ag~A1s). When
the routine interval is 4, Ag-A4 are automatically in-
serted by the 8259A, while As-As are programmed
externally. When the routine interval is 8, Ag~Ag are
automatically inserted by the 8259A, while Ag~A1s
are programmed externally.

The 8-byte interval will maintain compatibility with
current software, while the 4-byte interval is best for
a compact jump table.

In an 8086 system Ayg—Aq4 are inserted in the five
most significant bits of the vectoring byte and the
8259A sets the three least significant bits according
o the interrupt level. Aqg-~Ag are ignored and ADI
(Address interval) has no effect.

LTIM: If LTIM = 1, then the 8259A will operate in
the level interrupt mode. Edge detect logic
on the interrupt inputs will be disabled.

ADI:  CALL address interval. ADI = 1 then inter-
val = 4; ADI = 0 then interval = 8.

SNGL: Single. Means that this is the only 8259A in
the system. If SNGL = 1 no ICW3 will be
issued.

IC4: If this bit is set—ICW4 has to be read. If
ICW4 is not needed, set IC4 = 0.

Initialization Command Word 3 (ICW3)

This word is read only when there is more than one
8259A in the system and cascading is used, in which

case SNGL = 0. It will toad the 8-bit slave register.

The functions of this register are:

a. In the master mode (either when SP = 1, or in
buffered mode when M/S = 1in ICW4) a “1" is
set for each slave in the system. The master then
will release byte 1 of the call sequence (for MCS-
80/85 system) and will enable the corresponding
slave to reloase bytes 2 and 3 (for 8086 only byte
2) through the cascade lines.

b. In the slave mode (either when SP = 0, or if BUF
= 1 and M/S = 0 in ICW4) bits 2-0 identify the
slave. The slave compares its cascade input with
these bits and, if they are equal, bytes 2 and 3 of
the call sequence (or just byte 2 for 8086) are
released by it on the Data Bus.

I cw

NO (8INGL = 1)

YES (SNGL = 0)

YES (1C4 = 1)

[ IcCwa —l

READY 7O ACCEPT
INTERRUPT REQUESTS

231468-9

Figure 6. Initialization Sequence
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Initialization Command Word 4 (ICW4)
SFNM: If SFNM = 1 the special fully nested mode

is programmed.

master, M/S = 0 means the 8259A is pro-
grammed to be a slave. if BUF = 0, M/S
has no function.

BUF: If BUF = 1 the buffered mode is pro- AEOI: If AEQI = 1 the automatic end of interrupt
grammed. In buffered mode SP/EN be- mode is programmed.
comes an enable output and the master/ uPM: Microprocessor mode: uPM = O sets the
slave determination is by M/S. 8259A for MCS-80, 85 system operation,
M/S: If buffered mode is selected: M/S = 1 P‘PMat’i" 1 sets the 8259A for 8086 system
means the B259A is programmed to be a operation.
now
4% 0 ©o & o 0 0O 0 0§
ofa, [ag|a | v [Lrim]aD |sNGL] 1ce
1 ' ICWa NEEDED
0+ NO ICW4 NEEDED
1 = SINGLE
0 = CASCADE MODE
CALL ACDRESS INTERVAL
1= INTERVAL OF &
0= INTERVAL OF 8
1 = LEVEL TRIGGERED MODE
0 = EDGE TRIGGERED MODE
A,-Ag of INTERRUPT
VECTOR ADDRESS
(MCS-80/85 MODE ONLY)
231468-10
w2
Ao 0, O 0, O, 0; 0, 0, Y
At Au A|3 A\Z A||
! %7 TG /5 Yl T3 A“, A’ ‘.
A 5-Ag OF INTERRUPT
vECT8R ADDRESS
(MCS80/85 MODE)
T,-T, OF INTERRUPT
VECTOR ADDRESS
(8086 /8088 MODE)
231468-11

Figure 7. initlalization Command Word Format
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ICW3 (MASTER DEVICE!
% O, o o 0 ©O D D O
' SIS )IS|Spsfs]s|S
1= 1R INPUT HAS A SLAVE
0= iR INPUT DOES NOT HAVE
A SLAVE
231468-12
ICW3 (SLAVE DEVICE)
A4 O O O O O Db O 0
' ol o|o o] o {w,]mw ][0,

SLAVE 1D1]
of1f2]afefs]e}>
ofvJoft[ols]o]+
ofofr]v]ofe] ]y
ofofofo ] \

231468-13
Icwe
Ag U7 .3 05 04 O3 02 Oy Dg
vl o] o] o |sPnm]sur] mis |aeorlf upm
{ 1 = 80868088 MODE
0 = MCS-80/85 MODE
1= AUTO EO
0 - NORMAL. €O
- NON BUF FERED MODE
- BUFFERED MODE/SLAVE
- BUFFERED MODE/MASTER
1 = SPECIAL FULLY NESTEOD
MODE
0 = NOT SPECIAL FULLY
NESTED MODE
231468-14

NOTE:

Stave D is equal to the corresponding master IR input.

Flgure 7. initialization Command Word Format (Continued)
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OPERATION COMMAND WORDS
(OCWS)

After the Initialization Command Words (ICWs) are
programmed into the 8259A, the chip is ready to ac-
cept interrupt requests at its input lines. However,
during the 8259A operation, a selection of algo-
rithms can command the 8259A to operate in vari-
ous modes through the Operation Command Words
(OCWs).

Operation Control Words (OCWs)
ocwi

A0 D7 D6 D5 D4 D3 D2 D1 DO
(M7 M6 M5 M4 M3 M2 M1 MO|
ocw2
[o] [rR_s. Eol 00 2 t1 o]
ocws

[0 ESMM swM 0 1 P RR RIS

[o]

ocwh
A, O, O O, O ©0 0, O 0
1 {mrlme]ms|me|msfmefwm | wmo
INTERRUPT MASK
1= MASK SET
0 - MASK RESET
231468-15
ocw2
a4, D, O D, D, O, D, ©, D0,
ofmlsjeor] alo |, ]
R LEVEL TO BE
ACTED
ofrJ2f3]afs]e]
ofrvJofrfofr[o]>
ofo[rv]r{o]of ]
ojoflofo[r]]1]
0o 1] wonseecinc EcicoMMaND END OF INTERRUPT
o] 1] 1] seeciric eoi commano
110 ] 1] ROTATE ON NON-SPECIFIC EOI COMMAND
1[0 ]0] ROTATE IN AUTOMATIC EO! MODE (3ET) AUTOMATIC ROTATION
00 ]o] nomTEm auTOMATIC EOI MOOE (CLEAR)
1 LN &) *ROT} COMMA,
ROTATE ON SPECIFIC EO! o SPECIFIC ROTATION
Vj1iol -sevpmonmy commano
0] 1]0] w~ooremation
*LO-L2 ARE USED
231468-16

Figure 8. Operation Command Word Format
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Operation Control Word 1 (OCW1)

OCW?1 sets and clears the mask bits in the interrupt
Mask Register (IMR). M7—Mg represent the eight
mask bits. M = 1 indicates the channel is masked
(inhibited), M = O indicates the channel is enabled.

Operation Control Word 2 (OCW2)

R, SL, EOl—These three bits control the Rotate and
End of interrupt modes and combinations of the two.
A chart of these combinations can be found on the
Operation Command Word Format.

L2, L1, Lo—These bits determine the interrupt level
acted upon when the SL bit is active.

ocwa
a4, 0, D, O O D, D, O, 0
[ 0 IESMM sam| o 1 [ an | Ais
PEAD REQISTER COMMAND
0 1 ) 1
[} 0 ] ]
READ READ
1R REG ISREG
NG ACTION on NeExT |onNExT
RO PULSE | AD PULSE
1= COMMANO
0=NO POLL COMMAND
SPECIAL MASK MODE
[ 1 0 1
° ° 1 1
MESET SET
NO ACTION SPECIAL | SPECIAL
MASK | masx
231468-17
Figure 8. Operation Command Word Format (Continued)
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Operation Control Word 3 (OCW3)

ESMM—Enable Special Mask Mode. When this bit
is set to 1 it enables the SMM bit to set or reset the
Special Mask Mode. When ESMM = 0 the SMM bit
becomes a “don’t care”.

SMM—-Special Mask Mode. If ESMM = 1 and SMM
= 1 the 8259A will enter Special Mask Mode. If
ESMM = 1 and SMM = 0 the 8259A will revert to
normai mask mode. When ESMM = 0, SMM has no
effect.

Fully Nested Mode

This mode is entered after initialization unless anoth-
er mode is programmed. The interrupt requests are
ordered in priority from O through 7 (0 highest).
When an interrupt is acknowledged the highest pri-
ority request is determined and its vector placed on
the bus. Additionally, a bit of the Interrupt Service
register (ISO-7) is set. This bit remains set until the
microprocessor issues an End of interrupt (EOI)
command immediately before returning from the
service routine, or if AEOI (Automatic End of inter-
rupt) bit is set, until the trailing edge of the last INTA.
While the IS bit is set, all further interrupts of the
same or lower priority are inhibited, while higher lev-
els will generate an interrupt {(which will be acknow!-
edged only if the microprocessor internal Interupt
enable flip-flop has been re-enabled through soft-
ware).

After the initialization sequence, IR0 has the highest
prioirity and IR7 the lowest. Priorities can be
changed, as will be explained, in the rotating priority
mode.

End of Interrupt (EOI)

The In Service (IS) bit can be reset either automati-
cally following the trailing edge of the iast in se-
quence INTA pulse (when AEO! bit in ICW1 is set) or
by a command word that must be issued to the
8259A before returning from a service routine (EOI
command). An EO! command must be issued twice
if in the Cascade mode, once for the master and
once for the corresponding slave.

There are two forms of EOl command: Specific and
Non-Specific. When the 8259A is operated in modes
which perserve the fully nested structure, it can de-
termine which IS bit to reset on EOl. When a Non-
Specific EOl command is issued the 8259A will auto-
matically reset the highest IS bit of those that are
set, since in the fully nested mode the highest IS
level was necessarily the last level acknowledged
and serviced. A non-specific EOl can be issued with
OCw2 (EOl = 1,8L = 0, R = 0).

When a mode is used which may disturb the fully
nested structure, the 8259A may no longer be able
to determine the last level acknowledged. In this
case a Specific End of interrupt must be issued
which includes as part of the command the IS level
to be reset. A specific EO! can be issued with OCW2
(EO! = 1,SL = 1, R = 0, and LO-L2 is the binary
level of the IS bit to be reset).

It shouid be noted that an IS bit that is masked by an
IMR bit will not be cleared by a non-specific EOI if
the 8259A is in the Special Mask Mode.

Automatic End of Interrupt (AEOI)
Mode

If AEQI = 1 in ICW4, then the 8259A will operate in
AEO! mode continuously until reprogrammed by
ICW4. in this mode the 8259A will automatically per-
form a non-specific EOI operation at the' trailing
edge of the fast interrupt acknowledge pulse (third
pulse in MCS-80/85, second in 8086). Note that
from a system standpoint, this mode should be used
only when a nested muitilevel interrupt structure is
not required within a single 8259A.

The AEOI mode can only be used in a master 8259A
and not a slave.

Automatic Rotation
(Equal Priority Devices)

in some applications there are a number of interrupt-
ing devices of equal priority. in this mode a device,
after being serviced, receives the lowest priority, so
a device requesting an interrupt will have to wait, in
the worst case until each of 7 other devices are
serviced at most onca. For example, if the priority
and “in service” status is:

Before Rotate (IR4 the highest prioirity requiring
service)

IS7 IS8 135 84 1S3 IS2 181 80
[of1Jof[+Jofo]o]fe]
“IS"” Status 231468-18
Lowest Priority Highest Priority
7 3 L] 4 3 2 1 (4
Priority Status 231468-18
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After Rotate (IR4 was serviced, all other priorities
rotated correspondingly)

IST 188 IS5 (34 (1S3 182 181 iSO

ol Ielele]o]olo]

“IS" Status 231468-20
Highest Priority Lowest Priority
t2j1[foj746 |5 42

Priority Status 231468-21

There are two ways to accomplish Automatic Rota-
tion using OCW2, the Rotation on Non-Specific EOI
Command (R = 1, SL = 0, EOl = 1) and the Ro-
tate in Automatic EO! Mode which is set by (R = 1,
SL = 0,EOQI = O)and cleared by (R = 0, SL = 0,
EOI = 0).

Specific Rotation
(Specific Priority)

The programmer can change priorities by program-
ming the bottom priority and thus fixing all other pri-
orities; i.e., if IRS is programmed as the bottom prior-
ity device, then IR6 will have the highest one.

The Set Priority command is issued in OCW2 where:
R = 1, SL = 1, LO-L2 is the binary priority levei
code of the bottom priority device.

Observe that in this mode internal status is updated
by software control during OCW2. However, it is in-
dependent of the End of Interrupt (EO!) command
(also executed by OCW2). Priority changes can be
executed during an EOI command by using the Ro-
tate on Specific EOl command in OCW2 (R = 1, SL
= 1, EOl = 1 and LO-L2 = IR level to receive
bottom priority).

interrupt Masks

Each Interrupt Request input can bem masked indi-
vidually by the Interrupt Mask Register (IMR) pro-
grammed through OCW1. Each bit in the IMR masks
one interrupt channel if it is set (1). Bit 0 masks IR0,
Bit 1 masks IR1 and so forth. Masking an IR channel
does not affect the other channeis operation.

Special Mask Mode

Some applications may require an interrupt service
routine to dynamically alter the system priority struc-

ture during its execution under software control. For
example, the routine may wish to inhibit lower priori-
ty requests for a portion of its execution but enable
some of them for another portion.

The difficulty here is that if an interrupt Request is
acknowledged and an End of Interrupt command did
not reset its IS bit (i.e., while executing a service
routine), the 8259A would have inhibited all lower
priority requests with no easy way for the routine to
enable them.

That is where the Special Mask Mode comes in. In
the special Mask Mode, when a mask bit is set in
OCW1, it inhibits further interrupts at that level and
enables interrupts from all other levels (lower as well
as higher) that are not masked.

Thus, any interrupts may be selectively enabled by
loading the mask register.

The special Mask Mode is set by OWC3 where:
SSMM = 1, SMM = 1, and cieared where SSMM =
1, SMM = 0.

Poll Command

In this mode the INT output is not used or the micro-
processor internal Interrupt Enable flip-flop is reset,
disabling its interrupt input. Service to devices is
achieved by software using a Poll command.

The Poll command is issued by setting P = ‘1" in
OCWB3. The 8259A treats the next RD pulse to the
8259A (i.e., RD = 0, CS = 0) as an interrupt ac-
knowledge, sets the appropriate IS bit if there is a
request, and reads the priority level. interrupt is fro-
zen from WR to RD.

The word enabled onto the data bus during RD is:
D7 Dé D5 D4 D3 D2 D1 DO
[0 = — — — w2 w1 wo]
WO0-W2: Binary code of the highest priority level
requesting service.
I: Equal to “1” if there is an interrupt.

This mode is useful if there is a routine command
common to several ievels so that the INTA se-
quence is not needed (saves ROM space). Another
application is to use the poll mode to expand the
number of priority levels to more than 64.

Reading the 8259A Status

The input status of several internal registers can be
read to update the user information on the system.
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LT T
i TO OTHER PRIORTY CELLS Py
Ve LEVEL
EY .t
€0GE
SENSE u[' FRIOA
LATCN ﬂ n Ty
{ SERVICE AEBOLYER
an \-‘—‘ LATEH
CONTROL
. L0GIC
L =
AEQUEST
3e1 LATCH
" o WASK ) e
LATON I‘l.J AEQ
¢ o
MCS-00, 85
MODE CLR _|
| E— |
Li112: INTERNAL
OATABUS
I 3 13
WTA & H a
008 I: g M 29
WODE £ geE
FAEEZE
TES:
NO' 23146822

1. Master clear active only during ICW1.
2. FREEZE is active during IN'I%
3. Truth Table for a D-Latch.

and polt sequences only.

C|D| Q | Operation
1{Di| Di Follow
0] X|Qn1 Hold

Figure 9. Priority Cell—Simplified Logic Diagram

The following registers can be read via OCW3 (IRR
and ISR or OCW1 [IMRY)).

Interrupt Request Register (IRR): 8-bit register which
contains the levels requesting an interrupt to be ac-
knowledged. The highest request level is reset from
the iRR when an interrupt is acknowiedged. (Not af-
fected by IMR.)

In-Service Register (ISA): 8-bit register which con-
tains the priority levels that are being serviced. The
ISR is updated when an End of Interrupt Command
is issued.

Interrupt Mask Register: 8-bit register which con-
tains the interrupt request lines which are masked.

The IRR can be read when, prior to the RD pulse, a
Read Register Command is issued with OCW3 (RR
=1,RIS=0)

The ISR can be read, when, prior to the RD pulse, a
Read Register Command is issued with OCW3 (RR
= 1, RIS = 1).

There is no need to write an OCW3 before every
status read operation, as long as the status read
corresponds with the previous one; i.e., the 8259A
“remembers” whether the IRR or ISR has been pre-
viously selected by the OCW3. This is not true when
poll is used.

After initialization the 8259A is set to IRR.

For reading the IMR, no OCW3 is needed. The out-
put data bus will contain the IMR whenever RD is
active and A0 = 1 (OCW1).

Polling overrides status read when P = 1, RR = 1
in OCW3.

Edge and Level Triggered Modes
This mode is programmed using bit 3 in ICW1.

If LTIM = ‘0", an interrupt request will be recognized
by a low to high transition on an IR input. The IR
input can remain high without generating another in-
terrupt.
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INT

LATCH" EARLIEST IR
ARMED CAN BE REMOVED

*EDGE TRIGGERED MODE ONLY

2314688-23

Figure 10. IR Triggering Timing Requirements

If LTIM = ‘1, an interrupt request will be recognized
by a ‘high’ level on IR Input, and there is no need for
an edge detection. The interrupt request must be
removed before the EOl command is issued or the
CPU interrupts is enabled to prevent a second inter-
rupt from occurring.

The priority cel!l diagram shows a conceptual circuit
of the level sensitive and edge sensitive input circuit-
ry of the 8259A. Be sure to note that the request
latch is a transparent D type latch.

In both the edge and level triggered modes the IR
inputs must remain high until after the falling edge of
the first INTA. if the IR input goes low before this
time a DEFAULT IR7 will occur when the CPU ac-
knowledges the interrupt. This can be a useful safe-
guard for detecting interrupts caused by spurious
noise glitches on the IR inputs. To implement this
feature the IR7 routine is used for “‘clean up” simply
executing a return instruction, thus ignoring the inter-
rupt. If IR7 is needed for other purposes a defaulit
IR7 can still be detected by reading the ISR. A nor-
mal IR7 interrupt will set the corresponding ISR bit, a
default IR7 won't. If a default IR7 routine occurs dur-
ing a normal IR7 routine, however, the ISR will re-
main set. In this case it is necessary to keep track of
whether or not the IR7 routine was previously en-
tered. if another IR7 occurs it is a default.

The Special Fully Nest Mode

This mode will be used in the case of a big system
where cascading is used, and the priority has to be
conserved within each slave. In this case the fully
nested mode will be programmed to the master (us-

ing ICW4). This mode is similar to the normal nested
mode with the following exceptions:

a. When an interrupt request from a certain slave is
in service this slave is not locked out from the
master's priority logic and further interrupt re-
quests from higher priority IR’s within the slave
will be recognized by the master and will initiate
interrupts to the processor. (in the normal nested
mode a slave is masked out when its request is in
service and no higher requests from the same
slave can be serviced.)

b. When exiting the Interrupt Service routine the
software has to check whether the interrupt serv-
iced was the only one from that slave. This is
done by sending a non-specific End of Interrupt
(EOI) command to the slave and then reading its
In-Service register and checking for zero. If it is
empty, a non-specific EOl can be sent to the
master too. If not, no EOI should be sent.

Buffered Mode

When the 8259A is used in a large system where
bus driving buffers are required on the data bus and
the cascading mode is used, there exists the prob-
lem of enabling buffers.

The buffered mode will structure the 8259A to send
an enable signal on SP/EN to enable the buffers. In
this mode, whenever the 8259A’s data bus outputs
are enabled, the SP/EN output becomes active.

This modification forces the use of software pro-
gramming to determine whether the 8259A is a mas-
ter or a slave. Bit 3 in ICW4 programs the buffered
mode, and bit 2 in ICW4 determines whether it is a
master or a slave.
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CASCADE MODE

The B259A can be easily interconnected in a system
of one master with up to eight slaves to handle up to
64 priority levels.

The master controls the slaves through the 3 line
cascade bus. The cascade bus acts like chip selects
to the slaves during the INTA sequence.

In a cascade configuration, the slave interrupt out-
puts are connected to the master interrupt request
inputs. When a slave request line is activated and
afterwards acknowledged, the master will enable the
corresponding slave to release the device routine
address during bytes 2 and 3 of INTA. (Byte 2 only
for 8086/8088).

The cascade bus lines are normally low and will con-
tain the slave address code from the trailing edge of
the first INTA pulse to the trailing edge of the third
pulse. Each 8259A in the system must foliow a sep-
arate initialization sequence and can be pro-
grammed to work in a different mode. An EOI com-
mand must be issued twice: once for the master and
once for the corresponding slave. An address de-
coder is required to activate the Chip Select (CS)
input of each 8259A.

The cascade lines of the Master 8259A are activat-
ed only for slave inputs, non-slave inputs leave the
cascade line inactive (low).

ADORESS BUS 118) {

CONTROL SUS

L1

L1
L]

T [T

DATA BUS 1)

|

VA RYL
A, D07 WTA CH CS A, Dor iNTA Y
A casO
02594 82594
cas $ 4 MASTER

SLAVES

SPER? 6 5 4 3 2 1 O

7 ¢ 5 4 3 2 10

CAS 2

cas?
SHENM) M6 M5 M4 M M2 M1 MO

—7
INTERRUPT AEQUESTS

Figure 11. Cascading the 8259A
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ABSOLUTE MAXIMUM RATINGS"

Ambient Temperature Under Bias ...... 0°Cto 70°C
Storage Temperature .......... —65°Cto +150°C
Voltage on Any Pin

with Respect to Ground. . ........ -0.5Vto +7V
Power Dissipation ..............coviiiiennns w

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

D. C. CHARACTERISTICS (Ta = 0°Cto 70°C, Vo¢ = 5V 1 5% (8259A-8), Vog = 5V + 10%

(8259A, 8259A-2))

Symbol Parameter Min Max Units Test Conditions
Vi Input Low Voltage -0.5 0.8 \
ViH Input High Voltage 2.0* Voc + 0.5V \)
VoL Output Low Voltage 0.45 \ loL = 22mA
VoH Output High Voltage 24 v lon = —400 pA
VOH(INT) Interrupt Output High 3.5 v loq = —100 nA
Voltage 2.4 v lon = —400 pA
(] Input Load Current ~10 +10 pA OV < VN < Ve
oL Output Leakage Current ~10 +10 pA 0.45V < Vout < Voo
lcc Ve Supply Current 85 mA
lur IR Input Load Current —300 pA Vin=0
10 BA Vin = Vce
*NOTE:
For Extended Temperature EXPRESS Vi = 2.3V.
CAPACITANCE T, = 25°C; Voc = GND = OV
Symbol Parameter Min Typ Max Unit Test Conditions
CiN Input Capacitance 10 pF fc = 1 MHz
Ci/o 1/0 Capacitance 20 pF Unmeasured Pins Returned to Vgg
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A.C. CHARACTERISTICS
Ta = 0°C 10 70°C, Voc = 5V +5% (8259 A-8), Voo = 5V £10% (8259A, 8259A-2)

TIMING REQUIREMENTS

Symbol Parameter 8259A-8 | 8250A | 8259A-2 | \jnite | Test Conditions
Min | Max | Min | Max | Min | Max
TAHRL | AO/CS Setup to RD/INTA 50 0 0 ns
TRHAX | AQ/CS Hold after RD/INTA T 5 0 0 ns
TRLRH | RD Pulse Width 420 235 160 ns
TAHWL | AO/TS Setupto WR | 50 0 0 ns
TWHAX | AO/C3 Hold after WR 1T 20 0 o] ns
TWLWH | WR Pulse Width 400 290 190 ns
TOVWH | Data Setup to WR T 300 240 160 ns
TWHDX | Data Hold after WR 1 40 0 0 ns
TJLJH | interrupt Request Width (Low) 100 100 100 ns See Note 1
TCVIAL ﬁaﬁs?aj’ie( ;:;uep (;1: S)Gcond or Third 55 55 40 ns
TRHRL | End of RD to Next RD
End of INTA to Next INTA within 160 160 160 ns
an INTA Sequence Only
TWHWL | End of WR to Next WR 190 190 190 ns
N
TOMEL| ot Same Command Twey | 50| [%0| |0 | s
End of INTA Sequence to Next
INTA Sequence.

*Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. 8085A =
1.6 ps, 8085A-2 = 1 pus, 8086 = 1 us, 8086-2 = 625 ns)

NOTE:

This is the low time required to clear the input latch in the edge triggered mode.

TIMING RESPONSES

Symbol Parameter 8259A-8| 8259A | 8259A-2|\;nits| TestConditions
Min| Max | Min | Max| Min | Max
TRLDV |Data Valid from RD/INTA | 300 200 120| ns C of Data Bus =
100 pF
TRHDZ | Data Float after RD/INTA 1 10 |200{ 10 | 100[ 10| 85 | ns |C of Data Bus
Max Test C = 100 pF
TJHIH | Int t ) .
T:\LCV (::"u: (\)/u:::luft o T:y INTA ] = = =2 Min Test G = 15 pF
scade Valid from First
(Master Only) 565 565 360| ns [Cyt = 100 pF
TRLEL |Enable Active fromRD J orINTA | 160 125 100} ns
- Ccascape = 100 pF
TRHEH | Enable Inactive from RD T or INTA T 325 150 150 ns
TAHDV | Data Valid from Stable Address 350 200 200 ns
TCVDV [Cascade Valid to Valid Data 300 300 200| ns
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A.C. TESTING INPUT/QUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

=

231468-25

A.C. Testing: Inputs are driven at 2.4V for a logic 1" and 0.45V
for a logic "0”. Timing measurements are rmade at 2.0V for a logic
1" and 0.8V for a logic “0".

DEVICE

Cu
Co

UNDER
TEST I
IOL = 100 pF

= 100 pF

231488-26

Includes Jig Capacitance

WAVEFORMS

WRITE

™™LWH

'

TANWL

TWHOX

OATA Sus

231468-27
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WAVEFORMS (Continued)

READ/INTA

<]

231488-29
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WAVEFORMS (Continued)

INTA SEQUENCE

TININ

—]  TILIN

e F e\

INTA

-] —
A = A \

o= TIALCY o

NOTES:
Interrupt output must remain HIGH at least until leading edge of first INTA.
1. Cycle 1 in 8086, 8088 systems, the Data Bus is not active.
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TANDY COMPUTER PRODUCTS

Floppy Disk Support Logic
Tandy Part # 8xXxxXXx

Jan 29, 1987

Preliminary

1.0 GENERAL DESECRIPTION

1.1 The Tandy Part # 8xxxxxx - Floppy Disk Support logic:

- Generates the clock to the 765 Floppy Disk Controller.

- Generates the write clock to the Floppy Disk Controller.

- Generaters step pulses, track 0 indicator, DMA request,
and FDC interrupt signals.

- Generates the Read Data and Read Data Window signals.

~ Generates the Write Data to the Floppy Disk.

-
1-- JCLK1é6M +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 PSO| --17
9-— | TRKO* PS1| --16

10-- { F/TRKO WRD | --15

11-- | STEP* WRE | --14

12-- | GND WRDATAiJ --13

FIGURE 1. Pin Assignment
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1.2 DESCRIPTION OF PINS:

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

0’
1, period
0,

3 FDCCLK OUTPUT If SWITCH then CLK16M/4

If SWITCH = 1, then CLK16M/2

4 RDDATA INPUT Serial data from FDD

5 RDD OUTPUT Serial data from FDC

6 RDW OUTPUT Read Data Window

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

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

13 WRDATA* OUTPUT Serial Data to FDD
14 WRE INPUT Write Enable

15 WRD INPUT Serial Data from FDC

16 PS1 INPUT Write precompensation status

17 PSO INPUT Write precompensation status

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

20 DRQ INPUT FDC DMA Request

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

1 = high density drive

24 +5V +5 Volts
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LDA
WE NRITE LIRDATAH
PS@,PS1 DATA
CLK16M FDCCLK
SWITCH CLOCKS LICK
DATAH ———F80b-

BopATA |

SEPARATOR —H4
INT+ D ]v' 9 FOCINT
Lna=INTE 1 CONTROL )
DR 1 0GIC FLLDHRG
IRk FDC . FEIT-TRQ
Bue=SEEK 1 CONTROL )
BRSSP | 0GIC [—F

BLOCK DIAGRAM
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3.2

3.2,

3.2.

3.2.3 Leakage Current, All Inputs:

3.2.
3.2.

3.2.

3.2,
3.2,
3.2,
3.2.6 Input Capacitance (0.0 < Vvin < 5.0)

3.2,

ENVIROMENTAL SPECIFICATIONS

Storage temperature: -65°C min.,

DC ELECTRICAL SPECIFICATIONS

Absolute Maximum Rating:
Voltage on any pin
w.r.t, Ground:

Operating Electrical Specifications:

1 Operating Ambient:
Air Temperatue Range
2 Power Supplies:
vece
v8ss
ICC

Total Power

vin = 0.0 v
vin = 5.0 v

4 Input voltages:

4.1 Except RDDATA*, TRK*
Logic "0"

Logic "1"
4.2 RDDATA*, TRK*

Positive going threshold
Negative going threshold

Hysteresis voltage
5 Output Voltages:
5.1 Except WRDATA*, STEP*
Logic "0" @ 4.0 mA load
Logic "1" @ 4.0 mA load
5.2 WRDATA*, STEP*
Logic "0" @ 48 mA
All inputs

7 Output Capacitance
All loads

Min.

220

TYp.

TANDY COMPUTER PRODUCTS

-0.5 min.,

2

5

e +150°C max.
Operating temperature: 0°C min., +25°C typ, +70°C max.

7.0 max. volts

Max. Units

10

50

volts
volts
milli-
amps
milli-
watts

micro-
amps
micro-
amps

volts
volts

volts
volts
milli-
volts

volts
volts

volts

pf

pf




4.4

AC CHARACTERISTICS
FDCCLK Timing

Parameter

44
WCK Timing

H
R'tF
L

cy

WRDATA* Timing

oot et et

WCK —WEH
WCKL-WEL
PSD
WDD
WDA
WRDZ
WDDH—WRDL early
WDD —WRDL nominal
WDDH-WRDL late
DMA/INTERRUPT Timing
IH FIH

—FI
ot .=
chH-DRQH
WCK  -DRQ
DRQH-FDR
DRQL-FDRQ
DI —FDRQ
FC -FDR

TANDY COMPUTER PRODUCTS

Min. Typ. Max.
90 120 130
5 10
100 120 160
245 250 255
100 250 250
5 10
tay=(tgt+tpt+tn)
CYZ.OH R™F
20
20
20 100
20 100
WCKH—SO
115 125 135
150 250
275 375
400 500
30
30
30
0
-20
750 1050
30
30
30

Units

nSec
nSec

uSec

nSec
nSec
nSec
nsSec
nSec
nSec
nSec
nSec
nSec

nSec
nsSec
nSec
nSec
nSec
nSec
nSec
nSec
nSec
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CONTROL Timing

Parameter

DATA SEPARATOR Timing

RDA

RDA ~RDDy
RDDw
RDD —RDWC
RDW?ND)W
RDAS
RDWC‘RDDH
RDAS
RDWC—RDDH
RDA

S
RDWC—RDDH

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
900

1938

Units

nSec
nSec
nSec
nSec
uSec

nSec
nSec

nSec
nSec

nSec
nSec
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FDSL AC TIMING

FIG.1 FDCCLK /—\—/

bt ot ]
k—tCY—ﬂ
tp—> le— —{ |e—1tr

FIG.2 WCK /——*\ /

tR—> j— —>f fe—tF

fa— te—] | tL >
b« tey >
— |<—WCKH WEn WCKL— WEL_.| fe—

e \_
o R G §
m

;
5
7

\

\_/

PSD,WDD | jet : '
WDAY- ———]
WRDL(EARLY) F—WDAW L,WDAH- L,WRDW

WRDL(NOM) WDAH - WRDL(LATE)

FIG.3 WRITE DATA TIMING.
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DMA - INTE \_.__
INT+ _ __/E \ W
Y i
FDCINT g i !
I-FIH o je - je-IL-FLL —| je—DIL-FIL
|
wex M
{ H H
] []
L AVAVAVAVAVAVA VAN
! : '
] |
DRQ i o |

|<—WCKL—
/5 :\ DRQx f.r\
i ,..DRQL FDRQL—>| |<—DIL FDRQ,

WCKi-DRQH | f«—  —»| {« FCKi—FDRQH

DRQu -
"-FDRSH ~

FDCDMRQ

FIG.4 DMA/INTERRUPT TIMING.
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RW*-SEEK \
TRKO0* i\ ’i \

()

[}
FLT-TK0 ' /; ;\ / \

T 4 '
TL-FTa— ke - | Tu-FTL be-RSL-FTL
FR-STP /E \_ /

STEP* \  \ f
i ! )

! : 1
FH—SL—n'L- ->i Fe—FL-SH ~»| }J«—RSL-Sy

S O

FIG.5 CONTROL LOGIC TIMING.
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i e RDAs >
—>i j«—RDAw |
RDATA®* \ | :
«p® —»|  }«—RDAL-RDD#x —>| l«—RDDw
RDD J—\ /l:‘\
]
RDW ' y X
RDDy - RDW¢—>| H— —>! l«— RDWc-RDDn
< fe—RDWND)w —>
rRDATA‘ \<f RDAs =/
ol oo\ n
RDW X L ::
. — g
é S/ RDAs ;\'\J
o [\ /\
X X 8
~ RDWc—RDDH_q fe—

FIG.6 DATA SEPARATOR TIMING.
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TANDY COMPUTER PRODUCTS

KEYBOARD INTERFACE SPECIFICATION
TANDY PART # 8075069
MAY 05, 1986

1. GENERAL DESCRIPTION

1.1 The Tandy part# B07506%9 - Keyboard Intertace 1.C provides

twa functians:

a. Interface between the system 1/0 bus and keyboard.

b. FDC support logic that generates DRIVE SELECT SIGNAL,
MOTOR ON SIGNAL, FDC TERMINAL COUNT, FDC RESET and
bDMA/ L.

Figure 1. shows block diagram ot Keyboard Interface chip

Figure 2. shows pin configuration of Keyboard Interface

chip.

1
I

ARATIAT
wanax

ggig!: SRRELRTS

Figure 1.
1-fkeock ¥ vool--40
2--JkBDDATA moLTicLk)-39
3-4KBDBUSYB  MULT1DAT[--38
4-JkapInNT FAST--37
s-Jrsizn TCHZGH-34
&-4RS171 PPITIM--35
7-Joo DSO}--34
8-4o1 ps1f--33
9-402 FDCRST]-32

10-Jo3 pMA/ 1j-31
11-{os HTRON--30
12-405 FoCTCl-29
13-10s SNOENTLZ--28
14--p7 SNDCNTLO}--27
15--F10CS6 SNDCNTL1}-26
16--BADD TMROUT2}--25
17-48AD1 PC4f-24
18-1810RB SYSRSTBf-23
17-4BlouB KBDRSTBY--22
20-H{vss DORCLK}|--21
Figure 2.

1 OF 5
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1.2 DESCRIPTION OF EACH PINS:

Pink

Pin Name
KBDCLK
KBDDATA
KBDBUSYB
KBDINT
RS120
RSI1Z1

Do

D1

D2

D3

D4

DS

D&

D7
PI1OCSB
BADD
Ba01
BIORB
BIiowB
V§s
DORCLK
KBDRSTB
SYSRSTB
PC4
TMROUTZ2
SNDCNTL1
SNDCNTLO
SNDCNTLZ
FDCTC
MTRON
bMAa/l

FDCRSTB
DS1

DSO
PPITIM
TCH2G
FAST

MULTIDAT
MULTICLK
VDD

Type

input

input

output
output

input

input
input/output
input/output
input/output
input/output
input/output
input/output
input/output
input/output
input

input

input

input

input

sround

input

output

input

input

input

putput
gutput
output
autput
output
autput

output
cutput
output
putput
cutput
input

gutput
output
pawer

Description

Keyboard clock

Keyboard data

Keyboard busy signal
Keyboard interrupt signal
Manochrome/color maonitor mode
Reserved

Data 1/0 |ine

Data 1/0 tine

Data [/0 {ine

Data 1/0 line

Data [/0 line

Data [/0 line

Data 1/0 line

Data 1/0 !ine

Chip select strobe

CPU address line

CPU address line

CPU /0 read strabe

CPU 1/0 write straobe
Ground

Decode latch clock
Keyboard reset signal
System reset signal

Video memory size mode
Timer counter from 8253 out2
Sound control 1

Sound contral O

Sound control 2

FDC terminal count

Motor ON signal to disk drive
DMA Request & FDC Interrupt
enable

FDC reset signal

Drive setect 1 signal
Drive select O signal
Timer Video signal

Timer channel 2 gate
4.77Mhz or 7.16Mhz mode
select

Multi-data

Multi-clock

+S Volt Power Supply

2 OF S
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2. ENVIRONMENTAL SPECIFICATIONS

2.1 Storage Temperature =-465 C to 150 C
2.2 Operating Temperature 0 C to 70 C

3. ELECTRICAL SPECIFICATIONS

3.1 Absolute Maximum Rating

Parameter Min. Typ. Max . Units Cond.
Voltages any pin -1.0 7.0 Volts W.R.T ground
Power Dissipation D.S Watts

3.2 D.C. Electrical Characteristics

Symb. Parameter Min. Typ. Max. Units Cand.

VDD Supply Vaoltage 4.5 S.0 5.5 Valts

Icc(q) Quiescent current SO 572

Icc(o) Operating Current 40 mA

Vil Input Low Voltage 0.8 Volts TTL inputs
Vih Input High Voltage 2.0 Volts TTL inputs
lin Input Leakage -1D 10 uhf

Cin Input Capacitance 7 pF

Vol Output Low Voltage 0.4 Volts a4 mb

Voh Output High Voltage 2.4 Valts a-2 mA

oz High Impedance Leak -~10 10 uh

3 OF S
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3.3 A.C Electrical Characteristics

3.3.1 Write Cycie

BAOX X

CSB'"‘"‘““____-]\

—_—

ows \ /T
4————Twpw————J

DATA X X

Symb., Parameter

Tasu Address Setup
Twpw Write Puise Width
Tdsu Data Setup

Tdh Data Hoid

4 OF 5
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3.3.2 Read Cycle

BADX X X
csB \ /
I-n— — — Tespw —— ~—— — -»l
10RB \ /
L-— —~ -Trpw- -—-—->l
DATA T X
qudsa—ﬂ———J
Ter L—-—
Symb. Parameter Min. Typ. Max. Units Cond.
Tespw Chip Select Width &7 nS
Trepw Read Pulse Width &9 nS
Tda Data Access &9 nS
Tdz Bus Hold/release [ 25 ns

S OF S
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NEC Electronics Inc.

1PD8035HL/48H

HIGH-SPEED, 8-BIT, SINGLE-CHIP

HMOS MICROCOMPUTERS

Description

The uPD8035HL and the uPD8048H make up the
uPD8048H family of single-chip 8-bit microcomputers.
The processors in this family differ only in their internal
program memory options: the uPD8048H with 1K x 8
bytes of mask ROM and the uPD8035HL with external
memory.

The NEC pPDB035HL and uPD8048H are single
component, 8-bit, parallel microprocessors using
n-channel silicon gate MOS technology. The 4PD8048H
family of components functions efficiently in control as
well as in arithmetic applications. Standard logic
function implementation is facilitated by the large
variety of branch and table look-up instructions.

The pPDB035HL/48H instruction set comprises 1
and 2 byte instructions with over 70% of them
single-byte. Execution requires only 1 or 2 cycles per
instruction and over 50% are single-cycle instructions.

The functions of the uPDB8048H series of micro-
processors can easily be expanded using standard
8080A /8085A peripherais and memories.

The uPD8048H contains the following functions usually
found in external peripheral devices: 1024 x 8 bits of
ROM program memory; 64x 8 bits of RAM data
memory; 27 1/O lines; an 8-bit interval timer/event
counter; oscillator and clock circuitry.

The uPDB035HL is intended for applications using
external program memory only. It contains all the
features of the uPD8048H except the 1024 x 8-bit
internal ROM. The external program memory can be
implemented using standard 8080A/8085A memory
products.

Features

Fully compatible with industry standard
8048/8748/8035

2.5us cycle time: all instructions 10r 2 bytes
Interval timer/event counter

64 x 8-byte RAM data memory

External and timer interrupts

96 instructions: 70% single byte

271/0 lines

Internal clock generator

8 level stack

Compatible with 8080A/8085A peripherals
HMOS silicon gate technology

Single +5V power supply

00000DoDOoo o

Ordering Information

Part Max Freguency
Number Package Type of Operation
#PDBO3SHLC 40-pin plastic DIP 6 MHz
uPD8D48HC 40-pin plastic DIP 6 MHz

Pin Configuration

Pin Identification

No. Symbol Function

1 T0 Test 0 input /output

2 XTAL1 Crystal 1input

3 XTAL2 Crysta! 2 input

4 RESET Reset input

[ 53 Single step input

6 T Interrupt input

7 EA External access input

8 RD Read output

9 PSEN Program store enable output
10 WR Write output

1 ALE Address latch enable output
12-19 DBg-DB; Bidirectional data bus

20 Vss Ground

21-24, 35-38  P2g-P27 Quasi-bidirectional Port 2
25 PROG Program output

4-201
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NEC

Pin Identification (cont)

No. Symbol Function
26 Voo RAM power supply
27-34 Pig-P1; Quasi-bidirectional Port 1
39 m Test 1 input

40 Vee Primary power supply

Pin Functions

XTAL 1(Crystal 1)

XTAL1 is one side of the crystal, LC, or external fre-
quency source (non-TTL-compatible V|p).

XTAL 2 (Crystal 2)

XTAL2 is the other side of the crystal or frequency
source.

TO (Test 0)

TO is the testable input using conditional transfer func-
tions JTO and JNTO. The internal state clock (CLK) is
available to TO using the ENTO CLK instruction. TO can
also be used during programming as a testable flag.

Ti(Test1)

T1is the testable input using conditional transfer func-
tions JT1 and JNT1. T1 can be made the counter/timer
input using the STRT CNT instruction.

RESET (Reset)

An active low on RESET initializes the processor. RE-
SET is also used for PROM programming verification
and power-down (non-TTL compatible V).

§S (Single Step)

An active low on SS, together with ALE, causes the
processor to execute the program one step at a time.
INT (Interrupt)

An active low on INT starts an interrupt if interrupts are
enabled. A reset disables an interrupt. INT can be tested
with the JNlinstruction and, depending on the results, a
jump to the specified address can occur.

EA (External Access)

An active high on EA disables internal program memory
and fetches and accesses external program memory.
EA is used for system testing and debugging.

4-202

RD (Read)

RD will pulse low when the processor performs a bus
read. An active low on RD enables data onto the proces-
sor bus from a peripheral device and functions as a read
strobe for external data memory.

WR (Write)

WR will pulse low when the processor performs a bus
write. WR can also function as a write strobe for exter-
nal data memory.

PSEN (Program Store Enable)

PSEN becomes active only during an external memory
fetch. (Active low).

ALE (Address Latch Enable)

ALE occurs at each cycle. ALE can also be used as a
clock output. The falling edge of ALE addresses exter-
nal data memory or external program memory.

DBg-DB7 (Data Bus)

DBg-DBy is a bidirectional port. Synchronous reads and
writes can be performed on this port using RD and WR
strobes. The contents of the DBg-DB7 bus can be
latched in a static mode.

During an external memory fetch, DBg-DB7 output the
low-order eight bits of the memory address. PSEN
fetches the instruction. DBg~DB7 also output the ad-
dress of an external data memory fetch. The addressed
data is controlled by ALE, RD, and WR.

P1g-P17 (Port 1)
Pig-P17 is an 8-bit quasi-bidirectional port.

P29-P27 (Port 2)

P2yp-P27 is an 8-bit quasi-bidirectional port. P2p-P23
output the high-order four bits of the address during an
external program memory fetch. P2g-P23 also function
as a 4-bit 1/0 bus for the uPD82C43 1/0 port expander.

PROG (Program Pulse)

PROG is used as an output pulse during a fetch when
interfacing with the uPD82C43 |1/ port expander.

Ve (Primary Power Supply)

Ve is the primary power supply. Voc is +5V during
normal operation.
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Vpp (RAM Power Supply)

Vpp must be set to +5V for normal operation. Vpp sup-
plies power to the internal RAM during standby mode.

Vss (Ground)
Vss is ground potential.
Block Diagram
Expansion to Additionat
Extemal Memory sn¢t 1/Q
Osciltator
Froquency BusLatch L]
‘ 8 Low Program
c“‘,’,‘.';f:,.“‘, "0 | Bus Butier
480 Bus Bulter
Port2 [ SR )
Port2Latehiowd) | Pon2 8 | Higher Program | 2 Progeam
and Expander Latch Status
"1“ Port1/0 High ) Counter () o
4 4
t I KD i -
Bufter 'y
Timer and
Bt Internal Bus nd  fas
Event Counter < > Latch
! ] ! o
Accumulator Temporary Flags Instruction RAM Address
® Register (8) g Register/Decoder Register
A | e— Testo Multiplexer |
Ll
lnvﬂnh Test1 Register0
Lt w7 Rogister 1
Conditional [+ F1200 Rogister 2
Branch  {e— Flag1
< Register 3
t Logic Lo TimerFiag egis "
~—= V¢ Program Supply m -~ Camy Register
;’:’v VD +5V (Low Power Standby) le— acc —’§ Register
~—= Vg5 Ground le— ACCBit Test Register 6
j Register 7
8-Level Stack
(Varisble Word Length)
Control and Timing
[ XTAL XTAL Optional Second
iNT RESET  PROG EA 12 ALE PSEN $5 RD WR Register Bank
et bt —
Resident Data Memory —
Interupt  Initiatize  PROM!  Extemal  Oscilistor/  Address  Program  Single  Read/Write RAM (84 x 8)
Expandes Memory  Crystal  Latch  Memory  Step Strobes
Strobe  Access Strobe/ Enable
Cycle
Clock
Note: ,PDBCISH dows not Include ROM.
83-002881C
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uPD8035HL/48H
Logic Symbol DC Characteristics (cont)
Ta=0°Cto +70°C, Vg =Vpp = +5V£10%, Vgg =0V
Limits
. . Tost
XL -I:_, Portt Parsmeter  Symbol Min  Typ Max Unit  Conditions
8
Resot —o} ¢ Port2 Output low Vous 045 Vg =2.0mA
Single ___| |—+ Read voltage (all other
s § outputs)
L v Ouiputhigh  Von 24 V. lon=—4004A
ot | —— Bl S voltage (bus)
] |, Addvess Latch -
\ ] Enable Output high Vont 2.4 V. lgy=—400uA
ntempt — | Port Expender vottage (RD,
e Sioee R, PSER, A1E)
womea|  Qutputhigh — Vonz 2.4 V  lgy=—~40pA
voltage (all other
Absolute Maximum Ratings dutputs)
TaA=25°C Input leakage Iy 10 pA Vss<Vin& Ve
Operating temperature, T T et (r. W
ing temperature, 0 +
9 pe Ll input leakage Iy 2500 A VeorVm>
Storage temperature, Tgrg -65°C to +150°C current Vgs+0.45V
Voltage on any pin, V) /o —0.5Vto +7V (Note 1) &P‘o-:zh, e
Power dissipation, Py 15w nE
Note: Output leakage lot 210 A VRV
() With respect to ground. current (bus, Vgg+0.45V
Comment: Exposing the device to stresses above those listed in 0, high
Absolute Maximum Ratings could cause The P
device is not meant to be operated under conditions outside the limits state)
inthe of the specification. Exposure to Power down oo 4 8 mA  T4=25°C
absolute maximum rating conditions for extended periods may affect supply current
device reliability.
Total supply lpp+ 50 80 mA  Tx=25°C
DC Characteristics ourrent loe
=0°Cto +70°C,Vgc=Vpp= +5V210%, Vgg=0V RAM standby  Vpp 2.2 5.5 V  Standby mode.
Tntt voltage Reset< 0.6V
Tost
Parameter Symbol Min Typ Max Unit Conditions
nputiow Vi 05 eV AC Characteristics
v g = = = 9 =
voliage (Al =0°Cto +70°C, Vo =Vpp = +5V £10%, Vgg =0V
except XTAL1, Limits Test
XTAL2)} e —
Symbol Mie Typ Max Unit Conditions
",';ftg'q'a";‘ Vip 05 08 vV AlEpusewidth t, 410 s (Note 1)
X1, X2) Address sstup 1 220 ns (Note 1)
to ALE
Input high Vin 2.0 Vee v
voltage (All Address hold 15 120 ns (Note 1)
except XTAL1, from ALE
XTAL?, RESE) Controlpulse foy 1050 s (Note 1
Input high Vim 38 Vee v width (RD, WR)
voltage (XTALY, Controlpuise  tccz 800 s (Nots 1)
XTAL2, RESET) width (PSEN)
Outputlow Vo 045 VI .=20mA =
voltage {bus) DatasetupWR  tpw 880 as (::ote 1)
Ouutow. ™~V 045 V loL=20mA Tonaholdafter typ 110 s (Note2)
RO, —
WA, PSEN, Data hoid (RD, 1pp 0 220 ns (Note 1)
ALE) PSEN)
Qutput low VoL2 045 V lg=2.0mA RDtodatain  tppyy 800 ns (Note 1)
vottage (PROG) Pt todatain tapz 550 ns (Note 7)
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uPD8035HL/48H

AC Characteristics (cont)
Ta=0°C10 +70°C, Voo =Vpp = +5V£10%, Vgg =0V

Limits

Timing Waveforms

Instruction Fetch from External Memory

- Tost
Parameter Symbol Min Typ Max Unit Conditions
Address setup  taw 680 ns {Note 1) ) ey |
toWR aLE I l
Address setup  tapy 570 ns (Note 1)
to data (RD) f—tu—] fetoceefe-tcar—~|
Address setup  tap 1090 ns (Note 1) PSEN l |
to data (PSEN) )
taL 1 aadat, | l‘ ton
Addressfloatto tarcy 290 ns (Note 1)
Y Bus Fmﬂl:) (Mnu Floating )Klmlmclloﬂ Floating X

Addressfloatto 1apcoy 40 ns (Note 1) ] L thoz
PSEN .
ALEtocontrol  tapcy 420 ns {Note 1} 200026644
(RD. WR)
ALEtocontrol  Yapc2 170 ns (Note 1) Read from External Data Memory
(PSEN)
Control to ALE  tcag 120 ns {Note 1} " |
(RD, WR, PROG)
Control0ALE lcay 620 ns (Note 1) ME I | |
(PSEN) |‘——|LL—-|‘—|LAFC1—‘I‘—'CC1-+"CM_'|
Port control tep 210 ns {Note 1} _
setup to PROG RD
Port control hold tpc 460 ns (Note 1) "’c'"l I""“
to PROG
fottr2 180 ns (Note ) Bus Flosting J Address f Flosti ')( Deta Floating
input valid b—lnn
Input data hold  tpg 250 ns (Note 1) tap
trom PROG 63:0028834
Output data top 850 ns {Note 1) .
setup Write to External Memory
Output data fold tpp 200 ns (Note 1}
PROB puise  tpp 1500 ns (Note 1) ALE I l I I
width

LAFCI——] tcet CAT
Po21/0data ty, 460 ns (Note 1) - ]
setup to ALE wR | l
Port21/0data tp 150 ns {Note 1)
hold to ALE g o i
Port output from tpy 850 ns (Note 1) Bus Floating X Address ) Flosting Data Floating

830028844

Cycle time oy 25 15 us {Note 1)
T0 rep rate foprr 500 ns (Note 1)
Note:

(1} Control outputs: C| = 80pF, bus outputs: C =150 pF
(2) Bus high impedance, load = 20 pF
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Timing Waveforms (cont) Bus Timing Requirements

Symbol Timing Formula MiniMax Unit

Port 2 Timing w (7730} 1oy~ 170 Min s
- oL tcarmd taL (2/15) tgy—110 Min ns

e JP A (1/15) tgy—40 Min ns
tect {1/2) tey—-200 Min ns

o i gyl frioe |- ‘oo (2/5)tgy-200 Min ns
ot :X PeH "’0"’23""')( Port Control - X Output "'")C tow (13/30) ty - 200 Min ns
two (1/15) toy-50 Min ns

tog (1/10) tgy-30 Max ns

thot (2/5) gy~ 200 Max ns

tap2 {3/10 ¢y - 200 Max ns

aw (1/3)tgy—-150 Min ns

! ta1 (11/15)tgy—250 Max ns

™ (8715) tey—250 Max ns

tarct (2/15) tgy - 40 Min ns

tarc2 (1/30) tgy— 40 Min ns

tarct (1/5)tey 75 Min ns

tLaFc2 (1/10) tey~75 Min ns

toat (1/15) tey - 40 Min ns

ca2 (4/15) tgy—40 Min ns

tep (1/10) gy - 40 Min ns

teg (4/15) tgy— 200 Min ns

teg (17/30) tgy—120 Max ns

top (1/10) ¢y Max ns

top (2/5) tgy-150 Min ns

tpp (1/10) tgy—50 Min ns

tpp (7/10) toy - 250 Min ns

1oL (4/15) toy ~ 200 Min ns

ip (1/10) tgy - 100 Min ns

toy (3/10) tgy - 100 Max ns

torRR (3/15) gy Min ns

oy 6 MHz s
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Instruction Set

Code Flags
N Function D; Dg Ds Dy D3 Dy Dy Dy Cycles Bytes C AC F0 K
Accumulator
ADDA, #data (A} = (A) +data Add immediate the specified data to the accumulator. o0 0 0 0 O 1 1 2 2 .
d7 dg dg dg d3 dp dy dy
ADDA, Rr {A) ~— (A} + (Rr) Add contents of register to the 0 1 1 0 1 r T r 1 1 .
r=0-7
ADDA, @ Rr (A) = (A) + ((Rn)} Add indirect the contents of the data memory location to the 0o 1 i 0 0 0 0 1 1 .
=0~ accumulator.
ADDCA, #data  (A) =—(A) +(C) +data Add immediate with carry the specified data to the 0 0 0 1 0 0 1 1 2 2 .
accumulator. d7 dg dg dg¢ d3 dy dy dg
ADDC A, Rr {A) == (A) +(C) +(R) Add with carry the contents of the designated register to the 0 1 1 1 1 r ror 1 1 .
forr = 0-7 accumulator.
ADDCA, @Rr (A} = (A) +{C) + ({Rr)) Add indirect with carry the contents of data memory locationto 0 1 1 1. 0 0 0 1 1 .
forr = 0-1 the accumulator.
ANLA #data  (A) = (A) AND data Logical AND specified immediate data with accumuiator. 1) 1 ] 1 o 0 1 1 2 2
d7 dg dg dg d3 dp dy dp
ANLA, Rr (A) =— (A) AND (Rr) Logical AND contents of register with 0 1 0 1 1 r r r 1 1
r=0-7
ANLA, @Rr {A) =— (A) AND ((Rr)) Logical AND indirect the contents of data memory with 6o 1 0 1 0 0 0 r 1 1
r=0-1 accumulator.
CPLA {A) — NOT (A) Complement the contents of the accumulator. 0 0 1 0 1 1 1 1 1
CLRA (A)=—0 Clear the contents of the accumulator. o 0 1 0 0 1 1 1 1 1
DAA Decimal adjust the contents of the accumuiator. ot 0 1 0 1t 1 1 1 1 .
DECA (A)=—(A) -1 Decrement by 1the accumulaior’s contents. o 0 o0 0 0 i 1 1 1 1
INCA (A) =—(A) +1 Increment by 1the accumulator’s contents. 0 o0 0 1 0 1 1 1 1 1
ORLA #data  (A) = (A)}OR data Logica! OR specified i data with ¢ 1 0 0 0 0 1 1 2 2
g7 dg 05 dy d3 & di d
ORL A, Re {A) == (A) OR (Rr) for togical OR contents of desig| register with 0 1 0 0 1 r T T 1 1
r=0-7
ORLA, @Rr (A) =— (A) OR ((Rr)) for Logical OR indirect the contents of data memory locationwith 0 1 0 0 0 0 0 r 1 1
r=0-1 accumulator,
RLA (AN +1) =~ (AN); N = 0-6 Rotate accumulator left by 1 bit without carry. 1 1 1 0 0 1 1 1 1 1
(Ag) = (A7)
RLCA (AN +1) == (AN); N = 0-6 Rotate accumulator left by 1 bit through carry. 1 1 1 1 0 1 1 1 1 1 .
(Ag) == (C}
(€) (A7)
RRA (AN} =— (AN +1); N = 0-6 Rotate accumulator right by 1 bit without carry. 0 1 1 1 0 1 1 1 1 1
(A7) = (o)

JUN
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Instruction Set (cont)
Operation Code Flags

Mnemonic Function O; Dg Ds D, D3 D, Dy Do Cycles Bytss C AC PO Fi

Accumulator (cont}

RRCA (AN} =— (AN + 1); N = 0-6 Rotate accumulator right by 1 bit through carry. 0 1 1 0 0 1 1 1 1 1 .
(A7) ==(C)
(C) = (Ag)

SWAPA {Aq-A7) — (Ag-A3} Swap the two 4-bit nibbles in the accumulator. o 1 0 o0 0 1 1 1 1 1

XRLA, #data  (A) = (A) XOR data Logical XOR specified immediate data with accumulator. 1 1 0 1 0 0 1 1 2 2

6 dg d5 dy d3 dy 4 do

XRLA, Rr {A) =— (A} XOR (Rr) for Logical XOR contents of designated register with accumulator. 1 1 0 1 1 rorr 1 1
r=0-7

XRLA, @ Rr (A) =— (A) XOR ({Rr)) for Logical XOR indirect the contents of data memory location with 1 1 0 1 0 0 0 r 1 1
r=0-1

Branch

OJINZRr addr  (Rr)=—(Rr) — 1;r=0-7 Decrement the specified register and test contents. 1 1 1 0 1 r r r 2 2
If(Rr) = 0; a7 a a5 ay a3 a a a
(PCo-PC7) = addr

JBb addr (PCo-PC7) =—addrifBy =1  Jump to specified address if accumulator bit is set. bp by b 1 0 0 1 O 2 2
(PC) = (PC) +21tBy = 0 a7 a5 3 2 3 B ¥y P

JC addr (PCp-PC7) «——addrifC =1 Jump 1o specified address if carry flag is set. 1 1 1 1 0 1 1 0 2 2
(PC) «——(PC) +2ifC =0 a a a; a4 ag a a Y

JFO addr {PCo—PC7) =— addrif FO = 1 Jump to specified address if flag FO is set. 1 0 1 1 [V 1 0 2 2
(PC) = (PC) + 2itFO = 0 a ag a a a3 A a

JF1adar (PCo-PC7) < addr it F1 =1 Jump to specified address if flag F1is set. 0 1 1 1 0 1 1 0 2 2
{PC) = (PC} + 2ifF1=0 a7 ag a5 as a3 a ¥y P

JMP addr {PCg~PCyp) =— (addrg-addrqp)  Direct jump to specified address within the 2K addressblock. ap ag ag 0 0 t 0 0 2 2
(PCo-PC7) <— (addrg-addr7) a7 ¥ a5 a a @ ¥
{PCy;) =— DBF

JMPP@A (PCg-PC7)} = ((A) Jump indirect to specified address with address page. 1 0 1 1 0 0 1 1 2 1

JNC addr {PCg—PC7) =~ addrifC = 0 Jump to specified address if carry flag is low. 1 1 1 0 6 1 1 0 2 2
(PC) <= (PC) +2iC =1 P P W Yy 3 H H P

JNIaddr (PCo-PC7) ~—addrifi =0 Jump to specified address if interrupt is low. 1 0o 6 0 0 1 1 0 2 2
{PC) — (PC) + 2ifi =1 a7 ag as a4 a3 A a q

JNTO addr {PCg-PC7) =—addrif TO =0  Jump to specified address if test 0 is low. ¢ 0 1 0 0 1 1 0 2 2
(PC) = (PC) + 2ifTO =1 a; ag ag a a3 a a

JNT1 addr (PCo~PC7) «—addrif 1 = 0 Jump to specified address if test 1is low. 0 1 0o 0 0 1 1 0 2 2
(PC} = (PC} + 2ifT1 = 1 a7 ag as a4 az a3 & 4

JINZ addr {PCy—PC7) «— addrifA = 0 Jump to specified address if accumulator is non-zero. 1 0 0 1 0 1 1 0 2 2
(PC) «— (PC) + 2ifA =1 7 % & Yy Py H ¥ P

JTF addr (PCo—PC7) = addrif TF = 1 Jump to specified address if timer flag is setto 1. ¢ 0 0 1 0 1 1 0 2 2
(PC) —(PC) + 2ifTF =0 a; ag a5 a; a3 ay @

H8PITHS£08ad”
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Instruction Set (cont)

Operation Code Flags
Mnemonic Function Description D; Dg Ds Dy D3 Dy Dy Dy Cycles Bytes C AC FO Fi
Branch (cont)
JT0 addr (PCq~PC7) = addrif TO = 1 Jump 1o specified address iftest O is a1. 0 0 1 1 0 1 1 0 2 2
(PC) =—(PC) + 2ifTO =0 a7 3 a a4 a3 A y Y
JTtaddr (PCy~PC7) = addrif T1 =1 Jump to specified address iftest 1isa 1. 0 1 0 1 0 1 1 1] 2 2
(PC) = (PC) +2ifT1=0 a7 ag a5 a, a3 A ¥ &
JZ addr (PCg—PC7) =—addrifA = 0 Jump to specified address if accumulator is 0. 1 1 0 0 0 1 1 4] 2 2
(PC} =— (PC) +2ifA =1 a7 d A a4 a3 ¥ Jy
Control
ENI Enable the external interruptinput. 0 o 0 0 0 1 0o 1 1 1
oISt Disable the external interrupt input. o o 0 1 ¢ 1 0 1 1 1
ENTO CLK Enable the clock output pin TO. 0 1 1 1 0 1 0 1 1 1
SEL MBO {DBF) =0 Select bank O (locations 0-2047) of program memory. 1 1 1 0o 0o 1 0 1 1 1
SEL MB1 (DBF) -1 Select bank 1 (locations 2048-4095) of program memory. 1 1 1 1 0 1 0 1 1 1
SEL RBO (BS) =0 Select bank 0 (locations 0-7) of data memory. 1 1 0 0 0 1+ o0 1 1 1
SEL RB1 {8S) «—1 Select bank 1(locations 24-31) of data memory. 1 1 0 1 0 1 0 1 1 1
Data Moves
MOVA, #data (A) = data Move immediate the specified data into the accumulator. 0 o 1 o 0 0 1 1 2 2
d; dg d5 dy d3 gy o Gy
MOV A, Rr (A)—(Rr);r =0-7 Move the contents of the designated registers into the 1 1 1 1 1 r r r 1 1
accumulator.
MOV A, @Rr (A} = ((Rr)}; r = 0-1 Move indirect the contents of data memory location into the 1 1 1 1 0 0 0 r 1 1
accumulator.
MOV A, PSW (A) = (PSW) Move contents of the program status word into the 1 1 6 o0 0 1 1 1 1 1
accumutator.
MOVRr, #data  (Rr) = data; r = 0-7 Move immediate the specified data into the designated 1 0 1 1 1 4 T r 2 2
register. d7 dg d5 dg d3 dy dy dy
MOV Rr, A (Rr) =—(A);r = 0-7 Move accumulator contents into the designated register. 1 ¢ 1 0 t ror r 1 t
MOV@Rr, A ((Rr)) = (A); r = 0-1 Move indirect accumulator contents into data memory location. 1 1] 1 0 0 0 0 r 1 1
MOV @HRr, ((Rr)) =— data; r = 0-1 Move immediate the specified data into data memory. 1 0 1 1 0 0 o 1 2 2
#data d7 dg dg dg d3 dy dy dp
MOV PSW, A (PSW) =— (A) Move contents of accumulator into the program status word. 1 1 0 1 0 1 1 1 1 1
MOVPA, @A  (PCp-PC7) —(A) Move data in the current page into the accumulator. 1 o 1 0 0 0 1 1 2 1
(A) ~—((°C))
MOVP3A, @A  (PCo-PC7) —(A) Move program data in page 3 into the accumulator, 1 1 1 0 0 0o 1 1 2 1
(PCg-PCyg) = ON
(A) = ((PC))

JUN
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Instruction Set (cont)

Operation Code Flags
Funotion Description Dy Dg Ds Dy D; D, Dy Dy Cycles Bytss € AC FO Fi
Data Moves (cont)
MOVXA, @R (A) =~ ({(Rr));r = 0-1 Move indirect the contents of external data memory into the 10 0 0 0 0 0 r 2 1
accumulator.
MOVX@R, A ({Rr)) ~— (A): 1 = 0-1 Move indirect the contents of the accumuiator into external 1 0 0 1 0 0 0 r 2 1
data memory.
XCH A, Rr (A) *«> (Rr).r = 0-7 the and register’scontents. ¢ 0 1 0 1 r r ] 1 1
XCHA, @Rr (A) <> {(Rr})),r = 0-1 Exchange indirect contents of accumulator and locationindata ¢ 0 1 0 0 0 0 r 1 1
memory.
XCHDA, @Rr  {Ag-A3) = ({Rr))o~({Rn)3: Exchange indirect 4-bit contents of accumulator and data 0 0 1 1 0 0 o r 1 1
=0-1 memory.
Flags
CPLC (C} = NOT{C) Complement contents of carry bit. 1 0 1 0 90 1 1 1 1 1 .
CPLFO (FO) =— NOT (F0) Complement contents of flag FO. 1 0 0 1 0 1 0 1 1 1 .
CPLF (F1) = NOT {(F1) Complement contents of flag F1. 1 0 1 1 ¢ 1 0 1 1 1 .
CLRC {C)=—0 Clear contents of carry bit to 0. 1 [V ) 1 0 1 1 1 1 1 .
CLRFO (FOy~—0 Clear contents of flag 010 0. 1 0o 0 0 0 1 0 1 1 1 .
CLRF1 {F1) =0 Clear contents of flag 10 0. 1 0 1 0 0 1 0 1 1 1 .
Input / Output
ANL BUS, ~ (bus) =— (bus) AND data Logical AND immediate specified data with contents of bus. 1 0 0 1 1 0 0 0o 2 2
#data d; dg ds dg d3 dy dy dy
ANL Pp, (Pp) = (Pp) AND data Logical AND immediate specified data with designated 1 0 0 1 1 0O p p 2 2
#data p=1+2 port (10r 2). d7 dg dg dg d3 dy dy dg
ANLD Pp, A (Pp) =— (Pp) AND (Ap-A3). Logical AND contents of accumulator with designated port 1 [ ] 1 1 1 P P 2 1
p=4-7 (4-7).
INA, Pp (A) «— (Pp).p=1-2 Input data from designated port (1-2) into accumuiator. 0 0 0 0 1 0 p p 2 1
INS A, BUS {A) =— (bus) Input strobed bus data into accumulator. o ¢ 0 0 1 0 0 O 2 1
MOVD A, Pp (Ag—Ag) = (Pp). p = 4-7 Move contents of designated port {4-7) into accumulator. 0o 0 o0 o0 1 1 p 9 2 1
(Ag-A7) — 0
MOVD Pp, A (Pp) =— (Ag-Ag); p = 4-7 Move contents of accumulator to designated port (4-7). 0 0 1 1 1 1 p P 2 1
ORL BUS, {bus) < (bus) OR data Logical OR immediate specified data with contents of bus. 1 0o 0 0 1 0o 0 0 2 2
#data & dg ds Oy 03 dy & do
ORLD Pp, A (Pp) = (Pp) OR (Ap-Aa). Logical OR contents of accumulator with designated port 1 0 0 o0 1 1 p p 2 1
=4- (4-7).
ORL Pp, (Pp) =— (Pp) OR data Logical OR immediate specified data with designated port 1 0 0 0 1 0 p 9 2 2
#data =12 (1-2). d7 dg ds dg d3 dy dy Gy
QUTLBUS, A (bus) - (A} Output contents of accumulator onto bus. 0 0 0 0 0 O 1 0 2 1
OUTL Pp,A {Pp) = (A);p =12 Qutput contents of to port (1-2). 0 0 1 1 1 0 p p 2 1

H8YITHScosad"
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Instruction Set (cont)

Operation Code Flags
Function D; Dy Dy D, Dy D; Dy D, Cycles Bytes C AC FO Fi
Subroutine
DEC Rr (Rr) {Rr) =~—(Rr) - 1;r = 0~7 Decrement by 1 contents of designated register. 1 t 0 0 1 T r r 1 1
INC Rr {Rr) =—(Rr) + %;r=0-7 Increment by 1 contents of designated register. o 0 0o 1 1 T v 4 1 1
INC @ Rr {(Rr) =—((Rr)) + 1, increment indirect by 1the contents of data memory location. 0 0 0 1 0 o6 ¢ r 1 1
r=0-1
CALL addr {(SP)) = {PC), Call designated subroutine. ap a a3 1 0 1 ¢ 0O 2 2
(PSW4-PSW7), a7 2 AW a a @ ¥ I
{SP} <—(SP} +1
(PC3-PCyp) = (addrg-addrip)
{PCy-PC7) < (addrp-addry)
{PCyy) < DBF
RET {8P) =—(SP) =1 Return from subroutine without restoring programstatusword. 1 0 0 0 0 0 1 1 2 1
(PC) ~— ((SP))
RETR {SP}—(SP) =1 Return from subroutine restoring program status word. 1 0 0 11 0 0 1 1 2 1
(PC) == ((SP)
(PSW4-PSW7) - ((SP))
Timer / Counter
EN TCNTI Enable internal interrupt flag for timer / counter output. 0 0 1 [UNE) 1 0 1 1 1
OtS TCNTI Disable internal interrupt flag for timer / counter output. ¢ 0 1 1 (/R 1] 1 1 1
MOVA, T (A) =—(T) Move contents of timer / counter into accumulator, 0 1 0o 0 0 o 1 0 1 1
MOVT A (T =—(A) Maove contents of accumulator into timer / counter. 0 1 1 0 0 0 1 0 1 1
STOP TCNT Stop count for gvent counter. (OB i 0 0 1 0 1 1 1
STRT CNT Start count for event counter. o 1 0 0 0 t 0 1 1 1
SIRTT Start count for timer. o t+ o0 t+ 0 1 0 1 1 1
Mi
NOP No operation performed. 6 0 0 0 0 0 0 0 1 1
Note:

(1) Operation code designations r and p form the binary representation of the registers and ports invoived.

{2) The dot under the appropriate flag bit indicates that its content is subject to change by the instruction it appears in.

(3) References to the address and data are specified in bytes 2 and/or 1 of the instruction.

{4) Numerical subscripts appearing in the function column reference the specitic bits affected.

(5) When the bus is written to, with an QUTL instruction, the bus remains an output port until either device is reset or a MOVX instruction is excecuted.

JUN
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Instruction Set Symbol Definitions

Symbol Description
A Accumulator
AC Auxiliary carry flag
addr Program memory address (12 bits}
By Bit designator (b=0-7)
BS Bank switch
BUS Bus port
c Carry flag
CLK Clock signal
CNT Event counter
1] Nibble designator (4 bits)
data Number of expression (8 bits)
DBF Memory bank flip-flop
FO.F1 Flags 0,
| Interrupt
P **In-page”
Pp Port designator (p=1, 2 or 4-7)
PSW Program status word
Rr Register designator (r=0, tor 0-7)
SP Stack pointer
T Timer
TF Timer flag
T0. T Testable flags 0, 1
X External RAM
# Prefix for immediate data
@ Prefix for indirect address
$ Program counter’s current value
{x) Contents of external RAM location
{(x)} Contents of memory location addressed by the
contents of external RAM location
- Replaced by
AND Logical product (logical AND)
OR Logical sum {logical OR}
XOR Exclusive-OR
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Operating Characteristics

Bus Output High Voltage vs. Source Curmrent

\WP
Veo=45V
3mA
£ 2mA
2
1mA
g
8
g
2
oV 2v 4av sV
Vou
Port P1 & P2 Output High Voltage vs. Source Current
Veo=45V
W0OuA
* 3
£
L2
504
g
ov 2v av 6V
VOH2
Bus Output Low Voltage vs. Sink Current
P Voo =45V
20mA
2
omaA
ov v 2v

VoL
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NEC Electronics Inc.

©PD80C35/C48, .PD48
8-BIT, SINGLE-CHIP
CMOS MICROCOMPUTERS

Description

The uPD80C35, uPD80C48, and uPD48 are true stand-
alone 8-bit microcomputers fabricated using CMOS
technology. All of the functional blocks necessary for
an integrated microcomputer are incorporated, includ-
ing a 1K-byte ROM (#PD80C48 only), a 64-byte RAM,
27 1/0 lines, an 8-bit timer/event counter, and a clock
generator. This integrated capability permits use in
stand-alone applications. For designs requiring extra
capability, the uPD80C35/uPD80C48 can be expanded
using peripherals and is memory compatible with
industry-standard 8080A/8085A processors.

Providing compatibility with industry-standard 8048,
8748, and 8035 processors, the uPD80C35/uPD80C48
features significant savings in power consumption. In
addition to the power savings gained through CMOS
technology, the uPD80C35/uPD80C48 offers two
standby modes (Halt and Stop modes) to further
minimize power drain.

Features

3 8-Bit CPU with memory and i/0 on a single-chip

0O Hardware/software-compatible with industry-
standard 8048, 8748, and 8035 processors

O 1K x 8 ROM (1PD80C48 only)

J 64 x 8 RAM

3727 1/O lines

0 2.5-us cycle time (6-MHz crystal)

O All instructions executable in 1 or 2 cycles

O 97 instructions: 70 percent are single-byte
instructions

O Internal timer/event counter

O Two interrupts (external and timer)

O Easily expandable memory and 1/0

O Bus compatible with 8080A/8085A peripherals

O Power-efficient CMOS technology requiring a
single +2.5 to +6.0 V power supply

0O Halt mode

0 Stop mode

Pin Configurations

40-Pin Plastic DIP
Tocf1
xaLt 2
xmazt} 3
RESET ] 4
$5s
NTQe
(7% b4
Ro]s
PSEN
wrR(j w0
AEON
08, [ 12
o8 13
08, g
083 O
og, O
0Bs O
DBy [
08y
vss T] 20
B3002061A
52-Pin Plastic Miniflat
gedpeesesees s
HHHEBEEHEBHBBHEBEBHRB
LU UL O L O C1 UL O3 CL L DL L L]
62 51 S0 49 48 47 46 45 44 43 42 41 40
vearfr O aob]juc
p2s(IC] 2 s }mrros
NGO} 3 7,2
P2g 38 [T1P22
Led s T2
NI ]e sa[TDP2o
veeqry7 BODvee
[T uin I3 22 D ves
TolI]s Ly miall g
xTaLICIL] 0 30 {11085
XTAL2[O o 29 [I1JDBs
RESET (1] 2 28 [TI708¢
NC (I 13 27 [I0NC
1
HHHEHHHHHEHHHH
oo0o0odgod OC00a00o0L0
$BEIREEIfE44¢
830028824
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Pin Configurations (cont)

Pin Identification

44-Pin Plastic Minifiat Symbel Funcisn
~Tin Flastic Minifia T0 Test 0 input/ctock output
g PO, XTAL1 Crystal 1 input
e dd g 0000
Zaogaes s >8 002 XTAL2 Crystal 2 input
H H H H H H H H H H H RESET Reset input
vy - P N\ §S Software stop input
Veo I 083 INT Interrupt input
P1p 1T O E DBy ot 1np -
Py ] s 08y EA External access input
P1 I 34 [T 08, RD Read output
Pz I L aLe PSEN Program store enable output
Py I uPDAS 28T WhR == -
N ——— I PR WR Write output
Ne I -yl ALE Address latch enable output
P1s LT L DBg-DB; Bidirectional data bus
Py CCI ] w0 [T
P20 T s Vss Ground
AN '° o 2 P2g-P2; Quasi-bidirectional port 2
H H H H H H H H H H H PROG Program output
CFSSE8EIIoE Voo Oscillator control voltage
A - P1g-P17 Quasi-bidirectional port 1
x 53
£3-0030624 T Test 1 input
R . Vee Primary power supply
Ordering Information Ne No connestion
Part Package Max Frequency
Numbes Type of Operation ROM - -
i s u Pin Functions
uPDBOC35C 40-pin plastic DIP 6 MHz None
4PDBOCAEC  40-pin plastic DIP 6 MHz Kx8 XTAL1, XTAL2 [Crystals 1, 2]
4PD8OCABG-00  52-pin plastic 6 MHz 1Kx8 XTAL1and XTAL2 are the crystal inputs for the internal
miniflat clock oscillator. XTAL1 is also used as an input for
4PDABG-22 44-pin plastic 6 MHz Kx8 external clock signals.
miniflat
TO [Test 0]
Note:

1uPD80C48C, uPD80CA8BG-00, and #PD48G-22 have two optional
porttypes: type 0, oy = —5uA; type 1, 1oy = —504A. Type O or 1 can
be selected independently for P1p-P17, P2g-P23, and P24-P2;.
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The JTOand JNTO instructions test the level of TO and,
ifitis high, the program address jumps to the specified
address. TO becomes a clock output when the ENTO
CLK instruction is executed.

T1 [Test 1]

The JT1and JNT1 instructions test the level of T1 and,
ifitis high, the program address jumps to the specified
address. T1 becomes an internal counter input when
the STRT CNT instruction is executed.

RESET [Reset]

RESET initializes the processor and is also used to
verify the internal ROM. RESET determines the oscilla-
tion stabilizing time during the release of STOP mode.
The RESET puise width requires at least 5 machine
cycles when the supply voltage is within specifications
and the oscillation frequency is stable.
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1PD80C35/C48, .PD48

§§ [Single Step)

S8 causes the processor to execute the program one
step at a time.

INT [Interrupt]

INT starts an interrupt if interrupts are enabled. A reset
disables an interrupt. INT can be tested with the JNI
instruction and, depending on the resuits, a jump to
the specified address can occur.

EA [External Access]

EA disables internai program memory and fetches and
accesses external program memory. EA is used for
system testing and debugging.

RD [Read]
RD enables a data read from external memory.

WR [Write]
WR enables a data write to external memory.

PSEN {Program Store Enable]

PSEN fetches instructions only from external program
memory.

ALE [Address Latch Enable]

ALE occurs at each cycle. The falling edge of ALE
addresses external data memory or external program
memory. ALE can also be used as a clock output.

DBg-DB7 [Data Bus]

DB,-DBy is a bidirectional port, which reads and writes
data using RD and WR for latching. During an external
program memory fetch, DBg-DB; output the low-order
eight bits of the memory address. PSEN fetches the
instruction. DBy-DB7 also output the address of an
external data memory fetch. The addressed data is
read and written by RD and WR.

P1¢g-P17 [Port 1)
P1op-P17 is an 8-bit quasi-bidirectional port.

P2¢-P27 [Port 2]

P2y-P2;7 is an 8-bit quasi-bidirectional port. P2¢p-P2;
output the high-order four bits of the address during an
external program memory fetch. P2¢-P23 also function
as a 4-bit 1/O bus for the uPD82C43 1/O port expander.

PROG [Program Pulse]

PROG is used as an output pulse during a fetch when
interfacing with the uPD82C43 1/0 port expander.
Vpp [Oscillator Control Voltage]

Vpp stops and starts the oscillator in STOP mode.
STOP mode is enabled by forcing Vpp low during a
rest.

Vg [Primary Power Supply]

Vg is the primary power supply. Vo must be between
+2.5Vand +6.0V for normal operation. In STOP mode,
Vcc must be at least +2.0 V to ensure data retention.

Vgs [Ground)
Vgs is ground potential.

NC [No Connection]
NC is no connection.
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Block Diagram
Expansion to Additionat
a Extomal Msmory and 1/0
Oscillator n s aten
Frequency ROM ,£080G48 only Low Program |
4 = 8 Counter’s Temp
— Register, Bus Buiter
us
+4%0 Port 2 | S—
Port2latchilowd | Port2 s Program
and Expander Latch f e g Status
Test1 Port 10 High4) Word
[ 1s ts I Bus
eutier | g
Thmer and < 88 Intemal Bus > g S
Lateh
! { ! ! eort
Temporary . Instruction RAM Address
Register 8 il Register/Decoder Register
Test0 Multiplexer |
fe— Test1 Register 0
je— INT Register {
Conditionat |+ F1%00 Register 2
Branch  |+— Flag1 Fogisters
Y, 2svio +e0v +— Timer Flag "
=
Powsr le— oy Register
Supply Vss le— ACC — Register 5
et GooOUNd
+— ACC Bit Tost Register 6
Voo Standby Power Control ‘ Register 7
8Leve) Stack
(Variable Word Length)
Control and Timing
_ XTAL XTAL o Optionat Second
Voo iNT RESET  PROG EA T2 ALE PSER £ D WR Register Bank
ey vy ot bt prase
Resident Data Me
Low  Interrupt Intislize 10 CPUI  Oscillstori Address Program  Singie  Read/Write —RAM {84 x :,'“"
Power Expander Memory Crystal Latch Memory Step Strobes
Standby Strobe  Separate Strobe!  Enable
Control Cycle
Clock
Note:
4PD8OC3S does not include ROM.
83002863C

Absolute Maximum Ratings

Ta=25°C

Power supply voltage, Vce Vgg —0.3t0 +10V
Input voltage, Vy Vgs —0.3toVge +0.3V
Output voltage, Vo Vs —0.3toVge +0.3V
Operating temperature, Topr -40°C to +85°C
Storage temperature, Tgrg -65°C to +150°C

Comment: Exposing the device to stresses above those listed in Abso-
lute Maximum Ratings could cause permanent damage. The device is
not meant to be operated under conditions outside the limits de-
scribed in the operationat sections of the specification. Exposure to
absolute maximum rating conditions for extended periods may affect
device reliability.
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DC Characteristics
Standard Voltage Range Extended Voltage Range
Ta= —40°Cto +85°C, Voo = +5V£10%, Vgg =0V Ta= —40°Cto +85°C, Voo = +25V1o +6.0V,Vgg=0V
Limits Teat Limits Test
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min  Typ Max Unit Conditions
Input voltage V. -0.3 +08 V Input voltage V. -0.3 +0.18Vee V
low low
Inputvoltage  Viy  Vgg-2 Vee V  Except XTAL1, Inputvoitage  Viy  0.7Vee Voo V. Except XTAL1,
high XTAL2, RESE high XTAL2
Vir  Veo-1 Vgg  V  RESEL, XTAL1, Vi 0.8Vge Vge V. XTALL XTAL2
KTAL2 Output voltage Vi +045 Vg =1.0mA
Output voliage Vo +045 V Ip =2.0mA fow
low — Oulputvoltage  Voq  0.76Vge V_ Bus,RD, WA,
Output voltage Vo 24 vV Bus, RD, WR, high PSEN, ALE, PROG,
high PSEN, ALE, PROG, T0; lgy=—100 A
10; ln = —100 A Vot 0.7Vge V' All other oulputs;
Vorn(1) 2.4 V lgn=-5uA (type lon=—14A (type
0} port 1, port 2 0) port 1, port 2
24 vV lgy==50pA 0.7Vee VAl other outputs;
(type 1) port 1, lon=—104A (type
port 2 1} port 1, port 2
Vone Vee-0.5 vV Alloutputs, Inputcurrent i p ~15  -40 A Portd, port2;
lon=-0.2pA ViN€ Vi (type 0)
Input current Iy p(1) -5 -40 A Portd, port2; -500 wpA  Portd, port2;
Vin€VyL (type 0) Vi< Vi (type 1)
—500 wA Portd, port2; Input leakage  fy_ -40 pA  SS, RESET, Viy<
ViN€ViL (type 1) current ViL
m -40 A SS,RESET. m £1  pA T1,TNT Vg
ViNeViL <Vin<Veo
Input leakage 11t +1  pA  T1,INT, Veg! 1773 £5 A EAVgs
current Vgs€Viy€ Voo <ViN<Vee
I +£3 A EA VggRVp < Output ieakage g x1  pA Vgg<Vo<Veeo,
Veo current Bus, T0— high
Output leakage 1o £1 ph Vgs<Vo<Ver impedance state
current High impedance, Supply current g 08 16 mA Vg=3V,
bus, TO toy=10us
Standby current log 04 08 mA Hatmode 6 12 WA V=BV
toy=2.5u8 toy=25us
Igc 1 20 uA  Stop mode Standby current lggy 100 200 pA  Halt mode;
{Note 2) Vge=3V,
Supply current  log 4 8  mA toy=25ps ley=104s
Dataretention  Vgcpr 2.0 Vv Stop mode (Vpp, 06 1z mA ¥ CC:ZG ;’ s
voltage RESET<0.4V) CY=2oK
lgc2 1 20 A Stop mode,
Vog=3V
1 50 WA V=6V
Note:
(1) Types 0, 1 for uPDSOCA48 only.
Type O for xPDBOC35 only.

{2} Input pin voltage is Vi € V), of Vi\y 3 Vi,
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AC Characteristics

Read, Write and Instruction Fetch: External Data and Port 2 Timing
Ta= —40°Cto +85°C, Voo =Vpp = +5V210%; Vgg =0V

Program Memory
Ta= —40°C 0 +85°C, Voo = Vpp = +5V £10%; Vgg =0V Limits
TN Venz 5v€c1=0'l- 25:“:0V
Veor Voo= +5Vs .5V 106 Test
+6VE10%  2.5Vie 6.0V Tost Parameter  Symbol Min Max Min  Max Unit Conditions

Parameter Symbol Min Max Min Max Unit Conditions Port control [ 10 860 ns
ALE pulse width 1y 400 2160 ns setup before

falling edge of
Address setup  ta 120 1620 ns PROG
before ALE

Port control hold  tpg 0 80 0 200 ns (Noted)
Addresshold  ta 80 330 ns  (Note) ater faling sdge
from ALE of PROG
Control puise ¢ 700 3700 ns PROGtotime P2 tpp 810 5310 ns
width (RD, W, input must be
FSEN) i

valid
Data setup w500 3500 ns Outputdata 250 3250

0P ns  (Note 3)

befare WR setup time
Dataholdafter  twp 120 370 ns  (Note2) Ovtput datahold tpp 65 820 ns
WR time
Cycle time oy 25 150 10 150 s BMHzXTAL inputdatahold tr O 150 0 900 ns
Data hoid tor 0 20 0 95 ns time
PSEN,RDto  tRp 500 2750 ns PROG pulse tp 1200 6450 ns
datain width
Addresssetup  taw 230 3230 ns  (Note1} Port21/0data tp 350 2100 ns
before WR setup time
Address setup  tap 950 5450 Port21/0data tp 150 1400 ns
before data in hold time
Address floatto  tapg O 500 ns Note:
RD, PSEN (1) Control outputs: G| = 80 pF, bus outputs: | =150 pF
Controlpulseto tca 10 10 s (2 C =20pF
ALE {3) Control outputs: C) =80pF

(4) Refer to the operating characteristics curves for supply voitage and
port control hold.

Bus Timing Requirements (Note 1)

Symbol Timing Formula MiniMax Unit Symbol Timing Formula MiniMax Unit
W (7/30) tgy~170 Min ns tcp (1710) tgy— 140 Min ns
ta (1/5) tgy—380 Min ns tpg2 (4715) tgy— 200 Min ns
A (1/30) 1y Min ns toR (3/5) toy—690 Max ns
tec (2/5) tgy—300 Min ns e (1/10) tgy —100 Max ns
tow (2/5)tgy =500 Min ns 1op (2/5)tcy—-T750 Min ns
wo (1/30) tcy +40 Min ns tep (1/10) tgy - 180 Min ns
toR (1/10) lgy—50 Max ns top (7/10)tgy~550 Min ns
o (3/10) tgy—250 Max ns . (7/30) tgy-230 Min ns
tw (2/5)tgy=170 Min ns tp (176} tgy—265 Min ns
o (3/5)1gy—550 Max ns Note:

tarc (1/15) tgy ~ 165 Min ns (1) Unlisted parameters are not affected by cycle time.
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Timing Waveforms
Instruction Fetch From External Memory Low Power Standby Operation
1) Halt Mode (When El)

tey

.

[

PSEN

L

'- tor

1AL
BUS Floating

Floating

Instruction Floating

!
5
H

Internal
Clock

Floating

830028654

Write to External Memory

ALE | I

J

WhR

|
! tow- two
8US Floating Addmsx Fioating Data Floating
830026664

830028674

2) Stop Mode

—\

internal
Clack

cPy

ADRS 0000(H)
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Port 2 Timing

tpL. e je—t top 1PD
Expander
Port PCH P2p-P23Data Port Conirol Qutput Data
Output

Expande
Pu()( PCH ><m-mnm
Output

PROG
tl»———»

Port Controb
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Functional Description
Standby Function

Halt Mode

In Halt mode, the oscillator continues to operate, but
the internal clock is disabled. The status of all internal
logic just prior to execution of the HALT instruction is
maintained by the CPU. In Halt mode, power consump-
tion is less than 10 percent of normal uPD80C48 opera-
tion and less than 1 percent of normal 8048 operation.

The Halt mode is initiated by execution of the HALT in-
struction, and is released by either INT or RESET input.

INT Input. When the INT pin receives a low-level input, if
interrupts are enabled, the internal ciock is restarted
and the interrupt is executed after the first or second in-
struction following the HALT instruction. However, if in-
terrupts are disabled, program operation is resumed
from the next address following the HALT instruction.
The first instruction following a HALT instruction
should be a NOP instruction to ensure proper program
execution.

If the Halt mode is released when interrupts are en-
abled, the interrupt service routine is usually executed
after the first or second instruction following the re-
lease of Halt mode. However, if either a timer or external
interrupt is accepted within one machine cycle priorto a
HALT instruction, the corresponding timer or external
interrupt service routine is executed immediately fol-
lowing the release of Halt mode. It is important to note
this sequence of execution when considering interrupt
service routine execution following a HALT instruction.

RESET iInput. When a low-level input is received by the
RESET pin, Halt mode is released and the normal reset
operation is activated, restarting program operation
from address 0.

Stop Mode

In Stop mode, the oscillator is deactivated and only the
contents of RAM are maintained. The operation status
of the uPDB0C35/:PD80C48 resembles that of a reset
condition. Because only the contents of RAM are main-
tained, Stop mode provides even lower power consump-
tion than Halt mode, only requiring a minimum V¢ as
lowas +2V.

Stop mode is initiated by setting Vpp to low when RE-
SET is low, to protect the contents of RAM. Stop mode is
released by first raising the supply voltage at the Vgg
pin from standby level to correct operating level and set-
ting Vpp to high when RESET is low. After the oscillator
has been restarted and the oscillation has stabilized,
RESET must be set to high, whereby program operation
is started from address 0. Figure 1shows the Stop mode
circuit.
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Figure1. Stop Mode Circuit

Note:
D 181 be CMOS:| ivalent)
G oekraradge e OGS (ec of s

830026708

Stop Mode Circuit. Since Vpp controls the restarting of
the oscillator, it is important that Vpp be protected from
noise interference. The time required to reset the CPU is
represented by t1(see figure 2), which is aminimum of 5
machine cycles. The reset operation will not be com-
pleted in less than 5 machine cycles. In Stop mode, it is
important to note that if Vpp goes low before 5 machine
cycles have elapsed, the CPU will be deactivated and
the output of ALE, RD, WR, PSEN, and PROG will not
have been stabilized.

Figure 2. Stop Mode Timing

Osciliator
Restarts.

oty — 1

wo |\ /

5 Machine
Minimum

Oscillator
Stops

Oscillation
Stabilization
Time
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Oscillation stabitization time is represented by ta (see
figure 2). When Vpp goes high, oscillator operation is re-
activated, but it takes time before oscillation can be sta-
bilized. In particular, such high Q resonators as crystals
require longer periods to stabilize. Because there is a
delay between restarting of the oscillator and oscillator
stabilization, t should be long enough to ensure that
the oscillator has been fully stabilized.

To facilitate Stop mode control, an external capacitor
can be connected to the RESET pin (see figure 3), affect-
ing only t2, allowing control of the oscillator stabiliza-
tion time. When Vpp is asserted in_Stop mode, the
capacitor begins charging, pulling up RESET. When RE-
SET reaches a threshold level equivalent to a logic 1,
Stop mode is released. The time it takes RESET to reach
the threshold level of logic 1 determines the oscillator
stabilization time, which is a function of the capaci-
tance and pull-up resistance values.

Figure 3. Stop Mode Control Circuit

Vee

+
ZZ (Note )

= I
L
|
{

Note: (f-Polarized slectrolylic capacitor.
830026724

Port Operation

A port-loading option is offered at the time of ordering
the mask. Individual source current requirements for
Port 1and the upper and lower halves of Port 2 may be
factory set at either — 5 uA or ~ 50 uA (see Port-Loading
Options table). The — 50 uA option is required for inter-
facing with TTL/NMOS devices. The —5uA option is
recommended for interfacing to other CMOS devices.
The CMOS option results in lower power consumption
and greater noise immunity.

Port lines P1g-P17 and P24-P27 include a protective
circuit “E” to prevent a signal conflict at the port. The
circuit prevents a logic 1from being written to a line that
is being pulled down externally (see figure 4, Port Pro-
tection Circuit E diagram). When a logic 0 is detected at
the port line and a logic 1 is written from the bus, the
NOR gate sends a logic 1 to the D input of the flip-flop.
The output is inverted, forcing the NAND gate to send a
high-level output. This turns off transistor A, preventing
the output of a logic 1 from the port.

Figure 4. Port Protection Circuit E

ORL, ANL
r—< veo
g N o
iJ s
——{o Do 'h pchannel_ - channet
Clock ClPy-Pr
Wite 8 Faber
Puise b b nchannel
Clock
L €
[
Ser
w
830028734
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Port-Loading Options Figure 6. Crystal Frequency Reference Circuit
1o (Min) Vo = Vpp =5V = 10%; Vol = 2.4V (min)
Option
Selected P1g-P1y P2g-P23  P24-P2; Unit
A -5 -5 -5 .
B -50 -5 -5 uh
c -5 -50 -5 WA
D -50 -50 -5 wh
E -5 -5 ~50 pA
F %0 -8 -%0 uh o 0";!lll ouclto constants of
=6
<] -5 =50 -50 uA g(:ns‘q:,(- 5091
=16:02pF
H -50 -50 ~50 whA Pt\x;zml’;
Note: Operating frequency loss than 4 MHz
0<C1< 20pF
(1 The selection of ioy = — 5 uA will resuit in a port source current of 0<C2< 20pF
ijLp= ~ 40uA max when used as input port. {C2-C1l < WpF
N Operating frequency more than 4 MHz
(2) The selection of Iy = — 504A will result in a port source current of 0<Cy<¥W0pF
fiLp= 500 A max when used as input port. fé‘_’a:’g;,

Oscillator Operation

The oscillator maintains an internal frequency for clock
generation and controls all system timing cycles. The
oscillation is initiated by either a self-generating exter-
nal resonator or external clock input. The oscillator acts
as a high-gain amplifier which produces square-wave
pulses at the frequency determined by the resonator or
clock source to which it is connected.

To obtain the oscillation frequency, an external LC net-
work (figure 5) may be connected to the oscillator, or, a
ceramic or crystal external resonator (figure 6) may be
connected.

Figure 5. LC Frequency Reference Circuit

Lt < Nominal f
(] 20pF SZMHz
20uH 20pF 32MHz
[Er . PORAdd .
2nvLe’ 2
gou: 5—10pF. Pin
:pp = 5 —10pF. i 3
Inchuding stray capacitance. e

830026754
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As the crystal frequency is lowered, there is an equiva-
lent reduction in series resistance (R). As the
temperature of the crystal is lowered, R is increased.
Due to this relationship, it becomes difficult to stabilize
oscillation when there is low power supply voltage.
When Vg is less than 2.7 V and the oscillator frequency
is 3MHz or less, Ta (ambient temperature) should not be
less than - 10°C.

Figures 7 and 8 show the ceramic resonator and exter-

nal clock frequency reference circuits. Figure 9 shows
the uPD80C35/:PD80C48 major I/ O signals.

Figure 7. Ceramic Resonator
Frequency Reterence Circuit

XTALY

Note;

©1>C2

|C1-Ca|  20pF

For example, Cy = 30pF, and C2=10pF.

Values of C and C2 do not include stray capacitance.
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Figure 8. E: I Clock Freq y Ref Circuit  Figure 8. Major Input and Output Signals
Vee
—] 8
XTAL -[ Portt
—
lo2e Pori2
2 Reset 2
xa soge 1§ e
= I e
Test _I:—" 4 — mm Store
1 o Address Latch
Open 3 xrarz Interrupt —» :‘:\b:mw
Bus <2 [ Strobe
Note:
Aminimum voltage of Ve - 115 required for XTALT 10 go HIGH. Eotozere
830028774
Instruction Set
Instruction Set Symbol Definitions
Symbol Description Symbol Description
A Accumulator sP Stack pointer
AC Auxiliary carry flag T Timer
addr Program or data memory address {ag-a7) o TF Timer flag
(a-240) T0,T Test 0, test 1 pin
b Acoumulator bit (b=0-7) # Prefix for immediate data
8s Bank switch Prefix for indirect address
BUS Bus " -
X Indicates the hex number corresponding to the
c Carry flag accumulator bit or page number specified in the
oLk Clock operand
ONT Counter {x} Contents of RAM
data 8-t binary data (dg-d7) [(83)] Contents of memory location addressed by (x)
DBF Memory bank flip-flop ha Transter direction, result
F0. F1 Flag 0, flag 1 AND Logica product (logical AND)
NT nterrupt pin OR Logical sum (logicai OR)
n Indicates the hex number of the specified register £XOR Bxclusive-0R
or port —_— Complement
PC Program counter
Pp Port 1, port 2, or ports 4-7 (p=1, 2 0r 4-7)
PSW Program status word
Rr Register (r=0-7)
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Instruction Set (cont)

Hex Operation Code
Maomonic Function Description Code Dy Dg Dy Dy Dy D, Dy Dy Cycles Bytes
Accumulator
ADD A, # data (A) = (A} +data Adds immediate data dg-d7 to the accumulator. Sets or clears both 03 0 0 0 0 0 0 1 1 2 2
carry fiags. (Note 2) d7 dg dg dg d3 do & dp
ADDA, Rr (A) = (A) +(Rr} Adds the contents of register Rr 1o the accumulator. Setsor clears  6n{d) 0 1 1 0 1 r T r 1 1
r=0-7 both carry flags. (Note 2)
ADDA, @Rr (A} =—(A) +((Rr}) Adds the contents of the internal data memory location specifiedby 6n(4) 0 1 1 0 0 0 0 f 1 1
=01 bits 0~5 of register Rr to the accumulator. Sets or clears both carry
flags. (Note 2)
ADDCA, #data  (A) = (A} +(C) + data Adds, with carry, immediate data dg-dy to the accumulator. Sets 3 0 0 0 1 0 0 1 1 2 2
or clears both carry flags. (Note 2) d7 dg dg dg d3 dp dy dg
ADDC A, Rr (A) =— (A) +{C} +(Rr} Adds, with carry, the contents of register Rr to the accumulator. n4) o 1 1 1 1 r T r 1 1
r=0-7 Sets or clears both carry flags. {Note 2)
ADDC A, @ Rr {A) ==~ (A) +(C) +((Rr}) Adds, with carry, the contents of the internal data memory location 7n{4}) 0 1 1 1 0 0 0 r 1 1
r=0-1 specified by bits 0-5 of register Rr, to the accumulator. Sets or
clears both carry flags. (Note 2)
ANLA, ¥ data (A} = (A) AND data Takes the logical product (logical AND) of immediate data dg-d7 53 o 1 o0 1t o0 ¢ 1 1 2 2
and the contents of the accumulator, and stores the result in the d dg dg dg d3 dp dy do
accumulator.
ANLA, Rr (A) =— (A} AND (Rr) Takes the logical product (fogical AND) of the contents of register  5n(4) 0 1 0 1 1 4 T r 1 1
r=0-7 Rr and the accumulator, and stores the result in the accumulator.
ANLA, @Rr (A) =— (A) AND ((Rr)) Takes the logical product (logical AND) of the contents of the 54y 0 1 o0 1 0 O 0 r 1 1
=041 internal data memory location specified by bits 0-5 of register Rr,
and the accumulator, and stores the result in the accumulator.
CPLA A — @) Takes the complement of the contents of the accumutator. 37 0 0 1 1 0 1 1 1 1 1
CLRA (A)=—0 Clears the contents of the accumulator. 27 0 0 1 0 0 1 1 1 1 1
DAA Converts the contents of the accumulator to 8CD. Sets or clears 57 0 1 0 1 0 1 1 1 1 1
the carry flags. When the lower 4 bits (Ag—A3) are greater than 9,
or if the auxiliary carry flag has been set, adds 6 to {Ag-A3). When
the upper 4 bits (A4—A7) are greater than 9 or if the carry flag (C)
has been set, adds 6 1o (A4-A7). If an overflow occurs at this
point, C is set. (Note 2)
DECA (A) —(A) -1 Decrements the contents of the accumulator by 1. 07 0 0 0 0 0 1 1 1 1 1
INCA {A) =— (A} +1 Increments the contents of the accumulator by 1. 17 0 0 0 1 0 1 1 1 1 1
ORL A, #data (A) =— {A) OR data Takes the fogical sum (logical OR) of immediate data do-d7 andthe ~ 43 0 1 0 ] 0 0 1 1 2 2
contents of the accumulator, and stores the result in the d7 dg dg dg d3 dy dy dg
accumulator.
ORL A, Rr (A) =—{A)OR(Rr)r = 0-7 Takes the logical sum (logical OR) of register Rr and the contents of 4n(4} 0 1 0 0 1 T 4 r 1 1

the accumulator, and stores the result in the accumulator.

svad’ ‘8svd/s€d08ad’
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Instruction Set (cont)

Hex Operation Code
Mnemonic Function Description Code Dy Dg Ds Dy Dy D Dy Dy Cycles Bytes
Accumutator (cont)
ORLA, @Rr {A} = (A) OR ((Rr)) Takes the logical sum {logical OR) of the contents of the internal 4n(4) 0 1 0 0 0 0 0 f 1 1
r=0-1 data memory location specified by bits 0~5 in register Rr, and the
contents of the accumulator, and stores the result in the
accumulator.
RLA (AN +1) — (AN) Rotates the contents of the accumutator one bit to the left. The €7 1 1 1 ¢ 0 1 1 1 1 1
{Ag) — (A7}N = 0-6 MSB is rotated into the LSB.
RLCA (AN + 1) =— (AN); N = 0-6 Rotates the contents of the accumulator one bit to the left through £7 1 1 1 1 0 1 1 1 1 1
{Ag} ~—(C) carry.
(€) (A7)
RRA (AN} = (AN +1); N = 0-6  Rotates the contents of the accumulator ong bit to the right. The 77 0 1 1 1 0 1 1 1 1 1
{A7} = (Ag) LSB is rotated into the MSB.
RRCA (AN) <~ (AN +1); N = 0-6 Rotates the contents of the accumulator one bit to the right through 67 0 1 1 0 0 1 1 1 1 1
(A7) = (C) carry.
(C) = (Ag)
SWAPA (Ag-A7)=—= (Ag-A3) Exchanges the contents of the lower 4 bits of the accumulator with 47 0 1 6o 0 0 1 1 1 1 1
the upper 4 bits of the accumulator.
XRLA, # data (A) =— (A) XOR data Takes the exclusive OR of immediate data dg-d7 and the contents 03 t 1 0 1t 0 0 1 1 2 2
of the accumulator, and stores the result in the accumulator. d; dg ds dg d3 dy dy dg
XRLA, Rr (A) =— (A) XOR {Rr) Takes the exclusive OR of the contents of register Rr and the Dn(4) 1 1 0 1 1 r r r 1 1
r=0-7 accumulator, and stores the resuit in the accumulator.
XRLA, @ Rr {A) =— (A) XOR ({Rr)) Takes the exclusive OR of the contents of the location in data Dn4) 1 1 0 1 0 0 0 r 1 1
r=0-1 memory specified by bits 0-5 in register Rr, and the accumulator,
and stores the result in the accumutator.
Branch
DJNZ Rr, addr {Rr}=—(Rr) - 1,r =0-7 Decrements the contents of register Rr by 1, and if the resultisnot ~ En 1 1 1 4] 1 r r r 2 2
If{Rr} #0; equal to 0, jumps to the address indicated by ag-az. a; 3 a5 a a3 a A
(PCo—PC7) +— addr
JBb addr (PCy~PC7) =—addritb = 1 Jumps to the address specified by ag-a if the bit in the X26) by by by 1 0 0 1 0 2 2
(PC) = (PC) +2itb =0 accumulator specified by bg-by is set. a7 a a5 a4 a3 a a

JUN
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Instruction Set {cont)

Hex Operation Code

Mnemonic Function Description Code Dy Dg Ds Dy D3 Dy Dy Dy Cycles Bytes

Branch {cont)

JC addr (PCq—PC7) = addrifC =1 Jumps to the address specified by ag-ay if the carry flag is set. 6 1 1 1 1 0 1 1 0 2 2
{PC) < (PC) +2ifC =10 a7 2 a a3 a3 a & 3§

JFO addr (PCy-PC7) =——addrit FO =1 Jumps to the address specified by ap-ay if FO is set. 86 1 0 1 1 0 1 1 0 2 2
(PC} = (PC) + 2ifFO =0 a; 2 a; a; a3 a ¥

JF1addr (PCo-PC7) <——addrif F1 =1 Jumps to the address specified by ag-ay if F1is set. 76 0 1 1 1 0 1 1 0 2 2
(PC) < (PC) + 2ifF1 =0 a7 A a a a a a 3

JMP addr (PCg~PCyp) = (addrg-addrqg) Jumps directly to the address specified by ag-ayy and the OBF. x4(6) aypy a a 0 O 1 0 0 2 2
(PCy-PCy) <— (addrg-addry) a; a3 a3 a5 a3 a & P
(PCy7) =— DBF

JMPP @ A {PCy-PC7) = ((A)) Replaces the lower 8 bits of the program counter with the contents B3 1 0 1 1 0 0 1 1 2 1

of program memory specified by the contents of the accumulator,
producing a jump to the specified address within the current page.

JNC addr (PCy—PC7) ~—addrifC = 0 Jumps to the address specitied by ag-ay if the carry fiagis not set.  E6 1 1 1 0 0 1 1 0 2 2
{PC} = (PC) + 2ifC =1 a7 a a a5 a3 a ¥

JNi addr (PCo-PC7) < addrif! = 0 Jumps to the address specified by ag~ay if the interrupt flagis not 86 1 0 0 0 0 1 1 0 2 2
(PC} = (PC}y + 2if1 =1 set. . a7 a& a a4 a3 a ¥ P

JNTO addr (PCo—PC7) =—addrif TO = 0 Jumps to the address specified by ag~ay if test 0 is low. 26 0 0 1 0 0 1 1 0 2 2
(PC) ~—(PC) + 2ifTO =1 a; a a5 ag a3 a A 3

JNT1addr (PCy-PC7) ~—addrif T1 =0  Jumps to the address specified by ag-ay if test 1is low. 46 0 1 0 0 0 1 1 0 2 2
{PC) — (PC) +2ifT1 =1 a; a a5 ag a3 A A I

JNZ addr (PCo-PC7) +—addritA+0 Jumps to the address specified by ag-ay if the contents of the 96 1 0 0 1 0 1 1 0 2 2
(PC} —(PC) +2itA=10 accumuiator are not equal to 0. a7 a a5 a4 ag 4 & 3

JTF addr (PCo-PC7) =—addrif TF = 1 Jumps to the address specified by ag-ay if the timer flag is set. 16 6 0 0 1 0 1 10 2 2
{PC) — (PC) +2ifTF =0 The timer flag is cleared after the instruction is executed. a7 3 a a4 a3 a A

JTO addr (PCo—PC7) =—addrif TO =1 Jumps to the address specified by ag-ay if test 0 is high. 36 0 0 1 1 0 1 1 0 2 2
(PC) < (PC) + 2ifTO=0 a7 a a a3 a3 a ¥y g

JT1 addr (PCo-PC7) ——addrif T1 =1  Jumps to the address specified by ag-ay if test 1is high. 56 0 1 0 1 0 1 1 0 2 2
(PC) «— (PC} + 2ifT1 = 0 a7 3 a a a3 ¥ ¥ P

Jz {PCo-PC7) < addrifA =0  Jump to the address specified by ag-ay if the contents of the cé 1 1 0 0 0 1 1 0 2 2
(PC) =— (PC) +2ifA =1 accumulator are equal to 0. az a a a; a3 a & @

svad”’ ‘sva/sedosad”’
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Instruction Set (cont)

Hex Operation Code

Mnemonic Function Description Code D; Dg D Dy, D3 Dy Dy Dy Cycles Bytes

Control

ENt Enables external interrupts. When external interrupts are enabled, 05 0 0 0 0 0 1 0 1 1 1
a low-level input to the INT pin causes the processor to vector to
the interrupt service routine.

Dist Disables externat interrupts. When external interrupts are 15 ¢ 0 0 1 0 1 [ 1 1 1
disabled, low-level inputs to the INT pin have no effect on program
execution.

ENTO CLK Enables clock output to pin TO. 75 0 1 1 1 0 1 0 1 1 1

SEL MBO (DBF) =0 Clears the memory bank flip-flop, selecting program memory bank  ES 1 1 1 ] 0 1 0 1 1 1
0 (program memory addresses 0-2047(1g ). Clears PCy ater the
next JMP or CALL instruction.

SEL MB1 {DBF) <1 Sets the memory bank flip-flop, selecting program memory bank 1 F5 1 1 1 1 0 1 0 1 1 1
{program memory addresses 2048-4085yg) ). Sets PCyy after the
next JMP or CALL instruction.

SEL RBO (88} =0 Selects data memory bank O by clearing bit 4 (bank switch)ofthe  C5 1 1 0 0 0 1 0 1 1 1
PSW. Specifies data memory addresses 0-7(19) as registers 07 of
data memory bank 0.

SEL RBt (BS) =1 Selects data memory bank 1by setting bit 4 (bank switch) of the 05 1 1 0 1 0 1 0 1 1 1
PSW. Specities data memory 24-31(4q) as registers 0-7 of data
memory bank 1.

HALT Initiates halt mode. o1 0 0 0 [ 0 0 0 1 1 1

Data Moves

MOV A, # data (A) =— data Moves immediate data dg-d7 into the accumutator. 23 0 0 1 0 0 0 1 1 2 2

7 dg d5 dg dy dp d gy

MOV A, Rr (A) =—(Rr); r = 0-7 Moves the contents of register Rr into the accumulaior. Fn(4) 1 1 1 1 1 r r r 1 1

MOVA, @ Rr {A) = ((Rr)); r = 0-1 Moves the contents of internal data memory specified by bits 0-5  Fn(4) 1 1 1 1 0 0 0 T 1 1
in register Rr, into the accumulator.

MOV A, PSW {A) — (PSW) Moves the contents of the program status word into the c7 1 1 0 0 0 1 1 1 1 1
accumuiator.

MOVRr, #data  (Rr) = data;r = 0-7 Moves immediate data dg—dy into register Rr. Bn(4) 1 0 1 1 1 r r r 2 2

d7 dg d5 dyg d3 dp dy dy

MOV Rr, A {Rr) — (A); r = 0-7 Moves the contents of the accumulator into ragister Ar. An(4) 1 0 1 0 1 r r r 1 1

MOV@Rr, A {{Rn)) = (A); r = 0-1 Moves the contents of the accumulator into the data memory An4y 1 0 1 0 0 0 0 T 1 1
location specified by bits 0-5 in register Rr.

MOV @Rr, #data ((Rr)) — data; r = 0-1 Moves immediate data dg-d; into the data memory location Bn(4) 1 0 1 1 0 0 0 r 2 2
specified by bits 0-5 in register Rr. dz dg d5 dy d3 dy dy dy

JUN
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Instruction Set (cont)
Hex Operation Code
Mnemonic Function Description Code Dy Ds D¢ D3 D2 Dy Cycles Bytes
Data Moves (cont)
MOV PSW, A (PSW) — (A) Moves the contents of the accumulator into the program status D7 1 0 1 0 1 1 1 1
word.
MOVPA, @A (PCo-PC7) —(A) Moves the contents of the program memory location specified by A3 1 1 ¢ 0 0 1 2 1
(A) =—({PC}) PCg-PCy; concatenated with the contents of the accumulator, into
the accumulator.
MOVP3A, @A  (PCo-PC7) — (A) Moves the contents of the program memory location specified by E3 1 1 0 0 0 1 2 1
{PCg-PCyy) — 001 0011 (PCg-PCyy. page 3 of program memory bank 0) and the
(A) = ((PC)) contents of the accumuiator, into the accumulator.
MOVXA @R (A) == ({(R)); r = 0-1 Moves the contents of the external data memory location specified  8n{4) 1 0 0 ] 0 0 2 1
by register Rr, into the accumulator.
MOVX @R, A {(Rr}} =— (A). r = 01 Moves the contents of the accumulator into the external data 94y 1 0 1 0 0 0 2 1
memory location specified by register Rr.
XCH A, Rr (A)=— (Rr);r = 0-7 Exchanges the contents of the accumulator and register Rr. n4) 0 1 0 1 r r 1 1
XCHA, @Rr {Ay=—((Rr}); r = 0-1 Exchanges the contents of the accumulator and the contents oithe  2n(4) 0 1 0o 0 0 0 1 1
data memory location specified by bits 0-5 in register Rr.
XCHD A, @ Rr (Ag-A3)=— ({(RM)p-{(Rr))3:  Exchanges the contents of the lower 4 bits of the accumulator with  3n(4}) ¢ 1 1 0 0 0 1 1
=01 the contents of the fower 4 bits of the internal data memory location
specified by bits 0-5 in register Rr.
Flags
cPLC ) —(@© Takes the complement of the carry bit. A7 1 1 0 0 1 1 1 1
CPLFO (FO) — (FO) Takes the complement of flag 0. 95 1 0 1 0 1 o0 1 1
CPLFY (F1) — (F) Takes the complement of flag 1. B5 1 1 1 0 1 0 1 1
CLRC Cy=—0 Clears the carry bit. 97 1 0 1 0 1 1 1 1
CLRFO (FO)—0 Clears flag 0. 85 1 o 0 o0 1 ¢ 1 1
CLRF1 (Fl) =0 Clears flag 1. As 1 10 0 1 0 1 i

svad” ‘svd/s€o08ad”’
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Instruction Set (cont)

Hox Operation Code
Mnemonic Function Description Code Dy Dg Dy Dy D3 Dy Dy Dy Cycles Bytes
Input / Dutput
ANL BUS, (bus) =— (bus) AND data Takes the logical AND of the contents of the bus and immediate 98 1 0 0 1 1 0 0 0 2 2
# data data dg-dy, and sends the result to the bus. d; dg d5 dg d3 dy dy dg
ANL Pp, (Pp) = (Pp) AND data; Takes the logical AND of the contents of designated port Pp and In(5) 1 0 0 1 1 o p P 2 2
#data p=1-2 immediate data dg-d7, and sends the result to port Pp for output. d7 dg ds dy d3 dp dy dp
ANLD Pp, A (Pp) =— (Pp) AND (Ap-A3); Takes the logical AND of the contents of designated port Ppandthe  9n{5) 1 0 0 1 1 1 [ p 2 1
=4- lower 4 bits of the accumulator, and sends the result 1o port Pp for
output.
INA, Pp {A)=—(Pp)ip=1-2 Loads the accumulator with the contents of designated port Pp. oSy 0 [ 0 0 1 0 P p 2 1
INS A, BUS {A) = (bus) Loads the contents of the bus into the accumulator on the rising 08 Q 0 0 0 1 0 0 0 2 1
edge of RD.
MOVD A, Pp (Ag-A3) = (Pp).p = 4-7 Moves the contents of designated port Pp to the lower 4 bitsofthe  On(5) 0 0 0 0 1 1 P p 2 1
(Ag~A7) =0 accumulator, and clears the upper 4 bits.
MOVD Pp, A {Pp) =~ (Ag-A3). p = 4-7 Moves the lower 4 bits of the accumulator to designated port Pp. Gy o 0 1 1 1 1 p ] 2 1
The upper 4 bits of the accumulator are not changed.
ORL BUS, (bus) «— (bus) OR data Takes the logical OR of the contents of the bus and immediate data 88 1 0 ¢ 0 1 0o 0 o0 2 2
#data dg-d7, and sends the result to the bus. d7 dg dg dg d3 dy dy dy
ORLD Pp, A {Pp} =— (Pp) OR (Ag-A3): Takes the logical OR of the contents of designated port Ppandthe  8n(5) 1 0 0 o 1 1 p P 2 1
=4-7 lower 4 bits of the accumulator, and sends the result to port Pp for
output.
ORL Pp, (Pp) = (Pp) OR data; Takes the logical OR of the contents of designated port Pp and In(5) 1 0 0 0 1 0 P p 2 2
#data =1 immediate data dg-d7, and sends the result to port Pp for output. d7 dg d5 dg d3 dp dy dy
QUTLBUS, A {bus) = (A) Latches the contents of the accumulator onto the bus on the rising 02 0 4] ] 0 0 0 1 0 2 1
edge of WR.
Note: Never use the OUTL BUS instruction when using external
program memory, as this will permanently fatch the bus.
OUTL Pp,A (Pp) —(A).p=1-2 Latches the contents of the accumulator into designated port Ppfor 3n(5) 0 0 1 1 1 0 [} p 2 1
output.
Registers
DEC Rr (Rr) = (Rr) — 1;r = 0-7 Decrements the contents of register Rr by 1. Cn(4) 1 1 0 0 1 r r r 1 1
INCRr (Rr)=—(Rr) +1;r =0-7 Increments the contents of register Rr by 1. n(4) ] 0 0 1 1 r f r 1 1
INC @ Rr {(Rr})) =— ((Rr})) +1; Increments by 1the contents of the data memory location specified  1n(4) 0 ] 0 1 0 0 0 r 1 1
-1

by bits 0-5 in register Rr.

JUN
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Instruction Set (cont)

Hex Operation Code
Mosmonic Function Description Code Dy Dg Dy Dy Dy Dy Dy Dy Cycles Bytes
Subroutine
CALL addr {(SP)) = (PC). (PSW4-PSW7) Stores the contents of the program counter and the upper 4 bitsof  x4(6) a9 ag ag 1 0 1 0 0 2 2
(SP) =~ (SP) +1 the PSW in the address indicated by the stack pointer, and a A a5 a4 a3 a Ay 3
(PCg~PC1p) =— (addrg-addryg) increments the contents of the stack pointer, calling the subroutine
{PCo—PC7) < (addrg-addr;)  specified by address ag-ayg and the DBF.
(PCyy) =—— DBF
RET (SP) ~—(SP) - 1 Decrements the contents of the stack pointer by 1and stores, in 83 1 0 0 0 0 0 1 1 2 1
(PC) = ((SP)) the program counter, the contents of the location specified by the
stack pointer, executing a return from subroutine without restoring
the PSW.
RETR (SP) < (SP) -1 Decrements the contents of the stack pointer by 1and stores, in 93 1 0 0 1 1] 0 1 1 2 1
(PC) =— {(SP)) the program counter, the contents of the upper 4 bits of the PSW
(PSW4-PSW7) < ({SPY) and the contents of the location specified by the stack pointer,
executing a return from subroutine with restoration of the PSW.
Timer / Counter
ENTCNTI Enables internal inferrupt of timer / event counter, If an overflow 25 0 0 1 0 0 1 0 1 1 1
condition occurs, then an interrupt will be generated.
DIS TCNTI Disables internal interrupt of timer / event counter. 35 0 0 1 1 4] 1 0 1 1 1
MOVA, T {A)=—(T) Moves the contents of the timer / counter into the accumulator.
42 o t+ o6 0 0 o0 1 0 1 1
MOVT, A (T} = (A} Moves the contents of the accumulator into the timer / counter. 62 0 1 1 0 0 0 1 0 1 1
STOP TCNT Stops the operation of the timer / event counter. 65 0 1 1 0 0 1 0 1 1 1
STRT CNT Starts the event counter operation of the timer / counter when T1 45 0 1 0 0 0 1 0 1 1 1
changes from a low-level input to a high-level input.
STRTT Starts the timer operation of the timer / counter. The timer is 55 0 1 4] 1 0 1 0 1 1 1
incremented every 32 machine cycles.
Miscelianeous
NoP Uses one machine cycle without performing any operation. 00 0 0 0o 0 0 0 6 0 1 1

gvad’ ‘evd/s€o08ad”’
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Instruction Set (cont)
Note:
(" Binary code randp values or the I t-order bit value of i i and ports, ivel

{2) Execution of the ADD, ADDC, and DA instructions affect the carry flags, which are not shown in the respective function equations. These instructions set the carry flags when there is an
overflow in the accumulator (the auxiliary carry flag is set when there is an overflow of bit 3 of the accumulator) and clear the carry flags when there is no overflow. Flags that are specificaily
addressed by fiag instructions are shown in the fi ( for those i

@) F to and data are ified in byte 1and/or 2 in the opcode of the corresponding instruction.
{4) The hex value of n for specific registers is as follows:
a) Disect addressing
RO:n =8 R2n=A R&n=C RE&:n=E
Rin=9 R3n=8 R6:n =D R7:n=F

b) Indirect addressing
@ROn=0 @Rtn=1
(5) The hex value of n for specific ports is as follows:
Pin=9 P&n=C PEin=E
P2n=A P5n=D PLin=F
{8) The hex value of x for specific accumulator or address bits is as follows:
a)JBbinstruction
Bgx=1 Byx=5 Byx=9 Bgx=D
Bix=3 Byx=7 Bs:x=B Bpx=F
b) JMP instruction
Page0:x = 0 Page2:x = 4 Page4:x =8 Page6:x = C
Paget:x = 2 Paged:x = 6 Page5:x = A Page?:x = E
¢) CALL instruction
PageO:x = 1 Page2:x =5 Paged:x = 9 Page:ix =D
Pagetx =3 Paged:ix =7 PageS:x = B Page7:x = F

JUN
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NEC

Operating Characteristics

Supply Current vs. Oscillation Frequency
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Operating Characteristics (cont)

Output High Current vs. Output High Voltage
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Operating Characteristics (cont)

Current Consumption as a Function
of Temperature — Stop Mode
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uPD765A1.PD7265

SINGLE/DOUBLE DENSITY
NEC Electronics Inc. FLOPPY DISK CONTROLLER
Revision 2 November 1985
Description Features

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

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

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

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

There are 15 commands which the uPD765A/.PD7265
will execute. Each of these commands requires multiple
8-bit bytes to fully specify the operation which the proc-
essor wishes the FDC to perform. The following com-
mands are available:

Read Data Read Deleted Data
Read ID Write Data

Specify Format Track

Read Track Wirite Dele'ed Data
Scan Equal Seek

Scan High or Equal Recalibrate

Scan Low or Equal Sense interrupt Status

Sense Drive Status.

Address mark detection circuitry is internal to the FOC
which simpiifies the phase-locked loop and read elec-
tronics. The track stepping rate, head load time, and
head unload time are user-programmable. The
uPD765A/uPD7265 offers additional features such as
multi-track and multi-side read and write commands
and single and double density capabitities.

O Sony (EMCA)-compatible recording format
(uPD7265)

D 1BM-compatible format (singie and double
density) ((PD765A)

O Multi-sector and multi-track transfer capability
Drive Up to 4 floppy or micro floppydisk drives

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

O Data transfers in DMA or non-DMA mode

0o

O Parallel seek operations on up to four drives
[0 Compatible with «PD8080/85, .PD8086/88 and
uPD780 (Z80®) microprocessors
O Single-phase clock (8 MHz)
0O +5Vonly
©Z80isa of the Zilog C
Pin Configuration
RESET C1'1 A\ ) =R
Ad 2 39| RW/SEEK
wats 38 LeT/oR
[ 1= 1Y 7 1 FRISTP
Als 3 HoL
o8, s %D rov
o8, 7 348 weiTs
08, e 30 FLTR,
vo,ds &  =bes,
08, .} 10 X 1P es,
08, O] 11 g 30 0 woa
o,z § 2P us,
o8, g 20 us,
ORa [] 14 21D wo
BACK ] 15 26D wFM
e sphwe
ox o 17 240 veco
wrce Y=L
LK " 21 row
GND O] 20 21 O weK
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uPD765A1.PD7265
Ordering information Pin Functions
Max Freq.
Device Number Package Type of Operation RESET (Reset)
WPDTGSAC, WPOTESA-26 _ 40-Pin piastic DIP SMHz The RESET input places the FDC in the idle state. It re-
uPDT265C, WPOT265-2C __40-Pin plastic DIP BMHz sets the output lines to the FDD to 0 (low). It does not
uPD765AD 40-Pin ceramic DIP 8MHz affect SRT, HUT, or HLT in the Specify command. If the
uPD72650 40-Pin ceramic DIP 8MHz RDY input is heid high during reset, the FDC wili gener-
ate an interrupt within 1.024 ms. To clear this interrupt,
Pin Identification use the Sense Interrupt Status command.
No. Symbel Punction RD (Read Strobe)
! REET FossL put The AD input allows the transfer of data from the FDC t
— - e RD inpu: ransfer of data from the ]
2 R_D Read contrl input the data bus when low. Disabled when CS is high.
3 WR Write controf input
4 S Chip select input WR (Write Strobe)
;3 al 5 Datf" il _sms select il 110 WR input allows the transfer of data to the FDC
! 0Bo-087 Bidirectional data bus from the data bus when low. Disabled when CS is high.
14 DRQ DMA request output
15 DACK DMA acknowledge input A (Data/Status Select)
L L Terminal count input The Ag input selects the data register (Ag =1) or status
v 10X Index input register (Ag = 0) contents to be sent to the data bus.
18 INT Interrupt request output
19 LK Clock input CS (Chip Select)
2 END Ground The FDC is selected when CS is low, enabling RD, WR,
2 WCK Write clock input and Ag.
22 ROW Read data window input
3 ROD Read data input DBo-DB7 (Data Bus)
24 veo VCO sync output DBg-DBy are a bidirectional 8-bit data bus. Disabled
25 WE Write enable output when CS is high.
26 MFM MFM output
27 HO Head select output DRQ (DMA Reques‘)
28,29 USp. US, FDD unit select output The FDC asserts the DRQ output high to request a DMA
30 WOA Wite data output transfer.
31,32 PSg, PSy Preshift output
33 FLT/TRg Fault / track zero input DACK (DMA Mknow'edge)
34 WP/TS Write protect / two side When the DACK input is low, a DMA cycle is active and
input the controller is performing a DMA transfer.
35 ROY Ready input
36 HDL Head load output
37 FR/STP Faut reset / step output
38 LCT/DIR Low current direction
output
39 RW/ SEEK Read / write / seek output
40 Voo DC power
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TC (Terminal Count)

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

IDX (Index)

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

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

CLK (Clock)

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

WCK (Write Clock)

The WCK input sets the data write rate to the FDD. It is
500 kHz for FM, 1 MHz for MFM drives, with a 250 ns
puise for both FM and MFM.

RDW (Read Data Window)

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

RDD (Read Data)
The RDD input is the read data from the FDD, containing

clock and data bits.
WDA (Write Data)
WDA is the serial clock and data output to the FDD.

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

VCO (VCO Sync)

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

MFM (MFM Mode)

The MFM output shows the FDD’s mode. It is high for
MFM, low for FM.

HD (Head Select)

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

USy, USy (Unit Select 0,1)

The USg and USq outputs select the floppy disk drive
unit.

PS8y, PS1(Preshift 0, 1)

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

RDY (Ready)

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

HDL (Head Load)

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

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

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

FR/STP (Fault Reset/Step)

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

LCT/DIR (Low Current/Direction)

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

RWI/SEEK (Read/Write/Seek)

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

GND (Ground)

Ground.

Vee(+5V)
+5V power supply.
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Block Diagram DC Characteristics
Ta= —10°Cto +70°C, Vgg = +5V £5% unless otherwise specified
[ —_ Umits Tost
Parameter Symbol Min  Typ Mex Unit Conditions
Input voltage V) -05 +08 V
o8, (o) PR | i) meoteses low
Input voltage Vi 20 Vgc+0.5 V
high
. 'Outputvoltage VoL 045 V Ip=20mA
'WR Ensble ow
Sominel Serlel [ Prestitto
Count o L R SR Outputvoltage Voy 2.4 VooV loy=-200pA
g -— le— RO Dsta high
—q .
g R [ oo Inputvotage Vi (®) -05 065 Vv
B —d Ga [N low (CLK +WR
W —q Gorwal Fesdy clock)
A, Write Prosect/
] ‘..'.‘:."“" Input voltage ~ Vig(®) 2.4 Veg+0.5 v
Rosst high
i Founraexo (CLK +WR
- | @ Uni Select 0 clock)
— Unh Select 1 S
Pitarioe WM Mode upply current  loc 150  mA
oK — (/] - (Vec)
Voo e Hoad Load Input load ™ 10 uA Viy=Vge
o — Hoad Sect current high
Fack PecetiStop Input ioad [T =10 pA V=0V
™ current low
Output leakage  Iion 10 wA Vour=Veeo
current high
Absolute Maximum Ratings Output leakage  toL 10 WA Vour=+0.45V
Ta=25°C current low
Power supply voitage, Vg -0.510 +7V
Input voltage, V) -0.510 47V Capacitance
Output voltage, Vg -0.5t0 47V Ta=25°C, fc=1MHz, Vcc =0V
Operating temperature, Topr =10°Cto +70°C Limits Test
Storage temperature, Tgrg —40°C 1o +125°C Symbol Min Typ Max Unit Conditions
Power dissipation, P W Input _clock CiN(®) 20 pF {Note 1)
Comment: Exposing the device to stresses above those listed
in the Absolute Maximum Ratings could cause permanent ::’;pl:cita nce G o eF (Note )
damage. The device should not be operated under conditions P
outside the limits described in the operational sections of this Output Cout 20 pF {Note 1)
spacification. Exposure to absolute maximum rating condi- capacitance
tions for extended periods may affect device reliability. Note:

{1) All pins except pin under test tied to AC ground



N E C | uPD765A1.,PD7265

AC Characteristics
Ta= —10°Cto +70°C, Vo = +5V £5% unless otherwise specified

Limits
765A, 7265 765A-2, 7285-2 Tost
Symbol Min Typl1) Max Nin Typlt)  Max Unit Conditions
Clock period bcy 120 125 500 120 125 500 ns {Note 4)
125 125 ns 8” FDD
250 250 ns 51/4" FDD
125 125 ns 31/2” Sony (3)
Clock active (high) @ 40 40 ns
Clock rise time [ 20 20 ns
Clock fall time @ 20 20 ns
Ag. CS, DACK setup time to RD4 tan 0 0 ns
Ag, CS, DACK hold time from RD* taa [i 0 ns
D width trR 250 200 ns
Data access time from RD+ tRp 200 140 ns C_=100pF
DB 1o float delay time from AD tor 20 100 10 85 ns Cy =100 pF
Ao, TS, DACK setup time to WRY taw 0 0 ns
Ag, CS, DACK hold time to WR+ twa 0 0 ns
‘WR width tww 250 200 ns
Data setup time to WR*t tow 150 100 ns
Data hold time from WRt two 5 0 ns
INT delay time from RD# 1Ry 500 400 ns
INT delay time from WR1 tw) 500 400 ns
DROQ cycle time tmey 13 13 us gy =125ns (4)
DACK — DRQ/ delay tam 200 140 ns
DRQ* — DACK! delay A 200 200 ns dcy=125ns (4)
DACK width taa 2 2 ey
TC width tre 1 1 dey
Reset width tReT 1 1 &y
WCK cycle time toy 4 [ ey MFM=0, 5v/4"
2 8 Goy-  MFM=1,5v4"
2 8 ey MFM=0, 8"
7 4 oy MFM=1,8"
2 8 ®cy MFM=0, 31/2" (3)
1 4 ey MFM =1, 31/2"(3)
WCK active time (high) %) 2 2 doy
CLKt — WCK t delay TowH 0 40 0 40 ns
CLKt —= WCK ¢ delay towt 4] 40 0 40 ns
WCK rise time t 20 20 ns
WCK fall time 1 20 20 ns
Preshift delay time from WCK+ cp 20 100 20 100 ns
WCK? — WE? delay towe 20 100 20 100 ns
WDA delay time from WCKt tco 20 100 20 100 ns
RDD active time (high) trop 40 40 ns
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AC Characteristics (cont)
Ta= —10°Cto +70°C, Voo = +5V 25% unless otherwise specified
Limits
7654, 7205 765A-2,7265-2 Tost
Symbol Min Typ(t) Max Min Typ{i) Max Unit Conditions
Window cycle time twey 4 4 HS MFM =0, 51/4”
2 2 us MFM =1, 51¢"
2 2 HS MFM=0, 8"
1 1 I MFM=1, 8"
2 2 us MFM=0, 312" (3)
1 1 us MFM =1, 31/2(3)
Window hold time to RDD thow 15 15 ns
Window hold time trom RDD twRD 15 5 ns
USg, 1 hold time to AW/ seek t tys ? 12 us 8 MHz clock period(4)
TRW/ seek hold time to low tsp 7 7 us 8 MHz clock period{4)
current/ directiont
Low current/ direction hold time to tosT 1.0 10 HS 8MHz clock period(4)
fault reset/ stept
USy, 1 hotd time from fault reset / tsTy 5.0 5.0 us 8 MHz clock period(4)
step 1
Step active time (high) tstp ] 7 8 ] 7 8 us {Note 4)
Step cycle time 1sg 33 (Note2) (Note2) 33  (Note2) (Note2) us (Note 4)
Fault reset active time (high) teR 8.0 10 8.0 10 Hs {Note 4)
Write data width wop 19-50 1-50 ns
USy, 1 hold time after seek tsy 15 15 us 8 MHz clock period(4)
Seek hold time from DIR tos 30 30 us 8MHz clock period(4)
DIR hold time after step tsto 24 24 us 8 MHz clock period(4)
Index pulse width Hiox 4 4 oy
RO delay from DRQ Ma 800 800 ns 8 MH2 clock peried{4)
WR delay from DRQ tw 250 250 ns 8MHz clock period(4)
WE or RD response time from DRQ ¢ tMAW 12 12 uS 8 MHz clock peried(4)
Note:

(1) Typical values for T = 25°C and nominal supply voltage.
{2) Under software control. The range is from 1ms to 16 ms at 8 MHz clock period, and 2ms to 32 ms at 4 MHz clock period.

(3) Sony Micro Floppydisk 312" drive.
(4) Double these values for a 4 MHz clock period.

Timing Waveforms

P, Read Operati P Write Operati

A, €5, DACK A, €8, DACK

tan — taa
B -

tho l‘—" — l‘—- tor
[« 7 T . ————- Data

[t

INT _H INT
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Timing Waveforms (cont)
Clock FLT Reset
oK F ¥
m Fauit Reset =
R <—on' File Unsafe Reset en & m
DMA Operation
FDD Read Operation
oRa 4
tam
— et Read Date 2l
DACK 1. tan taoo _wa.l H Trow
I, — Read Data Window
WR or iD — -
| tew (VLR’ Note: Either polarity data window is valid.
—1 tun(RD)
Terminal Count
FDD Write Operation
— ety T
Write Clock Y
S i e A A
| rf. M R 83-002820A
Wette Enable | _
_’}F"mi’ tor Reset
PreshiftOor1 X 1 x x
oot [ fwoo Reset
Write Data /\ ir
— teo le— tast
83-002820A
Preshift 0 Preshift 1
N._:,.ml : ? Write Clock
Earty 1 0
Seek Operation wek ’ |

Usa, — X Stable

— tus tsu
AW/Seek
tso tos

Tk e

63-0028274
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internal Registers

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

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

Table 1. Status/Data Register Addressing

Table 2. Main Status Register (cont)
Pin
No. Name Function

0Bg DIO Indicates direction of data transfer be-
{Data Input/ Output) tween FOC and data register. If DIO=1,
then transfer is from data register to the
processor. If DIG =0, then transfer is from
the processor to data register.

0B; ROM Indicates data register is ready to send or
(Request for Master} receive data to or from the processor. Both

bits DIO and ROM should be used to per-

form the hand-shaking functions of

“'ready” and " direction"’ to the processor.

A ] WR Function
0 0 1 Read main status register
[ 1 0 illegal
0 0 0 lllegal
1 0 0 lllegal
1 0 1 Read from data register
1 1 0 Write into data register

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

Table 2. Main Status Register

Pin
o, Name Function
DBy DgB DD number 0 is in the seek mode. If any
{FDD 0 Busy) of the DB bits is set FOC will not accept
read or write command.
DB, D8 FOD number 1is in the seek mode. If any of
(FOD 1 Busy) the DpB bits is set FDC will not accept read
or write command.
D8; DB FDD number 2 is in the seek mode. If any
(FDD 2 Busy) of the Dy B bits is set FOC will not accept
read or write command
08; 038 FOD number 3 is in the seek mode. If any
{FDD 3 Busy) of the DB bits is set FDC will not accept
read or write command.
DBy o] A Read or Write command is in process.
{FDC Busy) FDC will not accept any other command.
0Bs EXM This bit is set only during execution phase

in non-DMA mode. When DBs goes low,
execution phase has ended and result
phase has started. It operates only during
non-DMA mode of operation.

(Execution Mode)

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

Figure 1. DIO and RQM

Data In/Qut Out FOC and Into Processor

@0 OutProcessorandimoFOC[™ |
Resdy

Request for Master ! l | || l I I I
(RGM) | Nt T ]
pesay |11}l
1

Notes: A- Data register ready to be written into by processor.
B- Data register not ready 1o be written into by processor.
C- Dataregister ready for next data byte to be read by processor.
D- Data register not ready to be read by processor.
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Table 3. Status Register Identification

Table 3. Status Register Identification (cont)

Pin Pin
-
No. Name Function No. Name Function
Status Register 0 Status Register 1(cont)
D7.06 IC D7=0and Dg=0 Dy ND During execution of Read Data, Write De-
{Interrupt Code} Normal termination of command, (NT). (No Data) leted Data or Scan command, if the FDC
Command was completed and properly ex- cannot find the sector specified in the
eculed. 1DR(2) Register, this flag is set.
D7=0and Dg=1 During execution of the Read 10 command,
ination of (AT). if the FDC cannot read the 1D field without
Execution of command was started but an error, then this flag is set.
was not successfully completed. During execution of the Read A Cylinder
Dy=1and Dg=0 command, if the starting sector cannot be
Invalid command issue, {IC}. Command found, then this flag is set.
Which was issued was never started. [ During execution of Write Data, Write De-
D7=1and Dg=1 (Not Writable) leted Data or Format A Cylinder command,
Abnormal termination because during if the FOC detects a write protect signal
command execution the ready signal from from the FDD, then this flag is set.
FOD changed state. D MA If the FDC cannot detect the data address
Ds SE When the FOC completes the Seek com- (Missing Address mark or deleted data address mark, this
(Seek End) mand, this flag is set to 1 (high). Mark) flag is set. Also at the same time, the MD
D4 EC Hafault signal is received from the FDD, or (missing address mark in data field) of
(Equipment Check)  if the track O signal fails to occur after 77 status register 2 s set.
step puises (Recalibrate Command) then Status Register 2
s flag is set. 07 Not used. This bit is always O (iow).
Dy MR When the FDD is in the not-ready state and D S i
g N ) 6 CM During execution of the Read Data or Scan
(Not Ready) ?lanegd °; ﬁrnl;co?ma&o_;s issued, Lh!s {Control Mark) command, if the FDC encounters a sector
flag is set. f a Read or Write command Is which contains a deleted data address
issued to side 1 of a single-sided drive, mark, this ftag i
. : . g is set.
{hen tis flag i set [i 00 If the FOC detects a CRC error in the dat
- - — 5 3 jetects a CRC error in the data
0, HD This flag is used to indicate the state of the (Data Error in field then this flag is sef.
(Head Address) head at interrupt. Data Field)
0 UUS‘. oot ¢ T“‘sb'fg J5 used 10 indcate 2 drive unit D, WC This bi is retated to the ND bit, and when
(Unit Sefect 1) number at interrupt. (Wrong Cylinder) the contents of C(3) on the medium is dif-
Dy USo This flag is used to indicate a drive unit ferent from that stored in the IDR, this flag
{Unit Select 0) number at interrupt. is set.
Status Register 1 D3 SH During execution of the Scan command, if
07 EN When the FOC Uries (o access a Seclor be- (Scan Equal Hit) ;?e (_:ondlttlon of “equal” is satisfied, this
(Endof Cylinder)  yond the final sector of a cylinder, this lag ag s set.
is set. 173 SN During execution of the Scan command, if
et (Scan Not Satisfied)  the FOC cannot find a sector on the cylin-
O Not used. This bitis always 0 (low). der which meets the condition, then this
Ds DE When the FOC detects a CRC(1) error in ei- flag is set.
{Data Error) ;rzrthe 1D field or the data field, this flag is o 8 Tois Dt s retated o the ND bit, and when
. - (Bad Cylinder) the contents of C on the medium is differ-
hA OR fthe FDC is not serviced by the host sys- ent from that stored in the DR and the con-
(Overrun) tem during data transfers within a certain tents of C is FFH, then this flag is set
time lnterval. this flag i set Og MD When data is read from the medium, if the
D3 Not used. This bit 1s aiways 0 (fow). (Missing Address  FDC cannot find a data address mark or
deleted data address mark, then this flag

Mark in Data Field}

is set.
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Table 3. Status Register identitication (cont)

Command Symbol Description

Pin
No. Name Function
Status Register 3

FT This bit is used to indicate the status of the
(Fault) fautt signal from the FOD.

Dg wP This bit is used to indicate the status of the
{Write Protected) write protected signal from the FOD.

0s RY This bit is used to indicate the status of the
(Ready) ready signal from the FOD.

17 T0 This bit is used ta indicate the status of the
{Track 0} track 0 signal from the FDD.

D3 T$ This bit is used to indicate the status of the
{Two-Side) two-side signaf from the FDD.

0y HD This bitis used to indicate the status of the

(Head Address) side select signal to the FDO.
Dy usy This bit is used to indicate the status of the
{Unit Select 1) unit setect 1signal to the FDD.

Do USy This bit is used to indicate the status of the
(Unit Select 0} unit select 0 signat to the FDD.

Note:

(1) CRC = Cyclic Redundancy Check

(2) IDR = Internal Data Register

(3) Cylinder (C) is described more fuily in the Command Symbol

Description.

Command Sequence

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

Command The FDC receives all information re-

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

Execution The FDC performs the operation it

Phase: was instructed to do.

Result Phase: After completion of the operation,
status and other housekeeping infor-
mation are made available to the
processor.

Table 4 shows the required preset parameters and
results for each command. Most commands require 9
command bytes and return 7 bytes during the resuit
phase. The “W” to the left of each byte indicates a com-
mand phase byte to be written, and an “R” indicates a
result byte. The definitions of other abbriviations used
in table are given in the Command Symbol Description
table.

Name Function

Ap controls selection of main status register

Ag
(Address Line 0) (Ag =0} or data register {Ag=1).

C stands for the current/selected cylinder

c
(Cylinder Number) (track) numbers 0 through 76 of the medium.

0 D stands for the data pattern which is going to be

(Data) written into a sector.

07-0p 8-bit data bus, where D7 stands for a most

(Data Bus) significant bit, and Dy stands for a [east
significant bit.

oTL When N is defined as 00, OTL stands for the data

(Data Length) length which users are going to read out or write
into the sector.

EOT EOT stands for the final sector number on a cylin-

der. During read or write operations, FOC will stop

(End of Track)
data transfer after a sector number equal to EQT.

GPL GPL stands for the length of gap 3. Ouring Read /

(Gap Length) Write commands this value determines the num-
ber of bytes that VCO sync will stay low after two
CRC bytes. During Format command it deter-
mines the size of gap 3.

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

(Head Address) 1D field.

HD HD stands for a selected head number 0 or 1and

{Head) controls the polarity of pin 27. (H=HD in all com-
mand words.)

HLT HLT stanas for the head foad time in the FOO (2 to

(Head Load Time) 254 ms in 2ms increments).

HUT HUT stands for the head unload time after a Read

(Head Unload Time) or Write operation has occurred (16 to 240 ms in
16 ms increments).

MF If MF is low, FM mode is selected, andit it is high,

(FM or MFM Mode) MFM mode is selected.

MT IF MT is high, a multitrack operation is per-

{Muttitrack) formed. If MT=1after finishing read / write oper-
ation on side 0, FOC will automatically start
searching for sector 1on side 1.

N N stands for the number of data bytes writtenin a

(Number) sector.

NCN NCN stands for a new cylinder number which is

going to be reached as a result of the seek opera-

{New Cylinder Number)
tion; desired position of head.

ND ND stands for operation in the non-DMA mode.
(Non-DMA Mode)
PCN PCN stands for the cylinder number at the com-

{Present Cylinder Number) pletion of Sense Interrupt Status command, posi-
tion of head at present time.

R R stands for the sector number which will be read
(Record) or written.

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

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

SK SK stands for skip deleted data address mark.
(Skip)
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Command Symbol Description (cont)

Command Symbol Description (cont)

Name Function Name Function
SAT SRT stands for the stepping rate for the FDD (1to STP During a scan operation, if STP=1, the data in
(Step Rate Time) 16 ms in 1ms increments). Stepping rate applies contiguous sectors is compared byte by byle with
to all drives (FH=1ms, EH=2ms, efc.). data sent from the processor (or DMA}; and if
ST0-5T3 STO-ST3 stands for one of four registers which STP=2, then alternate sectors are read and com-
(Status 0-3) store the status i on after a has pared.
been executed. This information is available dur- USp, USy US stands for a selected drive number O or 1.
ing the result phase after command execution. {Unit Select)
These registers should not be confused with the
main status register (selected by Ap=0).
STO-ST3 may be read only after a command has
been executed and contains information refevant
to that particular
Table 4. Instruction Set (Notes 1, 2)
_ Instruction Code
Phase RiW Dy Dg Dg Dy Dy Dy Dy Dy Remarks
Read Data
Command w MT  MF  SK 0 0 1 1 0 Command codes
w X X X X X HD  USy USy {Note 3)
w c Sector ID prior to d ion. The 4 bytes
w H are compared against header on floppy disk.
W R
w N
w EOT
w GPL
w DTL
Execution Data transfer between the FDD and main system
Result R ST0 Status i after i
R ST1
R ST2
i} c Sector 10 i after
R H
R R
R N
Read Deieted Data
Command w MT  MF  SK 0 1 1 0 0 Command codes
w X X X X X HD US; USy
w c Sector 10 information prior to command execution. The 4 bytes
w H are compared against header on floppy disk.
w R
w N
w EOT
w GPL
W oTL
Execution Data transfer between the FDD and main system
Result R STO Status information after command execution
R ST
R S12
R [ Sector 1D information after command execution
R H
R R
R N
Note:

(1 Symbols used in this table are described at the end of this section.l
{2) Agshould equal 1for all operations.
(3} X =Don't care, usually made to equal 0.

1
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Table 4. Instruction Set (Notes 1, 2) (cont)

instruction Code
Phase RiW Dy Dy Dg D D, D D Remarks
Write Data
Command w MT MF 0 1 0 1 Command codes
w X X X HD USy USp
w [4 Sector 1D i prior fo The 4 bytes
w H are comp against header on floppy disk.
w R
w N
w EOT
w GPL
w DTL
Execution Data transfer between the main system and FOD
Result R ST0 Status i ion after i
R ST
R §T2
R ¢ Sector 1D ion after
R H
R R
R N
Write Deleted Data
Command w MT MF 0 0 0 1 Command codes
w X X X X HD US; USy
w c Sector ID i prior o The 4 bytes
w H are comp: against header on floppy disk.
w R
w N
w EOT
w GPL
w oTL
Execution Data transfer between the FOD and main system
Result R sTo Status i ion after i
R ST1
R ST2
R c Sector 1D information after command execution
R H
R R
R N
Read A Track
Command w 0 MF SK 0 1 0 Command codes
w X X X X HD US; USp
w c Sector 10 information prior to command execution
w H
w R
w N
w £oT
w GPL
w DTL
Execution Data transfer between the FDD and main system. FOC reads all
data fietds from index hole 1o EOT.
Result R ST0 Status i ion after
R ST1
R §T2
R c Sector ID information after command execution
R H
R R
R N

12



NEC

uPD7T65A1.PD7265
Table 4. Instruction Set(Notes 1, 2) (cont)
Instruction Code
Phase RiW Dy O Dy Dy D3 Dy Dy Dy Remarks
Read ID
Command W 0 [ [ 1 0 1 0 Command codes
w X X X X X HD US, USg
Execution The first correct 1D information on the cylinder is stored in data
register.
Result R ST Status i ion after
R sT1
R §T2
R [ Sector iD information read during execution phase from fioppy
R H disk.
R R
R N
Format A Track
Command w 0 MF 0 0 1 1 0 1 Command codes
w X X X X X HD US; USp
w N Bytes / sector
w SC Sectors / track
w GPL Gap3
w ] Filler byte
Execution FOC formats an entire track.
Resuit R sTO Status i ion after
L ST
R §T2
R c In this case, the |0 information has no meaning
R H
R R
R N
Scan Equal
Command w MT  MF  SK 1 0 [ [} 1 Command codes
w X X X X X HD  US; USp
w c Sector D i prior to
w H
w R
w N
w EOT
w GPL
w STP
Execution Data compared between the FDD and main system
Result R §T0 Status information after command execution
R STt
R sT2
R [ Sector 1D information after command execution
R H
R R
R N
Note:

(%} Symbols used in this table are described at the end of this section.
(2) Agshouid equal 1 for all operations.
(3) X=Don't care, usually made to equal 0.

13
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Table 4. Instruction Set (Notes 1, 2) (cont)

Instruction Code
Phase W Dy Dy D D, Dy Dy Dy Dy Remarks
Scan Low or Equal
Command w MT  MF  SK 1 1 0 0 1 Command codes
w X X X X X HD US; USp
w c Sector 1D i prior to d
w H
w R
w N
w EOT
w GPL
w STP
Execution Data compared between the FOD and main system
Result R ST0 Status i ion after {
R ST
R §T2
R c Sector [0 i ion after
R H
R R
R N
Scan High or Equal
Command w MT  MF  SK 1 1 1 0 1 Command codes
w X X X X X HD US; USg
w [ Sector {0 i ion prior to
w H
w R
w N
w g0t
w GPL
w STP
Execution Data compared between the FDD and main system
Result R ST0 Status i ion after i
R ST1
R sT2
R c Sector 10§ ion after
R H
R R
R N
Recalibrate
Command w 0 0 0 0 0 1 1 1 Command codes
w X X X X X 0 USy USp
Execution Head retracted to track 0
Sense Interrupt Status
Command W 0 0 0 0 1 0 0 0 Command codes
Result R STO Status information about the FOC at the end of seek operation
R PCN
Specity
Command w 0 0 0 0 0 0 1 1 Command codes
w SRT HUT
w HLT ND
Sense Drive Status
Command w 0 [ 0 0 0 1 0 0 Command codes
w X X X X X HD US; USy
Result R ST3 Status i ion about FDD
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Table 4. Instruction Set (Notes 1, 2) (cont)
Instruction Code

Phase RV Dy Dg Dy Dy Dy Dy 0y Dy Remarks
Seok
Command w 0 0 0 0 1 1 1 1 Command codes

w X X X X X HD US; USy

w NCN
Execution Head is positioned over proper cylinder on diskette
Invakid
Command w «————————— invalid Codes Invalid C codes {Noop — FDC goes into standby state)
Result R ST0 STO=80H
Note:

(1 Symbols used in this table are described at the end of this section.
{2) Agshould equal 1for all operations.
(3) X=Don't care, usually made to equal 0.

System Configuration

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

Figure 2. System Configuration
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During command or result phases the main status reg-
ister (described earlier) must be read by the processor
before each byte of information is written into or read
from the data register. After each byte of data read or
written to the data register, CPU should wait for 12 us be-
fore reading main status register, bits Dg and D7 in the
main status register must be in a 0 and 1 state, respec-
tively, before each byte of the command word may be
written into the uPD765A/uPD7265. Many of the com-
mands require multiple bytes and, as a result, the main
status register must be read prior to each byte transfer

to the uPD765A/.PD7265. On the other hand, during the
result phase, Dg and D7 in the main status register must
both be 1's (Dg = 1 and D7 = 1) before reading each byte
from the data register. Note that this reading of the main
status register before each byte transfer to the
uPD765A/uPD7265 is required only in the command and
result phases, and not during the execution phase.

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

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

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

The RD or WR signais should be asserted while DACKis
true. The CS signal is used in conjunction with RD and
WR as a gating function during programmed 1/O opera-
tions. CS has no effect during DMA operations. If the
non-DMA mode is chosen, the DACK signal should be
pulled up to Vee.

1t is important to note that during the result phase all
bytes shown in the command table (table 4) must be
read. The read data command, for example, has seven
bytes of data in the result phase. All seven bytes must
be read in order to successfully complete the Read Data
command. The uPD765A/uPD7265 will not accept a new
comand until all seven bytes have been read. Other
commands may require fewer bytes to be read during
the result phase.

The uPD765A/uPD7265 contains five status registers.
The main status register mentioned above may be read
by the processor at any time. The other four status regis-
ters (STO, ST1, ST2, and ST3) are available only during
the result phase and may be read only after completing
a command. The particular command that has been ex-
ecuted determines how many of the status registers will
be read.

The bytes of data which are sent to the uPD765A/
uPD7265 to form the command phase and are read out
of the uPD765A/uPD7265 in the result phase must occur
in the order shown in table 4. That is, the command code
must be sent first and the other bytes sent in the pre-
scribed sequence. No foreshortening of the command
or result phases is allowed. After the last byte of data in
the command phase is sent to the uPD765A/.PD7265,
the execution phase automatically starts. In a similar
fashion, when the last byte of data is read out in the
result phase, the command is automatically ended and
the uPD765A/uPD7265 is ready for a new command.

Polling

After reset has been sent to the uPD765A/uPD7265, the
unitselect lines USg and US, will automaticaily gointoa
polling mode. In between commands (and between step
pulses in the Seek command) the uPD765A/uPD7265
polis all four FDDs looking for a change in the ready line
from any of the drives. If the ready line changes state
(usually due to a door opening or closing), then the
uPD765A1.PD7265 will generate an interrupt. When sta-
tus register 0 (STO) is read (after Sense interrupt Status
is issued), not ready (NR) will be indicated. The polling
of the ready line by the uPD765A/uPD7265 occurs con-
tinuously between commands, thus notifying the proc-
essor which drives are on or off line. Each drive is polled
every 1.024ms except during the Read/Write com-
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mands. When used with a 4 MHz clock for interfacing to
minifloppies, the polling rate is 2.048 ms. See figure 3.

Figure 3. Polling Feature
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Read Data

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

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

The “multi-track” function (MT) allows the FDC to read
data from both sides of the diskette. For a particular cyl-
inder, data will be transferred starting at sector 1, side 0
and completing at sector L, side 1(sector L = last sector
on the side). Note, this function pertains to only one ¢yl
inder (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
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termination, may perform a multi-sector read operation.
When N is non-zero, then DTL has no meaning and
shouid be set to FFH.

Table 5. Transfer Capacity

Multi. MFM/ Bytes!  Maximum Transfer Capacity Final Sector

Track FN  Sector {Bytes/Sector) Read from

NT NE N {Number of Sectors) Diskettes
0 0 00 (128) (26) = 3,328 26 at side 0
0 1 ] (256) (26) = 6,656 or 26 at side 1
1 o 00 (128)(52) = 6,656 26 at side 1
t 1 01 (256) (52) = 13,312
0 0 01 (256) (15) = 3.840 15 at side 0
0 1 02 (512) (15) = 7,680 or 15 at side 1
1 0 ol (256) (30) = 7.680 15 at side 1
1 1 02 (512)(30) = 15,360
0 0 02 (512)(8) = 4,096 B at side 0
0 1 03 (1024)(8) = 8,192 or 8 at side 1
1 0 02 (512) (16) = 8,192 8atside1
1 1 03 (1024) (16) = 16,384

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

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

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

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

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

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

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

Functional Description of Commands

Write Data

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

Table 6. Command Description

Final Sector 1D Information at Result Phase

MT HD to Processor [ H R N
0 0 Less than EOT NC NC  R4+1 NC
0 0 Equal to EOT C+1 NC R=01 NC
0 1 Less than EOT NC NC R+t NC
0 1 Equal to EOT C+1 NC R=01 NC
1 0 Less than EOT NC NG R+t NC
1 0 Equal to EOT NC LSB R=01 NC
1 1 Less than EOT NC NC R4l NC
1 1 Equal to EOT C+1 LSB R=01 NG

Note:

(1) NC(NoChange): The same value as the one at the beginning of com-
mand execution.

{2) LSB (Least Significant Bit): The least significant bit of H is comple-
mented.

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

The FDC reads the ID field of each sector and checks
the CRC bytes. If the FDC detects a read error (CRC er-
ror) in one of the ID fields, it sets the DE (Data Error) flag
of status register 110 a 1(high) and terminates the Write
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Data command. (Status register 0 also has bits 7 and 6
set to 0 and 1, respectively.)

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

* Transfer capacity

* EN (end of cylinder) flag

* ND(no data) flag

¢ Head unload time interval

¢ D information when the processor terminates
command

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

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

Write Deleted Data

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

Read Deleted Data

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

Read a Track

This command is similar to the Read Data command ex-
cept that this is a continuous read operation where the
entire data field from each of the sectors is read. Imme-
diately after sensing the index hole, the FDC starts read-
ing 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 information read from each
sector with the value stored in the IDR and sets the ND
flag of status register 1to a 1(high) if there is no compari-
son, Multi-track or skip operations are not allowed with
this command.

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

Read ID

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

Format a Track

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

The processor must send new values for C, H, R, and N
to the uPD765A/4PD7265 for each sector on the track. If
FDC is set for the DMA mode, it will issue four DMA re-
quests per sector. If it is set for the interrupt mode, it will
issue four interrupts per sector and the processor must
supply C, H, R, and N loads for each sector. The con-
tents of the R register are incremented by 1 after each
sector is formatted; thus, the R register contains a value
of R when it is read during the result phase. This incre-
menting and formatting continues for the whole track
until the FDC detects the index hole for the second
time, whereupon it terminates the command.

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

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

Table 7. Sector Size

Scan Commands

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

Format Seotor Size N SC OPL{1) OPL{2,3) Dprocessor- The hexidecimal byte of FF either from
8" Standard Floppy memory or from FDD can be u§ed as a mask byte be-
TV Wod T3 Byes/ Sector 00 A 07 m cause italways meets.the co.nd.nion of the comparison.
% o o m One’s complement arithmetic is used for comparison
(FF =largest number, 00 =smallest number). After a
512 02 08 1B 3A whole sector of data is compared, if the conditions are
1024 03 04 47 8A not met, the sector number is incremented (R + STP —
2048 04 02 C8 FF R), and the scan operation is continued. The scan opera-
0% 05 01 C8 FF tion continudesi untiI'one of the following conditions oc-
cur: the conditions for scan are met (equal, low, or high),
MFM Mode(4) 256 o G % the last sectoron the track is reachef‘l ((I‘EOT), orthe tergmi
512 02 0F B 54 nal count signal is received.
:;i: gi zi ;: ;: If the conditions for scan are met, then the FDC sets the
SH (scan hit) flag of status register 2o a 1(high) and ter-
409 05 02 ¢c8 FF minates the Scan command. If the conditions for scan
8192 06 0 c8 FF are not met between the starting sector (as specified by
§1/4" Minifioppy R) and the last sector on the cylinder (EOT), then the
TN Mode 128 Byles/Sector 00 12 07 09 FDC sets the SN (scan not satisfied) flag of status regis-
™ o 0 10 m ter2 .to a1(high) and terminates the Scan command. The
% o o T m receipt of a terminal count signal from the processor or
DMA controller during the scan operation will cause the
512 02 04 4 87 FDC to complete the comparison of the particular byte
1024 03 02 (8 FF which is in process and then to terminate the command.
2048 04 0 c8 FF Table 8 shows the status of bits SH and SN under vari-
MFM Mode(4) 256 0 12 0A oC ous conditions of Scan.
256 0 10 20 32 "
o 6 2 m Table 8. Scan Co::::z:v's‘mr -
10 03 04 &0 Fo ¢ Bitz=SN  Bitd=SH Comments
2048 04 02 c8 FF Scan Equal 0 1 Drpp = Oprocessor
409 05 o s FF 1 0 Orpp*Dprocessor
3172 Sony Micro Floppydisk Scan Low or 0 1 Drpp=Derocessor
FM Mode 128 Bytes / Sector 0 OF 07 18 Equat 0 0 Drop < Derocessor
256 1 09 i 1 0 Orpp > Dprocessor
512 2 05 B 3 Scan High or 0 1 Drpp = Dprocessor
MFM Mode(4) 256 t OF  OF 36 Equal ) 0 Drop > Dprocessor
512 2 o B 54 1 0 Orpp < Dprocessor
1024 3 06 3 ]

Note:

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

(2) Suggested values of GPL in format command.

(3) Al values except sector size are hexidecimal.

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

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

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

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

Seek

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

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

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

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

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

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

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

Recalibrate

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

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

Sense Interrupt Status

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

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

Table 9. Interrupt Status

Sook End Interrupt Code
BitS Bite Bit? Cause
0 1 1 Ready line changed state,
either polarity
1 0 0 Normal termination of Seek or
Recalibrate command
1 1 0 Abnormat termination of Seek

or Recalibrate command

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

Figure 4. Seek, Recalibrate, and Sense Interrupt Status

Specify

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

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

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

Sense Drive Status

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

: Seek {or C Sense Interrupt Status Command —e
f— . Phase —et Phase —vta-C Phase —{=—Result Phase —={
Wi : ; :
] 1 ] : [
! ' \ ! !
S L unusm i T um
3 ! ] ¢
s U U Uy U
L}
WR U U U
oo | U I} I BIN
RQM_ﬂ n__n N N
1 1 r T
B o 4 I I R T
325k £5f 2f LS 1 -
g2zt o5 &2 sgse ;¢ &
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ter 3 contains the drive status information stored inter-
nally in FDC registers.

Invalid

If an Invalid command is sent to the FDC (a command
notdefined above), then the FDC will terminate the com-
mand after bits 7 and 6 of status register 0 are set to 1
and 0, respectively. No interrupt is generated by the
uPD765A/uPD7265 during this condition. Bits 6 and 7
(DIO and RQM) in the main status register are both 1
(high), indicating to the processor that the uPD765A/
uPD7265 is in the result phase and the contents of sta-
tus register 0 (ST0) must be read. When the processor

Figure 5. Data Format(Sheet10f2)

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

A Sense Interrupt Status command must be sent 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 com-
mand as a No-Op command to place the FDC in a
standby or no operation state.

Data Format
Figure 5 shows the data transfer format for the uPD765A
and uPD7265 in various modes.

4PD765A [FM Mode]
GAP4a | sYNC | tam fGap1] sync | 10am (C| Is| 1c GAP2 | SYNC [ DATAAM DATA c| 6ar3| Garan
40x 6x 26x &x v([HiE Slri e ox o R{
FF Fc FF FE |L[D)c|O|c| FF FBorFa <
ndex /T \__ i Repeat N Times |
1PD7265 [FM Mode]
GaP1| sync | oam [ |s{y|ClGar2 | sYNC | DaTAAM DATA claapa| Gars
16x 6x Yip|E{o[R| 1x 6x FBorFe o Al o
L 00 e [L]|P1ci®lct FF c
Index __/'—\l; Repeat N Times. 4
uPDTESA [MFM Mode)
GAPaa | SYNC 1AM GAP1 | SYNC 10AM clilsl el aapz | sync | CATAAM c | GAPS [GAPab
80x 12x n sox | 12x P YiHle|N|n| 2 12x 3 DATA M
4E 00 2 FC aE » FE | L j0|c|O|c| <€ 3 :g v} ¢
wa_ /N : Repast N 2
uPD7265 [MFM Mode]
DAM DATA AM
GAP1 | SYNC Clu|8|njc| 6ar2 [ swne DATA c | GaP3 [ GaPa
S2c | [ e |VIn|E|giAl 2 12x = | B s Rl o
aE 00 x L c|®lci 4« 00 M ts c
wdex /" N\__ } Repaat N Times {

Note: Itis suggested that the user refer 1o the foliowing application notes:
(1) #8 —for an example of an actual interface, as well as a “theoretical” data separator.
(2410 —for a well f a working phase-locked 100p.
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Figure 5. Data Format(Sheet 2 of 2)

4PDT6SA
ndex ST\ .
off—— e
Format [caraa | um [ cart o [ aaez [ oara Joaea] 0] [aapan |
wee TN\ Ly
we it BN ,
7
uPD7265A
Index _/_'\ / \
jL
Format [capr [0 [ aarz [ oam | aaps o Taae2] o] [ oare |
Note: Read we A N A— if
YT

Packaging Information
AAAAARAARAARRAARAAAAR o ow aim
Y _ o — T
! R
TUVUUVUYUUIYeeIYeeY| e

Note: 1. Each lead centerting is located within .25 mm (.01 inch] of its true posttion [TP] at meximum maeterisl condition.
2. Item “K” 1o center of leads when formed peralisl.
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Packaging Information (cont)
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L&Mﬁmmmmmﬁmmﬁ ] f‘.;;::;“
TUTTTTVUORTOUITIIY| e e

A

0.15°

93-0014008

NEC Electronics Inc.
CORPORATE HEADQUARTERS

401 Elis Street

£.0. Box 7241

Mountain View, CA 94039
TEL 415-960-6000

TWX 910-379-6985

©1385 NEC Electronics Inc./Printed in U.S.A.

No part of this document may be copred of reproduced in any form or byany means without the prior written consent ot NEC

fnc. T in is subject notice. D $ 8010 by NE(
are covered by the warranty atent NEC Inc. Termsanqcondmons
of Sale only NEC Electronics Inc. makes no warranty. express, statutory, implied, or by description, regarding the
(ntormanon set forth herein of regarding the freedom of the described devices from patent infringement. NEC Etectronics
Inc. makes no warranty of merchantability or fitness for any purpose. NEC Inc. forany
errors that may appear in this document. NEC Eleciromics Inc. makes no commitment (o update or (0 keep current the
ntormation contained in this document

NECEL-000324-1185
STOCK NO. 500630



TANDY COMPUTER PRODUCTS

DMA Chip Specification




TANDY COMPUTER PRODUCTS

DMA Chip Specification

Contents
Section Page
General Description 1
Address Decode 1
Pin List 5
Pin Functions 6
Logic Block Diagram 10
Electrical Specifications 11

Timing 14




TANDY COMPUTER PRODUCTS

DMA CHIP SPECIFICATION

GENERAL DESCRIPTION

The DMA Chip is an Intel 8237A-5 (AMD 9517) DMA Controller
plus associated support circuity to integrate the TANDY 1000
External Memory function into a single ASIC part. The
support circuity is divided into the five functional
sections. The ADDRESS DECODE-MEMORY and ADDRESS DECODE-IO
are independent of the DMA function and interface directly
into the bus. The TIMING and DMA RDY sections are DMA
support functions. The BUFFERS support the in/out pins.

The functional configuration of the 8237 for the DMA Chip is
a fixed subset of its total capability. It is configured
via the BIOS ROM for: normal timing, fixed priority, late
write, high DREQ sense, low DACK sense.

ADDRESS DECODE - MEMORY

Provides RAM Memory access decode and address generation.
Bus addresses Al9-Al5 determine which segment(bank) of
memory is being accessed based on one of four possible
memory configurations. (see memory map Figure 1). This is
combined with Bus strobes MEMWB or MEMRB and CLK to create
one of the three RAS strobes (RASOB, RAS1B or RAS2B), MUX,
CAS, data directional controls DBDIR, DBENB and the
multiplexed RAM addresses MAO-MA8. The signals CAS and MUX
will occur for all access's except REFRESH. The address
lines MAO-MAB are Bus addresses A0-A8 and A9-Al7 multiplexed
together by the signal MUX. These will occur for all
access's including REFRESH (since MUX does not occur during
REFRESH, MAO-MA8 will be only A0-A8). The selection of MAS8
will be made externally since Bank 0 and Bank 1 can be
either 64K or 265K DRAM IC's.




MCF0 ,MCF1
CODE

OPTION #1 00

OPTION #2 01

OPTION #3 10

OPTION #4 11

Figure 1

EQUATIONS FOR RAS-B

TANDY COMPUTER PRODUCTS

MEMORY ADDRESS ACCESS
ORGANIZATION CONTROL
SIGNAL

BANK 0 64K x 8 0.0000-0.FFFF RASO
BANK 1 64K x 8 1,0000-1.FFFF RAS1
BANK 2 EMPTY

BANK 0 256K x 8 0.0000-3.FFFF RASO
BANK 1 EMPTY

BANK 2 EMPTY

BANK 0 256K x 8 0.0000-3.FFFF RASO
BANK 1 256K x 8 4.0000-7.FFFF RAS1
BANK 2 EMPTY

BANK 0 64K x 8 0.0000-0.FFFF RASO
BANK 1 64K x 8 1.0000-1.FFFF RAS1
BANK 2 256K x 8 2.0000-5.FFFF RAS2

MEMORY CONFIGURATION MAP

64K DRAMS require address A0-Al5, therefore Al9-Alé6

determine access.

256K DRAMS require address A0-Al7, therefore Al9-AlS8

determine access.

RASOB

+ 4+

REFRESH .MEMRB
RAS1B

+ 4

+ +

REFRESH .MEMRB

RAS3B = MCFl. MCF0./19./18. 17
+ MCFl. MCF0./19. 18./17

+ REFRESH.MEMRB

/MCFl./MCF0./19./18./17./16 ./REFRESH. (MEMRB+MEMWB) OPTION #1
/MCFl. MCF0./19./18,
MCF1l,/MCF0./19./18.
MCFl. MCF0./19./18./17./16./REFRESH. (MEMRB+MEMWB) OPTION #4

/REFRESH. (MEMRB+MEMWB) OPTION #2
/REFRESH. (MEMRB+MEMWB) OPTION #3

/MCF1,/MCF0./19./18./17. 16./REFRESH. (MEMRB+MEMWB) OPTION #1
MCFl./MCF0./19, 18.

MCFl. MCF0./19./18./17. 16./REFRESH. (MEMRB+MEMWB) OPTION #4

/REFRESH. (MEMRB+MEMWB) OPTION #3,
NO OPTION #2

/REFRESH. (MEMRB+MEMWB) OPTION #4,
NO OPTION #1,42,43
/REFRESH. (MEMRB+MEMWB)
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EQUATIONS FOR MULTIPLEXED ADDRESSES MA-

ROW ADDRESS COLUMN ADDRESS

(FIRST) (SECOND)
MAO : a0 A8 Since these addresses will
Mal : Al A9 be used for either/both
MA2 : A2 Al0 64K and 256K DRAMS, MA8
MA3 a3 all will be Al6,Al7 instead
MA4 : Ad Al2 of two sets of MAs.
MAS5 : as Al3 (i.e. 64K MAO=A0/A8,
MA6 a6 Al4 256K MAO=A0/A9,...etc.)
MA7 : a7 AlS5
MA8 : alé Al7

ADDRESS DECODE - I/0

Provides I/0 decode for generating the chip selects for the
DMA Controller and the DMA Segment Address Register plus the
data directional control signals DBDIR and DBENB. Bus
addresses A0-Al5 are decoded and combined with Bus strobes
IORB or IOWB to create the chip selects.

CHIP SELECT ADDRESS SIGNAL EQUATION (Al9-A16 = don't care)
FUNCTION (Al5,...,A8 = 0, ALWAYS)
DMA X.0000-X.000F DMACSB = /A7./A6./AS5./R4./REN.(IORB + IOWB)

DMA SEGMENT

REGISTER X.0080-X.0083 WPRCSB = A7./A6./A5./Ad4./A4./AEN.IOWB

Figure 2 I/0 CONFIGURATION MAP

DMA READY

A system requirement is to have one WAIT cycle automatically
inserted into each I/0 transfer. When an IORB occurs, WAIT
cycles will continually be inserted until IORB returns
inactive or until a MEMWB or MEMRB occurs.

This one WAIT cycle is inserted automatically when the CPU
is Bus Master. Therefore when the DMA is a Bus Master, it
is necessary to insert one WAIT cycle into each DMA I.O
transfer (that is every transfer) and honor any additional
WAIT requests from the system.
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TIMING GENERATOR

The input clock is 0SC (= 14.31818 MHZ).
1,) It is divided by three to recreate the 4.77 MHz
system processor clock which is used as the clock for
the 8237.
2.) It is used to delay the memory access strobe MEM-B
twice to create the timing for RAS~, MUX, and CAS.

BUFFERS

Provide isolation and drive capability since this circuit
will interface directly onto the system bus. These buffers
include the bi~directional buffers for address and control
strobes (CPU Bus Master - Receive control,address, DMA Bus
Master - transmit control,address) but excludes the
bi-directional data buffer. Since it must be shared by the
memory, this part will be provided externally. Decoding
from the ADDRESS DECODE I/0 and MEMORY circuitry are
combined to provide directional control signals DBDIR, DBENB
for this data bus buffer.

FUNCTION SIGNAL EQUATION
DATA BUS DBDIR = DMACSB.IORB
DIRECTIONAL + /MCF1l./MCF0./19./18./17. /REFRESH. MEMRB
CONTROL + /MCFl. MCF0./19./18, /REFRESH. MEMRB
+ MCFl. /MCF0./19. /REFRESH. MEMRB

+ MCFl. MCF0./19.(/18 + 18./17)./REFRESH. MEMRB

DATA BUS DBENB = DMACSB + WPRCSB

BUFFER ENABLE + /MCFl./MCF0./19./18./17, /REFRESH. MEM-B
+ /MCFl. MCF0./19./18. /REFRESH. MEM-B
+ MCFl. /MCF0./19. /REFRESH. MEM-B

+ MCFl. MCF0./19.(/18 + 18./17)./REFRESH. MEM-B

ADDRESS BUS,
CONTROL BUS
DIRECTIONAL DMAAENB = 8257 Signal AEN inverted

CONTROL
Figure 3 BUFFER CONTROL SIGNALS
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PIN LIST

9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61
O I e e I

10- -60
11- -59
12- -58
13- =57
14- -56
15~ -55
16- -54
17- =53
18- DMA CHIP -52
19- -51
20~ -50
21- -49
22- -48
23- -47
24- -46
25- -45
26— -44

| ] | [ N I
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
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DESCRIPTION OF EACH PIN FUNCTION

FUNCTION PIN NUMBER FUNCTION PIN NUMBER
vSss 1 VDD 35
RFSHB 2 CASB 36
REFRESHB 3 RASOB 37
MCF1l 4 RAS1B 38
MCF0 5 RAS2B 39
WRB 6 MAO 40
FDCDMACKB 7 MAL 41
DACK1B 8 MA2 42
DACK3B 9 MA3 43
DMATC 10 MA4 44
FDCDMARQB 11 MAS 45
DRQLB 12 MAG6 46
DRQ3B 13 MA7 47
DBDIR 14 MAS 48
DBEN 15 Al9 49
MEGAPIN 16 AlS8 50
0sC 17 Al7 51
v8Ss2 18 Alé 52
BREQB 19 Al5 53
RESET 20 Al4 54
AENA 21 al3 55
BRDY 22 Al2 56
MEMWB 23 All 57
MEMRB 24 AlQ 58
IOWB 25 A9 59
IORB 26 a8 60
D7 27 A7 61
D6 28 A6 62
D5 29 A5 63
D4 30 a4 64
D3 31 A3 65
D2 32 A2 66
D1 33 Al 67
DO 34 A0 68
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PIN DEFINITIONS

NOTE: All negative true signals use the suffix “B",

INPUTS: (1l pins)

MCFO
MCF1l
RFSH

DRQ1
FDCDMARQ

DRQ3
READY
RESET
0scC
AEN
TEST

Memory configuration OPTION Select.
(See Figure 1 for details.)

8237 CHANNEL 0 REQUEST (DREQ2)

Input from timer, Set up as 16 microsec
interval timer for REFRESH.

8237 CHANNEL 1 REQUEST (DREQ1)

8237 CHANNEL 2 REQUEST (DREQ2) dedicated
to FDC.

8237 CHANNEL 3 REQUEST (DREQ3)

System READY signal for DMA.

System hardware master RESET.

Memory timing clock. Currently CLK14M.
CPU Bus Grant (8237 HLDA)

Input for TEST mode used by IC mfg.

BI-DIRECTIONAL: (32 pins)

BUSAl19-BUSAl6 System Segment Address (CPU BUS MASTER-

BUSA15-BUSAQ
D0U-DO7

MRB

MWB

IRB

IWB

INPUT, DMA BUS MASTER- OUTPUT)

System Address (CPU BUS MASTER~-
INPUT, DMA BUS MASTER- OUTPUT)

System Data Bus (WRITE-OUTPUT,
READ- INPUT)

System Memory Read strobe (CPU BUS
MASTER- INPUT, DMA BUS MASTER- OUTPUT)
System Memory Write strobe (CPU BUS
MASTER- INPUT, DMA BUS MASTER- OUTPUT)
System Memory Read strobe (CPU BUS
MASTER~ INPUT, DMA BUS MASTER- OUTPUT)
System Memory Write strobe (CPU BUS
MASTER- INPUT, DMA BUS MASTER- OUTPUT)
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OUTPUTS: (20 pins)

MAOO-MAO8 External Memory multiplexed address

RASOB-RAS2B External Memory ROW strobes.

CASB External Memory COLUMN strobe.

WRB External Memory WRITE strobe,

DBDIR Data Buffer directional control (Read=l).

DBENB Data Buffer enable.

REFRESHB 8237 CHANNEL 0 ACKNOWLEDGE (DREQO)
Acknowledge from DMA channel 0 setup for
refresh.

DACK1B 8237 CHANNEL 1 ACKNOWLEDGE (DREQ1)

FDCDMACKB 8237 CHANNEL 2 ACKNOWLEDGE (DREQ2)

DACK3B 8237 CHANNEL 3 ACKNOWLEDGE (DREQ3)

DMATC 8237 EOP (output only)

BREQB CPU Bus Request (8237 HRQ)

POWER: (4 pins)

vDD +5 VDC
vsSs GND

TOTAL PIN COUNT = 68

PIN SENSE DMA PINOUT 8237 PINOUT
BIDIR a0 - a0 -

BIDIR Al | (BIDIR ENA al l (BIDIR ENA
BIDIR a2 - = DMAAEN) A2 - =8237 CNTL)
BIDIR A3 - A3 -

TSFBAK A4 - A4 -

TSFBAK A5 I (TS ENA A5 ‘ (TS ENA
TSFBAK a6 - = DMAAEN) A6 = LOGIC 1)
TSFBAK a7 - a7 -

TSFBAK A8

TSFBAK A9

TSFBAK Al0

TSFBAK all

TSFBAK Al2

TSFBAK al3

TSFBAK al4

TSFBAK Al5

TSFBAK Al6

TSFBAK al7

TSFBAK AlS

TSFBAK al9
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PIN SENSE DMA PINOUT 8237 PINOUT
BIDIR Do Do
BIDIR Dl D1
BIDIR D2 D2
BIDIR D3 D3
BIDIR D4 D4
BIDIR D5 D5
BIDIR D6 D6
BIDIR D7 D7
OUTPUT MADO
OUTPUT MAD1
OUTPUT MAD2
OUTPUT MAD3
OUTPUT MAD4
OUTPUT MADS
OUTPUT MAD6
QOUTPUT MAD7
TRISTATE MADS
INPUT RESET RESET
INPUT READY RDY (MUXED)
OUTPUT DMATC EOP* ( INVERTED)
OUTPUT BREQ¥* HRQ (INVERTED)
INPUT 0scC CLK (MUXED)
INPUT DRQ3 DREQ3
INPUT FDCDMARQ* DREQ2
INPUT DRQL* DREQ1
INPUT RFSH* DREQO (MUXED)
OUTPUT REFRESH* DACKO
OUTPUT DACK1* DACK1
OUTPUT FDCDMACK* DACK2
OUTPUT DACK3* DACK3
OUTPUT RASO
OUTPUT RAS1
OUTPUT RAS2
OUTPUT CAS AS (MUXED)
OUTPUT WR* AEN (MUXED)
INPUT MCF1 cs (MUXED)
INPUT MCFO
OUTPUT DBDIR
OUTPUT DBEN
INPUT AEN (SYSTEM) HLDA
BIDIR MEMW* - MW* -
BIDIR MEMR* (BIDIR ENA MR* (BIDIR ENA
BIDIR IoW* = DMAAEN) IOW* - =8237 CNTL)
BIDIR IOR* - IOR* -
POWER VDD vDD
POWER VDD VDD
GROUND vss VSss
GROUND vss
68 PINS 40 PINS
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MEMORY CONFIG SIGNALS

BUFFERSG————:E:R""E""'
e
D ADDRESS RAS STROBES
DECODE | cas STROBE
al6 - A19)] WRITE STROBE D
BUFFER CUNTRDLSTRDBES
BUFFERS< ADDRESS
3w ) I e g
D0 - D7
BUFFERS
TIMING
t ___.D SYNCHRONIZER READL
P N
L >
-] ADDRESS
LORM/10WX__ | | A0 - A3 p DECODE BREQ >
RESET
AEN

Burrmsﬁ

DMATC [:

V4

Al DA REQUESTS I DMA Acmﬂﬂ'&_>

LOGIC BLOCK DIAGRAM
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ELECTRICAL SPECIFICATIONS - DMA
ELECTRICAL PARAMETERS

ABSOLUTE MAX RATINGS (NON-OPERATING, VSS=0.0V)

MIN MAX UNITS
STORAGE TEMPERATURE -65 +150 DEGREES C.
VOLTAGE ON ANY PIN -0.5 7.0 VOLTS

W.R.T.GROUND

OPERATING ELECTRICAL SPECIFICATIONS:

OPERATING AMBIENT MIN TYP MAX UNITS
AIR TEMP. RANGE 0 25 70 DEGREES C
POWER SUPPLIES

vDD 4.5 5.0 5.5 VOLTS

vss 0 0 0 VOLTS

ICC 100 MILLIAMPS

NOTE: INCLUDE ALL RELEVENT CONDITIONS UNDER WHICH ICC IS
TO BE MEASURED; IE, ALL INPUTS AT VSS OR VCC, CLOCK
FREQUENCY, ETC.

TOTAL POWER DISSIPATION 700 MILLIWATTS
(Include output loading)

LEAKAGE CURRENT MIN TYP MAX
Vin = 0.0 v 20 microamps
vin = 5,0 v -20 microamps

INPUT VOLTAGES
LOGIC "0" (Vil) 0.8 volts

LOGIC "1" (vih) 2.0 volts

11
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OUTPUT VOLTAGES CURRENT LOADING|MIN TYP MAX UNITS

LOGIC "0" (Vol) 0.4 volts
@ 4.0 MA LOAD
LOGIC "1" (Voh) 2.4 volts
@ 0.4 MA LOAD
INPUT CAPACITANCE MIN TYP MAX
All inputs 0.0 < Vin < 5.0 16 picofarads

OUTPUT CAPACITANCE

All outputs 50 picofarads
Except Data (bi-directional)

BI-DIRECTIONAL CAPACITANCE

SEE NOTES 3-6 IN THE FOLLOWING SECTION.

12
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TIMING SPECIFICATION
MAXIMUM LOADING FOR EACH OUTPUT

Capacitive Load:50pf
Current Load: Ioh = 4.0 MA

Iol = 0.4 MA
INPUT/OUTPUT TIMING

(NOTE: ALL AC TESTING AND TIMING MEASUREMENTS WILL BE AT THE
FOLLOWING CONDITIONS: VOH (OUTPUT 1 LEVEL) = 2.0V, AND VOL
(OUTPUT O LEVEL) = .8V)

13
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ADDRESS (input) \/ /
BUSA0-19 /\ t0 VAN
tl-> ‘ |<- ===t 2B-~--= >|
Access STROBE < t2a ,
MEMRB \ / \
\ / \
:2->,|<— -> <= tOSC > <-—-- t3
0SC (CLK14M) _/‘\_/‘\_/‘\_/‘\_{'\_/‘\_/'\_/'\_/‘\_/‘\_/‘\ VANVANVANVENS
te4 -> <= t5-> === t5A --->|
RAS*B \ ' / \
\_ _ AN
—>J l <- t6B
-> <= t6 -> j<= t7
]« t6a >
CASB \ /
\ /
t9->| | <-
t8 -> < <~=~ t10 --->I
MEMORY ADDRESS \/\/\/ —V /"~
MAO* (output) VAVAVAN AN N\
R e et t1l -—->'<- t12 ->
| -> j<-t13
DATA, READ (reference) 224 BEANNN
t0 ANANNY 4
->‘ <-- tl4 -> ’(- tl6
DBDIR _—
(DIR, LS245) / \
/ \
—>l <=- tl15 -> <- t17
DBENB \ /
(OE, LS245) \ /

Figure 1. MEMORY TIMING PARAMETERS, READ
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MEMORY TIMING PARAMETERS , READ

min typ max
t0 Reference time zero, STROBE lo
tOSC Period of 14.31818 MHz 69.8
tl ADDRESS Setup to STROBE 1lo 50
t2 STROBE lo Setup to 0SC hi 15
t2A STROBE lo Length 250
t2B STROBE hi Length 250
t3 STROBE hi Setup to OSC hi don't care
t4 RAS*B lo Delay from OSC hi 0 40
t5 RAS*B hi Delay from STROBE hi 0 40
£t5A RAS*B hi Length 100
té CAS*B lo Delay from 0SC hi 0 40
t6A CAS*B lo Length 75
t6B CAS*B lo Delay from RAS*B lo 69.8 70
t7 CAS*B hi Delay from STROBE hi 69.8 70
t8 MA*-Row Address
valid Setup to RAS*B lo 20 NOTE 2
t9 MA*-Column Address
vValid Setup to CAS*B lo 20 NOTE 2
t1l0 MA*-Column Address Hold 35
t1ll DATA Valid Delay from RAS*B True 150 NOTE 6
(reference)
t12 DATA Valid Setup to STROBE hi 70 NOTE 3
t13 DATA Hold from STROBE False hi 0
t1l4 DBDIR lo Delay from STROBE lo 40
tl5 DBENB lo Delay after DBDIR hi 70 NOTE 4
t16 DBENB Hold from STROBE hi 0
t17 DBDIR Hold from DBENB hi 0 NOTE 5

NOTE 1 Setup time t2 will be defined by the ASIC design.
It should be of sufficient length to allow Clear on
RAS flip~flop to go false and still meet setup time
before next clock rising edge.

NOTE 2 Address outputs are loaded with 3 row x 8 DRAMS = 24
x 8 pf = 192 pf. each.

NOTE 3 Additional delay through LS245 needs to be added to
match Bus Specs.
Bus requires +75 ns setup. LS245 into 45pf requires
20 ns. Therefore 75+20=95 ns.

NOTE 4 Applying the DIRection signal to the LS245 and
allowing the part to settle before applying OUTput
ENable reduces Bus and power noise. Also QUTput
ENable should be removed first.

NOTE 5 OUTput ENable should be removed first before
changing DIRection.

NOTE 6 Depends upon DRAM used.

15
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\J
\

ADDRESS (input)  \/ N/
BUSA0-19 /\ /\
t0
tl-> I <~ <===t2B-----
Access STROBE < t2A
MEMWB \ /
\ /
t2-> ,<- ->l '(— tosc =>{]<== t3
osc _/‘\_/_\_/_\./_\_1_\_/"\_/_\_/'\_/'\_/'\_/—\T/°\_/_\_/—\_/—\_
td —>, <- t5 =>| |<==- t5A --->
RAS*B \ /
\_ /
—>l <- t6B
-> <- té -> <- t7
_ < t6a >
CASB \ /
\
t9-——->| <=
t8 -> < |<--- t10 --->
MEMORY ADDRESS \/\/\/ vV /"~
MAO* (output) /N\N/\N/\ _/\ /\_
tll -> l<- -> ’<-— t12
N A N
DATA IN (input} \__ _/
t13->] [<-- tl4 -->|
-\ /
WRB (output) \ /
DBDIR = LO
(DIR. LS245 )
-> |<=- t15 -> <-- tlé6
DSENB \| /
(OE, LS245 ) \ /

Figure 2., MEMORY TIMING PARAMETERS, WRITE
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MEMORY TIMING PARAMETERS, WRITE

TANDY COMPUTER PRODUCTS

| min typ max |

tl thru tl0,
PARAMETERS, READ
DATA vValid Delay after STROBE lo

tll
tl2
t1l3
tl4
tl5
tlé

see MEMORY TIMING

DATA Valid Hold after STROBE hi

WRB lo Setup to CASB lo
WRB lo Hold after CASB lo

DBENB lo Delay after STROBE lo

DBENB Hold from STROBE hi

0

70

50

NOTE 1

NOTE 1 For CPU generated MEMWB, data will appear about the
same time as the STROBE, but for DMA generated
MEMWB, data will appear before MEMWB.

17



TANDY COMPUTER PRODUCTS

£0
tl-> <-
ADDRESS (input)  \/ AV
BUSA0-19 AN VAN
ACCESS STROBE < t2a >|
IORB \ /
\ /
t2=>| [<- '
R (> [ R4l 3 T
0sc SN NSNS\ NSNS
t12 --> ” '<~t13
DATA, READ /1717 T\
ANANNY 1/
-> <-- tl14
DBDIR -
(DIR, LS245 ) / \
/ \
=>| <-- tl15 =>|[<=="£17
tl6 -> <~
DBENB \ /
(OE, LS245 ) \ /
Figure 3. I/0 CHIP SELECT PARAMETERS, READ
I/0 CHIP SELECT PARAMETERS, READ
| min typ max
tl ADDRESS Valid Setup to STROBE lo 50
t2 STROBE lo Setup to OSC hi 15
t2A STROBE lo Length 420
t3 STROBE hi Setup to 0SC hi 20
tl2 DATA Valid Setup to STROBE hi 90
tl3 DATA Hold from STROBE hi 0
tl4 DBDIR hi Delay from STROBE lo 70
tl5 DBENB lo Delay after DBDIR hi 70 NOTE 1
tl6é DBENB Hold from STROBE hi 0
tl7 DBDIR Hold after DBENB hi 0 NOTE 1

18



TANDY COMPUTER PRODUCTS

ADDRESS (input)
BUSAO0-19

ACCESS STROBE
I0WB

osc VAV

DATA IN (input)

tl->

A
i

><

=== --- t2a

(DIR, LS245 )

DBDIR = 0
->

DBENB \
(OE, ,LS245 ) \

1/0

->

Figure 4. I/0 CHIP SELECT PARAMETERS, WRITE

CHIP SELECT PARAMETERS, WRITE

<=-- t3

| min typ max

ADDRESS Valid Setup to STROBE lo 50
STROBE lo Setup to 0SC hi 15
STROBE lo Length 420
STROBE hi Setup to 0SC hi 20
DATA Valid Setup to STROBE lo

DATA Hold from STROBE hi 0
DBENB Delay after STROBE lo

DBENB Hold from STROBE hi 0

19
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(S3IDXD JI¥M TYNO1LIAOY MOJ 153003y 0 = AqQud)
(QYIHASNI ATIYIIIVWOLOY FIDRD JIVM ANO)
(XQY3Y snd) xgue

NIXQY

(3ndano) Joa

<=L

fmmm——— - (andano)
AMOT ' EMWAW

\ Jmmmm— (Indano)
AH01‘ AUWANW
td

— 6€1-0vsng

713 -=>

#{3ndano) gsanaqy

VN

_ 013 -
AW
WA

{1ndano) g.¥vd
<-- 92 e
_ / ¥(andur) nav

Z-v- <-

K=

93 --> V {<-- g3

#(andano) q0gua

L 9
/ Wl'ﬁ/ \vl//
N N ko=

MWW /" (3ndur)
AN / Reli]

<~ 2803 =-> <= >
— . . __{ v (aonguzamn
M =1 ] 7 A N A4 A 7 Y wa

AN WANA WAV AW AW AW AN ANV AN A N N N 2s0

~—™

Figure 5. DMA BUS MASTER TIMING, READ / WRITE
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DMA BUS MASTER TIMING, READ / WRITE

TANDY COMPUTER PRODUCTS

| min typ max

tl
t2

t3
t4

t5
t6
t7

t8
t9
tlo

ADDRESS valid
ADDRESS False

t1ll
tl2

tl2 MEMRB or IORB
CLK hi

tl3 MEMRB or IORB
CLK hi

tl4d MEMWB or IOWB
CLK hi

tl5 MEMWB or IOWB
CLK hi

DRQ* True Setup to CLK lo
DRQ* False Setup to CLK lo

BREQB True Delay from CLK hi
BREQB False Delay from CLK hi

AEN True Delay after BREQB True
AEN True Setup to CLK Hi
AEN False delay from CLK hi

DACK*B True Delay from CLK lo
DACK*B True Hold from AEN True
DACK*B False delay from CLK lo

Setup to CLK Hi
delay from CLK hi

True Delay from

False Delay after

True Delay from

False Delay after

tl6é EOP True Delay after CLK hi
t17 EOP False Delay after CLK hi

tl8 BRDY False Setup to CLK hi
tl9 BRDY False Hold after CLK hi

30
30
120
120
N x tCYC +30
40
40
170
0
170
50
1]
40
40
40
40
40
40
30
30

8237a-5
8237a-5

tDQ
tDQ

N =

8237a-5
8237A-5
8237Aa-5

tAK
NOT
taK

System Spec

1
1

E 6
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TANDY COMPUTER PRODUCTS

PRINTER INTERFACE SPECIFICATION
TANDY PART # 8075068
APRIL 30, 1986

1. GENERAL DESCRIPTION

1.1 The Tandy part# 8075068 ~ Printer Interface 1.C provides
the intertace between the system 1/0 bus and the printer.
Figure 1 shows Block diagram of Printer Interface chip.
Figure 2 shows pin caonfigurations of Printer intertace

chip.

BUFFER

PEAD PORT 0378

AC3TN, SELB

tows ———>d ] o ]:Zj T
oRB . 5 ’ ity
01— & g" STROBES
AQQ ———1 § E M d
8
res switcH
K—] §§ INT
- (3
I3
8 < 1 FAULTB
5 z ACKE
< of
b sLCTiNg
DACKB >
DMATC 8 7
fFocic g

Figure 1.

1--)INT =40
2--pWITCH -39
3--p0o1 -38
4--po0g =37
S—--puTo DY--346
&--puTl o0--35
7--0UT2 0ZF--34
8--puT3 D4f-33
F-0UT? 04--32
10--UTS csel--31
11-90UTS lowg--30
12--ouTs 10RB|--2%9
13-4STROBEB RSTR}--28
14~-JoFB NC|--27
1S-4INIT SLCTINE--26
146--|SELB TC}F-25
17-4FAULT DMATCE~-24
18~-9PE FDCDACKE}--23
19--BUSY FOCTQ--22
20-4vss 21

Figure 2.
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TANDY COMPUTER PRODUCTS

1.2 DESCRIPTION OF EACH PINS:

Pin#

1
4

Pin Name
INT
SWITCH

AD1
ADO
ouTn
ouT1
ouT2
ouT3
ouT?
ouTs
ouTS
ouT4
STROBEB
AFB
INITB
SEL
FAULTB
PE
BUSY
ves
ACKB
FDCTC
FDCDACKB
DMATC
TC
SLCTINB
NC
RSTB
I0RB
IowB
csB

D&

D4

Dz

[a]a}

D1

D3

DS

D7

VDD

Type
output
input

input

input
input/output
input/output
input/output
input/output
input/autput
input/output
input/output
input/output
output
output
output
cutput

input

input

input

ground

input

input

input

input

output

input

input

input

input

input
Input/output
Input/output
Input/output
Input/output
Input/output
Input/output
Input/output
Input/output
pawer

Description

Interrupt siaonal

Switch for totem poie output
or open collector output on
INITB, AF, STROBEB.

CPU address |ine

CPU address |ine

Data 1/0 line

Data 1/0 line
Data /0 tine
Data 1/0 line
Data I/0 line
Data [/0 tine

Data I/0 (ine

Data /0 line

Printer Strobe signal
Printer Autoteed signal
Printer Initialize signal
Printer Select signal
Printer Fault signal
Printer Paper empty signal
Printer Busy signal

Ground

Printer Acknowledge signal
FDC Terminal Count
FDC-DMA Ackrnowledge signal
DMA Terminal Count

FDC Terminal Count signal
Printer Select input

Not used

System Reset

CPU I/0 Read strabe

CPU I/0 Write strobe

Chip select signal

CPU Data 170

CPU Data /0

CPU Data 1/0

CPU Data 1/0

CPU Data 1/0

CPU Data 1/0

CPU Data I/0

CPU Data 1/0

+5 Vol!lt Power Supply

2 OF S



TANDY COMPUTER PRODUCTS

2. ENVIRONMENTAL SPECIFICATIONS

2.1 Storage Temperature -65 C ta 150 C
2.2 Operating Temperature 0 C to 70 C

3. ELECTRICAL SPECIFICATIONS

3.1 Absolute Maximum Rating

Parameter Min. Typ. Max . Units Cond.
Voltage, any pin -1.0 7.0 Volts W.R.T ground
Power Dissipatian 0.5 Watts

3.2 D.C. Electrical Characteristics

Symb. Parameter Min. Typ. Max. Units Cond.

(Vinla] Supply Valtage 4.5 S.0 5.5 Volts

Iee(q) Quiescent current S0 ué

Icec(o) Operating Current 40 mA

Vil Input Low Vagltage 0.8 Valts TTL inputs
Vit Input High Valtage 2.0 Volts TTL inputs
Iin Input Leakage -10 10 ud

Cin Input Capacitance 7 oF

Vol Output Low Voltage 0.4 Volts 34 mA

Vaoh Output High Voltage 2.4 Vaolts 3d-2 mA

Inz High Impedance Leak -~10 10 uhd
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3.3 A.C Electrical

Symb.

Tasu
Tupw
Tdsu
Tdh

3.3.1 Write Cycile

TANDY COMPUTER PRODUCTS

Characteristics

AOX X X
csB /
"——'-l |<———--Tasu

10UB \ /
l< e = Tupw—— - - >|

DATA ¢ X

Td5u~—»J _——
Tdh-» |<~
Parameter Min. Typ. Max Units Cond.

Address Setup
Write Pulse Width
Data Setup

Data Hold

4 OF 5



Symb.

Tespuw
Trpw
Tda
Tdz

3.3.2 Read Cycle

TANDY COMPUTER PRODUCTS

ADX X ~ X
cse  \ /S
|l respom oo
10RB \
=~ rrpu—— ]
DATA B —Y

Parameter

Chip Select Width
Read Pulse Width

Data Access

Bus Hold/release

lq—?dsa—u——-J
sz—vl lﬂ—-—

Min. Typ. Max. Units Cond.

L9 nS
&9 nS
&9 nS

-3 25 ns
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TANDY COMPUTER PRODUCTS

TIMING CONTROL GENERATOR
TANDY PART # 8075306
MAY 07, 1986
REV 050886

1.0 GENERAL DESCRIPTION

1.1 The Tandy part # 8075306 - Timing Control Generator:

- creates eight clock outputs from two independent
oscillator inputs.

~ synchronizes the ready signals.

- synthesizes the system control strobes fram the CPU
status signals.

- interfaces the system signals (HOLD, HLDA) with the
CPU signais (RQ/GT).

- creates two FDC chip selects and the DMA request
delay.

1--1 VIDWAITB HOLDB {--40
2--1 FAST CLK4M 1--39
3--1 D4CLK FOCWCK 1--38
4--1 FDCDRQ FDCCHPB {--37
S--1 DFDCDRQ DORCLK 1--36
&--1 ADZ FDCCSB 1--3%
7--1 ALE RDYIN {--34
8-~! DENB 1oB/M | --33
F--1 1owB MEMRB {--32
10--1 IORB MEMWB {--31
11--1 CLK8M INTCSB {1 --30
12-~1 CLK14M READY }--29
13--1 CLK3S80K HLDA | --28
14--1 0SC1lsM 0SC28M [--27
15--1 VCC GND |--24
16--1 CPUCLK RQ/GTB 1--25
17--1 CLK&4770K INTAB 1--24
18-~ SZB READ :--23
19--} S1B RESET --22
20--1 sOB RETINB 1--21

Figure 1. Pin Assignment




1.2 DESCRIPTION

Pin Name
VIDWAITB
FAST
D4cCLK
FDCDRQ
DFDCDR@
AO02

ALE

DENB
Iows
10RB
CLKEM
CLK14M
CLK3580K
0SC16M
vDD
CPUCLK

CLK&770K
S2B
S1B
soe
RSTINB
RESET
READ
INTAB
RQ/GTB
vss
05C28M
HLDA
READY
INTCSB
MEMWB
MEMRB
1oB/M
RDYIN
FDCCSB
DORCLK
FDCCHPB
FDCWCK
CLK4M
HOLDB

OF PINS:

ouUTPUT
INPUT

ouTPUT
INPUT

OUTPRUT
OUTPUT
OQUTPUT
OuTPUT
ouUTPUT
OUTRUT
OUTPUT
INPUT

POWER

OouTPUT

ouTPUT
INPUT
INPUT
INPUT
INPUT
CUTRUT
OUTPRUT
QUTPUT
INPUT/OUTPUT
GROUND
INPUT
ouTPUT
OuTPUT
INPUT
OUTPUT
OUTPUT
OUTRUT
INPUT
INPUT
OQUTPUT
QUTPUT
OUTPUT
OUTPUT
INPUT

TANDY COMPUTER PRODUCTS

Description
Wait signal trom video system (0 = Wait)
Clock speed select

CLK&77M/4, Squarewave

FDC DMA Request

Beginning ot FDCDRG delayed 1.0 microsec
System Address

Address Latch Enable

Data Enable

I1/0 Write

1/0 Read

0SC1&M/25 Squarewave

05C28M/2, Squarewave

05CZBM/8, Squarewave

Input Frequency = 146.00000 MH:z

FAST=1, CPUCLK=7.16MHz (0SC28M/4, S0-50 cycle)
FAST=0, CPUCLK=4,77MHz (0SC28M/&, 33-47 cycle)
CLK14M/3, 33% duty cyele

8088 Status Signal

80688 Status Signal

8088 Status Signal

Asynchronous system input

8088 CPU Reset input

Directional Control for CPU Data butfer
Interrupt Acknouwledge
Request/Acknowledge/Release

Input frequency = 28.634636 MHz

Bus Acknow!edge

8088 CPU READY input

8257 Interrupt Contraller Chip Select

Memory Write

Memory Read

1 = Memory access> 0 = [/0 access

Asynchraonous system input (0 = Wait condition)
Previously decnded FDC Function 1/0 chip select
Configuration register Chip Seiect

FDC Chip Select

Pulses Period = 2 microsec, 250(nom) pulse
0SC1&6M/4, Squarewave

Bus Request




TANDY COMPUTER PRODUCTS

28MHZ | 14MHZ
CLOCK 4.77MHZ
3.58MHZ
_16MHZ | G
ENERATOR RAMHZ
__FAST | SMHZ
CPUCLK
8MHZ
FDCCSB
_ FDCDRG FLOPPY | FDCWCK
AQ2 DISK DFDCDRQ
|___DORCIK
OWB CIRCUITRY
—

g ORR
<OB CONTROL READ
S1B SIGNAL MEMWR
S28 MEMRB

GENERATOR INTAB
INTCSH DENB
READY 10B/M
DYIN ALE
]
CPUCLK READY READY
RDYIN
VIDWAITB CIRCUIT
RESET RESET
_RSTINB |
CIRCUIT
CPUCLK
HLDA
RESET ARBITER
ggl/?;?g TIMING CONTROL GENERATOR
BLOCK DIAGRAM
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ENVIRONMENTAL SPECIFICATIONS

Storage Temperature: -65 min, +150 max degrees C
Operating temperature: B miny 425 typs + 70 max degrees C

ELECTRICAL SPECIFICATIONS

Absolute Maximum Rating:
Voltage on any pin w.r.t. Graund: -0.5 min; 7.0 max valts

Operating Electrical Specitications:

min typ max units
.1 Operating Ambient:
Air Temp. Range a 25 70 degrees C
.2 Paower Supplies:
VDD 4.5 5.0 5.5 volts
Vss g 1] 8] volts
ICC 100 milliamps
Toatal Power 700 milliwatts
.3 Leakage Current, All Inputs:
Vin = 0.0 v -10 microamps
Vin = 5.0 v +10 microamps
.4 Input voltages:
lLogic ”0” .8 volts
Except RSTIN .5 valts
Lagic 71”7 2.0 volts
Except RSTIN 3.5 volts
.5 Output Voltages:
lagic ”0” @ 4.0 mA load s vaolts
lagic ¥1” @ 4.0 mA l|oad 2.4 valts
except all ciocks 4.0 volts

.& INPUT CAPACITANCE (0.0 < Vin < 5.0)

All inputs 10 ot

.7 OUTPUT CAPACITANCE

All Ionads 50 pt




TIMING DIAGRAMS

FIGURE 1. CPUCLK
j{===mcmmmmmmcc e tCYC ------c--momemmmn >1
1<- tHI =>1I t
| I 1
I I 1<~~~ tLOW o=---comom—cooo >
VOH 4.8V ...... .y AN | /
/ AN |4
/1 N 17/
VOL g.4V...... /7 | AN} 1/
VARE! [N /
11 1
tR =>1 1< > 1K~ tF
CLOCK PARAMETER I 7.18 MHZ I 4.77MHZ
I min typ max | min typ max
tHI Llevel at least 4.9v i 44 169.5-tR-%tF) | 89 69.5
tLOW Level not greater than #.4v | 68 69. | 118 {148-tR-tF)
tR Rise time , 0.4 to 4.0v | 8 t 19
tF fall time , 4.0 to #.4v | 7 [} 19
| |

219
FIGURE 2. RESET
\
/ \
CPUCLK / N
l
|
\ / |
X |
RSTINB 71N =1 1K= &2
l [
[{=tl=mmmmemmero—mae I |
17N/
1%
RESET /N
i

t]l RSTIN Setup to CPUCLK Tow
t2 RESET Delay from CPUCLK tow

Asynchronous input
48 ns max

ns
ns
ns
ns
ns

S1.0NAaotid H31LNdWOD AGNVY.L




FIGURE 3.

CPUCLK
{(OUTPUT)

RDYIN, FALSE
(INPUT)

EADY
(QUTPUT)

CPUCLK
(QUTPUT)

RDYIN, TRUE
(INPUT)

READY
(QUTPUT?

READY PARAMETER

READY

{+etde T3/TW ++e4+24)]
1

False
Faise
Faise
fFalse

True
True
True

tRYLCL 8088
tCHRYX 8888

tRYHCH 8288

/ \ / \
4 IAN /1 I\,
I | !
=>1 1<~ ¢1 =>1 1<-- %tCH
1 1<=~t2-=>1 1 —_
1 f $/ 1
| / | -
] 1
£3-->1 1<~ 1
| 1<-t4->1
Nl | 1/
\ ! /
|
1+etss TI/TW ++2+++4>]
| |
/ \ / \
/1 i\, /1 N
| | 3
t5-->1 1<=  =>I [{-tb =>4 I{=~ tCH
1 11
1/ I | t
/ | \ 1
1 |
t7-->11<~ t8-->1 1
| 1 1
L/ | \I
/ | \
i
I min max
Setup to CPUCLK low 1 35 ns
Hold after CPUCLK low t e ns
before CPUCLK low 1 -8 ns
Hold after CPUCLK hi t tCH + 8 ns
|
Setup to CPUCLK hi 1 35 ns
Hold after CPUCLK Tow i 19 ns
before CPUCLK low | 2 ns
Hold after CPUCLK hi I tCH + 8 ns

True

tCHRYX 888

S8.3MNaA0td HALNANDOD AONVY.L




FIGURE 4. CONTROL GENERATOR

tT1 1 T2 1 T3 I W I T4 1
-1/ 3 1/ \2 37/ \4 5/ \6 7/ 8 9/
CPUCLK /1 INn /1 \ / I\ / \, / \, /
{external) } | |
ti->1 <~ { =>1 1{=~t2
| | It __NO WAIT
\I | | / \
S@8-s28, \, | / WALT / \
ADDRESS f t
t3 ->1 1< 21 1<~ t4
=>1 i<=-- t§
1/ N\
ALE - \,
€23 81
=>1 1<-t8 t7 ->1 1<~
[ [
ING \/
MEMRB, IORB, INTA N / 91
MEMWB , I0WB | £31 1
| =>1 1<-%9 t8 ->1 1L~
! (I | {
| INI v/
DENB (READ) | (BN |
=51 1<-t6 | I
(I} | t8 ~->1 1<~
\i | 1/
DENB {WRITE) £11 \ | /
{ i
[ [
[ |
1/ N\ Internal signal. Shown in relative time position
AUTOWAILT / \. for one auto wait state.
{internal signal)
4] £63
i |
NO ADDITIONAL WAIT CYCLES ->: t{~= ==<>1 I<~- 1 ADDITIONAL WAIT CYCLE
{
\ L \/
VIDWAITB \ / /.
{REFERENCE ONLY, SEE FIGURE 3
for timing 1nfo)
CONTROL GENERATOR
| min max
tl STATUS Active Delay from CLK hi | 18 69 ns tCHSV 8088
t2 STATUS Inactive Delay from CLK low! 19 78 ns +tCLSH 8988
t3 ALE True Delay from Status Active | 29 ns _

_£SVLH 8288
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t4 ALE False Delay from CLK hi 1 2% ns
t5 ALE Pulse Width | §5 ns
t6 STROBE True Delay from CLK Tow [ 38 ns
t7 STROBE False Delay from CLK low 1 39 ns
+8 STROBE False Delay from CLK hi 1 39 ns
t9 STROBE True Delay from Clk hi 1 39 ns
FIGURE 5A. ARBITTER/REQUEST < g clocks m:n
1<~ ->
_ — ! | |
\ / N / N\ / N\t / \ / \
CPUCLK \ / \, / \, /1 \, / \ /
ditll<- | | |
AV | | 1
HOLOB AN i i I
{ tnput) -1 t2 1<~ ->) t3 :(-)
| _1 |
NI 17 |
RQG/GTB (REQUEST to CPU) \ /i { RQ/GTB REQUEST and ACKNOWLEDGE can
{output) | ! overlap and be seen as one pulse by
t4 -t 1<= | { ecircult.
1 t5 ==>I 1<~
Y| | | i/
RQ/GTB (ACKNOWLEDGE from CPU) AN t /
{input) |
%6 ->1 1<~
t/
HLDA /
FIGURE 58. ARBITTER/RELEASE
/ AN / \ / \ / \
CPUCLK \ / \ Al \ / \,
{external} 1 1 1
->1 1<-¢7 1 1
ot I |
i/ 1 1 3
HOLDB A ] i
t2 =>1 1<~ | =>1  1<-t3
—_ ! | I
N\ | i/
RQ/GTB (RELEASE +to CPU) \. ! /
toutput) i
i<- t6 =>I
]
Y
HLDA \,
ABRITTER PARAMETER
| min max
t1 HOLDB (True) setup to CPUCLK Tow i 29 ns
t2 CPUCLK low to RQ/GTB active (REQ/REL puise) | 59 ns tGVCH 8088

S.9MNA0Hd HILNdWDD AQNY.L




CPUCLK low to RQ/GTB inactive {(REQ/REL pulse) |
RQ/GTB (True) setup to CPUCLK ht (ACK pulse) | 29
RQ/GTE (Fadse) hold from CPUCLK low {(ACK pulse}l
CPUCLK hi to HLDA Dela 1

|

HOLD8 (False) Setup to CPUCLK Tow 28

FIGURE

CLK14M

6. OSCILLATOR/CLOCK RELATIONSHIPS, 28 MHZ

1¢mmmnm 2 —===-=) ->
1<= 3 =>1<-t4 >}

[—
1/ \ |
/ \

!
1
| |
1 |
/ AY / N
1
I

/
/1
|
1<

|
CLK358#

CPUCLK

cLO

59 ns
ns
9 ns
38 ns
ns

tCHGX 8#88
+CLGL 8488
tCLGH 8g88

(=mm=n tB === et memoemmenees >1¢--= 9

K |

\/
VA TR

{See fig. 1 for Specs)

CK PARAMETER i

tl

t2
t3
t4

t5
t6

t7
t8

0SC28M Period

CLK14M Period
CLK14M high {(i1ncludes tRISE)

t 2
-18% t2/2
CLK14M low {includes tFALL)}

(t2-¢3)

15
15

0SC28M to CLK*M Output Delay skew
CLK*M to CLK*M Output Delay skew

CLK3589K Period

t! x 8
CLK3588K high (includes tRISE) -18X t7/2

+10%

+19%
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01

+9 CLK3588K low {(includes tFALL) | {(t7-18)
tR CLK*M f 19 ns
tF CLK*M 1 14 ns

NOTE 1} Use only one edge because the oscillator duty cycle symmetery
can not be specified.

NOTE 2 Phase Relattionship is important between the CLK14M ciock and
the outputs 1t generates.

FIGURE 7. OSCILLATOR/CLOCK RELATIONSHIPS, 8MHZ

1€==m= ¢] ===}
— _— — — — [ —
VAR /N /N 7N\ /N Y 17\ 7\t
/ 7 N/ N/ A—— N/ \ \, / \
0sCieM
1<~ 12 =>1
1<= £3===>i<-t4 =>1|
[ | P
1/ \1 ¥4 \ / \ /
/ A / \ / \ /
CLK8M
/ \ /
/7 \ /
1 1 I
1< ts 21
[REL et t6 —-wmweo I waommcenen 7 =>1
CLK4M
CLOCK PARAMETER §
i min typ max

t

-

0SC16M Period

t2 CLKBM Period
t3 CLK8M High {includes tRISE)
t4 CLKEM Low {includes tFALL)

tS CLK4M Period
t6 CLK4M High (includes tRISE)
t7 CLK4M Low (incliudes tFALL)

62.5
tl x 2

-10% t2/2 +19%
t2-t3

tl x 4
-18% €5/2 +19X
15-t6

SLONAOEd H3ILAANOD AAGNVYL




11

tR 1
tF '

18 ns
19 ns

FIGURE 8. FDCCLK/FDWCK RELATIONSHIPS

I~ /RN VAR N I /
/1 N/ o/ N/
CLK4M (see FIG 7)

(mmmem t2 ---

FdCWCK

CLOCK PARAMETER 1

I min typ

max
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CLOCK PARAMETER I

| min typ max
t1l FDCDRQ Setup to CLKAM I 28 ns
t2 DFDCDRQ Delay TR 1 .75 us 1.8 us 1.1 us
t3 FDCDRG False to DFDCDRQ False Delay | 30 ns
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TANDY COMPUTER PRODUCTS

VIDEO CONTROLLER CHIP SPECIFICATION

GENERAL DESCRIPTION

The Tandy 1000 video controller chip is designed to operate
with three types of display devices: A standard TV using an
RF modulator, a composite monitor, and an RGBI 200 line
Color monitor. This custom controller chip implements all
of the video logic for the Tandy 1000 plus most of the
system decode logic. Figure 1 shows a block diagram of the
controller chip.

The video display system is very flexible and can be
programmed for a number of video modes. These modes use
varying numbers of colors (2,4 or 16). These 16 colors are
defined by combinations of the RGBI as shown in the color
chart below and can be used for the foreground color or
background color. If you are using a black and white
monitor, these colors will appear as shades of gray. 1In
addition, any 1 of the 16 colors or shades of gray can be
used for the screen border.

I R G B | Color

0 0 0 1] Black

0 0 0 1 Blue

0 0 1 ] Green ’
0 0 1 1 Cyan

0 1 0 0 Red

0 1l 0 1 Magenta

0 1 1 0 Brown

0 1 1 1 Light Gray

1 0 0 0 Dark Gray

1 0 0 1 Light Blue

1 0 1 0 Light Green

1 0 1 1 Light Cyan

1 1 0 0 Pink

1 1 0 1 Light Magenta
1 1 1 0 Yellow

1 1 1 1 White

TABLE 1 AVAILABLE COLORS TABLE
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OPERATING MODES

The ¢perating modes supported by the Tandy 1000 video
controller may be grouped in two categories: Alphanumeric
and Graphic.

ALPHANUMERIC MODE

The Alphanumeric mode has two basic types of operation: 80
character by 25 rows, and 40 character by 25 rows. In both
modes the characters are generated by a 256 character ROM.
The character ROM is divided into the following groups:

96 Standard ASCII characters

48 Block Graphics characters

64 Foreign Language/Greek characters

16 Special Graphics characters.

32 Word Processing/Scientific Notation characters

* % * ¥ *

In both modes all characters are 7 dots wide by 7 dots high
and are placed in an 8 dot wide by 8 or 9 dot high matrix.
In both the 40x25 and the 80x25 modes, two bytes of data are
used to define each character on the screen. The even
address (0,2,4 etc.) is the character code and is used in
addressing the character generating ROM. The odd address
(1,3,5 etc.) is the attribute byte, that defines the
foreground and the background color of the character. The
following chart shows how the attribute byte controls
colors.

ATTRIBUTE BYTE
7 6 5 4 3 z 1 0
Background Foreground
I R G B I R G B
. ] R G B I R G B

+---> =1 Selects Blinking

of foreground if
enabled

Table 2 ALPHANUMERIC MODE ATTRIBUTE BYTE DEFINITION

* Writing a 1 in bit 5 of register 'H3D8 enables Blinking
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GRAPHICS MODE

The Tandy 1000 Video Controller chip can be programmed for a
variety of modes.

The Tandy 1000 Computer family supports the following
Graphics Modes: .

MODE IBM PCJR IBM PC
4 Color Medium Resolution 320 x 200 X X
16 Color Medium Resolution 320 x 200 X
16 Color Low Resolution 160 x 200 X
2 Color High Resolution 640 x 200 X X
4 Color High Resolution 640 x 200 X

GRAPHICS MEMORY USAGE

* 200 line Graphics Mémory uses either 2 or 4 banks of 8000
bytes. In either case, pixel information for the display's
upper left corner is found at address 0000.

i333; The 4 Color High Resolution 640 X 200 and
#4##% The 16 Color Medium Resolution %30 X 200
[3333 use 4 banks of 8000 bytes as follows

(Hex) | <=—=--= 160 Bytes—----- >

0000 00 Scans
(0,4,8,...,196)

1F3F

2000 01 Scans
(1,5,9,...,197)

3F3F

4000 10 Scans
(2,6,10,...,198)

SF3F

6000 11 Scans
(3,7,11,...,199)

7F3F
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#H## The -2 Color High Resolution 640 X 200 and
TR The 4 Color Medium Resolution 640 X 200 and
44 The 16 Color Low Resolution 640 X 200

(3231 use only 2 banks of 8000 bytes as follows

(Hex) <-80 Bytes->

0000 Even Scans
(0,,2,4,6,8,...,198)

1F3F

2000 0dd Scans
(1,3,5,7,9,...,199)

3F3F

2 COLOR HIGH RESOLUTION 640 X 200 GRAPHICS MODE

The 2 Color High Resolution 640 X 200 Graphics mode may
require a high resolution monitor for proper operation.
Available in the IBMPC 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 manner:

7 6 5 4 3 2 1 0
PA3 PA2 pPAl PAO PA3 PA2 paAl PAO

First | Second| Third |Fourth | Fifth | Sixth |Seventh| Eighth
Display|Display|Display|Display|Display|Display|Display|Display
PEL PEL PEL PEL PEL PEL PEL PEL
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4 COLOR HIGH RESOLUTION 640 X 200 GRAPHICS MODE

The 4 Color High Resolution 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
PAO PAQ PAO PAO PAQ 2.\ PAC PAO

First | Second| Third |Fourth | Fifth | Sixth |Seventh| Eighth
Display|Display|Display|Display|Display|Display|Display|Display

PEL PEL PEL PEL PEL PEL PEL PEL
PAl PAl PAl PAl PAl PAl PAl PAl
7 6 5 4 3 2 1 0
ODD BYTES
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16 COLOR MEDIUM RESOLUTION 320 X 200 GRAPHICS MODE

The 16 Color Medium Resolution 320 X 200 Graphics mode works
with all types of display devices. This mode is available
in 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
PA3 PA2 PAl PAO PA3 PA2 PAl PAO
First Second
Display Display

PEL PEL

16 COLOR LOW RESOLUTION 160 X 200 GRAPHICS MODE

The 16 Color Low Resolution 160 X 200 Graphics mode works
with all types of display devices. This mode is available
in the IBM PCjr only, with 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 4 3 2 1 0
PA3 PA2 PAl PAO PA3 PA2 PAl PAO
First | Second
Display Display

PEL PEL
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4 COLOR MEDIUM RESOLUTION 320 X 200 GRAPHICS MODE

The 4 Color Medium Resolution 320 X 200 Graphics mode works
with all types of display devices. It is available in the

IBM PC and PCjr.
tics:

This mode has the following characteris-

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
PAl PAO

First
Display
PEL

3 2 1 0
PAl PAO PAl PAO
Third I Fourth
Display Display

PEL PEL

VIDEO MEMORY MAP AND GRAPHICS USAGE

| Hex Address Register
3D0 Not Used
3D1 Not Used
3D2 Not Used
3p3 Not Used
3D4 6845 Address Register
3D5 6845 Data Register
3D6 Not Used
3D7 Not Used
3D8 Mode Select Register
3D9 Color Select Register
3DA Video Array Address & Status
3DB Not Used
3DpC Not Used
3DD Extended RAM Page Register
3DE Video Array Data
3DF CRT Processor Page Register




VIDEO ARRAY REGISTERS

TANDY COMPUTER PRODUCTS

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

Hex Address

Video Array Register

Palette Mask
Border Color
Mode Control
Palette Registers

ARRAY PALETTE MASK

REGISTER

Bit Programming

|Hex Address|Array Register | | 7 | 6 | 5| 4 | 3] 2] 1] 0] | Notes
01 Palette Mask l l X l X | X l X I l l l Write
_____ _|_only__
MSK[ 3] Palette Mask 3 _[— _{—
MSK[2] Palette Mask 2
MSK([1] Palette Mask 1
MSKI0]} Palette Mask 0

When bits 0-3 are 0, they
to be 0 regardless of the

be used to make some information in memory a 'don't care'
condition until it is requested.

force the appropriate palette address
incoming color information. This can
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ARRAY BORDER COLOR

|Hex Address |Array Register | 7 | 6 | 5 | 4 | 3 | 2 I 1 | 0 | |Notes|
02 Border Color 0 I X I Write
Only

Reserved = 0 |

BORI I (Intensity) Border Color Select_ ’
BORR R (Red) Border Color Select_

BORG G (Green) Border Color Select_

BORB B (Blue) Border Color Select

A combination of bits 0-3 selects the screen border
as one of 16 colors, as listed in Table 1 "Available
Colors Table" at the beginning of this section.

10
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Bit Programming

|Hex Address|Array Register | | 7 [ 6 | 5 | 4 [ 3 | 2 | 1 [ 0] | Notes
03 Mode Control ‘ ‘ X 0 | | Write
_ _ | _Omy__
NVDM Set to 1 for 640x200
secondary pixel organxzatlon
Cclé6CoL Set to 1 for 16 Color Modes ___
C4COLHR Set to 1 for 4 Color 640x200 Mode_ _
BORENB Enables the border color register

For PC compatibility, this bit should be 0.

For PCjr compatibility, this bit should

be 1.

Reserved for future implementations.

Must always be set to zero.

11
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ARRAY PALETTE REGISTERS

There are sixteen 4 bit wide palette registers implemented
by a 16x4 bit RAM. These registers are 'write' only; they
cannot be 'read'. Their address in the Video Array are from
hex 10 to 1F. They can be used to redefine any color.

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

Palette address hex 10 is accessed whenever the color code
from memory is a hex 0, address hex 11 is accessed whenever
the color code from memory is a hex 1, and so forth. A
description of the color codes is in Table 1 "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.

When the program has completed loading the palette, it must
change the hex address to some address less than hex 10 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 hex 10
within the vertical retrace time. A vertical retrace
interrupt and a status bit are provided to facilitate this
procedure,

12
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In two color modes, the palette is defined by using one bit

(PAO0), with the following logic:

PALETTE ADDRESS BIT

PAO Function
0 Palette Register 0
1 Palette Register 1

In four color modes, the palette is defined by using two

bits (PAl and PAO), with the following logic:

PALETTE ADDRESS BITS

PAl 27:\0] Function

0 0 Palette Register 0
0 1 Palette Register 1
1 0 Palette Register 2
1 1 Palette Register 3

In sixteen color modes, the palette is defined by using four
bits (PA3,PA2,PAl and PAO), with the following logic:

PALETTE ADDRESS BITS

(I (R) (G) (B)

PA3 PA2 pal PAO Function

Palette
Palette
Palette
Palette
Palette
Palette
Palette
Palette
Palette
Palette
Palette
Palette
Palette
Palette
Palette

HFRHEMEREFRFRFRPOOCOOOCOO
HRFFROCOOKKFRHREHOC OO
HHEHOOHHROOKMFOORKHOO
HOHOHFOFROROHFORORO

Register
Register
Register
Register
Register
Register
Register
Register
Register
Register
Register
Register
Register
Register
Register
Register

HEFRMHEOODNOU &S WD O
BWNDHO

[
:U‘l

13
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DETAILED I/0 REGISTER INFORMATION

Bit Programming

|Hex Address| Register {17165 4|3 2|1f0] | Notes

3D4 6845 Address l | X l X | X I , ' , I | Write
Register_ | _|__ |___|___ _j_Only_
T 7T 7T T 7T 7 |addresses
1 of 18
|<- 5 bit address ->| 6845
Registers

Hex Address Register TT7Te6T7Ts5T4aT3T2TTIT0T] Notes

3D5 6845 Data l I | I | I , l | I Write
Register __|_ _|_only_ _
T T T T T T T T T |pata
placed in
| <mmmmem 8 bit Data ——==>] 1 of 18
6845
Registers

14
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cTS

Bit Programming

|Hex Address|

Register ] 171 6] 5| 4]3)2]1] 0] | Notes

3p8

Mode Register | X I X ' l I

ENABLINKCR

HRESAD

VIDENBCR

BW

GRPH

HRESCK

Alpha Blink Enable, ——

A logical 1 selects blink if
attribute bit 7 is set. A logical
0 selects 16 background colors. A
logical 1 selects 0 background
colors, J

640 Dot Graphics., A logical 1
selects 640 X 200 (2 or 4 Color)

' I ' | Write
Y DU P _[_ _|__Only

Video Enable. A logical 1 enables
the video display.

Black & White Select. Selects B&W or__
color mode for TV or composite monitors.

In RGB monitors, a different color palette
is selected by this bit in 320 x 200 4 Col
Mode. This bit will have no other effect on

RGB operation

Graphics Select. A logical 0 selects
Alphanumeric Mode. A logical selects

Graphics Mode.
High Resolution Dot Clock.

A logical 0 selects the lower speed for 40 character
text or low resolution graphics mode.

A logical 1 selects the lower speed for 80 character
text or low resolution graphics mode.

15
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|Hex Address|

Register |1 72)e6|s}ja|3]2}1}]o0] |

Notes

3D9

Color Select | I X | X ! , I l ,

Register

COLSEL

BACKGROUNDI

OVERSCANI

OVERSCANR

OVERSCANG

OVERSCANB

Alpha Background/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

320 X 200 4 Color Blue
control

In Alpha mode screen Border
intensity

-

In 320x200 4 Col Background intensity

if PAO=PAl=0

In 640x200 2 Col Foreground intensity

In Alpha mode screen Border Red

In 320x200 4 Col Background Red
if PAO=PAl=0

In 640x200 2 Col Foreground Red

In Alpha mode screen Border Green

In 320x200 4 Col Background Green
if PAO=PAl=0

In 640x200 2 Col Foreground Green

In Alpha mode screen Border Blue

In 320x200 4 Col Background Blue
if PAO=PAl=0

In 640x200 2 Col Foreground Blue

I~ T

Write
__Only_

16
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Bit Programming

|Hex Address| Register 171 6]5|4]3]2]1]0] | Notes
3pA video/Light Pen X[ X | x| X , Read
Status_____ [_|__|__|___|___ I P _T_ _|_Only_
CVSYNC When 1 Vertical retrace is active__
LPSWB Not Used
LPSTRB Not Used
DISPENB When 0 Display is active

When 1 video is

not displayed

17
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Bit Programming

|Hex Address| Register | |7 I 6 | 5 | 4 | 3 | 2| 1] 0| | Notes
3DD Extended Ram | I X | X | , Write
Page Reg__|_ —l_|_only__
PGL8 (#) |CPU Page Address 18 _
PG17 CPU Page Address 17 _ All bits
VPG18 (#)]Video Page Address 18 cleared
VPG17 Video Page Address 17 by a
System
Reset
EXTADR Extended Addressing Mode
for 256K systems

Note (#) Not implemented in current design but reserved for future
implementations

18



TANDY COMPUTER PRODUCTS

Bit Programming

|Hex Address| Register | 1 7)6 ] 5] 4| 3] 2]1)]0] | Notes
3DF CRT/Processor Write
Page Reg__|_ . P | _Only_

CTTTTT
ADRM1 (**) |Video Address

Mode 1 with Reg 3DD
bit0 selects Video
aAddress supplied to RAM

ADRMO (**) [video Address Mode 0_
with Reg 3DD bit0 selects
Video Address supplied to
RAM

Processor Page 2
Processor Page 1
Processor Page 0

CRTPG2 CRT Page 2
CRTPG1 CRT Page 1
CRTPGO CRT Page 0

The processor page bits are combined with the CPU address to
select the 32K segment of memory accessed at B8000. If an odad
page number is selected, the window is reduced to 1l6K.

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 Reg 3DD bit 0 to select
the Video addresses to the RAM. See the Video Memory Address-
ing Modes Table. Also the Graphics control bit 3D8 bit 1
(GRPH) will force the same condition as setting ADRMO.

19
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Bit Programming

|Hex Address| Register |17 | 6 [ 5 | 4 I 3 | 2 I 1{ 0| | Notes
00A0-00A7 NMI Mask Write
Register_ | _ _ l__l__|_only__
NMIEN Enable Non
Maskable Interrupt
PORTMD Enable 256K Video RAM __ All bits
MC3 Memory Configuration 3 cleared
MC2 Memory Configuration 2 by a
MCl Memory Configuration 1 System
XTERNVID Disables all video Accesses to Video Memory_ _ Reset
at B8000-BFFFF and video 1/0 locations 3D0-3D7

20
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6845 PROGRAMMING TABLE FOR ALL MODES

* REGISTER 40x25 80x25 160X200 16 Col|640X200 4 Col
ALPHANUM| ALPHANUM |320X200 4 Col [320X200 16 col
640X200 2 col
==xa=
U | Horizontal Total 38 (56)| 71 (113)| 38 (56) 71 (113)
1 Horiz. Displayed 28 (40)] SO (80)| 28 (40) 50 (80)
2 | Horiz. Sync. Pos 2D (45) 5A (90) 2D (45) 54 (90)
3 Horiz. Sync, Width 08 (8) OE (14) 08 (8) 0E (14)
4 | vertical Total-l 1c (28)| 1c (28) 7F (127) 3F (63)
5 Vert. Total Adjust 01 (1) 0l (1) 06 (6) 06 (6)
6 | Vvertic. Displayed 19 (25)| 19 (25} 64 (100) 32 (50)
7 | vVert. Sync Pos. 1A (26)] 1A (26) 70 (112) 38 (56)
8 | Interlace Mode 02 (2) 02 (2) 02 (2) 02 (2)
9 MaxScanLineadd -1 08 (8) 08 (8) 0L (1) 03 (3)
10 Cursor Start 06 (6) 06 (6) 06 (6} 06 (6)
11 Cursor End 07 (7 07 (7) 07 (7 07 (7)
12 StartaAddresss High 00 (0) 00 (0) 00 (0) 00 (0)
13 StartAddress Low 00 (0) 00 (0) 00 (0) 00 (0)
MODE SELECTION SUMMARY
MODE "H3D8 | 'H3D8 |'H3DE REG3|'H3DE REG3|'H3DE REG3]'H3D8['H3DD ['H3DF|'H3DFP
BIT G (BIT 4 BIT 3 BIT 4 BIT 5 BIT 1|BIT 0 |BIT 7|BIT 6
HRESCK |HRESAD | C4COLHR C16COL NVDM GRPH | EXTADR | ADRM1 | ADRMO
==nu= ==ma= | zew==
40X25 ALPHA 0 0 0 0 0 0 0 0 [
80X25 ALPHA 1 0 0 0 0 0 0 0 0
160X200 16 COL 0 0 0 1 0 1 0 0 1
320200 4 coL 0 0 0 0 0 1 0 0 1
320X200 16 COL 1 0 0 1 0 1 ] 1 1
640200 2 COL 0 1 0 [} [} 1 1] 0 1
640200 4 coL 1 1 1 0 0 1 0 1 1

21
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VIDEO/SYSTEM MEMORY ADDRESS MAP

"HOAO0 BITS| VIDEO/SYSTEM MEMORY |VIDEO/SYSTEM MEMORY[ VIDEO/SYSTEM MEMORY
4321 START ADDRESS LENGTH ADDRESS RANGE
0000 00000 128K 00000-1FFFF
0001 20000 128K 20000-3FFFF
0010 40000 128K 40000~5FFFTF
0011 6 0000 128K 60000~-7FFFPFF
0100 80000 128K B80O0ODO0DO0O-9FFFF
1001 00000 256K 00000-3FFFF
1010 20000 256K 20000-5FFFF
1011 40000 256K 40000-7FFFF
1100 60000 256K 60000-9FFFF

VIDEO MEMORY ADDRESSING MODES

*H3DD |'H3DF|'H3DF VIDEO MEMORY ORGANIZATION

BIT 0 |BIT 7({BIT 6 (128)

EXTADR | ADRM1 | ADRMO

0 0 0 1 16K Segment of Memory (8 Pages)

[/} 0 1 2 8K Segments of Memory (8 Pages) Switched on RA[0]

0 1 0 2 16K Segments of Memory (4 Pages) Switched on RA[O)

0 1 1 4 8K Segments of Memory (4 Pages) Switched on RA[0],RAll]
1 0 0 1 32K Segment of Memory (4 Pages)

1 0 1 2 32K Segments of Memory (2 Pages) Switched on RA[O]

For 8 Page Modes CRTPG[2:0] select the Video Page
For 4 Page Modes CRTPG[2:1) select the Video Page
For 2 Page Modes CRTPG{2]) select the Video Page

22
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OTHER CHIP FUNCTIONS

In addition to the video controller functions, the Tandy
1000 video controller chip also provides most of the system
address decode functions. These decode and chip select
functions are described as follows:

A, B, C outputs are encoded device select lines and are
connected to an external LS138.

CBA IOMB BA0-15(HEX) DESCRIPTION
111 NONE OF BELOW

110 1 0020-0027 INTCSB
101 1 0040-0047 TMRCSB
100 1 0060-0067 PIOCSB
011 1 0200-0207 JOYSTKCSB
010 1 00c0-00C7 SNDCSB
001 1 03F0-03F7 FDCCSB
000 1 0378-037F PRINTCSB

The output signal ROMIOSELB is the enable signal for an
LS245 that controls all of the data flow to devices on the
main logic board. This signal is active low and will be
activated for any of the following conditions:

. Video/System Memory Read or Write

. Video Access at B800O-BFFFF

. Rom Access at FO0000-FFFFF

. Video I/0 access at 03D0-03DF

. 1/0 access to any of the following addresses:

0040-0047
0060-0067
00A0-00A7
00co-00C7
0200+0207
0378-037F
03F0-03F7

23
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DESCRIPTION OF EACH PIN FUNCTION

PIN# PIN NAME TYPE DESCRIPTION

1 vSss Ground Ground

XMD[ 2] Input/Output External Memory Data I/0 Bank 0
3 XMD( 3} Input/Qutput External Memory Data I/0 Bank 0
4 XMD([4] Input/Output External Memory Data I/0 Bank 0
5 XMD{5] Input/Output External Memory Data I/0 Bank 0
6 XMD([ 6] Input/Output External Memory Data I/0 Bank 0
7 XMD[ 7] Input/Qutput External Memory Data I/0O Bank 0
8 YMD[ O] Input/Output External Memory Data I/0 Bank 1
9 YMD[1] Input/Output External Memory Data I/0 Bank 1
10 YMD[ 2] Input/Output External Memory Data I1/0 Bank 1
11 YMDI 3] Input/Output External Memory Data I/0 Bank 1
12 YMD{ 4] Input/Output External Memory Data I/0 Bank 1
13 YMD{ 5] Input/Qutput External Memory Data I/0 Bank 1
14 YMD[ 6] Input/Output External Memory Data I/0 Bank 1
15 YMD[7] Input/Output External Memory Data I/0 Bank 1
16 RFSHB Input Memory Refresh Strobe Input
17 MWE1B Output Ram Bank 1 Write Enable Signal
18 MWEOB Output Ram Bank 0 Write Enable Signal
19 RASB Output Ram Row Address Strobe
20 CASB Output Ram Column Address Strobe
21 BMEMRB Input CPU Memory Read Strobe
22 VDD Power 5 volts Supply
23 BMEMWB Input CPU Memory Write Strobe
24 CK28M Clock 28.63636 Mhz Clock Input
25 VIDEOWAIT Output(OpenDrain) Video Wait Signal
26 SYSRSTB Input System Reset
27 I0OMB Input CPU I/0O-Memory Signal (Memory ->1,

/0 => 0)

28 A Output Encoded Peripheral Select Line
29 B Output Encoded Peripheral Select Line
30 (o] Output Encoded Peripheral Select Line
31 IOMEMSELB OQutput External Buffer Enable
32 NMIEN Output Nonmaskable Interrupt Enable
33 BIORB Input CPU I/0 Read Strobe
34 BIOWB Input CPU I/0 Write Strobe
35 LPIN Input Not Used
36 LPSWB Input Not Used
37 OUTVSYNC Output Vertical Sync Output
38 QUTHSYNC Output Horizontal Sync OQutput
39 COMPCOLOR Output Composite Color Signal
40 COMPSYNC Output Composite Sync Signal
41 OouTI Output Intensity Out
42 OUTR Output Red Video Out
43 vssl Ground Ground
44 OUTB Output Blue Video Out/Monochrome Dotclock
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45
46
47
48
49
50
51
52
53
54
55
56

58
59
60
61
62

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

oUTG
BA[19]
BA[18]
BA[17]
BA[16]
BA(157
BA[14]
BA([13]
BA[12])
BA[1ll]
BA[10}
BA[9]
BA[8]
BA[7]
BA[6]
BA[S5]
BA[4]
BA[ 3]
BA[ 2]
BA[1l]
BA[O]
DB[7]
DB(6]
DB[5]
DB(41
DB[3]
DB[2]
DBIl1]
DB(O0]
MA[O]
MA[1]
MA[2]
MA[3]
MA[4]
MA([5]
MA([6]
MA[7]
BANKSL
XMD[ 0]
XMD[1]

Output

Input

Input

Input

Input

Input

Input

Input

Input

Input

Input

Input

Input

Input

Input

Input

Input

Input

Input

Input

Input
Input/Output
Input/Output
Input/Output
Input/Output
Input/Output
Input/Output
Input/Output
Input/Output
Output
output
Output
Output
output
Output
Output
Output
Output
Input/Output
Input/Output

TANDY COMPUTER PRODUCTS

Green Video

CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CPU
CrU
CPU

Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory
Memory

Address
Address
Address
address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address

Out/Monochrome Video
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line
Line

Data I/0
Data 1/0
Data I/0
Data I/0
pData I1I/0
Data I/0

pata 1/0

Data I1I/0

Address Line
Address Line
Address Line
Address Line
Address Line
Address Line
Address Line
Address Line
Address Line

External Memory Data I/0 Bank 0
External Memory Data I/0 Bank 0
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LOGIC BLOCK DIAGRAM

TEST MODES AND THEIR OPERATIONS

TANDY COMPUTER PRODUCTS

There are four Test Modes that the chip can be placed into to
make the part easily and efficiently testable. All these Test
Modes use conditions that can never occur in a System environ-
ment, therefore avoiding accidental entry in Test Mode. All the

test modes are entered when both MEMRB and MEMWB are active.

The

selection of the different tests is done by an additional decode
on some bits of the BA lines according to the following chart:

ENABLED WHEN

OPERATION PERFORMED

TEST
MODE | BMEMRB | BMEMWB
1 0 0
2 1] 0
3 0 0
4 0 0

BAlS

1

BAl4

X

Bal3

Bal2

0/1

Pinout the 6845 Megacell on
external pins and/or Start
Self Test Rom. While the
testing of the Megacell is
in progress, the Rom is
performing a signature
analysis. At the end of
4500 clocks, a PASS/FAIL
bit is set, if the Self
Test was successful.

Enable a Software Reset on
the 6845,

Clear the Clock generators
& blink counter to start
from a known condition.

A logical 1 writes a bit that
forces Display Enable con-
stantly. A 0 removes forced
Display Enable. Cleared by
SYSRSTB.
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TANDY COMPUTER PRODUCTS

TEST MODE 1 PINOUT THAT EMULATES THE 6845 STANDARD PRODUCT

The following signals of the Megacell are available on the
following pins in Test Mode 1l:

6845 SIGNAL VIDEO SIGNAL
RESETB SYSRSTB
LPSTB (Not Used) LPIN (Not Used)
MA[7:0] MA[7:0]
MA[(8] BANKSL
MA[9] MWELB
MA[10] ROMIOQOSELB
MA[11] A
MA[1l2) B
MA[13] o]
DE COMPSYNC
CURSOR COMPCOLOR
CLK IOMB (See Note **%)
RNW BIOWB
E RFSHB
RS BA[O]
CSB LPSWB (Not Used)
DB[7:01] DB[7:01
RA[O] RASB
RA[1] CASB
RA[2] OUTR
RA[3] OUTI
RA[4] MWEOB
HS OUTHSYNC
Vs OUTVSYNC

Also the Pass/Fail bit for the Self Test ROM can be tested oa the
OUTG outputpin during TEST MODE 1. Note that at least 4,500
clocks must be given in Test Mode 1 before checking the Pass/Fail
bit. These clock times could be used to exercise the 6845 as a
standard part according to the previous pinout.

Note***: IOMB is in fact CLK Bar so in order to test it
using the standard part's test program, there is
a need to invert the clock coming in the Test program,
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ELECTRICAL SPECIFICATIONS

TANDY COMPUTER PRODUCTS

ABSOLUTE MAX RATINGS (NON-OPERATING, VSS=0v)

MIN
STORAGE TEMPERATURE -65
VOLTAGE ON ANY PIN
W.R.T.GROUND -0.5

OPERATING ELECTRICAL SPECIFICATIONS

OPERATING AMBIENT MIN TYP
AIR TEMP. RANGE 0 25

POWER SUPPLIES

VCC SUPPLY VOLTAGE 4.5 5.0
VSS SUPPLY VOLTAGE 0 0
ICC SUPPLY CURRENT 20
TOTAL POWER DISSIPATION 100
(INCLUDE LOADING ON
OUTPUTS)

LEAKAGE CURRENT MIN TYP

ALL INPUTS AND

TRISTATE OUTPUTS -10

INPUT VOLTAGES
LOGIC "0" (Vil)
ALL INPUTS

LOGIC "1" (Vih)
ALL INPUTS 2.0

OUTPUT VOLTAGES CURRENT LOADING

LOGIC"0" (Vol)
ALL OUTPUTS 2.0 MA

LOGIC"1"™ (Voh)
ALL OUTPUTS 0.4 MA

INPUT CAPACITANCE
ALL INPUTS

TIMING SPECIFICATION

MAX
150

7.0

MAX
70

10

0.8

MIN

2.4

MIN

UNITS
DEGREES C.
VOLTS
UNITS
DEGREES C.
VOLTS
VOLTS
MILLIAMPS
MILLIWATTS
MICROAMPS
VOLTS
VOLTS
TYP MAX UNITS
0.4 VOLTS
VOLTS
TYP MAX

10 PICOFARADS
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MAXIMUM LOADING FOR EACH OUTPUT
MA[8]-MA[O] 100 pF
ALL OTHER OUTPUTS 20 pF

CHARACTERISTICS

READ Operation

TANDY COMPUTER PRODUCTS

address
IOMB, \/ VALID \/
BA{19:00) /\ /\
50/ |<=-1-=> 250/ <—-2-->I 50/
< 3 >
BIORB \ /
/
/200 |<---4—->| |<-—-5---->| 20/100
/ VALID \
DATA OUT \ /
DB[7:01]
I/0 TIMING
| # 1 DESCRIPTION TMIN | MAX | UNITS| NOTE]
| 1 | ADDRESS VALID TO BIORB ACTIVE SETUP | 50 | | NS | ]
| 2 | ADDRESS VALID HOLD AFTER BIORB INACTIVE| 50 | | Ns | i
| 3 | BIORB PULSE WIDTH LOW |250 | | nNs | |
| 4 | BIORB ACTIVE TO DATA OUT VALID | ] 200 | nNs | ]
| 5 | BIORB INACTIVE TO DATA QUT TRISTATE | 20 | 100 | Ns | |

READ OPERATION

READ OPERATION
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WRITE OPERATION AND I/0 OUTPUT TIMING

address

I0MB, \/ VALID \/
BA[19:00] /\ /\
50/ <==6--> 250/ <==7-->| 50/
< 8 >
BIOWB \ /
\ /
200/ 50/
I< ------- 9-——-> <-10->|
_/ VALID \_
DATA IN \ /
DB[7:01]
/80
<-11-> <-12->| /80
C.B.A
ROMIOSELB \__ /
<-13->| /100
NMIEN \
T77 DESCRIPTION [MIN|MAX|UNITS [ NOTE]
| 6] ADDRESS VALID TO BIOWB ACTIVE SETUP | 50| | wNs | |
| 7| ADDRESS VALID HOLD AFTER BIOWB INACTIVE | s0] | Ns |
| 8] BIOWB PULSE WIDTH LOW [250] | wNs |
| 9| DATA IN VALID TO BIOWB INACTIVE SETUP 1200} | wns | |
|10| BIOWB INACTIVE TO DATA IN VALID HOLD | 50| | Ns |
|11| ADDRESS VALID TO C,B,A,ROMIOSELB OUTPUT DELAY | | 80] Ns |

/12| ADDRESS NOT VALID TO ROMIOSELB INACTIVE OUT DELAY | 80| NS | |

/13| BIOWB INACTIVE TO NMIEN LATCHED OUTPUT DELAY | J100] Ns | |
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MEMORY DECODE T

IMING

TANDY COMPUTER PRODUCTS

MEMORY READ OR WRITE OPERATION

address
RFSHB, \/
BAl9:00] /\
IOMB

50/

BMEMRB
BMEMWB

DATA OUT
DB[7:01]
(MEM READ)

80/

ROMIOSELB

VALID \/
/\
<--15->' 250/ <-16-->| 50/
T iy >
/
\l /
50/‘< ------ 26--—=>|<=<27-->| /30
_/ VALID \
\ /
<-18—>l <-19->| /80
\ /
\_ /
35/
50/ | <-20->

VIDWAIT

MWELB
MWEOB
(MEM WRITE)

<—-21—-—>|

RASB

CASB

XMD{7:0]

YMD[7:0]
(MEM READ)

Cmmmmm 24--->| /70 |
\ /
\ /
S 25--=m-sio ST /140 |
\ /
\
/9ol<~--22 ----- >|<——23-> 0
/ VALID \
/
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TANDY COMPUTER PRODUCTS

T *] DESCRIPTION TMIN[MAX]UNITS|NOTE]
|15| ADDRESS VALID TO BMEMRB ACTIVE SETUP | 50| | ns |
|16/ ADDRESS VALID HOLD AFTER BMEMRB INACTIVE | 50| | wNs |
|17| BMEMRB PULSE WIDTH LOW 1250] | wns |
|18| ADDRESS VALID TO ROMIOSELB OUTPUT DELAY | | 80] Ns |

|19| ADDRESS NOT VALID TO ROMIOSELB INACTIVE OUT DELAY | 80| NS | |

| 20| VIDWAIT DELAY FROM BMEMRB READ LOW | | s0] wNs | |
|21| VIDWAIT PULSE WIDTH | 35|600| Ns |
|22] XMD, YMD SETUP TO CASB LOW (MEM READ) | 90} | wNs |
|23| XMD, YMD HOLD TO CASB LOW (MEM READ) | o | ns |
|24| VIDWAIT LOW DELAY TO RASB LOW | | 70 wNs |
|25| VIDWAIT LOW DELAY TO CASB LOW | o0]140| Ns |
|26] I/0 DATA BUS OUT SETUP TO BMEMRB HIGH | 60} | Ns |
|27| I/0 DATA BUS OUT HOLD TO BMEMRB HIGH | o] 30| Ns |
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TANDY COMPUTER PRODUCTS

CRTC TIMING
i< 28 |
I <——--29---->| <-30
\ / \
CCLK \_ / \_
(internal signal)
<-31 ->l
MA{7:0] \/ \
BANKSL /\ N\
<==32 -->|
HS,VS,DE -
CURSOR VAN VAN
/40| <—~--33 --->|< ----- 35— > 30/
RASB \ /
A |’
37-> <38
/10| Kmmmmn3gmmemmen >l<—--—36 ------ >| 40/l
CASB \ /)
A { |
37-> T | |I<- 38
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TANDY COMPUTER PRODUCTS

CRTC TIMING
Characteristics Symbol Min | Nom | Max | Units
28 CCLK frequency Fcye 2 MHZz
29 CCLK width PWcl 100 nS
30 CCLK rise and fall time Tcr,Tcf 5 ns
31 CLK fall to
MA[7:0)RA0-4 delay time Tmad ,Trad 50 ns$
32 CLK fall to HS, VS,
DE,CURSOR delay time Thsd,Tvsd 50 ns
Tdtd,Tcdd
33 MA[7:0),BANKSL setup to 40 nsS
RASB low
34 MA(7:0],BANKSL setup to 10 ns
CASB low
35 MA{7:0],BANKSL hold from 30 nS
RASB low
36 MA[7:0],BANKSL hold from 40 ns
CASB low
37 RASB,CASB fall 20 ns
38 RASB,CASB rise S ns
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OTHER TIMING SPECS

Characteristics Symbol Min Nom Max Units
39 Relative Skew of R,G,B,I io0 nS
40 Relative Skew of R,G,B,I 20 ns
With respect to Compcol
41 Relative Skew of R,G,B,I 35 ns
With respect to CompSync
OutHsync,0utvsync
42 Relative Skew of R,G,B,I 35 ns

With respect to CompSync
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MEGACELL 6845R1 SPECIFICATION DATASHEET FOR 6845 MEGACELL

VE 68C45 MEGACELL DESIGN KIT
CRT CONTROLLER MEGACELL

FEATURES

o Completely integrated with VTI's extensive IC design
tools and libraries

o CMOS (2-micron) M68C45 Megacell configurable as:

-- 68C45R - CMOS equivalent of Motorola 6845R CRTC

-- 68C45R1 - CMOS equivalent of Motorola 6845R1 Enhanced

CRTC

-- 68C45S - CMOS equivalent of Hitachi 6845S CRTC

-- 68C45SY -~ CMOS CRTC similar to Synertek 6545 CRTC

4.5 MHz video memory interface

[}

o 3 MHz system processor interface

o Compatible with the VTI bus architecture

o Programmable Display Enable and Cursor delays
(standard for S and SY versions -- optional for R and
R1 versions)

o Programmable Vertical Sync pulse width

(standard for S version -- optional for R, Rl and SY
versions)

o Row/Column display memory addressing (SY version)

o Double Width character control

OPTIONAL FEATURES

o 16K, 32K, or 64K display Memory Address range (14, 15, or

16 bits)
o 7, 8, or 9-bit Vertical Row counter

VTI MEGACELLS

Megacells are building block equivalents of standard LSI
functions that can be combined with other megacells,
standard cells or compiled cells to create custom
User-Specific ICs (USICs). Megacells are fully compatible
with VTI's other cell technologies and design tools.

The VTI bus (TM) architecture allows multiple megacells to
be combined on a single IC, along with additional cells from
VTI's extensive libraries -- decreasing the design time,
design cost, and size of complex systems. A detailed
Functional Model provided with each megacell further reduces
design verification time.
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SIGNAL DESCRIPTIONS

The following signals function the same on the M68C45
Megacells and on the standard VL6845 family of CRT
Controller ICs.

Signal /0 Description

RS Ip Register Select

E Ip Enable

RNW IP Specify READ (high) or WRITE (low)
operation

CSB Ip Chip (6845 megacell) select, low true

CCLK Ip Character Clock

LPSTB IP Not Used

D0O-D7 I/0 Data Bus

RAO-RA4 OP Raster Address

HS OoP Horizontal Sync

RESETB Ip Reset, low true

The following signals are unique to the VE68C45 Megacells,
or are functionally different on the VE68C45 Megacells and

the VL6845 ICs.
Signal 1/0 Description

DE opP Display Enable output - active (DE =
"1") when the VE68C45 is generating
active display information. The S
version can be programmed with a 0,
1, or 2 character delay. The SY
version can be programmed for a 0 or
1 character delay.

CURSOR OP Cursor output - this signal is high
when the raster scan coincides with
the programmed cursor position. The
S version can be programmed with a 0,
1, or 2 character delay. The SY
version can be programmed for a 0 or
1 character delay.

Vs OoP Vertical Sync output ~ active high
pulse which determines the vertical
placement of the video data. An
optional feature permits programming
the Vertical Sync pulse width.
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MAO-MAl3,
14,15

AENB

LDO-LD13,
14,15

LOAD

BREAK
READB
VDRA

(reserved)

DW

OP

IP

1/0

IP

Ip

OP

n/c

Ip

14, 15, or 16- bit Video Memory
Address bus. These tri-state outputs
provide the binary address to the
external video RAM. If row/column
addressing is selected (SY version
only) this bus will provide
row/column addressing to the external
RAM instead of binary addressing.

The AENB input signal can be used to
place the MA bus in the high
impedance state.

Address Enable input - when asserted
low (AENB = "0") the MA outputs are
enabled. AENB = "1" forces the MA

outputs into a high impedance state.

14, 15, or 1l6-bit Advanced Memory
Address bus - separate video memory
address information on this bus
precedes the information on the MA
bus by one character clock. This bus
is provided to interface with a
separate strip of logic for split
display capability.

When asserted (high) a new value is
loaded into the RA counter. Tie to
vSS when not used.

To be used for splitted screen
format. Tie to VSS when not used.

This signal goes LOW during a
legitimate read operation.

Reserved for future expansion. To
be left unconnected.

Double Width input ~ this input puts
the VE68C45 in a double-width display
mode. Tie to VSS when not used.
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6845R, IP One of these three inputs is tied
68458, high to select the version of the
6545SY VE68C45 used in your application.

The remaining two inputs must be
grounded. NOTE: the VE68C45SY does
not provide 6545 transparent
addressing or the 6545 status
register.
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ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings

Ambient temperature under bias 0 Cto 70 C
Storage temperature -65 C to +150 C
Voltage on any signal with respect to Gnd -0.5V to +7V
Power dissipation 750mW

DC characteristics ( Ta = 0 - 70 degree C, Vss=0v, Vcc=+5
+/- 10%)

Characteristics | Symbol | Min | Typ | Max | Units
Input High Voltage

Inputs,1/0 Vih 3.0 Vece Volts
Input Low Voltage

Inputs,I/0 Vil Vss 0.8 Volts
Output High Voltage

Outputs,1/0 Voh 3.0 Vee | Volts
Output Low Voltage

Outputs,I/0 vol 0.4 Volts
Capacitance
Input Capacitance

CLK input Cin 6 pF

remaining inputs Cin .7 pF
OQutput Loading

MAO-13,D0-7 Cout 9 pF

RAO-4,HS,VS,DE, Cout 3 pF

Cursor
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AC CHARACTERISTICS (Vcc=+5v +/- 10%, Vss=0v, Ta=0 C to 70 C}

VTI BUS TIMING

address

CSB

RD/WR-

EN

DATA

\/
/\ /\
<tena>| 10/
— |\ ;) —
\ /
<-tac-->|<-tcen—> <- tenc -->, 10/
o/ 10/
<-—- tarw -->l<-—> trwen <--- tenrw —->| 10/
o/ 10/
\v4 AV
/ AN
{~=~= taen ----> 40/
/|7 607 ]\
/ |<tenw>| \
<tend>|/50,<-tendf—> 5/
/ \
\ /
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WRITE

address

CSB

RD/WR-

EN

TANDY COMPUTER PRODUCTS

DATA

\ \
/\ /\
<tena>l 10/
— —
\ /
<—t?c-->|<—tcen-> 10/ <~ tenc -->I 10/
0
<-- tarw -->|<—-> trwen 10/ |<--- tenrw -->| 10/
0/
\/ \/
/ .

{-=== taen =--~=> | 40/

/| 607 '\

/ |<tenw>| \
<-tendh-~>
10/
== tdw=->
l 50/
/ \
\ /
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VTI BUS TIMING

read:

write:

MIN(ns) |MAX(ns)
TAC address to CS delay 0
TARW address to read/write delay 0
TAEN address to enable set up 40
TCEN CS to enable delay 10
TRWEN read/write to enable set up 10
TENW enable pulse width 100
TENA enable to address hold time 10
TENC enable to cs hold time 10
TENRW enable to read/write hold time 10
TEND enable to read data delay 50
TENDF enable to data bus float 5 30
TDEN write data to enable setup time 50
‘ TENDH enable to write data hold time 10
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CRTC TIMING
< 20
mew=21l -=> <=22
\ \
CCLK \ \
<~ 23 —>!
MA0-15 \/ \V/
RAO-4 /\ /\
<-- 24 -—>|
HS,VS,DE \/ AV
CURSOR /\ /\
CRTC TIMING
Characteristics Symbol Min Nom Max Units
20 CLK frequency Feyc 4.5 MHz
21 CLK width PWcl 100 nS
22 CLK rise and fall time Tcr ,Tef 5 ns
23 CLK fall to
MAO0-15,RA0-4 delay time Tmad ,Trad 50 ns
24 CLK fall to HS, VS,
DE,CURSOR delay time Thsd,Tvsd 50 ns
Tdtd,Tcdd
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SECTION 1

GENERAL DESCRIPTION

The NCR 8496 is an NMOS digital sound generator capable of
providing applications with a low cost solution for noise

and sound generation.

FEATURES

Functionally and Pin compatible with the SNR76496
Programmable white or periodic noise generator
Three programmable tone generators
Programmable attenuation values

Simultaneous multiple sound generation

TTL compatible

4 MHz maximum clock input
External audio input added to Internal Generators

NCR 8496 NCR 8496
FUNCTIONAL PIN OUT FUNCTIONAL PIN GROUPING
D21 16 Jvce
piC] 2 15{JD3 CE —» fe— VCC

CPU WE —»
po(Q s 14[JCLK  INTERFACE GND
CLK—»1 NCR 849
READY(}4 pncgp 13[0D4 SOUND
49 READY—» GENERATOR
wel]s 12[ADs
CE(]s 1{1Ds AU?I!I?’ - AUDIO]_
Auvplo] 7 10307 U
DAT.
GND( 8 9 ) Aupio BU;‘ -[mm——
INPUT

POWER
INTERFACE

APPLICATION
INTERFACE




CLK WE CE READY DO D1 D2 D3 D4 D5 D6 D7 RST

AREEEEE

INPUT CONTROL LOGIC

"L

+ N TONE GENERATOR 1 H +2 I—-—>| DA I_‘:lTTTENUATORJ-—‘

31

L

+N TONEGENERATOR2 [+ +2 |—>{ pia | T3] arENUATOR

. [
'|+N TONE GENERATOR 3 H +2H D/IA

+2/4/8

e

SHIFT RATE | L.:l
SELECT iNOISE GENERATOR J—Pl DIA ATTENUATOR I—‘

AUDIO
INPUT AMPLIFIER

NCR 8496 FUNCTIONAL BLOCK DIAGRAM

AUDIO
ouT




SECTION 2

FUNCTIONAL DESCRIPTIONS

2.1 Control Registers

The NCR 8496 Sound Generator has eight (8) internal
registers used to control three (3) tone generators and one
(1) noise generator. A three (3) bit data word used to
determine the destination control register is contained in
the first byte of data for all data transfers. The internal
register designations are as follows:

Address Bits Register Destination

RO Description
Tone 1: Frequency
Tone 1l: Attenuation
Tone 2: Fregquency
Tone 2: Attenuation
Tone 3: Frequency
Tone 3: Attenuation
Noise : Control
Noise : Attenuation

FRHRROOOO
o
FHOORKFOO |[H
)
FOROHOMO [N

Note: RO is the most significant address bit

2.2 Tone Generation

The NCR 8496 sound generator has three (3) programmable tone
generators, each with separate frequency synthesis and
attenuation sections. The frequency synthesis section
requires ten (10) bits of data (FO to F9) to define half the
period of the desired frequency. This data is entered into
a ten (10) stage tone counter, which is decremented at a
rate of N/16 where N is the clock input frequency. A signal
is produced when this tone counter decrements to one, which
toggles a divide by two counter and reloads the tone
counter. Therefore, the period of the desired frequency is
twice the value of the tone generator.




The frequency of each tone generation is calculated using

the equation:

N = the clock input frequency
[2 < n < 1023}

f=N/32n

n =a 10 bit binary number

The divide by two counter is directly connected to a four
stage attenuator whose values and bit position in the data

word are shown in the following table:

ATTENUATION CONTROL

Data Value Data Value

A0 AL A2 A3 aB a0 Al A2 a3l 4B
0 0 0 0 0 1 0 0 0 -16
0 0 0 1 -2 1 0 0 1 -18
0 0 1 0 -4 1 0 i 0 =20
0 0 1 1 -6 1 0 1 1 =22
0 1 0 0 -8 1 1 0 0 -24
0 1 0 1 -10 1 1 0 1 -26
0 1 1 0 -12 1 1 1 0 -28
0 1 1 1 -14 1 1 1 1 OFF

Note: A0 is the most significant bit of data

2.3 Noise Generation

The NCR Sound Generator has two (2) noise sources (periodic
These noise
sources are shift registers with an exclusive NOR feedback
network. One (1) of four (4) noise generator shift rates,
each rate being derived from the input clock, will be
controlled by the two (2) NF bits, as is shown in the

and white), which share a common attenuator.

following table:




NOISE GENERATOR FREQUENCY CONTROL

NF BITS FREQUENCY CONTROL
NFO NF1 SHIFT RATE
0 0 N/512
0 1 N/1024
1 0 N/2048
1 1 Tone Generator
#3 Output

Note: NFO is the most significant bit

The choice of either periodic or white noise is controlled
by the noise feedback control bit FB, as is shown in the
following table:

NOISE FEEDBACK CONTROL

FB CONFIGURATION
0 Periodic Noise
1 White Noise

2.4 Data Transfer

The NCR 8496 Sound Generator is_enabled by the CPU by
asserting a low logic level to CE. WE strobes the contents
of the data bus to the appropriate control register. Data
bus contents must be valid at this time. Data transfers
cannot occur unless CE is true.

Thirty two (32) clock cycles are required by the NCR 8496 to
load data into the control register., The READY output used
as a handshake signal to synchronize the CPU, is asserted to
a low logic level immediately following the leading edge of
CE. READY assumes a true state via an external pull up
register once the data transfer has been completed.




Formats for Data Transfer are as follows:

FREQUENCY UPDATE (Double Byte Transfer)

FIRST BYTE SECOND BYTE
REGISTER
DATA ADDRESS BIT 0 DATA BIT O
F9 F8 F7 F6 { R2 Rl RO 1 F5 F4 F3 F2 Fl FO X 0
D7 DO D7 DO

NOISE SOURCE UPDATE (Single Byte Transfer)

SHIFT RATE FEEDBACK REGISTER ADDRESS BIT O
NF1 NFO FB X R2 Rl RO 1
D7 Do

ATTENUATOR UPDATE (Single Byte Transfer)

DATA REGISTER ADDRESS BIT 0
A3 A2 Al A0 R2 Rl RO 1
DO

D7

2.5 CPU INTERFACE

Eight (8) data lines (D0-D7) and three (3) control lines
(WE, CE, READY) interface the NCR 8496 Sound Generator to
the CPU. As indicated in Section 2.2, Tone Generation, ten
(10) bits of data are required by each tone generator in
selecting frequency values. Frequency updates require
double byte data transfers. An additional four (4) bits of
data are required to select the attenuation values.
Attenuation updates require only single byte data transfers.
(See Section 2.4: Data Transfer),

Tone generators can be quickly updated by initially sending
both bytes of frequency and register data, followed by only
the second byte of data for succeeding values only if no
other control registers are accessed at the time of
generator updating. This action is accomplished by latching
the register address and permitting the continued transfer
of data into the same register. This updating feature
permits the expedited modification of the six (6) most
significant bits of data needed for frequency sweeps.




2.6 OUTPUT CIRCUITRY

The NCR 8496 Sound Generator output circuitry, emulating a
conventional op amp summing circuit, sums the three (3) tone
and one (1) noise generator outputs, and will source/sink
current to 2 mA. The 0 dB output signal per generator is
nominally a 450 mV square in the negative direction from a
2V quiescent level. The output should be OR coupled into
the application audio circuit via a filtering network
similar to the following:

Sound  v; RA Ca Vo  Application

G t AA [ Audio Amplifier

Output Coupling

RB CB — Filtering

The upper and lower frequency pdles for the application are
determined from the following equations:

Lower Pole Upper Pole

1 1
£ % 2mM(R, + Rg ) Cp £ ¥ 2m(Ry //Rg ) Cp

Attenuation of the output signal is:
Yo o o a
I Ry + Rp

Typically R; 2 10 R, so that the attenuation can be small
while achieving desired filtering at the same time.

2.7 AUDIO INPUT CIRCUIT

This input node can be biased on with a current to give an
approximate transfer function at the output of :

V0 = RAmpIin where RAmp is on the order of 1K Ohms

Typical input application:
R

VIN l' II\uditt)
Vv I npu
Rsig C P

Rp provides the bias current to put the amplifier in the
linear range.

Rsig controls the input current causing the signal swing.




SECTION 3

INTERFACE DEFINITION

3.1 MICROPROCESSOR INTERFACE
Signal Pin Description

READY 4 OUTPUT: Open collector, READY
indicates that data has been read
when true (high). The CPU must be
placed in a wait state until
READY is true.

WE 5 INPUT: Write Enable WE indicates
that data is available to the NCR
8496 when true (low).

CE 6 INPUT: Chip Enable CE indicates
that data may be transferred to
the NCR 8496.

RST 9 INPUT: Master Reset RST is used
for testing purposes only. This
pin is a no connect on the
SN 76489A and is internally
pulled high.

D7 10 Inputs: DO-D7 is the data bust
D6 11 through which data is

D5 12 transferred. DO is the most

D4 13 significant data bit. D7 is the
D3 15 least significant data bit.

D2 1

Dl 2

DO 3

CLK 14 Input Clock




3.2 AUDIO APPLICATION INTERFACE

Signal Pin Description

Audio 7 QUTPUT: Audio signal to
application. Refer to section
2.6. Output Circuitry for
recommended output connections.

Audio In 9 INPUT: Audio input signal from
application. Refer to section
2.7.

3.3 POWER INTERFACE

Signal Pin Description
vCcC 16 Supply Voltage
GND 8 Ground Reference

10



SECTION 4

ELECTRICAL CHARACTERISTICS

4.1 OPERATING CONDITIONS

Parameter Symbol Conditions Min Max Units
Supply VCC

Voltage 4.5 5.5 \'
Supply Icc

Current Outputs Open 40 mA
Operating To 0 +70 °c
Temperature

Storage Tg -65 | +150 °c
Temperature

Absolute v

Maximum max To Any Pin 7.0 \'

4.2 INPUT CHARACTERISTICS

Parameter Symbol Conditions Min | Max Units
Input ViL pD0-D7, WE, 0.8 v
Voltage Low CE, CLK

Input Vig D0-D7, WE, 2.0 v
Voltage High CE, CLK

Input I V; .~GND—=YV, -10 +10 uld
Current I in cc

Input CI

Capacitance 15 pf

11



4.3 OUTPUT CHARACTERISTICS

Parameter Symbol Conditions Min Max Units
Qutput \' I =-2mA (READY) 0.4 v
Voltage Low oL ouT
4.4 AUDIO CHARACTERISTICS
Parameter Symbol Conditions TYDP Max Units
Audio Input Causing half 2.0 maA
Current scale output

swing
Source ISo Over Output -3 mA
Current Voltage Swing
Sink Iso Over OQutput 2 mA
Current Voltage Swing
Quiescent VOQ 2.1 v
Output
Maximum VoM Generators 0.5 v
Output at 04dB
Signal Vew Generators 450 mv
Swing at 0d4B
Capacitance COL From Pin 7 200 pf
Loading * to Ground for

Stability
Audio Input
Bias Voltage R=4.7k ohms 1.0v ] 1.2v

* Does not apply to coupling capacitors which are connected

to loads >500 ohms.
ground be isolated by a series resistance of 500 ohms for

stability.

It is recommended that capacitors to

12



SECTION 5
TIMING REQUIREMENTS

Parameter Symbol Conditions Min Max Units
CE READY tCER CL=225pf 150 ns
RL=2K to VCC
Frequency
Input CLOCK Transition .05 4 MHz
Time
Set up Time tsu2 Data —WE 0 ns
t CE —WE
sul
Hold Time ty Data —>READY 0 nS
DATA TRANSFER TIMING

TN N

;
!
L

FIRST BYTE X SECOND BYTE

:
St

FIGURE 4

X

13
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OPERATING CHARACTERISTICS
MINIMUM  TYPICAL

Operating Voltage Range 90 120
Line Frequency 47 50/60
Output Voltage

Vol 4.85 5.00

Vo2 11.40 12.00

Vo3 =13.20 -12,00
Output Loads

Jol 1.25 -

Io2 0.1 -

Io3 0 -
Over Current Protection

Current Limit ICL1 - -

ICcL2 - -
IcL3 - -

Over Voltage Protection

Crowbar 5.8 -
Output Noise

Vol - -

Vo2 - -

Vo3 - -
Efficiency 65 69
Holdup Time

Full Load at Nominal Line 16 -
Insulation Resistance

Input to Output ? 1000

Input to Ground 7 1000
Isolation

Input to Ground 1.7 -

MAXIMUM
135
63

5.15
12.60
-10.80

3.0
1.25
0.1

6.0
2.5
1.0

6.8

50
100
150

UNITS
VAC

Hz

> >

>

nV P-P

nV P-P

nV P-P

mSec

M ohms
M ohms

KvVDC
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Theory of Operation

AC Input Circuit

This circuit is composed of an AC Power Switch, a fuse, a line
filter, and an inrush current limiting circuit and rectifying
smoothing circuit. The inrush current limiting circuit controls
the charging current to electrolytic capacitors when power is ON.
The line filter reduces noise that leaks from the power source to
the AC line or that returns from the unit to the power souce; it
satisfies the specifications of noise regulations,

Control Circuit & Power Converter Circuit

This circuit is a self oscillation switching system, generally
called an R.C.C. (Ringing Choke Converter). The R.C.C. circuit
does not fix the oscillating frequency. Whenever input voltage
is high or the load becomes light, the oscillating frequency will
be high.

The current through R2 supplies transistor Ql's base, then Ql
turns ON. When transistor Ql is On, the Ql current excites the
transformer Tl and voltage rises in the bias coil of T1(5-6)
which leads transistor Ql positive bias, then transistor Q1 turns

ON.

When transistor Q1 turns ON, collector current charges the energy
to primary inductance of transformer T1 (1-3). Increasing the
collector current of transistor Ql to the point of:

I > I .hfe
C= B

Then, transistor Q1 immediately turns OFF. 1In a moment,
transformer T1 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 R8, the collector
of Q2 shorts the base and emitter of Ql. Then Q1 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 vVoltage Detecting Circuit

The circuit detects the change of output load current comparing
with the output voltage and AC line input voltage, which feeds
back to the control circuit through a photo coupler 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, the +12V
circuit will be shorted by the Thyristor SCR1 under the control
of zener diode D12, and then the supply shuts down because of the
over current protection. In the above case, correct the cause of
the failure, and reinput the power. The overvoltage protection
circuit will reset automatically under good conditions.
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OPERATING CHARACTERISTICS

Operating Voltage Range

Line Frequency

Output Voltages
Vol
Vo2
Vo3

Qutput Loads
Tol
Io2
To3

Over Current Protection

Current Limit ICL1

I1CL2

1013

Over Voltage Protection
Crowbar

Output Noise
Vol
Vo2
Vo3

Efficiency

Holdup Time
Full Load at Nominal Line

Insulation Resistance
Input to Output
Input to Ground

Isolation
Input to Ground
Input to Output

MINIMUM

90
198

47

4,85
11.40
=13.20

1.25
0.1
0

65

16

1.25
3.75

TYPICAL

120
240

50/60

5.00
12.00
=12.00

1000
1000

MAXIMUN
135
264

63

5.15
12,60
-10.80

3.0
1.25
0.1

6.0

2.5
1.0

6.8

50
100
150

UNITS

VAC

Hz

H

>

mV P-P
oV P-P
nV P-P

mSec

M ohms
M ohms

KVAC
KVAC
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Theory of Operation

AC Ipput Circuit

This circuit is composed of an AC Power Switch, a fuse, a line
filter, and an inrush current limiting circuit and rectifying
smoothing circuit. The inrush current limiting circuit controls
the charging current to electrolytic capacitors when power is ON.
The line filter reduces noise that leaks from the power source to
the AC line or that returns from the unit to the power souce; it
satisfies the specifications of noise regulations.

Control Circuit & Power Converter Circuit

This circuit is a self oscillation switching system, generally
called an R.C.C. (Ringing Choke Converter). The R.C.C. circuit
does not fix the oscillating frequency. Whenever input voltage
is high or the load becomes light, the oscillating frequency will
be high.

The current through R3 supplies transistor Ql's base, then Ql
turns ON. When transistor Ql is On, the Ql current excites the
transformer Tl and voltage rises in the bias coil of T1(5-6)
which leads transistor Ql positive bias, then transistor Ql turns

ON.

When transistor Ql turns ON, collector current charges the energy
to primary inductance of transformer Tl (1-3). 1Increasing the
collector current of transistor Ql to the point of:

I > I .hfe
CcC= B

Then, transistor Ql immediately turns OFF. In a moment,
transformer Tl will have negative voltage which will be supplied
to the secondary circuit through a rectifier., A Short Circuit
Protector is provided to protect transistor Ql from excess
amounts of current when the secondary circuit becomes shorted.
When transistor Q2 detects the voltage drop at R8, the collector
of Q2 shorts the base and emitter of Ql. Then Q1 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 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, the +12V
circuit will be shorted by the Thyristor SCR1l under the control
of zener diode D14, and then the supply shuts down because of the
over current protection. In the above case, correct the cause of
the failure, and reinput the power. The overvoltage protection
circuit will reset automatically under good conditions.
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ELECTRICAL SPECIFICATION

INPUT VOLTAGE:
Min. 90 at 47 Hz
Nominal 120 at 60 Hz
Max. 135 at 63Hz

INPUT SURGE CURRENT:

Limit --—--~-----cmmm- 25A max.
EFFICIENCY:
At full rated load with 120 VAC input at 50/60 Hz.
Nominal =--===-==--- 69%
Limit ===--=--—----- 65% min,

OUTPUT VOLTAGE:

NOMINAL REGULATION LIMITS
VOLTAGE TOLERANCE
Vol +5.0 vVDC +/- 3% 4.85 to 5.15 VDC
Vo2 +12.0 VvDC +/- 5% 11.4 to 12.6 VDC
Vo3 -12.0 vDC +/- 10% -13.2 to ~-10.8 vDC

OUTPUT RIPPLE AND NOISE VOLTAGE:

OUTPUT RIPPLE AND NOISE VOLTAGE
Vol +5Vv 50mV p-p

vo2 +12V 100mV p-p

vo3 -12v 150mv p-p

Note: Ripple is defined as a composite of a power line
frequency component plus a high frequency component
due to the power oscillator. Common mode noise which
may be observed due to oscilloscope connections will
be ignored.

OUTPUT OVER VOLTAGE PROTECTION:

The +5V output shall be protected from over voltage fault
conditions crowbar circuitry that is set to trip in the
range of 5.6 to 6.8V,




OUTPUT STABILITY:

The power supply must remain stable for any step load
current change during any combination of input line
voltage and output current loading between and including
rated minimum and maximum values. The output loads may
include capacitance of up to 500 microfarads on the +5V
output, up to 250 microfarads on either +/- 12V output.

OUTPUT TRANSIENT RESPONCE:

For a step load current change of the positive twelve volt
output between rated minimum and maximum values, the
maximum voltage excursion of the positive twelve volt
output shall be 600 millivolts and of the positivre five
volt output shall be 150 millivolts.

OUTPUT HOLDUP TIME

Nominal Line ~-~---- lémsec. min,
Low Line =~=m==~=—w-- 10msec. min.

OUTPUT CURRENT

OUTPUT MINIMUM LOAD MAXIMUM LOAD

vol <=5V 1.25A2 2.6A(3.2A Surge for 400 msec.)
Vo2 -12v 0.1a 1.0A(1.8A Surge for 400 msec.)
Vo3 +12v 0 0.05a

The maximum continuous output is 25.6 Watts.

OUTPUT CURRENT LIMITING

Over current protection wil prevent damage to the power
supply when any output is short circuited continuously
with 100 milliohms or less. Protection circuitry shall
shutdown the output if the continuous output current level
should exceed 200% or more of its maximum output rating.
Damage to the power supply should not occur if operated up
to its maximum over current limit.




ENVIRONMEMTAL REQUIREMENTS

Operating Temperature Range 0 ° C to +50 ° C
Storage Temperature Range -40 ° C to +70 °
Operating Humidity 90% RH at 50 ° C
Storage Humidity 95% RH at 50 ° C

SAFTEY REQUIREMENT

The P.S.U. is compiled with U.L. standard 114 and compiled
with CSA standard 22.2 No. 154-M1983.

LINE CONDUCTED EMI

For 120VAC input operation the power supply must exceed
the FCC Part 15J class B, computing device with 3dB margin
at 450 kHz increasing linearly to 8dB margin at 1.0 MHz
and with 8dB margin from 1.0 to 30 MHz. Line conducted
noise is measured at the operating AC input for all output
loads from minimum to maximum. Line conducted EMI shall be
measured in a configuration representative of the intended
application and in compliance with the required standards.

LINE TRANSIENT

The power supply shall meet the line transient
requirements of IEE 472-1974 for the Common Mode and
Differential Mode operation.

MECHANICAL SPECIFICATIONS

Dimension: 3P~K1-0268
Weight: Approx. 220g
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Theory of Operation
AC Input Circuit

This circuit is composed of an AC power switch, a fuse, a
line filter, an inrush current limiting circuit and
rectifying smoothing circuit. The inrush current limiting
circuit controls the charging current to the electrolytic
capacitors when power is ON.

The line filter reduces noise from the power source to the
AC line and return noise from the unit to the power source;
it satisfies the specifications of the noise regulations.

Control Circuit and Power Converter Circuit

This circuit is an oscillation switching system, generally
called R.C.C. (Ringing Choke Converter). The R.C.C. circuit
does not operate at a fixed oscillating frequency. Whenever
the input increases and the load decreases, the oscillating
frequency will increase.

The circuit system feeds the current through R2 suppling
transistor Ql's base, then Q1 turns ON. When transistor Ql
is set to ON, the Ql current excites transformer Tl and the
voltage rises in the bias coil of Tl (4-5) which leads
transistor Ql positive bias, then transistor Q1 turns ON.

When the transistor Q1 becomes ON, the Collector current
changes the energy to primary inductance of transformer Tl
(1-3). Increasing the collector current of transistor Ql to
the point of:

I.> Ip :hfe
Theg, transistor Q1 immediately turns OFF. In a moment,
transformer Tl will have negative voltage which will be
supplied to the secondary circuit.
A Short Circuit Protector is provided for protection of
transistor Ql from excess amounts of current when the
secondary circuit is shorted. When transistor Q2 detects the
voltage drop at R8, the collector of Q2 shorts the base and
emitter of Ql. Then Ql stops working so that the circuit
protects Ql from excess 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.




Power Converter Circuit

Ton Toff
Collector Voltage Waveform

Collector Current Waveform

The input and output voltage are represented by the
following equations:

Vo = n x Vf
Vo : Output Voltage
n : Turn ratio of transformer T1
: Collector voltage at turn-off time
vin x Ton = VEf x Toff
Input voltage

Ton : Turn-on time of transistor
: Turn-off time of transistor




5V Output Voltage Detecting Circuit

The circuit detects the change of output load current by
comparing the output voltage and AC line input voltage,

which feeds back to the control circuit through a photo

coupler to keep the output voltage stable.

Over Voltage Protection

When the output voltage is 5.8V to 6.8V, the +12V circuit
is shorted by thyristor SCR1 under the control of zener
diode D12, and then the supply shuts down because of the
over current protection.
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TANDY COMPUTER PRODUCTS

DESCRIPTION

DATE APPD

PAGE 6: 11/5/85 REMOVED LEDS FROM KEYCAPS; DELETED NOTE
OF LEDS; ADDED LED FLANGE & .150 SLOTS; .438 WAS .563;
ADDED SH. 2.

11/5/85 RELEASED FOR QUOTATION ONLY

12/2/85 ADDED 3RD LED MOUNTING HOLE; MOVED J1 OFF C.L.;
5.81 WAS 5.75; ADDED SPLIT CABLE OPTION AND INCREASED
OVERALL WIDTH & MOUNTING DIMS; DWG. WAS #8010010.
1/10/86 DELETED SINGLE CABLE OPTION; CHG'D 8 & 12
POSITION CABLES TO 12 & 13 POSITION CABLES, RESPECTIVELY.
2/20/86 SPACE BAR WAS CHANGED FROM 9 KEY LENGTH TO 8
KEY LENGTH.

4/11/86 ADDED PAGE 7.
4/11/86 REVISED CABLE ASSY., ADDED "JI" & "J2" DETAIL.

RELEASED FOR PRODUCTION

4/11/86

REVISED CABLE LENGTHS: 5.84 WAS 6.43, 6.11 WAS 6.70, 6.39
WAS 6.98, 6.63 WAS 7.22.

5/15/86

SHEET 1A of 7




1. Scope
This specification covers a keuboard.

2. Electrical

Contact Resistance

TANDY COMPUTER PRODUCTS

SPECIFICATION
NON-ENCODED KEYBOARD MATRIX

Characteristics

50@ Ohm Max.,5Vdc 1mA

Contact Bounce @

10msec Max. (operating speed at 250 mm/sec)

Insulation Resistance @

5@Mohm Min. at 25@0Vdc (between switch contacts)

Dielectric Withstand Voltage @

230 Vdc for 1 minute (betweem PCP pattern and iron panel)

15@ Vdc for 1t minute (between switch contacts)

3. Mechanical Characteristics

3-1

3-3

Operating Force @
78g9+/~259 at full
Plunger Stroke :
3.8mm+/-8.5
Operating Point @
@.5mm Mim. to full

Release Point @

@.5mm Min. to free

4, Operating Life »

4~1

4-2

Life 3

idMeg (1@ million
Contact Resistance
50@ohm Max. (upto

Contact Pounce :

stroke (at center of keucap)

\ @.5 mm ! off region !

]

! ! !

! ! on - off H

3.8 mm ! switching

stroke ! ! region !

) ) )

'

/ 2.5 mm ! on region !
position

operation)

1@ million), BO@®@ohlm (after 1@ million)

10msec Max. (after 10Meg)

Page

2 of




TANDY COMPUTER PRODUCTS

* Conditions
(1) 5SVdc 1mA (resistive load)
(2) Operation Speed : 5 Hz

(3) Depression Force: 2009 Masx. (at center of keyboard)

5. Environmental Characteristics
5-1 Operating Temperature Range @
@ to 55 degrees C

Storage temperature Range :

(5]
U
[

—-10 to 65 degrees C
5-3 Humidity :
10% to 95% RH (non—condensing),; 45 degrees € Masx.
5-4 Altitude :
-100@ft to 100@0ft
5-5 Vibration t
12 to 55 Hz 1.5mm (along each of the orthogonal axis)
5-6 Shock @
50Gy 11 msec 1/2 sine wave, 3 directions each 3 times.
6. Safety Standards
Keyboard must meet; UL standard 114
y CS5A SPEC: Cz22.2 NO. 2-M1982
s CSA SPEC: czz.2 NO. 154-M1983

Detailed material specification will be determinded at the
approval time.

7. Keycaps

7-1 Keycaps Configuration @

Keycaps must be detachable. Keycaps are preferred to look exactly
the same as they are shown on.D-size drawing NO. 8088079.

7-2 HKeucaps Color

Keycaps colors are specified on the D-size drawing NO.80B0079
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TANDY COMPUTER PRODUCTS

7-3 l.egends @

Legends must be in black and are printed flat on the keycaps as they
appear on the D-sirze drawing. Two shot molding or sublimation
printing is preferred.

B. Drawings

8-1 Mechanical Specifications & Keytop Arrangement 3

D-8080079 Sheets & and 7 of 7

Circuit Specification 3

P-8080@77 Sheet 5 of 7
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Specifications
of

MP-F63W-72D

Double Sided 80 Tracks
Recording Capacity 1MBytes
Transfer Rate 250 Kbits/sec

[TTL interface, without Ready signall

VALID for MP-F63W-72D,
with the following serial numbers :

SONY CORPORATION

MFD TECHNICAL INFORMATION 00-0054 REV. 11-87 Aapr. 6, '87
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1. Description

This document describes the specifications for the MP-F63W~72D of

which the recordingcapacity is 1MB, the maximum track~to~-track access time

is 3 msec and a TTL compatible signal interface.

The main features of the MP-F63W-72D are low power consumption, low
height, and nigh reliability with a simple mechanism and electric
circuit.

The specifications defined in this booklet are valid only if the
drive is used with Sony media or any other ANSI specification media
agreed upon by Sony and the drive customer.

2. Specifications

2.1

2.3
2.

Configuration

The drive consists of Read/Write heads, head positioning
mechanism, disk motor, interface logic circuit and Read/Write
circuit,

Physical Dimensions

The detailed pnysical dimensions are shown in Figure 2.1.
The main dimensions are:

1) Height : 30 mm

2) width : 101.6 mm

3) Depth : 150 nm

4) Weight : 480 g max.
Performance

3.1 Recording Capacity
Unformated capacity : 1.0 Mbyte/disk for MFM

0.5 Mbyte/surface for MFM
6.25 Kbyte/track for MFM

3.2 Transfer Rate

Burst transfer rate : 250 Kbits/sec for MFM
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PHYSICAL DIMENSIONS
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2.3.4

2.3.5

Access Time

a. Track to Track Slew Rate H 3 msec max.
b. Head Settling Time : 15 msec max.
c. Motor Start Time : 500 msec max.

(700 msec max.*)

Motor start time is defined as the time period necessary to
stabilise the Motor Rotational Speed variance to less than
+/-1.5% after turning the MOTOR ON signal on.

NB. When a disk is inserted in the drive, the Motor Start
Time will be 700 msec at maximum, but, after that it will be
500 msec max. as the disk is kept inserted.

Functional

a. Rotation Speed ¢ 300 rpm
The continuous speed variation is within +/-1.5%.
The instantanuous speed variation is within +/-1.0%.

b. Recording Density : 8717 BPI (Side 1, Track 79) in a 1MB mode

c. Track Density s 135 TPI
d. Cylinders : 80

e. Tracks s 160

f. R/W Beads s 2
Reliability

a. Mean Time Between Failures (MTBF) : 10,000 POBH

b. Mean Time to Repair (MTTR) ¢ 30 minutes
c. Preventive Maintenance (PM) : Not Required
d. Components life :+ 5 years or 15000 POH

e. Brror Rate :
1. Soft Read Error : Less than 1 per 109 bits read
2., Hard Read Error : Less than 1 per 1012 bits read

3. Seek Error : Less than 1 per 106 seeks
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2.4 Input Power Requirements

2.4.1

Power Consumption

TTL Interface

Standby 250 mW

Operation (read/write mode) 2.8 W

Supply Voltages

Voltage Max. Ripple _Current

+12.0V +/-5% 0.1Vpp Standby 0.3 mA
Average 130 ma
(Read)
Peak 500 mA
(Motor Start)
Peak 450 mA
(stepping during Motor On)

+5.0V +/-5% 0.1Vpp Standby 50 mA

2.5 Environmental Limits

2.5.1

Temperature Range
Operating H
Transportation :
Storage :

Humidity Range

Operating

Transportation
and Storage :

Vibration

Operating H

PTransportation
and Storage :

Operating 240 mA

5°C to 50°C ambient (40°F to 122°F)
-40°C to 60°C (-40°F to 140°F)

-20°C to 60°C (-20°F to 140°F)

8% to 80% relative humidity with a wet bulb
temperature of 29°¢C (85F) and no
condensation.

5% to 95% relative humidity and no
condensation

The unit can perform Read/Write operations
without errors at continuous wvibration
from 10 to 500 Hz at a maximum of 0.5G

along each of the three mutually
perpendicular axes.

The unit can withstand continuous vibration
from 10 to 300 Hz with a maximum level
of 2.0G along each of the three mutually
perpendicular axes without any degradation
of any characteristics below the

performance specifications.
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2.5.4 Shock

Operating :

Transportation
and Storage :

2.5.5 Orientation

The drive does
positioned. In

The unit can withstand a shock of 5.0G
shock for 11 msec with a 1/2 sine
wave shape in each of the three 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 a 1/2 sine wave shock of 60G on
any of the three mutually perpendicular

axes.

not necessarily need to be horizontally
fact, as seen in figure 2-3, there are many

other possible orientations.

3, Signal Interface

3.1 Connector and Pin Assignments

3.1.1 signal connector
Receptacle H

Cable H

3M 3414-6500xx or Equivalent
3M 3365/34 or Equivalent

POWER SIGNAL
CONNECTOR CONNECTOR

432 24— . pu

—p—je 254 mm 1)

= i -~ i

oooo 60— — - ——b0
h ﬁu——u——~——-———66[j

—1— —t

=t —
T3 —_—— 33 J

Figure 3-1. PIN ASSIGNMENT (REAR VIEW OF DRIVE)

EXAMPLE, FOR DRIVE SELECT ¢

Figure 3-2. DRIVE SELECT SWITCH
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Figure 2-3. ORIENTATIONS
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3.1.2 Signal Connector Pin Assignment

PIN SIGNAL DESCRIPTION PIN SIGNAL DESCRIPTION
1 CN 2 N.C.
3 5V 4 N.C.
5 5v 6 DRIVE SELECT 3
7 5v 8 INDEX
9 5V 10 DRIVE SELECT 0
11 5V 12 DRIVE SELECT 1
13 RETURN 14 DRIVE SELECT 2
15 RETURN 16 MOTOR ON
17 RETURN 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 12v 30 READ DATA
31 12v 32 HEAD SELECT
33 12v 34 DISK CHANGE
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3.1.3 Power Supply Connector

Receptacle : AMP 171822-4 or Equivalent

Contact : AMP 170262-1 or Equivalent

Wire : AWG 20

PIN | SIGNAL DESCRIPTION

1 +5V

2 GND (+5V Return)

3 GND (+12V Return)

4 +12V

Power Supply Connector Pin Assignment

3.2 DC Characteristics of Interface Signals

3.2.1 Output Signal from Drive
Output Current OQutput Voltage
Name IOH (mA) IOL (mA) VOH (V) VOL (V)
TTL interface 0.25 40 0.7

All outputs

3.2.2 Input Signal to Drive
Input Current
VIN=0.4V
Name IIL{(mA)
TTL interface -5.0
All inputs (at +0.4V)
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3.2.3 Recommended Circuit for Signal Interface

HOST DRIVE
INPUT CIRCUIT
’ +5V sv
7438
D&uos E o j'
Wi
WRITE GATE I w4
STEP '
MOTOR ON
(DISK CHANGE RESET)
{IN USE} Y
1 +5V
7438
%7406 I -?1kAAA I-‘
wy
DIRECTION ! 1k L'
DRIVE SELECT
WRITE DATA
%‘ +5V +5V
7406 1k % 30k
D:7435 M—i
HEAD SELECT : B i
T 2.1V
' €X-20185
INDEX, TRK0O OUTPUT CIRCUIT
WRITE PROTECT
(READY), READ DATA. .y
DISK CHANGE

74 LS14

The Interface signals in parethesis are only for MP-F63W-72D
The line from the drive to the controller should be pulled
up by a resistor of 1K ohm.

The cable length must be less than 1.5m. (4.92ft.)

Recommended driver IC : 7406, 7438
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3.3 signal Definitions

3.3.1

DRIVE 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 active.
When the SELECT line is false (high), all controller inputs
except the MOTOR ON line are ignored and all output lines are
disabled.

NB. IN USE (LED) lamp:
When a drive is selected, the IN USE lamp on the selected
drive is turned on, and when a drive is not selected, it is

turned off.

MOTOR ON

When this input is true (low) and a disk is inserted, the
spindle motor will start to run. When this line is made
false (high) or a disk is ejected, the spindle motor will
decelerate and stop.

However, if the MOTOR ON signal becomes false (high) during
either a write or erase operation, the disk motor will not
stop rotating until both the ERASE GATE signal and the WRITE
GATE signal become false (high).

STEP

When a drive is selected, a true (low) pulse on this line
will cause the Read/Write head to move to the adjacent
track. The direction of the head movement is determined by
the DIRECTION input at the trailing edge of the pulse.

The step operation 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 pulse input to move the Read/Write head
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 HEAD SELECT signal changes during either write or
erase operation, the head will not be changed until both
ERASE GATE and WRITE GATE signal becomes high (false).
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3.3.6 WRITE GATE

When tbis line is made true {(low) while a drive is selected,
the write current circuits are enabled and information may be
written under control of the WRITE DATA input.

3.3.7 WRITE DATA

If the WRITE GATE is true (low), a true pulse (low) on the
WRITE DATA line causes a bit to be written on the disk.
Pulses on this line are neglected when WRITE GATE signal is

false (high).
No pre-compensation is required.

3.3.8 1INDEX

When the drive is selected, a true (low) pulse is generated
on this line by each revolution 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 1is inserted while a drive is
selected, this line will be true (low) and the drive will not
be able to write data. At all other times, except when a
disk is ejected while the drive is selected, this line will
be false (high).

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 1line remains true (low) until both the
following conditions have been met:

1. A disk is inserted,

and
2. A STEP pulse has been received when the drive is selected.
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3.4 Timing Requirements

3.4.1 Head Access

DRIVE SELECT

DIRECTION

STEP

Tl

T7

Page 15

T4 T5
[ L L
'1'2"‘:’é
T3 T6
Tl : 0.5 us min.
T2 : 1.3 us min.
T3 : 3.0 ms min.
T4 : 2.4 us min.
T5 0.5 us min.
T6 : 18 ms min.
T7 2.5 us min.




3.4.2 TRACK 00 Signal

DIRECTION

STEP

TRACK 0

Tl

T2

.

Tl

2.9 msec max.

2.9 msec max.
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3.4.3

SELECT

STEP

MOTOR
ON

DISK IN

HEAD
SELECT

WRITE
GATE

WRITE
DATA

Tl
T2
T3
T4

T5

Write Data Timing

T1 T6
T7
T2
—
T3
|

—

T4 se T10

5 =

T T8

sy

T9
: 0.5 us min. T6 : 0.5 us min.
: 18 ms min. T7 ¢ 1020 us min.
: 500 ms max.* T : 8.0 us min.
: 100 us min. T9 : 150 ns min., 2000 ns max.
: 8 us max. T10 : See 3.3.5

*NB. When a disk is inserted in the drive, the Motor Start Time
is 700 msec at maximum, but, after that,it is 500 msec max. as
the disk is kept inserted.
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3.4.4 Read Data Timing

SELECT |
Tl
MOTOR | [
ON

T2

DISK IN | inserted
out

STEP 1

T3 4
WRITE . l

GATE

T4

HEAD l
SELECT
T5
Valid Read || || || II ||
Data —>
T6

TL : 0.5 us max. T4 : 1050 us max,
T2 : 500 ms max.* T5 : 100 us max.
T3 18 ms max. T6 : 550 ns min., 1200 ns max.

NB. When a disk is inserted in the drive, the T2 is
700 msec at maximum, but, after that it is 500 msec
max. as the disk is kept inserted.

Page 18



3.4.5 1Index Pulse

Tl

INDEX ||

T2

T1l* 197 ms min., 203 ms max.
T2 : 1.25 ms min., 1l.45 ms max.

*When the disk motor rotation is at the stable state.

3.4.6 Disk Change

in
DISK IN* out
Tl <
STEP L
T2

DISK

CHANGE

Tl : 0.5 us max. T2 : 1.6 us max.

*DISK IN, the disk-in sensor signal inside the drive, is
high 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 does not cause any damage to
recorded data on the disk as the drive is not in the
midst of writing when the power is shut off or supplied.

Power Supply Sequencing

No special supply sequencing is required by the disk drive
as long as both the 5V and 12V power supplies have a
monotonic rise time of less than 100msec, When the power is
turned off, although there are no sequencing or timing
requirements, both power supplies must fall monotonically to

ov.

3.6 Disk motor rotation and Disk Insertion.

Even if the MOTOR ON signal is true (low), the disk motor does
not rotate until a disk is inserted.

4. Safety

MP-F63W-00D will meet the following product safety regulations:

U.L.
C.s.
u.L.

478
A, C.22,2, No.154
94V-0 for Front Bezel
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5. Power On Initialization

In order to reduce the peak current requirement when used in a daisy
chain, the MP-F63W-72D has been disigned not to seek track 00
automatically. If all the drives connected in the daisy chain
sought track 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 inftialization
l Powar on |

STEP outwards until TRACK 00

signal bacomes true,

End of routine
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BIOS Services

Device I/0 Services
Introduction

The BIOS (Basic Input/Output System) is the lowest-level inter-
face between other software (application programs and the oper-
ating system itself) and the hardware. The BIOS routines
provide various device input/output services, as well as boot strap
and print screen and other services. Some of the services that
BIOS provides are not available through the operating system,
such as the graphics routines.

All calls to the BIOS are made through software interrupts (that
is, by means of assembly language “INT x” instructions). Each
I/O device is provided with a software interrupt, which transfers
execution to the routine.

Entry parameters to BIOS routines are normally passed in CPU
registers. Similarly, exit parameters are generally returned from
these routines to the caller in CPU registers. To insure BIOS
compatibility with other machines, the register usage and con-
ventions are, for the most part, identical.

The following pages describe the entry and exit requirements for
each BIOS rutine. To execute a BIOS call, load the registers as
indicated under the “Entry Conditions.” (Register AH will con-
tain the function number in cases where a single interrupt can
perform more than one operation.) Then issue the interrupt
given for the call. The example, the following can be used to read
a character from the keyboard:

MOV AH,0
INT 16H

Upon return, AL contains the ASCII character and AH the key-
board scan code.

Note: All registers except those used to return parameters to
the caller are saved and restored by the BIOS routines.




Below is a quick reference list of software interrupts for all
device I/O and system status services.

Service Software Interrupts
Keyboard 16 hex (22 dec)
Video Display 10 hex (16 dec)
Serial Communications 14 hex (20 dec)
Line Printer 17 hex (23 dec)
System Clock 1A hex (26 dec)
Floppy Disk 13 hex (19 dec)
Equipment 11 hex (17 dec)
Memory Size 12 hex (18 dec)




Keyboard
16 hex (22 dec)

Function Summary:

AH = 0: Read Keyboard (destructive with wait)
AH = 1: Scan Keyboard (nondestructive, no wait)
AH = 2: Get Current Shift Status

Function Descriptions:
Read Keyboard

Read the next character typed at the keyboard. Return the
ASCII value of the character and the keyboard scan code, remov-
ing the entry from the keyboard buffer (destructive read).

Entry Conditions:
AH =10
Exit Conditions:

AL = ASCII value of character
AH = keyboard scan code

Scan Keyboard

Set up the zero flag (Z flag) to indicate whether a character is
available to be read from the keyboard or not. If a character is
available, return the ASCII value of the character and the key-
board scan code. The entry remains in the keyboard buffer (non-
destructive read).

Entry Conditions:
AH=1
Exit Conditions:

Z = no character is available

NZ = a character is available, in which case:
AL = ASCII value of character
AH = keyboard scan code




Get Shift Status

Return the current shift status.
Entry Conditions:

AH = 2

Exit Conditions:

AL = current shift status (bit settings: set=true, reset= false)
bit @ = 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




Video Display

These routines provide an interface to the video display, which is
the output half of the console (CON) device. MS-DOS considers
the video display to be the default standard output (STDOUT)

device.

Software Interrupts:
10 hex (16 dec)

Function Summary:

Control Routines:
AH = 0: Set CRT Mode
AH = 1: Set Cursor Type
AH = 2: Set Cursor Position
AH = 3: Get Cursor Position
AH = 4: Read Light Pen Position
AH = 5: Select Active Page
AH = 6: Scroll Active Page Up
AH = 7: Scroll Active Page Down

Text Routines:
AH = 8: Read Attribute/Character
AH = 9: Write Attribute/Character
AH = 10: Write Character Only

Graphics Routines:
AH = 11: Set Color Palette
AH = 12: Write Dot
AH = 13: Read Dot

Other Routines:
AH = 14: Write TTY* to active page
AH = 15: Get CRT Mode
AH = 16: Set Palette Registers

*Screen width is determined by the mode previously set. Some
“control” characters (ASCII 00H-1FH) perform the usual spe-
cial terminal function. These include (but are not limited to)
BEL (07H), BS (08H), LF (0AH), and CR (0DH).




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: Reserved

Additional Modes
AL = 8: 160x200 color graphics with 16 colors
AL = 9: 320x200 color graphics with 16 colors
AH = A: 640x200 color graphics with 4 colors

Note: If the high order bit of the AL register is 1 then
the video buffer is not cleared.




Set Cursor Type

Set the cursor type and attribute.

Entry Conditions:

AH =1

CH = bit values:
bits 5-6 = cause an invisible or erratically blinking cursor
bits 5-6 = 00 produces a visible, blinking cursor.

bits 4-0 = start line for cursor within character cell

CL = bit values:
bits 4-0 = end line for cursor within character cell

Set Cursor Position
Write (set) cursor position.
Entry Conditions:

AH =2

BH = page number (must be 0 for graphics modes)
DH = row (0 = top row)

DL = column (0 = leftmost column)

Get Cursor Position
Read (get) cursor position.
Entry Conditions:

AH =3
BH = page number (must be 0 for graphics modes)

Exit Conditions:

DH = row of current cursor position (0 = top row)
DL = column of current cursor position (0 = leftmost column)
CX = cursor type currently set [1]:

See Set Cursor Type (AH = 1) above.
Read Light Pen Position

Reads light pen position.

Entry Conditions:

AH =14




Exit Conditions:

AH = 0: light pen switch not activated

AH = 1: light pen values in registers
DH = row of current light pen position
DL = column of current light pen position
CH = raster line (0-199)
BX = pixel column (0-319 or 0-639)

Select Active Page
Select active display page (valid in alpha mode only).
Entry Conditions:

AH =5

AL = 0 through 7: new page value for modes 0, 1

AL = 0 through 3: new page value for modes 2, 3

AL = 80H: read CRT/CPU page registers

AL = 81H: set CPU page register to value in BL

AL = 82H: set CRT page register to value in BH

AL = 83H: set both CRT and CPU page registers in BH and BL

Exit Conditions:

If bit 7 of AL = 1 upon entry, BH = contents of CRT page
register
BL = contents of CPU page register

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 means blank
entire window)

CH = row of upper left corner of scroll window

CL = column of upper left corner of scroll window

DH = row of lower right corner of scroll window

DL = column of lower right corner of scroll window

BH = attribute (alpha modes) or color (graphics modes) to be

used on blank line




Attributes:
Color modes:

foreground color:

bit @ = blue
bit 1 = green
bit 2 = red

bit 3 = intensity
All bits off = black

background color:

bit 4 = blue
bit 5 = green
bit 6 = red
bit 7 = blink

All bits off = white

Scroll Down

Scroll active page down.

Entry Conditions:

AH =7

AL = number of lines to scroll (0 means blank entire window)
CH = row of upper left corner of scroll window

CL = column of upper left corner 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. See Scroll Up (AH = 6) for attribute
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
position.

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)

Write Attribute or Color/Character

Write a character and its attribute or color at the current cursor
position.

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 =

11) for color values.
Write Character Only

Write character only at current cursor position.
Entry Conditions:

AH =10

BH = display page number (valid for alpha modes only
CX = number of characters to write

AL = character to write

BL = color of character (graphics mode)

Set Color Palette [3]

Select the color palette.
Entry Conditions:

AH =11

BH = 0 Set background color (0-15) to color value in BL.
BL = color value (@ = black /1 = blue/ 2 = green/ 3 =
cyan /4 = red /5 = magenta /6 = yellow /7 = gray / 8
= dark gray / 9 = light blue / 10 = light green / 11 =
light cyan / 12 = light red / 13 = light magenta / 14 =
light yellow / 15 = white)

or
BH = 1 Set default palette to the number (0 or 1) in BL.
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In black and white modes:

BL = 0: 1 for white
BL = 1: 1 for black

In 4 color graphics modes:

BL=0(@1
BL=1Q1

In 16 color graphics modes:

(1 =blue/2 = green/3 = cyan/4 = red / 5 = magenta
/ 6 = yellow / 7 = light gray / 8 = dark gray / 9 = light
blue / 10 = light green / 11 = light cyan / 12 = light red /
13 = light magenta / 14 = yellow / 15 = white)

Note: For alpha modes palette entry @ indicates the border color.
For graphics mode palette entry @ indicates the border and the

background color.
Write Dot

Write a pixel (dot).
Entry Conditions:

green/2 = red /3 = yellow)
cyan / 2 = magenta / 3 = white)

AH = 12

DX = row number

CX = column number

AL = color value (When bit 7 of AL is set, the resultant color

value of the dot is the exclusive OR of the current dot color
value and the value in AL.)

Read Dot
Read a pixel (dot).
Entry Conditions:

AH = 13
DX = row number
CX = column number

Exit Conditions:
AL = color value of dot read

11



Write TTY

Write a character in teletype fashion. (Control characters are
interpreted in the normal manner.)

Entry Conditions:

AH = 14
AL = character to write
BL = foreground color (graphics mode)

Get CRT Mode

Get the current video mode.
Entry Conditions:

AH =15

Exit Conditions:

AL = current video mode; see Set CRT Mode (AH = 0) above for
values

AH = number of columns on screen

BH = current active display page

Set Palette Registers
Sets palette registers.
Entry Conditions:

AH = 16
AL = 0 Set Palette register
BL = number of the palette register (0-15) to set
BH = color value to store
AL = 1 Set border color register
BH = color value to store
AL = 2 Set palette color value to store and border registers
ES:DX :points to a 17 byte list.
bytes 0-15 = values for palette registers 0-15
byte 16 = value for the border register

Note: CS,SS,DS,ES,BX,CX,DX are preserved.

12



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 main-
tained by MS-DOS.

Software Interrupts:
14 hex (20 dec)

Function Summary:

AH = 0: Reset Comm Port

AH = 1: Transmit Character

AH = 2: Receive Character

AH = 3: Get Current Comm Status

DX = communication port number (0 or 1).

Function Descriptions:
Reset Comm Port

Reset (or initialize) the communication port according to the
parameters in AL, DL, and DH.

Entry Conditions:

AH =0
AL = RS-232C parameters, as follows:
DX = port number (0 or 1)

7 6 5 4 3 2 1 0

Baud Rate Parity Stop Bits | Word Length
000 = 110 baud x0 = none O = 1 bit 10 = 7 bits
001 = 150 baud 01 =odd 1 = 2bits 11 = 8 bits
010 = 300 baud 11 = even

011 = 600 baud

100 = 1200 baud
101 = 2400 baud
110 = 4800 baud
111 = 9600 baud

Exit Conditions:

AX = RS-232 status; see Get Current Comm Status (AH = 3)
following

13



Transmit Character
Transmit (output) the character in AL (which is preserved).
Entry Conditions:

AH =1
AL = character to transmit
DX = port number (@ or 1)

Exit Conditions:

AH = RS-232 status; see Get Current Comm Status (AH = 3)
below (If bit 7 is set, the routine 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 neces-
sary). On exit, AH will contain the RS-232 status, except that
only the error bits (1,2,3,4,7) may be set; the timeout bit (7), if
set, indicates that data set ready was not received and the bits
in AH are not meaningful. Thus, AH is non-zero only when an
error occurred.

Entry Conditions:

AH =2
DX = port number (0 or 1)

Exit Conditions:

AL = character received
AH = RS-232 status; see Get Current Comm Status (AH = 3)

below
Get Current Comm Status
Read the communication status into AX.
Entry Conditions:

AH =3
DX = port number (@ or 1)

14



Exit Conditions:
AH = RS-232 status, as follows (set = true):

AL

bit 0 = data ready

bit 1 = overrun error

bit 2 = parity error

bit 3 = framing error

bit 4 = break detect

bit 5 = transmitter holding register empty
bit 6 = transmitter shift register empty
bit 7 = timeout occurred

modem status, as follows (set = true):
bit @ = delta clear to send

bit 1 = delta data set ready

bit 2 = trailing edge ring detector

bit 3 = delta receive line signal detect
bit 4 = clear to send

bit 5 = data set ready

bit 6 = ring indicator

bit 7 = receive line signal detect

15



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 Character

Print a character.

Entry Conditions:

AH =0

AL = character to print

DX = printer to be used (0-2)

Exit Conditions:

OAH = printer status; see Get Current Printer Status (AH = 2)

below
(If bit 0 is set, the character could not be printed

because of a timeout error.)

Reset Printer Port
Reset (or initialize) the printer port.
Entry Conditions:

AH =1
DX = printer to be used (0-2)

Exit Conditions:

AH = printer status; see Get Current Printer Status (AH = 2)
below .
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Get Current Printer Status
Read the printer status into AH.
Entry Conditions:

AH =2

Exit Conditions:

DX = printer to be used (0-2)
AH = printer status, as follows (set = true):

bit @ = timeout occurred
bit 1 = [unused]

bit 2 = [unused]

bit 3 = I/O error

bit 4 = selected

bit 5 = out of paper

bit 6 = acknowledge

bit 7 = not busy

System Clock

These routines provide methods of reading and setting the clock
maintained by the system. This device is labeled CLOCK in the
device list of the operating system. An interface for setting the
multiplexer for audio source is also provided.

Software Interrupts:
1A hex (26 dec)

Function Summary:

AH = 0: Get Time of Day
AH = 1: Set Time Of Day
AH = 80H: Set Up Sound Multiplexer

The clock runs at the rate of 1,193,180/65,536 per second (about
18.2 times per second).

Function Descriptions:
Get Time Of Day

Get (read) the time of day in binary format.
Entry Conditions:
AH =0

17



Exit Conditions:

CX = high (most significant) portion of clock count

low (least significant) portion of clock count

AL = 0 of the clock was read or written (via AH = 0,1) within
the current 24-hour period; othrwise, AL > 0

Set Time Of Day

Set (write) the time of day using binary format.

=)
o
[

Entry Conditions:

AH =1
CX = high (most significant) portion of clock count
DX = low (least significant) portion of clock count

Sound Multiplexer
Sets the multiplexer for audio source.
Entry Conditions:

AH = 80
AL = source of sound
00 = 8253 channel 2
02 = audio in
03 = complex sound generator chip

18



Disk I/O Support for the Floppy Only
System Configuration

Software Interrupt:
13 hex (19 dec)

Function Summary:

AH = 0: Reset Floppy Disk

AH = 1: Return Status of Last Floppy Disk Operation
AH = 2: Read Sector(s) from Floppy Disk

AH = 3: Write Sector(s) to Floppy Disk

AH = 4: Verify Sector(s) on Floppy Disk

AH = 5: Format Track on Floppy Disk

Function Descriptions:
Reset Floppy Disk

Reset the diskette system. Resets associated hardware and
recalibrates all diskette drives.

Entry Conditions:

AH =10

Exit Conditions:

See “Exits From All Calls” below.

Return Status of Last Floppy Disk Operation
Return the diskette status of the last operation in AH.
Entry Conditions

AH =1

Exit Conditions:

AL = status of the last operation; see “Exits From All Calls”
below for values

Read Sector(s) from Floppy Disk
Read the desired sector(s) from disk into RAM.

19



Entry Conditions:

AH = 2
DL = drive number (0-1)
DH = head number (0-1)
CH = track number (0-79)
CL = sector number (1 to 9)
AL = sector count (1 to 9)
ES:BX = pointer to disk buffer

Exit Conditions:

See “Exits From All Calls” below.
AL = number of sectors read

Write Sector(s) to Floppy Disk
Write the desired sector(s) from RAM to disk.
Entry Conditions:

AH =3

DL = drive number (0-1)

DH = head number (0-1)

CH = track number (0-79)
CL = sector number (1 to 9)
AL = sector count (1 to 9)
ES:BX = pointer to disk buffer

Exit Conditions:

See “Exits From All Calls” below.
AL = number of sectors written

Verify Sector(s) on Floppy Disk
Verify the desired sector(s).
Entry Conditions:

AH =4

DL = drive number (0-1)
DH = head number (0-1)
CH = track number (0-79)
CL = sector number (1 to 9)
AL = sector count (1 to 9)

Exit Conditions:

See “Exits From All Calls” below.
AL = number of sectors verified

20



Format on Floppy Disk
Format the desired track.
Entry Conditions:

AH =5

DL = drive number (0-1)

DH = head number (0-1)

CH = track number (0-79)

CL = sector number (1-9)

ES:BX = pointer to a group of address fields for each track. Each

address field is made up of 4 bytes. These are C, H, R,

and N, where:

C = track number

H = head number

R = sector number

N = 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 “Exits From All Calls” below.

Exits From All Calls:

AH = Status of operation, where set = true:

Error Code Condition

01H
02H
03H
04H
08H
09H
10H
20H
40H
80H

Illegal Function

Address Mark Not Found

Write Protect Error

Sector Not Found

DMA Overrun

Attempt To DMA Across A 64K Boundary
Bad CRC on Disk Read

Controller Failure

Seek Failure

Device Timeout, Device Failed To Respond

[NC] = operation successful (AH = 0)
[C] = operation failed (AH = error status)

21



Equipment

This service returns the “equipment flag” (hardware configura-
tion of the computer system) in the AX register.

Software Interrupts:

11 hex (17 dec)

The “equipment flag” returned in the AX register has the mean-
ings listed below 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
bit 2,3 always = 11
bit 4,5 initial video mode
01 = 40x25 BW
10 = 80x25 BW
bit 6,7 number of diskette drives (only if bit 0 = 1)
00 =1
01 =2
bit 8 0 = dma present

1 = no dma on system
bit 9, 10, 11 number of RS 232 cards
bit 12 game /O attached
bit 13 not used
bit 14, 15 number of printers

Memory Size

This service returns the total number of kilobytes of RAM in the
computer system (contiguous starting from address 0) in the AX
register. The maximum value returned is 640.

Software Interrupts:
12 hex (18 dec)

22



EEROM (Tandy 1000 HX only)
15 hex (21 dec)

Function Summary

AH = 70H, AL = 0: Read a 16 bit word from EEROM
AH = 70H, AL = 1: Write a 16 bit word to EEROM

Function Descriptions

Read From EEROM

Read the 16 bit value from the indicated EEROM word.
Entry Conditions:

AH = 70H
AL =0
BL = word number to read (0 -15)

Exit Conditions:

DX = word value
Carry Flag set indicates EEROM call not supported, system is
not a 1000HX

Write To EEROM
Write a 16 bit value to the indicated EEROM word

Entry Conditions:
AH = 70H
AL =1

BL = word number to write (8-15)
DX = word value to write

Exit Conditions:

Carry Flag set indicates EEROM call not supported, system is
not a 1000HX

23



KEYBOARD ASCII AND SCAN CODES

The table in this appendix lists the keys on the Tandy 1000 key-
board in scan code order, along with the ASCII codes they gener-
ate. For each key, the following entries are given:

Scan Code — A value in the range 01H-5AH which uniquely
identifies the physical key on the keyboard that is pressed.

Keyboard Legend — The physical marking(s) on the key. If
there is more than one marking, the upper one is listed first.

ASCII Code — The ASCII codes associated with the key. The
four modes are:

Normal — The normal ASCII value (returned when only the
indicated key is depressed).

SHIFT — The shifted ASCII value (returned when SHIFT is
also depressed).

CTRL — The control ASCII value (returned when CTRL is
also depressed).

ALT — The alternate ASCII value (returned when ALT is
also depressed).

Remarks — Any remarks or special functions.
The following special symbols appear in the table:

x  Values preceded by “x” are extended ASCII codes (codes
preceded by an ASCII NUL, 00).

— No ASCII code is generated.

* No ASCII code is generated, but the special function
described in the Remarks column is performed. If no
comment is included, the key does not generate a code
and no function is performed.

Note: All numeric values in the table are expressed in
hexadecimal.

24



QWERTY (USA) — MODEL 1000

ASCII Codes As of Oct. 22 1984

Scan Keyboard SHIFT CTRL
Code Legend Normal ALT Remarks

01 ESC 1B 1B 1B x8B

02 1 ! 31 21 xE1l x78

03 2 @ 32 40 x03 x79

04 3 # 33 23 xE3 xTA

05 4 3 34 24 xE4 x7B

06 5 % 35 25 xE5 x7C

07 5 " 36 5E 1E x7D

08 7 & 37 26 xE7 x7E

09 8 * 38 2A xE8 x7F

0A 9 ( 39 28 xE9 x80

0B 0 ) 30 29 xE0 x81

oC - S 2D 5F 1F x82

oD = + 3D 2B xF5 x83

0E BACK SPACE 08 08 7F x8C

0F TAB 09 x0F x8D x8E

10 Q 71 51 11 x10

11 W 77 57 17 x11

12 E 65 45 05 x12

13 R 72 52 12 x13

14 T 74 54 14 x14

15 Y 79 59 19 x15

16 U 75 55 15 x16

17 1 69 49 09 x17

18 O 6F 4F oF x18

19 P 70 50 10 x19

1A [ { 5B 7B B xEB

1B ] } 5D 7D 1D xF0

1C ENTER oD oD 0A x8F Main Keyboard

1D CTRL * * * *  Control Mode

1IE A 61 41 01 x1E

1F S 73 53 13 x1F

26 D 64 44 04 x20

21 F 66 46 06 x21

22 G 67 47 07 x22

23 H 68 48 08 x23

24 J 6A 4A 0A x24

25 K 6B 4B 0B x25

26 L 6C 4C oC x26

27 : 3B 3A xF6 xF8

28 " 27 22 xF7 xF1

29 UP ARROW x48 x85 x90 x91

2A SHIFT * * * *  Left SHIFT

2B LEFT ARROW x4B x87 x73 x92

2C Z 7A 5A 1A x2C

2D X 78 58 18 X2D

2E C 63 43 03 x2E

2F V 76 56 16 x2F
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ASCII Code As of Oct. 22 1984

Scan Keyboard SHIFT CTRL
Code Legend Normal ALT Remarks

30 B 62 42 02 x30

31 N 6E 4E O0E x31

32 M 6D 4D oD x32

33 , < 2C 3C xF9 x89

34 . > 2E 3E xFA X8A

35 / ? 2F 3F xFB xF2

36 SHIFT * * * *  Right SHIFT

37 PRINT 10 * x72 x46 SCR Print Toggle

38 ALT * * * *  Alternate Mode

39 space bar 20 20 20 20

3A CAPS * * * *  Caps lock

3B F1 x3B x54 x5E x68

3C F2 x3C x55 x5F x69

3D F3 x3D x56 x60 x6A

3E F4 x3E x57 x61 x6B

3F F5 x3F x58 x62 x6C

40 F6 x40 x59 x63 x6D

41 F7 x41 x5A x64 x6E

42 F8 x42 x5B x65 x6F

43 F9 x43 x5C x66 x70

44 Fl10 x44 x50 x67 x71

45 NUM LOCK * * * *  number lock

46 HOLD * * * *  Freeze display

47 7 \ 37 5C x93 *

48 8 - 38 7E x94 *

49 9 PG UP 39 x49 x84 *

4A DOWN ARROW x50 x86 x96 x97

4B 4 | 34 7C x95 *

4C 5 35 xF3 xFC *

4D 6 36 xF4 xFD *

4E RIGHT ARROW  x4D x88 x74 xEA

4F 1 END 31 x4F x75 *

50 2 ¢ 32 60 x9A *

51 38 PG DN 33 x51 x76 *

52 0 30 x9B x9C *

53 - DELETE 2D x53 x9D x9E

54 BREAK x00 x00 * *  geroll lock bit
toggle control
brk routine
(INT 1BH)

55 + INSERT 2B x52 x9F xA0

56 2E xAl xA4 xA5 Numeric keypad

57 ENTER oD oD 0A x8F Numeric keypad

58 HOME x47 x4A x77 xA6

59 Fl11 x98 xA2 xAC xB6

5A F12 x99 xA3 xAD xB7
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*  Indicates special functions performed

— means this key combination is suppressed in the keyboard
driver

X  values preceded by “X” are extended ASCII codes (codes
preceded by an ASCII NUL)

t  The key provides a way to generate the ASCII codes of
decimal numbers between 1 and 255. Hold down the
key while you type on the numeric keypad any decimal
number between 1 and 255. When you release ALT, the
ASCII code of the number typed is generated and displayed.

Note: When the NUM LOCK light is off, the Normal and SHIFT
columns for these keys should be reversed.
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MS-DOS Memory Map

HEXADECIMAL DESCRIPTION

STARTING ADDRESS

(SEGMENT:OFFSET)

000:00 BIOS Interrupt Vectors

000:80 Available Interrupt Vectors
0040:00* ROM BIOS Data Area

0050:00 MSDOS and BASIC Data Area
0070:00 1/0.SYS Drivers

0190.002 MS-DOS

05B0:002 Available to user

X800:00° Video RAM in 32K video modes
XC00:00° Video RAM in 16K video modes
B800:004 Video RAM Window (32K)
F000:00 Reserved for system ROM
FC00:00 System BIOS ROM

Notes:

1. Detailed description in following pages.
2. Approximate address; subject to change.
3. “X” is defined as follows:

Memory Size X Value

128K
256K
384K
512K
640K
768K

4. Video memory accessed through the B800:0 window for all
video modes.

o aomwr—
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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 addresses 0000 8 (1 word per card)
Printer addresses 0008 8 (1 word per printer)
Devices installed 0010 2 (16 bits)

Not used 0012 1

Memory size 0013 2 (1 word)

I/O channel RAM size 0015 2 (1 word)

KBD data area 0017 39

Disk data area 003E 11

Video data area 0049 30

Not used 0067 5

Clock data area 006C 5

KBD Break & Reset flags0071 3

Not used 0074 4

Printer Timeout counter 0078 4 (1 byte per printer)
Comm Timeout counter 007C 4 (1 byte per card)
KBD extra data area 0080 4 (2 words)

The structure and usage of the Video driver RAM data area is
as follows:

HEX Offset From Length and
Segment 0040:000 Intended Use
49H 1 byte - current CRT mode (0-7)
4AH 1 word - screen column width
4CH 1 word - byte length of screen
4EH 1 word - address/offset of beginning
of current display page
50H 8 words - row/col coordinates of the

cursor for each of up to 8
display pages

60H 1 word - current cursor type (See “set
cursor type” for correct
encoding)

62H 1 byte - current display page

63H 1 word - base 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 setting
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The equipment check BIOS call (INT 11H) and memory size
BIOS call (INT 12H) return information from the following data

areas:

HEX Offset From Length and

Segment 0040:000 Intended Use
10H Devices installed word
13H Memory installed word

The structure and usage of the floppy disk driver RAM data

area is as follows:

HEX Offset From Length and
Segment 0040:0000 Intended Use
3EH 1 byte - drive recalibration status -

Value

01H
02H
03H
04H
08H
09H
10H
20H
40H
80H

3FH

40H
41H
42H

bit 3-0, if @ then drive 3-0
needs recal before next seek
bit 7 indicates interrupt
occurrence
1 byte - motor status - bit 3-0 drive
3-0 motor is on/off, bit 7 -
current operation is write,
requires delay
1 byte - motor turn off time out
counter (see Timer ISR)
1 byte - disk status - codes defined
below
7 bytes - 7 bytes of status returned
by the controller during
result phase of operation

Error Condition

Illegal Function

Address Mark Not Found

Write Protect Error

Sector Not Found

DMA Overrun

Attempt to DMA Across a 64K Boundary
Bad CRC on Disk Read

Controller Failure

Seek Failure

Device Timeout, Device Failed to Respond
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The structure and usage of the RS232 driver RAM data area is
as follows:

HEX Offset From Length and
Segment 0040:00 Intended Use
00H 4 words - Base address of each one of
4 4 possible comm cards
7CH 4 words - 1 word timeout count for
each of 4 possible comm
cards

The structure and usage of the Keyboard driver RAM data area
is as follows:

HEX Offset From Length and
Segment 0040:0010 Intended Use
17 1 byte -Keyboard shift state flag

returned by function 02

bits 7 -INSERT state active,
6 - CAPS LOCK on/off,
5 - NUM LOCK on/off,
4 - SCROLL LOCK on/off,
3 - ALT key depressed,
2 - CTRL key depressed,
1 - Left SHIFT Kkey depressed,
0 - Right SHIFT key depressed

18 1 byte -Secondary shift state flag

bits INSERT key depressed,
6 - CAPS LOCK depressed,
5 - NUM LOCK depressed,
4 - SCROLL LOCK NUM LOCK

depressed,

4 - SCROLL depressed,
4 - SCROLL LOCK depressed,
3 - Pause on/off, depressed,
3 - Pause on/off,
2,1,0 - not used

19 1 byte -used to store ALT keypad
entry

1A 1 word - pointer to beginning of
the keyboard buffer

1C 1 word - pointer to end of the
keyboard buffer

1E 16 - keyboard buffer (enough
for words)

15 -typeahead entries
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The structure and usage of the clock service routine is as
follows:

HEX Offset From Length and
Segment 0040:0000 Intended Use
6CH 1 word -Least significant 16 bits
of clock count
6EH 1 word -Most significant 16 bits
of clock count
70H 1 byte -Twenty four hour rollover
flag
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ADDITIONAL DATA AREA

HEX Offset From
Segment 0040:000

BoH
B4H

B5H

B6H

2 words international support
0 = No monochrome monitor

1 byte

1 byte

1 byte

FFH=

Bit 0:

Bit 1:

Bit 2:

Bit 3:

Bit 4:

Bit 5:

Bit 0:

monochrome monitor

0=drive A is 5-1/4

1=drive A is 3-1/2

0=drive B is 5-1/4

1=drive B is 3-1/2

0 =Tandy 1000 keyboard
layout
1=IBM keyboard
layout

0 =Slow CPU speed mode

1 =Fast CPU speed mode

0 =Internal color video
support enabled

1 =1Internal color video
support disabled,
external color video
enabled

0 =No external
monochrome video
installed

1 = External monochrome
video installed

0=drive C is 5-1/4

1=drive C is 3-1/2
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TANDY COMPUTER PRODUCTS

Tandy 1000 HX
Page Insertion Guide

Important Customer Note:

A gray stripe has been printed along the right edge of
the title page of each of the sections to facilitate
your finding the begining of the section. Also, a
tabbed divider for each section has been provided for
insertion at this point.

Foldout Pages To Be Inserted after page 16
of the Main Logic Section

Light Blue To System
Timing Diagram Sheets 1 of 2 and 2 of 2

Big Blue To System
Timing Diagram Sheets 1 of 2 and 2 of 2

Foldout Péges To Be Inserted
at the end of the Main Logic Section

Main Logic Schematic 8000287
Version A Sheets 1 of 9 thru 9 of 9
Version B Revised Sheets 1,5 and 6 of 9

Foldout Pages To Be Inserted at the end
of the 28 Watt Single Input Power Supply

Schematic 8790083
3p-M1-0163

Foldout Page To Be Inserted at the end
of the 28 Watt Dual Input Power Supply

Schematic 8790086
3P-M1-0159




TANDY COMPUTER PRODUCTS

Foldout Page To Be Inserted at the end
of the 25.6 Watt Power Supply

Schematic 8790093
3p-M1-0345A

Foldout Pages To Be Inserted

At The End of the Keyboard Section

Keyboard Circuit B-8080079
Sheets 5 and 6 of 7

Foldout Page To Be Inserted
At The End of the Disk Drive Section

Exploded View 8790142
Sheets 1 of 1

Schematic 8790142
Sheets 1 of 1
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