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TERMS AND CONDITIONS OF SALE AND LICENSE OF TANDY COMPUTER EQUIPMENT AND
SOFTWARE PURCHASED FROM RADIO SHACK COMPANY-OWNED COMPUTER CENTERS, RETAIL
STORES AND RADIO SHACK FRANCHISEES OR DEALERS AT THEIR AUTHORIZED LOCATIONS

LIMITED WARRANTY
CUSTOMER OBLIGATIONS

A. CUSTOMER assumes full responsibility that this computer hardware purchased (the “Equipment”), and any
copies of software included with the Equipment or licensed separately (the “*Software'’) meets the specifications,
capacity, capabilities, versatility, and other requirements of CUSTOMER.

B. CUSTOMER assumes full responsibility for the condition and effectiveness of the operating environment in which
the Equipment and Software are to function, and for its installation.

LIMITED WARRANTIES AND CONDITIONS OF SALE

A. For a period of ninety (90) calendar days from the date of the Radio Shack sales document received upon
purchase of the Equipment. RADIO SHACK warrants to the original CUSTOMER that the Equipment and the
medium upon which the Software is stored is free from manufacturing defects. This warranty Is only applicable
to purchases of Tandy Equipment by the original customer from Radio Shack company-owned computer
centers, retall stores, and Radio Shack franchisees and dealers at their authorized locations. The warranty is
void if the Equipment’s case or cabinet has been opened, or if the Equipment or Software has been subjected to
improper or abnormal-use. If a manufacturing defect is discovered during the stated warranty period, the defective
Equipment must be returned to a Radio Shack Computer Center, a Radio Shack retail store, a participating Radio
Shack franchisee or a participating Radio Shack dealer for repair, along with a copy of the sales document or
lease agreement. The original CUSTOMER'S sole and exclusive remedy in the event of a defect is limited to the
correction of the defect by repair, replacement, or refund of the purchase price, at RADIO SHACK'S election and
sole expense. RADIO SHACK has no obligation to replace or repair expendable items.

B. RADIO SHACK makes no warranty as to the design, capability, capacity, or suitability for use of the Software,
except as provided in this paragraph. Software is licensed on an ‘‘AS IS basis, without warranty. The original
CUSTOMER'S exclusive remedy, in the event of a Software manufacturing defect, is its repair or replacement
within thirty (30) calendar days of the date of the Radio Shack sales document received upon license of the
Software. The defective Software shall be returned to a Radio Shack Computer Center, a Radio Shack retail store,
a participating Radio Shack franchisee or Radio Shack dealer along with the sales document.

C. Except as provided herein no emplogee‘ agent, franchisee, dealer or other person is authorized to give any
warranties of any nature on behalf of RADIO SHACK.

D. EXCEPT AS PROVIDED HEREIN, RADIO SHACK MAKES NO EXPRESS WARRANTIES, AND ANY IMPLIED
WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE IS LIMITED IN ITS DURATION
TO THE DURATION OF THE WRITTEN LIMITED WARRANTIES SET FORTH HEREIN.

E. Some states do not allow limitations on how long an implied warranty lasts, so the above limitation(s) may not
apply to CUSTOMER.

LIMITATION OF LIABILITY

A. EXCEPT AS PROVIDED HEREIN, RADIO SHACK SHALL HAVE NO LIABILITY OR RESPONSIBILITY TO CUSTOMER
OR ANY OTHER PERSON OR ENTITY WITH RESPECT TD ANY LIABILITY, LOSS OR DAMAGE CAUSED OR
ALLEGED TO BE CAUSED DIRECTLY OR INDIRECTLY BY “EQUIPMENT” OR ‘“‘SOFTWARE’ SOLD, LEASED,
LICENSED OR FURNISHED BY RADIO SHACK, INCLUDING, BUT NOT LIMITED TO, ANY INTERRUPTION OF
SERVICE, LOSS OF BUSINESS OR ANTICIPATORY PROFITS OR CONSEQUENTIAL DAMAGES RESULTING FROM
THE USE OR OPERATION OF THE “‘EQUIPMENT” OR “SOFTWARE.” IN NO EVENT SHALL RADIO SHACK BE
LIABLE FOR LOSS OF PROFITS, OR ANY INDIRECT, SPECIAL, OR CONSEQUENTIAL DAMAGES ARISING OUT OF
ANY BREACH OF THIS WARRANTY OR IN ANY MANNER ARISING OUT OF OR CONNECTED WITH THE SALE,
LEASE, LICENSE, USE OR ANTICIPATED USE OF THE “EQUIPMENT'' OR “‘SOFTWARE.”

NOTWITHSTANDING THE ABOVE LIMITATIONS AND WARRANTIES, RADIO SHACK'S LIABILITY HEREUNDER FOR
DAMAGES INCURRED BY CUSTOMER OR OTHERS SHALL NOT EXCEED THE AMOUNT PAID BY CUSTOMER FOR
THE PARTICULAR 'EQUIPMENT" OR ““SOFTWARE" INVOLVED.

B. SA'?IO SHACK shall not be liable for any damages caused by delay in delivering or furnishing Equipment and/or

oftware.

C. No action arising out of any claimed breach of this Warranty or transactions under this Warranty may be brought
more than two ?Z)Jtears after the cause of action has accrued or more than four (4) years after the date of the
Radio Shack sales document for the Equipment or Software, whichever first occurs

D. Some states do not allow the limitation or exclusion of incidental or consequential damages, so the above
limitation(s) or exclusion(s) may not apply to CUSTOMER.

SOFTWARE LICENSE

RADIO SHACK grants to CUSTOMER a non-exclusive, paid-up license to use the TANDY Software on one computer,

subject to the following provisions:

. Except as otherwise provided in this Software License, applicable copyright laws shall apply to the Software.

Title to the medium on which the Software is recorded (cassette and/or diskette) or stored (ROM) is transferred to

CUSTOMER, but not title to the Software

CUSTOMER may use Software on one host computer and access that Software through one or more terminals if

the Software permits this function. _

CUSTOMER shall not use, make, manufacture, or reproduce copies of Software except for use on one computer

gntfi as is specifically provided in this Software License. Customer is expressly prohibited from disassembling the

oftware.

CUSTOMER is permitted to make additional copies of the Software only for backup or archival purposes or if

additional copies are required in the operation of one computer with the Software, but only to the extent the

Software allows a backup copy to be made. However, for TRSDOS Software, CUSTOMER is permitted to make a

limited number of additional copies for CUSTOMER'S own use.

F. CUSTOMER may resell or distribute unmodified copies of the Software provided CUSTOMER has purchased one
copy of the Software for each one sold or distributed. The provisions of this Software License shall also be
applicable to third parties receiving copies of the Software from CUSTOMER

G. All copyright notices shall be retained on all copies of the Software.

APPLICABILITY OF WARRANTY

A. The terms and conditions of this Warranty are applicable as between RADIO SHACK and CUSTOMER to either a
sale of the Equipment and/or Software License to CUSTOMER or to a transaction whereby Radio Shack sells or
conveys such Equipment to a third party for lease to CUSTOMER.

B. The limitations of liability and Warranty provisions herein shall inure to the benefit of RADIO SHACK, the author,
owner and or licensor of the Software and any manufacturer of the Equipment sold by Radio Shack.

STATE LAW RIGHTS

The warranties granted herein give the original CUSTOMER specific legal rights, and the original CUSTOMER may

have other rights which vary from state to state. 12/84

o o =»

m




Tandy 1000 Technical Reference Manual

Tandy 1000 Computer
25-1504




Tandy® 1000 BIOS
©1984 Tandy Corporation and
Phoenix Compatibility Corporation
All Rights Reserved.

Some of the system software in the Tandy 1000 is retained in read-only
memory (ROM) format. All portions of this system software, whether in the
ROM format or other source code format, and the ROM circuitry, are
copyrighted and are the proprietary and trade secret information of Tandy
Corporation. Use, reproduction, or publication of any portion of this material
without the prior written authorization by Tandy Corporation is strictly pro-
hibited.

Tandy® 1000 Technical Reference Manual
© 1985 Tandy Corporation
All Rights Reserved.

Reproduction or use without the express written permission from Tandy
Corporation, of any portion of this manual is prohibited. While reasonable ef-
forts have been taken to assure its accuracy, Tandy Corporation assumes no
liability resulting from any errors or omissions in this manual, or from the use
of the information contained herein.

The FCC wants you to know ...

Warning: This equipment generates, uses, and can radiate radio frequency
energy and if not installed and used in accordance with the instructions
manual, may cause interference to radio communications. It has been tested
and has been found to comply with the limits for Class A computing devices
pursuant to Subpart J of Part 15 of FCC Rules, which are designed to provide
reasonable protection against such interference when operated in a commer-
cial environment. Operation of this equipment in a residential area is likely to
cause interference in which case the user at his own expense will be required
to take whatever measures may be required to correct the interference.

Tandy is a registered trademark of Tandy Corporation.

IBM and PCjr are is a registered trademarks of
International Business Machines Corporation.

10987654321
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INTRODUCTION TO THE TANDY 1000 COMPUTER

The Tandy 1000 Computer is modular in design to allow maximum flexibility
in system configuration. The computer consists of a Main Unit, a detachable
keyboard with coiled cable, and a monitor. The Main Unit is supplied with one
internal floppy disk drive. (A second floppy disk drive is optional.) The stan-
dard types of monitors used with the Tandy 1000 are the monochrome com-
posite and the color RGB monitor. Since these units are modular, they may
be placed on top of the Main Unit or at any convenient location.

Internal storage is expanded by adding a second 54" floppy disk drive. Each
disk drive has a capacity of 360K bytes formatted.

The Tandy 1000 has a standard 128K of system RAM. An optional DMA/RAM
board allows the Tandy 1000 to be expanded in increments of 128K of RAM.
This board will fit into one of the expansion slots. With two fully populated RAM
boards installed, the Tandy 1000 will have 640K bytes of maximum RAM allow-
ed by the system memory map.

Other features include a parallel printer port, two built-in joystick interfaces,
a speaker for audio feedback, and a light pen interface.

The Main Unit is the heart of the Tandy 1000. It houses the Main Logic
Assembly, system power supply, and floppy disk drives.

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 drives by
a series of cables. The illustration in Figure 1 shows the major components
of a Tandy 1000 system.

The Power Supply is a 54W switching regulator type, designed to provide ade-
quate power capacity for a fully configured system using all the option slots.

The Floppy Disk Drive uses 5%4"" 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. The floppy disk stores approximately 360K
bytes (formatted) of data. All system programs, with the exception of the system
startup sequence, are stored on disk.

Either a monochrome or a color display may be used with the Tandy 1000.
The monochrome monitor is a high-resolution green phosphor display which
provides excellent visual quality. It features a 12" screen with an anti-glare sur-
face. Each display is capable of 25 lines of 80 characters. The character matrix
is 8 wide x 9 high.
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Tandy 1000 System
Figure 1
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SPECIFICATIONS

Processor: Intel 8088
Dimensions:
6 x 17 x 13 34 inches (HWD)
Weight:
17 Ibs. 4 oz. with 1 Disk Drive
Power Requirements:
120 VAC, 60 Hz, 1 Amp maximum
With 2 Floppy Disk Drives, 2 Memory Cards, and RS-232:

AC Current: 0.7 — 0.8 Amps with Floppy doing R/W tests.
Leakage Current: 0.5 mA

Disk Drive:

Idle +5 VDC 0.23 Amps +12 VDC 0.106 Amps
R/W 0.286 Amps 0.295 Amps
R/W 0.2 Minimum 0.550 Max.

Main Logic Board: +5 VDC 4.07 Amps +12 VDC 0.056 Amps
Main Logic Board Option Cards: —12 VDC 0.032 Amps

Environment:

Air Temperature
Systern ON: 60 to 90 degrees F (15.6 to 32.2 degrees C)
System OFF: 50 to 110 degrees F (10 to 43 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 100 mV 100 mV
Tolerance

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

Nominal 600 mA 400 mA

Worst Case 700 mA 500 mA
Operating Current

Nominal 600 mA 900 mA

Worst Case 700 mA 2400 mA

Environment:

Temperature

Operating 50 to 122 degrees F (10 to 44 C)

Nonoperating —40 to 140 degrees F (—40 to 60 C)
Relative Humidity

Operating 209% to 80% (noncondensing)

Nonoperating 5% to 95% (noncondensing)
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Connector Pin Assignments

J2

J3

J4

J5

J6

Speaker Interface
(2-Pin Vertical Header)

1 — Sound

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

1 — Y Axis
3 — Ground
5 — +5VDC

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

1 — Y Axis
3 — Ground
5 — +5VDC

Keyboard Interface
(8-Pin Rt. Angle Circular Din)

1 — KBDDATA
3 — Ground

5 — +5VDC

7 — MULTIDATA
Floppy Disk Interface
(Dual 17-Pin Vertical Header)
1 — Ground

3 — Ground

5 — Ground

7 — Ground

9 — Ground

11 — Ground

13 — Ground

15 — Ground

17 — Ground

19 — Ground

21 — Ground

23 — Ground

25 — Ground

27 — Ground

29 — Ground

31 — Ground

33 — Ground

o A~ [0 )BE-\NV]

0o AN

Ground

X Axis
Switch 1
Switch 2

— X Axis

Switch 1
Switch 2

KBDBUSY*
KBDCLK
KBDRST
MULTICLK

NC

NC

NC
INDEX*
DSo*

DS1

NC
MTRON*
DIR*
STEP*
WRDATA*
WEN*
TRKO*
WRPRT*
RDDATA*
SIDESELECT*
DRVRDY*
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J7 — DC POWER
(9-PIN VERTICAL HEADER)
1 — +5VDC 2 — +5VDC
3 — +5VDC 4 — Ground
5 — Ground 6 — Ground
7 — Ground 8 — -12VDC
9 — +12VDC

J8,J9,J10 — Expansion Interface Connectors

(Dual 31-Pin Card Edge)

A01 — NMI B0O1 — Ground
A02 — D7 B02 — RESET
A03 — D6 B0O3 — +5VDC
A04 — D5 B04 —IR2
A05 — D4 B05 — (-5 VDC)
A06 — D3 B06 — FDCDMARQ*
A07 — D2 B0O7 — -12 VDC
A08 — D1 B08 — AUDIOIN
A09 — D1 B09 — +12 VDC
A10 — READY B10 — Ground
A11 — AEN B11 — MEMW*
A12 — A19 B12 — MEMR*
A13 — A18 B13 — IOW*
A14 — A17 B14 —IOR*
A15 — A16 B15 — (DACK3™)
A16 — A15 B16 — (DRQ3™)
A17 — A14 B17 — (DACK1%)
A18 — A13 B18 — (DRQ1%)
A19 — A12 B19 — REFRESH*
A20 — A1 B20 — CLK
A21 — A10 B21 — RFSHRQ
A22 — A09 B22 — BREQ*
A23 — A08 B23 —IR5
A24 — AQ7 B24 — IR4
A25 — A06 B25 — IR3
A26 — AO5 B26 — FDCDACK*
A27 — AD4 B27 — DMATC
A28 — A03 B28 — ALE
A29 — A02 B29 — +5VDC
A30 — AO01 B30 — OSC
A31 — AOO B31 — Ground

Note: Signals in parentheses on J8, J9, and J10 are shown for PC Com-
patible Reference only and are not used on the main logic board of the
Tandy 1000.
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J11 — Parallel Interface
(34-Pin Card Edge)
1 — PPSTROBE* 2 — Ground
3 — PPDATAO 4 — Ground
5 — PPDATA1 6 — Ground
7 — PPDATA2 8 — Ground
9 — PPDATA3 10 — Ground
11 — PPDATA4 12 — Ground
13 — PPDATAS 14 — NC
15 — PPDATAG 16 — Ground
17 — PPDATA7 18 — Ground
19 — PPACK~ 20 — Ground
21 — PPBUSY 22 — Ground
23 — PPPAEM 24 — Ground
25 — PPBUSY* 26 — NC
27 — Ground 28 — PPFAULT
29 — NC 30 — PPINIT*:
31 — Ground 32 — PPAUTOFEED*
33 — Ground 34 — NC

J12 — Light Pen
(9-Pin Connector Male Rt. Angle D-Subminiature)

1 — +5VDC 2 — Ground
3 — LPIN 4 — LPSW*
5 — NC 6 — NC
7 — NC 8 — NC
9 — NC

J13 — RGBI Video
(9-Pin Socket Rt. Angle D-Subminiature)
1 — Ground 2 — Ground
3 — Red 4 — Green
5 — Blue 6 — Intensity
7 — +12VDC 8 — HSYNC
9 — VSYNC

J14 — Composite Output
(Dual Rt. Angle RCA-Type Phone Jack)
A — Video
B — Audio
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1000 and IBM I/O Bus Cross Reference Chart

Pin No. Signal Name  Description

B18 DRQ1* IBM - This signal is always available on the
IBM PC.

TANDY 1000 - DMA request 1 is available
only on the I/O bus when the Memory/DMA
board is installed.

B17 DACK1* IBM - This signal is always available on the
IBM PC.

TANDY 1000 - DMA grant 1 is only
available on the 1/O bus when the
Memory/DMA board is installed.

B16 DRQ3* IBM - This signal is always available on the
IBM PC.

TANDY 1000 - DMA request 3 i only
available on the 1/0 bus when the
Memory/DMA board is installed.

B15 DACK3* IBM - This signal is always available on the
IBM PC.

TANDY 1000 - DMA grant 3 is only
available on the 1/0O bus when the
Memory/DMA board is installed.

B05 -5VDC IBM - —5VDC is always available.

TANDY 1000 - —5VDC is not installed on
the 1/0 bus, but a modification is available
through an authorized repair center.

B21 RFSHRQ* IBM - This signal functions as a refresh re-
quest on the 1/0 bus, but is labeled Interrupt
Request 7. '

TANDY 1000 - Same function as on the IBM
PC, but different pin designation.

B22 BREQ* IBM - This signal functions as a bus request
on the 1/O bus, but is labeled Interrupt Re-
quest 6.

TANDY 1000 - Same function as on the IBM
PC, but different pin designation.

B0O8 AUDIOIN IBM - Reserved

TANDY 1000 - Audio input is supplied from
an optional board on the I/O bus to a
multiplexer on the main logic board for an
output to the external speaker.
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1000 and IBM 1/0O Bus Cross Reference Chart (Continued)

Pin No.  Signal Name Description

BO6 FDCDMARQ* These signals are functionally the same as
B26 FDCDACK* those on the IBM PC, however, the Tandy
B27 DMATC 1000 was designed with an FDC Controller

on the main logic board and the DMA Con-
troller on the optional memory board. The
IBM PC has the DMA Controller on the
main logic board and the optional FDC Con-
troller on the 1/O bus.

Note:  All other pins are identical to the IBM PC. See Section 3 for the
connector pin assignments.

11
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BUS INTERFACE SPECIFICATIONS

This specification is for the primary bus on the Tandy 1000 main logic board,
which also is available to the option board connectors. The specification
describes the signals in the following manner. See Figures 5 and 5.1.

The following signal nomenclature is used in the schematic and literature.
Signals designated with the suffix ***'" are logically “'true low'" (normal in-
active state is highy); 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 in-
cludes 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 alter-
nate source, an external bus master such as the DMA.

1 Unit Load (UL) is defined as:  loh = .04mA @ 2.4V
lol = 1.6mA @ 0.5V

Signal Listing
A00 - A19 O ADDRESS SOURCE: U41, U42, Us1
Drive - 65/15 UL
Latch Strobe - ALE
Output Enable - AEN
Alternate external source
DO-D7 /O DATA SOURCE: Us2
Drive - 37/15 UL
Direction Control - RD*
(CPU read signal)
Enable - DEN~
ALE 0 ADDRESS LATCH STROBE SOURCE: U46
oW~ O /O WRITE STROBE Drive - 50/7.5 UL
IOR* (0] /O READ STROBE Output Enable - AEN
MEMW* O MEMORY WRITE STROBE Pull-Up - 4.7K ohms
MEMR* O MEMORY READ STROBE Alternate external source
CLK (0] CPU CLOCK 4.77MHz, 33% duty cycle
SOURCE: U82
Drive - 75/7.5 UL
0sC 0] OSCILLATOR 14.32MHz, 50% duty cycle
SOURCE: U82
Drive - 75/7.5 UL
NMI NON-MASKABLE To System NMI

INTERRUPT Load: 1/1 UL, U117
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READY I SYSTEM WAIT

RESET O SYSTEM RESET

BREQ~ I BUS REQUEST

AEN O BUS GRANT

IR2 I INTERRUPT REQUEST#2
IR3 I INTERRUPT REQUEST#3
R4 I INTERRUPT REQUEST#4
AUDIO IN |

AUDIO OUT O

SOURCE: OPEN-COLLECTOR
OR 3-STATE BUFFERS

Load: 1 UL and 1.0K ohm
pull-up. 10/0.9 UL

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

Power On or Manual
SOURCE: U82
Drive: 75/7.5 UL

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

To external masters
SOURCE: U82
Drive - 75/7.5 UL

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

From External Sound Source
Load: 10k ohms.

To External Source
Drive: 1.25 Volts P-P into 10K

The following are not sourced by the CPU but are to be SOURCED (O) Output
or LOADED (l) Input by an external DMA source:

RFSHRQ I REQUEST DMA Dedicated input requests
CHANNEL#0 to DMA
DRQ1 I REQUEST DMA
CHANNEL#1 Load: 8237A-5/9517A
FDCDMARQ | REQUEST DMA
CHANNEL#2 1 MOS load 40/160 UL
DRQ3 | REQUEST DMA
CHANNEL#3
REFRESH* O ACKNOWLEDGE DRQO* Dedicated output
DACK1* O ACKNOWLEDGE DRQ1* acknowledges from DMA.
FDCDACK* O ACKNOWLEDGE DRQ2* Drive: 8237A-5/9517A
DACK3* O ACKNOWLEDGE DRQ3* 2/2 UL
DMATC O TERMINAL COUNT Used by DMA Controller to
indicate Terminal Count
reached.
Drive: 2/2 UL
+5VDC +5VDC + 4% 3.0 Amps available on the bus.
+12VDC  +12VDC + 5% 0.5 Amps available on the bus.
-12vDC  —-12VDC + 8.3% - 25% 0.06 Amps available on the bus.
GROUND Power Return for +5, +12, =12 VDC.

14
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THEORY OF OPERATION

Main Logic Board

The Block Diagram of the main logic board (Figure 3) shows the basic functional
divisions.

CPU Function

The CPU function consists of the CPU (Intel 8088), the address, data inter-
face, the CPU control signal generator, the bus control signal generator and
the interrupt controller (Intel 8259A). It is located in the upper right hand corner
of the board above the external bus connectors.

Non-CPU Function, Main Logic Board

The non-CPU functions can be divided into two main parts: memory and 1/O.
Memory consists of RAM and ROM. RAM or Video/System Memory serves
as storage for both the video data and program data. ROM memory contains
the BIOS and diagnostics. I/O consists of all the peripheral functions; keyboard,
floppy disk controller, printer, joystick, light pen and sound.

Processor Address/Data Interface

The 8088 has three groups of Address/Data lines; ADO - AD7, A8 - A15 and
A16 - A19. ADO - AD7 are multiplexed address and data lines. To separate
and save the address that comes out first, the signals are applied to U61
(74LS373) and latched by ALE. Additionally, the signals are applied to data
transceiver U62 (74L.5245). UB2 is enabled only during the data portion of
the CPU cycle. (The exception is during an Interrupt Acknowledge cycle.) Direc-
tion of transmission is controlled by the RD* (READ) signal from the CPU.
Address lines A8 - A15 are present during the entire CPU cycle and need only
to be buffered. Address lines A16 - A19 are multiplexed with status signals
S4 - S7 and need to be latched. The results are: A8 - A11, A16 - A19 are latched
into U41 (74LS373) by ALE and A12 - A15 are buffered by half of U43
(74L.S244). The outputs from these latches/buffers/transceivers are the BUS
Signals A0O - A19, DO - D7.

CPU Control Signal Generation

The 8088 CPU uses a 4.77 MHz clock with a special duty cycle (33% high,
67% low.) This clock is produced by the 8284 clock generator/driver U45. The
8284 receives a 14 MHz input clock and divides it by 3 to produce CPUCLK
(4.77 MHz) and by 6 to produce D2CLK (2.385 MHz). In addition to being
used by the control signal logic the clocks are buffered by U82 (74L.5244) for
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the bus signals OSC (14 MHz), (4.77 MHz) and main logic signal D2CLK (2.385
MHz). (See the Bus Interface Specification)

The RESET signals (CPURESET, SYSRST*, RST*) originate at U45 (8284)
which synchronizes the input RES*. RES* originates from C26 which is shorted
to O volts by either the manual reset switch or by diode CR6 when the power
is off.

The READY circuit synchronizes the system ‘‘ready’’ signals with the CPU clock
and generates the CPU input CPUREADY. If a function needs one or more
“wait’" states added to its access, it must set the READY line low. From the
main logic board, READY is set low by the sound IC for 32 extra *'wait states”
and the video/system memory sets READY low for typically one or two “‘wait”
cycles. The READY circuit of the 8284 (U45) is operated in the non-
asynchronous mode; i.e. two sequential edges of clock (a rising edge first)
are required to set the CPUREADY signal true. Of the four inputs provided,
two are used, RDY2 and AEN2. Inputs to RDY2 must be high and the input
to AEN2 must be low to set CPUREADY high. Only one input is applied to
AEN2: IOWAIT which is a positive pulse generating one “‘wait’ state for every
110 cycle. The signal READY applied to the RDY2 input comes directly from
the BUS and is the wired-or (logical OR) of any/all READY's from the subsystems
which need ‘“‘wait state(s)’’ inserted. READY is pulled-up by R34.

Oscillator Timing and Dynamic RAM Control

The main system timing starts with the 28.63636 MHz oscillator. This oscillator
is a single package which produces a TTL output. From the oscillator, U39
divides the master frequency into 4 multiples. The timing diagram (Figure 4)
shows this division. 14.31818 MHz is used to clock the video array chip, and
also is used by the Intel 8284 to generate the CPU clock signal.

The first three outputs from the counter (U39) are used to derive 8 time states,
(U38) and the last output is used to effectively double the number to 16. These
16 time states are shown at the bottom of Figure 6.1. These time states are
then used as J-K inputs for F109 flip-flops, which generate the system timing
signals RAS*, CAS* and MUX.

The timing diagram shows RAS* and CAS™ as constantly occuring pulses which
cycle every 279 ns. Only the RAS* and CAS* pulses for the video cycles are
constant. During the CPU cycle, RAS* and CAS* pulse will occur only if the
CPU is accessing memory. This function is controlled by U116 and V2 of U94.
A CPU request for accesses is first latched by the first half of U116. As soon
as the next CPU cycle time starts, the second half of U116 is clocked and the
CPU access cycle starts. The CPU cycle lasts until the rising edge of RAS*
in the video cycle.

The other signals generated by the system timing are STIS, DYMU, and CPULT.
ST15 is a syncronization signal for the Video Array chip, and references time
state 0 from U39. DYMUX occurs on the rising edge of MUX in the CPU cycle
and latches the video data. The final signal, CPULT occurs only during a CPU
access and is used to latch read data for the CPU.
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IFL Equations
U53 Memory Address Decode

Code: 53G Checksum: 50C9
Equations:
VSACC* = RFSH*-MEMR*-19-18-17-MC3-MC2-MC1

+ 19-18-17-MC3-MC2-MC1

+ 19-18-17-MC3-MC2-MCH1

+ 19-18-17-MC3-MC2-MCH1

+ RFSH*-MEMR*-19-18-17-MC3-MC2-MC1

+ RFSH*-MEMW~*-19-18-17-MC3-MC2-MC1

+ 19-18-17-MC3-MC2-MC1
+ 19-18-17-MC3-MC2-MC1
+ RFSH*-MEMW* 19-18-17-MC3-MC2-MC1
+ HGMEMAC

HGMEMAC* = RFSH*-MEMR*-19-18-17-16-15
+ RFSH*-MEMW*19-18-17-16-15
ROMSCO* = RFSH*-MEMR*-19-18-17-16-15-14-13
ROMSC1* = RFSH*-MEMR*-19:18-17-16:15-14-13
MEMSEL* = VSACC*- + HGMEMAC* + ROMCSO* + ROMCS1*
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U80 Main I/0 Address Code

Code: 80B Checksum: 58F9
Inputs: Addresses
15-14-13-12-11-10- 9 - 8 - 7

IO0SEL* . =0-0-0-0-0-0:0-0-0

IO1SEL* =0-0-0-0-0-0-0-0-1

IO4SEL* =0-0-0-0-0-0-1-0-0

IOBSEL* =0-0-0-0-0-0-1-1-0

IO7SEL* =0:0:-0:-0-0-0-1-1-1
Outputs:

INTCS* = IO0SEL*-6-5-4-3

TMRCS* = IO0SEL*-6-5-4 -3

PIOCS* = |O0SEL*-6-5-4-3

NMICS* = IO1SEL*- 6-5-4-3

SNDCS* = |O1SEL*- 6 -5 -4 -3

JOYSTKCS* = IO4SEL*-6-5-4-3

PRINTCS* = IOBSEL* 6 -5-4-3

FDCCS* = |O7SEL*-6-5-4-3

IOSEL* = TMRCS* + PIOCS* + NMICS* + SNDCS

+ PRINTCS* + FDCCS* + IO7SEL*-6-5-4
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U46 System Timing Synthesizer

Code: 46DC

Equations:

ALE =
DEN* =

IOR* =
MEMR* =
IOW* =
MEMW* =
IOWAIT =

U103 Video
Code: 103C

GACS* =

STATUS* =
MODE* =
LPCLR*
LPSET*
PGCLK™
6845CS*

I

I

HLDA
HLDA -

--CALE

tO/M

Checksum: 3E69

- DT/R - C - INTCS*
(during IOR™)

HLDA -

HLDA -

HLDA -

HLDA -

I0/M

B

IO/M -

- DT/R - C - INTCS* -

(during 1OR™)

- DT/R- - INTCS*
(during IOR™)

- DT/R - C - INTCS*
(during IOR™)

- DT/R - SSO*

HLDA -
HLDA -
HLDA -
HLDA -

HLDA -

IO/M -
IO/M -
IO/M -
IO/M -
IO/M -

- DTR -

- DT/R - SSO
- DT/R - SSO
- DT/R - 850
- DTR

> » O W ™ @

Address Decode

- low
. TOW -
- TOW -
- low

- |O7SEL™ -

1075

1078
- IO7SEL™ -

- S50 (IORy) -
(MEMR) -
-'$S0 (MEMW) -

-"3S0 (MEMW) -

Checksum: 44B0

EL* -
EL* -

(o2 3NN e) BN NENe)]
w W w w

- MODE*

0
0
0 - STATUS*
0

IO7SEL* - 6-5-4-3-2-1-0
~IOW - IO7SEL* 6 -5-4-3-2-1-0

I07SEL* - 6 -
J07SEL* -
107SEL*
107SEL* -

6
-6 -
6

5-4-3-2-1-0-I10W
©5-4-3-2-1-0-10W
5-4-3-2-1-0-I10W
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System Control Signal Generation

The System Control Signal Generator provides the timing strobes required
by the system. These include IOW*, IOR*, MEMW~* MEMR*, ALE,
DEN* and IO/M*. These signals are synthesized by U46 (IFL) from timing
signals A,B,C,D, 8088 status signals SSO*, DT/R*, I0/M* plus HLDA
and INTCS* (8259 chip select). Timing signals A, B, C, D come from
flip-flops U23 and U47. The timing clock is CPUCLOCK. A CPU cycle
is divided into five periods: T1, T2, T3, TWAIT, and T4. Each cycle
has a clock rising edge and a clock falling edge. Thus T1+ denotes
rising, and T1— denotes falling. Signal “A” is started by ALE true (T1+)
and stopped by “C”, (T2+). Signal “B" is started by “A” and (T1-)
and stopped by CPUREADY, and “D". Signal “C” is started by "“B",
(T2+) and stopped by “BNOT", (T3+). Signal “D" is started by “C",
(T2-) and stopped by “CNOT”, (T3~). Characteristically, “A" is always
one clock long while “B”, “C” and “D” are variable in length depending
on the number of inserted ‘“‘wait” states. Thus any half-clock period
between T1+ and T3- can be logically combined to create the output
timing signals. See Figure 5.

All external devices, except the 8259A Interrupt Controller, are buffered by
an L5244 that is controlled by the DEN* signal. Since the 8259A is not buffered,
the DEN* signal must remain inactive during accesses to the 8259A.

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 6.
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EXPANSION I/F CONNECTOR

B A
_Do_ anD | 1 1 | NMI
RESET D7
+5VDC D6
IR2 D5
NC | 5 5 | D4
FDCDMARO* D3
-12VDC D2
AUDIO IN D1
+12VDC DO
GND | 10 10 | READY
MEMW* AEN
MEMR* A19
IOW* A18
IOR* A17
DACK3* | 15 15 | A16
DRQ3* A15
DACK1* A14
DRQ1* A13
REFRESH* A12
CLK | 20 20 | A1
RFSHRQ* A10
BREQ* A9
NC A08
IR4 A07
IR3 | 25 25 | A06
FDCDMACK* A5
TC A04
ALE A03
+5VDC A2
osc | 30 30 | A01
GND | 31 31 | A0

Figure 6
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Interrupt Function

The 8088 supports two types of interrupts: maskable (by the CPU, INT) and
non-maskable (NMI). See Figure 7. 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
generate INT. These eight interrupts are:

#0  Timer Channel O Software Timer

#1  Keyboard Keyboard Code Received

#2  Hard Disk Controller Optional Function, Interrupt on Bus
#3  Modem Optional Function, Interrupt on Bus
#4  RS-232 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 NMl interrupt is not maskable by the CPU but it can be enabled/disabled
by hardware. The enable is at Port 00AQ 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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INTERRUPT STRUCTURE

NMI
3—» NMI
I__

NMI ENABLE

INTR

8088 CPU

N A W =S

8259A INTERRUPT CONTROLLER

INTERRUPT FUNCTION
NMI AVAILABLE ON BUS
] 8253 TIMER CH ¢
1 KEYBOARD
2 HARD DISK
3 SECONDARY COMM.
4 PRIMARY COMM.
5 VERTICAL SYNC.
6 FLOPPY DISK CONTROLLER
7 PARALLEL PORT
Figure 7
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Bus Interface

The interface to the main bus is divided into three parts: address/control strobes,
memory data and I/0 data. The address/control strobe part (BAO - BA19,
BMEMR*, BMEMW*, BIOR*, BIOW™) is shared by both the I/O and the
memory sections. Input buffers are U59, U60 and U42. One function of the
address bus is the select logic for each of the functions. U80 decodes all the
I/O chip selects except those for the Video/System Memory 1/O ports which
are decoded by U103. The memory selects are decoded by U53. The I/0 data
transceiver is U97 with its output enable decoded by U80. The memory
transceiver is U14 and its output enable is decoded by U53. The direction con-
trol for both data transceivers are the “read” strobes; IOR* for U97 and MEMR-~
FOR U14.

Keyboard / Timer / Sound Circuits

The focal point for this circuit is the 8255 Programmable Peripheral Interface
(PPI). 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 func-
tions. Port C is split into 4 inputs, including the timer channel and #2 monitor
and 4 outputs including the keyboard/multifunction interface signals. See
Figure 8.

Keyboard Data

The computer receives data from the keyboard in an asynchronous serial for-
mat with one 8 bit word for each keystroke. This serial data is converted by
the shift register, U91. This byte is then read by the CPU through the 8255
Port A. On receipt of a character an interrupt is set and the keyboard 'BUSY””’
signal disables further transfers from the keyboard (2 of U104). To enable the
keyboard again, the "*keyboard clear” signal from 8255 Port B must be toggled.
This signal when high clears the interrupt, the shift register and holds *BUSY”’
active (U78 pin 11.) Holding “BUSY"’ active prevents another character from
being sent until the clear routine is complete. The serial data from the keyboard
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 signal consists of 8
data periods and a “‘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. In the absence
of a ninth clock it will strobe a 1 into U104 and set the interrupt and busy signals.
See the Keyboard Timing Chart in the Keyboard Chapter.
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PROGRAMMABLE PERIPHERAL I/F 8255A-5
(PPI)

PORT ASSIGNMENTS

PAQ [«—KEYBOARD DATA IN BIT ¢

1

2

3

-— 4
5

v 6

PA7 | —»KEYBOARD DATA IN BIT 7

PB | —TIMER CHANNEL #2 GATE
—» SPEAKER DATA

—.t

___2

]

—» SOUND CNTRL ¢

—» SOUND CNTRL 1

PB7 | —= KEYBOARD DATA CLEAR

PC@ | — KEYBOARD DISABLE

—= MULTI DATA

\ — MULTI CLOCK

PC3 | —

PC4 | -

\ <— TIMER CHANNEL #2 OUTPUT
-

PC7 | «—

Figure 8
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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 gate for counter #0, #1
is permanently “‘on”. The gate for counter #2 is controlled by a bit of the 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 microseconds 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 9.

Sound Function

The sound function consists of an internal and an external sound circuit. The
internal sound circuit is directly connected to the speaker via U118. The source
of the sound frequencies is U96 Complex Sound Generator. Internally, U96
has four programmable sound generators. 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). In addition to being
the only source for the unit speaker, it is one of three selectable sources for
the external audio out signal. This signal is intended as an input into a external
amplifier such as a stereo. The three sound frequency sources are:

1. Complex sound generator U96.

2. The 8253 counter at channel 2.

3. Any external source applied to bus interface pin B08, Audio In.
These are selected by an analog multiplexer U105. Selection signals are
SNDCNTLO, SNDCNTL1 from the 8255. The output driver for Audio Out is

U119 which is designed to drive a load impedance of 1000 ohms. See
Figure 10.
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SYSTEM TIMER 8253-5

8253-5 TIMER
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Figure 9
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Figure 10
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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. You can use 2 joysticks. The joystick handle
is connected to two potentiometers mounted perpendicular to each other; one
for X position, one for Y position. Through the cable, the main logic board ap-
plies +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 U119. The other comparator input is the reference
signal (a ramp between 0.0 to + 5.0 volts.) When the position signal is equal
or less than the reference signal, the comparator output goes true. This com-
parator 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 drains C6 to 0.0 volts. When Q2 is turned off, Q1, R3, R4, R9, and
CR1 create a constant-current source that linearly charges C6to +5.0 VDC
in 1.12 milliseconds. The joystick information is ‘‘read” by the CPU at Port
200/201 Hex through U18. See Figure 11.

Printer Interface

The printer interface is totally contained in a custom Gate Array U108 and is
shown in Figure 12. Functionally, the printer interface consists of an output
data latch (write @ 378) and accompanying input data buffer. The latch and
buffer reads back the output data (read @ 37A) with an accompanying input
buffer for read-back (read @ 37A). The input buffer is for reading printer input
signals (read @ 379), /0 address decoding, data transceiver, and interrupt
logic. The interrupt is (logically) ACKNOWLEDGE* if interrupts are enabled
(37A Bit 4).
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Floppy Disk Controller Interface

The Floppy Disk Controller interface consists of the 765 controller and sup-
port circuitry. The oscillator formed by U29, Y1 generates an 8.00 MHz clock
that is divided down to 4.00 MHz and 2.00 MHz by U30. The 4.00 MHz signal
is applied to the FDC for its internal processor clock (CLK pin 19) and to counter
circuit U31 to generate the FDC write clock (WCK pin 21). U31 produces a
puise at count 15 that loads the next count of 8. Therefore, WCK is a 250
nanosecond pulse every 2.0 microseconds. The CPU interface consists of the
chip select decode U98, U51 address A0, A1, function decode FDCCS™, and
IOR*, IOW*. The function decode FDCDS™* is separated into the lower four
address range for the “DOR” register and into the upper four address range
for the FDC; both are inhibited by AEN. The “DOR’’ latch U71 is for configura-
tion control, drive select, reset, interrupt/DMA request enable, drive motor con-
trol, and software transfer terminal count. Latch U106 is used to delay the FDC
DMA request (DRQ) as specified by the 765 specification. Counter U50 is used
to add pre-compensation to the MFM coded write data (250 nanosecond pulse
every 2.0 microseconds maximum). The 765 FDC signals “‘early’’ and "'late”
determine the number of 8 MHz clock periods (125 nanocseconds) the write
data is delayed thru U69 - normal = 6, early = 4, late = 7. Data separator
UB9 converts ‘‘raw data’ from the drive into read data (RDD) and read clock
(RDW).
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Introduction to the Video System Logic

The Video System Logic is composed of three functional sections: Video
Address Generation, Video Memory, and Video Data Processing.

The Video Address Generation logic is composed of the MC6845, one control
register U99, and six multiplexers. The MC6845 generates the video addresses
and video timing signals for all modes of operation. The control register is used
for paging the 128K system memory. The MC6845 has a maximum address
range of 32K. Since the Video/System RAM size is 128K, the RAM is divided
into 4 pages of 32K each. Selection of the page is determined by the Page
Register U99, by the Page Multiplexer U89, U90, and by associated gates.
The CPU has the option of addressing the RAM at two different locations, one
as 32K window starting at B800O0 or as System RAM at an assigned 128K page
between 00000 and A0000. The top two bits of the control register U99 are
used to select different addressing modes for high resolution graphics. For
programming ease, any of the graphics modes requiring only 16K of memory
will be automatically selected by the addressing logic. Multiplexers U72 through
U75 are used to select either the CPU or the video address and to switch
between row and column addresses for the dynamic RAM chips.

The Video Memory is composed of two 8 bit rows of 64K dynamic RAMs (64K
x 8 x 2) that is shared by the video and the CPU (8088). The video system
sees the memory organized as 64K x 16 bits wide to allow a high video bit
rate. See the RAM Timing Chart (page 41) for the RAM specifications. The
CPU sees the memory as only 8 bits wide. During any read operation (either
CPU or video), both banks of memory are accessed at the same time. The
data is latched into U35 and U56 for the video or into U36 and U57 for the
CPU. The video uses all 16 bits of memory; however, the CPU expects only
8 bits, and the extra bits are ignored. The CPU selects the 64K x 8 bank using
address 00000; so the memory is organized as 128K x 8 to the CPU.

The RAM is located at an address determined by the memory configuration
control port. In a 128K system that address is normally 00000 — 1FFFF. In
addition this memory may be accessed at the 32K byte address from B8000
— BFFFF. A page register selects which of the 4 pages are available to the
CPU. The CPU access is synchronized to the video so that no adverse effects
are observed at any time.

The processor can address any location in memory while the video is using
only a 16K or 32K page. This allows one video page to be displayed while
another is being changed by the CPU. Therefore, the displayed page can be
switched during vertical retrace. A video system memory map is shown on
the next page.
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PROCESSOR READ/WRITE

OPERATIONS AT
B8OV - C000

ACCESS
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20000

{97FFF

-
I7FFFF
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THE VIDEO
DISPLAYS

20000

VIDEO SYSTEM MEMORY MAP

{10000 | OF 4 (32K)
| l‘"_ ORI OF 8

(16 K) PAGES
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The third section of the video (Video Data Processing) is composed of only
one 40-pin {C. However, a large amount of logic has been compressed into
that single HCMOS custom IC. Figure 13 shows a block diagram of the logic.
The multiplexed data input from the RAM is divided back into 16 bits of infor-
mation. For the alphanumeric mode this is character byte and attribute byte
data. In alphanumeric mode, the character data is used to address the character
ROM. The character ROM output is loaded into a shift register controls the
on/off selection of each video dot. The attribute byte defines foreground and
background color. In graphics mode, the data bits are first rearranged depen-
ding on the mode, and then loaded into the shift register. The mode selection
multiplexer selects alpha, 2 color, 4 color medium resolution, 4 color high resolu-
tion, or 16 color modes. The output of the mode selection multiplexer clocks
the RGB! data before it goes to the palette RAM and then clocks it again after
the palette. From this last register, the RGBI data passes through the border
color mux and then through the output buffers as RGBI data. The RGB out-
puts are also used to generate the composite color signal.

The remaining logic of the Video Array consists of the timing logic, the control
register logic and the timing delay logic. The timing logic provides the clocks
and shift load signals for the latches and the shift registers. The control registers
are loaded by the system software and provide the mode selection and color
control bits. The timing delay logic synchronizes all the logic. See Figure 14
for the Video Array Block Diagram.
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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 tCAC — 100 ns
Address
Output Buffer and Turn-Off Delay tOFF 0 30 ns
Row Address Strobe Precharge tRP 100 — ns
Time
Row Address Strobe Pulse Width| tRAS1 170 — ns
Column Address Strobe Pulse tCAS 130 — ns
Width
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 tRRH 0 — ns
Referenced to RAS
Write Command Hold Time tWCH 35 — ns
Write Command Hold Time tWCR 95 — ns
Referenced to BAS
Write Command Pulse Width tWP 35 — ns
Write Command to Row Strobe tRWL 45 — ns
Lead Time
Write Command to Column tCWL 45 — ns
Strobe Lead Time
Data in Setup Time tDS 0 ns
Data in Hold Time tDH 35 — ns
Data in Hold Time Referenced tDHR 95 — ns
to RAS
Column to Row Strobe tCRP 0 — ns
Precharge 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
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MEMCONFIG, 3
Seeoggg MEMCONFIG, 2
MEMCONFIG, 1
——— F-FFFF
ROMCSO 641
F-8000 E
F-000 ==
ROM Only E-0000
D-0000
—! C-0000
B-8000
B-0000 Page 5 101
10
A-0000
9
9-0000 Page 4 100
8
8-0000
7
7-0000 Page 3 011
6
RAM Only 6-0000
5
5-0000 } Page 2 010
4
4-0000
3
3-0000 Page 1 001
2
2-0000
r
1-0000 } Page 0 000
0
—Y _ 0-0000
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Video System Modes
Display Modes

The video circuitry is designed to operate with three types of display devices:
a standard TV using an optional RF modulator, a composite monitor and an
RGBI color monitor. To support these different display types, both a composite
video output and a 9-pin RGBI connector are provided.

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 col-
or chart below and can be used for foreground, background, and character
blinking. If you are using a black and white monitor. (These colors will appear
as shades of gray for use as reverse video, highlighting, and blinking.) In ad-
dition any 1 of the 16 colors or shades of gray can be used for the screen
border.

Color I R G B
Black 0 0 0 0
Blue 0 0 0 1
Green 0] 0 1 0
Cyan 0 0 1 1
Red 0 1 0 0
Magenta 0 1 0 1
Brown 0 1 1 0
Light Gray 0 1 1 1
Dark Gray 1 0 0 0
Light Blue 1 0 0 1
Light Green 1 0 1 0
Light Cyan 1 0 1 1
Pink 1 1 0 0
Light Magenta 1 1 0 1
Yellow 1 1 1 0
White 1 1 1 1

Available Colors Table
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Operating Modes

The operating modes supported by the system software may be grouped into
two categories: alphanumeric.and graphic.

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 40 x 25 mode and the 80 x 25 mode, 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 generator ROM. The
odd address (1,3,5 etc.) is the attribute byte, that defines the foreground and
background color of the character. The following chart shows how the attribute
byte functions to control colors.

ATTRIBUTE BYTE

BIT 7 6 5 4 3 2 1 0
3D9 Bit 5 Background Foreground

=0 f R G B I R G B
98BS ik | R 6 B | 1 R G B

Blink = A 1 in bit 7 enables blinking of the foreground.
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Graphics Mode

The Video Color/Graphics System can be programmed for a wide variety of
modes. The Tandy 1000 and its system ROM BIOS supports the following
Graphics Modes:

Mode IMB PCijr IBM PC
4-Color Medium-Resolution X X
16-Color Medium-Resolution X

16-Color Low-Resolution X
2-Color High-Resolution X X
4-Color High Resolution X

Low and medium resolution modes work on all types of display devices. The
high-resolution mode may require a monitor for correct operation.

Graphics Memory Usage

Graphics memory uses either two or four banks of 8000 bytes. In either case
pixel information for the display's upper-left corner is found at address 0000.
The 4-color high-resolution and 16-color medium-resolution graphics use four
banks of 8000 bytes.

The following is a table of the graphics storage organization for four banks
of 8000 bytes:

F—1 60 Bytes—'i Memory

0000H
00 Scans (0, 4, 8, . .. 196)

1F3FH

2000H
01 Scans (1, 5,9, ... 197)

3F3FH

4000H
10 Scans (2, 6, 10, . . . 198)

5F2FH

6000
11 Scans (3, 7, 11, . . . 199)

7F3FH

Graphics Storage Organization

The 2-color high-resolution graphics, the 4-color medium-resolution graphics,
and the 16-color low-resolution graphics use only two banks of 8000 bytes.
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The following is a table of the graphics storage organization for two banks of
8000 bytes:

|<—80 Bytes—>| Memory Address

0000H
Even Scans (0, 2, 4, . . . 196)

1F3FH

2000H
Odd Scans (1, 3, 5, . . . 199)

3F3FH

Graphics Storage Organization

High-resolution 2-Color Graphics

The high-resolution 2-color mode may require a high-resolution monitor for cor-
rect operation. This mode can display 2 of 16 possible colors. It contains 200
rows of 640 pixels, requires 16K bytes of read/write memory, and formats 8
pixels per byte. This mode is available in the IBM PC and IBM PCjr.

Byte 0 = eighth pixel
Byte 1 = seventh pixel
Byte 2 = sixth pixel
Byte 3 = fifth pixel
Byte 4 = fourth pixel
Byte 5 = third pixel
Byte 6 = second pixel
Byte 7 = first pixel

High-Resolution 4-Color Graphics

The high-resolution 4-color mode may require a high-resolution monitor for cor-
rect operation. This mode can display 4 out of 16 colors. (Each pixel selects
1 of 4 colors.) It contains 200 rows of 640 pixels, requires 32K bytes of read/write
memory and formats 8 pixels per two bytes (1 even-byte and 1 odd-byte). This
mode is only supported on the IBM PCijr.

Even Bytes Odd Bytes

First Display Pixel PAO (7) PA1 (7)
Second Display Pixel PAO (6) PA1 (6)
Third Display Pixel PAO (5) PA1 (5)
Fourth Display Pixel PAO (4) PA1 (4)
Fifth Display Pixel PAO (4) PA1 (3)
Sixth Display Pixel PAO (3) PA1 (2)
Seventh Display Pixel PAO (1) PA1 (2)
Eighth Display Pixel ‘ PAO (0) PA1 (0)
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Medium-Resolution 16-Color Graphics

The medium-resolution 16-color graphics mode works with all types of display
devices. This mode specifies 1 of 16 colors for each pixel. It requires 32K bytes
of read/write memory, contains 320 rows of 200 pixels, and formats each byte
in the same manner as the low-resolution mode. This mode is available in the
IBM PCjr only.

Second Pixel First Pixel
0 1 2 3 4 5 6 7
PAO PA - PA2 PA3 PAO PA1 PA2 PA3

Low-Resolution 16-Color Graphics

The low-resolution mode works with all types of display devices. This mode
contains 200 rows of 160 pixels, requires 16K bytes of read/write memory,
specifies 16 colors for each pixel by the RGBI bits, and formats 2 pixels per
byte. This mode is available in the IBM PCjr only.

Second Pixel First Pixel

0 1 2 3 4 5 6 7
PAO PA1 PA2 PA3 PAO PA1 PA2 PA3

Medium-Resolution 4-Color Graphics

The medium-resolution mode works with all types of display devices. This mode
supports 4 of 16 possible colors. It requires 16K bytes of read/write memory,
contains 320 rows of 200 pixels, selects 1 of 4 colors for each pixel, and for-
mats 4 pixels per byte. This mode is available in the IBM PC and IBM PCjr.

Fourth Pixel Third Pixel Second Pixel First Pixel

0 1 2 3 4 5 6 7
PAO PA1 PAO PA1 PAO PA1 PAO PA1
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System Logic Registers
Video Array Registers

The Video Array is addressed at I/0O addresses 3D8, 3D9, 3DA, and 3DE.
Address 3D8 and 3D9 are PC compatible control registers. Address 3DA is
an address register for port selection inside the Video Array. Address 3DE is
the data port. You can program all Video Array registers, except 3D8 and 3DS.
Registers are programmed by first writing an address to 3DA and the data
to 3DE. The following chart shows the address at each of these Video Array
registers.

Register Address Hex
Palette Mask 01
Border Color 02
Mode Control 03
Palette Registers 10 — 1F

Palette Mask Register

This 4-bit (write-only) register has a video array address of 01H. The following
table lists each bit.

Bit Palette Mask
0 0
1 1
2 2
3 3

This register allows any of the address lines into the palette where they are
then forced to 0.
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Border Color Register

This 4-bit (write-only) register can be addressed in the video array at 02H. The
following table gives the register’s bit functions.

Bit Description

0 B (Blue) Border Color Select

1 G (Green) Border Color Select
2 R (Red) Border Color Select

3 I (Intensity) Border Color Select

Border Color Register

The screen-border color is defined by bits 0-3, that selects one of 16 colors.
See the Colors Definition Table listed in this section.

Mode Control Register

This 5-bit (write-only) register is accessed at the video array address O3H. The
following table gives the register’s bit functions.

Bit Description

Not used

Not used

Border Enable

4 Color High Res.
16 Color Mode

Mode Control Register

AWON—2O

Bit 0 Not Used
Bit 1 Not Used

Bit 2 This bit enables the border color register. For PC compatibility this
bit should be 0. For PCjr compatibility this bit should be 1.

Bit 3 For the 4 color 640 x 200 graphics mode, this bit should be set to
1 and for all other modes set to O.

Bit 4 Set this bit to 1 for 16 color modes and to 0 for all other modes.
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Palette Registers

The palette is a 16 x 4 high speed RAM that lets you redefine any color. To
load the palette, write the hex address to the video array address register at
3DA. (The 16 palette registers are located at addresses 10 -1F.) Then the new
palette color is written to 3DE. Only the 4 least significant bits are used as shown
by the following table:

Bit Description
0 Blue
1 Green
2 Red
3 Intensity

Palette Register Format

Bit 4 of the video array address register is used to select the palette. Once
the palette is selected, hashing or noise will be observed on the display. To
avoid this effect, the palette should be accessed during vertical or horizontal
blanking, and the address register should be changed to less than 10 prior
to returning to normal operation.

During the normal display operation, the RGBI information is used to address
the palette as shown in the chart below. If a graphics mode (which uses fewer
than 16 colors) is selected, the palette is addressed by the extra bits defined
by the control registers at 3D8 and 3D9. Optionally, the extra bits may be mask-
ed off (PA3 and PA2 are set to 0 or PA3, PA2 and PA1 are set to 0) by using
the palette mask register. When you use the mask register, only palette registers
0 and 1 will be used for 2 color modes. Only registers 0,1,2 and 3 will be used
for 4 color modes.

Palette Palette Register
Address
Bits
PAO (B)
PA1 (G)
PA1 (R)
PA3 (I)

8 10111

N
—_
w
—
o
—
[6)]

S|o|=(Oo]N
O|O|=|{=]|W
O|=|O(O|~
O|=|O(=]|O,
O|=|= (O]
O|l=|=(=]IN
=[O0 |0

=100 |=}©

0
1
0
1

a|lo|=|=
a|lajolo
~|=]olo
R g g o)
N NN R

OO |OIO|O
o|o|o|—=]|—
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Video Memory Map and Registers

Address

3D0
3D1

3D2
303
3D4
3D5
3D6
3D7
3D8
3D9
3DA
3D8B
3DC
3DD
3DE
3DF

Video Memory Map

Description

Not used

Not used

Not used

Not used

6845 Address Register

6845 Data Register

Not used

Not used

Mode Select Register

Color Select Register

Video Array Address & Status
Clear Light Pen Latch

Set Light Pen Latch

Not used

Gate Array Data

CRT Processor Page Register

Operation of the video subsystem and mode selection is controlled by the
registers listed in the above table. The video array registers at 3DA were ex-
plained earlier. The remaining control registers operate as follows:

6845 Address Register (3D4)

This 5-bit write-only register addresses 1 of the 18 internal data registers of
the 6845 CRT controller. The selected register is then read or written through

the 6845 data register.

6845 Data Register (3D5)

This port is used to access the internal data register previously selected through
the 6845 address register.
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Mode Register (3D8)

This mode register controls the basic operating characteristics of the video.
It consists of a 6-bit write-only register, and each bit controls one aspect of
the operation of the video subsystem.

Bit Description

0

High Resolution Dot Clock. This bit controls the operating speed of the
video system. A "'0" selects the lower speed for 40 character text or
Jow resolution graphics modes. A 1" selects high speed for 80 character
text or high resolution graphics modes.

Graphics Select. This bit selects alpha or graphics modes. A ‘0" selects
the alpha mode. A 1" selects the graphics mode.

Black and White Select. This bit selects black and white or color mode
for TV or composite monitors. A ““1"" will disable the color signal and
give a black and white image. In RGB monitors, a different color palette
is selected by this bit in 320 x 200 4 color graphics mode. This bit will
have no other effect on RGB operation.

Video Enable. This bit enables or disables the video display. A “1”
enables the video display.

640 Dot Graphics. This bit is used to select either of the two 640 x 200
graphics modes. A *'1” selects 640 x 200.

Blink Enable. This control bit is used in the alpha mode only. A “1" selects
blinking if the attribute bit is set (bit 7). A ‘0" selects 16 background
colors. (With blinking selected only 8 background colors are available.)

Color Select Register (3D9)

This register is used to control several color features in the alpha modes and
the 320 x 200 4 color mode.

Bit Description

0-3 Alpha Border. In either alpha mode, these bits are used to select the

s W N =2 O

screen color. In the 320 x 200 4 color mode, these bits determine the
background color if PAO and PA1 are both 0. In the 640 x 200 2 color
mode, they select the foreground color.

Blue
Green
Red
Intensity

Alpha Background/320 Graphics Foreground Intensity. When blink is
enabled in the alpha mode, this bit is used to select the intensity. In the
320 x 200 4 color mode, the bit selects the intensity of the foreground.

320 x 200 4 Color Blue Control. This bit is used to control the blue out-
put in 320 x 200 color graphics.
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Status Register

The 4-bit “‘read only” register provides video and light pen status. It is addressed
by a read operation at 3DA. (The video array address register is not used to
select this port.) The following table gives the register’s bit functions:

Bit Status

Display Inactive

Light Pen Trigger Set
Light Pen Switch Made*
Vertical Retrace

wn =0

Status Register

Bit 0 When bit 0 is (0), the display is active. When (1), this indicates video
is not displayed.

Bit 1 When bit 1 is "high,” this indicates that the light pen input has a
positive-going edge, and has set the light pen trigger. When this trigger
is ““low,”” during a system power-on, it may be cleared by perform-
ing an 1/O command to address 3DB. No specific data is required
due to address-activated action.

Bit 2 Bit 2 is the status of the light pen switch. When bit 2 is *'low,” the
light pen switch is on. The switch is not latched or debounced.

Bit 3 When bit 3 is ‘‘high,"" this indicates that the vertical retrace is active.
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Light Pen Latch
Set 3DC
Reset 3DB

Any output to the port sets or resets the light pen latch (data byte has no ef-
fect). Before the 6845 can read the light pen again, the latch (3DB) must be
cleared.

CRT/Processor Page Register

This 8-bit (write-only) register is addressed at 3DF. The descriptions below are
of the register functions:

Bit Description

CRT Page 0

CRT Page 1

CRT Page 2

Processor Page 0
Processor Page 1
Processor Page 2
Video Address Mode 0
Video Address Mode 1

CRT / Processor Page Register

NO O WN =0

CRT Page 0-2
Bits 0-2 select the 16K page used by the video. In 32K modes, bit O is ignored.

Processor Page 0-2

These processor page bits are combined with the CPU address to select the
32K segment of memory accessed at B80OO. If an odd page number is selected
(1,3,5, etc.) the window is reduced to 16K.

Video Address Mode 0-1

These bits are used in conjunction with the graphics control bit (bit 1 at 3D8)
to select the video address supplied to the RAM. The following chart lists the
values to be used for each video mode.

Video Address Mode

Mode Description 1 (Bit 7) 0 (Bit 6)
All Alpha Modes 0 0
Low-Resolution-Graphics Modes 0 1
High-Resolution-Graphics Modes 1 1
Unused, Reserved 1 0

CRT / Processor Page Register
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General Memory Information
Mode Selection Summary

40x25 | 40x25 | 80x25 | 160x200 | 320x200 | 320x200 | 320x200 | 640x200 | 640x200
Alpha | Alpha | Alpha |16 Color | 4 Color |4 Shades | 16 Color | 2 Color | 4 Color
BIW Color | Color |Graphics | Graphics | Of B/W | Graphics | Graphics | Graphics
308
Bit 0 0 0 1 0 0 0 1 0 1
HRESCK
308
Bit 1 0 0 0 1 1 1 1 1 1
GRPH
3K8
Bit 2 1 0 0 0 0 1 0 0 0
BW
308
Bit 4 0 0 1 0 0 0 0 1 1
HRESAD
3DA
REG 03
Bit 3 0 0 0 0 0 0 0 0 1
4 Golor
3DA
Reg 03
Bit 4 0 0 0 1 0 0 1 0 0
16 Color
1/0 Map
Address
Block Usage Function
0000 — 001F 0000 — 000F DMA Function
0020 — 003F 0020 — 0021 Interrypt Controller
0040 — 005F 0040 — 0043 Timer
0060 — 007F 0060 — 0063 PIO
0080 — 009F 0080 — 0083 DMA Page Register
00AO0 — 00BF 00AO NMI Mask Register
00CO0— 00DF 00C0 — 00CHt Sound Generator
O0EO — O1FF Reserved
0200 — 020F 0200 — 0201 Joystick I/F
0210 — 031F Reserved
0320 — 032F Reserved Hard Disk
0330 — 036F Not Assigned
0370 — 037F 0378 — 037B Printer
0380 — 03CE Not used
03D0— 03DF All System Video
O3EO0 — O3EF Reserved
03F0 — O3FF 03F2, F4, F5 Floppy Disk Controller
0400 — FFFF Not Usable
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System Configuration Port
I/0 Address: 00A0

Data

Bit Function
Selects 1 Of 8 — 128K

D1 MEMCONFIG 1 Memory Pages Where

D2 MEMCONFIG 2 Video/System Ram Memory

D3 MEMCONFIG 3 To Be Located. See
Memory Map For Details.
Register Located Main Logic.

D4 Reserved

D5 Reserved

D6 Reserved

D7 NMIEN Enables NMI Input To
CPU 0 = Mask 1 = Enable
Register Located Main Logic.

ROM
System ROM

Size: 16K x 8 (128K)
32K x 8 (256K) optional

Quantity: 1 or 2, socketed
Address Range — ROM: F0000 To FFFFF

Two 32K address segments are decoded in hardware.

There will always be one system ROM located at the boot segment
F8000 — FFFFF. The second system ROM will be limited to the
second address segment FO000 — F7FFF.

No error detection capability.

RAM
RAM address range: 00000 to B8000
RAM memory used by the CPU must be continuous beginning at 00000.
Address selection granularity — 64K.
Video memory access at B8000/C0000.

Presence (quantity) of RAM in addition to video/system RAM determined
by initialization routing.

Video system RAM memory address select defined by “MEMCONFIG”
register at 00AO0. On power-up or reset, address defaults to B800O0.

No memory error detection capability.
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Detailed Memory Map

Address? Description
0000 8237A-5 DMA Controller
0001 8237A-5 DMA Controller
0002 8237A-5 DMA Controller
0003 8237A-5 DMA Controller
0004 8237A-5 DMA Controller
0005 8237A-5 DMA Controller
0006 8237A-5 DMA Controller
0007 8237A-5 DMA Controller
0008 8237A-5 DMA Controlter
0009 8237A-5 DMA Controller
000A 8237A-5 DMA Controller
000B 8237A-5 DMA Controller
000C 8237A-5 DMA Controller
000D 8237A-5 DMA Controller
000E 8237A-5 DMA Controller
000F 8237A-5 DMA Controller
Address? Description

0020 8259A Interrupt Controller
0021 8259A Interrupt Controller
0022 8259A Interrupt Controller
0023 8259A Interrupt Controlier
0024 8259A Interrupt Controller
0025 8259A Interrupt Controller
0026 8259A Interrupt Controller
0027 8259A Interrupt Controller
0028 Not used

0029 Not used

002A Not used

002B Not used

002C Not used

002D Not used

002E Not used

002F Not used

. A4 - A15 are used to generate the chip select for the 8237A-5. AQ, A1, A2, A3 are connected

directly to the 8237A-5. The assigned addresses are 0000 - 000F. The DMA is optional.

8259A. The assigned addresses are 0020-0021(B).

. A3 - A15(B) are used to generate the chip select for the 8259A. AQ is decoded directly by the
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Address? Description
0040 8253-5 Timer
0041 8253-5 Timer
0042 8253-5 Timer
0043 8253-5 Timer
0044 8253-5 Timer
0045 8253-5 Timer
0046 8253-5 Timer
0047 8253-5 Timer
0048 Not used
0049 Not used
004A Not used
004B Not used
004C Not used
004D Not used
004E Not used
004F Not used

Address? Description
0060 8255A-5 PP|
0061 8255A-5 PPI
0062 8255A-5 PPI
0063 8255A-5 PPI
0064 8255A-5 PPI
0065 8255A-5 PPI
0066 8255A-5 PPI
0067 8255A-5 PPI
0068 Not used
0069 Not used
006A Not used
006B Not used
006C Not used
006D Not used
006E Not used
006F Not used

3. A3 - A15 are used to generate the chip select for the 8253-A. AD is decoded directly by the
8253-A. The assigned addresses are 0040 - 0043.

4. A3 - A15 are used to generate the chip select for the 8255A-5. A1 and AD are decoded directly
by the 8255A-5. The assigned addresses are 0060 - 0063.

Detailed Memory Map——Continued
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0060 — PORT A
Bit Description

Keyboard Bit 0 — LSB
Keyboard Bit 1 —
Keyboard Bit 2 —
Keyboard Bit 3 —
Keyboard Bit 4 —
Keyboard Bit 5 —
Keyboard Bit 6 —
Keyboard Bit 7 — MSB

See Keyboard Specifications

NO O WN—=O

0061 — PORT B — READ OR WRITE
Bit Description

Sound Control 0
Sount Control 1
1 = Keyboard Clear

0 1 = 8253 Gate #2 Enabled
1 Speaker Data Out

2 Not used

3 Not used

4 Not Used

5

6

7

0062 — PORT C — READ/WRITES
Bit Description

(Out) Not Used
(Out) Multi-Data
(Out) Multi-Clock
(Out) Not Used
(In) Not Used
8253 Cut #

(In) Not Used
(In) Not Used

NO O~ WN=O

5. The hardware logic is configured so that Port C is split with an input at PC4 - PC7 and an
output at PCO - PC3.

Detailed Memory Map——Continued
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Address® Description
0080 DMA Page Reg. (Not Used)
0081 DMA Page Reg. (Ch 2)
0082 DMA Page Reg. (Ch 3)
0083 DMA Page Reg. (Ch 0, 1)
0084 Not used
0085 Not used
0086 Not used
0087 Not used
0088 Not used
0089 Not used
008A Not used
008B Not used
008C Not used
008D Not used
008E Not used
008F Not used

0081 — WRITE ONLY

Address Description
Bit 0 DMA Ch 2 Address A16
Bit 1 DMA Ch 2 Address A17
Bit 2 DMA Ch 2 Address A18
Bit 3 DMA Ch 2 Address A19
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 A16
Bit 1 DMA Ch 3 Address A17
Bit 2 DMA Ch 3 Address A18
Bit 3 DMA Ch 3 Address A19
Bit 4 Not used
Bit 5 Not used
Bit 6 Not used
Bit 7 Not used

6. A3 - A15 are used to generate the chip select for the page register. The DMA is optional.

Detailed Memory Map——Continued
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7. AD, A1, A2 = X.

0083 — WRITE ONLY

Address

Address’

X = don't care

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

00AQ
00A1
00A2
00A3
00A4
00A5
O0AG
00A7
00A8
00A9
00AA
00AB
00AC
00AD
00AE
00AF

Description

DMA CH 0 — 1 Address A16
DMA CH 0 — 1 Address A17
DMA CH 0 — 1 Address A18
DMA CH 0 — 1 Address A19

Not used

Not used

Not used

Not used

Description

NMi Mask Register
NMI Mask Register
NMI Mask Register
NMI Mask Register
NMI Mask Register
NMI Mask Register
NMI Mask Register
NMI Mask Register

Not used

Not used

Not used

Not used

Not used

Not used

Not used

Not used

Detailed Memory Map——Continued
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Address®

00CO
00C1
00C2
00C3
00C4
00C5
00C6
ooC7
00C8
00C9
00CA
00CB
ooCC
00CD
00CE
00CF

00AQ, 00A1°
Bit

~NOoO O WN—=-O

Description

Sound SN76496
Sound SN76496
Sound SN76496
Sound SN76496
Sound SN76496
Sound SN76496
Sound SN76496
Sound SN76496
Not used
Not used
Not used
Not used
Not used
Not used
Not used
Not used

Description

Not Used
MEMCONFIG 1
MEMCONFIG 2
MEMCONFIG 3

X
X
X
1 = Enable NMI

8. The chip select is decoded for Write Only, and approximately 42 wait states are inserted.

9. X = don't care.

Detailed Memory Map——Continued
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Address'? Description
0200 Joystick
0201 Joystick
0202 Joystick
0203 Joystick
0204 Joystick
0205 Joystick
0206 Joystick
0207 Joystick
0208 Not used
0209 Not used
020A Not used
020B Not used
020C Not used
020D Not used
020E Not used
000F Not used

0201 — READM
Bit Description

R — X Position
R — Y Position
L — X Position
L — Y Position
R Button #1
R Button #2
L Button #1
L Button #2

~NOoOOhA~,WN—=O

10. The assigned addresses are 0020 - 0021. A0, A1, and A2 = X.
11. A Write to 0200 restarts the integrator. Therefore, Write to 0201 before the port for joystick valves.

Detailed Memory Map——Continued
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0378
Bit

~NOoOOh~hwWN=2O

0379

@
-

~NoobhwWN=2O

Address12

0370
0371
0372
0373
0374
0375
0376
0377
0378
0379
037A
037B
037C
037D
037E
037F

Description

Data Bit 0 — LSB
Data Bit 1 —
Data Bit 2 —
Data Bit 3 —
Data Bit 4 —
Data Bit 5 —
Data Bit 6 —
Data Bit 7 — MSB

Description

Not used

Not used

Not used

0 = Error

1 = Printer Selected
0 = End Of Form

0 = Acknowledge
0 = Busy

Description

Not used

Not used

Not used

Not used

Not used

Not used

Not used

Not used

Printer — Data Latch
Printer — Read Status
Printer — Control Latch
Printer — Not used
Printer - Data Latch
Printer - Read Status
Printer - Control Latch
Printer — Not used

12. AD and A1 are decoded by printer logic. The assigned addresses are 0378 - 0378. A2 = X,

and X = don't care.

Detailed Memory Map——Continued
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037A (037E)
Bit

~Noohk,WN=2O

Address

3D0
3D1
302
303
3D4
305
306
307
3D8
3D9
3DA

30B
3DC
3DD
3DE
3DF

Description

Strobe

Auto FD XT
Initialize

Select Printer
Enable interrupt
Enable Output Data
Not used

Not used

O+ 0000
o nnonn

Memory Map

Not used

Not used

Not used

Not used

6845 Address Register
6845 Data Register
Not used

Not used

Mode Select Register
Color Select Register
Write Video Array Address
& Read Status

Clear Light Pen Latch
Preset Light Pen Latch
Not used

Write Video Array Data

CRT Processor Page Register

Detailed Memory Map——Continued
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Video Array13
Address (3DA)

00 Bit 0
00 Bit 1
00 Bit 2
00 Bit 3
00 Bit 4

01 Bit 0
01 Bit 1
01 Bit 2
01 Bit 3

02 Bit 0
02 Bit 1
02 Bit 2
02 Bit 3

03 Bit 0
03 Bit 1
03 Bit 2
03 Bit 3
03 Bit 4

10 — 1F Bit O
10 — 1F Bit 1
10 — 1F Bit 2
10 — 1F Bit 3

Memory Map
Video Array 3DA & 3DE

Read (3DA) 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 0
Palette Mask 1
Palette Mask 2
Palette Mask 3

Border Blue
Border Green
Border Red
Border Intensity

Not Used
Not Used
Border Enable
4 Color High Resolution
16 Color Mode

Palette Blue
Palette Green
Palette Red
Palette Intensity

13. A Read at 3DA retrieves the status of the Video Array. To write to a register within the Video
Array, first write the register address at 3DA and then write the register data at 3DE.

Detailed Memory Map——Continued
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MEMORY MAP
Address Description
3D8 Bit 0 High Resolution Clock
3D8 Bit 1 Graphics Select
3D8 Bit 2 Black And White
3D8 Bit 3 Video Enable
3D8 Bit 4 640 Dot Graphics
308 Bit 5 Blink Enable
3D9 Bit 0 Background Blue
3D9 Bit 1 Background Green
3D9 Bit 2 Background Red
3D9 Bit 3 Background Intensity
3D9 Bit 4 Foreground Intensity
3D9 Bit 5 Color Select

MEMORY MAP (3DF)

Bit Description

0 CRT Page 0

1 CRT Page 1

2 CRT Page 2

3 Processor Page 1

4 Processor Page 2

5 Processor Page 3

6 Video Address Mode 0

7 Video Address Mode 1

Address Description
03F0 DOR Register
03F0 DOR Register
03F1 DOR Register
03F2 DOR Register
03F3 DOR Register (Write Only)
03F4 FDC — Status (Read Only)
03F5 FDC — Data (R/W)
03F6 FDC — Status (Read)
03F7 FDC — Data (R/W)
03F8 Not used
03F9 Not used
03FA Not used
03FB Not used
03FC Not used
O03FD Not used
03FE Not used
O3FF Not used
Al =X
DOR A2 =0
FDC A2 = 1

Detailed Memory Map——Continued
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3F2 (WRITE ONLY)

Bit Description

Drive Select A*
Drive Select B~
0 = FDC Reset
1 = Enable DMA Redg/Interrupt
1 Drive A Motor On
1 Drive B Motor On
1 = FDC Terminal Count
Not Used

~No gk~ —=0O

*To Select Drive A: Bit 0* - Bit 1~
To Select Drive B: Bit 0 - Bit 1~

Detailed Memory Map——Continued
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256K MEMORY EXPANSION JUMPER
OPTIONS AND CONFIGURATIONS

Memory Jumper Options
Listed below are the jumper options necessary for the correct operation of the
Tandy 1000:

1. With E1-E2 jumper installed, memory on board will be 256K in size, without
a jumper at this location, memory will be 128K.

2. With E3-E4 jumpered, no DMA is present and the memory starting address
is 40000 hex. Without a jumper at this location, DMA is present and the
memory starting address is 00000 hex.

If jumper E3-E4 is present, U13 (DMA) MUST NOT BE INSTALLED.

The first memory board MUST have DMA (U113) installed regardless whether
128K or 256K of memory is present.

With two boards installed, the first memory board must be 256K. See the chart
below:

E1-E2 E3-E4
NO DMA
Jumper in 256K MEM BASE ADDRESS 40000
DMA PRESENT
Jumper out 128K MEM BASE ADDRESS 00000
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256K MEMORY EXPANSION THEORY OF OPERATION

Memory 1/0

The 256K Memory Expansion board is a byte wide (8 bits at a time) memory
array that will provide up to 256K bytes of RAM. With two fully populated RAM
boards installed the maximum RAM of 640K allowed by the system memory
map will be available. (128K on the main logic board and 512K on the two
expansion RAM boards.) Memory Timing comes from the 14.31818 MHz signal
on the bus. This signal is located at B30 on the expansion bus and is three
times the CPU’s operating frequency. This is also the operating frequency for
the clocked delay line.

A Memory Read or Memory Write command starts the memory cycle as in-
dicated by one of the RAS* (Row Address Strobe) 0,1,2, or 3 going active
low. Memory options E1-E2 and E3-E4 in conjunction with address lines
A16-A19 determines which one of the four RAS* signals goes active. The
memory command starts a clocked delay line at 30ns starting AMUX (Address
Multiplex) and WR* (Write/Read) and a full clock at 70ns for CAS* (Column
Address Strobe) due to the alignment of the memory command to OSC
(Oscillator).

The REFRESH signal identifies the MR™ (Memory Read) signal that follows as
a REFRESH cycle. REFRESH cycles have all four RAS™ signals active
simultaneously. No AMUX™* or CAS™ signals go active during a REFRESH cycle.

The Dynamic Memory lines between AO-A7 and A8-A15 are multiplexed by
U6 and U10 with the normal state buffering A0-A7 to the dynamic memory array.

Direct Memory Access Controller

The DMA Controller U13 is a four channel device. Each channel is dedicated
to a specific 1/0O function via a REQUEST/ACKNOWLEDGE handshake. The
Controller transfers data between the particular 1/0 function and memory by
emulation. The CPU read and write strobes the transfer from source to destina-
tion which takes place on the same cycle thus increasing through put.

A block diagram of the DMA function is shown in Figure 15. During DMA opera-
tion the DMA Controller is bus master and generates the bus address (A0-A19
and the required memory at /O read/write strobe pairs. (MEMORY READ -
1/O WRITE or I/O READ - MEMORY WRITE). The DMA Controller is also an
1/O function. It is through this port that the DMA transfer parameters are pro-
grammed (start address, transfer count, etc.).

The controller occupies sixteen contiguous addresses (A0 thru AF). Because
the controller can only output sixteen address bits, a four bit address exten-
sion register is required to allow DMA addressing capability to the entire one
megabyte memory address space. The address extension register resides at
a separate peripheral address of 080 - 083 hex.
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For programming purposes, what is written on data lines DO-D3 to the address
extension register will come out on address lines A16-A19 respectively during
the appropriate DMA cycles. The following is a list of DMA Channels:

Register 80 Not Used

Register 81 Channel 2

Register 82 DMA Channel 3
Register 83 DMA Channels 0 and 1

The DMA Controller (Channel 0) is dedicated to memory refresh. The Chan-
nel 0 request line is tied to a flip-flop (U115 on the main logic board) that is
pulsed at 15us intervals. The DMA acknowledge line for Channel 0 (REFRESH)
clears the flip-flop and instructs the system that the memory cycle in progress
is a refresh cycle. The DMA Controller is programmed to step sequentially
through memory addresses so that all 256 rows will be refreshed. DMA
Channel 2 is assigned to the Floppy Disk Controller. DMA Channels 1 and
3 are uncommitted and are available on the bus.

The DMA Controller multiplexes data bits DO-D7 with address bits A8-A15.
The presence of address information on these lines is indicated by a ADSTB
(Address Strobe) being high. The falling edge of ADSTB latches address data
into a 74LS373 (U14) latch. U14 is then enabled for output by a DMAAEN*
(DMA Address Enable), output by the DMA Controlier during DMA cycles.
DMAAEN™ also enables U16 (74LS125), buffering A4-A7, U18 (74LS670),
A16,A19,U15 (741.5245), AD-A3, memory read, memory write, 1/O read and
I/0 write.

DMAAEN* is used by U9 (825153 IFL) to enable the data buffer U17 (74LS245)
during DMA as well as during memory and I/O accesses to the board by the
CPU.

U12 (74L.S74) and U51 (74L.S00) perform two functions. First the DMA Con-
troller synchronizes READY to its input clock. Secondly, in order to mimic the
CPU during DMA cycles, one wait state is inserted during either IOR* or IOW™*,
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MEMORY
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INTRODUCTION TO RS-232 ASYNCHRONOUS
COMMUNICATION BOARD

The RS-232 board is a single-channel asynchronous serial communications
board. The heart of the board is the WD8250 Asynchronous Communications
Element (ACE), that functions as a serial data input/output interface. It performs
serial-to-parallel conversion on data characters received from a peripheral
device or a modem, and parallel-to-serial conversion on data characters re-
ceived from the CPU. Status information reported includes the type and con-
dition of the transfer operations performed by the ACE as well as any error
conditions. The WD8250 includes a programmable baud rate generator that
allows operation from 50 to 9600 baud. The WD8250 can be software tailored
to the user’s requirements. It will add and remove start bits, stop bits, and parity
bits. It supports 5-, 6-, 7-, or 8- bit characters with 1, 12, or 2 stop bits.
Diagnostic capabilities provide loopback functions of transmit/receive and in-
put/output signals. Other features include:

e Full double buffering which eliminates the need for precise
synchronization.

¢ Independent receiver clock input.
e False start bit detection.
o Line break generation and detection.

¢ Modem control functions: Clear To Send (CTS), Request To Send
(RTS), Data Set Ready (DRS), Data Terminal Ready (DTR), Ring
Indicator (RI), and Carrier Detect (CD).
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Theory of Operation for RS-232

The RS-232 asynchronous communications board has various modes of opera-
tion that can be selected by programming the WD8250 ACE. The WD8250
is programmed by selecting the 1/0 address (3F8 to 3FE primary, and 2FB
to 2FE secondary), and writing data out to the board. Address bits A0, A1,
and A2 are used to define the modes of operation by selecting the different
registers. The selection of certain registers is done by using the divisor latch
access bit (Bit 7) of the line control register.

One interrupt is provided to the system for IRQ4 for primary operation, and
IRQ3 for secondary operation. This interrupt is active high. Bit 3 of the modem
control register must be set high in order to send interrupts to the system. When
this bit is high, any interrupts allowed by the interrupt enable register will cause
an interrupt.

Refer to Figure 16 for the Functional Pin Definitions, and Figures 17 and 18
for Timing Diagrams of the WD8250.

Figure 19 shows the Block Diagram for the RS-232 Adapter.
Figure 20 shows the Functional Pin Definitions for the 825153 IFL.
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PiN T
NUMBER | PIN NAME SYMBOL FUNCTION

18 DATABUS DO-D7  [3-state input/outpul lines. B:-d‘rreclmm
munication lines between WD8250 and Data Bus.
All assembled data TX and RX, control words, and
status information are transferred via the DO-D7
data bus.

9 RECEIVECLK RCLK This input is the 16X baud rate clock for the
receiver seclion of the chip (may be tied to
BAUDOUT pin 15)

10 SERIAL INPUT SIN Received Serial Data In from the comminications
link (Peripheral device, modem or data set),

1 SERIALOUTPUT SOuT Transmitted Serial Data Out to the communication
link. The SOUT signal is set to a (logic 1) marking
condition upon a MASTER RESET.

12 CHIP SELECT CSs0 When CS0 and CS1 are high, and CS2 is low, chip

13 CHIP SELECT cs1 is selected. Selection is complete when the ad-

14 CHIP SELECT CS2 dress strobe ADS latches the chip select signals.

15 BAUDOUT BAUDOUT]| 16X clock signal for the transmitter section of the
WDB8250. The clock rate is equal to the oscillator
frequency divided by the divisor loaded into the
divisor latches. The BAUDOUT signal may be used
to clock the receiver by tying to (pin 9) RCLK.

16 EXTERNALCLOCKIN | XTAL1 These pins connect the crystal or signal clock to

17 EXTERNAL CLOCK OUT| XTAL 2 the WDB250 baud rate divisor circuit.

18 DATA OUT STROBE DOSTR When the chip has been selected, alow DOSTR or

19 DATA OUT STROBE DOSTR high DOSTR will latch data into the selected
WDB8250 register (a CPU write). Only one of these
lines need be used. Tie unused line to its inactive
state. DOSTR — high or DOSTR — low.

20 GROUND Vss System signal ground

21 DATA IN STROBE DISTR When chip has been selected, a low DISTR or high

22 DATA IN STROBE DISTR DISTR will allow a read of the selected WD8250
register (a CPU read). Only one of these lines need
be used. Tie unused line to its inactive state
DISTR — highor DISTR — low.

23 DRIVER DISABLE DDIS Output goes low whenever data is being read from
the WDB250. Can be used to reverse data direction
of external transceiver.

24 CHIP SELECT OUT csout Output goes high when chip is selected. No data
transfer can be initiated untit CSOUT is high.

25 ADDRESS STROBE ADS When low, provides latching for register. Select

(A0, A1, A2) and chip select (CS0, CS1, CS2)
NOTE: An active ADS signal is required when the
Register Sefect (A0, A1, A2) signals are not stable
for the duration of a read or write operation. If not
required, the ADS input can be tied permanently
low.

26 REGISTERSELECT A2 { A2 These three inputs are used to select a WDB250

27 REGISTER SELECT A1 Al internal register during a data read or write.

28 REGISTERSELECT A0 | AD

29 NO CONNECT NC No Connect

30 INTERRUPT INTRPT | Output goes high whenever an enabled interrupt
is pending.

31 OUTPUT 2 ouT2 User-designated output that can be programmed
by Bit 3 of the modem control register = 1,
causes OUT2 to go low.

32 REQUEST TO SEND RT Output when low informs the modem or data set
that the WDB8250 is ready to transmit data.

33 DATA TERMINAL DTR Output when low informs the modem or data set

READY that the WD8250 is ready to communicate.

34 OUTPUT 1 ouTt o
1 causes OUT1 to go low.

35 MASTER RESET MR When high clears the registers to states

36 CLEARTO SEND CTs Input from DCE indicating remote device is ready
to transmit.

37 DATA SET READY DSR Input from DCE used to indicate the status of the
local data set.

38 RECEIVED LINE RSLD Input from DCE indicating that it is receiving a

SIGNAL DETECT signal which meets its signal quality conditions.

39 RING INDICATOR Al Input, when low, indicates that a ringing signal is

being received by the modem or data set.
4 +5V vee + 5 Volt Supply.
Figure 16
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Figure 19
RS-232 Asynchronous Communications Adapter Block Diagram
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82S153 IFL Pin Descriptions

PIN
NUMBER | PIN NAME | SYMBOL FUNCTION

1 ADDRESS AEN Indicates DMA cycle when high,

ENABLE CPU cycle when low.
2-8 ADDRESS A3-A9 |These address lines are used for
LINES decoding the address space
2F8-2FF (secondary) or 3F8-3FF
(primary).

9 SECONDARY| IORQ3 |Sends interrupts to the CPU while
INTERRUPT operating in the secondary
REQUEST address

space.

10 GROUND

11 PRIMARY IORQ4 | Sends interrupts to the CPU while
INTERRUPT operating in the primary
REQUEST address space.

12 PRIMARY OR| P or S |An input that determines which
SECONDARY address space will be used.
UARTS Primary (3F8-3FF) when high or

secondary (2F8-2FF) when low.

13 UART INT Receives interrupt signal from
INTERRUPT the 8250.

14 UART CHIP ucCs Enables the 8250 ACE when low.
SELECT

15 NOT USED

16 NOT USED

17 DATA CHIP DCS Enables the data bus buffers
SELECT when low.

18 NOT USED

19 NOT USED

20 VCC

Figure 20
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INTRODUCTION TO THE 300 BAUD MODEM

The 300 baud modem is a plug-in option for the Tandy 1000. This modem
is an auto answer-auto originate device with tone and pulse-type dialer cir-
cuitry. See Figure 21. It is controlled by a 6805 single-chip microprocessor
(U7), and simple ASCIl commands control the operation of the modem.

These ASCIl commands are supplied through the on-board UART. The UART
converts parallel commands to serial data for the modem. The microprocessor
converts the serial data into parallel data and controls the modem using the
input/output ports.

The modem circuitry is divided into six major subsections:

Modem filter

Carrier detect section
UART

Microprocessor section
Tone dialer section
Telephone interface section
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Theory of Operation for the 300 Baud Modem
Modem Filter

The modem filter section consists of U3, parts of U9 and U6, and the modem
chip U1. U3 is an MC145440 filter chip. It contains two switched capacitor
filters and an operational amplifier. Depending on the mode of operation, one
filter processes the receive carrier, while the other filter processes the transmit
carrier. The operational amplifier is used as a duplexer. This device allows
transmit carrier to be ampilified to the telephone interface transformer but not
to the receive side of the filter.

The filter chip is powered by +5.0 volts from the computer’'s main power supply.
Internal circuitry generates a false ground at Pin 5, which is one-half the Vcc
power of the chip. All signals within the filter chip swing around this level. The
false ground is shown as a chassis ground symbol on the schematic, and the
true ground (0.0 VDC) is shown with a signal ground symbol (a triangle).

U3 uses a 4.00 MHz (Y1) crystal to generate an internal clock. The frequency
is also divided by 4 to generate a 1.00 MHz clock for the modem chip. This
clock reference is supplied at Pin 11 of U3.

Transmit Section

Serial data from the UART is supplied at Pin 11 of U8. The modem chip, U1,
frequency modulates the high and low state of the input at Pin 11 and generates
transmit carrier. Transmit carrier is supplied to the filter from Pin 9 of U1. A
digitally-generated sine wave is produced at this pin and is DC decoupled by
C2. R1, a 10K pot, adjusts the level of transmitter carrier to the filter chip at
Pin 2. The signal is passed through summing amplifier U2 and applied to the
duplexer input. R3 passes most of the signal energy to C1 and on to the secon-
dary of T1.

Receive Section

The receive carrier passes through T1 and is applied to pin 17. Transmit car-
rier is sensed at pin 15 of U3 and is subtracted from the smaller received car-
rier by the duplexer op-amp in U3. The duplexer’s output is at Pin 16, and
the receive filter input is tied to this pin. Once the receive carrier is processed
by the receive filter, the output at Pin 14 is decoupled away from false ground
by C13 and allowed to swing arouna system ground. R16, R21, and part of
U6 give about 10 dB of gain, and the received carrier is filtered by R29 and
C23. C22 decouples the signal back to the false ground reference, and the
signal is applied to the limiter, U9. After being squared by the limiter, the modem
chip U1 detects any FSK activity and generates a serial output for the UART
at pin 7.
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Carrier Detect

The carrier signal from the receive side of the modem filter is measured to deter-
mine whether there is sufficient strength to allow error-free communications.
Once the receive carrier is amplified by U6, C21 decouples the signal, and
it is applied to a half-wave amplifier rectifier U6. Using a gain of aimost 4, this
op-amp circuit passes through the positive half of the carrier signal to a filter
capacitor. CRE passes the posttive half of the carrier, while CR5 “shorts out”
the negative half.

C2D filters resulting positive DC signal, and the resulting voltage is compared
to a reference voltage at Pin 7 of U9. R19 and R20 hold this voltage to about
0.8 Volts. At Pin 6 of U9, Pin 1 changes from a high voltage to a low voltage.
R32 and Pin 8 of U9 make up another voltage comparator, but notice that
this time, the positive input to the comparator is referenced at false ground
(2.5 volts). When the voltage at R32 falls below 2.5 volts, the output at Pin 14
of U9 goes from a low to a high. This output is designed to ‘‘short out’” the
output of the limiter at Pin 2. When Pin 14 goes high, it actually forces a tran-
sistor to turn off and allow limited carrier to be applied to Pin 1 of U1. Of course,
if there are fewer than 0.8 volts at Pin 6 of U9, Pin 14 keeps the limited output
shorted, and there is no received FSK for U1 to demodulate.

Unlike other modems, the carrier detect level at Pin 1 of U9 is not directed
to a voltage translator for use at Pin 8 of the RS-232 connector. Instead, the
300 baud modem signals the microprocessor with the carrier detect signal,
applying the output of U9 to Pin 26 of U7. The microprocessor makes the deci-
sion and controls Pin 38 of the UART at the proper time.

UART Section

The UART section consists of U8 (the UART), its crystal Y2, a transmission
buffer U12, and a gate array U11. In operation, the 1000 port is connected
to these 3 devices. Depending on the selection of jumper plug E1-3, the primary
or secondary serial channel addresses are decoded by U11. Bus data is swit-
ched by U12. The UART controls its direction at Pin 1, and the gate array U11
controls the master enable. U8 operates just like any UART in that it converts
parallel data from the port into serial data for the modem’s microprocessor.
Notice that DTR is not used for this modem.
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Microprocessor Section

The 6805 microprocessor has 1024 bytes of ROM and 64 bytes of RAM. It
communicates with the user by using the serial inputs and outputs supplied
by the RS-232 connector. It also controls all protocol timing and telephone
signaling.

U7 receives a 4.00 MHz clock reference from the filter crystal. The crystal is
tapped at Pin 8 of U3 and is not buffered. When power is applied to the modem
and capacitor C26 charges high, the microprocessor starts its internal control
program.

Serial input from the UART interface is applied to the microprocessor’s inter-
rupt input at Pin 2. When the microprocessor is echoing commands or listing
user options, it signals Pin 12 in a serial manner. Because two inputs must
share one line of the UART, R15 is used as a resistive multiplexer. The output
of U1 Pin 7 cannot be made to “‘turn off.”” Hence, it might have a low voltage
at this pin. R15 isolates the microprocessor’s output from the modem chip’s
output. If U1 Pin 7 is low, a high at Pin 12 of U7 supplies current to R15 and
to the UART. Even though the low at Pin 7 of U1 somewhat loads the output
at Pin 28 of U7, there is still sufficient voltage to supply U8 with the proper
high level signal.

When the modem is in an ON-LINE condition, Pin 12 of U7 is configured as
an input pin. At this time, the microprocessor is monitoring any data being
received by the modem. Since R15 is not driven high by pin 12 any more,
the normal transitions on Pin 7 of U1 control the translation of signals at Pin
38 of U8.

The microprocessor is at the same time controlling the relays in the telephone
interface. K2 determines whether or not the modem is connected to the
telephone line. It is controlled by the microprocessor through relay drive U4,
Pins 12 and 13. K1 is used during pulse dialing. It is controlled by relay driver
U4, Pins 1 and 14. The diodes across the two relay coils prevent counter-EMF
chatter and protect the driver from any high voltage spikes.

Tone Dialer Section

The tone dialer chip U10 controls the telephone interface circuitry using tone
signaling. This chip has its own crystal (Y3, a 3.579545 MHz device). A binary
coded decimal number is applied to the BCD input of this chip by U7. When
Pins 10, 11, 12, and 13 have a digit applied to them, the microprocessor sup-
plies a timed high signal to Pin 15. This high enables the tone generator, and
Pin 17 outputs a digitally-generated sine wave of the proper frequency.

The tone output is DC decoupled by C24, forcing it to swing around system
ground. U2, along with R17 and R4, amplifies the tone signal by a factor of
4 and applies it to the same duplexer used by the modem transmit carrier.
(There is no carrier at this time.) Once it passes through the transformer, it is
applied to the telephone line.
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Telephone Interface Section

The telephone interface section consists of a coupling transformer, two sets
of relay contacts, transient suppressors, and a ring detector.

The coupling transformer isolates modem ground and passes tone signals
through in both directions. It also protects the telephone line from high voltage
due to its breakdown characteristics.

As mentioned before, K2 is the hook relay, and K1 is the pulse dial relay. When
the modem is ON-LINE, K2 is on, shorting out Pins 1 and 8. (Also notice that
it shorts out 9 and 15.) Assuming that you are not pulse dialing at this time,
K1 is not active, and a connection occurs between the contacts of K2 and
the primary of T1.

When the modem pulse dials, K1 switches on and off, breaking and making
the T1 connection to TIP and RING. The Central Office detects these makes
and breaks, and the number is pulse-dialed. R9 and C36 form a stubbing net-
work for protection of K1’s contacts. CR2 prevents harmful voltage transients
from being passed to the telephone line.

Bridge rectifier CR8 accomplishes ring detection. When ring voltage is applied
to TIP and RING, CR8 full-wave rectifies the sine wave and applies DC to filter
C12. This voltage is allowed to turn on transistor Q1 which, in turn, lights the
LED within opto-isolator U5. The transistor inside U5 follows the pulsating ring
voltage and outputs a 5.0 voit square wave to Pin 19 of the microprocessor.
The microprocessor makes the decision whether or not to activate K2 and
answer the call.
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TANDY 1000 MOUSE/CLOCK/CALENDAR

Introduction

The Mouse Clock/Calendar Board interfaces the DIGI—Mouse pointing device
(Cat. No. 26-1197) to the Tandy 1000. The application programs that require
the DIGI-Mouse pointing device can be used on the Tandy 1000. Also the bat-
tery backed clock/calendar allows the user to run the software provided on
the diskette that comes with the owner’s manual.

Specifications

Dimensions:  Standard half size board (5 x 4.2 inches).

Battery: 3.0-Volt Lithium coin cell, type 2320 (Cat. No. 23-163). The
battery life is one year.

Processor: 8042 8-bit single chip processor.
Clock Speed: 7.16 MHz

Ambient Temperature Range:
55° 10 95° F (12° to 35° C)

Storage Temperature Range:
—40° to +160° F (-40° to 71° C)

Theory of Operation (Hardware)
Look at the block diagram (Figure 22) while reading the information below.

Bus I/F

Data, address, and control signals of the 1000 interface bus are buffered by
U9 (an octal bus transceiver) and U7 (an octal buffer/line driver with 3-state
outputs).

Chip Select and Reset Logic

The address lines are decoded by U2, U5, and U6. When the 1000 writes
or reads to Ports 2FC or 2FE, a chip select signal is generated at Pin 6 of U2.
The cip select controls U9 (the data buffer) and U3 (the 8042 processor).

During DMA cycles, the AEN signal from the 1000 bus, disables the chip select
signal at Pin 1 of U7. An active AEN signal disables the 1Y outputs of U7,
causing the A08 signal from Pin 12 of U7 to float and to be pulled high by
R20. U5 then inverts the A08 signal, ensuring that the chip select is disabled
during DMA.
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One half of U1 (a dual D-type flip-flop) is used in a *‘divide by 2"’ configuration.
The 14.32 MHz oscillator signal from the 1000 interface bus is divided in half
for a clock speed of 7.14 MHz, to be used by the 8042 processor. The 7.14
MHz clock is at Pin 5 of U1.

The other half of U1 is used as a reset latch. A reset signal is provided for
the 8042 processor by ORing together the System Reset signal from the com-
puter interface bus and the signal from the reset latch at Pin 11 of U2. The
8042 processor can be reset by a system reset or a write to I/0 port 2FF. A
write to 1/O port 2FD clears the reset signal.

8042 Processor

In the heart of the option board is the 8042 processor (U3). This processor
acts as an input port for serial information from the DIGI-Mouse and the
Clock/Calendar chip (U8). It then translates this information to a paraliel for-
mat and controls its transfer to the computer interface bus. The Clock/
Calendar option board uses interrupt request IR3 to inform the 1000 when it
is ready to transfer data.

DIGI-Mouse Buffers and Filters

A 9-Pin DB jack at J2 connects the DIGI-Mouse to the clock/calendar board.
RC filtering is used to reduce noise in the inputs. U4 (a CMOS hex schmitt
trigger) provides further buffering and waveshaping of the DIGI-Mouse inputs,
which are interfaced to the processor chip through its peripheral port bits P10
to P16.

Clock Chip

The Phillips-Signetics Clock/Calendar Chip (U8) interfaces directly to U3 at its
peripheral port bits P17, P20-P23, and P27. The time base for the clock ship
is a 32.768KHz crystal, which is similar to that found in watches. The battery
MUST be installed for the clock function to work. When a power failure oc-
curs, the chip indicates this by sending a low-battery signal (POWF) to the 8042
processor.

Theory of Operation (Software)

User specifications:

e The motion sensor is oriented with the connecting cable and buttons
pointing away from the user, the positive x axis extends to the right and
the positive y axis extends toward the user.

* Maximum motion allowed before it is detected is 1/80 of an inch along
either axis. This distance is called a mickey.

e The minimum unit of time for the Clock/Calendar chip is 1 minute. Max-
imum accuracy is + V2 minute. The units of time accepted by the chip
are minutes, (24) hours, day of month, and month.
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DIGI-Mouse/Clock Controller Board
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e There are 3 modes for the mouse’s motion data and button data that
can be transfered to the host: the internal timed data poll mode, the event
data poll mode, and the host request data poll mode.

e To communicate with the clock/calendar chip, the user employs the set
time command and a read time command.

I/0O Ports used by the Clock/Calendar Board:

8042 Data Port 2FC
8042 Command/Status Port 2FE
8042 Set RESET 8042 Port 2FF
8042 Clear RESET 8042 Port 2FD

Layout of the 8042's status port (2FE):
Read by the 8088:

Bit #0 = Output register full flag 1 =full

Bit #1 = Input register full flag 1=full

Bit #2 = FO flag - not used

Bit #3 = F1 flag - command flag 1=button up

Bit #4 = Primary button status 1 =button up

Bit #5 = Secondary button status 1=button up

Bit #6 = Tertiary button status 1 =button up

Bit #7 = Calendar power status  1=power has failed

Written to by the 8088:

This is the same as for the data written to Data Port 2FC, except the F1 (com-
mand) flag in 8042’s status port is set.

Output:

When sending data or commands from the 8088 to the 8042, the following
procedure must be used:

1. Check the status port (2FE) of the 8042 to see if the input port full flag is
set (Bit 1).

2. Ifthe flag is set, wait until the 8042 clears it. If it is not cleared within 1 millise-
cond, reset the 8042 chip because it is locked up.

3. If the flag is clear, proceed.

4. Check the length of the command. If it is equal to 1, then send the data
to 2FE, and stop here.

5. If the length equals 2 or more, then send the data to 2FC, and proceed.

6. Wait until the input port full flag is cleared by the 8042 before sending the
next byte of data.

7. When the length equals 1, send it to 2FE, and stop here.
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Formats of Commands to the 8042:

Command Header Data

Set Time 01 All data must be in BCD format.
1st byte = minutes.
2nd byte = hurs (24 hour clock).
3rd byte = day of the montth.
4th byte = month.

Read Time 02 None
Returns data packet "R".

Set Mouse 08 Output is 2 bytes.

Motion Interrupt 0 = disable function.

1 — 255 = net number of “mickeys”
to be moved before interrupt is

and triggered.
Returns data packet “M”.

Button Interrupt 0 = disable function.
1 — 255 = enable function
Returns data packet “B".

Set Timer 20 Outputs 1 byte of data
Interrupt 0 = disable function.
1 — 255 = enable function
Returns data packet “A”.

(Timer is set to interrupt approximately 40 times per second if the data is
available to send.)

What is happening:

The 8042 is interrupted every time data is written to the input port 2FC (or 2FE,
which set the command flag). The 8042 moves the data from the input register
into the input buffer and increments a counter. It then returns to the point in
the mouse data sampling and processing cycle at the point of interruption.

During each cycle, the 8042 checks the command flag to see if a command
has been received. If the command flag is set, the 8042 checks the header
byte to determine which command is in its input buffer. It then compares the
counter to the number of bytes in that command. If any of these tests fails,
the 8042 resets the pointer to the input buffer, clears the counter and the com-
mand flag, and continues with its normal cycle. If all the ttests succeed, the
8042 jumps to the routine that handles that command. Each command has
the requirement to reset the buffer pointer, the counter, the command flag and
then return control to the normal process.
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Input:

Data transfer between the 8042 and the main processor (8088) uses the inter-
rupt mode, the poll mode, or both. the 8042 interrupts the 8088 by toggling
Port 2, Bit 4, which is connected through a buffer to the 8259A interrupt con-
troller chip. The clock/calendar board uses IR3 as an interrupt. Internally, the
8042 knows if the 8088 has read/written a byte from/to it by checking the status
of the OBF/IBF flags. Three procedures are available to transfer the data from
the 8042 to the 8088. They are discussed below.

Mode 1: Full interrupt mode

This mode uses the interrupt line to signal each byte to e transmitted. As each
byte is transmitted, the common procedure below is executed except Mode
3 must have the latched interrupt cleared after each byte is processed. This
mode may be the fastest mode when only the clock interrupt is actively being
triggered.

Mode 2: Initial interrupt and poll mode

This mode uses the interrupt line to signal the start of a data packet, and polls
the rest of the packet. It clears the latched interrupt only after all the data packet
is transmitted. it uses the common procedure outlined below.

Mode 3: Poll only mode

This mode does not use the interrupt signal at all. it uses only the output register
full flag in the 8042’s status register (Port 2FE).

Common procedure:
The 8088 must have the following initialized before any interrupt mode is used:

e A hardware interrupt vector at 002C.
e An interrupt controller at port 21 (ANDed with a F7).

The 8042 has a data packet set up in its output buffer and begins transmitting
by placing the “header” into the output register (Port 2FC). Placing the header
byte into the output register sets the output register full flag in the status register
(Port 2FE, Bit 0) and sends a signal on the interrupt line to the 8088 (via the
8259). The 8042 begins its normal processing cycle, testing the output register
full flag on each cycle.

If the flag is set, the 8042 sends another signal on the interrupt line. If the flag
is cleared and the packet still continues to send, the 8042 places the next data
byte into the output register and sends a signal on the interrupt line to the 8088.
If the flag is cleared and the data packet is empty, the 8042 does NOT send
an interrupt signal, but continues with its normal processing.
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On the 8088 side, the “‘mouse’’ interrupt has a priority behind the 8253 timer,
keyboard, and hard disk. This means that when the interrupt enters its routine,
the higher-level interrupts are enabled. The interrupt handler routine should
do all the following:

e Ensure that the 8042 is generating the interrupt by placing a data byte
in its output register.

¢ Identify the type of data packet by its ““header” byte and switch to the
appropriate routine when the entire data packet is received.

o After the data packet is processed, clear or reset the buffer pointers,
counters and the latched interrupt.

Format of Data Packets from the 8042:

Data Packet Header Data

Mouse data 4 bytes of data

All data “A” 1st byte = MSB of Delta x
Motion data only “M” 2nd byte = LSB of Delta x

3rd byte = MSB of Delta y

4th byte = LSB of Delta y

(The button data is found in the status register (Port 2FE.)

Mouse data none

Button data only “B” data found in status register (Port
2FE bits # 4, 5, 6)

Read time data “R” 4 bytes of data in BCD format
1st byte = minutes
2nd byte = hours (24-hour clock)

3rd byte = day of month
4th byte = month

Initialization Procedures of 8088:
The following hardware and software interrupts should be initialized:

Description Address Type

Hardware interrupt vector (INT 0B) 002C Doubleword Pointer
Application interrupt vector (INT 33) 00CC Doubleword Pointer
Hardware interrupt controller (IR3) Port 21 (reset Bit 3)

Video display interrupt (INT 10) 0040 Doubleword Pointer

Operation of the Clock/Calendar:

When the 8042 receives either the Set Time or Read Time command, it shuts
off all other operations until it is finished with the command. All the resources
of the 8042 are required to communicate with the clock/calendar chip.

In the Set Time command, the 8042 breaks up the 4 bytes of time data into
4 packets and sends them serially a bit at a time. Upon completion, the 8042
resumes normal operation.
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In the Read Time command, the 8042 sets up bit serial communications with
the clock/calendar chip and builds 4 time data packets. The 4 packets are
converted to bytes and placed in the output buffer behind the “R” header
byte. The 8042 sets up a Read Time data packet to be sent to the 8088 and
returns to normal operation.

If the power fails, bit data is set in the status register (Port 2FE Bit 7). First,
check to see if the power failure is temporary. (Perhaps the battery lost con-
tact with the clock circuit because of a bump or jarring of the equipment.) To
check for temporary failure, issue a Set Time command. If the power failure
bit is set to zero everything is normal. If the power fialure bit is not reset, then
the battery either is dead or is dislodged from its holder clip. After replacing
or resetting the battery, issue the Set Time command to ensure proper
operation.

Operation of the 8042:

Upon power up/RESET, the 8042 initializes the system by zeroing all RAM and
clearing all flags, ports, and registers. It then sets up the default conditions
and enters the normal mouse data procesing cycle, which follows:

1. The 8042 takes a copy of the Mouse/Clock/Calendar data port (P1) and
saves copy.

2. It then checks to see if there is any change in the status of the buttons.
If there is, the 8042 sends a copy to the status register.

3. Next, the 8042 determines the Delta x changes or Delta y changes. Both
Deltas use the same process.

4. The 8042 retrieves the copy of Port P1 and compares the bit pattern of
xA and xB to the old copy to see if any changes have occured. If a change
has occured then, the 8042 determines whether the change is +1, —1,
or null. (Null occurs when the 8042 misses 2 state changes of xA and xB.)

5. The Delta x (or y) working accumulator +32735 units) is then either in-
cremented or decremented respectively. A null result does not affect the
accumulators.

6. Atthis point, the 8042 checks the event-triggered data polls for motion and
button data. If either occurred, then the 8042 transfers the values in the
working accumulators to the output buffer behind the appropriate header
byte and clears the working accumulators to zero. If not, then the 8042
checks to see if any input from the 8088 has been received by checking
the F1 command flag. If there is input in the input buffer, the 8042 tests
the header to see which bit is “‘on’’ and jumps to the routine that handles
that command.

7. After checking for input, the 8042 then checks the internal timer to see if
anything has timed out. Two items are connected to the timer flag, the 8042
and the timed data transfer interrupt. All outputs to the 8088 are tied to the
timer. Each time the timer times out, the 8042 checks the output register
full flag to see if it is set.
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If the flag is set, the 8042 sends off a signal on the interrupt line to the 8088,
resets the timer, and returns to normal operation. The 8042 checks to see if
it needs to send any more data. If it does, it moves the next data byte to the
output register, sends a signal on the interrupt line, and returns to normal opera-
tions. If the output buffer is empty, the 8042 simply returns to normal opera-
tion. Connected to the timer is the timed data transfer interrupt. When the timer
interrupt is enabled, the 8042 also checks to see if the timer has timed out.
If it has, then the 8042 transfers the mouse data from the working accumulators
to the output buffer behind the header byte and ships it to the 8088. It then
clears the working accumulators and returns to the start of the cycle.
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KEYBOARD ASSEMBLY

The Tandy 1000 has a 90-key keyboard that includes 12 function keys, a
numeric keypad, and special purpose keys for paging. The keyboard is con-
nected to the Main Unit by a coiled cable and operated at a maximum distance
of 4 feet from the main unit. Figure 23 shows the interconnecting cable con-
nector to the keyboard assembly. The cable assembly can be disconnected
from the keyboard assembly during repair.

Ji

—_— | DATA
_12 RESET
TO MICRO 3
PROCESSOR
a— CLOCK
ER— BUSY
t5
5 vce
2,456 -I- cl J—-
.033uF T 4.7pFT
6 GND

Keyboard Assembly Connector
Figure 23
Keyboard Specifications

The keyboard is fully encoded with microprocessor control, and requires +5
VDC supplied from the Main Unit.

1. Key Type — all keys generate ‘““make” and "‘break’” codes. See the Key
Code Chart. Break codes are formed by adding 80H to the make code.
Keys 49 and 71 have alternate action that ‘makes’ on one actuation of
the key and ‘‘breaks’” on succeeding actuation. No code is generated for
these two keys when the key is released.

2. Number of Keys — 90
3. Repeat Strobe — there is a repeat strobe of 66 to 111 mSec when any key

is depressed for more than 1 second, with the exception of SHIFT, CTRL,
CAPS, ENTER, and NUMBER LOCK.
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Key Code Chart

Key Number

OONOO O W =

2@

| QO OND O AW
~ -~ %o )\Ogegm:

= +
BACKSPACE
ALT

PRINT

7 (backslash)
8 (Tilde)

9 PG UP
TAB

T CXAITM=EO0

Scan Code
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Key Number Legend Scan Code
46 {1 1A
47 }] 1B
48 HOLD 46
49 NUM LOCK 45
50 4 4B
51 5 4C
52 6 4D
53 CTRL 1D
54 A 1E
55 S 1F
56 D 20
57 F 21
58 G 22
59 H 23
60 J 24
61 K 25
62 L 26
63 L 27
64 o 28
65 ENTER 1iC
66 29
67 HOME 58
68 1 END 4F
69 2 (Grave) 50
70 3 PG DN 51
71 CAPS 3A
72 SHIFT 2A
73 VA 2C
74 X 2D
75 C 2E
76 v 2F
77 B 30
78 N 31
79 M 32
80 . < 33
81 T 34
82 /7? 35
83 SHIFT 36
84 2B
85 4A
86 4
87 0 52
88 56
89 ENTER 57

90 (Space Key)
91 thru 95 — reserved for Internat |onal
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Keyboard Timing
Figure 24 is the timing chart for the Tandy 1000 Keyboard Assembly.

END OF DATA

PULSE
DATA LS8 MSB ;
by Ea - = -~ - B e hal S B A A
(FROM KEYBOARD) | ' 1 ] ( ) | [ { | | 1 ] |

L-J L_J w_J [ E—— L_J | S| L L-J

{FROM KEYBOARD)

BUSY
(FROM COMPUTER}
——'3 -‘—fs — ] -4._'8

'I hen— B | b--—'2 i | '4 —— &—_1_’
t -~ 10.4S MIN 15~ 1 A4S MIN
t2- 1 A4S MIN te— | A4S MIN
t3- 1 A4S MIN t7— | A4S MIN
| t3-1.45 MIN tg— 1. AS MAX

Keyboard Assembly Timing Chart

Figure 24
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Keyboard Layout

Shown below is the keyboard layout and number designation of the keys on
the Tandy 1000 keyboard. They should be used with the Key Code Chart for

determining data value transmitted by the keyboard.

Fi {F2 | F3 | Fa ‘ F5 l 6 F?J F8 F9 | Fl0 an [mz INSERT {DELETE [BREAK
¥ =
rTeTa T e[ ]aB]*]¢ + | sack V[~ fee. up
ESC l 1 ] 2 3 I 4 I 5 6 1 7 8 9 @ | = | a |sPacE | ALT [PRINT} 7 8 9
{ 1 i '
TAB Q | w E R T |y u 1 0 P t 3 HoLo| NUM. | 1 5 6
LocK | 4
CTRL Als (o | Fle|w [ ol o | s || ener | [rome END ; PGSDN
[= <T> T2
SHIFT | 2 X c|v B | N | M s Jo|sHET =y | = | @ | - |enTer

Figure 25. Keyboard Identification

NOTE! KEYS 9l THRU 95 NOT USED ON U. 5. VERSION, USED ON
INTERNATIONAL VERSION ONLY

Figure 26. Key Number Identification
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Figure 27
Tandy 1000 Keyboard
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APPENDICES

The following sections contain reprints of manufacturer's documentation of com-
ponents used in the Tandy 1000.

Tandy Corporation gratefully acknowledges permission by the following to
reprint their copyrighted material in this manual.

Teac Corporation
3-7-3 Naka-Cho
Musashimo, Tokyo, Japan

IBM PC® and IBM PCjr™
P.O. Box 1328-W
Boac Raton, Florida 33432

Motorota Semiconductors
5005 E. McDowell Road
Phoenix, Arizona 85008

Intel Corporation
3065 Bowers Avenue
Santa Clara, California 95051

Texas Instruments
P.O. Box 1087
Richardson, Texas 75080
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IBM PC IBM PCjr TANDY 1000

o000 8237A-5 DMA CONTROLLER 8237A-5 DMA CONTROLLER

1

2

3

4

5

6

7 (32 PORTS THRU 0Q1F)

8

9

A

B

C

D

E
9 0 0F 8237A-5 DMA CONTROLLER 8237A-5 DMA CONTROLLER

A1( — A15 NOT DECODED
CHIP SELECT FROM A5 — A9
AD,A1,A2,A3TO IC
A4=X
ADDRESS RANGE: 0000 — 0pIF

ASSIGNED ADDRESS: 0000 — 000F.

NO DMA FUNCTION AVAILABLE.

CHIP SELECT FROM A4 — AlS
AQ,Al, A2, A3TO 1C
ASSIGNED ADDRESS: 0000 — QQQF
DMA FUNCTION OPTIONAL.
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IBM PC

IBM PCjr

TANDY 1000

8259A INTERRUPT CONTROLLER

8259A INTERRUPT CONTROLLER

8259A INTERRUPT CONTROLLER

8259A INTERRUPT CONTROLLER

8259A INTERRUPT CONTROLLER

SAME AS 0020 — 0927

8259A INTERRUPT CONTROLLER

A10 — A15 NOT DECODED (X)
CHIP SELECT FROM A9 — A5
Ap—1C.
A4,A3,A2,A1=X
ADDRESS RANGE = 020 — 93F
ASSIGNED ADDRESS = 020, 021.

A19 — A15 NOT DECODED (X)
Al,A2=X
Ap——1C.

ADDRESS RANGE = §20 — 027

ASSIGNED ADDRESS = 920, 921.

DECODE A3 — A15 (B)
Ap—I1.C.
ASSIGNED ADDRESS:
0020 — 9921 (B).
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IBM PC IBM PCjr TANDY 1060 ’
006 0 8255A-5 PPI 8255A-5 PPL 8255A-5 PP1 ]
o T |
XE T |
9 6 3
9 6 4
D 6 5
D 6 6
0 6 7 8255A-5 PP1 8255A-5 PP
8
9
A
B
C
D
E
9 0 6 F 8255A-5 PP1

A1¢ — A15 NOT DECODED (X)
CHIP SELECT FROM A9 — A5
Al, Ap—=1.C.
A4,A3,A2=X
ADDRESS RANGE: 9§60 — 7F

ASSIGNED ADDRESS: 060 — 063.

A10 — A15 NOT DECODED (X)
CHIP SELECT FROM A9 — A3
Al, Ap—=1.C.

A2=X
ADDRESS RANGE: 60 — 067

ASSIGNED ADDRESS: 069 — 963.

Al, AQ —DECODED L.C.
CHIP SELECT FROM A3 — A15
ASSIGNED ADDRESS:
9960 — 0963.
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IBM PC IBM PCjr TANDY 1000

040 8253-5 TIMER 8253-5 TIMER 8253-5 TIMER
9 41
9 4 2
9 4 3

4

5

6

7 8253-5 TIMER 8253-5 TIMER

8

9

A

B DUPLICATES 40 — 47

o

D

E

F 8253-5 TIMER

A10 — A15 NOT DECODED (X)
CHIP SELECT FROM A9 — AS
Al Ap—I1.C.
Ad4,A3,A2=X
ADDRESS RANGE: 040 — @5F

ASSIGNED ADDRESS = 040 — 043.

A1¢9 — A15 NOT DECODED
CHIP SELECT FROM A9 — A3
Al Ap—1C.

A2=X
ADDRESS RANGE: 040 — 047

ASSIGNED ADDRESS = $40 — 043,

DECODE A3 — A15

A9 —DECODE BY I.C.

ASSIGNED ADDRESS:
0040 — 0943.
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IBM PC IBM PCjr TANDY 1609
DATA 9060 — PORT A 0069 — PORT A 0060 — PORT A
BIT ¢ KEYBOARD SCAN CODE / CONFIG SW1 RESERVED KEYBOARD BIT § — LSB
BIT 1 2 1
BIT 2 3 2
BIT 3 4 3
BIT 4 5 4
BIT 5 6 _J 5
BIT 6 7 6
BIT 7 KEYBOARD SCAN CODE / CONFIG SW8 RESERVED KEYBOARD BIT 7 -MSB

SEE IBM TECH REFERENCE

MANUAL 2.02 FOR DETAILS

SEE 1099 KEYBOARD

SPECIFICATION FOR DETAILS
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IBM PC IBM PCjr TANDY 1099

DATA 0061 — PORT B — READ OR WRITE 9061 — PORT B — READ OR WRITE | $961 — PORT B — READ OR WRITE
BIT p 1= 8253 GATE #2 ENABLED SAME SAME
BIT 1 SPEAKER DATA OUT SAME SAME
BIT 2 1= ENABLE READING 1= ALPHA (GRAPHICS) NO FUNCTION

CONFIG SW 13 THRU 16

(/0 CHAN. ROM SIZE) OR
9 = ENABLE READING
CONFIG SW 12 (@PCJ — PC3)

BIT 3 1= CASSETTE MOTOR OFF SAME NO FUNCTION
BIT 4 9 = ENABLE RAM PARITY FEDISABLE CASSETIEMIR NOT USED
BIT § 0 = ENABLE 1/0 CH PARITY SPKR SW 0 SOUND CONTROL §
BIT 6 9 = HOLD KEYBOARD CLK LOW SPKR SW 1 SOUND CONTROL 1
BIT7 § = ENABLE KEYBOARD 1= KEYBOARD CLEAR 1= KEYBOARD CLEAR

1 =CLEAR KEYBOARD AND

ENABLE CONFIG SW 1-8
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IBM PC IBM PCjr TANDY 1000
DATA 9062 — PORT C — READ ONLY 9062 — PORT C — READ ONLY P62 — PORT C — READ/WRITE
BIT 0 CONFIG SW16 OR 1=KEYBOARD LATCHED (OUT) NOT USED

CONFIG SW12
SEE PORT 0961, BIT 2
BIT 1 CONFIG SWi5s @ = INTERNAL MODEM INSTALLED (OUT) MULTI-DATA
BIT 2 CONFIG SW14 0 = DISKETTE DRIVE INSTALLED (OUT) MULTI-CLOCK
BIT 3 CONFIG SW13 0 = 64K RAM EXPANSION (OUT) NOT USED
INSTALLED

BIT 4 CASSETTE DATA IN SAME (IN) NOT USED
BIT S 8253 CUT #2 SAME (IN) SAME
BIT 6 1 =1/0 CH CK (PARITY ERROR) KEYBOARD DATA (IN) NOT USED
BIT 7 I = RAM PARITY ERROR KEYBOARD CABLE INSTALLED (IN) NOT USED

HARDWARE LOGIC ATTACHED
IS FOR INPUT ONLY.

IN TANDY 1009 THE HARDWARE
LOGIC IS CONFIGURED SO THAT
PORT C IS SPLIT WITH
INPUT: PC4 — PC7

OUTPUT: PC) ~ PC3
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IBM PC IBM PCjr TANDY 1009
9 0890 DMA PAGE REG. (NOT USED) DMA PAGE REG. (NOT USED)
i (CH 2) (CH 2)
2 (CH 3) (CH3)
3 (CHQ,1) DMA PAGE REG. (CH®, 1)
4 REPEATED THRU 099F
5
6
7
8
9
A
B
C
D
E
9 0 8F DMA PAGE REG.

A19 — A15 NOT DECODED
CHIP SELECT FROM A5 — A9
AP, A1 TO1C
A2,A3,A4=X
ADDRESS RANGE: 0080 — 9@9F
ASSIGNED ADDRESS: 9080 — p083.

NO DMA FUNCTION.

CHIP SELECT FROM A3 — A1S
AB,A1TO 1C.

DMA OPTIONAL ON TANDY 1009.
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IBM PC IBM PCjr TANDY 1000

o0 A Q NMI MASK REGISTER PORT A9 NMI MASK REGISTER

1

2

3

4

S

6

7 PORT A0 NMI MASK REGISTER

8

9

A

B

C

D

E
o 0 AF NMI MASK REGISTER

A10 — A15 NOT DECODED (X) A19 — A15 NOT DECODED AQ AL, A2=X.

CHIP SELECT FROM A9 — AS, 1¢W
AP —Ad4=X
ADDRESS RANGE: 0A0 — 0BF
ASSIGNED ADDRESS: 0AQ.

CHIP SELECT FROM A9 — A3
AP -A2=X
ADDRESS RANGE: §AQ — PA7
ASSIGNED ADDRESS: QAQ.
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IBM PC IBM PCjr TANDY 1090
o0 C9O RESERVED SOUND SN76496 SOUND SN76496
1
2
3
4
5
6
7 SOUND SN 76496 SOUND SN76496
8
9
A
B
C
D
E
9 0 CF RESERVED
NO FUNCTION. WRITE ONLY FUNCTION. CHIP SELECT DECODED

READ WILL CAUSE HANG-UP.
WAIT REQUIRED ~ 42 STATES
AQ—A2=X.

FOR WRITE ONLY.

WAIT REQUIRED ~ 42 STATES.

AD, A1,A2=X.
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IBM PC IBM PCjr TANDY 1000
200 GAME CONTROL ADAPTER JOYSTICK JOYSTICK
201
2
3
4
5
6
7 JOYSTICK JOYSTICK
8
9
A
B
C
D
E GAME CONTROL ADAPTER
9 ¢ ¢F
A19 — A15 NOT DECODED (X) A19 — A15 NOT DECODED (X) AD, A1, A2=X
CHIP SELECT FROM A9 — A( CHIP SELECT FROM A9 — AD ASSIGNED ADDRESS:
ADAPTER & DATA BUS DRIVER MUST | ADAPTER & DATA BUS DRIVER MUST 9020 — 0921.

BE INACTIVE WHEN AEN IS ACTIVE
LOW FILES POSITION ONE-SHOTS.

BE INACTIVE WHEN AEN IS ACTIVE
LOW FILES POSITION ONE-SHOTS.
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IBM PC IBM PCijr TANDY 1090
9370
1
2
3
4
5
6
7
8 PRINTER — DATA LATCH PRINTER — DATA LATCH PRINTER — DATA LATCH
9 — READ STATUS — READ STATUS — READ STATUS
A — CONTROL LATCH — CONTROL LATCH — CONTROL LATCH
B — NO FUNCTION — NO FUNCTION — NO FUNCTION
C — DATA LATCH — DATA LATCH
D — READ STATUS — READ STATUS
E L — CONTROL LATCH — CONTROL LATCH
9 3 7F PRINTER — NO FUNCTION PRINTER — NO FUNCTION PRINTER — NO FUNCTION

A10 — A15 NOT DECODED (X)
A2=X AQ, Al—=I1C.
ADDRESS RANGE: 0379 — @37F
ASSIGNED ADDRESS:
DATA LATCH 0378

STATUS 0379
CONTROL LATCH 037A

Al19 — A15 NOT DECODED (X)
A2=X A¢,Al1—=IC.
ADDRESS RANGE: 9370 — 037F
ASSIGNED ADDRESS:
DATA LATCH 9378

STATUS 9379
CONTROL LATCH 037A

A®, Al — DECODED BY
PRINTER LOGIC
A2=X
ASSIGNED ADDRESS:
9378 — 937B
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PC MEMORY MAP

PCjr MEMORY MAP

TANDY 100 MEMORY MAP

93D9

93D1

P3D2

03D3

93D4 6845 ADDRESS REGISTER 6845 ADDRESS REGISTER 6845 ADDRESS REGISTER

93D5 6845 DATA REGISTER 6845 DATA REGISTER 6845 DATA REGISTER

93D6

93D7

93D8 MODE SELECT REGISTER NOT AVAILABLE MODE SELECT REGISTER

93D9 COLOR SELECT REGISTER NOT AVAILABLE COLOR SELECT REGISTER

#3DA READ STATUS REGISTER WRITE GAT;LI l,?}EFDAg_l_,l:[’l)_][)JlsiESS DATA WRITE V;%%%S%?g%&DDRESS

03DB CLEAR LIGHT PEN LATCH CLEAR LIGHT PEN LATCH CLEAR LIGHT PEN LATCH

93DC PRESET LIGHT PEN LATCH PRESET LIGHT PEN LATCH PRESET LIGHT PEN LATCH

93DD

G3DE WRITE VIDEO ARRAY DATA

P3DF CRT PROCESSOR PAGE REGISTER CRT PROCESSOR PAGE REGISTER
SYSTEM MEMORY READ = 1 WAIT RAM READ/WRITE = 6 WAITS RAM READ/WRITE X 2 WAITS
TIMING 1/0 READ/WRITE = 1 WAIT ROM READ = @ WAITS ROM READ = 0 WAITS

1/0 READ/WRITE = 0 WAITS

1/0 READ/WRITE = 1 WAITS
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IBM PC IBM PCjr TANDY 1000

® 3 F ¢ FDC, DOR REGISTER (WRITE ONLY) DOR REGISTER
1
2
3 DOR REGISTER (WRITE ONLY) DOR REGISTER (WRITE ONLY)
4 — STATUS (READ ONLY) FDC — STATUS (READ ONLY)
5 FDC — DATA (R/W) — DATA (R/W)
6 — STATUS (READ)
7 FDC — DATA (R/W)
8
9
A
B
C
D
E

9 3 FF

FDC FUNCTION SELECT IS FROM IBM PCjr FDC @ BPFX Al =X
A3 — A9. FDC A@ = A9, FDC CSV = Al DOR A2=10
SELECT FOR ‘DOR’ IS FDC FDC A2=1

FUNCTIONAL SELECT - A2
1BM SPECIFIES
FDC — STATUS — 3F4
FDC — DATA - 3F5
DOR — 3F2
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VIDEO ARRAY PCMEMORY MAP PCjr MEMORY MAP TANDY 100¢p MEMORY MAP
ADDRESS 3DA GATE ARRAY 3DA VIDEO ARRAY 3DA & 3DE
(3DA) READ WRITE READ WRITE READ (3DA) WRITE (3DE)
99 BIT ¢ DISPLAY INACTIVE NOT USED DISPLAY ENABLE HIBW/LOBW DISPLAY INACTIVE NOT USED
99 BIT 1 LIGHT PEN SET NOT USED LIGHT PEN SET GRAPHICS LIGHT PEN SET NOT USED
99 BIT 2 LIGHT SWITCH STATUS| NOT USED LIGHT SWITCH STATUS B/W LIGHT SWITCH STATUS NOT USED
99 BIT 3 VERTICAL RETRACE NOT USED VERTICAL RETRACE VIDEO ENABLE VERTICAL RETRACE NOT USED
99 BIT 4 NOT USED NOT USED VIDEO DOTS 16 COLOR GRAPHICS NOT USED NOT USED
91 BITQ NOT USED PALETTE MASK 9 PALETTE MASK 0
91 BIT I NOT USED PALETTE MASK I PALETTE MASK 1
91 BIT 2 NOT USED PALETTE MASK 2 PALETTE MASK 2
91 BIT3 NOT USED PALETTE MASK 3 PALETTE MASK 3
92 BIT 9 NOT USED BORDER BLUE BORDER BLUE
92BIT I NOT USED BORDER GREEN BORDER GREEN
92 BIT2 NOT USED BORDER RED BORDER RED
92 BIT3 NOT USED BORDER INTENSITY BORDER INTENSITY
93 BIT 0 NOT USED RESERVED = 0 NOT USED
93 BIT 1 NOT USED ENABLE BLINK NOT USED
03 BIT 2 NOT USED RESERVED = § BORDER ENABLE
93 BIT 3 NOT USED 2 COLOR GRAPHICS 4 COLOR HIGH RES.
93 BIT 4 NOT USED NOT USED 16 COLOR MODE
04 BIT @ NOT USED ASYNCHRON. RESET NOT USED
94 BIT 1 NOT USED SYNCHRONOUS RESET NOT USED
19 — IFBIT @ NOT USED PALETTE BLUE PALETTE BLUE
19— 1F BIT 1 NOT USED PALETTE GREEN PALETTE GREEN
19 —1FBIT2 NOT USED PALETTE RED PALETTE RED
19 —1FBIT3 NOT USED PALETTE INTENSITY PALETTE INTENSITY
READS STATUS READS STATUS WRITE ADDRESS READS STATUS WRITE ADDRESS
AT 3DA AT 3DA AND AT 3DA AT 3DA AT 3DA
SET ADDRESS/DATA WRITE DATA WRITE DATA
FLIP-FLOP TO ADDRESS AT 3DA AT 3DE
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IBM PC IBM PCjr TANDY 1000

DATA #0981 — WRITE ONLY
BIT ¢ DMA CH2 ADDRESS A16

1 Al7

2 Al8 SAME SAME

3 DMA CH2 ADDRESS A19

4 NO USE

5

6
BIT 7 NO USE

DMA OPTIONAL ON PCjr DMA OPTIONAL ON TANDY 1009.
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IBM PC IBM PCjr TANDY 1000

DATA 9982 — WRITE ONLY
BIT @ DMA CH3 ADDRESS Al6

i Al7

2 Al8 SAME SAME

3 DMA CH3 ADDRESS A19

4 NO USE

5

6
BIT 7 NO USE
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IBM PC IBM PCjr TANDY 1000

DATA 9083 — WRITE ONLY
BIT DMA CHO — 1 ADDRESS A16

1 Al17

2 Al8 SAME SAME

3 DMA CHQ — 1 ADDRESS A19

4 NO USE

5

6
BIT7 NO USE
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PC MEMORY MAP

PCjr MEMORY MAP

TANDY 1009 MEMORY MAP

3DF BIT NOT USED CRT PAGE ¢ CRT PAGE ¢

3DF BIT 1 NOT USED CRT PAGE 1 CRT PAGE 1

3DF BIT 2 NOT USED CRT PAGE 2 CRT PAGE 2

3DF BIT 3 NOT USED PROCESSOR PAGE 1 PROCESSOR PAGE 1
3DF BIT 4 NOT USED PROCESSOR PAGE 2 PROCESSOR PAGE 2
3DF BIT 5 NOT USED PROCESSOR PAGE 3 PROCESSOR PAGE 3
3DF BIT 6 NOT USED VIDEO ADDRESS MODE § VIDEO ADDRESS MODE ¢
3DF BIT 7 NOT USED VIDEO ADDRESS MODE 1 VIDEO ADDRESS MODE 1
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IBM PC IBM PCjr TANDY 1000
DATA 3F2 (WRITE ONLY) SAME SAME
BIT @ DRIVE SELECT §* DRIVE ENABLE DRIVE SELECT ¢*
BIT 1 DRIVE SELECT 1* NOT USED DRIVE SELECT 1*
BIT 2 @ =FDC RESET NOT USED @ =FDC RESET
BIT 3 1 =ENABLE INTERRUPT, DMA NOT USED 1 = ENABLE DMA REQ/INTERRUPT
BIT 4 1 = DRIVEMOTOR #1 ON NOT USED 1 =DRIVE ¢ MOTOR ON
BIT 5 #2 WATCH DOG TIMER ENABLE 1=DRIVE 1 MOTOR ON
BIT 6 #3 WATCH DOG TIMER TRIGGER 1 - FDC TERMINAL COUNT
BIT 7 1 = DRIVEMOTOR #4 ON FDC RESET NOT USED

* TO SELECT DRIVE @: BIT ¢* - BIT 1*
TO SELECT DRIVE 1: BIT @ - BIT 1*
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PC MEMORY MAP PCjr MEMORY MAP TANDY 1000 MEMORY MAP
3D8 BIT @ HIGH RESOLUTION CLOCK NOT USED HIGH RESOLUTION CLOCK
3D8 BIT 1 GRAPHICS SELECT NOT USED GRAPHICS SELECT
3D8 BIT 2 BLACK AND WHITE NOT USED BLACK AND WHITE
3D8 BIT 3 VIDEO ENABLE NOT USED VIDEO ENABLE
3D8 BIT 4 640 DOT GRAPHICS NOT USED 640 DOT GRAPHICS
3D8 BIT 5§ BLINK ENABLE NOT USED BLINK ENABLE
3D9 BIT 9 BACKGROUND BLUE NOT USED BACKGROUND BLUE
3D9BIT 1 BACKGROUND GREEN NOT USED BACKGROUND GREEN
3D9 BIT 2 BACKGROUND RED NOT USED BACKGROUND RED
3D9 BIT 3 BACKGROUND INTENSITY NOT USED BACKGROUND INTENSITY
3D9 BIT 4 FOREGROUND INTENSITY NOT USED FOREGROUND INTENSITY
3D9BITS COLOR SELECT NOT USED COLOR SELECT
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1BM PC IBM PCjr TANDY 1009
DATA 037A (037E) 037A (037E) 037A (037E)
BIT @ @ =STROBE ®=STROBE @ =STROBE
BIT 1 @ =AUTOFD XT 0= AUTO FD XT 0=AUTO FD XT
BIT 2 @ = INITIALIZE @ = INITIALIZE @ = INITIALIZE
BIT 3 9 = SELECT PRINTER @ = SELECT PRINTER @ = SELECT PRINTER
BIT 4 1 = ENABLE INTERRUPT 1 = ENABLE INTERRUPT 1 = ENABLE INTERRUPT
BIT S UNUSED UNUSED ® = ENABLE OUTPUT DATA
BIT 6 UNUSED UNUSED UNUSED
BIT 7 UNUSED UNUSED UNUSED
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IBM PC IBM PCjr TANDY 1000
DATA 0378 (037C) RW 0378 (037C) 0378
BIT ¢ DATA BIT ¢ — LSB DATA BIT ¢ — LSB DATA BIT ¢ — LSB
BIT 1 DATABIT 1 — DATABIT 1 - DATABIT 1 —
BIT 2 DATABIT 2 — DATABIT 2 — DATA BIT 2 —
BIT 3 DATABIT 3 — DATA BIT 3 — DATA BIT 3 —
BIT 4 DATABIT 4 — DATA BIT 4 — DATA BIT 4 —
BIT 5 DATABIT 5 — DATA BIT 5 — DATA BIT 5 —
BIT 6 DATA BIT 6 — DATA BIT 6 — DATABIT 6 —
BIT 7 DATA BIT 7 — MSB DATA BIT 7 — MSB DATA BIT 7 — MSB
0379 (037D) READ ONLY 0379 (037D) READ ONLY 0379
BIT ¢ UNUSED UNUSED UNUSED
BIT 1 UNUSED UNUSED UNUSED
BIT 2 UNUSED UNUSED UNUSED
BIT 3 9 = ERROR CONDITION ® =ERROR 0 = ERROR
BIT 4 1 = PRINTER SELECTED 1 =PRINTER SELECTED 1=PRINTER SELECTED
BIT S 9 = END OF FORM 0 = END OF FORM ® = END OF FORM
BIT 6 0 = ACKNOWLEDGE ® = ACKNOWLEDGE 9 = ACKNOWLEDGE
BIT 7 # =BUSY 0 = BUSY 9 =BUSY
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IBM PC IBM PCjr TANDY 1009
DATA 0201 — READ 0201 — READ 0201 — READ
BIT ¢ A — X POSITION A — X POSITION L — X POSITION
BIT 1 A-Y A-Y L-Y
BIT 2 B-X B-X R-X
BIT 3 B-Y B-Y R-Y
BIT 4 A BUTTON #1 A BUTTON #1 L BUTTON #1
BIT 5 A BUTTON #2 A BUTTON #2 L BUTTON #2
BIT 6 B BUTTON #1 B BUTTON #1 R BUTTON #1
BIT 7 B BUTTON #2 B BUTTON #2 R BUTTON #2
WRITE TO PORT STARTS WRITE TO 0209 RESTARTS
TIMING PERIOD. INTEGRATOR. THEREFORE
(ENABLES ONE SHOT MODE WRITE TO 201 BEFORE
OF QUAD 555.) INTEGRATING PORT IN
THEREFORE WRITE TO JOYSTICK VALUES.
PORT 201 BEFORE INTEGRATING
PORT ON JOYSTICK VALUES.
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IBM PC IBM PCjr TANDY 1000
DATA PPAP — WRITE 00AD — PPA7 00AD, GPA1
BIT 0 X X MEMCONFIG ¢
BIT 1 MEMCONFIG 1
BIT 2 MEMCONFIG 2
BIT 3 X MEMCONFIG 3
BIT 4 1 = DISABLE — HRQ (BUS HOLD REQ) X
BIT 5 1: TIMER CLK #2 = 1.1925 MHZ X

9:TIMER CLK #2 = CLK #1 OUT

BIT 6 X 1= 1R TEST X
BIT 7 1 = ENABLE NMI 1= ENABLE NMI 1 = ENABLE NMI

READ FROM 08A$ — NO FUNCTION.

READ FROM 0PAQ — 0BA7
CLEARS NMI ENABLE
NO DATA INVOLVED.

READ FROM 00AQ, 0pA1
HAS NO FUNCTION.
DEFINES ONE OF FIVE
128K MEMORY.

SEE MEMORY PAGE MAP.
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Tandy 1000

disable graphics

DG =

EG = enable graphics

)

alternate (

A=

follows standard

X =

*n = special (see notes n)
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Tandy 1000

disable graphics

DG =

EG = enable graphics

alternate ()

A=

follows standard

X=

*n = special (see notes n)
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X = follows standard A =alternate () EG = enable graphics DG = disable graphics
*n = special (see notes n}

Types DMP bMpP DMP DMP DWP TRP LMP TANDY IBM
Model 2100pP 430 105 130 220 100 2150
26 1274 1277 1276 1280 1278 1275 1272
Code
80
81
82
83
84
85
86
87
88
89
8A
8B i (VT)
8C i (FF)
8D i (CR)
8E A (SO)
8F A (S)

99
91

92
93
94
95
96
97
98
99
9A
9B
9C
9D
9E
9F

S0 O B> BoR. B B> Si My

(CAN)

WK A ORI E-£20-01 00 W R .

A9
Al a
A2
A3
A4
AS
A6
A7
A8
A9
AA
AB
AC
AD %
AE %
AF ¢

™o
FeR R

5\"@@&0’)—“4 o ®
— XX 4 Ivle e Z5erosmime

Eel oo R e e S
Eal R e e e S
bR R i e e e
Pl e e e
R R a R RS i P S S
E R R I e

R
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X = follows standard A = alternate () EG = enable graphics DG = disable graphics
*n = special (see notes n)

Types DMP DMP DMP DMP DwpP TRP LMP |TANDY| IBM
Model 2100P 430 105 130 220 100 2150
26 1274 1277 1276 1280 1278 1275 1272

Code

B9
B1

B2
B3
B4
BS
B6
B7
B8
B9
BA
BB
BC
BD
BE
BF

co
C1
Cc2
C3
Cc4
Cs
Cc6
C7
CB
Cc9
CA
Cc8
CcC
CD
CE
CF

® = mg"lm Siorm 0 A COIBIK

B R R R R o e
B

“

Fall w3l aIF s+ I rdbr |Jlk e d=2Ud*ua

O B3 D = O~ TR =D > > O = 0> >

D9
D1
D2
D3
D4
D5
D6
D7
D8
D9
DA
DB
DC
DD
DE
DF

B e S N I S o i e S O R B S e S e e i
R e e P S B S S R T e B BRSSP P S S i
P N e e e I e e e I I S S i S e i i
P I T i - S S S e e i S e S
R I I R - e e I e o S e I SR I e S R B i i i

P, IO OO T2 & RO N

Voae vt MF AHIE
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X = follows standard A = alternate () EG = enable graphics DG = disable graphics
*n = special (see notes n)

Types DMP DMP DMP DMP Dwp TRP LMP TANDY | IBM
Model | 2100P 430 105 130 220 100 2150
26 1274 1277 1276 1280 1278 1275 1272

Code

EQ
E1l
E2
E3
E4
E5
E6
E7
E8
E9

1%&.

™
>

[T Aerda=]

EB
EC
ED
EE
EF

D44 3¢ > D 4 D D D R X e 3 ¢
DregonbeoqEa My IR

el R R e R e e e ]
LR e e S e e e R R B I e i
Eela R oo E o R e e S e e e e e e o h e
Ela R R e e e e e e e e
PEDE D0 D0 DK DG DG K K D DK DG K D | G G X D K K X K e K X X K K

I N P P P Y
BNz e o Cok ey

R R oo R i S o e i e
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X = follows standard A =alternate () EG = enable graphics DG = disable graphics
*n = special (see notes n)

Types | DMP DMP DMP DMP DWP TRP LMP TANDY | IBM
Model | 2100P 430 105 130 220 100 2150

26 1274 1277 1276 1280 1278 1275 1272

Code

00

01 NUL NUL NUL NUL NUL NUL NUL NUL NUL
02 '

93

04

05

096

97 BEL BEL BEL
08 BM BM BM BS BM BS
99 HT LF HT
PA LF LF LF LF LF LF LF LF LF
9B VT
oC FF FF FF FF FF FF FF
oD TR CR CR CR TR CR CR TR CR
9E EU EU EU EU EU EU EU EU SE
oF Su SuU N SU su SuU SuU SU CM
19

11

12 EG EG EG EG EG EG EG 19
13 ED ED ED ED DS
14 EW EW EW EW EW EE
15

16

17

18 CAN
19 ED

1A

1B AP AP

1C RC RC RC RC RC RC

1D BU

1E DG DG DG DG DG

IF BI
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X = follows standard A = altemmate () EG = enable graphics DG = disable graphics
*n = special (see notes n)

Types | DMP DMP DMP DMP Dwp TRP LMP TANDY IBM
Model | 2100P 430 105 130 220 100 2150

26 1274 | 1277 1276 1280 | 1278 1275 1272

Code

1B1-6| IM M M M

1B7 M M M BEL
1B 8 M ™M M BS
1B9 M M M HT
1BA FR FR SRF FR FR LF
1BB vT
1BC FF
1BD CR
1BE SE SE SE SE CE SE SE SE SE
1BF EE EE EE EE CN EE EE EE CM
1B 19 HP HP HP HP HP HP HP

1B 11 sSp Sp NLQ SP SP

1B 12 CN CN NQP CN CN 10
1B 13 19 10 19 PF 19 10

1B 14 16 16 16 16 16 16 EE
1B 15 CR CR CR CR CR CR CR

1B 16 TR TR TR TR TR TR TR

1B 17 12 12 12 EF CM 12

1B 18 XP XP CAN
1B 19 EX EX

1B1A 48L 48L 48L

1B1C HF HF HF 12L HF HF 12L 12L 12L
1B 1D CE CE NQE CE

1B 1E HR HR HR HR SSS HR HR
1B 1F SB SB SB SB SB SB SB

1B 20 EB EB EB EB EB EB EB

1B 21 MD MD MD MD RS
1B 22 RES

1B 23 RES

1B 24 RES

1B 25 RES

1B 26 RES

1B 27 RES

1B 28 RES

1B 29 RES

1B 2A RES

1B 2D SEU
1B 2F CpP Cp

1B 30 BLF
1B 31 120 721
1B 32 129 72L 72L 72L DR 72L ALF
1B 33 216 216 21n
1B 34 FL FL SPL FL FL FL TF
1B 35 TCR
1B 36 SF SF SF 6LF SF 6LF 6LF CS2
1B 37 CS1
1B 38 BLF BLF BLF BLF BLF BLF BLF BLF IP
1B 39 144 144 144 CIP
1B3A | IB CS2 IB 12
1B 3B RS MD RS

1B 3C CR
1B3D | CN A DCS
1B 3E CE Al

1F 3F SPF AP
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X = follows standard A = alternate () EG = enable graphics DG = disable graphics
*n = special (see notes n)

Types | DMP DMP DMP DMP DwP TRP LMP | TANDY| IBM
Model | 2100P 430 105 130 220 100 2150

26 1274 1277 1276 1280 1278 1275 1272

Code

1B 49 14n 14n 14n

1B 41 RES 72N
1B 42 100 100 1C SVT
1B 43 Cs FL
1B 44 RES SHT
1B 45 SHT SHT SM
1B 46 EM
1B 47 7LF SB
1B 48 PS PS PS PS EB
1B 49 HG HG FS
1B 4B P1 6B
1D 4C P2 12B
1B 4D MF MF MF

1B 4E D11 PS
1B 4F ES
1B 50 D43 Pn
1B 51 LM LM LM

1B 52 RM RM : RM CcT
1B 53 SS SS SS SS SS
1B 54 SC EA
1B 55 BU BU BV BU BU
1B 57 DH DH SE
1B 58 EA EA EA EA Mn
1B 59 ISO 1SO 12G
1B 5A 72N FE 24G
1B 5B 728 72L SF

1B 5D RLF
1B 5E cc
1B 87 BEL
1B 88 BS
1B 89 HT
1B 8A LF
1B 8B vT
1B 8C FF
1B 8D CR
1B 8E SO
1B 8F SI
1B 92 19
1B 94 EE
1B 98 CAN
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Symbol = description # of bytes in control code
@5  =select §5 CPI monospaced characters 1
75 = select §7.5 CPI monospaced characters 2
1¢  =select 19 CPI monospaced characters 2
12 =select 12 CPI monospaced characters 2
16 =select (15, 16, 16.7) CPI monospaced characters (condensed) 2
6LF = full line feed (6 lines/inch or 1/6 inch line feed) 2
7LF =4/5 line feed (7.5 lines/inch or 8/6@ inch line feed) 2
BLF = 3/4 line feed (8 lines/inch or 1/8 inch line feed) 2
9L  =2/3 line feed (1/9 inch forward line feed) 2
1L = 3/5 line feed (10 lines/inch or 1/19 inch line feed) 2
12L = 1/2 line feed (12 lines/inch or 1/12 inch line feed) 2
36L = 1/6 line feed (36 lines/inch or 1/36 inch line feed) 2
48L = 1/8 line feed (48 lines/inch or 1/48 inch line feed) 2
72L =1/12 line feed (72 lines/inch or 1/72 inch line feed) 2
721 = 7/12line feed (7/72 inch line feed) 2
120 = 1/20 line feed (120 lines/inch or 1/129 inch line feed) 2
144 = 1/24 line feed (144 lines/inch or 1/144 inch line feed) 2
188 =1/31 line feed (188 lines/inch or 1/188 inch line feed) 2
14n  =n/24 line feed (144/n lines/inch or n/144 inch line feed) 3
18n =n/31 line feed (188/n lines/inch or n/188 inch line feed) 3
216 = 1/36 line feed (216 lines/inch or 1/216 inch line feed) 2
21n = n/36 line feed (216/n lines/inch or n/216 inch line feed) 3
72n  =n/72 line feed (executes n/72 inch line feed) 3
72S = n/72 line feed (sets n/72 inch line feed, no motion) 3
6B = select 60 dots/inch bit image 4+nin2
12B = select 129 dots/inch bit image 4+n1n2
12G = select 12 dots/inch graphics 4+nln2
24G = select 249 dots/inch graphics 4+nin2
A@ = font assignment for correspondence 19 CPI 3
Al = font assignment for correspondence 12 CPI 3
AP = font assignment for proportional 3
ALF = line feed is set to ESC A (1B+41) 2
BEL =ring bell 1
BI  =select bidirectional printing 1
BM = back space in microspaces 2
BS  =back space 1 character width relative to current pitch 1
BU = bidirectional (n=@) — unidirectional (n=1) carriage movement 3
CAN = clear print buffer and see manual for special conditions 1
CC = print control characters in $-20H range 2
CE = select correspondence 12 CPI character 2
CIP = cancel ignore paper end 2
CM = select compressed mode (1/2 current pitch selection) 1
CN = select correspondence 19 CPI character 2
CP = select compressed proportional character 2
CR = carriage return w/o line feed 1
CS = color-scan mode 2
CS1 = select character set #1 2
CS2 =select character set #2 2
CT = cancel tabs to default settings 2

continued on next page
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Symbol = description # of bytes in control code
D11 = define dot interval ratio (1:1) 2
D43 = define dot interval ratio (4:3) 2
DCS = download character set 3
DG = disable graphics 1
DH = double height 2
DR = advance paper one dot row 2
DS  =de select printer (serial = X off) 1
EA = end superscript, subscript or double height 2
EB = end bold print 2
ED = enable data processing mode 1
EE = end of chracter elongation 2
EF = select standard elite 12 CPI characters 2
EG = enable graphics 1
EM = end emphasized (horizontal double strike) 2
ES = end skip perforation 2
ET =end 16 CP1 (condensed) character mode 2
EU = end underline 1
EW = enable word processing mode 1
EX = exit external program mode 2
FE = forward linefeed execute 2
FF =form feed 1
FL =set form feed length 3
FR = full reverse line feed 2
FS = font select n=1 high speed n=2 middle font n=3 letter qual. 3
HF = half line-feed forward (no motion) 2
HG = transfers high-res graphic data 4+1(NIN2)
HP = moves the print head to a position specified 4
HR = half line feed reverse 2
HT = horizontal tab 1
IB = select IBM character set 2
IC  =italic cursive character 2
IM = increment microspaces (proportional spacing) 2
100 =italic on/off 3
1P = ignore paper end 2
ISO = selects ISO character sets n=couitry 3
LF  =full forward line feed 1
LM = left margin set 3
MF = micro font 2
Mn = set horizontal margin 4
MD = toggles between Tandy and IBM modes 2
NLQ = near letter quality — proportional font 2
NQE = near letter quality — elite font 2
NQP = near letter quality — pica font 2
NUL = terminator 1
P1 = insert new paper in hopper #1 2
P2 = insert new paper in hopper #2 2
PF = select standard pica 19 CPI characters 2
PN = proportional spacing on/off 3
PS  =set perforations skip 3

continued on next page
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Symbol = description # of bytes in control code
RC = repetitions of character 3
RES = reserved 0
RLF = reverse line feed 2
RM = right margin set 3
RS  =Tandy character set 2
SB  =start bold 2
SC  =select color 2
SCR =select CR=CR only 2
SE = start of character elongation 2
SEU = n=1 start underline n=@ end underline 3
SF  =set forward linefeed 2
SHT = set horizontal tab 2+list (terminal=0)
SM = select emphasized (horizontal double strike) 2
SNL =select CR=CR+LF 2
SP  =select proportional characters 2
SPF = select proportional font 3
SPL = sets page length 3
SRF = set reverse line feed 2
SS = superscript (n=@) — subscript (n=1) character 3
SSS = selects superscript under the condition specified in the owners manual 2
SU  =start underline 1
SVT = set vertical tab 2+list (terminal=0)
TCR =n=p CRonly n=1 CR+LF 3
TER = terminator of tab list 1
TF = top of form 2
TR = Tandy carriage retumn (CR + LF) 2
VT =vertical tab 1
XP = enter external program mode 2
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|nte| PRELIMINARY

iAPX 88/10
8-BIT HMOS MICROPROCESSOR
8088/8088-2

= 8-Bit Data Bus Interface = Byte, Word, and Block Operations
= 16-Bit Internal Architecture m 8-Bit and 16-Bit Signed and Unsigned
= Direct Addressing Capability to 1 Mbyte Arithmetic in Binary or Decimal,
of Memory Including Multiply and Divide
® Direct Software Compatibility with L] Compatlble.wilh 8155-2, 8755A-2 and
iAPX 86/10 (8086 CPU) 8185-2 Multlplexed Peripherals
# 14-Word by 16-Bit Register Set with ® Two Clock Rates:
Symmetrical Operations 5 MHz for 8088

» 24 Operand Addressing Modes 8 MHz for 8088-2

The Intel® iAPX 88/10 is a new generation, 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 iAPX 86/10 software and 8080/8085 hardware and peripherals.

MEMORY INTERFACE

MIN [ MAX l
MODE  {MODE
GND E'n—_\/_:b Vee
A g2 a9 A5
amenon wds uh e
QUEUE 2 A12 4 [ Azse
— AN E 5 B[] Arwss
ES ' a0 (s 5[] A19/S6
BUS|. cs as (17 ) 5% (HIGH)
|n'rEnFUA:I$ as []e 33[] MNIMX
ap? []s 2] A
Aps (10 g‘:,': 31 HOLD (RQIGTS)
ADS [j n 30(] HLDA (RETY)
ADa q 12 29(] WA (LOCK)
apy (] 207 0N 32
AD2 14 27| oA [}
ADY 5‘5 2%[] DEN 80y
ADO q i) 25[7 ALE (Qso)
NME 7 2211 INTA s
EXECUTION i
uNIT INTR [ 18 2] TEST
13 clk [Jre 22 READY
T s ] N0 (20 21[7 Reser
)
Figure 1. iAPX 88/10 CPU Functional Block Diagram Figure 2. iAPX 88/10 Pin Configuration

Intel Corporation Assumes Ne Respenaibiiity tor the Use of Any Circuitry Other Than Circuitry Embadied in an Inte! Product. No Other Circuit Patent Licensss are Implied.
©INTEL CORPORATION, 1981 NOVEMBER 1981
‘ORDER NUMBER: 210298-001
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intel

iAPX 88/10

PRELIMINARY

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. .. ... ... 0°Cto70°C
Storage Temperature. ............ -65°C to +150°C
Voltage on Any Pin with

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

D.C. CHARACTERISTICS

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings"' may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

(8088: Tp = 0°C to 70°C, Vo = 5V =10%)

(8088-2: Tp = 0°C to 70°C, Vgc = 5V +5%)

Sﬁnbol Parameter Min. Max Units Test Conditions
viL Input Low Voltage -05 +0.8 v
ViH Input High Voitage 2.0 Vec+0.5 \4
VoL Output Low Voltage 0.45 v loL =20mA
VoH L Output High Voltage 24 | v loH = —400 uA
8088 340 .
lcc Power Supply Current: 8088-2 350 mA Ta = 25°C
N} Input Leakage Current *10 nA OV s V)N =Vee
0.45V <V, =

Lo Output Leakage Current +10 nA Vee out
Voo Clock Input Low Voltage -0.5 +0.6 v -
VcH Clock Input High Voltage 39 Vec+1.0 )

Capacitance if Input Butfer
CIN (Altinput except 15 pF fc = 1 MHz

ADg-AD7, RQ/GT

Capacitance of I/O Buffer
Cro (ADo-AD7, RQ/GT 5| fc = 1 MHz

2

AFN-00826C
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Intel iAPX 88/10 PRELIMINARY

A.C. CHARACTERISTICS (8088: T4 = 0°C to 70°C, Ve = 5V =10%)
(8088-2: Tp = 0°C to 70°C, Vo = 5V =5%)

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS

8088 8088-2
] P t Mi M Mi ™ Unit Test
Symbol arameter in. ax. n. ax. nits | ¢ ditions
TCLCL CLK Cycie Period 200 500 125 500 ns
TCLCH CLK Low Time (3 TCLCL)-15 (3 TCLCL)-15 ns
TCHCL CLK High Time (aTCLCL)+2 {ATCLCL)+2 ns
i . From 1.0V
TCH1CH2 CLK Rise Time 10 10 ns to 3.5V
. From 3.5V
TCL2CL1 CLK Fall Time 10 10 ns 1010V
TDVCL Data in Setup Time 30 20 ns
TCLDX Data in Hold Time 10 10 ns
RDY Setup Time
TR1VCL into 8284 (See 35 35 ns
Notes 1, 2)
RDY Hold Time
TCLR1X into 8284 (See 0 0 ns
Notes 1, 2)
TRyHCH | READY Sewp (s TCLCL)-15 (ATCLCL)- 15 ns
Time into
8088
READY Hold Time
TCHRYX into 8088 30 20 ns
READY Inactive to
TRYLCL | ¢k (See Note 3) -8 -8 ns
THVCH HOLD Setup Time 35 20 | _ns
INTR, NMI, TEST
TINVCH Setup Time (See 30 15 ns
Note 2)
Input Rise Time From 0.8V
TILIH (Except CLK) 20 20 " 020v
Input Fall Time From 2.0V
THIL (Except CLK) 12 12 ns [ to 0.8V

3 AFN-00826C
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intel

iAPX 88/10 PRELIMINARY
A.C. CHARACTERISTICS (Continued)
TIMING RESPONSES
8088 T soss-2 ]
i — T —
Symbol Parameter Min. Max. Min. Max. | Units Test Conditions
TCLAV Address Valid Delay 10 110 10 60 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 AL t I 80 50
Cl E Active Delay _ S0 4 ns_ |
TCHLL ALE Inactive Delay 85 55 ns
Address Hold Time to
TLLAX ALE Inactive TCHCL-10 TCHCL-10 ns
TCLDV Data Valid Delay 10 110 10 60 ns Cp = 20-100 pF for
TCHDX | Data Hold Time 10 10 ns | @ll8088 Outputs
— T in addition to
TWHDX | DataHoldTime After WR | TCLCH-30 | | TCLCH-30 ns_ | internal loads
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 QGQress Float to READ 0 0 ns
ctive
TCLRL RD Active Delay 10 165 10 100 ns
— E—
TCLRH RD Inactive Delay 10 150 i 10 80 ns r
RD Inactive to Next |
TRHAV Address Active TCLCL-45 L TCLCL-40 s
TCLHAV | HLDAValid Delay 10 160 10 190 ns
TRLRH | RDWidth 2TCLCL-75 2TCLCL-50 ns J
TWLWH | WRwidth 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 \;‘2 12 ns From 2.0V to 0.8V
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
INPUT OUTPUF )
wE
TEST POINTS -5
Test C, 100pF
AC TESTING INPUTS ARE DRIVEN AT 24V FORALOGIC T AND D 49V FOR =
ALGGIC 0 THE CLOUK 1S DRIVEN AT 3 3V AND 0 25V T\M\le MEASURE
MENTS ARE MADE AT 15Y FOR BOTH A LOGIC AN
o INCLUDES JIG CAPACITANCE

AFN-00826C
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intel IAPX 88/10 PRELIMINARY

WAVEFORMS

BUS TIMING—MINIMUM MODE SYSTEM
g
-—- —- TCLCL -

T2
TCH1CH2 |

Ty Tw \
|e- TCL2CLY
i

CLK (8284 Output)
|

- Tenery \ L ——~7¥cHCL
10M, §50 Xﬁ |
s | |
. L |
Ats-Ag As - Ag (Float during INTA)
\
; - TeLov ;
jTewav=l T reuax v‘ — i TeHox
| : ! :
A1/S6-A16/Sa Arg-As -5
| i | }
] T | A f
TCLLM »i e TLHLL o \& TLLAX
T ! -
ALE | i /
\ L
TCHLL-~ - | - — TRIVCL
- TAVAL |
RDY (8284 Input) A
SEENOTE $ ‘
' |
|
|
i
READY (3088 Input) l
‘ |
| ‘ TAYHCH = [
- leveLaz TOVCL - —~l= TCLDX |
AD7 A0 o0 TFLOAT FLOAT <
azRL—| |- | TCLRH— ~—§——— TRHAV -
4 : //]
/

READ CYCLE ; P 1 /A
(NOTE 1) —i = - TCHCTV TCLRL = - - " TRLRH — 7—¥—~l i [ronerv
| i
i /

(WA, TNTA = Vou) |

OTIR /

TOVCTV—e|  [of TOVCTX - /
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iAPX 88/10

PRELIMINARY

WAVEFORMS (Continued)

BUS TIMING—MINIMUM MODE SYSTEM (Continued)

CLK (8284 Output)

WRITE CYCLE
NOTE 1

INTA CYCLE
NOTES 1,3
WA = Vou)

SOFTWARE HALT
DEN.AD.WR.INTA Vou
DT/R INDETERMINATE

T T2 Ty w Ta
\ l'cmcmz N ety
Veu |
M /. /_\
A
TeLov~ .-
Teave| e | Tomee |1 TOHDX 1+
AD; - ADg AD7-ADo DATA OUT
: ! i
|+ TWHDX =~
TCVCTV = ADg| ] - .- TCVCTX
i S
DEN i
TCVCTV-»! [-, i i
frome TWLWH - -
w N
! TeveTx - b
— [+~ TCLAZ H
l+—TOVCL -+ 1+—TCLDX
AD7 - AD : ;
s i FLoaT 1 w
] et TCHCTY , hY | +—TcHCTY
' N
oTia
TCVCTV —= I~ /
yd
INTA
TCVCTV -+ e / TCVCTX—~
5w 7
ADy - ADg X INVALID ADORESS SOFTWARE HALT
TCLAV —]|
NOTES: 1. ALL SIGNALS SWITCH BETWEEN Von AND Vo UNLESS OTHERWISE
SPECIFIED.
2. ROY IS SAMPLED NEAR THE END OF Ty, Ty, Tw TQ DETERMINE IF Tw
MACHINES STATES ARE TO BE INSERTED.
3. TWO INTA CYCLES RUN BACK.TO-BACK. THE 8088 LOCAL ADDRIDATA
BUS IS FLOATING DURING BOTH INTA CYCLES. CONTROL SIGNALS
ARE SHOWN FOR THE SECOND INTA CYCLE
4. SIGNALS AT 8284 ARE SHOWN FOR REFERENCE ON
5. ALLYIMING MEASUREMENTS ARE MADE AT 1 5v UNLESS OTHERWISE

NOTED.

AFN-00826C
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intel IAPX 8810 PRELIMINARY

A.C. CHARACTERISTICS

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER)
TIMING REQUIREMENTS

8088 8088-2
Symbol Parameter Min. Max. Min. Max.| Units | Test Conditions
TCLCL CLK Cycle Period 200 500 125 500 ns
TCLCH CLK Low Time (#TCLCL)-15 (3 TCLCL)-15 ns
— - e T
TCHCL CLK High Time (aTCLCL)+2 L (s TCLCL)+2 ns
TCH1CH2| CLK RiseTime 10 10 ns | From 1.0V to 3.5V
TCL2CL1 | CLK Fall Time 10 10 ns | From 3.5V to 1.0V
TOVCL Data In Setup Time 30 - i 20 - ns_|
TCLDX Data In Hold Time 10 10 ns
RDY Setup Time into 8284 {
TR1VCL (See Notes 1, 2) 35 35 ns
RDY Hold Time into 8284
TOLRIX | (see Notes 1, 2) 0 0 ns \
TRYHCH :(fsgoy Setup Time into (24 TCLCL)-15 @sTCLCL)-15 | ns |
TCHRYX READYVHoId Time iéto;ﬁé 30 20 ns
4 - T S S S (S U -
READY Inactive to CLK (See
TRYLCL | \oe ) -8 -8 ns
Setup Time for Recognition
TINVCH (INTR, NMI, TEST) 30 ‘ 15 ns
(See Note 2) l‘
TGVCH RQ/GT Setup Time 30 15 ns
TCHGX RQ Hold Time into 8086 40 30 ns
[ 4‘1 TR' 71, ] - r' . -
nput Rise Time
TILIH (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
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 T2 state (8 ns into T3 state).

4. Applies only to T2 state (8 ns into T3 state).

7 AFN-00826C
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intel IAPX 88/10 PRELIMINARY

A.C. CHARACTERISTICS
TIMING RESPONSES

8088 8088-2
Symbol Parameter Min. Max. Min. ‘[ Max. | Units | Test Conditions
Command Active Delay (See
TCLML Note 1) 10 35 10 35 ns
Command Inactive Delay (See
TCLMH Note 1) ] 10 35 10 35 ns
READY Active to Status Passive
TRYHSH (See Note 3) 110 65 ns
TCHSV Status Active Delay 10 110 10 60 ns
TCLSH Status Inactive Delay 10 130 10 70 ns
TCLAV Address Valid Detay 10 110 10 60 ns
TCLAX | Address Hold Time 10 10 ns
TCLAZ Address Float Delay TCLAX 80 TCLAX 50 ns
Status Valid to ALE High (See
TSVLH Note 1) 15 15 ns
Status Valid to MCE High (See
TSYMCH | 516 1) 15 15 ns
CLK Low to ALE Vatid (See
TCLLH | Note 1) 15 15 ns
CLK Low to MCE High (See
TCLMCH Note 1) 15 15 ns
TCHLL ALE Inactive Delay (See Note 1) 15 15 ns
TCLMCL | MCE Inactive Delay (See Note 1) 15 15 ns Cp = 20-100 pF for
TCLDV | Data Valid Delay 10 110 10 80 | ns | 2il8088 Outputs
- — —| in addition to
TCHDX Data Hold Time 10 10 ns internal loads
Control Active Delay (See
TCVNV Note 1) 5 45 5 45 ns
Control Inactive Delay (See
TCVNX Note 1) 10 45 10 45 ns
TAZRL Address Float to Read Active 0 ] ns
TCLRL RD Active Delay 10 165 10 100 ns
TCLRH RD Inactive Delay 10 150 10 80 ns
TRHAY | D Inactive to Next Address TCLCL-45 TOLCL-40 ns
Direction Control Active Delay
TCHDTL (See Note 1) 50 50 ns
Direction Control Inactive Delay
TCHDTH (See Note 1) 30 30 ns
TCLGL GT Active Delay 110 50 ns
TCLGH | GT Inactive Delay 85 50 ns
TRLRH RD Width 2TCLCL-75 2TCLCL-50 ns
TOLOH | Output Rise Time 20 2 | ns z’gc’ 08Vto
TOHOL | Output Fall Time 12 12 | ns gg’\’/“ 20Vto
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PRELIMINARY

WAVEFORMS

BUS TIMING—MAXIMUM MODE

VAR

TCLAV=

T

VCH

cLK
vctj

f——TCLCL— ]

A

Q80,05

X

TCYNV—e| F

TCVNX —|

.l
T
g ToHSV | 4[ fe TCLSH ]
¢ ~— ===~
§2.51.50 (EXCEPT HALT) *\ ‘ ‘ (sa}z NOTE 8) \\_
A1s - Ag Ats - Ag | |
\
. yeiay =i TolOV JCHOX
TeLAx —f cHo
A19/S6-A16/S3 Arg-Ave i l s'f’ ‘
TSVLH -~ T
TCLLH= ! TCHLL [ [
| —_——
ALE (8288 OUTPUT) 1 /
—_ | I Je
SEE NOTE S ! e JeTRIVCL
‘ RDY (8284 INPUT) ; >¢ \{A y DN
TRYLCL~+|
READY (8088 INPUT) I
' TRYHSH —»{
‘ ‘ ——4‘ TCLAX Y'RVHCN —
READ CYCLE vcuw*‘ —elreuaz ‘ |
I
AD7~ ADg D700
|
| TazRL— “ TCLRH
" |
TCHDTL —=| o=+ TCLAL \»—l) TCHDTH
e TRLAH—— ol |
A‘F \\ s
oT/A I Al
TCLML—~| - \ TCLMH = ‘\
i g
sass outPuts | o o e |
SEE NOTES 5,6 .
/
OEN - :/
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WAVEFORMS (Continued)
BUS TIMING—MAXIMUM " \ " & T

TCHSV.

MODE SYSTEM e VN
(USING 8288) e A J /_\_

T
2,51, 5 (EXCEPT HALT) x_ ] ,V /(u- not \
T H ==
WRITE CYCLE TCLAY~] - e - R
o100 X ! pp—

TCUNX—|

| TCVNV =

~—TCLML TCLMH -

8288 OUTPUTS
SEE NOTES 5,6 AMWC OR AIOWC

= [o—rcLML —  |~—TCLMH

WWTC OR IGWC i

INTA CYCLE
|
Ars - Ag FLOAT_| RESERVED FOR l
(SEENOTES 2.4 "\__CASCADE ADDR FLOAT FLOAT \
ez \ e ToveL - ieTOLDX
— POINTER
ADrABe FLOAT OINTE FLOAT
TCLMCL = =
\ -
\ /
MCE/ ; A
POEN TCLMCH—~| — - - TCHDTL = TCHDTH
oT/A _.—\ /_
p— ‘ - -

SEENOTES 56 | INTA ﬁ X
3

SOFTWARE TCWNK = —

MALT - (DEN = Vo :RD.MROC IORC MWTC AMWC,IOWC, ATOWE.INTA.DT/A = Vou

AD; — ADo, Ars - Ay

NVALID ADDRESS.

ey e

NOTES: 1. ALL SIGNALS SWITCH BETWEEN Vou AND Vo_ UNLESS OTHERWISE

SPECIFIED.

DY IS SAMPLED NEAR THE END OF T, Ty, Tw TO DETERMINE IF Ty

MACHINES STATES ARE TO BE INSERTED.

CASCADE ADDRESS IS VALID BETWEEN FIRST AND SECOND (NTA

CYCLES.

TWO INTA CYCLES RUN BACK-TO-BACK. THE 8088 LOCAL ADDRIDATA

BUS IS FLOATING DURING BOTH INTA CYCLES CONTROL FOR

POINTER ADDRESS IS SHOWN FOR SECOND INTA CYCLE.

. SIGNALS AT 8284 OR 6288 ARE SHOWN FOR REFERENCE ONLY.

THE ISSUANCE OF THE 8288 COMMAND AND CONTROL SIGNALS
. [OWE, . TNTA AND DEN) LAGS THE

Y

( . MWTC, 3
ACTIVE HIGH 8288 CEN.
ALL TIMING MEASUREMENTS ARE MADE AT 1.5V UNLESS OTHERWISE

NOTED
8. STATUS INACTIVE IN STATE JUST PRIOR TO T,

10 AFN-00826C
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WAVEFORMS (Continued)

ASYNCHRONOUS BUS LOCK SIGNAL TIMING
SIGNAL RECOGNITION (MAXIMUM MODE ONLY)

- Any LK Cyele - =4 f=  AnrClxcycle -
ok ‘
cux
. ——=i = TINVCH (300 note 1)
~ToLav |+ - miTeuavi—

TR g0t

I Lock
TEST

NOTE: 1. SETUP REQUIREMENTS FOR ASYNCHRONOUS.
SIGNALS ONLY TO GUARANTEE RECOGNITION AT NEXT CLK

REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY)

AqpfSe - ‘v"sl — i
ot oy o x copnocesson N o
5.6 %
D, (BTR (SEE NOTE 1)

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY)

i 2 CLKCYOLE TORZCYCLES =

NVANYA W ANVANVANE

ISEENOTE 1)

N2 N

4 - TetHav

- maven

- Tcumay

RN VA \AF_%

o - rews

—_

1
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PROGRAMMABLE INTERVAL TIMER

a MCS-85™ Compatible 8253-5
= 3 Independent 16-Bit Counters
s DC to 2 MHz

a Programmable Counter Modes

» Count Binary or BCD
» Single + 5V Supply
= Available in EXPRESS

—Standard Temperature Range
—Extended Temperature Range

The Intel® 8253 is a programmable counter/timer chip designed for use as an Intel microcornputer peripheral. It uses
nMOS technoiogy 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 MHz. All modes of operation are soft-
ware programmable.

0,0y

RD

WA -

o — cixo
s} ooara [ PES
COUNTER
8us oK o COUNTER L GATED
BUFFER N i N
‘ ———=QUT ¢
\ ‘ I
L ! } | ——
— I . b e cux
e ae !
READ booads ] counren
ware |- . A N e Gares
LoGIC
— !

i
| e outt

le ——— cLx2

|

|

H

K '_\> COU:NIVER e Gtz
-

}———=our2

WORD
REGISTER [Ny

v \
o “ J
|
L
contRoL [ o

|
INTERNAL BUS /LJ

Figure 1. Block Diagram

o, Vee
0, WA
o,4d AD
0.0 s
0,03 4
D,q 2,
0, CLK2
Doa out 2
cLx o GaTE2
our o[} cLK 1
Gateo[] GATE 1
Gono(d out

Figure 2. Pin Configuration

*INTEL CORPORATION, 1982
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FUNCTIONAL DESCRIPTION
General

The 8253 is a 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 1/0O ports in the system software.

The 8253 solves one of the most common problems in any
microcomputer system, the generation of accurate lime
delays under software control. Instead of setting up timing
loops in systems software, the programmer configures the
8253 to match his requirements, 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. 1t is easy o see
that the software overhead is minimal and that muitiple
delays can easily be maintained by assignment of priority
levels

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

® Programmable Rate Generator

® Event Counter

e Binary Rate Multiplier

® Real Time Clock

® Digital One-Shot

o Complex Motor Controller

Data Bus Buffer

This 3-state, bi-directional, 8-bit butferis used to interface
the 8253 to the system data bus. Data is transmitted or
received by the butter upon execution of INputor 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 system bus
and in turn generates control signals for overall device
operation. It is enabled or disabled by CS so that no
operation can occur to change the function untess 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 datain 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 counters to be
operated on and to address the contro! word register for
mode selection.

CS (Chip Select)
A “low” on this input enables the 8253. No readmgﬂ
writing will occur unless the device is selected. The CS

input has no effect upon the actual operation of the
counters

~
be——cLxo
0;- » ] oata
oo ] e KT KT O e careo
N BUFFER |
~—=0uTo

_ lo— cuxt
WA — g}

READ/ -] counter
WRITE <:;/ 21 fe— GaTe
A LOGIC

}—out 1

1=
i

e cLc2
CONTROL
OUNTER
0 COUNTER o care2
REGISTER
our2

INTERNAL BUS L

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

CS[RD [ WR | A, [ Ao ]

0 1 0 0 0 Load Counter No. 0

0 1 0 9] 1 Load Counter No. 1

0 i 0 1] 0 Load Counter No. 2

Qo 1 0 111 Write Mode Word

0 4 1 o o} Read Counter No. 0
|0 .0 1 0o | 1 Read Counter No. 1

0 j 0 1 1 0 Read Counter No. ﬁ

0 07 1 1 1 No-Operation 3-State

1 X X X X Disable 3-State

0 1 1 X X No-Operation 3-State
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Control Word Register

The Controt Word Register is selected when A0, Alare 11
It then accepts information from the data bus buffer and
stores it in a register. The information stored in this
register controls the operational 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.

[of #0, C #1,C ter #2

These three functional blocks are identical in operation 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 configured 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 operation.
binary or BCD. Also, there are special features 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 available to
the programmer with simple READ operations 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™ Microcomputer
Systems and interfaces in the same manner as all other
peripherals of the family. It is treated by the systems
software as an array of peripheral I/O ports; three are
counters and the fourth is a control register for MODE
programming

Basically, the select inputs AQ. A1 connect to the AO. A1
address bus signals of the CPU. The CS can be derived
directly from the address bus using a linear select method
Or it can be connected to the output of a decoder. such as
an Intel* 8205 for larger systems

f+—- ctxo
0y ] oama
0, _8 8US COUNTER |, Gateo
BUFFER
L —outo
|
| r ——
|
R | po— - cix1
o READ: | — § counTer
WRITE | o e——caten
Ao~ e] tOGIC I 1 Pe
——~our1
A, ~ I
17*‘ | | | T
cs - -— - P —
1 ‘ |
] |
~ cuk2
CONTROL J S
u
woro K s COUNTER Lo Gare2
REGISTER | *‘ o7
| ~out2

INTERNAL BUS /l ‘

Figure 4. Block Diagram Showing Control Word
Register and Counter Functions

“TADDRESS BUS (161

CONTROL BUS

0,0,
8253

COUNTER COUNTER
° f

COUNTER

I 1 L
. . -
"out cate cik | our gate cik' Tour gate cik
T ¥ Tt
| |

T
I o
[ ' I

i Vol
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Figure 5. 8253 System Interface
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M — MODE:
OPERATIONAL DESCRIPTION M2 M1 MO
General 0 0 0 | Mode O
The complete functional definition of the 8253 is 0 0 1 Mode 1
programmed by the systems software. A set of control X 1 0 Mode 2
words must be sent out by the CPU to initialize each
counter of the 8253 with the desired MODE and quantity X | V| 1| Mode3
information. Prior to initialization, the MODE, count, and 1 0 0 | Mode 4
output of all counters is undefined. These control words — - 1 y 5
program the MODE, Loading sequence and selection of L1 [ 0] 1 | Mode
binary or BCD counting.
Once programmed, the 8253 1s ready to perform whatever BCD:
timing tasks it is assigned to accomphish
The actual counting operation of each counter |§ o Binary Counter 16 bits
completely independent and additional logic is provide
on-chip so that the usual problems associated with 1 BA‘"S'\{ Coded Decimal (BCD} Counter J
efficient monitoring and management of external, (4 Decades)

asynchronous events or rates to the microcomputer
system have been eliminated

Programming the 8253

All of the MODES foreachcounter are programmed by the
systems software by simple {/O operations

Each counter of the 8253 is individually programmed by
writing a control word into the Control Word Register
(AD, A1 = 11)

Control Word Format

D7 Dg Ds Dy D3 D Dy Dg

[5ct [sco [ 1 [ Ato [we [ [wo [ sco |

Definition of Control

SC — Select Counter:

SCt sCo
[ 0 Select Counter 0
a 1 Select Counter 1
1 Q Select Counter 2
1 1 Iilegal ]

RL — Read/Load:

RLY RLO
(1] 0 Counter Latching operation (see
READ/WRITE Procedure Section)
1 o] Read/Load most significant byte only.
0 1 Read/Load least significant byte only.
1 1 Read/Load least significant byte first,
then most significant byte.

6-142

Counter Loading

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 counter prior to
that talling 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 out-
put will remain low and the counter will count. When ter-
minal count is reached the output will go high and re-
main high until the selected count register is reloaded
with the mode or a new count is loaded. The counter
continues to decrement after terminal count has been
reached.

Rewriting a counter register during counting rcsults in
the following:

(1) Write 1st byte stops the current counting
(2) Write 2nd byte starts the new count.

MODE 1: Programmable One-Shot. The output will go
low on the count following the rising edge of tr.z gate in-
put

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 suc-
ceeding trigger. The current count can be read at any
time without affecting the one-shot pulse.

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

AFN-00745C
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MODE 2: Rate Generstor. Divide by N counter. The out-
put 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 subsequent
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 completed (for even numbers) and
go low for the other half of the count. This is accom-
plished by decrementing the counter by two on the fall-
ing edge of each clock pulse. When the counter reaches
terminal count, the state of the output is changed and
the counter is reloaded with the full count and the whale
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 pulses decrement the clock by
2. After timeout, the output goes low and the tull count
is reloaded. The first clock puise (following the reload)
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.

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 terminal count, the

6-143

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 fow for one clock period when the terminal
count is reached. The counter is retriggerable. The out-
put will not go tow until the full count alter the rising
edge of any trigger.

Signal Low
Status [  Or Going
Modes Risi h
ode: Low ising High |
0 Disables - Enables |
counting counting
1 - 1) Inihates —
counting
2) RAesets output
after next clock
2 1 Disables
! 1) Reloads
counting Enabes
counter
2) Sets output counting
2) Inltiates
immediately "
an counting
3 1) Disables
counting tnitiates Enables
2] Sets output counting counting
immediately
high
4 Disables — Enables
counting counting
5 —_ Initiates —
countin
. S B 9

Figure 6. Gate PIn Operations Summary
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MODE 0: Interrupt on Terminal Count

croex LALLM
WR o | I v

OQUTPUT (INTERRUPT)

GaTE 1 r

QUTPHT ANTERAVPT

TRIGGFR [ m—
4 3 2 1 0
ouTPUT 1
a4
THILGER | | —

MODE 2: Rate Generator

Cow UM U UL UL
wra T LS LI

1 . v

auTeL) —_—

[SIVA LIV T T W
REsEr ———

MODE 3: Square Wave Generator
cock UM UULULUULuUn

@ 2 4 2 4 2 4 2 4 2 4 2 4

ourPuTi=e _ [ 1V 1 I

5 4 2 5 2 5 4 2 &5 2 5 4 2

| S

outPuUT (n=5) __[ 1 I

MODE 4: Software Triggered Strobe

GaTE 1 f
OuTPUT |

MODE 5: Hardware Triggered Strobe

e igigigigligligligigigigigiy!
GATE I
OUTPUT (a - 41 LT

GATE | U

OUTPUT 10 &) 1T

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 program-
mer 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 selected 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 separate address so that its
loading is completely sequence independent. (SCO. 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 register is still sequence
independent like the MODE control word ioading, but
when a selected count register is to be loaded it must be
loaded with the number 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 follow the
associated MODE controt 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 decremented
Loading all zeroes into a count register will result in the
maximum count (2' for Binary or 10* for BCD). In MODE 0
the new count will not restart untit the load has been
completed. It will accept one of two bytes depending on
how the MODE control words (RLO, RL1) are program-
med. Then proceed with the restart operation

MODE Control Word
Counter n

Count Register byte

S|
LS8 Counter n

Count Register byte

M
S8 Counter n

Note: Format shown isa 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
MODE Control Word
1
No. Counter 0 i !
MOODE Control Word.

. 1
L counent '
MODE Control Word

N
o. 3 Counter 2 ! !
: §
No.4 | LSB Count Register Byte 0 1
Counter 1
Count Register Byte 0 1
No.5 | MSB Counter 1
Reqi
No.6 | LSB Count Register Byte 1 0
Counter 2
Count Register Byte
.7
No MSB Counter 2 o 14 0
No. 8 | LSB Count Register Byte o 0
Counter 0 |
R
No.9 | MsB Count Register Byte o o
Counter 0

Note: The exclusive addresses of each counter’s count register make
the task of programming the 8253 a very simple matter, and
maximum effective use of the device will result if this feature
is fully utilized

6-145

Figure 9. Alternate Programming Formats
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Read Operations

In most counter applications it becomes necessary toread
the value of the count in progress and make a
computationai deciston based on this quantity Event
counters are probably the most common application that
uses this function. The 8253 contains logic that will allow
the programmer to easily read the contents of any of the
three counters without disturbing the actual count in
progress

There are two methods that the programmer can use to
read the value of the counters. The first method involves
the use ot simple /O read operaticns of the selected
counter. By controlling the A0, A1 inputs to the 8253 the
programmer can select the counter to be read (remember
that no read operation of the mode register is allowed AOQ,
A1-11) The only requirement with this method s that in
order 10 assure a stable countreading the actual operation
of the selected counter must be inhibited either by
controlling the Gate input or by externat 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 I/O Read contains the most! significant byte
(MSB)

Due to the internal logic of the 8253 it is absolutely
necessary tocomplete the entirereading procedure Iftwo
bytes are programmed to be read then two bytes musl be
read before any loading WR command can be sentlto the
same counter

Read Operation Chart

Al A0 RD
0 4] 4] Read Counter No. 0
0 1 0 Read Counter No.1“
) 0 0 Rea;a):mer No. 2
r 1 1 0 lllegal

Reading While Counting

In order for the programmer to read the contents of any
counter without effecting or disturbing the counting
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 “onthe fly " hetoads the
MODE register with a special code which latches the
present count value into a storage register so that its
contents contain an accurate, stable quantity. The
programmer then ssues a normat read command 1o the
selected counter and the contents of the latched registerts
available

MODE Register for Latching Count
A0, A1 = 11

[07] ps [0s [ pa] D3| D2]D1] DO

sct[sco o[ o] x| x|

SC1.SCO— specify counter to be latched
D5.04  — 00 designates counter latching operation
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 compiete the entire read operation as programmed.
This command has no effect on the counter's mode.

cLK ]

* 1.5MHz
T .

*it an BO8S5 clock output is to drive an B253-5 clock input, it must be reduced 10 2 MHz or less.

8253-5

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

Ambient Temperature Under Bias
Storage Temperature
Voltage On Any Pin
With Respect to Ground
Power Dissipation

0°Cto70°C
65°Cto +150°C

05Vt +7V
1 Watt

“NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this
specification is not impliec. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.

D.C. CHARACTERISTICS (Tp = 0°Cto 70°C, Vg = 5V +10%) *

Symbol T P;ra;ﬁ;ier 7 i B M;l. I 7M;x e Unil(‘ 777””1’;:1 &Jndllions ]
ViL Input Low Voltage -0.5 0.8 \2
T [ mowmwnvene 12z [vesv| v | ]
Vor Output Low Voltage ) e 045 | Vv ,ﬂ,‘fji,m i
Von Output H;Q;l Voltage i ) AZ 4 b V. | Note2 T
W Input Loia(iirgurrem 0 :'IO pAﬁ VIN = Vg to OV
loeL Output Float Leakage o WA VouTt = Vg to 45V
tec NeeSwpotyCurene | w0 | ea [ T
CAPACITANCE (Tp = 25C. Vg = GND = 0V)
Symbol Parameter Min, Typ. Max. | Unit Test Conditions
Cin Input Capacitance 10 TDF fe=1MH2z
Cio 1/0 Capacitance 20 rpF Unrin;ais:rred pins reulxd t’o‘@‘v*

A.C. CHARACTERISTICS (Ta - 0°C 10 70°C. Vg - 5.0V = 10%, GND = 0V) *

Bus Parameters (Note 3)

READ CYCLE
) [ 8253 | 82535 -
Symbotl Parameter Min. ™ lﬁax. Min. Max. Unit

tAR Address Stable Before READ 50 30 ns

tha Address Hold Time for READ | 5 Tos T T s ]

RR READ Pulse Width 400 300 ns

tRD Data Delay From READ 4] 300 200 ns
kanpi B READ 10 Data Floating__ | 25 | 125 25 HL 100 | ns

tay Recovery Time Between- READ 1 4 } us

and Any Other Control Signal

AFN-COTA5C
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A.C. CHARACTERISTICS (Continued)

WRITE CYCLE
8253 8263-5
Symbol Parameter Min. Max. Min. Max. Unit
TAw Address Stable Before WRITE 50 3¢ ns
WA Address Hold Time for WRITE 30 30 ns
taw WRITE Pulse Width 400 300 ns
tow Data Set Up Time for WRITE 300 250 ns
two Data Hold Time for WRITE 40 30 ns
RV Recovery Time Between WRITE 1 ! Hs
and Any Other Control Signal
CLOCK AND GATE TIMING
8253 82535
Symbol Parameter Min Max Min. Max. Unit
teLK Clock Period 380 de 380 dc ns
thwh High Pulse Width 230 230 ns
tPwL r— Low Pulse Width 150 150 ns
tow Gate Width High 150 150 ns
toL Gate Width Low 100 100 ns
tGs Gate Set Up Time to CLK1 100 100 ns
1GH Gate Hold Time After CLKT 50 50 ns
too Output Delay From CLK{[4] 400 400 ns
100G Output Delay From Gatel i4] o 300 300 ns
twe Write to CLK Set Up 450 350
NOTES:
1. lgL = 22 mA
2. lon = —400 pA.
3. AC timings measured at Vo 2.2, VoL = 0.8.
4. C_ = 150pF
* For Extended Temperature EXPRESS. use M8253 electrical parameters.
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
24
22 22v. OEVICE
UNDER
> TEST POINTS < >< TEST N
08 08
04s
AC TESTING INPUTS ARE DRIVEN AT 24V FORALOGIC 1 AND 0 45V FOR -
ALOGIC U TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1
AND 08V FOR A LOGIC 0 €, INCLUOES JIG CAPACITANCE
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WAVEFORMS

WRITE TIMING READ TIMING

Ag_y.CS x X
- D AR -

- tag =~

): AR
DATA BUS g RD & {
T T

i Towe ele two = B Y P
™ N/ ‘ '

DATABUS * "~ 7 HIGH MPEDANCE =~ * '

- 1 lga

1 VALID IHIGH IMPEDANCE

CLOCK AND GATE TIMING

GATEG m S \ /
| A\

letop =
outeuTo )( X
- oos -
*LAST BYTE OF COUNT BEING WRITTEN
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PROGRAMMABLE INTERRUPT CONTROLLER

m iAPX 86, iAPX 88 Compatible a Individual Request Mask Capability
= MCS-80%, MCS-85* Compatible = Single +5V Supply (No Clocks)

w Eight-Leve! Priority Controller m 28-Pin Dual-in-Line Package

» Expandable to 64 Levels m Available in EXPRESS

- Standard Temperature Range
- Extended Temperature Range
The Intel® 8259A Programmabie Interrupt Controtler handles up to eight vectored priority interrupts tor the CPU. It is

cascadable for up to 64 vectored priority interrupts without additional 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 B259A is designed to minimize the software and real time overhead in handling multi-level priority interrupts It has
several modes, permitting optimization for a variety of system requirements.

s Programmable Interrupt Modes

The 8259A 1s 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)

Iy Ny
' 4
| !
ARt DATA x . CONTHOL LOGIC
D0y BUS
A BUFFER > -
7 T *d \/
: ! cs 28 v,
; wR(]? 21 (78
T 7 SN "o (]2 2% [)iNTR
N H l 1 o,[]e 25 []1R7
« RO o, 24 [)1R6
AD et = Ry ¢ d
W --d  READ D o, []s 23[3rs
WRITE -—9 N . nTERRUPT] 3 o, 2[1Rs
touic SERVICE PRIORITY REQUEST |* IR < 8259A
Ay - REG RESOLVER] REG  le R4 p,(]8 21{1r3
1SR N HRAY - RS E
0,09 20 {JR2
? - 1R6 =
[ . Ry o,[] 19 1R
0 ] ] 0, (] 11 8 [11Ro
i I casao(] 12 v T
c . as (s ] Sp/EN
CASO =- ~f INTERRUPT MASK REG casi(] 16 L SPrEN
CASCADE N MR GNp (] 14 1w [Dcas2
CAST =—-»l BUFFER [
comPaRATOR
CAS 2 =i
¥ ~
- .
SPUEN - - CAINTERNAL BUS
L
Figure 1. Block Diagram Figure 2. Pin Configuration
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Table 1. Pin Description

|

Symbol | Pin No. | Type “Name and Function

Vee | 28 | 1 | §uﬁly +5V Supply

GND 14 | Ground.

[ 1 [ Chip Select: A low on this pin enables RO and WR communication between the CPU and the 8259A.
INTA functions are independent of CS.

wR | 2 "0 | Write: Alow onthis pin when CS is low enables the 8259A to accept command words from the CPU

RD 3 I“ Read: Alow on this pin when CSislow enables the 8259A to release status ontc the data bus for the
CPU.

D7-Do 4-11 /O | Bidirectional Data Bua: Control. status and interrupt-vector information is transferred via this bus

CASy-CAS, [ 12,13.15| 1O | €

ade Lines: The CAS lines form a private 8259A bus to control a muitiple B259A structure. These
pins are outputs for a master 8259A and inputs for a slave 8259A.

170 | Slave Proéum/Enlble Buffer: Thisisadualfunction pin. When in the Buftered Mode it can berus;

I Asynchrenous inputs. An interrupt requeEs executed by raising an IRTva
(low to high), and holding it high until it is acknowledged (Edge Triggered Mode), or just by a high
1

|
O | Interrupt: This pin goes high whenever a valid interrupt request is asserted. Itis used to interrupt the |
|

| = - -
| Interrupt Acknowledge: This pin is used to enable 8259A interrupt-vector data onto the data bus by
a sequence of interrupt acknowledge puises issued by the CPU

SP/EN 186

to designate a master (SP = 1) or slave (SP = Q)
INT 17

CPU. thus it is connected to the CPU's interrupt pin
(Rg-IR7 1 em2s | ’ nterrupt Reque:

level on an R input (Level Triggered Mode)
INTA 26
Ao 27 )

I S

This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 8259A
to decipher various Command Words the CPU writes and status the CPU wishes to read. it is typically
connected to the CPU AQ address line (At for iAPX B6, 88).

2121
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FUNCTIONAL DESCRIPTION

Interrupts in Microcomputer Systems

Microcomputer system design requires that 1/0 devices
such as keyboards, displays, sensors and other com-
ponents receive servicing in an efficient manner so that
farge amounts of the total system tasks can be assumed
by the microcomputer with little or no effect on through-
put.

The most common method of servicing such devices is
the Polled approach. This is where the processor must
test each device in sequence and in effect ‘ask™ each
one if it needs servicing. It is easy to see that a large por-
tion ot the main program is looping through this con-
tinuous polling cycle and that such a method would
have a serious, detrimental eftect on system through-
put, thus limiting the tasks that could be assumed by
the microcomputer and reducing the cost eftectiveness
of using such devices.

A more desirable method would be one that would allow
the microprocessor to be executing its main program
and only stop to service peripheral devices when it is
told to do so by the device itself. In eftect, the method
would provide an external asynchronous input that
would intorm the processor that it should complete
whatever instruction that is currently being executed
and tetch a new routine that will service the requesting
device. Once this servicing is complete, however, the
processor would resume exactly where it left off.

This method is called /nterrupt. It is easy to see that
system throughput would drastically increase, and thus
more tasks could be assumed by the microcomputer to
turther enhance its cost effectiveness.

The Programmable Interrupt Controller (PIC) tunctions
as an overall manager in an Interrupt-Driven system
environment. It accepts requests from the peripheral
equipment, determines which of the incoming requests
is of the highest importance (priority), ascertains
whether the incoming request has a higher priority value
than the level currently being serviced, and issues an
interrupt to the CPU based on this determination.

Each peripheral device or structure usually has a special
program or “‘routine” that is associated with its specitic
functional or operational requirements; this is referred
to as a "'service routine”. The PIC, after issuing an Inter-
rupt to the CPU, must somehow input information into
the CPU that can “‘point” the Program Counter to the
service routine associated with the requesting device.
This "“pointer" is an address in a vectoring table and will
often be referred to, in this document, as vectoring data.

The 8259A

The 8259A is a device specifically designed tor use in
real time, interrupt driven microcomputer systems. It
manages eight levels or requests and has built-in fea-
tures for expandability to other 8259A's (up to 64 levels).
it is programmed by the system’s software as an /O
peripheral. A selection of priority modes is available to
the programmer so that the manner in which the re-
quests are processed by the 8259A can be configured to

2-122

match his system requirements. The priority modes can
be changed or reconfigured dynamically at any time dur-
ing the main program. This means that the complete
interrupt structure can be defined as required, based on
the total system environment.

CPUDRIVEN
MULTIPLEXOR
cru

I [
-

K wow

N

<:> 10 (2)

If__ -7
| 1
| SR—|

v

Figure 3a. Polled Method

[=4V) INT
ZaN
RAM <:::> <:: I
RO F::i) Vo
<ﬁ:> vo @
s
m::% "o (N) %——
[ |

7

Figure 3b. Interrupt Method
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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 Register
(!RR) and the In-Service Register (ISR). The IRR is used
to store all the interrupt levels which are requesting ser-
vice; and the ISR is used to store all the interrupt levels
which are being serviced.

PRIORITY RESOLVER

This logic block determines the priorities 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 priority.

INT INTERRUPT)

This output goes directly to the CPU interrupt input. The
Von level on this line is designed to be fully compatible
with the 80B0A, B085A and 8086 input levels.

INTA (INTERRUPT ACKNOWLEDGE)

INTA pulses will cause the 8259A to release vectoring
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 butter is used to inter-
face the 8259A to the system Data Bus. Control 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 Com-
mand 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 transterred 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 control
words (ICWs and OCWs) to the 8259A.

RO (READ)

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

2-123

ool

% —d
e

* mrtanar sus

Figure 4a. 8259A Block Diagram

Figure 4b. 8259A Block Diagram

Ao

This input signal is used in conjunction with WR and RD
signals to write commands into the various command
registers, as well as reading the various status registers
of the chip. This line can be tied directly to one of the ad-
dress lines.
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THE CASCADE BUFFER/COMPARATOR

This function block stores and compares the IDs of ail
8259A's used in the system. The associated three 110
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 ot the inter-
rupting slave device onto the CASO-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 microcomputer
system are its programmability and the interrupt routine
addressing capability. The latter atlows direct or indirect
jumping to the specific interrupt routine requested
without any polling of the interrupting devices. The nor-
mal sequence of events during an interrupt depends on
the type of CPU being used.

The evenls occur as follows in an MCS-80/85 system:

1.0ne or more of the INTERRUPT REQUEST lines
(IR7-0) are raised high, setting the corresponding IRR
bit(s).
The 8259A evaluates these requests, and sends an
INT to the CPU, if appropriate.
The CPU acknowledges the INT and responds with an
INTA puise
. Upon receiving an INTA from the CPU group, the
highest priority ISR bit is set, and the corresponding
IRR bit is reset. The 8259A wili also release a CALL in-
struction code (11001101) onto the 8-bit Data Bus
through its D7-0 pins.
. This CALL instruction will initiate two more INTA
pulses to be sent to the 8259A from the CPU group.
These two INTA pulses allow the 8259A to release its
preprogrammed subroutine address onto the Data
Bus. The lower 8-bit address is released at the first
INTA pulse and and the higher 8-bit address is re-
leased at the second INTA pulise
This completes the 3-byte CALL instruction released
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 appropriate EOl command is
1ssued at the end of the interrupt sequence.

N

w

IS

2}

o

~N

The events occurring in an iAPX 86 system are the same
until step 4

4. Upon receiving an INTA trom the CPU group. the high-
est prionity ISR bit is set and the corresponding IRR
bit is reset. The 8259A does not drive the Data Bus
during this cycle

The ‘APX 86.10 will initiate a second INTA pulse
During this pulse. the B259A releases an 8-bit pointer
onto the Data Bus where 1t is read by the CPU

w

o

This completes the interrupt cycle. In the AEOI mode
the ISR bit 1s reset al the end ot the second 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.

aara Lontao e
wassin

T

i

LT i :
I x

e .

cass e o

Sin - i

Figure 4c. 8259A Block Diagram

T memeseson )

[=3 0, D, RO WR INT INTA
PR PN S S ]
CAscAoE | , ] 8259,
UINES cast A
e—={CAS2  IRQ IRQ IRO IRQ 1RO IRQ IRQ IRQ
- Seew 7 6 5 4 3 2 [
b4 [
| .
l I
L L : \ J
ENABLE BUFFER INTERRUPT
REQUESTS
L
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Figure 5. 8259A Interface to Standard
System Bus
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INTERRUPT SEQUENCE OUTPUTS

MCS-80¢, MCS-85%

This sequence is timed by three INTA pulses. During the
tirst INTA pulse the CALL opcode is enabled onto the
data bus.

Content of First interrupt
Vector Byte

o7 De DS D4 03 D2 D1 Do
1

CALL CODE L 1 0 0 1 1 0 1 l
During the second INTA pulse the lower address of the
appropriate service routine is enabled onto the data bus.
When Interval = 4 bits As-A; are programmed, while Ag-
A4 are automatically inserted by the 8259A. When Inter-
val =8 only Ag and A; are programmed, while Ag-Ag are
automatically inserted.

Content of Second Interrupt
Vector Byte

_ " intervai=a

ot D6 D5 D4 DI D2 01 l
|

1
s

© o000 o000l

R
©7 ©bs D5 04 DI D2 01 DO
r 7 A7 AB 1 1 1 o 4] 0
6| A7 a6 1 ' 0 0 0 0
5 A7 AB 1 0 1 o 0 0
a A7 A6 1 0 0 0 o o
3] a7 a0 1 1 o o 0
Fol a0 1 o 0 0 0
1 A7 AB ] ] 1 0 0 4]
o] a7 a6 0 0 0 0 o 0

During the third INTA pulse the higher address of the
appropriate service routine, which was programmed as
byte 2 of the initialization sequence (Ag—A;g), is
enabled onto the bus

Content of Third Interrupt
Vector Byte

o7 D6 DS D4 D3 D2 D1

00
[ [ e [ w3 [ arz T an [ a0 [ ao | 28 |

iAPX 86, iAPX 88

iAPX 86 mode is similar to MCS-80 mode except that only
two Interrupt Acknowledge cycles are issued by the pro-
cessor 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 masler it issues the interrupt code on the cascade
lines at the end of the INTA pulse. On this first cycle it does

2-125

not issue any data to the processor and leaves its data bus
butters disabled. On the second interrupt acknowiedge
cycle in iAPX 86 mode the master (or slave if so pro-
grammed) will send a byte of data to the processor with
the acknowledged interrupt code composed as toliows
(note the state of the ADI mode control is ignored and
As-Aq1 are unused in iAPX 86 mode):

Content of Interrupt Vector Byte
tor iAPX 86 System Mode

— o ‘ . -
o7 | D6 | DS | D4 | D3 | D2 | D1 | DO

0s | L 00
R7 17 | 16 | 15 | T4 | T3 | 1 T

AL E LA SLL S S L A
IR6 T7 T6 j Ts | T4 '34‘ 1 1 0
w5 | 17 | T6 | T5 | Ta | T3 | 1 | o ]
Re [ 17 [ Te (15 [Ta [ 13 [ 1 [0 [ o
[ i3 7 [ ve |75 | 14 3o |1 1
- T 1

w2 | 17 | 76 | Ts | Ta | T3 | 0 | 1 [)

Sk LA LA S POl
iR 17 [ T6 |15 | Ta |13 | 0 | 0 1

UL

RO [ 17 [ Te [15 {14 [13 | 0 [0 | 0

PROGRAMMING THE 8259A
The 8259A accepts two types of command words gener-
ated by the CPU

Initiatization Command Words (ICWs,: Before normal
operation can begin, each 8259A in the system must
be brought to a starting point — by a sequence of 2 to
4 bytes timed by WR puises

N

Operation Command Words (OCWs): These are the
command words which command the 8259A 10 oper-
ate in various interrupt modes. These modes are:
a. Fully nested mode

b. Rotating priority mode

c. Special mask mode

d. Polled mode

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

INITIALIZATION COMMAND WORDS
(ICWS)

GENERAL

Whenever a command is issued with AO=0and D4 =1,
this is interpreted as Initialization Command Word 1
(ICW1). ICW1 starts the initialization sequence during
which the.following automatically occur.

®

The edge sense circuit is reset, which means that fol-
lowing initialization. an interrupt request (IR) input
must make a low-to-high transition to generate an
interrupt.

The Interrupt Mask Register is cleared

IR7 input is assigned priority 7

The slave mode address is set to 7.

Special Mask Mode is cleared and Status Read is set to
IRR

1f1C4=0, then all functions selected in ICW4 are set to
zero. (Non-Buffered mode”, no Auto-EOI. MCS-80. 85
system)

®aoo

“Note: Master/Slave tn ICW4 is only used in the bulfered mode
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INITIALIZATION COMMAND WORDS 1 AND 2
(CW1, ICW2)

Ag-Ays. 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 intervais of 4 or 8
memory locations, thus the 8 routines will occupy a
page of 32 or 64 bytes, respectively.

The address format is 2 bytes long (Ap-Ay5). When the
routine interval is 4, Ap- A, are automatically inserted by
the 8259A, while Ag-A,q are programmed externally.
When the routine interval is 8, Ag-As are automatically
inserted by the 8259A, while Ag-A,5 are programmed
externally.

The 8-byte interval will maintain compatibility with cur-
rent software, while the 4-byte interval is best for a com-
pact jump table.

fnan iAPX 86 system Ayg~A¢1 are inserted in the five most
significant bits of the vectoring byte and the 8259A sets
the three least significant bits according to the interrupt
level. A1g-As 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 interval = 4;
ADI =0 then interval = 8.

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

IC4: it 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 load the 8-bit slave register. The
functions of this register are:

a. Inthe master mode (either when SP =1, or in butfered
mode when M/S=1 in 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 release bytes 2
and 3 (for iIAPX 86 only byte 2) through the cascade
lines.

In the slave mode (either when SP =0, or if BUF = 1
and M/S =0 in ICW4) bits 2-0 identity the slave. The
slave compares its cascade input vsith these bits and,
if they are equal, bytes 2 and 3 of the call sequence (or
just byte 2 for iAPX 86 are released by it on the Data
Bus.

INITIALIZATION COMMAND WORD 4 (ICW4)

1

SFNM: If SFNM =1 the special fully nested mode is
programmed.

BUF: If BUF =1 the buffered mode is programmed. In
buffered mode SP/EN becomes an enable outp
and the master/slave determination is by M/S.

M/S: If buffered mode is selected: M/S = 1 means the
8259A is programmed to be a master, M/S=0
means the 8259A is programmed to be a slave. If
BUF =0, M/S has no function.

AEOI: It AEOI =1 the automatic end of interrupt mode
is programmed.

uPM:  Microprocessor mode: uPM = 0 sets the 8259A for
MCS-80, 85 system operation, uPM = 1 sets the
8259A for IAPX 86 system operation.

NO (SINGL

NOwCe )

READY 70 ACCEPT
INTERRUPT REOUESTS

YES (SNGL o)

Figure 6. Initialization Sequence
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NOTE 1 SLA
MASTER R I

VE ID IS EQUAL TO THE CORRESPONDING
INPUT

o

A 0, 0, [

CLL-L -1

T T
[ !
LD ]

T ICHENEEOED
2 NG Cma NG

i

SINGLE
A ADE Mo LE
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- T OINTERVAL OF 4
o wTERVAL OF B

|
|
|

LEVEL TRILUERED MO0t
' - ELLE TRILGEAED MODE
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(MG s MODE L7
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L N O U (R

- BOBE B0BE MOD!
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0 NORMAL (01
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1 aurrenro h()Ufjﬁnsvln
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OPERATION COMMAND WORDS (OCWs)

After the Initialization Command Words (ICWs) are pro-
grammed into the 8259A, the chip is ready to accept
Interrupt requests at its input lines. However, during the
8259A operation, a selection of algorithms can com-
mand the 8259A to operate in various modes through
the Operation Command Words (OCWs).

OPERATION CONTROL WORDS (OCWs)

ocwr
A0 D7 D6 D5 DA DI D2 DI DO
[U [M7 M6 M5 ma M3 M2 M1 wmo
ocwz

[¢] [F_s & o 0 o u w

ocwl

[o] O EsMM sMM_0 1 P RA Ais|
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OPERATION CONTROL WORD 1 (OCW1)

OCW?1 sets and clears the mask bits in the interrupt
Mask Register (IMR). M; - M, represent the eight mask
bits. M=1 indicates the channel is masked
(inhibited), M = 0 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 Opera-
tion Command Word Format.

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

OPERATION CONTROL WORD 3 (OCW3)

ESMM — Enable Special Mask Mode. When this bit is
set to 1it 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. It ESMM = 1 and SMM =1
the 8259A will enter Special Mask Mode. If ESMM =1
and SMM = 0 the 8259A will revert to normal mask mode.
When ESMM =0, SMM has no effect.
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FULLY NESTED MODE

This mode is entered after initialization unless another
mode is programmed. The interrupt requests are
ordered in priority form O through 7 (0 highest). When an
interrupt is acknowledged the highest priority request is
determined and its vector placed on the bus. Additional-
ly, a bit of the Interrupt Service register (ISO-7) is set.
This bit remains set until the microprocessor issues an
End of Interrupt (EOl) command immediately before
returning from the service routine, or if AEOI (Automatic
End of Interrupt) 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
levels will generate an interrupt (which will be
acknowledged only it the microprocessor internal Inter-
rupt enable flip-flop has been re-enabled through soft-
ware)

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

END OF INTERRUPT (EOI)

The In Service (I1S) bit can be reset either automatically
following the trailing edge of the last in sequence INTA
pulse (when AEOQL bit in ICW1 is set) or by a command
word that must be issued to the 8259A before returning
trom a service routine (EOl command). An EOl 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 B8259A is operated in modes which
preserve the fully nested structure, it can determine
which IS bit to reset on EOl. When a Non-Specific EOI
command is issued the B259A will automatically reset
the highest IS bit of those that are set, since in the
fully nested mode the highest IS level was necessarily the
Jast level acknowledged and serviced. A non-specific EOl
can be issued with OCW2 (EOl = 1, SL = 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 leve! to be reset. A specific EOl can be is-
sued with OCW2 (EOI = 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

It AEQI = 1in ICW4, then the B259A wili operate in AEOI
mode continuously until reprogrammed by ICW4. In this
mode the 8259A will automatically perform a non-
specific EQI operation at the trailing edge of the last
interrupt acknowledge pulse (third pulse in MCS-80/85,
second in iIAPX 86) Note that from a system standpoint,
this mode should be used only when a nested multilevel
interrupt structure is not required within a single 8259A.

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

2-130

AUTOMATIC ROTATION

(Equal Priority Devices)

In some applications there are a number of interrupting
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
once. For example, it the priority and “in service' status
is

Before Rotate (IR4 the highest priority requiring service)
1S7 IS8 IS5 1S4 IS3 1S2 IS1 IS0
Lo 1 oTﬁloloTo 0|
Lowes! Priority Highest Priority

N

A G KR ERE RN

“IS" Status

Prionity Status

After Rotate (IR4 was serviced, all other priorities
rotated correspondingly)

IS7 )S8 iS5 1S4 (1S3 1S2 IS1 IS0

(o] TefeloleToTe]

“IS" Status.

Highest Priority
N
r

Lowaest Priority

NI ADDE!

Priory Status

There are two ways to accomplish Automatic Rotation
using CCW2, the Rotation on Non-Specific EOl Command
(R =1.SL < 0 EQI = 1) and the Rotate in Automatic EOI
Mode which is setby (R = 1. SL = 0, EOI = 0) and cleared
by (R = 0. SL = 0, EOI = 0)

SPECIFIC ROTATION

(Specific Priority)

The programmer can change priorities by programming
the bottom priority and thus fixing all other priorities;
i.e, it IR5 is programmed as the bottom priority device,
then IR6 will have the highest one.

The Set Priority command is issued in OCW2 where:
R = 1.SL = 1: LO-L2isthe binary priority level code of the
bottom priority device.

Observe that in this mode internal status is updated by
software control duringOCW2. However, itis independent
of the End of Interrupt (EOI) command (also executed by
OCW?2). Priority changes can be executed during an EOI
command by using the Rotate 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 be masked individu-
ally by the Interrupt Mask Register (IMR) programmed
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 atfect the
other channeis operation.
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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 priority
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 inter-
rupts from al/ 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 OCW3 where:

SSMM =1, SMM=1, and cleared where SSMM=1,
SMM =0.

POLL COMMAND

In this mode the INT output is not used or the micropro-
cessor 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 OCW3.
The 8259A treats the next RD pulse to the B259A (i.e.,
RD=0, C5=0) as an interrupt acknowledge, sets the
appropriate IS bit if there is a request, and reads the
priority level. Interrupt is frozen from WR to RD

The word enabled onto the data bus during RD is:
] D2 D1 Do
w2 w1 WOJ

D4 03

WO0-W2: Binary code of the highest priority level
requesting service.
I: Equal to a 1" if there is an interrupt.

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

Ll T
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Figure 9. Priority Cell—Simplified Logic Diagram
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READING THE 8259A STATUS

Theinput status of several internal registers can beread to
update the user information on the system. The following
registers can be read via OCW3 (IRR and ISR or OCW1
[IMR]).

Interrupt Request Register (IRR): 8-bit register which con-
tains the ievels requesting an interrupt to be acknowl-
edged. The highest request level is reset from the IRR
when an interruptis acknowledged. (Not affected by IMR.)

In-Service Register (ISR): 8-bit register which containsthe
priority levels that are being serviced. The ISR is updated
when an £nd of Interrupt Command is issued

Interrupt Mask Register: 8-bit register which contains 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 overation, as long as the status read corresponds
with the previous one; i.e., the 8259A "‘remembers”
whether the IRR or ISR has been previously 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 output data
bus will contain the IMR whenever RD is active and AO - 1
(OCW1)

EDGE AND LEVEL TRIGGERED MODES

This mode is programmed using bit 3 in ICW1

IfLTIM = '0', an interrupt request will be recognized by a
low to high transition on an IR input. The IR input can re-
main high without generating another interrupt

If LTIM = '1", an interrupt request will be recognized by a
‘high’ level on (R Input, and there is no need for an edge
detection. The interrupt request must be removed before
the ECl command is issued or the CPU interrupt is enabled
to prevent a second interrupt from occurring

The priority celi diagram shows a conceptual circuit of the
level sensitive and edge sensitive input circuitry of the
8259A. Be sure to note that the request latch is a transpar-
ent 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 acknowledges the interrupt.
This can be a usetul safeguard for detecting interrupts
caused by spurious noise glitches on the IR inputs. To im-
plement this feature the IR7 routine is used for “clean up”
simply executing a return instruction. thus ignoring the
interrupt. If IR7 is needed for other purposes a defauit IR7
can still be detected by reading the ISR A normal IR7
interrupt will set the corresponding ISR bit, a default IR7
won't. If a default IR7 routine occurs during a normal IR7
routine, however. the ISR will remain set. In this case it is
necessary to keep track of whether or not the IR7 routine
was previously entered. If another IR7 occurs it is a

Polling uverrides status read when P - 1.RR = 11n OCW3 default
¥ — [ T
50868008 80808085 ™~
yJ g \ ‘
\‘\
N
INT +
|
8086.8088 H
4 i
INTA yd ﬁ—
\‘/—\_/ \—/Asoan,wns
LATCH® EARLIEST IR LATCH®
ARMED CAN BE REMOVED “EDGE TRIGGERED MODE ONLY ARMED

Figure 10. IR Trigger

ing Timing Requirements
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THE SPECIAL FULLY NESTED MODE

This mode will be used in the case of a hig system
where cascading is used, and the priority has to be con-
served within each siave. In this case the fully nested
mode will be programmed to the master (using ICW4).
This mode is similar to the normal nested mode with the
tollowing exceptions:

a. When an interrupt request from a certain stave.is in
service this slave is not locked out from the master's
priority logic and further interrupt requests from
higher priority IR's within the slave will be recognized
by the master and will initiate interrupts to the proc-
essor. (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)

54

When exiting the Interrupt Service routine the soft-
ware has to check whether the interrupt serviced was
the onty one from that slave. This is done by sending
a non-specific End of Interrupt (EQ)) command to the
slave and then reading its In-Service register and
checking for zero. If it is empty, a non-specitic EOl
can be sent to the master too. If not, no EQI 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 cas-
cading mode is used, there exists the problem of enabl-
ing buffers.

The buftered mode will structure the 8259A to send an
enable signal on SP/EN to enable the buffers. In this

mode, whenever the 8253A’s data bus outputs are ena-
bled, the SP/EN output becomes active

This modification torces the use of software program-
ming to determine whether the 8259A is a master or a
slave. Bit 3in ICW4 programs the buftered mode, and bit
2 in ICW4 determines whether it is a master or a slave.

CASCADE MODE

The 8259A 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 outputs are
connected to the master interrupt request inputs. When a
slave request line is activated and afterwards acknowl-
edged, the master will enable the corresponding slave to
release the device routine address during bytes 2 and 3 ot
INTA. (Byte 2 only for 8086/8088)

The cascade bus lines are normally low and wili contain
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 follow a separate initiatization
sequence and can be programmed to work in a different
mode. An EOI command must be issued twice once for
the master and once for the corresponding slave. An
address decoder is required to activate the Chip Setect
(CS) input of each 8259A

The cascade tines of the Master 8259A are activated only
for slave inputs, non slave inputs leave the cascade hne
inactive (low)

INTERRUPT REQUESTS

Figure il. Ca:aadiué the 8259A
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias .......... 0°C to 70°C
Storage Temperature . ............. 65°C to +150°C
Voltage on Any Pin

with RespecttoGround ............. -05Vto +7V
Power Dissipation .......................... 1 Watt

D.C. CHARACTERISTICS

*NOTICE: Stresses above those listed under "Absolute
Maximum Ratings”’ may cause permanent damage lo the
device. This is a stress rating only and tunctional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this speciti-
cation is not implied.

[Ta = 0°C to 70°C. Vg = 5V 5% (8259A-8), Vo = 5V +10% (8259A, B259A-2)]

Symbol Parameter Min, ] Max. Units Test Conditions
viL Input Low Voltage -05 ] 08 v
Vi Input High Voltage 20° } Vce +0.5V v
[ Voo Output High Voltage [ 0.45 v loL = 2.2mA
Von Output High Voltage 2.4 I o v loH = —400uA
VoHaNT) l\/“;f(:um Output High 3.5 v lon = —100uA
ge 24 v lon = —400uA
1Y} Input Load Current -10 +10 uA oV =V|N =V¢e
oL Output Leakage Current T 10 WA | 0.45V<Voyut <Vee
Icc Vcc Supply Current 85 mA i
IR IR Input Load Current 300 HA Vin = 0 {
| 70 uA Vin=Vee |
*Note: For Extended Temperature EXPRESS V,,, = 2.3V.
CAPACITANCE (14 = 25°C: V¢ = GND = 0V)
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance __1'0 pF tc = 1 MHZ
Cijo /O Capacitance 20 pF Unmeasured pins returned to Vgg

A.C. CHARACTERISTICS (T4 = 0°C to 70°C, Vo = 5V 5% (8259A-8), Vo = 5V = 10% (8259A, 8259A-2)]

TIMING REQUIREMENTS

8250A8 | 8 -
Symbol Parameter 948 —f 8259A 259A-2 Units | Test Conditions
Min. | Max. | Min. | Max. | Min. | Max.
TAHRL | AC/CS Setup to RD/INTA| 50 0 0 ns
TRHAX | AO/CS Hold after RD/INTA? 5 | 0 0 ns
TRLARH | RD Pulse Width 420 235 160 ns
TAHWL |AO/CS Setup to WR} 50 0 0 ns
— e — - —

TWHAX | AO/CS Hold after WR1 20 0 0 ns
TWLWH | WR Pulse Width 400 290 190 ns
TDVWH | Data Setup to WR? 300 240 160 ns
TWHDX | Data Hold after WR? 40 0 0 ns
TJILIH Interrupt Request Width (Low) 100 100 100 ns See Note 1

Cascade Setup to Second or Third

4
TOVIAL | [{7A| (Stave Only) 55 55 0 ns
—_— — 7 —

£nd of RD to next RD
TRHRL | 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
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A.C. CHARACTERISTICS (Continued)

Symbol Parameter

‘TCHCL (Not same command type)

End of Command to next Command

End of INTA sequence to next
INTA sequence.

B8259A-8 8259A ] 8259A-2 7T ”iiii
bo——r 1 Units
Min. | Max. | Min. | Max. | Min. | Max. |
500 500 500 ‘[ ns

*Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (i.e. B0B5A = 1.6us,

8085A-2 = 1us, 8086 = 1us, 8086-2 = 625 ns)

NOTE: This 1s the low time required to clear the input latch in the edge triggered mode.

TIMING RESPONSES

Symbol Ll L ] Units Test Conditions
Min. | Max. | Min. | Max. | Min. | Max.
TRLDV Data Vahad from ﬁ/INTA} 300 200 120 ns C ot Data Bus=
100 pF
TRHDZ Data Float after RD/INTA! 10 200 10 100 10 85 ns C of Data Bus
e — — Max text C = 100 pF
TJHIH Interrupt Output Delay 400 350 300 | ns Min o5t G = 16 pF
TIALCY Cascade Valid from First INTA| 565 565 260 s Cor = 100 F
(Master Only)
TRLEL Enable Active from RD| or INTA| 160 126 100 ns Ccascape = 100 pF
TRHEH Enable Inactive from ﬁﬁ{ or INTA] 325 150 150 ns
TAHDV Data Valid from Stable Address 350 200 200 ns
TCVDV Cascade Valid to Valid Data 300 300 200 ns

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT QUTPUT

°

2.
-
> TEST POINTS
P <
0

DEVICE
UNDER
TEST

A LOGIC 0
AND 08V FOR A LOGIC 0

AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 0 45V FOR
TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1

p
C, INCLUDES JIG CAPACITANCE

WAVEFORMS
WRITE - — e TWLWN —
\ /
TAMWL —fel TWHAX b

cs
ADDAESS SUS

L]

-— TOVN -{—{ — TWHOX
OATA oUS
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WAVEFORMS (Continued)
READ/INTA

ADANTA e TALAK
K J

Y | ‘
- TALEL — f TAHEN
= TAHAL e TRAMAX
&
ADORESS Bus

A

=~ TRLDV ——{ TAHDZ f-——
—— ~ TAHDY - —
DATABUS- — — — = = — = = — = ———— ——————

OTHER TIMING

D
INTA
TRHAL
WA
W

AD
INTA

AD.
INTA

WR
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WAVEFORMS (Continued)

INTA SEQUENCE

SRR ST g i 5
I
e O
1 1
| ﬁ»;vcwu‘- l L }~ TCVIAL
E o 2 s
) ]

NOTES: Interrupt output must remain HIGH at least until leading edge of first INTA
1. Cycle 1 im IAPX 86, iAPX 88 systems, the Data Bus is not active
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8284A/8284A-1
CLOCK GENERATOR AND DRIVER FOR
iAPX 86, 88 PROCESSORS

u Generates the System Clock for the a Single +5V Power Supply
iAPX 86, 88 Processors:
5 MHz, 8 MHz with 8284A m Generates System Reset Output from
10 MHz with 8284A-1 Schmitt Trigger Input

m Uses a Crystal or a TTL Signal for

Frequency Source n Capable of Clock Synchronization with

f L v N Other 8284As
S READY Sy READY and Multibus » Available in EXPRESS
- Standard Temperature Range
= 18-Pin Package - Extended Temperature Range

XTAL

OSCILLATOR
X2 osc

+3 +— +2 = PCLK
- SYNC 1 SYNC
CSYNC 1
ADY1
———D-———D——o cLK
AENT

ROY2

Fvee

] xt
[Ox2

[ ASYNC
(e
[FIT

[ osc
[JRES

[ JRESET

1
2
3
4
5
6
7
8
9

AEN2 ] Qa ] Q> READY

ASYNC

8284A/8284A-1 Pin
8284A/8284A-1 Block Diagram Configuration
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Table 1. Pin Description

HIGH, CLK is generated trom the input fre-
quency appearing on this pin. The input
signal is a square wave 3 times the frequency
of the desired CLK output.

FUNCTIONAL DESCRIPTION
General

The 8284A is a single chip clock generator/driver for the
iAPX 86, 88 processors. The chip contains a crystal-
controlled oscillator, a divide-by-three counter, com-
plete MULTIBUS™ "‘Ready” synchronization and reset
logic. Refer to Figure 1 for Block Diagram and Figure 2
tor Pin Contiguration.

Oscillator

The oscillator circuit of the 8284A is designed primarily
tor use with an external series resonant, fundamental
mode, crystal from which the basic operating frequency
is derived.

Symbol | Type Name and Function ] Symbol | Type Name and Function
AENT1, | | Address Ena AEN is an active LOW CLK O | Proceasor Clock: CLK is the clock output
AEN2 signal. AEN serves to qualify its respective used by the processor and all devices which
Bus Ready Signal (RDY1 or RDY2). AENt directly connect to the processor's locat bus
validates RDY1 while AEN2 validates RDY2. (i.e., the bipolar support chips and other MOS
Two AEN signal inputs are useful in system devices). CLK has an output frequency which
contigurations which permit the processor to is Y3 of the crystal or EFl input frequency anda
access two Multi-Master System Busses. In ¥ duty cycle. An output HIGH of 4.5 volts
non Multi-Master contigurations the AEN (Vcc=5V) is provided on this pin to drive MOS
signal inputs are tied true (LOW). devices.
RDY1, | | Bus Ready: (Transter Complete). RDY is an PCLK O | Peripheral Clock: PCLK is a TTL level pe-
RDY2 active HIGH signal which is an indication from ripheral clock signal whose output frequency
a device located on the system data bus that is %2 that of CLK and has a 50% duty cycle.
data has been racsivad, of is available. ROY1 0SC | O | Ostiliator Output: OSC is the TTL level out-
is qualified by AENT while RDY2 is qualified put of the internal oscillator circuitry. its fre-
by AENZ. quency is equal to that of the crystal.
ASYNC | 1 Ready Sypchronl.zullon Select: ASYNCisan RES | | Resetin: RES is an active LOW signal which
input which defines the synchromxanqn is used to generate RESET. The 8284A
mode of the READY logic. When ASVNQ is provides a Schmitt trigger input so that an RC
low, two stages of READY synchronization connection can be used 1o establish the
are provided. Whgn ASYNC _45 teft open power-up reset of proper duration.
(internal pull-up resistor is provided) or HIGH e ——
a single stage of READY synchronization is RESET | O | Reset: RESET isan active HIGH signal which
provided. is used to reset the 8086 family processors. Its
| timing characteristics are determined by
READY | O | Ready: READY is an active HIGH signal RES.
which is the synchronized RDY signal input. - - o
READY is cleared after the guaranteed hold CSYNC | 1 | Clock Synchronization: CSYNC is an active
time to the processor has been met. HIGH signal which allows multiple 8284As to
be synchronized to provide clocks that are in
X1, X2 I Crystal In: X1 and X2 are the pins to which a phase. When CSYNC is HIGH the internal
crystal is attached. The crystal frequency is 3 counters are reset. When CSYNC goes LOW
times the desired processor clock frequency. the internal counters are allowed to resume
FIC | | Frequency/Crystat Select: F/Cisastrapping counting. CSYNC needs to be externally syn-
option. When strapped LOW, F/C permits the chronized to EFI. When using the internal os-
processor’s clock to be generated by the crys- cillator CSYNC should be hardwired to
tal. When F/C is strapped HIGH, CLK is gener- ground.
ated from the EFI input. GND Ground.
EF | | External Frequency: When F/C is strapped Vee Power: +5V supply

3-568

The crystal frequency shouid be selected at three times
the required CPU clock. X1 and X2 are the two crystal
input crystal connections. For the most stable operation
of the oscillator (OSC) output circuit, two series resistors
(Ry = R = 510 ) as shown in the wavetorm figures are
recommended. The output of the osciilator is buffered and
brought out on OSC so that other system timing signals
can be derived from this stable, crystal-controlled source.

For systems which have aVgc ramp time = 1V/ms and/or
have inherent board capacitance between X1 or X2, ex-
ceeding 10 pF (not including 8284 A pin capacitance), the
two 5104} resistors should be used. This circuit provides
optimum stability for the oscillator in such extreme condi-
tions. ltis advisable to limit stray capacitances to less than
10 pF on X1 and X2 to minimize deviation from operating
at the tundamental frequency.
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Clock Generator

The clock generator consists of a synchronous divide-
by-three counter with a special clear input that inhibits
the counting. This clear input ({CSYNC) allows the out-
put clock to be synchronized with an external event
(such as another 8284A clock). It is necessary to syn-
chronize the CSYNC input to the EFI clock external to
the 8284A. This is accomplished with two Schottky flip-
tlops. The counter output is a 33% duty cycle clock at
one-third the input frequency.

The FIC input is a strapping pin that selects either the
crystal oscillator or the EF| input as the clock for the +3
counter. If the EFi input is selected as the clock source,
the osciltator section can be used independently for
another clock source. Output is taken from OSC.

Clock Outputs

The CLK output is a 33% duty cycle MOS clogk driver
designed to drive the iAPX 86, 88 processors directly.
PCLK is a TTL level peripheral clock signal whose out-
put trequency is 2 that of CLK. PCLK has a 50% duty
cycle.

Reset Logic

The reset logic provides a Schmitt trigger input (RES)
and a synchronizing flip-flop to generate the reset
timing. The reset signai is synchronized to the falling
edge of CLK. A simple RC network can be used to
provide power-on reset by utilizing this function of the
8284A.

READY Synchronization

Two READY inputs (RDY1, RDY2) are provided to accom-
modate two Multi-Master system busses. Each input
has a qualitier (AENT and AENZ, respectively). The AEN
signals validate their respective RDY signals. If a Multi-

Master system is not being used the AEN pin should be
tied LOW.

Synchronization is required for all asynchronous active-
going edges of either RDY input to guarantee that the
RDY setup and hold times are met. Inactive-going edges
of ROY in normally ready systems do not require syn-
chronization but must satisfy RDY setup and hold as a
matter of proper system design.

The ASYNC input defines two modes of READY syn-
chronization operation.

When ASYNC is LOW, two stages of synchronization
are provided for active READY input signals. Positive-
going asynchronous READY inputs will tirst be syn-
chronized to flip-ttop one at the rising edge of CLK
and then synchronized to flip-flop two at the next falling
edge of CLK, after which time the READY output will go
active (HIGH). Negative-going asynchronous READY in-
puts will be synchronized directly to flip-flop two at the
falling edge of CLK, after which time the READY output
will go inactive. This mode of operation is intended for use
by asynchronous (normaHy not ready) devices in the sys-
tem which cannot be guaranteed by design to meet the
required RDY setup timing, TrivcL, ON each bus cycle.

When ASYNC is high or left open, the first READY tlip-
tlop is bypassed in the READY synchronization logic.
READY inputs are synchronized by tlip-tiop two on the
tatling edge of CLK before they are presented to the
processor. This mode is available for synchronous
devices that can be guaranteed to meet the required
RDY setup time.

ASYNC can be changed on every bus cycle to select the
appropriate mode of synchronization for each device in
the system.

CLOCK o
SYNCHRONIZE

>t oo L1

{TO OTHER 8284As)

Figure 3. CSYNC Synchronization
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ABSOLUTE MAXIMUM RATINGS*

TemperatureUnderBias................. 0°Cto70°C
Storage Temperature .............. -65°Cto +150°C
All Qutput and Supply Voltages ......... —-05Vto +7V
AlllnputVoltages . .................. -1.0Vio +55V
Power Dissipation .......................... 1 Watt

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings" may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indi din the op i ! ti of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (To=0°C 10 70°C, Vcc =5V  10%)

Symbol Parameter Min. Max. Units | Test Conditions

Ig Forward Input Current (ASYNC) -13 mA Vg=0.45V
Other Inputs -05 mA Vg=0.45V

Ia Reverse Input Current (ASYNC) 50 pA Va=Vee
Other Inputs 50 pA Vp=5.25V

Ve Input Forward Clamp Voltage -1.0 v lc=-5mA

lee Power Supply Current 162 mA

ViL Input LOW Voltage 08 \

Vin Input HIGH Voltage 20 v

ViR Reset Input HIGH Voltage 26 v

Vo Qutput LOW Voitage 0.45 \ S5mA

Von Qutput HIGH Voltage CLK 4 v —-1mA
Other Outputs 24 v —1mA

Viva— Vita RES Input Hysteresis 0.25 v

TIMING REQUIREMENTS

A.C. CHARACTERISTICS (T5=0°C t0 70°C, Ve = 5V + 10%)

Symbol Parameter Min. Max. Units Test Conditions
tEHEL External Frequency HIGH Time 13 ns 90%-90% Vi
tELEH External Frequency LOW Time 13 ns 10%-10% Vi
teLeL EFI Period 33 ns (Note 1)
XTAL Freguency 12 25 MHz
taiveL RDY1, RDY2 Active Setup to CLK 35 ns ASYNC = HIGH
tRiveH RDY1, RDY2 Active Setup to CLK 35 ns ASYNC = LOW
triveL RDY1, RDY2 Inactive Setup to CLK 35 ns
tCLRIX RDY1, RDY2 Hold to CLK 0 ns
tavvoL ASYNC Setup to CLK 50 ns
torayx ASYNC Hold to CLK 0 ns
tatvRiv AENT, AENZ Setup to RDY1, RDY2 15 ns
toLatx AEN1, AENZ Hold to CLK 0 ns
tYHEH CSYNC Setup to EF{ 20 ns
tEHYL CSYNC Hold to EFI 10 ns
tyHyL CSYNC Width 2 teLeL ns
tHoL RES Setup to CLK 65 ns (Note 1)
toLiH RES Hold to CLK 20 ns (Note 1)
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A.C. CHARACTERISTICS (Continued)

TIMING RESPONSES
Symbol Parameter Min. 8284A Min. 8284A-1 Max. Units Test C
oo CLK Cycle Period 125 ] 100 ns
tewel CLK HIGH Time (Aierel) +2 39 ns
tercn CLK LOW Time (% tera) - 15 53 ns
I
tewcnz | Gk Rise or Fall Time T 10 ns 1.0V to 3.5V
tewzcu
toupL PCLK HIGH Time tecL-20 tore =20 ns
teep PCLK LOW Time ‘cu:rm/__ tera—20 ns
tavicL Ready Inactive to CLK (See Note 3) -8 -8 ns
tRYHCH Ready Active to CLK (See Note 2) (Atec)-15 53 ns
teue CLK to Reset Delay 40 ns
teren CLK to PCLK HIGH DELAY 22 ns
u%’t CLK to PCLK LOW Delay 22 ns
toucH OSC to CLK HIGH Delay -5 -5 22 ns
torct 0SC to CLK LOW Delay 2 2 35 ns
toLon Output Rise Time (except CLK) 20 ns From 0.8V to 2.0V
tonoL Output Fall Time {except CLK) 12 ns From 2.0V to 0.8V
NOTES:

1. Setup and hold necessary only to guarantee recognition at next clock.
2. Applies only 10 T3 and TW states.
3. Applies only to T2 states.

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT
24
DEVICE

1.5 4— TEST POINTS — 1.5 UnoER
0.45
A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC 1" AND 0.45V
FOR A LOG(‘\\‘CC”O.” TIMING MEA‘SJUREMENYS ARE MADE AT 15V FOR
BOTH A LOGIC 1" AND “0." INPUT RISE AND FALL TIMES (MEASURED = 100pF
BETWEEN 0.8V AND 2.0V) ARE 5+ 2 NS. CL=t FOR CLK

GL= 300F FOR READY

Vo =208V

A - 3250
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WAVEFORMS
CLOCKS AND RESET SIGNALS
e teLEL teLen — temEL
NAME 1O
]

J S\
.J

Y
Y

RESET O

ek o |
tewvi—{ |
csYNC )
tymyL——
RES t

[l
ax o ,’
| ‘cmcnrﬁ olpH ] | ol T
(- [ "
f—

o tymEH

NOTE: ALL TIMING MEASUREMENTS ARE MADE AT 1.5 VOLTS, UNLESS OTHERWISE NOTED.

- 'cum—»ic timcr.

— k N
— o

CLK ’ *

READY SIGNALS (FOR ASYNCHRONOUS DEVICES)

RADY1,2

READY

AENT2 i

ASYNC !
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ARTVCH —il

L ../ [/
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-
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WAVEFORMS (Continued)

READY SIGNALS (FOR SYNCHRONOUS DEVICES)

__/_‘r}‘_ ! I} 4

— thiver
RDY12 j

ARy -l L -0-‘ teumix

AEN1Z lk I
-—l tavver e = Clarx be—
.
ASYNC )! X
+un =
READY * *
l*—lvm«:n—-— TRYLCL —| f—
LOAD
SEE NOTE 1
2aMHz ] ¢ !
| X2
. n FIC
CSYNC
= = = Ry = Ry = 5100,

Clock High and Low Time (Using X1, X2)

PULSE LOAD
I GENERATOR I EF Clx | (SEE NOTE 1) |

Vee
FIT

CSYNC

Clock High and Low Time (Using EF1)
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Vce

LOAD
AERNT  cuk | (SEE NOTE 1) I

X1

o o
LOAD
amn l:)‘l‘ X2 REARY -
SEE NOTE 2
( )

PULS
GENERATOR RDY2 0OsC

Lt ] TRIGGER FIC
AENZ
CSYNC

= Ry = Ry = 5100,

Ready to Clock (Using X1, X2)

PULSE LOAD
GENERATOR EFl LK I (SEE NOTEt)l
Vee
FIT
TRIGGER RENT
PULSE RDY2
GENERATOR AENZ
I | LOAD I
CSYNC READY| (SEE NOTE 2)
NoTES: Ready to Clock (Using EFI)
1. C = 100 pF
2. CL = 0pF
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HIGH PERFORMANCE
PROGRAMMABLE DMA CONTROLLER

u Enable/Disable Control of Individual = High performance: Transfers up to 1.6M
DMA Requests Bytes/Second with 5 MHz 8237A-5
= Four Independent DMA Channels n Directly Expandable to any Number of
Channels
» Independent Autoinitialization of all n End of Process Input for Terminating
Channels Transfers

n Software DMA Requests
n Independent Polarity Control for DREQ
n Memory Block Initialization and DACK Signals

m Available in EXPRESS
- Standard Temperature Range

= Memory-to-Memory Transfers

» Address Increment or Decrement

The 8237A Multimode Direct Memory Access (DMA) Controlier is a peripheral interface circuit for microprocessor sys-
tems. It is designed to improve system performance by allowing external devices to directly transfer information from
the system memory. Memory-to-memory transtfer capability is also provided. The 8237A oftfers a wide variety of pro-
grammable control features to enhance data throughput and system optimization and to allow dynamic recontigura-
tion under program control.

The 8237A is designed to be used in conjunction with an external 8-bit address register such as the 8282. It contains
four independent channels and may be expanded to any number of channels by cascading additional controller chips.

The three basic transfer modes allow programmability of the types of DMA service by the user. Each channel can be
individually programmed to Autoinitialize to its original condition following an End of Process (EOP).

Each channel has a full 64K address and word count capability.
The 8237A-4 and 8237A-5 are 4 MHz and 5 MHz selected versions of the standard 3 MHz 8237A respectively.

DECREMENTOR [ “ncoecnemenron
TEMP TEMP ADORESS. -
coumr Rea e REG 11
[
neser ———| 0w ] o
warpus ! o
g LA ‘*—\ % .
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] | | e : C g
an e | comr ot | counr H woa [ M
1 Aps78 ) A
deaw 9 ” AEN 0
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on omTRot wao Voot + 89
w —9 &g o8
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[—“‘ oacxz ] o83y
oneen- I\ -0uT)  packs [ ose
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Figure 2.
Figure 1. Block Diagram Pin Configuration
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Tabie 1. Pin Description

Symbol

Type

Name and Function

Symbol

Type

Name snd Function

Vee

Power: + 5 volt supply.

Vss

Ground: Ground,

CLK

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

cs

Chip Select: Chip Select is an ac-
tive low input used to select the
8237A as an WO device during the
Idle cycle. This allows CPU com-
munication on the data bus.

RESET

Reset: Reset is an active high in-
put which clears the C

ory-to-memory operations, data
from the memory comes into the
8237A on the data bus during the
read-from-memory transfer. In the
write-to-memory transfer, the data
bus outputs place the data into the
new memory location.

OR

]

VO Read: /0 Read is a bidirec-
tional active low three-state line. In
the Idle cycle, it Is an input control
signal used by the CPU to read the
control registers. In the Active cy-
cle, It is an output control signat
used by the 8237A to access data
from a peripheral during a DMA
Write transfer.

Status, Request and Temporary
registers. It also clears the
first/last flip/flop and sets the
Mask register. Following a Reset
the device is in the Idie cycle.

READY

Ready: Ready is an input used to
extend the memory read and write
pulses from the 8237A to accom-
modate siow memories or /O per-
ipheral devices. Ready must not
make transitions during its speci-
fied setup/hold time.

HLDA

Hold Acknowledge: The active
high Hold Acknowledge from the
CPU indicates that it has relin-
quished control of the system
busses.

DREQO-DREQ3

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

DBO-DB7

o

Data Bus: The Data Bus lines are
bidirectional three-state signals
connected to the system data bus.
The outputs are enabled in the Pro-
gram condition during the 1/O Read
to output the contents of an Ad-
dress register, a Status register,
the Temporary reglster or a Word
Count register to the CPU. The out-
puts are disabled and the inputs
are read during an 1/O Write cycle
when the CPU is programming the
8237A control registers. During
DMA cycles the most significant 8
bits of the address are output onto
the data bus to be strobed Into an
external latch by ADSTB. In mem-

ow

1o

VO Write: /O Write is a bidirec-
tional active low three-state line. In
the Idle cycle, it is an input control
signal used by the CPU to load in-
formation Into the 8237A. in the Ac-
tive cycle, it Is an output control
signal used by the 8237A to load
data to the perlpheral during a
DMA Read transfer.

EOP

o

End of Process: End of Process is
an active low bidirectional signal.
information concerning the com-
pletion of DMA services Is avail-
able at the bidirectional EOP pin.
The 8237A allows an external sig-
nal to terminate an active DMA
service. This Is accomplished by
pulling the EOP input low with an
external EOP signal. The 8237A al-
S0 generates a pulse when the ter-
minal count (TC) for any channel is
reached. This generates an EOP
signal which is output through the
EOP Line. The reception of EOP,
either internal or external, will
cause the 8237A to terminate the
service, reset the request, and, it
Autoinitialize Is enabled, to write
the base registers to the current
registers of that channel. The mask
bit and TC bit in the status word
will be set tor the currently active
channel by EOP unless the channel
is programmed for Autoinitialize. In
that case, the mask bit remains un-
changed. During memory-to-memory
transters, EOP will be output when
the TC for channel 1 occurs. EOP
should be tied high with a pull-up
resistor If it Is not used to prevent
erroneous end of process inputs.

AQ-A3

o]

Addr The tour least significant
address lines are bidirectional
three-state signals. In the Idle cy-
cle they are inputs and are used by
the CPU to address the register
to be (oaded or read. In the Active
cycle they are outputs and provide
the lower 4 bits of the output
address.
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Table 1. Pin Description (Continued)

quest to the CPU and is used to re-
quest control of the system bus. If
the corresponding mask bit Is
clear, the presence of any valid
DREQ causes 8237A to issue the
HRQ. Atfter HRQ goes active at
least one clock cycle (TCY) must
occur before HLDA goes active.

DMA Acknowledge: DMA Ac-
knowledge is used to notify the in-
dividual peripherals when one has
been granted a DMA cycle. The
sense of these lines is program-

DACKO-DACK3 o

Symbol Type J Name and Function Symbol Type Name and Function
A4-AT o ' Address: The four most significant AEN o Address Enable: Address Enable
address lines are three-state out- enables the 8-bit latch containing
puts and provide 4 bits of address. the upper 8 address bits onto the
These lines are enabled only during system address bus. AEN can also
the DMA service. be used to disable other system bus
HRQ 0 | Hold Request: This is the Hold Re- drivers during DMA transfers. AEN

mable. Reset initializes them to ac-
tive low.

FUNCTIONAL DESCRIPTION

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

Name Sze | Number
Base Address Registers 16 bits 4
Base Word Count Registers 16 bits 4
Current Address Registers 16 bits 4
Current Word Count Registers 16 bits 4
Temporary Address Register 16 bits 1
Temporary Word Count Register 16 bits. 1
Status Register 8 bits 1
Command Register 8 bits 1
Temporary Register 8 bits 1
Mode Registers 6 bits 4
Mask Register 4bits 1
Request Register abits | 1

Figure 3. 8237A Internal Registers

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

The Timing Control block derives internal timing from
the clock input. In 8237A systems this input will usually

is active HIGH.

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

ADSTB o

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

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

be the ¢2 TTL clock from an 8224 or CLK from an
80B5AH or 8284A. For 8085AH-2 systems above 3.9 MHz,
the 8085 CLK(OUT) does not satisfy 8237A-5 clock LOW
and HIGH time requirements. In this case, an external
clock should be used to drive the 8237A-5.

DMA Operation

The 8237A is designed to operate in two major cycles.
These are called Idle and Active cycles. Each device Cy-
cle is made up of a number of states. The 8237A can
assume seven separate states, each composed of one
full clock period. State i (Sl) is the inactive state. It is
entered when the 8237A has no valid DMA requests
pending. While in SI, the DMA controller is inactive but
may be in the Program Condition, being programmed by
the processor. State SO (S0) is the first state of a DMA
service. The 8237A has requested a hold but the pro-
cessor has not yet returned an acknowledge. The 8237A
may still be programmed untii it receives HLDA from the
CPU. An acknowledge from the CPU will signal that
DMA transfers may begin. S1, §2, S3 and S4 are the
working states of the DMA service. If more time is
needed to complete a transfer than is available with nor-
mal timing, wait states (SW) can be inserted between $2
or S3 and S4 by the use of the Ready line on the 8237A.
Note that the data is transferred directly from the I/O
device to memory (or vice versa) with IOR and MEMW (or
MEMR and IOW) being active at the same time. The data
is not read into or driven out of the 8237A in I/O-to-
memory or memory-1o-/O DMA transfers.

Memory-to-memory transters require a read-from and a
write-to-memory to complete each transfer. The states,
which resemble the normal working states, use two
digit numbers for identitication. Eight states are re-
quired for a single transfer. The first four states (S11,
$12, $13, S14) are used for the read-from-memory half

AFN-007890




Tandy 1000

Technical Reference Manual

intel

8237A/8237A-4/8237A-5

and the last four states (521, $22, $23, S24) for the write-
to-memory half of the transfer.

IDLE CYCLE

When no channel Is requesting service, the B237A will
enter the Idle cycle and perform “Si” states. In this
cycle the 8237A wlill sample the DREQ lines every clock
cycle to determine if any channel is requesting a DMA
service. The device will also sample CS, looking for an
attempt by the microprocessor to write or read the inter-
nal registers of the 8237A. When CS Is low and HLDA Is
low, the 8237A enters the Program Condition. The CPU
can now establish, change or inspect the internal defini-
tion of the part by reading from or writing to the internal
registers. Address lines A0-A3 are inputs to the device
and select which registers will be read or written. The
1OR and IOW lines are used to select and time reads or
writes. Due to the number and size of the internal regis-
ters, an internal flip-flop Is used to generate an addi-
tional bit of address. This bit is used to determine the
upper or lower byte of the 16-bit Address and Word
Count registers. The flip-tiop is reset by Master Clear or
Reset. A separate software command can also reset this
tuip-tiop.

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

ACTIVE CYCLE

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

Single Transter Mode — In Single Transfer mode the
device is programmed to make one transfer only. The
word count will be decremented and the address dec-
remented or incremented following each transter. When
the word count “rolls over” from zero to FFFFH, a Ter-
minal Count (TC) will cause an Autoinitialize it the chan-
nel has been programmed to do so.

DREQ must be held active until DACK becomes active in
order to be recognized. If DREQ is held active through-
out the single transfer, HRQ will go inactive and release
the bus to the system. It will again go active and, upon
receipt of a new HLDA, another single transfer will be
performed, in 8080A, 8085AH, 8088, or 8086 system this
will ensure one full machine cycle execution between
DMA transters. Details of timing between the 8237A and
other bus control protocols will depend upon the char-
acteristics of the microprocessor involved.

Block Transfer Mode — In Block Transfer mode the
device Is activated by DREQ to continue making trans-
fers during the service until a TC, caused by word count
going to FFFFH, or an external End of Process (EOP) is
encountered. DREQ need only be held active until DACK
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becomes active. Again, an Autoinitialization will occur
at the end of the service If the channel has been pro-
grammed for it.

Demand Transter Mode — In Demand Transfer mode the
device Is programmed to continue making transfers
untlia TC or | EOPIs d or untit DREQ
goes inactive. Thus trangfers may continue until the /O
device has exhausted ita data capaclty. After the I/O
device has had a chance 1o catch up, the DMA service is
re-established by means of a DREQ. During the time
between services when the microprocessor is allowed
to operate, the intermediate values of address and word
count are stored in the 8237A Current Address and Cur-
rent Word Count registers. Onty an EOP can cause an
Autoinitialize at the end of the service. EOP is generated
elther by TC or by an external signal.

Cascade Mode—This mode is used to cascade morethan one
8237A together for simple system expansion. The HRQ and
HLDA signals from the additional 8237A are connected to the
DREQ and DACK signals of a channel of the initial 8237A.
This allows the DMA requests of the additional device to
propagate through the priority network circuitry ot the preced-
ing device. The priority chain is preserved and the new device
must wait for its turn to acknowledge requests. Since the
cascade channel of the initial 8237A is used only for prior-
itizing the additional device, it does not output any address
or control signals of its own. These could conflict with the
outputs of the active channel in the added device. The 8237A
will respond to DREQ and DACK but all other outputs except
HRQ will be disabled. The ready input is ignored.

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

2ND LEVEL

1ST LEVEL

HRO DREO

oack

“AQ
HLDA

HLDA

eNTA

DACK HLOA

INITIAL DEVICE

ADDITIONAL
DEVICES

Figure 4. Cascaded 8237As
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TRANSFER TYPES

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

Memory-to-Memory—To perform block moves of data trom
ane memory address space to another with a minimum of
program effort and time, the 8237A includes a memory-to-
memory transfer feature. Programming a bit in the Command
register selects channels 0 to 1 to operate as memory-to-
memory transfer channels. The transfer is initiated by setting
the software DREQ for channel 0. The 8237A requests a DMA
service in the normal manner. After HLDA is true, the device,
using four state transfers in Block Transfer mode, reads data
from the memory. The channel 0 Current Address register is
the source for the address used and is decremented or incre-
mented in the normal manner. The data byte read from the
memory is stored in the 8237A internal Temporary register.
Channel 1 then performs a four-state transfer of the data from
the Temporary register to memory using the address in its
Current Address register and incrementing or decrementing it
in the normal manner. The channel 1 current Word Count is
decremented. When the word count of channel 1 goes to
FFFFH, a TC is generated causing an EOP output terminating
the service.

Channel 0 may be programmed to retain the same ad-
dress for all transters. This allows a single word to be
written to a block of memory.

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

Autoinitialize By programming a bit in the Mode register, a
channel may be set up as an Autoinitialize channel. During
Autoinitialize initialization, the original values of the Current
Address and Current Word Count registers are automatically
restored from the Base Address and Base Word count registers
of that channel following EOP. The base registers are loaded
simultaneously with the current registers by the micropro-
cessor and remain unchanged throughout the DMA service
The mask bitis notaltered when the channelis in Autoinitialize.
Following Autoinitialize the channel is ready to perform
another DMA service, without CPU intervention, as soon as a
valid DREQ is detected. In order to Autoninitialize both chan-
nels in a memory-to-memory transter, both word counts should
be programmed identically. If interrupted externally, EOP
pulses should be applied in both bus cycles

Priority—The 8237A has two types of priority encoding avail-
able as software selectable options. The first is Fixed Priority

which fixes the channels in priority order based upon the
descending value of their number. The channel with the lowest
priority is 3 followed by 2, 1 and the highest priority channel,
0. After the recognition of any one channel for service, the
other channels are prevented trom interferring with that ser-
vice until it is completed.

The second scheme s Rotating Priority. The fast chan-
nel to get service becomes the lowest priority channel
with the others rotating accordingly.

1st 2nd 3rd
Service Service Service
highest 0 2 «a— service 3 «%— service
1 «— service 3 <-a— request 0
2 \O 1
lowest 3 1 2

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

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

Address Generatlon — In order to reduce pin count, the
8237A multiplexes the eight higher order address bits
on the data lines. State S1 is used to output the higher
order address bits to an external latch from which they
may be placed on the address bus. The falling edge of
Address Strobe (ADSTB) is used to load these bits from
the data lines to the latch. Address Enable (AEN) is used
to enable the bits onto the address bus through a three-
state enable. The lower order address blts are output by
the 8237A directly. Lines A0-A7 should be connected to
the address bus. Figure 11 shows the time relationships
between CLK, AEN, ADSTB, DB0O-DB7 and A0-A7.

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

Current Address Reglster — Each channel has a 16-bit
Current Address register. This register holds the value
of the address used during DMA transfers. The address
is automatically incremented or decremented after each
transfer and the intermediate values of the address are
stored in the Current Address register during the trans-
fer. This register is written or read by the micro-
processor in successive 8-bit bytes. It may also be reini-
tialized by an Autoinitialize back to its original value.
Autoinitialize takes place only after an EOP.

Current Word Register — Each channel has a 16-bit Cur-
rent Word Count register. This register determines the
number of transfers to be performed. The actual number
ot transfers will be one more than the number pro-
grammed in the Current Word Count register (i.e., pro-
gramming a count of 100 will result in 101 transfers). The
word count is decremented after each transfer. The
intermediate value of the word count is stored in the reg-
ister during the transter. When the value in the register
goes from zero to FFFFH, a TC will be generated. This
register is loaded or read in successive 8-bit bytes by
the microprocessor in the Program Condition. Follow-
ing the end of a DMA service it may also be reinitialized
by an Autoinitialization back to its original value. Auto-
initialize’can occur only when an EOP occurs. It it is not
Autoinitialized, this register will have a count of FFFFH
after TC.

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

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

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

Request Register — The 8237A can respond to requests
for DMA service which are initiated by software as well
as by a DREQ. Each channel has a request bit associ-
atéd with it in the 4-bit Request register. These are non-
maskable and subject to prioritization by the Priority
Encoder network. Each register bit is set or reset sepa-

Command Register

7 8 5 4 3 2 1 0 <s—BHNumber

[ 0 Memory-to-memory dissbie
1 Memory-to-memory enable

0 Channel 0 address hoid disable
1 Channel 0 address hold enable
X bit0=0

0 Controller enable
1 Controller disable

0 Normal timing
1 Compressed timir
X ibito=1

‘ Q0 Fixed priority
1 Rotating priority

0 Late write seiection
1 write eelecth
X Hbit3=1

DREQ sense active high

{
j
o
1 DREQ sense active low
o ——

0 DACK sense active low
1 DACK sensa active high

Mode Register
7 6 5 4 3 2 1 0 <a—Bit Number

00 Channel 0 select
01 Channel 1 select
10 Channel 2 select
11 Ghannel 3 select

00 Verity transfer

01 Write transter

10 Read transfer

11 lllegal

XX it bits 6 and 7=11

{0 disable
1 1 Autolnitialization enable

{ 0 Address Increment select
1 Address decrement select

00 Demand mode select
01 Single mode selact
10 Block mode select
11 Cascade mode select

Request Register
7 6 5 4 3 2 1 0 <—BhNumber

00 Select channel 0
Don’t Care 01 Belect channel 1
10 Select channel 2
{11 Select channei 3

_—[ QO Reset request bit

1 Set request bit

rately under software control or is cleared upon genera-
tion of a TC or external EOP. The entire register is
cleared by a Reset. To set or reset a bit, the software
loads the proper form of the data word. See Figure 5 for

register address coding. In order to make a software re-
quest, the channel must be in Block Mode.
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Mask Register — Each channel has associated with it a
mask bit which can be set to disable the incoming
DREQ. Each mask bit is set when its associated channel
produces an EOP if the channel is not programmed for
Autolnitialize. Each bit of the 4-bit Mask register may
also be set or cleared separately under software control.
The entire register is also set by a Reset. This disables
all DMA requests until a clear Mask register instruction
allows them to occur. The instruction to separately set
or clear the mask bits is similar in torm to that used with
the Request register. See Figure 5 for instruction ad-
dressing.

7 8 5 4 3 2 1 0-«—— Bit Number

B

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

00
o1
10
1

Select channel 0 mask bit
Select channel 1 mask bit
Select channel 2 mask bit
Select channel 3 mask bit

0
1

Clear mask bit
Set mask bit

7 6 5§ 4 3 2 1 0 --—S8it Number

Clear channel 0 mask bit
Don't Care Set channel 0 mask bit
Clear channel 1 mask bit
Set channel 1 mask bit

Clear channel 2 mask bit
1 Set channel 2 mask bit

Clear channel 3 mask bit
1 Set cnannel 3 mask bit

—— |
I Signals
Register Operation —————————

[CS 1R iow A3 a2 A1 A0
Command | Write 0 1 0 1 0 o L]
Mode Write o 1 o 10 1 1
Request | Write o 1 0 10 0 1
Mask SetReset [0 1 0 10 10
Mask Write 0 1 0 1 1 1 1
Temporary | Read o 0 1 11 0 1
Status Read o 0 1 1.0 0 o0

Figure 5. Definition of Register Codes

Status Register — The Status register is available to be
read out of the 8237A by the microprocessor. It contains
information about the status ot the devices at this point.
This information inciudes which channels have reached
aterminal count and which channels have pending DMA
requests. Bits 0-3 are set every time a TC is reached by
that channel or an external EOP is applied. These bits
are cleared upon Reset and on each Status Read. Bits
4-7 are set whenever their corresponding channel is
requesting service.

8237A/8237A-4/8237A-5

2-94

7 86 5§ 4 3 2 1 0-a—Bit Number

1
| =
1
e |
1 Channel 0 request
1 Channel 1 request
1 Channel 2 request
1 Channel 3 request
Temporary Register — The Temporary register is used
to hoid data during memory-to-memory transters. Fol-
lowing the compietion of the transfers, the last word
moved can be read by the microprocessor in the Pro-
gram Condition. The Temporary register always con-

tains the last byte transterred in the previous memory-
to-memory operation, unless cleared by a Reset.

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

U

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

Clear First/Last Flip-Flop: This command is executed
prior to writing or reading new address or word count
information to the 8237A. This initializes the Hip-tiop
to a known state so that subsequent accesses to reg-
ister contents by the microprocessor will address
upper and lower bytes in the correct sequence.

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

Clear Mask Register: This command clears the mask
bits ot all four channels, enabling them to accept
DMA requests.
Figure 6 lists the address codes for the software com-
mands:

Signais

A3 | A2 A0 | i Operation

Read Status Register

Weite Command Register

Wegal

Write Request Register

Megal

Write Single Mask Register 81t

ol-tfof~]ol-]e

Wite Moda Register

Ulegal

_f-Jofelolele|e]e e

Ciaar Byta Poin

Read Temporary

Maater Ciear

‘_lnnco—-—Aono:

Clear Mask Register

#iegal

-t

{
o.aﬂ._c_a]_nAQ_c_g\

' o
' [
1 1
1 '
1 o
' o
' '
1 1
i [}
' 0
' '
1 '
1 0
1 [
1 1
1 1

' Write All Mask Register Bits

Figure 6. Software Command Codes
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Channel Reglst Operation i Internal Flip-F Data Bus DBO-DB
= = 14
e oglater pore TS 1OR 1OW A3 A2 A1 AD PFlop v
0 Base and Current Address Write o 1 0 0 ] ] 0 0 AQD-AT
0 1 o o o o o 1 AB-A1S
Current Address Read [ 1 o 0o o o 0 AG-A7
o 0 1 o 0o o 0 1 AB-A1S
Base and Current Word Count Write o 1 [ ] 0 [] 1 0 wWo-w7
[} 1 [ ] ] [ 1 1 W8-W15
Current Word Count Read 0 ] 1 [] 0 [ ] WIO-W7
o 0 1 o 0 o 1 WB-W15
1 Base and Current Address Write 0 1 [ 0 [ 1 0 o A0-A7
0 1 0 0 1] 1 0 1 AB-A1S
Current Address Read 1] 0 1 [ [ 1 0 0 AD-A7
o 0 1 o 0 1 0 1 A8-A15
Base and Current Word Count Write L] 1 0 [ 0 1 1 o] WO-W7
0 1 o o o 1 1 1 W8-W15
CGurrent Word Count Read o 0 1 o o0 1 1 [ wow?
o 0 1 o 0 1 1 1 WB-W15
2 Base and Current Address Write 0 1 0 [} 1 0 0 [} AO-AT
0 1 [ ] 1 [ 1 AB-A15
Curmrent Address Read [ 1 0 1 0o o 0 AO-A7
o 0 1 0 1 o o 1 AB-A15
Base and Current Word Count | Write 0 1 o o0 1 0 1 0 WOo-w7
4 1 o 0 1 0 1 1 WB-W15
Current Word Count Read 0 [+] 1 0 1 0 1 0 WIo-w7
[ [ 1 [ 1 0 1 1 W8-W15
3 Base and Current Address Write [ 1 0 [ 1 1 0 [] AO-AT
0 1 o o0 1 1 0 1 AB-A15
Current Address Read o 0o 1 [ 1 1 0 0 AD-A7
o 0 1 0 L] 1 0 1 AB-A15
Base and Current Word Count Write 0 1 0 0 1 1 1 0 WO-w7
0 1 o 0 1 1 1 1 WB-W15
Current Word Count Read 0 0 1 [ 1 1 0 WIO-W7
o o 1 [ 1 1 1 WB-W15
Figure 7. Word Count and Address Register Command Codes
PROGRAMMING
The 8237A will accept programming from the host proc-
essor any time that HLDA is inactive; this is true even if
HRQ is active. The responsibility of the host is to assure
that programming and HLDA are mutually exclusive.
Note that a problem can occur it a DMA request occurs,
on an unmasked channel while the 8237A is being pro-
grammed. For instance, the CPU may be starting to
reprogram the two byte Address register of channel 1
when channel 1 receives a DMA request. If the 8237A is
enabled (bit 2 in the command register is 0) and channel
1 is unmasked, a DMA service will occur after only one
byte of the Address register has been reprogrammed.
This can be avoided by disabling the controller (setting
bit 2 in the command register) or masking the channel
before programming any other registers. Once the pro-
gramming is complete, the controller can be enabled/un-
masked.
After power-up it is suggested that all internal locations,
especially the Mode registers, be loaded with some
valid value. This should be done even if some channels
are unused.
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APPLICATION INFORMATION

Figure 8 shows a convenient method for configuring a
DMA system with the 8237A controller and an 8080A/
8085AH microprocessor system. The multimode DMA
controller issues a HRQ to the processor whenever
there is at least one valid DMA request from a peripheral
device. When the processor replies with a HLDA signal,
the 8237A takes control of the address bus, the data bus
and the control bus. The address for the first transfer

operation comes out in two bytes — the least signiti-
cant 8 bits on the eight address outputs and the most
significant 8 bits on the data bus. The contents of the
data bus are then latched into the 8282 8-bit latch to
complete the full 16 bits of the address bus. The 8282 is
a high speed, 8-bit, three-state latch in a 20-pin package.
After the initial transter takes place, the latch is updated
only after a carry or borrow is generated in the least sig-
nificant address byte. Four DMA channels are provided
when one 8237A is used.

ADDRESS BUS A0-A15

Ny

A8-A15
P>o- doe
2282
—————————={s18
& 8BIT LATCH
AO-A15 AEN A0-A3 A4-A7 €3 apste

BUSEN

H 82374 0BO-
HLDA oA . sk

HRQ z g
HOLD fo———————— x ﬁ z 3

3 z = o b 2
cPy I T o O s
cL
RESET
NEWR O—
weww [0~ CONTROL
TOR O- BUS
oW o——
DB0-DB7

[ SYSTEM DATA BUS

Figure 8. 8237A System Interface
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature under Bias .. ....... 0°Cto70°C
Storage Temperature . ............ -65°Cto + 150°C
Voltage on any Pin with
Respect to Ground .
Power Dissipation .

..-05t7V
....15Watt

"NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

D.C. CHARACTERISTICS (T, = 0°C to 70°C, Vg = 5.0V +5%, GND = V)

Symbol Parameter Min. Typ.O) Max. Unit Test Conditions
Vou Output High Voltage 24 \ loy = -200 LA
- 33 \ lon = -100 ;A (HRQ Only)
VoL Output LOW Voltage 45 v loL = 2.0mA (data Bus)EDP
lo. = 3.2mA (other outputs) (Note 8
lor = 2.5mA (ADSTB) (Note 8)
Vin Input HIGH Voitage 22 Voo + 0.5
Vi Input LOW Voltage -0.5 08 \
Iy Input Load Current =10 uA OV = Viy = Ve
lo Output Leakage Current +10 uA 0.45V = Vour =< Voo
lee VocSupply Current 110 130 mA Ta=+25°C
130 150 mA Ta=0°C
Co Output Capacitance 4 8 pF
C, Input Capaciiance 8 15 pF fc = 1.0 MHz, Inputs = OV
Cio 110 Capaéitance 10 18 pF
NOTES:

1. Typical values are for Tp = 25°C, nominal supply voltage and nominal processing parameters

ro

for LOW, unless otherwise noted.

aw

@

pull-up resistor connected form HRQ fo Ve,
DREQ should be held active until DACK is returned

® ~ o

1. Vi from 2.2V 10 2.0V
2. Vg from 0.45V to 0.4V on all outputs. Test condition Iy = 3.2 mA.
Please contact your local sales office at that time for more information

©

Output loading is 1 TTL gate plus 150pF capacitance, unless otherwise noted
The net TOW or MEMW Pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns. The net iOR of MEMR pulse width for
normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns

“TDQ is specified for two different output HIGH levels TDQ1 is measured at 2.0V TDQ2 is measured at 3.3V. The value for TDQ2 assumes an external 3.3k@

Input timing parameters assume transition times of 20 ns or less. Wavetorm measurement points for both input and output signals are 2.0V for HIGH and 0.8V

DREQ and DACK signals may be active high or active low. Timing diagrams assume the active high mode.
. A revision of the 8237A is planned for shipment in Aprit 1984, which will improve the following characteristics:

Successive read and/or write operations by the external pracessor to program or examine the controller must be timed to allow at feast 800 ns for the 8237A,

atieast 500 ns for the 8237A-4 and at least 400 ns for the B237A-5, as recovery time between active read or write puises.
10. EOP is an open collector output. This parameter assumes the presence of a 2.2K pullup to VG
11. Pin 5 is an input that should always be at a logic high level. An internal pull-up resistor will estabiish a logic high when the pin is left fioating. it is recom-

mended however. that pin 5 be tied to V¢c.

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT/OUTPUT

AC TESTING INPUTS ARE DRIVEN AT 24V FOR A LOGIC 1 AND 045V FOR
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 3V FOR A LOGIC 1
AND 0BV FOR A LOGIC 0 {Note 2)

2-97
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A.C. CHARACTERISTICS—DMA (MASTER) MODE (1, -0°C to 70°C,
Veg= +5V £5%, GND=0V)

T 8237A4 8237A5 | |
Symbol Parameter ! Min Max. Min. Max. | Unit
TAEL | AEN HIGH from GLK LOW (S1) Delay Time 1 T | es | |00 | ns
TAET | AEN LOW from CLK HIGH (S)) Delay Time 150 130 | ns
TAFAB_| ADR Active to Float Delay from CLK HIGH T 2T T e | ns |
TAFC | READ or WRITE Float from CLK HIGH i 120 120 | ns
TAFDB_| DB Active to Float Delay from CLK HIGH 1 w9 [ 1 170 | ns
TAHR | ADR from READ HIGH Hold Time ' Tov-100 | | TCv-100 TCY-100 | ns
TAHS | DB from ADSTB LOW Hold Time 50 | | % IE) | s
TAHW | ADR from WRITE HIGH Hold Time TCY-50 | I TCY-50 | Tov-s0 | ns |
DACK Vaid from CLK LOW Dalay Time (Note 7) 250 | [ 220 ] 170 | ns
TAK EOP HIGH from CLK HIGH Delay Time (Note 10} | 250 } 190 170 ns
EGP LOW from CLK HIGH Delay Time | 250 190 170 ns
[ TASM | ADR Stable from CLK HIGH - 250 10 [ [0 [ s
TASS | DB to ADSTB LOW Setup Time 100 100 100 I» ns
/jTCH Clock High Time (Transitions = 10 ns) _ 120 100 80 | ns
TCL l Clock LOW Time (Transitions < 107n45) . : 150 i 110 68 ‘ ns
TeY | CLK Cycle Time 320 250 200 | ns
[ TDCL . CLK HIGH to READ or WRITE LOW Delay (Note 4) —Tﬂo RN
TDCTR | READ HIGH from CLK HIGH (S4) Delay Time
| Nowsy o) pao | [1e0 | e |
TDCTW | WRITE HIGH from CLK HIGH (S4) Delay Time ‘ ‘
(Note 4) o I | 200 l 150 130 ns
DA | |10 Valid from CLK HIGH Delay Time (Note 5) | 1%0 | 120 20| ns
TDQ2 250 190 120 | ns
TEPS B LOW from CLK LOW Setup Time . 60 | | 45 40 ns
| TEPW | EOP Pulse Width [ B N = R T ns
TFAAB ADR Fioat to Active Delay from CLK HIGH ! 250 190 170 ns
TFAC | READ or WRITE Active from CLK HIGH 200 150 150 | ns
‘_TFADB/ DB Floal to Active Delay from CLK HIGH (e | T Tes | 200 | s |
THS 'HLDAValid to CLK HIGH Setup Time 100 75 75 ns
TIDH | input Data from MEMR HIGH Hold Time o | 0 o | s |
[TIDS~ | Input Data to MEMR HIGH Setup Time 250 190 4 170 ns
TODH | Output Data from MEMW HIGH Hold Time 20 | | =20 | | 10 | | as |
TODV | Output Data Valid to MEMW HIGH 200 | 125 | 125 ns
705 | DREQto CLK LOW (SI, S4) Setup Time (Note 7) | 0 o o | ns
TRH CLK to READY LOW Hold Time ED | 20 ¢ 0 | ns
TRS | READY to CLK LOW Setup Time _ 100 60 | 60 | ns
TSTL | ADSTB HIGH from CLK HIGH Delay Time 200 [ 150 (130 [ ns
TSTT | ADSTB LOW from CLK HIGH Delay Time e RE RN
2-98 AFN-00789D
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A.C. CHARACTERISTICS—PERIPHERAL (SLAVE) MODE (1G'A = 0°Cto 70°C, Vg = 5.0V +5%,
ND = 0V)

Symbol Parameter 82374 82374 823745 Unit
Min. Max. | Min. | Max. Min. Max,
ADR Valid or CS LOW to READ LOW 50 50 50 ns
ADR Valid to WRITE HIGH Setup Time 200 150 130 ns
CS LOW to WRITE HIGH Setup Time 200 150 130 ns
Data Valid to WRITE HIGH Setup Time 200 150 130 ns
ADR or CS Hold from READ HIGH 0 0 [ ns
Data Access from READ LOW (Note 3) 200 200 140 ns
DB Float Delay from READ HIGH 20 100 20 100 ] 70 ns
Power Supply HIGH to RESET LOW Setup Time 500 500 500 ns
RESET to First (OWR 21CY 21CY 21CY ns
RESET Pulse Width 300 300 300 ns
READ Width 300 250 200 ns
ADR from WRITE HIGH Hold Time 20 20 20 ns
CS HIGH trom WRITE HIGH Hold Time 20 20 20 ns
Data from WRITE HIGH Hold Time 30 30 30 ns
Write Width 200 200 160 ns
WAVEFORMS
SLAVE MODE WRITE TIMING
| Tcw
=\ 4
] TWC
| TWWS | (NOTE &
oW SL' 1 |
TAW —] [T
A0-A3 { INPUT VALID
K
—t [*—TWD
ToOW

> "\
080-0B? 9 INPUT VALID 1K

Figure 9. Slave Mode Write

SLAVE MODE READ TIMING

AD-A3 g ADDRESS MUST BE VALID Z

f+— TAR ——l —{ |——TRa
TRW | (NOTE®
10R KL ‘k
TRDE TADF
-
0DB0-DB? DATA OUT VALID E—
Figure 10. Slave Mode Read h
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WAVEFORMS (Continued)

DMA TRANSFER TIMING

k|
(NOTE®) |

i ‘ \ \
T

|- l

TITL e el e Ters i
. |
aosTe .
— —
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Figure 11. DMA Transfer
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WAVEFORMS (Continued)

MEMORY-TO-MEMORY TRANSFER TIMING

TSTL—4,

ADSTB

-TAHS

e

. | i
i~ —TAHS | TAFAB

A0-A7 ADORESS VALID

1
ADDRESS VALID
I

Figure 13. Ready
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TFAC |t .
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Flgure 12. Memory-to-Memory Transfer
READY TIMING
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WAVEFORMS (Continued)

COMPRESSED TRANSFER TIMING
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Figure 14. Compressed Transier

RESET TIMING
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Figure 15. Reset
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PROGRAMMABLE PERIPHERAL INTERFACE

a MCS-85™ Compatible 8255A-5 a Direct Bit Set/Reset Capability Easing
Control Application Interface

» Reduces System Package Count
s Improved DC Driving Capability

= Available in EXPRESS
—Standard Temperature Range
» Improved Timing Characteristics —Extended Temperature Range

» 24 Programmable 1/O Pins
= Completely TTL Compatible

u Fully Compatible with Intel® Micro-
processor Families

The Intel® 8255A is a general purpose programmable I/O device designed for use with Intel* microprocessors. It has
24 /0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first
mode (MODE 0), each group of 12 /O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second
mode, each group may be programmed to have 8 lines of input or output. Ot the remaining 4 pins, 3 are used for hand-
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8
lines for a bidirectional bus, and 5 lines, borrowing one from the other group. for handshaking.

Epeseanysgusspans)

8255A [+

Figure 1. 8255A Block Diagram Figure 2. Pin Configuration

“INTEL CORPORATION. 1982 AFN-00744C
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8255A FUNCTIONAL DESCRIPTION

General

The 8255A is a programmable peripheral interface (PPl)
device designed for use in Intel® microcomputer
systems. Its function is that of a general purpose I/O
component to interface peripheral equipment to the
microcomputer system bus. The functional configura-
tion of the B255A is programmed by the system software
so that normaily no external logic is necessary to inter-
face peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit butfer is used to interface
the 8255A to the system data bus. Data is transmitted or
received by the buffer upon execution of input or output
instructions by the CPU. Control words and status infor-
mation are also transferred through the data bus bufter.

Read/Write and Control Logic

The function of this block Is to manage all of the internal
and external transfers of both Data and Control or Status
words. It accepts inputs from the CPU Address and Con-
trol busses and in turn, issues commands to both of the
Control Groups.

€s)
Chip Select. A “low” on this input pin enables the com-
muniction between the 8255A and the CPU.

(RD)

Read. A “low” on this input pin enables the 8255A to
send the data or status intormation to the CPU on the
data bus. In essence, it allows the CPU to ‘‘read from”
the 8255A.

(WR)
Write. A “low” on this input pin enables the CPU to write
data or control words into the 8255A.

(Ag and Ay)

Port Select 0 and Port Select 1. These input signals, in
conjunction with the RD and WR inputs, control the
selection of one of the three ports or the control word
registers. They are normally connected to the least
significant bits of the address bus (Ag and Ay).

8255A BASIC OPERATION

Ay | Ag | AD | WR | €S | INPUT OPERATION (READ}
o[ 0] o 1 0_| PORT A=DATABUS _
0 1] o [ 0 | PORTB=DATABUS
110 o 1 0 | PORT C= DATA BUS
OUTPUT OPERATION
. (WRITE)
ol o]l + ] o] o] oaTaBus=PoRTA
0] 1 1 0 | 0 | DATABUS=PORTSB
11 0] 1] o] o] DATABUS=PORTC
IR [ 0 | 0 [ DATABUS=CONTROL
_|___] oisaBLEFUNCTION
x| x| x X | 1 | DATABUS= 3-STATE
T ] 7 0 | ILLEGAL CONDITION
X | x | 1 T | 0 | DATABUS=3-STATE

rowtn
sumeLies

B OecLToNAL DaTa Bis

0.0, (T

contaot

Figure 3. 8255A Block Diagram Showing Data Bus Butfer and Read/Write Control Logic Functions
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(RESET)

Reset. A “high” on this input clears the control register
and all ports (A, B, C) are set to the input mode.

Group A and Group B Controls
The functional configuration of each port is program-
med by the systems software. In essence, the CPU "out-
puts' a control word to the 8255A. The controt word con-
tains information such as “mode”, “'bit set™, "'bit reset",
etc., that initializes the functional configuration of the
8255A.
Each of the Control blocks (Group A and Group B) accepts
“commands” from the Read/Write Control Logic, receives
“control words” from the internal data bus and issues the
proper commands to its associated ports.
Control Group A — Port A and Port C upper (C7-C4)
Control Group B — Port B and Port C lower (C3-CO)

The Control Word Register can Only be written into. No
Read operation of the Control Word Register is allowed

Ports A, B, and C

The 8255A contains three B-bit ports (A, B, and C). All
can be configured in a wide varlety of functional charac-
teristics by the system software but each has its own
special features or '‘personality” to further enhance the
power and flexibllity of the 8255A.

Port A. One 8-bit data output latch/buffer and one 8-bit
data input latch.

Port B. One 8-bit data input/output latch/buffer and one
8-bit data input buffer.

Port C. One 8-bit data output latch/bufter and one 8-bit
data input butfer (no latch for input). This port can be
divided into two 4-bit ports under the mode controt.
Each 4-bit port contains a 4-bit tatch and it can be used
for the control signal outputs and status signal inputs in
conjunction with ports A and B:

PIN CONFIGURATION

e riomac 4T By

[lal) Smmm— -

S PSP
2]z neas
s [ Iras
rac e »ar
& »[]m
arfe [ neser
anvo(]r ullo,
ale who,
a0 ]s ufio,
rer i »n[o,
pee 0255 o[,
res Jfha nlio,
reais nlo,
oo ol o
i s al Ve

WRITE INPUT

PORT ADDRESS

Figure 4. 8225A Biock Diagram Showing Group A and

Group B Control Functions
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8255A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be select-
ed by the system sottware:

Mode 0 — Basic input/Output
Mode 1 — Strobed Input/Output
Mode 2 -- Bi-Directional Bus

When the reset input goes “high” all ports will be set to
the input mode (i.e., all 24 lines will be in the high im-
pedance state). After the reset is removed the 8255A can
remain in the input mode with no additional initialization
required. During the execution of the system program
any of the other modes may be selected using a single
output instruction. This aliows a single 8255A 1o service
a variety of peripheral devices with a simple software
maintenance routine.

The modes for Port A and Port B can be separately defined,
while Port C is divided into two portions as required by the
Port A and Port B definitions. All of the output registers, in-
cluding the status flip-flops, will be reset whenever the
mode is changed. Modes may be combined so that their
functional definition can be “tailored” to almost any |/O
structure, For instance; Group B can be programmed in
Mode O to monitor simple switch closings or display compu-
tational results, Group A could be programmed in Mode 1
to monitor a keyboard or tape reader on an interrupt-driven
basis

ADDRESS 8US - )
“CONTROL BUS -

8255A

MODE 0 «‘[ RO —

<
6
ja\,ﬁ,'o \AE/O jn'[;n s{io

eien, e, RORC,  PATPA

c

——— AT

"SR 0] 3

P8, PB, CONTROL  CONTROL  PA,PA;
OR OR 110

PSSO O Sp— S U
Tl ] I [ ] I f 1 T @mmscnonm
P8, PR, 10 3 pA,PA,

-
CONTROL

Figure 5. Basic Mode Detfinitions
and Bus Interface
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CONTROL WORD

GROUP B

PORT C (LOWER)
1= INPUT
0-0UTPUT

PORT B
1= INPUT
0= 0UTPUT

| MODE SELECTION
——ca| 0 MODEO
I 1= MODE 1

GROUP A

PORT C [UPPER)

b e ———| 1 INPUT

!
i
H 1
!
‘ 0= OUTPUT
L--;,‘,_;. PORT A

1 INPUT
0=0UTPUT

MODE SELECTION
DE 0

MODE SET FLAG
1= ACTIVE

— e ———— — SR S
Figure 6. Mode Definition Format

The mode definitions and possible mode combinations
may seem confusing at first but after a cursory review of
the complete device operation a simple, logical I/O ap-
proach will surface. The design of the 8255A has taken
into account things such as efficient PC board layout,
control signa! definition vs PC layout and complete
functional flexibility to support almost any peripheral
device with no external logic. Such design represents
the maximum use of the available pins.

Single Bit Sat/Reset Feature

Any of the eight bits of Port C can be Set or Reset using a
single OUTput instruction. This feature reduces software
requirements in Control-based applications.

AFN-00744C
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When Port C is being used as status/control for Port A or B,
CONTROL WORD these bits can be set or reset by using the Bit Set/Reset op-
eration just as if they were data output ports.

Interrupt Control Functions

When the 8255A s programmed to operate in mode 1 or
7‘]55[‘7”“55' mode 2, control signa!s are provided that can be used as
0« RESET interrupt request inputs to the CPU. The interrupt re-
quest signals, generated from port C, can be inhibited or
enabled by setting or resetting the associated INTE Hip-

BIT SELECT i i i
GT2LA[5[6] fiop, using the bit set/reset function of port C.
— 1 “w;ﬂ;‘gz "’ 91 :v] This function allows the Programmer to disallow or allow a
aviojol11
\ﬂfﬂﬂl‘ W aj specific 1/0 device to interrupt the CPU without atfecting

any other device in the interrupt structure.

INTE flip-flop definition:
{BIT-SET) — INTE is SET — Interrupt enable
(BIT-RESET) — INTE is RESET — Interrupt disable
Note: All Mask flip-flops are automatically reset during
Figure 7. Bit Set/Reset Format mode selection and device Reset.

BIT SET/RESET FLAG
0= ACTIVE

Operating Modes Mode 0 Basic Functional Definitions:
® Two 8-bit ports and two 4-bit ports.
® Any port can be input or output.
MODE 0 (Basic Input/Output). This functional contigura- ® Outputs are latched.
tion provides simple input and output operations for ® Inputs are not latched.
each of the three ports. No “handshaking” is required, ® 16 different Input/Output configurations are possible
data is simply written to or read from a specified port. in this Mode.

tan

o \ 7

[ R — f-— 4R —|

INPUT K

Tap ] .
€8, A1, 80 4>F (

MODE 0 (Basic Input)

b o ———te— typ ]

oro )< JK
€5, A1, 80 x‘ jK
ourpPut X

we———

MODE 0 (Basic Output)
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MODE 0 Port Definition

‘ o

GROUPA

J 7% ) anoqfs
PORTC | PORT C
# | PORTB
| (LOWER)

o

"o " outPuT
0 | ouTpuT

- T o TEOTPUT ]

|

~iojo

ou

T

UTPUT

o\o]— -io

ﬁij, INPUT

I OUTPUT

1 o | | outePuT | 9 \fouTPUT
1 1 ouTPUT ! 10 | INPUT
1 1 OUTPUT n INPUT
RN INPUT OUTPUT
T[] o INPUT 1 OUTPUT INPUT
K ]L 1 |+ _INPUT 14 [ outeut
1 11 INP 1t INP T RN
ERERERE PUT UT 15 U INPUT
MODE 0 Configurations
CONTROL WORD =0 CONTROL WORD #2
D, D, D, D, D, D, D, D, o, D, Dy D, D, D,
lolefelo[o[T0] [LTTLLTI
L /
afp—rt e pa,pa, [ e Y
8255A 8255A
ot e e, i) T,
SR v ]
A e, bt e ey,
8 L——/i—~ P8, PB, ] B LI PB, PB,
CONTROL WORD #1 CONTROL WORD #3
D; D5 Dby D, D; Dy D D, Dg Dg D,

[LLTLT

B

0,0y =—

N
S L

.44

PCyPCy

]
——F———— P8, P8,

B

o

T N
.

b — 2t b,
4

N PCy-PCy

]
= PB,-PB,
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CONTROL WORD 24

CONTROL WORD <8

D, Dg Dy D, Dy D; D, Dy Oy Dg Dg Dy Dy D; Dy Dy
T T
|' a[n[w‘ o oo
8
A e PA, PR
22554 82554
- B
0, Dy =—————| c D, Dy +————| c l
4
-~ PC,PC, =
[ ~— PB, P8y =
CONTROL WORD #§ CONTROL WORD =9
D, D, D, D, D,

D6
0

[T

Llele[1]

LT

a
8255A
4
fe—A— e, PC,
D, Dp ————| c D, Dy =]
4
UYL B,
8
8 f———F— P8, P8,
CONTROL WORD =6 CONTROL WORD =10
D, D Dy D, Dy D, D, Dy D, Dy Dy D, D, D, D, Dy
T
l- OIG[QL‘IQF‘TG‘I [|Inlol| a]a||[al
8 8
A e Ay PR A A Pa,Pa,
82554 82554
—r2 ec, o,
D, D, = < R — c
. N
8 L% —— PB, P8,
CONTROL WORD #7 CONTROL WORD =11
Dy Dg Dy B, D; D, D D D, Dg Dy DO, D O, Dy Dy

82554
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o, Dg Dy G, Dy O, D, DOy
T Tl ol
vlofola] ol
I I
Py Ep— Pa, PA,
8255A
4 .
- # - PC, PC,
D, Dy =+ - -~ c|
[ - 4 - ¥C, P,
s P
CONTROL WORD +13
D, Dg D, Oy Dy D, 0y Dy
ToT T T
typo 0 1 00
J I |l
Ale— £ PA, PA,
B8255A
Il S TN
0,0~ - c
[ PR e, P,
s
8- P LN

CONTROL WORD =14

- PA, PA;
8255A
4
- /= — pe,pe,
|
0,0, - ¢ |
4
t # = e e, pe,
8
Bl £ "B, PB,
CONTROL WORD 515
D, Dy D, O,
T
[W ool
Ll
Aot pa,ea,
i 8255A L
s
( ) SR
D,0p 4 e e ° |
s
[ S
, 8
slw - /= — s, P,

Operating Modes

MODE 1 (Strobed Input/Qutput). This functional con-
figuration provides a means for transferring /0 data to
or from a specified port in conjunction with strobes or
“handshaking" signals, In mode 1, port A and Port B use
the lines on port C to generate or accept these “hand-

shaking™ signals.

6-173

Mode 1 Basic Functional Definitions:

® Two Groups (Group A and Group B)

Each group contains one 8-bit data port and one 4-bit
control/data port.

The 8-bit data port can be either input or output.
Both inputs and outputs are latched.

The 4-bit port is used for control and status of the
8-bit data port.

AFN-00744C
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Input Control Signal Definition
MODE 1 (PORT A}

STB (Strobe Input). A “low" on this input ioads data into
the input latch. PA, PA,

CONTROL WORD

IBF (Input Buffer Full F/F)

A “high” on this output indicates that the data has been
loaded into the input latch; in essence, an acknowledgement
IBF is set by STB input being low and is reset by the rising
edge of the RD input.

INTR (Interrupt Request)

A “high” on this output can be used to interrupt the CPU
when an input device is requesting service. INTR is set by
the STB is a "one’’, IBF isa “one” and INTE isa "‘one”.
It is reset by the falling edge of RD. This procedure allows
an input device to request service from the CPU by simply
strobing its data into the port.

CONTROL WORD

D, Dy Dy D, 03D, D, Dy

[P

INTE A

v N R
Controlled by bit set/reset of PC4 | 0
INTEB o
Controlled by bit set/reset of PC».

Figure 8. MODE 1 Input

INTR

AD \ %,,, e
INPUT FROM _ . __ ——— e e
PERIPHERAL

Figure 9. MODE 1 (Strobed Input)
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Output Control Signal Definition

MODE 1 (PORT &)

OBF (Output Buffer Full F/F). The OBF output will go PA,28, :- >
“low” to indicate that the CPU has written data out to CONTROL WORD
the specitied port. The OBF FIF will be set by the rising D1 D6 Ds Dg 03 0; D Dy
edge of the WR input and reset by ACK Input being low. nnnnm’x‘)}ﬂx{
PCas
ACK (Acknowledge Input). A “low” on this input informs i
the 8255A that the data from port A or port B has been ac-
cepted. In essence, a response from the peripheral
device indicating that it has received the data output by R ——wof
the CPU. L
MODE 1 (PORT 8)
INTR (Interrupt Request). A "high’ on this output can be
used to interrupt the CPU when an output device has ac- CONTROL WORD P8y P8 [ 8
cepted data transmitted by the CPU. INTR is set when b b, b D, 0. D, 0.
ACKisaone", OBF is a “one” and INTE is a “one". it is e e L oBF
reset by the falling edge of WR. [ DDA T ] *
Y
INTE A
Controlled by bit set/reset of PCg. L“’ INTRy
INTEB WR———0f

Controlled by bit set/reset of PC+.

Figure 10. MODE 1 Output

ﬁ__—L_J

tam taop-  —

9
S

™
Lo P B
|

S —

outPuT !

I
B

Figure 11. Mode 1 (Strobed Output)
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Port A and Port B can be individually defined as input or
output in Mode 1 to support a wide variety of strobed 1/0
applications.

8255A/8255A-5

RD - -—=qf PCle  — sT8,
(2 S
CONTROL WORD
©, Dy D, D, D, O, D, Dy PGy} — TR,
1 BRI 2
PCq 7 [«—rs 10
T
PCq s
- 1= mpuT 78, P8, =
o~ ouTPUT /
R - PC, f——— 08F,
[ B
o[- inTRy,

PORT A - (STROBED INPUT}
PORT &  (STROBED OUTPUT

Pa, Pa 8
v
[ PG, |- = OBF,
PCg[= - - ACK,
CONTROL WORD
D, 0, D, D, D, D, D, D, eyt e INTR,

| rees
w1 INeUT A
0= puTPUT i
R e oc, |- 7,
P - i,
#Cy - TRy
PORT A (STROBED OUTPUT)
PORTS  (STHOBED INPUT!

Figure 12. Combinations of MODE 1

Operating Modes

MODE 2 (Strobed Bidirectional Bus I/0). This functional
configuration provides a means for communicating with
a peripheral device or structure on a single 8-bit bus for
both transmitting and receiving data (bidirectional bus
1/0). “Handshaking" signals are provided to maintain
proper bus flow discipliine in a similar manner to MODE
1. Interrupt generation and enable/disable functions are
also available.

MODE 2 Basic Functional Definitions:

® Used in Group A only.

® One 8-bit, bi-directional bus Port (Port A) and a 5-bit
control Port {Port C)

® Both inputs and outputs are latched.

® The 5-bit control port {Port C) is used for control
and status for the 8-bit, bi-directional bus port (Port
A).

Bidirectionat Bus /0 Control Signal Definition
INTR (Interrupt Request). A high on this output can be

used to interrupt the CPU for both input or output opera-
tions.

6-176

Output Operations

OBF (Output Butfer Ful). The OBF output will go “low"
to indicate that the CPU has wrilten data out to port A.

ACK (Acknowledge). A “low" on this inpul enables the
tri-state output buffer of port A to send out the dala.
Otherwise, the output buffer will be in the high im-
pedance state.

INTE 1 (The INTE Flip-Flop Associated with OBF). Con-
trotled by bit set/reset of PCg,

fnput Operations

STB (Strobe Input)

STB (Strobe input). A “low’ on this input loads data into
the input latch.

IBF (Input Butfer Full F/F). A “high” on this output in-
dicates that data has been loaded into the input latch,

INTE 2 (The INTE Flip-Flop Associated with {BF). Con-
trolled by bit set/reset of PC,.

AFN-00744C
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L1 PO elele]

T

| .

| b e ey

: 1 INPUT

C 0- ouTPUT
|

b INTR,

b -——= OBF,

Ack,

O .
‘\ 1= INPUT h T8

Q- oUTPUT L
] | - + R e 1BF,
0 L

~—- --—* GRUUP B MODE |
0 = MODE 0
1 MODE 1
3
RO PCyo [+ 10

Figure 13. MODE Control Word

Figure 14, MODE 2

DATA FROM
CPU TO 8255A

N,
STB \ [
e vy N )
/ \
- s - = tap - kp =
g oo G S G S

DATA FROM DATA FROM

PERIPHERAL TO 82554 8255A TO PERIPHERAL

DATA FROM
8255A TO 8080

Figure 15. MODE 2 (Bidirectional)

NOTE:  Any sequence where WR occurs before ACK and STB occurs before RD is permissible.

(INTR = IBF - MASK + §TB « RD + OBF » MASK + ACK + WR)
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MODE 2 AND MODE 0 (INPUT) MODE 2 AND MODE 0 (OUTPUT)

ey |———= INTR, re, - INTR,
Pa,pa P pay W
P, f—— GBF, pc, |——— &8F,
CONTROL WORD PCg |+——m ATK, CONTROL WORD P |=—- o ACK,
D, Dg Oy D, D; D, D, D, 0, Dg O, D, D; D, D, D
Y%
O ) I ) N
PCyq PGy |———— 18F, ey |——e 1BF,
1=INPUT
0= OUTPUT
3 s
P4 fo—rA—e 110 PCyq[+rt == 10
[ J— ™ .
78, 78, Q‘u N
W ———d WA ——— =
MODE 2 AND MODE 1 (OUTPUT) MODE 2 AND MODE 1 (INPUT)

PCy e INTR,

o CONTROL WORD —
CONTROL WORD b, AT, PCq [+—— acK,

) Pe— LD IXIXIA

PCy f——— I1BF, PC ——— IBF,
PCy p—nm—e GBFy PCy o §TB,
RD ————cf PC f————— ACK, AD —+qf [ i 1N
_ _
WA —d} PCo ————= InTR, WA —edl 2] SR

Figure 16. MODE % Combinations
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Mode Definition Summary

MODE 0 MODE 1 MODE 2
N out | N ] our | GROUP AONLY

PAg IN | oouT IN out -

PA1 IN J ouT IN | ouT -~

PA, IN | ouT IN I our -

PA3 IN out 1 IN . ouT -

PAg | IN out N ' our -

PA5 IN out ‘ IN out -

PAg IN r out ‘ IN 0 ouT -

PA7 ! N oouT { IN \‘ ouTt -

PBg | N OuT W our —

P8, J IN out ‘ N ouT S

PBy IN ouT IN | our —

PB3 ) IN ouT \ IN ' oour — MODE 0

PBs | N ouTt [ W i our —_ - OR MODE 1

PBs5 IN out IN . our — ONLY

PBg \ IN out \ IN ©oout —

P87 L IN out IN | our -—

PCo | N out |INTRg | INTRg 110

PCy ‘ IN | ouT | IBFg | OBFg | 1o

PC; | IN | ouT \ 5TBg i ACKg 10

PC3 } IN out \ITA ( INTRA \ INTRA

PCa | N ouT §TBa | STBA

PCg ‘ IN ouT 1 1BFA 1BFA

PCq LY out | wvo ACKA

pc; | N | our 1o OBF4 |
Specigl Mode Combination Considerations allows the programmer to test or verify the "“status’’ of each
There are several combinations o1 modes when not all of the peripheral device and change the program flow accordingly.
bits in Port C are used for control or status. The remaining There is no special instruction to read the status informa-
bits can be used as follows: tion from Port C. A normal read operation of Port C is

If Programmed as Inputs — executed to perform this function.

All input lines can be accessed during a normal Port C
read. l
If Programmed as Outputs -~ \
Bits in C upper (PC;-PCq) must be individually accessed
using the bit set/reset function. \
Bits in C lower (PC3:PCq) can be accessed using the bit |
set/reset function or accessed as a threesome by writing 1
into Port C. ‘
{
L

Source Current Capability on Port B and Port C
Any set of eight output buffers, selected ranaomly from

INPUT CONFIGURATION

9 0 O D, P D, D Dy
.

w0 | 1o | e, | e, |wrn, | wre, | 1or, ‘WP]
GROUP & GROUP B

OUTPUT CONFIGURATION
b, O b, O, D, D, D 0

— T T I T
[oaa [mﬂ[a 10 ‘ 1/0 [INTR, | INTE,| OBF, INTRy
i e

GROULP & GROUP 8

Ports B and C can source TmA at 1.5 volts. This feature
allows the 8255 to directly drive Darlington type drivers

and high-voltage displays that require such source current.

Reading Port C Status

In Mode 0, Port C transfers data to or from the peripheral
device. When the 8255 is programmed to function in Modes

——

0, Dy D, D,

T

T ;
NTE, | By (INTE, TR,y
i i g

GROUP A GROUP B

(DEFINED BY MODE 0 OR MODE 1 SELECTION}

1 or 2, Port C generates or accepts “‘hand-shaking” signals
with the peripheral device. Reading the contents of Port C

6-179

Figure 18. MODE 2 Status Word Format
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APPLICATIONS OF THE 8255A

The 8255A is a very powertul tool for interfacing
peripheral equipment to the microcomputer system. It
represents the optimum use of available pins and is flex-
ible enough to interface almost any I/O device without
the need for additional external logic.

Each peripheral device in a microcomputer system
usually has a "service routine” associated with it. The
routine manages the software interface between the
device and the CPU. The functional definition of the
8255A is programmed by the I/O service routine and
becomes an extension of the system software. By ex-
amining the I/0O devices interface characteristics for
both data transfer and timing, and matching this infor.
mation to the examples and tables in the detailed opera-
tional description, a control word can easily be devel-
oped to initialize the 8255A to exactly “fit” the applica-
tion. Figures 19 through 25 present a few examples of
typical applications of the 8255A.

INTERRUPT
REOUEST
P pag | b
#a, —f (S
LGS e -~ HIGH SPFED
[0 R | PRINTER
pa, - —
wooer el | .
outPuTi PR
PA; M= nammen
l—-|  Relavs
v, |—=|oaraneaoy ——
eeg [+ acx —
pe, |-——=| Papen FeeD -
pe, [——|ForwaRo REV |—of
2558 —
0aTA READY
ack
MODE 1 P8, | e || paren rero
OUTRUTY - pg Lo t——=|rorwano nev
o8, Lo t— [ risson
= - carmage sen
OATAREAQY
Ack
o

CONTROL LOGIC AND DRIVERS
INTERRUPT |
REQUEST

Figure 19. Printer Interface
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INTERRUPT
REQUEST ™
PC.
1 pa,
8255A Pay
ra, ) FULLY
a &’ oeconeo
3 1 KEYBOARD
Pa, R
ea,
MOOE 1
UNPUT) PAg
[Z3 Pe— CONTROL
rc, |- ———{ STROBE
oc, F— o] ack
BURROUGHS
2 SELF SCAN
ve, |- —l8, DiseLAY
Pe, |— 8,
—~|8,
MODE 1
louteuT) ~ PB6 f————--——+| BACKSPACE
re, CcLEAR
DATA READY
Ack
BLANKING
pc, PC, CANCEL WORD
INTERRUPT
REQUEST
Figure 20. Keyboard and Display Interface
INTERAUPT
ReouesT 7
PG pag femm—— —{ Ry
o, |- A
[y - ",
FuLLy
mopE 1 PAIS DECODFD
NPT e R, KEYBOARD
[ e
P, swieT
s265A
#a, [o-— ---— —4 contaor
— { strose
- ACKNOWLEDGE
~{Busv ur
oo esTLT
o |~ TeERMINAL
~ o ]y a00ReSS
MODE O P8, v
L O e s
- I
S 1t
P 1
L S e T
+
Figure 21. Keyboard and Terminal Address

Interface
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INTERRUPT
REQUEST
[ S - e
vA, B = P”“
eay
oAz
it PAy FLOPPY DISK
mopE 0| - o~ CONTROLLER
woutPun | pa, ~ e " AND DRIVE
s
- - [l - ALDG. P
CONVERTIR AN ouTeLT MODE 2 Pag
- foac vn,r ——]o,
T DATA §TB
assa
| »c, o wss Ack i
. oATA READY
we b | steoaTa pnisie
pc, o oureuren
285A
N TRACK "0 SENSOR
ser Reser
[0 S pos SYNC READY
[0 S Y woex
ve = - {us l
P8y = - ey | #8y f————=| engace nean
ve, [+ ~ ] convirren | - anatos meut Pey FORWARD Rt v
(ABO) A
Mook 0 _| PEjls - E 23 READ ENABLE
NBUT! - B ) WHITE ENABLE
INPUT PH, MODE 0 Pz
PBy |- TOUTPUTI PBg DISC SELECT
Poe |~ -1 PBy | ——— —=| ENABLE CRC
s M8 PBg | e TEST
— v f— sy T
Figure 22. Digital to Analog, Analog to Digital Figure 23. Basic CRT Controller Interface
INTERRUPT iNTERRUPT _
REOUEST H REOUEST
i
#c, e, |- [ % Il - R
Pa, L CRT CONTROLLER s L
pa, — * CHARACTER GEN, E R, 5»:7\;3
oafe- s o REFRESHBUFFER R
JSS D I « CURSOR CONTHOL S I
oa, |- ey | - R,
MODE 1| PAG | swiEt woney | ot B
w0uTPuT | pa, - «| control | paf~ R,
AN “cK | e, «fack
e, ~f BLANKED Lp[» o|s108 60
s, +| aunck e
8255A | B255A MACHINE TOOL
Pl s1aRT S0P
[ec, - nowsts B Y LM SENSOR v
pe, =] coLuNN STD [ —outarFLun
e, | cumson nvsts
- W [ve, |- -~ «] crance Toou
wooe o _| #8 - | o8, —= st RicnT
wouteuri| re, S - s, |- —~] upoown
s, | | Gunsonmow cotumy moot o _| ve,f — ~|wom sTep sTROBE
P8, i HAV OUTPUTY re, | —=| VERT STEP STROBE
v, - [ SiEwsTes
Pl - B, [ FLuio enaeLe
8, * R, - = | FMERGENCY STOP
Figure 24. Basic Floppy Disc Interface Figure 25. Machine Tool Controller Interface
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperatute Under Bias 0Cio70 C
Storage Temperature . . . 65 Cto +150 C
Voltage on Any Pin

With Respect to Ground 05V to 7V
Power Dissipation 1 Warnt

D.C. CHARACTERISTICS (Ta = 0Ct070C.Vge

“‘NOTICE: Stresses above those listed under "Absolute
Maximum Ratings' may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation s not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability.

<5V +10%. GND 0V}~

Symbol Parameter Min. | Max. | Unit Test Conditions

ViL Input Low Voltage -0.5 0.8 \% B

Vin Input High Voltage N 2.0

VoL (DB} | Output Low Voltage (ﬁata B—u—s)— o 7\/ B 'OLV - 2.5mA - T
VoL (PER)| Output Low Voltage (Peripheral Port)| | vV | oL 1.7mA

Vo (DB) | Output High Voltage {Data Bus) 24 v lon - -400uA

Vou (PER) Ourtpu( High Voltage (Peripheral Port) | 2.4 \% lon = -200uA B T

Ipag!t! Darlington Drive Current -1.0 Rext = 750&1,7\/;“‘ 1.5V
Icc Power Supply Current T
he Input Load Cuvr’en’t T - V.N - Vee m—o—i/
) IoFL Output Float Leakage VouTt - Vgg to 45V
NOTE:

1. Available on any 8 pins from Port B and C

CAPACITANCE (Ta = 25C. Vec - GND  0OV)

Symbol Parameter Min. Typ. Max. Unit Test Conditions !
Cin Input Capacitance 10 pF | fe TMH .
Cio 1:0 Capacitance l | oF lUr\measuved pins returned to GND

A.C. CHARACTERISTICS (Ta=0Cto70°C.Vgg = -5V =10%, GND - OV)*

Bus Parameters

READ
8255A 8255A-5

Symbol Parameter Min. Max. Min. Max. Unit
tAR Address Stable Before READ 0 0 ns
trRA Address Stable After READ 0 0 ns
taR READ Pulse Width 300 300 ns
tRD Data Valid From READ! ! ) 250 200 ns
tpF Data Float After READ 10 150 10 100 ns
tRv Time Between READs and/or WRITEs 850 850 ns
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Tandy 1000 Technical Reference Manual

intel 8255A/8255A-5

A.C. CHARACTERISTICS (Continued)

WRITE
8255A 8255A-5
Symbol Parameter Min. Max. Min. Max. Unit

taw Address Stable Before WRITE .0 o] ns
twa Address Stable After WRITE 20 20 ns
tww WRITE Puise Width 400 300 ns
tow Data Valid to WRITE {T.E.) 100 100 ns
wo Data Valid After WRITE 30 30 ns

OTHER TIMINGS

8255A 8255A-5
Symbol Parameter Min, Max. Min. Max. Unit

twe WR =1 to Output! ! 350 350 ns
un Peripheral Data Before RD 0 0 ns
tHR Peripheral Data After RD 0 0 ns
TAK ACK Pulse Width 300 300 ns
g1 STB Pulse Width 500 500 ns
tps Per. Data Before T.E. of STB 0 0 ns
tPH Per. Data After T.E. of STB 180 180 ns

T tAD ACK = 0 to Outputt!l 300 300 ns
tkp ACK = 1 to Output Float ZB—‘F 250 20 250 ns
wos WR =110 OBF = 0!l 650 650 ns
taos ACK = 0to OBF = 1111 350 350 ns
tsig STB = 0 to 1BF = 1111 300 300 ns
tri RD-1wBF-01 | a0 | 300 ns
tRIT RD=0to INTR =0 400 400 ns
tsi7 STB = 1to INTR = 1111 300 300 ns
tarT ACK = 1to INTR = 1111 350 350 ns
twiT WR =010 INTR = 0I1.3! 450 450 ns

NOTES:

1. Test Conditions: Cp = 150 pF.

2. Period of Reset pulse must be at least 50us during or after power on. Subsequent Reset pulse can be 500 ns min
3. INTRT may occur as early as WR|.

* For Extended Temperature EXPRESS. use M8255A electrical parameters.

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

INPUT/OUTPUT

DEVICE
UNDER
TEST

24

0

150 pF

20 2.
:> TEST POINTS <
08 0.

]
0.45

" .“0[55 "‘S‘GY‘;;‘,Z‘,;‘;;‘LEU%’I‘X&%;‘L RN Sy f(';f;\(c‘ o 'svgéagéﬂ‘g‘umous VOLTAGE S DURING TESTING TO GUARANTEE THE
AND € 8Y FOR A LOGIC G
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WAVEFORMS

MODE 0 (BASIC INPUT)

et X X
i Ta - Tha
e X

MODE 0 (BASIC OUTPUT)
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WAVEFORMS (Continued)

MODE 1 (STROBED INPUT)

INTR

RO

PERIPHERAL

wpuwnom__,__(i 4>,_____ _________________

MODE 1 (STROBED OUTPUT)

INTR

ouTPUT

- = thy
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WAVEFORMS (Continued)

MODE 2 (BIDIRECTIONAL)

DATA FROM
* 8080 TO 8255

TN

PERIPHERAL
aus

DATA FRO
PERIPHERAL TO 8255 8255 TO PERIPHERAL

DATA FROM
8255 TO 8080

NOTE:  Any sequence where WR occurs betore ACK and STB occurs before RD is permissible
(INTR = IBF - MASK « STB + RD + OBF » MASK + ACK - WR }

WRITE TIMING READ TIMING

X X o X X

‘ - an - - = s
- tag -
OATABUS * * . \ /

. tape = lgre

) A4 oaTasus o oAy Tonin o e oA
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8272A
SINGLE/DOUBLE DENSITY
FLOPPY DISK CONTROLLER

a |BM Compatible in Both Single and
Double Density Recording Formats

s Programmable Data Record Lengths:
128, 256, 512, or 1024 Bytes/Sector

u Multi-Sector and Multi-Track Transfer
Capability

m Drives Up to 4 Floppy or Mini-Floppy

Data Transfers in DMA or Non-DMA
Mode

Parallel Seek Operations on Up to
Four Drives

Compatible with all intel and Most
Other Microprocessors

Single-Phase 8 MHz Clock

Disks a Single + 5 Volt Power Supply (+10%)

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

DATA BUS
Dsq7<___> A B <;:;'> RecisTERS resercfs o] v
"b(] 2 39| ; RwISEEK
WR[ 13 38 [ 7 LCTIDIA
€8 {a 7 iFRISTP
[«—— wh cLock Aol s 36 [ |HDL
WR DATA p .
[—= wRENABLE DBl {6 3s{JRov
" SERIAL  |— PRESHIFTO oB:[]7 a8} werrs
K INTERFACE [—# PRESHIFT 1 N .
@) CONTROLLER o8;[ |8 33 JFLTITRKO
< |~ READ DATA o8s{ 9 32| 1es,
TERMINAL | = OATA WINDOW B J10 BT 41t pes,
COUNT = [ Vco SYNC .
I oBs{ | 11 30[ ] WA DATA
0RQ ~— 3 «—— READY DBel 12 91 .0%
DATK -0 READ ‘g INPUT | —— WRITE PROTECT/TWO SIDE 0B { |13 28] Jos,
INT +—d WRITE PORT  |-—— INDEX )
Ao —»d oma = FAULTITRACK 0 bral e 27§ InoseL
WR —Of CONTROL pack[ ]1s 26 r MEM
Ay —=| LOGIC ;
RESET —| ORIVE | orive seLecto rerqe BmIwE
= INTERFACE }— DRIVE SELECT 1 ix{ 17 24 L v
& et | CONTROLLER |— MFM MODE W e 23} IR0 bata
\ outeut ,
| S L cuk[ |1 22} Jow
= HEAD LOAD
1
Cln —» i [—— HEAD SELECT GNol {20 21{ 1WA oLk
Voo —a |——> LOW CURRENT/DIRECTION
GND —a —= FAULT RESETISTEP

Figure 1. 8272A Internal Block Diagram Figure 2. Pin Configuration

Intel Corporation assumes no responsibility for the use of any circuilry other than circuitry embodied in an Intel produc!. No olher Circuit patent icenses are implied
* Intel Corporation, 1982 ORDER NUMBER 210606.001
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Table 1. Pin Description

Pin Connec- Pin Connec-
Symbol No. | Type | tion To Name and Function Symbol No. [ Type| tion To Name and Function
RESET Reset: Places FDC in
1 1 uP idle state. Resets out- Vee 40 D.C. Power: +5V
put lines to FDD to 0 AWSEEK | 39 | O | FDD |Read write/SEEK:
(low). Does not clear the A
last specity command When 1" (high) Seek
— S mode selected and
RD 2 [ uP  |Read: Control signal when 0" (low) Read/
tor transfer ot data trom Write mode selected
FDC to Data Bus, when
0" (low) LCT.DIR 38 [¢] FOD | Low Current/Direction:
— — Lowers Write current
WR 3 i uP | Write: Controi signal on inner tracks in
tor transfer ot data to Read/Write mode. de-
FDC via Data Bus. when termines direction head
0" (low) will step In Seek mode.
cs 4 1 uP | Chip Select:IC selected FRSTP 37 o FOD |Fault Reset/Step: Re-
when 0 (low) allow- sets fault FF in FDD «n
ing RD and WR to be Read/Write mode. pro-
enabled vides step pulses 'o
E— o - - - R move head to another
Ao 5 [ uP Data/Status Register cylinder in Seek mode.
Select: Selects Data -
Reg {A; = 1) or Stalus HDL 36 o FOD | Head Load: Comniand
Reg (A, = 0) contents which causes read/write
to be sent to Data Bus head in FDD to contact
e - - - - diskette
DB,-08, 6-13 [10" uP  |Data Bus: Bidirectianal r Ready: Tndicaies FDD
- B 8Bt DataBus | RDY 3 ! FOD s reaydy to send or re-
DRO 12| 0 | oma |Data DMA Request: celve data. Must be tied
high (gated by the index
DMA Request 15 being pulse) for mini floppies
made by FDC when
DRQ 1 which do not normaily
- I have a Ready line.
DACK 15 | DMA |DMA Acknowledge: WP TS 34 ! FDD | Write Protect/ Two-
DMA cycle s active Side: Senses Write Pro-
when 0" f(low) and tect status in Read:
Controller ts perform- Write made. and Two
ing DMA transfer. Side Media in Seek
S Ty T T mode
TC 16 | DMA  |Terminal Count: Indi- — --—
cates the termination of FLTTRKO | 33 l FOD | Fault/Track 0: Senses
a DMA transfer when FDD fault condition in
1 (highy'® Read Write mode and
e - DR — Track 0 condition n
1DX 17 | FDO Index: Indicates the Seek mode
beginning of a disk - — -—
track PS, PS, 31321 O FDD | Precompensation (pre-
I - i T T shift): Write precom-
INT 8 o uP - [interrupt: Interrupt Re- pensation status dusirg
quest Generated by MFM mode Determines
FbC early. late. and normal
. ) I~ lclack: Single Phase 8 umes
CLK 19 ! MHz (4 MHz for mini T - N
floppiesl Squarewave WR DATA 30 o] FDD | Write Data: Serial c.ock
. oo ) L] eesee oo |
GND 20 Ground: D C Power 0S,.0S, 2829 O FDD | Drive Setect: Seiects
Return FDD unit
Note | Disabied when 5 1 HDSEL 27 (o} FDOD |Head Select: Head 1
Nole 2 TC must be aclivaled (0 lerminate (ne Execulion Phase of any command

selected when 1
(high) Head 0 selected
when 0" (low)
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Table 1. Pin Description (Continued)

PinT Connec-
No. | Type| tion To Name and Function

|
|
|

Symbol _J
- 1 - I
MFM | 26| O | PLL |MFMMode:MFMmode |
| |when "1 FM mode ‘
| when "0." |
| I -
WE 2561 o ! roD |write Enable: Enables |
write data inta FOD. i
vCO 24 o] PLL VCO Sync: Inhibits VCO
in PLL when "0 (low),
enables VCO when 1
RD DATA 23 1 FOD [Read Data: Read data

from FDD, containing
clock and data bits

e S S |

| Pin | Connec-
Symbol No. | Type | tion To Name and Function
_ e —
‘ ow 22 1 PLL |Data Window: Gener-

ated by PLL, and used
to sample data from
FDD

Write Clock: Write data
rate to FDD FM = 500
kHz, MFM = 1 MHz, with
a pulse width of 250 ns
for bath FM and MFM

WR CLK 21 i

Must be enabled for all

operations. both Read
and Write
R D S N — S

DATA
ono winpow [T
RDDATA " |
WRDATA
8237 DACK 2724

-

DRIVE
INTERFACE

CONTROLLER

FOC -
INPUT CDNTROL
—

—— [ oursu con

TC
TERMINAL
UNT

Figure 3. 8272A System Block Diagram

DESCRIPTION

Hand-shaking signals are provided in the 8272A which
make DMA operation easy to incorporate with the aid of
an external DMA Controller chip, such as the 8237A. The
FDC will operate in either DMA or Non-DMA mode. In
the Non-DMA mode, the FDC generates interrupts to the
processor for every transfer of a data byte between the
CPU and the 8272A. In the DMA mode, the processor
need only load a command into the FDC and all data
transfers occur under control of the 8272A and DMA
controller.

There are 15 separate commands which the 8272A will
execute. Each of these commands require muitiple 8-bit
bytes to fully specify the operation which the processor
wishes the FDC to perform. The following commands
are available.

Read Data Write Data

Read ID Format a Track

Read Deleted Data Write Deleted Data
Read a Track Seek

Scan Equal Recalibrate (Restore to

6-226

Scan High or Equal
Scan Low or Equal
Specify

Track 0)
Sense Interrupt Status
Sense Drive Status

For more information see the Intel Application Notes
AP-116 and AP-121,

FEATURES

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

8272A ENHANCEMENTS

On the 8272A, after detecting the Index Pulse, the
VCO Sync output stays low for a shorter period of
time. See Figure 4A.

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

Track Gapaa]iam] Gap 1 [ 0] cap2 | Date
Index Pulse —— 1
8272VCO Sync d
8272AVCOSync +——
“560 us in FM mode: 527 us in MFM mods
A.Margin on the Index Pulse
Track Gap 4A (00) ] D ] Gap 2 ] Data
index Pulse —
8272
VO Sync L
82724
VCO Sync T
B. Ability to Read Data When Gap 4A Contains 00

Figure 4. 8272A Enhancements over the 8272
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8272A REGISTERS — CPU INTERFACE

The 8272A contains two registers which may be ac-
cessed by the main system processor; a Status Register
and a Data Register. The 8-bit Main Status Register con-
tains the status information of the FDC, and may be
accessed at any time. The 8-bit Data Register (actually
consists of several registers in a stack with only one
register presented to the data bus at a time), stores
data, commands, parameters, and FDD status informa-
tion. Data bytes are read out of, or written into, the Data
Register in order to program or obtain the results after
execution of a command. The Status Register may only
be read and is used to facilitate the transfer of data
between the processor and 8272A.

The velations_hip;between the Status/Data registers and
the signats RD, WR, and A is shown in Table 2.

Table 2. Ao, RD, WR decoding for the selection
of Status/Data register functions.

A, RD | WR FUNCTION

0 0 1 | Read Main Status Register
0 1 0 Illegal (see note)

0 0 0 |lllegal {see note)

1 0 0 |tlegal (see note)

1 0 1 | Read from Data Register

1 1 1 Write into Data Register

Note: Design must guarantee that the 8272A
is not subjected to illegal inputs.

The Main Status Register bits are defined in Table 3.
Table 3. Main Status Register bit description.

BIT NUMBER NAME SYMBOL DESCRIPTION

FDD number 0 1s in the Seek
rode.

[ FOD O Busy 008

FDD number 1is in the Seek
mode.

[>% FDD 2 Busy D8 [FDD number 2 is in the Seek
mode

FDD number 315 in the Seek
m,

0, FOD 1 Busy 08

0y DD 3 Busy 038
0, FOC Busy CB |4 read or write command is in
drocess.

Non-DMA mode NOM | The FOC is in the non-OMA

maode. This bit is set only dur-

ing the execution phase n

non-DMA mode. Transttion to
0" state indicates execution
phase has ended

oo

Indicates direction of data

transter between FOC and Dtay
Register It QI0="1" then

transfer is from Data Register
1o the Processor 1t DIO="0",
then transter is from the Proc-
essor 10 Data Register

g Data InputOutput

0, Request for Master RQM  {indicates Data Register is
ready 10 send of receive data
10 or trom the Processor. Both
bits DIO and ROM shouid be
used to perform the hand
shaking functions of “ready
and “direction” o the proc

essor.
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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.

Note: There is a 12,S or 24.S RQM flag delay when
using an 8 or 4 MHz clock respectively.

OUT OF FDC AND INTO PROCESSOR

DaTa INOUT
(©i0)
OUT OF PROCESSOR AND INTO FDC

READY

AEQUEST wor J
FON MaBTER
ham LU
|

ol - s -

NOTES: [A] ~ DATA AEQISTER REAOY TO #€ WRITTEN INTO 8Y PROCESSOR
[8] ~ DATA REGISTER NOT READY TO 8E WAITTEN INTO BY PROCESSOR
(© — DATA REQISTEA READY FOR NEXT DATA BYTE TO 8E READ BY THE

[B) - OATA REGISTER NOT READY FOR NEXT DATA BYTE 10 BE AEAD BY
on

Figure 5. Status Register Timing

The 8272A is capable of executing 15 different com-
mands. Each command is initiated by a multi-byte
transfer from the processor, and the resuit after execu-
tion of the command may also be a multi-byte transfer
back to the processor. Because of this multi-byte inter-
change of information between the 8272A and the proc-
essor, it is convenient to consider each command as
consisting of three phases:

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

Execution Phase: The FDC performs the operation it

was instructed to do

After completion of the operation,

status and other housekeeping in-

formation are made available to
the processor.

During Command or Result Phases the Main Status
Register (described in Table 3) must be read by the proc-
essor before each byte of information is written into or
read from the Data Register. Bits D6 and D7 in the Main
Status Register must be in a 0 and 1 state, respectively,
before each byte of the command word may be written
into the 8272A. Many of the commands require multiple
bytes, and as a result the Main Status Register must be
read prior to each byte transfer to the 8272A. On the
other hand, during the Result Phase, D6 and D7 in the
Main Status Register must both be 1's (D6 = 1 and
D7 = 1) before reading each byte from the Data
Register. Note, this reading of the Main Status Register
before each byte transfer to the 8272A is required in
only the Command and Result Phases, and NOT during
the Execution Phase.

Result Phase

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

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

If the 8272A is in the DMA Mode, no Interrupts are gener-
ated during the Execution Phase. The 8272A generates
DRQ's (DMA Requests) when each byte of data is
available. The DMA Controller responds to this request
with both a DACK = 0 (DMA Acknowledge) and a RD=0
(Read signal). When the DMA Acknowledge signal goes
low (DACK = 0) then the DMA Request is reset (DRQ = 0).
If a Write Command has been programmed then a WR
signal will appear instead ot RD. After the Execution
Phase has been completed (Terminal Count has
occurred) then an Interrupt will occur (INT=1). This
signifies the beginning of the Result Phase. When the
tirst byte of data is read during the Result Phase, the In-
terrupt is automaticatly reset (INT = 0).

It is important to note that during the Resuit Phase all
bytes shown in the Command Table must be read. The
Read Data Command, for example, has seven bytes of
data in the Result Phase. All seven bytes must be read
in order to successfully complete the Read Data Com-
mand. The 8272A will not accept a new command until
all seven bytes have been read. Other commands may
require fewer byles to be read during the Result Phase.

The 8272A contains five Status Registers. The Main
Status Register mentioned above may be read by the
processor at any time. The other four Status Registers
(STO, ST1, ST2, and ST3) are only available during the
Result Phase, and may be read only after successtully
compteting a command. The particular command which
has been executed determines how many of the Status
Registers will be read.

The bytes of data which are sent to the 8272A to form
the Command Phase, and are read out of the 8272A in
the Resuit Phase, must occur in the order shown in the
Table 4. That is, the Command Code must be sent first
and the other bytes sent in the prescribed sequence. No
foreshortening of the Command or Result Phases are
allowed. After the last byte of data in the Command
Phase is sent to the 8272A, the Execution Phase

Table 4. 8272A Command Set

T R 7Y T
PHASE J RW | 07 Dg D5 Of Dy "o, Dy Dp REMARKS PHASE | AW o7 n. Dy Dy D3 D O REMARKS
READ DATA o WRITE DATA i
Comm:nd W M‘V MFM SK 0 o 1 1 0 Command Codes Command | w MT MFM 0 4] 0 1 o 1 [Commann Codes
w |0 0o o 0 0 HDSDSI DSO w [0 o 0 0 o HpsDS! DSO
w S Sector ID information w Sector 1D «nformation
w B - | pror to Command | w prior 10 Command
w = I execution ! w execution
w o ! wo | _ -
w 1 w T
w \ w
w o I i w |
Execution Data transter Execution ’ Data transfer
beiween the FOD between the main.
and main-system 1 system and FDO
Result A ... sTO Status information || Resuit R Status nformation
R I ST . . .. |atter command | R after Command
R s12 7 7 lexecunon ! Rl execution
R U R i Aol -
R \ . _H - .. | sector 1D 1ntormation | ! R Sector ID information
A | _ R - after command P A atter Command
[~ SN - . | execution i LB execution
- ) " READ DELETED DATA Bl - ]
Command | W [MTMFMSK 0 1 1 0 0 |CommandCodes [commane | w ™ [MT MEM o Commana Codes
w 0 0 0 0 0 HDSDS) DS | w 0
w | .. . _ _c¢ - . | sector 10 nformaton | wol Sector 10 information
M Ho prior to Command \ w - prior to Command
wo R execution | w - execution
W N _ % w
wo | EOT _ | w —
W GPL — w
| wo | oTL I w —
Execution | Oala transter Execution Data transter
i between the FDD between the FOO
l ang main-system [ and main-system
Result [ 570 Status information | | Resutt A - sTO Status information
R sT1 atter Command | R T st _-.0 |atier Commana
RO sT2 execution | A sT2 execution
[ c . [ c_ - -
A H Sector ID information ‘ R - ... H _. |sector 10 wntormation
A A atter Command A | A . . . |atter Commang
I JNL [ execution A N o | execution
Note: 1. Symbols used in this tabie are described at the end of this section
2. Ag=1tor all operations.
3. X=Don't care, usuaily made 10 equal Dinary 0.
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Table 4. 8272A Command Set (Continued)

[ T 7 oatasus - [
PHASE |RW [ D; Dg D5 Dy D3 Dy Dy Dp |REMARKS | PHASE

DATABUS
07 Dy D5 Dy Dy Dz Dy REMARKS

READ A TRACK SCAN LOW OR EQUAL
Command| W | 0 MFMSK 0 0 0 1 0 |CommandCodes Command | W [ MTMFMSK 1 1 0 o0 1 “ Command Codes.
W | 0 0 0 0 0 HOSDS! DSO w |0 o 0 o0 o0 HDSDSI PSO
w . C .. ._. .. .|sectoriDintormation w - N Sector I information
w S w pnor to Command w —... | prior Commana
w R execution w L |execution
w N _ w -
w | . EOT ,, w -
w - Y w .
w _ oTL w
Execution Data vanster Execution Data compared
oetween the FDD between the FOD
and main-system and main-system
F£DC reads all of
cyhinders contents Result R - ST0 Status information
from inde> hoie to RO ST —_ | atter Commana
EOT R . ST2 _ — execution
A c
Result R 5T0 Status information R ———H Sector ID information
A - B ST after Command R R__ after Commangd
R sT2 execution A — N | execution
R c i — I
R H Sector (D intormation - - — N _—
A R atter Commang Command | W [ MTMFMSK 1 1 1 0 1 ] CommangCodes
A N | execunon
W {0 0 0 0 0 HDSDSI DSO
___Reaow W c. Sector (D information
Command‘ wl omMmMoO 0 1 0 1 0 |Commands w - H pnor Command
w - A _ i execution
W 0o 0 0 0 0 HDSDSIDSO W N a
w EOT —_—
Execulion The fust correct (D w GPL R
intormation on the w sTP B
Cyfinder 1s stored in
Data Register Execution Data compared
between the FDOD
Result a sTQ Status information and main-system
R ST atter Commang
R sT2 execution Resuit R [ status information
R c R ~ alter Command
"R H Sector ID intormation R PR executon
C A .. .R during Execution R -
R N | Phase A Sector I intormation
e e e R atier Command
FORMAT A TRACK L R ‘ execution
Commang| W | 0 MFM 0 0 1 1 0 1 |Command Codes RECAUBRATE
W [ ©c 0 0 0 0 HDSDSIDSO Commandl W T 6 0 0 o o -
n
w . N Bytes Sector Command God
w sC smuvs Cylinger w o 06 0 o 0 o DS! 050
w GPL Execution Held ratactad to
tw 0 | Fie Byxe
Execulion FOC formats an s:uss mvcnnuvr status
entire cylinder Command 0 0 0 0 |GommandCodes
Result sT0 Status information Resutt - . - Status information at
ST1 atter Command —— - — the end of each seek
s12 ~ execution H oDsllhon about the
- c
H R in this case. the ID T T T —
" informauon has no
N meaning Commana }V
Commana| w | MTMFMSK 1 0 0 0 1 |CommanaCodes -
w il 0 0 0 0 0 HDSDSDSO R _  OR) } ]
w c Sector 1D information |[Command [ W | 0 0 0 0 0 1 0 0 |CommandCodes
w H prior to Command ™ 0 0 0 0 0 HDSODS! DSO
w R execution
™ N Resuit R R —— ST3 __ R Status intormation
w T EOT . ' . about FOD
" o |
Commang | W {0 0 0 0 1 1 1 —‘ Gommand Godes
Execulion Data compared w o 0o 0 o
between the FOD 0 HOs Ds1 DSO
and main-system w NCN -
Result L. — sTOQ Status information Execution Head s positioned
A B sT1 - after Command over proper Cylinder
A sT2 _ | execution o on Diskette
a - .
R . N Sector 1D information . — ,‘N,V:UD I
A — ___ | atrer command Commang | w - ..... Invald Codes Invalid Command
A - _ | execution Codes (NoOp — FOC
goes inlo Slandby
State)
Result R - sTO — ———- |STO0=80
16)
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Table 5. Command Mneumonics

[svmeoL NAME DESCRIPTION

Ao Adaress Line 0 Ag controls selection of Main Status
Ragister (Ag=0) or Data Register (Ag = 1)

c Cylinder Numbar C stands for the current elected Cylinder
track number 0 through 76 of the medium.

o Oata D stands for the data pattem which is
going to be written into a Sector,

07-Dg | DataBus 8.it Data Bus whers Dy is the most
signiticant bit, and Dg is the least signifi-

cant bit.

050, DS 1 [Dnva Select DS stands for a selected drive number 0
or 1

oTL Data Length When N is defined as 00, DTL stands for
the data fength which users are going 10

read out or write Into the Sector.

14 [ €nd of Track EOT stands for the final Sector number of

a Cylinder.

GPL Gap Lengih GPL stands for the lengtn of Gap 3
(spacing between Sectors excluding VGO
Sync Fleid)
W [ Fiead Address H stands for head number 0 or 1, 88
specified in 1D fielo.
[ Hos Head Setect HDS stands for a selscted head number 0

or 1 {H=HDS in all command words).

Head Load Time HLT atands for the head load time in the

FDD (2 to 254ms in 2ms increments).

Head Unload Time HUT stands for the head unioad time after
a read or write operation has occurred (16

10 240ms in 186 ms increments).

MFM FM or MFM Mode 1 MF ia fow, FM mode is selected and it
it is high, MFM mode is selected

T Muylti-Track {f MT i3 nigh, a muntirack operation 1s 1o |
be performed (a cylinder under both HDO
and HO1 wili be read or written).

— S Sy — 1

N Number N stands for the number of dala byles.

written in a Sector

automatically starts. In a similar fashion, when the last
byte of data is read out in the Result Phase, the com-
mand is automnatically ended and the 8272A is ready for
a new command. A command may be aborted by simply
sending a Terminal Count signal to pin 16
{TC = 1). This is a convenient means of ensuring that the
processor may always get the 8272A’s attention even if
the disk system hangs up in an abnormal manner.

POLLING FEATURE OF THE 8272A

After power-up RESET, the Drive Select Lines DSO and
DS1 will automatically go into a polling mode. In be-
tween commands (and between step pulses in the SEEK
command) the 8272A polls all four FDDs looking for a
change in the Ready line from any of the drives. If the
Ready line changes state (usually due tc a door opening
or closing) then the 8272A will generate an interrupt.
When Status Register 0(STO) is read (after Sense Inter-
rupt Status is issued), Not Ready (NR) will be indicated.
The poliing of the Ready line by the 8272A occurs con-
tinuously between instructions, thus notifying the
processor which drives are on or off line. Approximate
scan timing is shown in Table 6.

Table 6. Scan Timing

APPROXIMATE SCAN TIMING
2204

LN
1
1

COMMAND DESCRIPTIONS

During the Command Phase, the Main Status Register
must be polled by the CPU before each byte is written

6-230

SYMBOL NAME [ “oescaption |
NCN New Cylinder Number | NCN stands for a new Cylinder number,
which ts going 1o be reached as a result
of the Seek operation. Desired position of
Head.
ND Non-DMA Mode ND stands for operation in the NON-DMA
Mode.
[pcnN | Present Cylin "PCN stands for the Cylinder number at |
Number he completion of SENSE INTERRUPT
STATUS Command, Position of Head at
present time,
R Record ands 107 the Sector number. which
or written. |
AW Read/Write RIW stands for either Read (R) or Wiite |
(W) signat
SC |Sector | SCindicates the number of Sectors per
Cylinder.

SK Skip SK stands for Skip Deleted Data Address
Mark

SRT stands for the Stepping Rate for the
FDD (110 16 ms in 1 ms increments) The
same Stepping Rate appies 1o all drives
(F1ms E-2ms. etc)

S S —
SRT Step Aate Time

B Status 0 ST 0-3 stand for one of four ragisters

sT1 Status 1 which store the status information after

sT2 Status 2 a command has been oxecuted. This

sT3 Status 3 information 15 available during the result
phase atfter command execution. These
fegisters should ot be confused with the
main slatus register (selected by Ag = O)
ST 0-3 may be read only after a command
has been executed and contain information
relevani 1o that particular command.

o jrelevantioInatparticut

STP During a Scan operation, it STP= 1, the

ata In coNtiguous $ECIors 1S compared
byte by byte with data sent from the
processor (or DMA), and it STP =2, then
alternate sectors are read and compared.

into the Data Register. The DIO (DB6) and RQM (DB7)
bits in the Main Status Register must be in the “0” and
“1" states respectively, before each byte of the com-
mand may be written into the 8272A. The beginning of
the execution phase for any of these commands witl
cause DIO and RQM to switch to “1"" and “0" states
respectively

READ DATA

A set of nine (9) byte words are required to place the
FDC into the Read Data Mode. After the Read Data com-
mand has been issued the FDC loads the head (if itis in
the unloaded state), waits the specified head settling
time (defined in the Specity Command), and begins
reading ID Address Marks and 1D fields. When the cur-
rent sector number ("R”) stored in the ID Register (IDR)
compares with the sector number read off the diskette,
then the FDC outputs data (from the data field) byte-by-
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 Com-
mand must be terminated by the receipt of a Terminal
Count signal. Upon receipt of this signai, the FDC stops
outputting data to the processor, but will continye to
read data from the current sector, check CRC (Cyclic
Redundancy Count) bytes, and then at the end of the
sector terminate the Read Data Command.

The amount of data which can be handied with a single
command to the FDC depends upon MT (multi-track),
MFM (MFM/FM), and N (Number of Bytes/Sector). Table
7 on the next page shows the Transfer Capacity.
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Table 7. Transfer Capacity

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

When N =0, then DTL defines the data length which the
FDC must treat as a sector. If DTL is smaller than the ac-
tual data length in a Sector, the data beyond DTL in the
Sector is not sent to the Data Bus. The FDC reads (inter-
nally) the complete Sector performing the CRC check,
and depending upon the manner of command termina-
tion, may perform a Multi-Sector Read Operation. When
N is non-zero, then DTL has no meaning and should be
set to OFFH.

Al the completion of the Read Data Command, the head
is not unloaded until after Head Unload Time Interval
(specitied in the Specify Command} has elapsed. If the
processor issues another command before the head
unloads then the head settling time may be saved be-
tween subsequent reads. This time out is particularly
valuable when a diskette is copied from one drive to
another.

1t the FDC detects the Index Hole twice without finding
the right sector, (indicated in “R"), then the FDC sets
the ND (No Data) flag in Status Register 1 to a 1 (high),
and terminates the Read Data Command. (Status
Register 0 also has bits 7 and 6 set to 0 and 1 respective-
ly.)

After reading the ID and Data Fields in each sector, the
FDC checks the CRC bytes. It a read error is detected
(incorrect CRC in ID field), the FDC sets the DE (Data Er-
ror) flag in Status Register 1to a 1(high), and ifa CRC er-
ror occurs in the Data Field the FDC also sets the DD
(Data Error in Data Field) flag in Status Register2toa1
(high), and terminates the Read Data Command. (Status
Register 0 also has bits 7 and 6 set to 0 and 1 respec-
tively.)

If the FDC reads a Deleted Data Address Mark off the
diskette, and the SK bit (bit D5 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 ter-
minates 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.

6-231

“Multh-Track | MFM/FM | BytesSector |  Maximum Transter Capacity | Final Sactor Read
mr MEM N (BytesiSecton (Number of Sectors) | from Disketie
] 0 00 (128)(26)= 3.328 26 at Side 0
0 ! o1 (256) (26)= 6,656 or 26 at Side 1

' o ) (128)(52)= 665

' ) 01 (256) 152 26 at Side |
o 3 o1 (@56)(15)= 3840 15 at Side 0
0 1 02 (512) (15)= 7,680 or 15 at Side 1
1 0 o (256} (30} = 7 680

1 1 02 (512){30) = 15,360 15 at Side 1
0 0 02 612)8 = 4,09 8 at Side 0
° 1 03 (1024)(8) = 8,192 or 8 at Side 1
1 o 02 5125(16)= 8,192

) ' 03 (1024) (16)= 16,384 B atSer

During disk data transfers between the FDC and the
processor, via the data bus, the FDC must be serviced
by the processor every 27 us in the FM Mode, and every
13 us in the MFM Mode, or the FDC sets the OR (Over
Run) flag in Status Register 1 to a 1 (high), and ter-
minates 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 EQT byte.
Table 5 shows the values for C, H, R, and N, when the
processor terminates the Command.

Table 8. ID Information When Processor
Terminates Command

| Final Sector Transfamedto | P 'nformation & Result Phay

mr EoT Processor < H

| Py

R N

1A Sector 110 25 at Side O
oF Sector 110 14 at Side 0 NC NC Ret NG |
08 Sector V1o 7 a1 Side (

1A | Sector 26 al Side O |
OF | Sector 15at Side 0 C+1 | NC | R=01 | NC
08 | SectorBat Side O ‘
1A | Sector 110 25 at Side | |
OF | Sector 110 14 at Side 1 NC NC | R+1 | NC
08 | Sector1to7 atSide 1

1A | Sector 28 at Side 1
OF Sector 15 at Side 1 cs1 | NC | R=01| NC
08 | Sector 8al Side 1

1A | Sector 110 25 at Side O |
oF Scclor 110 14at Side 0 | NC NG . R+l [ NC

08 | Sector 1107 at Side 0 \ l
. : -

14| Sector 26a1 Side 0 |

0F | Sector 15at Side 0 N lse | m=01 | NC

08 | Sector8at Side 0 H |
s e -

1A Sector 110 25 at Side 1 | i

OF Seclor 110 14 at Side 1 NC | NC i R4 NC

08 | Sector 1107 at Sige 1 ‘ !

- ! - i i

1A | Sector 26 at Side ) ; r i !

0F | Sector 15at Sude 1 cer | s | R=0v | NC

08 | Sector8at Side 1 !

Notes 1 NC(NoChangei. The same value as the one at the beginning of comman:
execution

2. LSB (Leasi Significant Bt The least significant bit of H 1s
complemented

WRITE DATA

A set of nine (9) bytes are 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
unloaded state), waits the specified head settling time
(defined in the Specify Command), and begins reading
ID Fields. When the current sector number (“R""), stored
in the ID Register (IDR) compares with the sector
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number read off the diskette, then the FDC takes data
from the processor byte-by-byte via the data bus, and
outputs it to the FDD

After writing data into the current sector, the Sector
Number stored in "R is incremented by one, and the
next data field is written into. The FDC continues this
“Multi-Sector Write Operation™ until the issuance of a
Terminal Count signal. f 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 00 (zeros).

The FDC reads the D field of each sector and checks
the CRC bytes. If the FDC detects a read error (incorrect
CRC) in one of the ID Fields, it sets the DE (Data Error)
fiag of Status Register 1 to a 1 (high), and terminates the
Write Data Command. {Status Register 0 also has bits 7
and 6 set to 0 and 1 respectively.)

The Write Command operates in much the same manner
as the Read Command. The following items are the
same; reter to the Read Data Command for details;
Transter Capacity

EN (End of Cylinder) Flag

ND (No Data) Flag

Head Unload Time Interval

ID information when the processor terminates com
mand (see Table 2)

¢ Detinition of DTL when N=0 and when N # 0

in the Write Data mode, data transfers between the proc-
essor and FDC must occur every 31 us in the FM mode,
und every 15 us in the MFM mode. If the time intervai
between data transfers is longer than this then the FDC
sets the OR (Over Run) flag in Status Register 1 to a 1
(high), and terminates the Write Data Command.

For mini-floppies. multipte track writes are usually not
permittea. This i1s because of the turn-off time ot the
erase heaa coils—the head switches tracks betfore the
erase head turns otf. Therefore the system should
typically wait 1.3 mS before attempting to step or
cnange sides

WRITE DELETED DATA

This command is the same as the Write Data Command
except a Deleted Data Address Mark is written at the
beginning ot the Data Field instead of the normal Data
Address Mark

READ DELETED DATA

Tris command is the same as the Read Data Command
except that when the FDC detects a Data Address Mark
al the beginning of a Data Field (and SK = O (low)), it will
reac all the data in the sector and set the CM flag in
Status Register 2 to a 1 (high), and then terminate the
command. If SK = 1. then the FDC skips the sector with
the Data Address Mark and reads the next sector.

READ A TRACK

This command is similar to READ DATA Command
except that the entire data field is read continuously
from each of the sectors of a track. Immediately after
encountering the INDEX HOLE, the FDC starts reading
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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 vailue stored in the IDR, and sets the ND flag of
Status Register 1to a 1(high) if there is no comparison.
Multi-track or skip operations are not allowed with this
command.

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

READ 1D

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 IN-
DEX HOLE 1s encountered for the second time then the
MA (Missing Address Mark) flag in Status Register 1 is
setto a 1 (high), and it no data is found then the ND (No
Data) flag is also set in Status Register 1 to a 1 (high)
and the command is terminated

FORMAT A TRACK

The Format Command allows an entire track to be for-
matted. After the INDEX HOLE is detected, Data is writ-
ten on the Diskette: Gaps, Address Marks, ID Fields and
Data Fields. all per the IBM System 34 (Double Density)
or System 3740 (Single Density) Format are recorded.
The particular format which will be written is controlied
by the values programmed into N (number of bytes/sec-
tor), SC (sectors/cylinder), GPL (Gap Length), and D
(Data Pattern) which are supplied by the processor dur-
ing the Command Phase. The Data Field is filled with
the Byte of data stored in D. The 1D Field for each sector
is supplied by the processor: that is, four data requests
per sector are made by the FDC for C (Cylinder Number),
H (Head Number), R (Sector Number) and N {Number of
Bytes/Sector). This a'lows the diskette to be formatted
with nonsequential sector numbers, it desired

After formatting each sector, the processor must send
new values for C. H, R, and N to the 8272A for each sec-
tor on the track. The contents of the R Register is in-
cremented by one after each sector is formatted, thus,
the R register contains a value of R+ 1 when it is read
during the Result Phase. This incrementing and format-
ting continues for the whole track until the FDC en-
counters the INDEX HOLE for the second time. where-
upon 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 O to a 1 (high), and terminates the com
mand after setting bits 7 and 6 of Status Register 0 to 0
and 1 respectively. Aiso the loss of a READY signal at
the beginning of a command execution phase causes
command termination.

Table 9 shows the relationship between N, SC, and GPL
for various sector sizes
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Table 9. S Size Relationship
8* STANDARD FLOPPY 5% MINI FLOPPY

FORMAT | SECTOR SIZE N sc | ari' | GeL? | Remarks SECTOR SIZE N sc | api' | ap?
FM Mode 128 bytesiSector | 00 | 1A | 07 | 18 | 1BM Diskette t 128 bytestsector | 00 | 12 | o7 [ oo
o oF OE 2A IBM Diskette 2 00 10 10 19

512 o2 | o8 | B | 3a 256 or | o8| 1 | 2

1024 03 04 a7 8A 512 02 04 a6 87

2048 os | o2 | c8 | FF 1024 0 | 02| c8 | FF

4096 os | o1 | c8 | FF 2048 0a | o | cs | FF

MPM Mode | 256 ot | 1A | o€ | 36 | 1BMDisxette 20 256 ot 2 | oa | oc
512 02 OF 1B 54 256 (2] 0 20 32

1024 03 | 08 | 35 | 74 | 1BMOiskete20 512 02 | o8 | 2a | 50

2048 04 | 04 | 99 | FF 1024 03 | oa | 80 | Fo

4096 05 | oz | 8 | FF 2048 0a | 02 | 8 | k¢

8192 o6 | o1 | ca | rF 4096 0s | o1 | cs | FF

Note: 1 Suggested values of GPL in Read or Write Commands 1o avoid splice point between dala held and 1D fieid of contiguous sections

2 Suggested values of GPL in format command

SCAN COMMANDS

The SCAN Commands allow data which is being read
from the diskette to be compared against data which is
being supplied from the main system (Processor in
NON-DMA mode, and DMA Controller in DMA mode).
The FDC compares the data on a byte-by-byte basis, and
looks for a sector of data which meets the conditions of
Drpp = Derocessor DFoD € Dpracessor OF Drpp > Derocessor-
Ones compiement arithmetic is used for comparison
(FF =largest number, 00=smallest number). After a
whole sector of data is compared, if the conditions are
not met, the sector number is incremented (R+ STP-—
R), and the scan operation is continued. The scan opera-
tion continues until one of the following conditions oc-
cur; the conditions for scan are met (equal, low, or high},
the last sector on the track is reached (EOT), or the ter-
minal count signal is received.

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

Table 10. Scan Status Codes

STATUS REGISTER 2
T
BIT2=SN | BIT3=SH COMMENTS
Scan Equat N ! OF D0 = Oprocessor
! 0 Orpo * Dprocessor
o ! Drpp = Dprocessor
Scan Low or Equal o 0 DFpp * Dprocessor
! 9 Or0D $ Dprocessor
o ! OF 00 = Oprocessor
Scan High or Equal 0 0 DEpD ™ Cprocessor
! 0 OFpo # Dprocessor

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 CM (Control
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Mark) flag of Status Register 2 to a 1 (high) and ter-
minates the command. If SK = 1, the FDC skips the sec-
tor with the Deleted Address Mark, and reads the next
sector. In the second case (SK = 1), the FDC sets the CM
(Control Mark) flag of Status Register 2 1o a 1 (high) in
order to show that a Deleted Sector had been en-
countered.

When either the STP (contiguous sectors STP =01, or
alternate sectors STP =02 sectors are read) or the MT
(Multi-Track) are 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 sequentially 1 through 26, and we start the
Scan Command at sector 21; the following will happen.
Sectors 21, 23, and 25 will be read, then the next sector
(26) will be skipped and the Index Hole will be en-
countered before the EOT value of 26 can be read This
will result in an abnormai 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 (Over Run) tlag set in Status Register 1, it is nec-
essary to have the data available in less than 27 us (FM
Mode) or 13 us (MFM Mode} If an Overrun occurs the
FDC terminates the command

SEEK

The read/write head within the FDD is moved from
cylinder to cylinder under control of the Seek Command,
The FDC compares the PCN (Present Cylinder Number)
which is the current head position with the NCN (New
Cylinder Number), and pertorms the following operation
if there is a difference:

PCN < NCN: Direction signal to FDD set o a 1 (high),
and Step Puises 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, then the SE (Seek
End) flag is set in Status Register 0 to a 1 (high). and the
command is terminated.
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During the Command Phase of the Seek operation the
FDC is in the FDC BUSY state, but during the Execution
Phase it is in the NON BUSY state. While the FDC is in
the NON BUSY state, another Seek Command may be
issued, and in this manner paralle! seek operations may
be done on up to 4 Drives at once.

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.

Note that the 8272A Read and Write Commands do not
have implicd Seeks. Any R/W command should be
preceded by: 1) Seek Command; 2) Sense Interrupt
Status; and 3) Read ID.

RECALIBRATE

This command causes the read/write head within the
FDD to retract 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 1 (high) and
Step Pulses are issued. When the Track 0 signal goes
high, the SE (SEEK END) flag in Status Register 0 is set
to a 1 (high)and the command is terminated. If the Track
0 signal is still low after 77 Step Pulses have been
issued, the FDC sets the SE (SEEK END) and EC (EQUIP-
MENT CHECK) flags of Status Register O to both 1s
(highs), and terminates the command.

The ability to overlap RECALIBRATE Commands to
multiple FDDs, and the loss of the READY signal, as
described in the SEEK Command, also applies to the
RECALIBRATE Command.

SENSE INTERRUPT STATUS

An Interrupt signal is generated by the FDC for one of
the following reasons:

1. Upon entering the Result Phase of:

. Read Data Command

Read a Track Command

Read 1D Command

Read Deleted Data Command

. Write Data Command

Format a Cylinder Command

. Write Deleted Data Command

. 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

ST -0 ao0oow®

Interrupts caused by reasons 1 and 4 above occur during
normal command operations and are easily discernible
by the processor. However, 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.

Neither the Seek or Recalibrate Command have a Result
Phase. Therefore, it is mandatory to use the Sense Inter-
rupt Status Command after these commands to effec-
tively terminate them and to provide verification of the
head position (PCN).
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Table 11. Seek, Interrupt Codes

SEEK END |INTERRUPT CODE
BIT S BITS | BIT7

CAUSE

0 1 1 Ready Line changed
state, either polarity
1 | o 0 Normal Termination

of Seek or Recalibrate
Command

Abnormal Termination of
Seek or Recalibrate
Command

SPECIFY

The Specify Command sets the initial values for each of
the three internal timers. The HUT (Head Unload Time)
detines the time from the end ot the Execution Phase ot
one of the Read/Write Commands to the head unload
state. This timer is programmable from 16 to 240 ms in
increments of 16 ms (01=16 ms, 02=32ms....OF =
240 ms). The SRT (Step Rate Time) defines the time in-
terval between adjacent step pulses. This timer is pro-
grammable from 1to 16 ms in incrementsof T ms(F=1
ms, E=2ms, D=3 ms, etc.). The HLT (Head Load Time)
defines the time between when the Head Load signal
goes high and when the Read/Write operation starts.
This timer is programmabie from 2 to 254 ms in in-
crements of 2 ms (01=2ms, 02=4 ms, 03=6ms ...
FE = 254 ms).

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

The time intervals mentioned above are a direct tunction
of the ctock (CLK on pin 19). Times indicated above are
for an 8 MHz clock, if the clock was reduced to 4 MHz
(mini-floppy application) then all time intervals are in-
creased by a factor of 2.

The choice of DMA or NON-DMA operation is made by
the ND (NON-DMA) bit. When this bit is high (ND = 1) the
NON-DMA mode is selected, and when 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
Register 3 contains the Drive Status information
INVALID

If an invalid command is sent to the FDC (a command
not defined above), then the FDC will terminate the com-
mand. No interrupt is generated by the 8272A during this
condition. Bit 6 and bit 7 (DIO and RQM) in the Main
Status Register are both high (“1") indicating to the
processor that the 8272A is in the Result Phase and the
contents of Status Register 0 (ST0) must be read. When
the processor reads Status Register 0 it will find an 80H
indicating an invalid command was received. '

A Sense Interrupt Status Command must be sent after a
Seek or Recalibrate interrupt, otherwise the FDC will
consider the next command to be an Invalid Command.
In some applications the user may wish to use this com-
mand as a No-Op command, to place the FDC in a stand-
by or no operation state.
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Table 12. Status Registers

T 1 [ - ! - B
e DESCRIPTION | . RIPTION
" name swatfl | No | NAME Jsmaml DEsc
STATUS REQISTERO STATUS REGISTER 1 (CONT)
D; | Interrupt (9 D;=0and Dg=0 D, | Not NW During execution of WRITE DATA,
Code Normal Termination of Command, Writable WRITE DELETED DATA or Format A
(NT). Command was completed and Cylinder Command, if the FDC
properly executed. detects a wrile protect signal from
Ds D7=0and Dg= 1 the FDO, then this flag is set
Abnermal Termination of Com- D, ! Missing MA | If the FOG cannol detect the ID
mand, (AT). Execution of Command | Adoress | Address Mark after encountering the
was started, but was not | Mark | index hote twice. then this flag is set.
successtully completed \ bt S
{1l the FOC cannot detect the Data
'37:“ “C”" Dg = 0 c : - Address Mark or Deleted Data
e °’“’“‘"n° issue, (IC} i Address Mark, this flag is set Also
Command which was issued was i at the same time, the MD (Missing
never started . Address Mark in Data Feld) of
! D;=1and Dg=1 i lSlalus Register 2 1s set
i Abnormat Termination because - ! - B
. during command execution the R S"TUS REGISTER 2 }
! ready signaj from FDO changed D; | l T Not used. This bit 1s aiways 0 (low)
state - — - —
— T S - Og T Control CM | During executing the READ OATA or
Ds | Seek End SE When the FDC completes the i Mark . SCAN Command. 1f the FOC
SEEK Command, this flag is set to | encounters a Sector which contains
B - | fhigh) - ! | a Deleted Data Address Mark, this
D, | Equipment EC | ifa fault Signal s received from the | 7”4 - . lagisser . o
Check FDD. or if the Track 0 Signal fails to Dy | DataErorin| DD If the FDC detects a CRC error in
occur after 77 Step Pulses (Recali i Data Field ! the data field then this flag s set
brate Command) then this fiag is set S D ! ST
— - - - — 0, | Wrong WG | This bit is related with the ND bit, i
Dy | NotReady = NR | Wnentne FOD 15 1n the not-ready | Cytincer !"and when the contents ot C on the |
| state and a read or write command s ; ! * medium is different from that stored ;
! . ! issued, this flag is set I areador | ! “in the IDR. this flag is set i
: ! write command is 1ssued to Side 1 ol S 4 —
of a single sided drive. then this flag Dy | ScanEqual | SH !During execution. tne SCAN :
is set | Hit i | Command. i the condition of i
b= 4 - — i ! equal 15 satistied. this Hag is set
D, , Head HD | This flag 15 used to indicate tne b b P
Address state ol the head at Interrupt Oz ScanNot | SN During executing the SCAN
- R - — (Saustied | . Command. if the FOC cannot lind a
Dy | UnitSelect1!  US1 | These flags are used 1o indicate a ; ! Sector on the cylinder which meets
|
Dy | UnitSelecto]  US O l Drive Unit Number at Interrupt | ; the condition. then this Hag is set
- - . — ke e P
SYATUS REGISTER 1 D, | Bad © BC iThisbilis related with the ND bit. i
- . Cylinder | and when the content of C on the
EN | Wnen tne FOC tres to access a ! i . medium 15 different from that stored
Sector beyond the final Sector of a : i
1 the IDR and the content of C 15
Cylinder, this flag is set i i | FF. tnen this flag is set
- " —— - — - e P
| Notusad. This bit is always 0 {low) g %Mrsslng MD | When data is read from the medium.
D, | Data Error DE | When the FDC detects a CRC error | Aadress i 1 the FOC cannot find a Data
n either the ID field or the data field, | Mark in Data | Address Mark or Deleted Data
this flag s set | Feld | Agaress Mark, then this flag s set.
D4 | Over Run OR | 1 the FDC is not serviced by the STATUS REGISTER 3
main-systems during data transfers, S -
within a certain time interval, this D, | Fault FT This bil is used to indicate the
status of the Fault signal trom the
Hag is set i FDD
AN R SR S
D N This bit al o, - e .
[ LM ”“g,,, 'sona wa”ﬂ,‘,,&4 Dp | Write WP | This bit 15 used to indicate the
D, | NoData ND | During execution of READ DATA, Protected ! status of the Write Protected signal
WRITE DELETED DATA or SCAN from the FDD.

Command. if the FDC cannot find e —
: 05 | Ready RDY | This bit is used to indicate the status

the Sector specit in the IDR S
e Sector specified in the D! | }07 tne Ready signal trom tne FOD

Register, this flag is set

— S -
D, | Track 0 T0 This bit 18 used (o indicate the status

the REA|
During executing the READ ID Com | of the Track 0 signal from the FDD

mand, if the FDC cannot read the

; 1D field without an error, then this 03 | Two Side TS | This bitis used to indicate the status
fiag 1s set of the Two Side signat from the FDD.
During the execution of the READ A D, | Head - HD | This bitis used to indicate the status.
Cylinder Command, if the starting Address of Side-Select s\gna? to the FOD.
sector cannot be found, then this ———— o e—— — J—

D, Unu Select 1 us 1 This b\l s used lo wndlca(e the s(alus

flag is set
of the Unit Select 1 signal to the FDD

_— - = -+
Dg | Unit Select0 uso This bit1s used lo indicate the s|aws
of the Unit Sefect 0 signal tothe FDD
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ABSOLUTE MAXIMUM RATINGS*

.. ..0°Cto +70°C
—40°C to +125°C
~05to +7 Volts
....-05t0 +7 Volts
. —0.5t0 +7 Volts

Operating Temperature
Storage Temperature
All Output Voltages .
All Input Voitages . . ..
Supply Voltage Voo

NOTICE: Stress above those listed under "'Absolute Max-
imum Ratings" may cause permanent damage tc the de-
vice. Thisis a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operational sections of this specification

Power Dissipation ........... .............. 1 Watt is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
“Tp=25°C reliability.
D.C. CHARACTERISTICS (T, = 0°Cto +70°C, Vec = +5V +10%)
e T —
Limits
Symbot P 1 Test
ymbo arameter Min. Max. Unit Conditions
Vie Input Low Voltage -05 08 \
Viy Input High Voltage 20 Vec+ 0.5 \
Vou Output Low Voitage 0.45 \% lop=2.0 mA
SR SN SRt ittt N S
Vow Output High Voltage 2.4 Vee 1 loy = — 400 uA
lec Vce Supply Current 120 mA
| Input Load Current 10 HA Vin=Vce
w (All Input Pins) ~10 uA Vin=0V
T —
lLon High Level Output 10 WA Vour=Vee
ki rent
Leakage Curre
loFL Output Float 10 uA 0.45V = Vourt = Vce
teakage Current
L | reakasecurs L ]
CAPACITANCE (1, - 25°C 1. = 1 MHz, V¢
T Limits [
S . Test
Symbol Parameter Min Max Unit \ Conditions
Cins) Clock Input Capacitance 20 pF All Pins Except
f - Pin Under Test
I t 1
CiN nput Capacitance 0 pF Tied to AC
20 pF Ground
A.C. CHARACTERISTICS (To0°C to +70°C, Vg = +5.0V +10%)
CLOCK TIMING
Symbol Parameter Min. Max. Unit Notes
ey Clock Period 120 500 ns Note 5
IcH Clock High Period 40 ns Note 4, 5
tRST Reset Width 14 1oy
READ CYCLE
1AR Select Setup to RD! s ns
1RA Select Hold from RD! 0 ns
1RR RD Pulse Width 250 ns
tap Data Delay from RDs 200 ns
tF Output Float Delay 20 100 ns
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A.C. CHARACTERISTICS (Continued) (To0°Cto +70°C, Veo= + 5.0V = 10%)

WRITE CYCLE

Symbol Parameter Typ.} Min. Unit Notes
1AW Select Setup to WRI 0 ns
wa Select Hold from WR¢ 0 ns
W WR Pulse Width 250 ns
10w Data Setup to WR' 150 ns
wo Data Hold from WR! 5 ns
INTERRUPTS
i ] INT Delay from AD* - I i [ 50 T ns | Notes 1
o | T Delay from WR" 1 | [~ 500 [ ns | notes ]
DMA
tRGCY DRQ Cycle Period 3 [ us Nole 6
1AKRG DACK- o DRQ- 200 ns
RQR DRQ" to RD- 800 ns Note 6
1RO DRQ* to WH. 250 ns Note 6
TRCAW DRQ’ 1o RD" or WH' 12 us Note &
FDD INTERFACE
wer WCK Cycle Time T ” 2ora MFM =0
tar2 “ MEM - g VO1E 2
tweH WCK High Time 250 80 350 ns
cp Pre-Shitt Delay from WCK* 20 100 ns
1D WOA Delay from WCK* [ 20 100 ns
WD Write Dala Width '\WCH 50 ns
Wi WE* 10 WCK" or WE- to WCK. Delay 20 100 ns
WWEY Wwindow Cycle Time 2 s MFM =0
1 MFM =1
WRO Window Setup to RDD* 15 ns
oW Window Hold from ROD. s A )
\ADD RDD Actwe Time (HIGHI o || s ] J
FDO SEEK/DIRECTION/STEP
s USq 1 Setup 1o RWISEEK® 12 us Note 6
1su USo.1 Hold after RW/SEEK. 15 us Note 6
5o RWISEEK Setup to LCT/DIR 1 7 s Note 6
1ps RWISEEK Hold trom LCT'DIR 30 s Note 6
1psT LCT/DIR Setup to FRISTEP ] j ] s Note 6
1STD LCTIDIR Hold from FRISTER. 24 us Note 6
tsTU _ | 0521 Hold trom FRiStep, 5 s Note 6
1T STEP Active Time (High) 5 us Note 6
1sc STEP Cycle Time 33 s Note 3.6
£ FAULT RESET Active Time (High) 8 10 s Note 6
10X INDEX Pulse Width 10 1cy
11 Terminal Count Width 1 1cy
NOTES:

1. Typical values for TA = 25°C and nomsinal supply voltage
2. The tormer values are used tor standard floppy and the latter values are used for mini-floppies.

3. 18C = 33 us min. 1s for dilferent drive units In the case of same unit, tSC can be ranged from 1 ms to 16 ms with 8 MHz ciock period. and 2 ms
10 32 ms with 4 MHz clock, under software control

4. From 2.0V 10 +2.0V

5. At 4 MHz, the clock duty Cycle may range from 16% to 76%, Using an 8 MHz clock the duty Cycie can range from 32% 10 52%. Duty cycle is
defined as: D.C. = 100 {tCH - CY) with typical rise and fall times of 5 ns

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

INPUTIOUTPUT

24

20 ~ 20 DEVICE
UNDER
> TEST POINTS < TEST
Ve C, = 100 pF
0.8 0.8
045

AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 0 45V FOR
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC 1
AND 08V FOR & LOGIC 0

C, - 100 pF
€L INCLUDES JIG CAPACITANCE

WAVEFORMS

PROCESSOR READ OPERATION

A TS
DACK
— tan { s —
A

——tes

DATA m = — — = = = — — — — — < vaueo | ) —

INT
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WAVEFORMS (Continued)

PROCESSOR WRITE OPERATION

A;. CS. DACK

wo
- tow |

DATA

[

INT

DMA OPERATION

oo —/

wacy

DATK

H
2

3
3

6-239 AFN-01259C




Tandy 1000 Technical Reference Manual

intel 82724 PRELIMINARY
WAVEFORMS (Continued)
]
CLOCK TIMING

FDD WRITE OPERATION

WRITE CLOCK
(WCK)

WRITE ENABLE
(WE)

PRESHIFT 0 or 1
Ps )

WRITE DATA
(WDA}

PRESHIFT 0 | PRESHIFT |

NORMAL 0 o
0 1

LATE |
—
.

EARLY 1
INVALID 1
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WAVEFORMS (Continued)

SEEK OPERATION

STABLE

AW SEEK

le— 1 ——— et

Ler
DIRECTION

STEP \

FLT RESET

INDEX

FAULT RESET
FAIL UNSAFE RESET
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WAVEFORMS (Continued)

FDD READ OPERATION

READ DATA

READ DATA
WINDOW

TERMINAL COUNT RESET

RESET
Tc
e S—
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CUSTOM LOGIC TYPE SN76494, SN76496
CIRCUITS PROGRAMMABLE TONE/NOISE GENERATOR

D2801. NOVEMBER 1983

® Each Circuit Contains N
3 Prog ble Tone G DUAL-IN-LINE PACKAGE
P ble White-Noise G t {ToPViEW)
a 11 L] lor
® Programmable White-Noise Genera 02 ({7 T vee
® Programmable Attenuation D1 Ez 15(1p3
" oo[]3 1sJck
® Simultaneous Sounds meaov e 13[] os
® TTL-Compatible welQs 120os
® Up 10 500 kHz Clock Input for SN76494 P E: :;% o
76496
and 4 MHz for SN 9 ono s s oo
® External Audio Input for SN76496 May Be
Summed with Internally Generated Tones
description

The SN76494 digital complex sound generator is an integrated injection logic (I2L) tone generator designed to provide
low-cost tone or noise generation capability in microprocessor systems. The SN76494 is a data-bus-based input-
output peripheral device that interfaces the microprocessor through eight data lines and three control lines.

The SN76494 is identical to the SN76496 except that the maximum clock input frequency for SN76494 is 500 kHz
and for SN76496 it is 4 MHz. A “divide-by-eight” stage is deleted from the SN76496 circuitry so that only 4 clock
pulses are required to load the data into the SN76494, compared to 32 pulses for the SN76496.

Either of these devices may also be used as a replacment for the SN76489A in all applications if pin 9 is left open or
grounded. The output load must be limited to 10 mA.

When audio input is not desired in the SN76494 or SN76496, the audio input pin should be grounded.

functional block diagram

Aubio
clock 0 + 2 o
- DECODER

)
2] s [T orcooen
o oara ||
| surrens
o2 —{ t—
e
01 24 -
o0 W
o B
oo -
"
e -
" —
o7 1% -

—_
o = 2/a1

sMiFLAATE worse
seucron GENEAATOR
#_ weany
w0 _® N
et Lo
PRODUCT PREVIEW Copyright €©1983 by Texas Instruments Incorporated

This document contains information on &
product under development. Texas instru- Texas
ments reserves the right to change or dis- INSTRUMENTS

continue this droduct without notics.
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TYPE SN76494, SN76496

PROGRAMMABLE TONE/NOISE GENERATOR

schematics of inputs and outputs

EQUIVALENT OF INPUTS
. ‘496

OF 494

Ve ——4

<
P
<

INPUT.

EQUIVALENT OF INPUTS

OF ‘494, ‘496
vecc——m— - - -~
$ 20k
b — ——
INPUT 20k

TYPICAL OF OUTPUTS
OF ‘494, '496

ouTPUT
-y

absolute maximum ratings over operating free-

Supply voltage, Ve (see Note 1)
Input voltage, V|:
Audio input
All other inputs....
Output current at pin 7

Continuous total power dissipation at (or below)} 26°C free-air temperature {see Note 2). ..
Operating free-air temperature range

Storage temperature range

r temperature range (unless otherwise noted)

A—PS"’C 10 150°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . .. 260°C
ded op 9 .
SN76494 SN76496 | unmT
MIN  NOM MAX MIN  NOM MAX
7 Supply voltage a5 5 55 45 5 55 v
Vik High-level input voltage 2 2 \4
ViL Low:-level input voltage 08 08 v
Audio input current o] 18 0 18 mA
VoH High-level output voltage (pin 4) 55 55 v
oL Low-leve! output current (pin 4) 2 2 mA
felock Input clock frequency 05 4 MHz
LHWE) Delay time, CE low to WE low 0 0 ns
tsu Setup time, data before WE! 0 ] ns
th Holdtime. data shier READY 4 0 0 s |
TA Operating free-air temperature (o] 70 0 70 °C

NOTES: 1 Al voltage values are with respect 1o network ground terminal.
2 For operation sbove 25°C free-air temperature linearly a1 the rate of 9.2 nW/°C
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PROGRAMMABLE TONE/NOISE GENERATOR

electrical ch ded ranges of supply voltage and operating free-air temperature
range {unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
loH High-ieve! output current (pin 4) 10 A
oL Low-level output current {except pin 4) 2 mA
y Input current CE input Vj=01t0Vce -2 176 A
All other inputs -10 -70
vig Input bias volage, audio R= 4.7 k{2 pin 9 to VcC 05 0.7 09 v
Vor  High-level output voltage (except pin 4) 55 \"
VoL  Low-level output voltage 0.25 04 v
cC__ Supply current - 1 N 30 50 | mA
2 dB NOM 1 2 3
A " 4 dB NOM 3 4 5 o8
menuator 5dB NOM 7 8 5 |
16 dB NOM 15 16 17
[ Input capacitance 15 oF
switching characteristics, VCC =6 V, Ta = 26°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
lay ti h-to-low level
PHL Progagation de! ay time. high-to-low leve! CL =225 pF. Ry =2 ki1 to Ve %0 150 ns
READY output from CE

PARAMETER MEASUREMENT INFORMATION

Vee -
SN75494
ne $2m
3
{6) )
PULSE INPUT OUTPUT 9
GENERATOR OSCILLOSCOPE
= L
225 pF
GND
i8)
[

FIGURE 1 - tpy TEST CIRCUIT
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TYPE SN76494, SN76496
PROGRAMMABLE TONE/NOISE GENERATOR

pin ig and f

SIGNATURE PIN /70 DESCRIPTION

CE 6 IN Chip Enable - when active (low) data may be transferred from CPU to the SN76494 or
SN76496.

DO (MSB) 3 IN DO through D7 - input data bus through which the control data is input.

D1 2 IN

D2 1 IN

D3 15 IN

D4 13 IN

D5 12 N

D6 " N

D7 (LSB) 10 IN

vee 16 N Supply Voltage {5 V nom)

GND 8 OUT | Ground Reference

CLOCK 14 IN input Clock

WE 5 IN Write Enable - when active (low), WE indicates that data is available from the CPU to the
SN76494 or SN76496.

READY 4 OUT | When active (high), READY indicates that the data has been read. When READY is low,
the microprocessor should enter a wait state until READY is high.

AUDIO IN 9 IN Audio input from external source

AUDIO OUT 7 ouT Audio Drive Out

.PRINCIPLES OF OPERATION

tone generators

Each tone generator consists of a frequency synthesis section and an attenuation section. The frequency synthesis
section requires 10 bits of information (FO-F9) to define half the period of the desired frequency (f). FO is the most
significant bit and F9 is the least significant bit. This information is loaded into a 10-stage tone counter, 'yvhich counts
down at an N/2 rate where N is the input clock frequency. When the tone counter counts down to zero, a borrow
signal is produced. This borrow signal toggles the frequency flip-flop and also reloads the tone counter, Thus, the
period of the desired frequency is twice the value of the period register.
The frequency can be calculated by the following:

f=N_

4n
where NBclock in Hz
n = 10-bit binary number

The output of the frequency flip-flop feeds into a four stage attenuator. The attenuator values, along with their bit
position in the data word, are shown in Table 1. Multiple attenuation control bits may be true simultaneously. Thus,
the maximum attenuation is 28 db.

TABLE 1 - ATTENUATION CONTROL

BIT POSITION WEIGHT
AO Al A2 A3 {indB)
(o] 4] o 1 2
o o 1 0 4
0 1 (o] 0 8
1 4] o o] 16
1 1 1 1 OFF
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TYPE SN76494, SN76496
PROGRAMMABLE TONE/NOISE GENERATOR

noise generator

The noise generator consists of a noise source and an attenuator. The noise source is a shift register with an
exclusive OR-feedback network. The feedback network has provisions to protect the shift register from being locked
in the zero state.

TABLE 2 - NOISE FEEDBACK CONTROL

FEEDBACK CONFIGURATION
o “*Periodic’" noise
1 “‘White"' noise

Whenever the noise control register is changed, the shift register is cleared. The shift register will shift at one of four
rates as determined by the two NF bits. The fixed shift rates are derived from the input clock.

TABLE 3 - NOISE GENERATOR FREQUENCY CONTROL

errs SHIFT RATE
| __NFO  NF1
0 0 N/64
1 N128
1 o N/256
1 1 Tone generator #3 output

The output of the noise source is connected to a programmable attenuator as shown in Figure 4.
output buffer/ amplifier

The output buffer is a conventional operational amplifier summing circuit. It sums the three tone generator outputs,
the noise generator output, and any audio input through pin 9. The output buffer will generate up to 10 mA.

To prevent oscillations in the output buffer, the output {pin 7} should be decoupled. This is done by putting 10 ohms in
series with 0.1 4F from pin 7 to ground (see figure 3).

data transfer

The microprocessor selects the SN76494 by taking CE low (low voltage). Uniess CE is low, no data transfer can occur.
When CE is iow, the WE signal strobes the contents of the data bus to the appropriate control register. The data bus
contents must be valid at this time.

The SN76494 requires approximately four clock cycles to load the data into the control register. The SN76496 requires
approximately 32 clock cycles. The open-collector READY output is used to synchronize the microprocessor to this
transfer and is pulled to the false state (low) immediately following the falling edge of CE. It is requiredto go to the true
state (high) when the data transfer is completed. The data transfer timing is shown below.

Do.p7

FmET wvTE SECOND OYTE

FIGURE 2 - DATA TRANSFER TIMING
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TYPE SN76494, SN76496
PROGRAMMABLE TONE/NOISE GENERATOR

TYPICAL APPLICATION DATA

17 k0

e SN76494
BUFFER
(SEE NOTE 3)
@ o ¢ c2
AUDIO
( AMPLIFIER !
010160 L
oA T 100 =
= 0.1 4F
T
1.6 V (TYPICAL)

FIGURE 3 - EXTERNAL AUDIO OUTPUT INTERFACE

NOTE 3. The capacitance values of C1 and C2 are determined by the frequency response desired and the audio emplifier used.
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TYPE SN76494, SN76496
PROGRAMMABLE TONE/NOISE GENERATOR

TABLE 6 - FUNCTION TABLE

INPUTS OQUTPUT | This table is valid when the
CE WE READY | device is:
(1} not being clocked, and
(2) is initialized by pulling WE
and CE high.

L

L L

L H L
H L H
H H H

CPU interface to SN76494 /SN76496

The microprocessor interfaces with the SN76494 by means of the eight data lines and three control lines (W_E, CE
and READY). Each tone generator requires 10 bits of information to select the frequency and four bits of information
10 select the attenuation. A frequency update requires a double-byte transfer, while an attenuator update requires a
single-byte transfer.
if no other controf registers on the chip are accessed, a tone generator may be rapidly updated by initially sending
both bytes of frequency and register data, followed by just the second byte of data for succeeding values. The register
address is latched on the chip, so the data will continue going into the same register. This allows the six most
significant bits to be quickly modified for frequency sweeps.

control registers
The SN76494 and SN76496 have eight internal registers that are used to control the 3 tone generators and the noise
source. During all data transfers to the SN76494 or SN76496, the first byte contains a three-bit field that determines
the destination control segister. The register address codes are shown in Table 4.

TABLE 4 - REGISTER ADDRESS FIELD

DESTINATION

RO R1 R2 CONTROL REGISTER
[1) o o Tone 1 Frequency

o o 1 Tone 1 Attenuation

] 1 ) Tone 2 Frequency

o 1 1 Tone 2 Attenuation

1 [s] o Tone 3 Frequency

1 o 1 Tone 3 Attenuation

1 1 (] Noise Control

1 1 1 Noise Attenuation

data formats

The formats required to transfer data are shown below.

l REG ADDR L DATA I l DATA
1{rojR g R2| F6 | Fr Fs | o] x) FOFI | F2 | F3 | F4 | FS
BITO  FIRST BYTE BT 7 BTO SECOND BYTE BT 7
UPDATE NOISE SOURCE (SINGLE BYTE TRANSFER)
r REG ADDR L l l SHIFT J

rogmr yR2f x fFafNFO | NRY

B0 BT 7

UPDATE ATTENUATOR (SINGLE BYTE TRANSFER)

REG ADDR DATA
1|ROJ RIS R2| AD | A1 ] A2 ] A3
BITO BT 7
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N package

This dual-in-line package consists of a circuit mounted on a 16-lead frame and encapsulated within an electrically
noncot ive plastic d. The p d will withstand soldering temperature with no deformation and
circuit performance characteristics remain stable when operated in high-humidity conditions. The package is
intended for insertion in mounting-hole rows on 0.300-inch centers. Once the leads are compressed and inserted,
sufficient tension is provided to secure the package in the board during soldering. Leads require no additional
cleaning or processing when used in soldered assembly.

TeExas
INSTRUMENTS
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MOTOROLA

Semiconductors MC6845

EIN BLVD. AUSTIN TEXAS 78721

[ Advance Information —|

MOS

(N-Channel, Silicon-Gate)

CRT CONTROLLER (CRTC)

The MC6845 CRT Controller performs the interface to raster scan
CRT displays. It is intended for use in processor-based controllers for
CRT terminals in stand-alone or cluster configurations.

The CRTC is optimized for hardware/software balance in order to
achieve integration of all key functions and maintain flexibility. For

CRT CONTROLLER
(CRTC)

instance, all keyboard functions, R/W, cursor movements, and editing

are under processor control; whereas the CRTC provides video timing
and Refresh Memory Addressing.

® Applications include “glass-teletype,” smart, programmable, intel-
ligent CRT terminals; video games; information display.
Alphanumeric, semi-graphic, and full graphic capability.
Fully programmable via processor data bus. Can generate timing
for almost any alphanumeric screen density, e.g. 80 x 24, 72 x 64,

132 x 20, etc.
® Singie +5 volt supply. TTL/6800 compatible 1/0, L SUFFIX
® Hardware scroll {paging or by line or by character) CERAMIC PACKAGE
" N 3 P . : CASE 715
® Compatible with CPU’s and MPU’s which provide a means for
synchronizing external devices.
® Cursor register and compare circuitry.
® Cursor format and blink are programmable. NOT SHOWN:
® Light pen register. P SUFFIX
. . . 3 Ic P,
® Line buffer-less operation. No external DMA required. Refresh LASCTACSE‘;‘;TAGE
Memory is multiplexed between CRTC and MPU.
® Programmable interface or non-interlace scan.
® 14-bit wide refresh address.
FIGURE 1 — TYPICAL CRT CONTROLLER APPLICATION
AB
Processor
——= 0B Primary Bus
% 8
J 8 Secondary
Bus
N CLK
High Speed Refresh 3-State
Timing cRTC MUX RAM Buffer
Refresh Cursor,
) Memory Display
Addresses Enable
’ ——
Latch
Light
o |
Circuit ‘
Row Addresses
ROM B .
shift Video
Character o =t
» Gorerator Registor Output
HSync V Sync
This is advance information and specifications ere subject to chenge without notice. ©MOTOROLA INC.. 1977 AD1-465

{Replaces NP-67)
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As shown in Figure 1, the primary function of the
CRTC is to generate refresh addresses (MAO-MA13), row
selects (RAO-RA4), and video monitor timing {HSYNC,
VSYNC) and Display Enable. Other functions inctude an
internal cursor register which generates a Cursor output
when its contents compare to the current Refresh Ad-
dress. A light-pen strobe input signal allows capture of
Refresh Address in an internal light pen register.

All timing in the CRTC is derived from the Clk input.
In alphanumeric terminals, this signal is the character rate.
Character rate is divided down from video rate by external
High Speed Timing when the video frequency is greater
than 3 MHz. Shift Register, Latch, and MUX Control
signals are also provided by external High Speed Timing.

The processor communicates with the CRTC through a
buffered 8-bit Data Bus by reading/writing into the
18-register file of the CRTC.

The Refresh Memory address is multiplexed between
the Processor and CRTC. Data appears on a Secondary
Bus which is buffered from the processor Primary Bus. A

MAXIMUM RATINGS

SYSTEM BLOCK DIAGRAM DESCRIPTION

Rating Symbol Valve Unit
Supply Voltage Vee' [ 0310470 | vde
Input Voltage Vin* | -03to+7.0 | Vdc
Operating Temperature Range | TA 0 to +70 oc
Storage Temperature Range Tao 5510 +150 | 9C

*With respect to Vgg (Gnd).

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol | Min | Typ [ Max |Unit
Supply Voltage Vec | 4.75] 5.0 | 5.25|vac
Input Low Voltage vii [03] - ] 08]vac
Input High Voltage Vg 20| — [ Vee|vae

@ MOTOROLA Semiconductor Products Inc.

number of approaches are possible for solving contentions
for the Refresh Memory.

1. Processor always gets priority.

2. Processor gets priority access anytime, but can be
synchronized by an interrupt to perform accesses
only during horizontal and vertical retrace times.
Synchronize processor by memory wait cycles.
Synchronize processor to character rate (See Figure
2). The 6800 MPU family lends itself to this config-
uration because it has constant cycle lengths. This
method provides zero burden on the processor be-
cause there is never a contention for memory. All
accesses are “transparent.”

The secondary data bus concept in no way precludes
using the Refresh RAM for other purposes. It looks like
any other RAM to the Processor. For example, using
Approach 4, a 64K byte RAM Refresh Memory could
perform refresh and program storage functions trans-
parently.

> w

FIGURE 2 — TRANSPARENT REFRESH MEMORY
CONFIGURATION TIMING USING 6800 MPU FAMILY

o1 | CRYC Accesses
Refresh Memory
02 MPU Accesses
Refresh Memory

I
. |
1 Te (
[ Teyeje = nxTe or - ——
I !
where: m,n are integers;
T, is character period
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ELECTRICAL CHARACTERISTICS {Vcc = 5.0V £5%, Vgg = 0, TA = 0 to 70°C uniess otherwise noted)

Cheracteristic Symbol Min Typ Max Unit
Input High Voltage ViH 2.0 — Vee vdc
Input Low Voltage V)L -0.3 - 08 Vdc
Input Leakage Current lin — 1.0 25 uAdC
ThreeState (Vcg = 5.25 V) 18| ~10 2.0 10 uAde
(Vip=041024V)
Output High Voltage VoH Vdc
DO-D7 24 - -
Other OQutputs 24 = -
Output Low Voltage VoL - - 0.4 Vdc
(ljoad = 1.6 mA)
Power Dissipation ) B 600 - W
Input Capacitance Cin pF
D0-D7 - - 125
All others — - 10
Output Capacitance All Qutputs Cout — - 10 pF
Minimum Clock Pulse Width, Low PweL 160 - — s
Minimum Clock Pulse Width, High PWCH 200 - ns
Clock Frequency e - - 25 MH2
Rise and Fall Time for Clock Input tor, tef - - 20 ns
Memory Address Delay Time MAD - ~ 160 ns
Raster Address Delay Time tRAD — - 160 ns
Display Timing Delay Time tDTD - - 300 s
Horizontal Sync Delay Time tHSD - - 300 ns
Vertical Sync Delay Time tvsD = = 300 ns
Cursor Display Timing Delay Time tcoD — — 300 ns
Light Pen Strobe Minimum Pulse Width PW pyy 100 - - ns
Light Pen Strobe Disable Time twep1 - _ 120 ns
WpD2 - - 0 ns

Note: The light pen strobe must fall to low level before VSYNC pulse rises.

BUS TIMING CHARACTERISTICS

[ Characteristic [ symbor [ Min Max |

READ/WRITE

Enable Cycle Time teycE 1.0 - us
Enable Pulse Width, High PWeR 0.45 25 us
Enable Pulse Width, Low PWEL 043 - us
Setup Time, CS and RS valid to enable positive transition tAS 160 — ns
Data Delay Time tDDR ~ 320 ns
Data Hold Time (Read) tH 10 - ns

{write) 10 -

Address Hold Time tan 10 - ns
Rise and Fall Time for Enable Input tEr, tES - 25 ns
Data Setup Time tDSW 195 - ns
Data Access Time tACC — 480 ns

@ MOTOROLA Semiconductor Products iInc. ——————
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FIGURE 3 — CRTC TIMING CHART

14

CH

20v% |la—— PWe —] [/ \
0.8V

Clk
08 vy
e
MAO-MA13
RAO-RA4

Display Enable

HSyne, VSync

kosv
04V
" tMAD
04V
[**—tRAD
0.4V

f—toTD

Cursor

f—— tsp

tvsD .

LPSTB

—tcpp

PWipH

24y
™MAD
—
<
K aav
[**— traDp —™
)L2avy
[——toTD — ™
—_
Woav
[+— tHsp —>
tvso
248V

[~— tcop

@ MOTOROLA Semiconductor Products inc. —— —
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FIGURE 4 — RELATION BETWEEN LPSTB AND REFRESH MEMORY ADDRESS

clk

MAO-MA13 Y M1 M+2

LPSTB m—e e d

20 vi
LPSTB

tWLPD2

tWwPD1

When the CRTC detects the rising edge of LPST8
in this period, the CRTC sets the Refresh Memory
Address ‘“M+2" into the LIGHT PEN REGISTER.

1 pD1. tLPD2: Period of uncertainty for the Refresh Memory Address.

—_— @ MOTOROLA Semiconductor Products inc.
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FIGURE 5 — BUS TIMING CHART

5a — Bus Read Timing (Read Information From CRTC)

teycE

Enable 20v PWEL /
—-( 4 0.8V
tEr PWEH 1

TAS ——iind

RS, €5
0.8V

— tAH

fet—DDR —=

—— tc— H
tace
0.4V

\

5b — Bus Write Timing (Write Information Into CRTC)

20V
Enable
20V
RS, €5
08V

08V
A Lc——tm-c
Dsw _J .

H
20V
08V

Data Bus

e — @ MOTOROLA Semiconductor Products Inc. —_——q_—J
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FIGURE 6 — BUS TIMING TEST LOAD

? sov
Test Point o——I— RL=24k
b MMD6150
or Eau
1 C =130 pF for D0-D7

= = =30 pF for MAO-MA13, RAO-RA4,
DISPEN, HYSNC,
VSYNC, ana CURSOR
R =11 k2 for DO-D7
= 24 k§2 for Ail Other Outputs

FIGURE 7 — PIN ASSIGNMENT

A\
V§§ ] 1 40— ysYNC
RESET ———={ 2 39 f———= HSYNC
LPST8 — ol 3 38— RAO
/~ MAO -——1 4 37— RA1
Row Addresses
MA! -4—— 5 36— RA2 for Character
Generators
MA2 -] § 35— RA3
MA3 ] 7 34f — mRAs
MAS g——{ 8 33 [t~ D0 ~N
MAS vy 9 32 01
Refresh MA6 <a—— 10 MC6845 31 b2
Memory CRTC
Addresses MA7 —t——q 11 30 fee——mp3
Data Bus
MAB -] 12 29 |4
MAY ~a—d 13 28 lg——— D5 b
rocessor
MA10 < 14 27 bt 6 Interface
MA1) a———] 15 26 fet—mD7
MA12 --— 16 25 ja— 5
. MA13 {17 24 fee— RS
Control
Display Ensble ~a——— 18 23 fa—y ¢
Cursof —g——roy 19 22 f— AW /
Vee ———={ 20 21 cLK

_— @ MOTOROLA Semiconductor Products Inc.
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PROCESSOR INTERFACE

The CRTC interfaces to a processor bus on the
bidirectional data bus {D0-D7) using CS, RS, E, and R/W
for control signals.

Data Bus (D0-D7) — The bidirectional data lines
(DO-D7) allow data transfers between the CRTC internal
Register File and the processor. Data bus output drivers
are 3-state buffers which remain in the high impedance
state except when the processor performs a CRTC read
operation. A high level on a data pin is a logical 1.

Enable (E) — The Enable signal is a high impedance
TTL/MOS compatible input which enables the data bus
input/output buffers and clocks data to and from the
CRTC. This signal is usually derived from the processor
clock, and the high to low transition is the active edge.

Chip Select (CS) — The CS line is a high impedance
TTL/MOS compatible input which selects the CRTC when
low to read or write the internal Register File. This signal
should only be active when there is a valid stable address
being decoded from the processor.

Register Select (RS) — The RS line is a high impedance
TTL/MOS compatible input which selects either the
Address Register (RS = “0"’) or one of the Data Registers
{RS = ""1") of the internal Register File.

Read/Write (RW) — The R/W line is a high impedance
TTL/MOS compatible input which determines. whether
the internal Register File gets written or read. A write is
active low (“0"”).

CRT CONTROL

The CRTC provides horizontal sync {HS), vertical sync
{VS), and Display Enable signals.

Vertical Sync (V SYNC) — This TTL compatible
output is an active high signal which drives the monitor
directly or is fed to Video Processing Logic for composite
generation. This signal determines the vertical position of
the displayed text.

Horizontal Sync (H SYNC) — This TTL compatible
output is an active high signal which drives the monitor
directly or is fed to Video Processing Logic for composite
generation. This signal determines the horizontal position
of the displayed text.

Display Enable — This TTL compatible output is an
active high signal which indicates the CRTC is providing
addressing in the active Display Area.

REFRESH MEMORY/CHARACTER GENERATOR
ADDRESSING

The CRTC provides Memory Addresses (MAO-MA13)
to scan the Refresh RAM. Also provided are Raster
Addresses {(RAO-RA4) for the character ROM.

PIN DESCRIPTION

@ MOTOROLA Semiconductor Products Inc.

Refresh Memory Addresses (MAO-MA13) — These 14
outputs are used to refresh the CRT screen with pages of
data located within a 16K block of refresh memory. These
outputs drive a TTL load and 30pF. A high level on
MAO-MA13 is a logical ““1."

Raster Addresses (RAO-RA4) — These 5 outputs from
the internal Raster Counter address the Character ROM
for the row of a character. These outputs drive a TT L load
and 30pF. A high level (on RAD-RA4) is a logical “1."”

OTHER PINS

Cursor — This TTL compatible output indicates Cursor
Display to external Video Processing Logic. Active high
signal.

Clock {CLK) — The CLK TTL/MOS compatible input
is used to synchronize all CRT control signals. An external
dot counter is used to derive this signal which is usually
the character rate in an alphanumeric CRT. The active
transition is high to iow,

Light Pen Strobe (LPSTR) — This high impedance
TTL/MOS compatible input latches the current Refresh
Addresses in the Register File. Latching is on the low to
high edge and is synchronized internally to character clock.

Vge. Gnd

RES — The RES input is used to Reset the CRTC. An
input low level on RES forces CRTC into following
status:

(A) All the counters in CRTC are cleared and the
device stops the display operation.

(B) All the outputs go down to low level.

(C) Contro! registers in CRTC are not affected and
remain unchanged.

This signal is different from other M6800 family in the
following functions:

(A) RES signal has capability of reset function only
when LPSTB is at low level.

(B) After RES has gone down to low level, output
signals of MAO-MA13 and RAO-RA4,
synchronizing with CLK low level, goes down to
low level. (At least 1 cycle CLK signal is
necessary for reset.)

(C) The CRTC starts the Display operation
immediately after the release of RES signal.

TABLE 1 — CRTC Operating Mode

RES LPSTB OPERATING MODE
0 o Reset
0 1 Test Mode
1 0 Normal Mode
1 1 Normal Mode
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REGISTER FILE DESCRIPTION
(See Table 2)

Nineteen registers in the CRTC can be accessed by
means of the data bus. Register addressing and lengths are
shown in Table 2.

ADDRESS REGISTER

The Address Register is a 5 bit write-only register used
as an “‘indirect’” or “pointer” register. Its contents are the
address of one of the other 18 registers in the file. When
RS and CS are low, the Address Register itseif is
addressed. When RS is high, the Register File is accessed.

HORIZONTAL TIMING REGISTERS RO, R1, R2, and
R3

Figure 9 shows the visible display area of a typical CRT
monitor giving the point of reference for horizontal
registers as the left most displayed character position.
Horizontal registers are programmed in ‘‘character time’
units with respect to the reference.

Horizontal Total Register (RO) — This 8 bit write-only
register determines the horizontal frequency of HS. it is
the total of displayed plus non-displayed character time
units minus one.

Horizontal Displayed Register (R1) — This B bit
write-only register determines the number of displayed
characters per horizontal line.

Horizontal Sync Position Register (R2) — This 8 bit
write-only register determines the horizontal sync postiion
on the horizontal line.

Horizontal Sync Width Register (R3) — This 4 bit

write-only register determines the width of the HS pulse.
It may not be apparent why this width needs to be
programmed. However, consider that all timing widths
must be programmed as multiples of the character clock
period which varies. If HS width were fixed as an integral
number of character times, it would vary with character
rate and be out of tolerance for certain monitors. The rate
programmable feature allows compensating HS width,

VERTICAL TIMING REGISTERS R4, R5, R6, R7, RS,
and R9

The point of reference for vertical registers is the top
character position displayed. Vertical registers are
programmed in character row times or scan line times.

Vertical Total Register (R4) and Vertical Total Adjust
Register (RS5) — The vertical frequency of VS is
determined by both R4 and RS. The calculated number of
character line times is usually an integer plus a fraction to
get exactly a 50 or 60 Hz vertical refresh rate. The integer
number of character line times minus one is programmed
in the 7 bit write-only Vertical Total Register; the fraction
is programmed in the 5 bit write-only Vertical Scan
Adjust Register as a number of scan line times.

Vertical Displayed Register {(R6) — This 7 bit
write-only register determines the number of displayed
character rows on the CRT screen, and is programmed in
cha:acter row times.

Vertical Sync Position (R7) — This 7 bit write-only
register determines the vertical sync position with respect

TABLE 2 — CRTC INTERNAL REGISTER ASSIGNMENT

Addrem Register . Number of At
S[esaTal 210l ¥ Register File o Aoed [ wie | ;16]s[alaf2]1]0
1 X X P Xt Xx X X - - = —
0 0 X X x X X X Address Register — No Yes
(] 1 oclolojo} o RO Horizon1al Tota! Char. No Yeos
0 1 0 0 0 0 1 Al Horizontal Displayed Char. No Yes
o[t Jololo[1]o] w2 H.Sync Position Char No | Ves
ol 1 foflolo]1] R3 H.Sync Width Chr No Yes
o1 olol1[o][ o] me Vertical Totat Char Row | No Yes
0 1 o 0 1 0 1 RS V. Total Adjust Scan Line No Yes
ol1|ololi]1fo]| wme Vertical Displayed Cher Row | No | ves
o1 ool 1|11 A7 V_Sync Position Chor.Row | No | Ves
0 1 0 1 0 0 [ R8 Interiace Mode — No Yes
0 1 0 1 0 0 1 R9 Max Scan Line Address Scan Line No Yes
5|1 (ol 1ol 1[0 rio Cursor Start Scan Line No Yor B[P (ot §
0 1 0 1 0 1 1 R11 Cursor End Scan Line No Yes
o1 lol1[1]o|l o] mi2 Start Address (H) No Yes
o1 (o[ 1[1[o[ 1] a3 Start Address (L) - No Ves
o1 Jolaf+[1] o] ma Cursor (H) - Yer | Ves
0 1 0 1 t 1 1 R15 Cursor (L) - Yeos Yes
0 1 1 o 0 o 0 R16 Light Pen (H) — Yes No
0 1 1 ] [ 0 1 R17 Light Pen (L} - Yes No

Note (1): Bit 6 of the Cursor Start Rester Register is used for blink period control, and

Bit 6 is used to select blink or non-blink.

@ MOTOROLA Semiconductor Products Inc.
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to the reference. 1t is programmed in character row times.

Interlace Mode Register (R8) — This 2 bit write-only
register controls the raster scan mode (see Figure 11).
When bit 0 and bit 1 are reset, or bit O is reset and bit 1
set, the non-interlace raster scan mode is selected. Two
interlace modes are available. Both are interlaced 2 fields
per frame. When bit O is set and bit 1 is reset, the interlace
sync raster scan mode is selected. Also when bit 0 and bit
1 are set, the interlace sync and video raster scan mode is
selected.

Maximum Scan Line Address Register (R} — This 5
bit write-only register determines the number of scan lines
per character row including spacing. The programmed
value is a max address and is one less than the number
of scan lines.

OTHER REGISTERS

Cursor Start Register (R10) — This 7 bit write-only
register controls the cursor format (see Figure 10}. Bit 5 is
the blink timing control. When bit 5 is low, the blink
frequency is 1/16 of the vertical field rate, and when bit 5
is high, the blink frequency is 1/32 of the vertical field
rate. Bit 6 is used to enable a blink. The cursor start scan
line is set by the lower 5 bits.

Cursor End Register (R11) — This 5 bit write-only
register sets the cursor end scan line.

Start Address Register (H & L) (R12, R13) — Start
Address Register is a 14 bit write-only register which
determines the first address put out as a refresh address
after vertical blanking. It consists of an 8 bit lower
register, and a 6 bit higher register.

Light Pen Register (H & L) (R16, R17} — This 14 bit
read-only register is used to store the contents of the
Address Register (H & L)} when the LPSTB input pulses
high. This register consists of an 8 bit lower and 6 bit
higher register.

Cursor Register (H & L) (R14, R15) — This 14 bit
read/write register stores the cursor location. This register
consists of an B bit lower and 6 bit higher register.

CURSOR

The Cursor Start and End Registers aliow a cursor of
up to 32 scan lines in height to be placed on any scan lines
of the character block as shown in Figure 10. Using Bits 5
& 6 of the Cursor Start Register, the cursor is
programmed with blink periods of 16 or 32 times the field
period. Optional non-blink and non-display modes can
also be selected. When an external 2X blink on characters
is required, it may be necessary to perform cursor blink
externally as well so that both blink rates are
synchronized. Note that an invert/non-invert cursor is
easily implemented by programming the CRTC for
blinking cursor and externally inverting the video signal
with an exclusive-OR.

The ¢ursor is positioned by changing the contents of
registers R14 and R15. The cursor can be placed at any of
16K character positions, thus facilitating hardware paging
and scrolling through memory without loss of the cursor’s
original position.

INTERLACE/NON-INTERLACE
DISPLAY MODES

An illustration of the 3 raster scan modes of operation
is shown in Figure 11. Normal sync mode is non-interlace.
In this mode, each scan line is refreshed at the vertical
field rate (e.g., 50 or 60 Hz). Frame time is divided into
even and odd alternating fields. The horizontal and
vertical timing relationship results in the displacement of
scan lines in the odd field with respect to the even field.
When the same information is painted in both fields, the
mode is called ““Interlace Sync;"” this is a useful mode for
enhancing readability by filling in a character. When the
even lines of a character are displayed in the even field
and the odd lines in the odd field, the mode is called
“Interlace Sync and Video.” This last mode effectively
doubles the character density on a monitor of a given
bandwidth. The disadvantage of both interlace modes is
an apparent flicker effect, which can be reduced by
careful monitor design.

There are restrictions on the programming of CRTC
registers for interlace operation:

1) Horizontal total character count, Ny, must be odd

{i.e., an even number of character times)

2} For Interlace Sync and Video mode only, the max
scan line address, Ngi, must be odd (i.e., an even
number of scan lines)

3) For Interlace Sync and Video mode only, the
Vertical Displayed Total characters must be even.
The programmed number, N,q, must be one-half
the actual number required.

4) For Interlace Sync & Video mode only, the Cursor
START and Cursor End Registers must both be
even or both odd.

LIGHT PEN

The contents of the CRTC Address Counter are
strobed into R16/R17 Light Pen Registers on the next
high to low CLK transition afterLPSTB goes high. In most
systems, the light pen signal would also cause a processor
interrupt routine to read R16/R17. Slow light pen
response requires the processor software to modify the
captured address read from R16/R17 by a calibration
factor.

PROGRAMMING CONSIDERATIONS

Initialization — Registers R0-R15 must be initialized
after power is turned on. The processor normally loads
the CRTC registers sequentially from a firmware table.
Henceforth, RO-R11 are not changed in most systems.
The 6800 program in Table 3 and Figure 12 shows a
typical CRTC initialization.

Hardware Scrolling — Registers R12/R13 contents
determine which memory location is the first displayed
character on the screen. Since the CRTC Linear Address
Generator counts from this beginning count, the displayed
portion of the screen may be a window on any continuous
string of characters within a 16K block or refresh
memory. By centering the R12/R 13 pointer in the middle
of the available memory space, scrolling up or down is
possible . . . by line, page, or character.
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FIGURE 8 - CRTC FUNCTIONAL BLOCK DIAGRAM
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CRTC DESCRIPTION
(Figure 8: CRTC Block Diagram)

The CRTC consists of programmable horizontal and
vertical timing generators, programmable linear address
register, programmable cursor logic, light pen capture
register, and control circuitry for interface to a processor
bus.

All CRTC timing is derived from CLK, usually the
output of an external dot rate counter. Coincidence (CO)
circuits continuously compare counter contents to the
contents of the programmable register fite, RO-R17. For
horizontal timing generation, comparisons result in: 1)
Horizontal sync pulse (HS) of a frequency, position, and
width determined by the registers, 2) Horizontal Display
Signal of a frequency, position, and duration determined
by the registers.

The Horizontal counter produces H clock which drives
the Scan Line Counter and Vertical Control. The contents
of the Raster Counter are continuously compared to the
Max Scan Line Address Register. A coincidence resets
the Raster Counter and clocks the Vertical Counter.

Comparisons of Vertical Counter contents and Vertical
Registers result in: 1) Vertical sync pulse (VS) of a
frequency and positon determined by the registers—the
width is fixed at 16 raster lines in the vertical control
section and is not programmable, 2) Vertical Display of a
frequency and position determined by the registers.

The Vertical Control Logic has other functions.

1. Generate row selects, RAO-RA4, from the Raster
Count for the corresponding interlace or non-
interlace modes.

2. Extend the number of scan lines in the vertical
total by the amount programmed in the Vertical
Total Adjust Register.

The Linear Address Generator is driven by CLK
and locates the relative positions of characters in memory
with their positions on the screen. Fourteen iines,
MAO-MA13, are available for addressing up to four
pages of 4K characters, 8 pages of 2K characters, etc.
Using the Start Address Register, hardware scrolling
through 16K characters is possible. The Linear Address
Generator repeats the same sequence of addresses for each
scan line of a character row,

The cursor logic determines the cursor focation, size,
and blinking rate on the screen. All are programmable.

The light pen strobe going high causes the current
contents of the Address Counter to be latched in the
Light Pen Register. The contents of the Light Pen Register
are subsequently read by the Processor.

Internal CRTC registers are programmed by the
processor through the data bus, DO-D7, and the control
signals—R /W, TS, RS and E.

FIGURE 8 — ILLUSTRATION OF THE CRT SCREEN FORMAT
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FIGURE 10 — CURSOR CONTROL
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FIGURE 11 — INTERFACE CONTROL
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TABLE 3 — Typical 80 x 24 Screen Format Initialization of CRTC

Reg. # Rogister File "'3‘:";"‘ Calculation® De::::mm.d v.:;
RO H Total T 102 x 527 = 63.76 s 102-1=101 | Npe-$65
R1 H Displayed T 80x 527 = 42.16 us 80 Nhd = $50
R2 H Sync Position Te 86 x 527 = 45.32 s 8 Nnsp = $56
R3 H Sync Width T 9x 527= 4.74us 9 Nhsw = $09
R4 v Total Ter 265 x 645,12 = 16.13 ms 5-1=24 | N,=-818
RS v Total Adjust T 10x63.76 = 54ms 10 Nadj = $0A
R6 V Displayed Ter 24 x 645.12 = 15.48 ms 24 Nyg=$18
R7 V Sync Position Ter 24x645.12 - 15.48 ms 2 Nusp = $18
R8 Interlace Mode - - $00
R9 Max Scan Line Address Tq " Ng; = $0B
R10 Cursor Start Ta ° $00
R11 Cursor End Ty n $08
R12 Start Address (H) - 128 $00
R13 Start Address (L} - $80
R14 Cursor (H) - 18 $00
R15 Cursor (L) - $80

Clock Period ST = .527us
Scan Line Period =Tg = (Npg+ 1) x Te = 102 x .527 us = 53.76 us

Character Row Period = Ter = Ngj x Tgj = 12 x 53.76 us = 645.12 s

*These are typical values for the Motorola M3000 Monitor; values may vary for othar monitors.

FIGURE 12 — INITIALIZATION OF CRTC FOR 80x24 SCREEN FORMAT IN TABLE 3

FAGE @aal CRTINT

gaaal NAM CRTINT

aeaez aoaa ORG $9

aaeaz 0aeg SF CLR E CLERR COUNTER
opead eLel CE fe2e Lpx #320

aoaas oead F7 2880 CRTII STR B $5680 CRTC ADDR REG
86oas ORA7 RS @a LbA A B.X

aager gaa’ g7 2ad) STA A $£908) ACC TO CRTC REG
aeaas reac as INX

Qarase aeap Sc INC B INC COUNTER
ooale aeeeE Ci 10 CMP B8 #3180 LAST CRTC REG?
geal| eela 26 F2 EBNE CRTII

aeai2 aal2 3F SkI

oaal3 va2e ORG ¥28

aaal4 0820 &5 CRTTAE FCR $55,$50. $55. 49

eeals ve24 |8 FCB FI18.¥0R. FI12. %18

aeale 8p28 66 FCB a.+$aB. 0. 68

aeal7 aezC oese FDB £30, ¥00

aga! e aeae END

CRTI! ©@ae4 CRTTAE caza
TOTAL ERRORS @@ana

@ MOTOROLA Semiconductor Products Inc.




Tandy 1000 Technical Reference Manual

MC6845

OPERATION OF THE CRTC

shown in the Timing Diagrams (Figures 13 through 15).

Timing Chart of the CRT Interface Signals — Timing The screen format of this example is shown in Figure 9.

charts of CRT interface signals are illustrated in this Figure 16 is an illustration of the relation between
section with the aid of programmed example of the Refresh Memory Address (MAO-MA13), Raster Address
CRTC. When vatues listed in Table 4 are programmed into (RAO-RA4) and the position on the screen, in this
CRTC control registers, the device provides the outputs as example, the start address is assumed to be 0",

TABLE 4 — Values Programmed Into CRTC Registers

Reg. # . Programmed
Register Name Value Value

RO H. Total Nhet1 Nhe
R1 H. Displayed Nhd Nhg
R2 H. Sync Position Nhsp Nhsp
A3 H. Sync Width Nhsw Nhsw
R4 V. Totat Nyp+1 Nut
RS V. Scan Line Adjust Nagj Nadj
R6 V. Displayed Nug Nud
R7 V. Sync Position Nysp Nysp
R8 Interlace Mode
R9 Max. Scan Line Address Nt Nej
R10 Cursor Start
R11 Cursor End
R12 Start Address (H) o
R13 Start Address (L) ]
R14 Cursor (H)
R15 Cursor (L)
R16 Light Pen (H)
R17 Light Pen (L)
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SECTION 3

THEORY OF OPERATION
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3-1. CONSTRUCTION AND FUNCTION

3-1-1. General Block Diagram

File protect sensor

File protect sensor

READ DATA —]

SIDE ONE
SELECT  e——ipf

WRITE DATA

LED

Disk
Read/
write Indicator

circuit 4&

Index sensor

Index sensor LED

l/r—Spindle motor

Lvs

WG,EG

DRIVE SELECT
o3

WRITE GATE ——»
MOTOR ON ——»
STEP —¥

DIRECTION =~
SELECT

IN USE —¥

TRACK 00 <«+—
INDEX 4—
READY <*—o

WRITE -+

PROTECT

+12V,+45V, 0V —¥

Servo
Control circuit
circuit

Magnetic head

Track 00 sensor

Stepping motor

(Fig.301) General block diagram
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(2)

(3)

Mechanical Section

Since the disk is a flexible recording media made of mylar film base
and data interchangeability between disks and FDDs is required, the

mechanical section of the FDD uses precision parts and it is also

assembled with high precision. For this reason, only trained technicians

can handle the internal mechanism. Never apply excessive impact nor
drop the FDD down on the desk.

The mechanical section is constructed with frame (chassis), door
mechanism, disk clamp mechanism, disk rotation mechanism, magnetic head

and carriage, head seek mechanism, various detection mechanisms, etc.

Frame (chassis)

The main structure for mounting the various mechanisms and printed
circuit boards. The frame is made of sheet metal to maintain the

stability of the FDD in strength, precision,durability, and expansion
coefficient.

Door mechanism and disk clamp mechanism

The door mechanism is constructed with clamp spring (plate spring),
front lever, set arm, etc. The end of the clamp spring makes the
disk clamp mechanism (collet Ass'y) move up and down.

When a disk is inserted and the front lever is closed, the tip of the
collet is inserted in the central window of the disk and the window
area is depressed to the spindle so that the center of the disk is

clamped in the correct position along the outer circumference of the
collet.

Disk rotation mechanism

The disk rotation mechanism comprises DD motor Ass'y which includes
spindle.

-~ 302 -
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The DD motor is an outor~rotor type DC brushless motor which has the

long life of 20,000 hours or more in continuous rotation.

The rotational speed is 300rpm and maintains stable rotational speed

against load variations and environmental changes. This is achieved

by a feedback signal from the internal AC tachometer.

The precisely combined collet and spindle are attached at the correct
angle to maintain the center position correctly without damaging the

center hole of the disk and so as to make the head be in contact with

disk at the correct angle.

(4) Magnetic head and carriage

rase gaps
Read/write 9ap

core Erase cores
Read/write core

~—Rotation
direction
of disk

Read/write gap Erase cores Read/write gap

Tunnel erase type head Straddle erase type head

(Fig.302) External view of magnetic head core

For single sided FDDs, the external view of the magnetic head is button

shaped and it is mounted on the carriade so that it is in contact
with the SIDE 0 (the buttom side when the FDD is placed horizontally)
head window area of the disk.

For double sided FDDs, both the SIDE 1 head and the SIDE 0 head are
special flat type supported with the gimballed mechanisms. The two
magnetic heads are mounted accross the disk on one carriage.

In both types of head, the surface is designed for minimum disk wear

and maximum read output. The head itself is a long life type for
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improved head wear.

For the FD-54 drives, either of tunnel erase type head or straddle
erase type head is used. The core of the tunnel erase type head is
constructed with a read/write gap which is used for data write and data
read operations and two erase gaps which are used to erase the edges of
the recorded track immediately after the recording (tunnel erase). For
the straddle erase type head, the core is constructed with a read/write
gap and two erase cores for erasing the edges of the recorded track at
the same time with the recording.

Even though the core construction of these two types of head are
different, their functions in the FD-54 drives are the same and have
complete interchangeability between the data recorded on the disks.

The magnetic head and the carriage on which the head is mounted form the
most important part of the FDD and is specially assembled with high

precision.
(5) Head seek mechanism

The head seek mechanism consists mainly of stepper motor with a
capstan (pooly), steel belt (band), guide shafts, and carriage.

The carriage is connected to the capstan of the stepping motor through
the steel belt and is slided along the guide shafts.

The flat type 4-phase stepping motor is adopted and it rotates 2 steps
(3.6°) per one track space. The stepper motor is driven in a unique
1-2 phase driving method which brought a success in reducing the heat
radiation and to obtain a high speed driving and positioning accuracy.
The parrallelism and the distance between the shafts and the center
line of the disk, and shaft and disk themselves are precisely machined.
Also the thermal expansion of the chassis, steel belt, carriage, etc. are
taken into consideration in the process of design so that they are

mutually offset with the expansion of the disk.

(6) Detection mechanisms
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(a) File protect detection mechanism

This mechanism is constructed with an LED and a photo-transistor to
detect the existence of the write enable notch of the disk jacket.
When a disk with the notch covered is installed and the light pass

for detection is disturbed, no write or erase current will be supplied
to the read/write and erase heads and the recorded information on the
disk is protected from an erroneous input of a write command.

The LED is mounted on the PCBA DD motor servo and the photo-transistor
on the front OPT Ass'y.

(b

Track 00 detection mechanism

This mechanism is constructed with a photo-interrupter for detecting
the outermost track position (track 00) of the head and the track 00
stopper which is ataached to the rear side of the head carriage.
Inside tracks from the track 00 on the disk are used. Even if an
erroneous step out command is input from the track 00 position, the
command will be ignored by the internal circuit of the FDD.

If the head moves out from the track 00 by some reason (such as
impact during transportation), the head carriage strikes the track 00
stopper to protect the head from moving out of the returnable range

at a next power on.

when step-in commands are input from the innermost track, the head
seeks toward inward and stops with an appropriate space left against
the head window edge of the disk. In order to recalibrate the track
from this position (returning operation to the track 00), it is
required to input the step-out commands with several additional steps

to the maximum track number.
{(c) Index detection mechanism
LED and photo-transistor for the detection of the index hole are
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located at the index window area of the disk jacket.
The LED is mounted on the PCBA DD motor servo and the photo-transistor
on the front OPT Ass'y. The index hole will be detected along the

rotation of the disk.
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3-2.

3-2-1,

CIRCUIT DESCRIPTIONS

The electronics of the FDD is constructed with three sections which are
read write circuit, control circuit, and servo circuit. Read write
circuit and control circuit are mounted on the PCBA MFD control, and servo

circuit is on the PCBA DD motor servo.

Read Write Circuit

The read write circuit is constructed with read circuit, write circuit,
and low voltage sensor. They are mostly packed in a read write LSI
(bipolar).

Fig.303 shows the block diagram.
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(1) Read circuit

The read circuit consists of pre-amplifier, low pass filter, differenti-
ation amplifier, peak detector, time domain filter and read gate
(output driver).

In read operation, the minute voltage induced by the read/write head is
amplified about 30dB by the pre-amplifier which is constructed with a
video band differential amplifier. Undesirable high frequency

noise is eliminated by the low pass filter (L1, L2, C30, etc.) and the
read signal is supplied to the differentiation amplifier (Q3, Q4, L3,
C35, etc.).

The differentiation amplifier phase-shifts the peak position of the
reproduced waveform to the zero cross point, and at the same time,
further amplifies the signal about 204B with the most appropriate
equalization, The peak detector which is constructed with a comparator
converts the differentiated output into a square wave.

The time domain filter eliminates a virtual pulse caused by the saddle
in the low frequency area (1F area, 62.5KHz, approx.) at outer tracks.
The time domain filter is constructed with two edge detectors, 2.4usec,
delay single shot (LSI pin 7, RAS, C2l), data latch, and lusec data
single shot (LSI pins 8 and 9, RA5, C22).

Then the signal is output from the FDD through the read gate, U3 (pins
9, 10, 3-state output driver).
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Magnetization
on disk

/yhoumer /\ /\
Pre-amp.output 34
(TP7) N\ / \/ \/ \/ approx.

N/ NG A AN/
(ve) N / N/ abprox.

Saddle

Differentiation /\ [\/\
amp.output 5
(TP9) \/\/ K

Zego-cross point
/Sv,approx.

Differentiation /\/\
amp.output
(TP10) \/ \/\/ \/ \/-\/

Peak detector
output in Ul m l

—] I | [—]—] —= [~

V,approx.

>

L

(Fig.304) Read amp. and peak detector waveforms
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Peak detector
output in Ul

Edge detector #1
output in Ul

2.4us delay S.S.
@ output in Ul

Data latch output
in Ul

Edge detector #2
output in Ul

Read data (RD)
(TPS)

READ DATR
(U3,pin 9)

Virtual pulse (drop-in)

-

H| | nnn.__

l=—2.4Us,approx.

a

o
Caed

1 n . nJn M

lus,approx.

(Fig.305) Time domain filter and read gate waveforms
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(2) Write circuit

(a

The write circuit consists of write power gate (with side selector),

select gate, data latch, write driver, and erase driver.

The write power gate output (COMO or COMl) becomes high voltage when

the write gate signal or the erase gate signal is TRUE (HIGH level).

These signals are generated by the write/erase gate in the control

circuit when all of the following three conditions are satisfied.

) The file protect sensor detects the notch of the disk jacket (write

enable condition).

(b) The WRITE GATE input signal is TRUE.

(c

) MX strap is on or the DRIVE SELECT signal is TRUE (LOW).

The write power gate output is supplied to the common terminal of the

head through the diode switch.

Table 301 shows the output voltage of

the write power gate in various operations.

Conditions Write power gate output voltage
COM 0 (for Side 0) COM 1 (for Side 1)
Side O write operation High Low
Side 1 write operation Low High
Side O read operation Middle Low
Side 1 read operation Low Middle
High: 10.5v, approx. Middle: 4V, approx. Low: 0V, approx.

(Table 301) Write power gate output voltage

For the tunnel erase head, the erase gate signal is delayed appropriate-

ly against the write gate signal.

behind

the read/write gap,

Since the erase gap is about 0.85mm

it is necessary for the erase driver to

delay the write gate signal so that the written data is completely

trimmed by the erase head (tunnel erase).
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For the straddle erase head, the write gate and the erase gate signals
have the same timing. The tunnel erase or the straddle erase produces
a guard band between the tracks preventing deterioration of the S/N

ratio resulting from a off-track (positioning error). It also ensures

disk interchangeability.

The WRITE DATA input pulse is latched by the data latch. And
appropriate write current is supplied to the read/write head by turning
on and off the two write drivers alternately. When the write driver is

active, no read data pulse is generated by the read circuit.

WRITE GATE input l
‘j;
Erase on delay Erase off
delay
Write gate (WG) %
(Ul,pin 16)
Erase gate (EG) 4
(TP2) -
SIDE ONE SELECT :]‘ - - % - [

)} -

WRITE DATA l II ” l’ ” l' ” I ”
Data latch output i l l l l I |

Write driver output
(Ul,pin 21 or 22)
Write current ‘/_\__/_\___/_\_/_ﬂ—\_‘/——\_[_——

Magnecizatittyr 11 T T TTT 11 IV/,({ 2

Magnetized
previously
Note: Solid line of the Erase gate (EG) signal shows the tunnel erase
type and dotted line shows the straddle erase type. Erase on
delay and Erase off delay are applied only for the tunnel erase
type.

(Fig.306) Write circuit waveforms
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(3) Low voltage sensor

The low voltage sensor is equipped to protect the FDD from erroneous
operation due to the internal circuit construction of the FDD during
unstable condition of the supplied voltage such as at power on or off.
The output of this sensor is supplied to almost all the functional
blocks of the read write circuit, and control circuit to protect the
write driver and erase driver from erroneous operation under the

unstable condition of the DC power voltage.

Power on Power off
3.40v4.4v -1 3.4n4 .4V
+5V power
Low voltage sensor
output ’_;,r:‘
(U ,pin 17) a—

Note: Dotted line shows the LVS input pin 34 of U2, control LSI.

(Fig.307) Low voltage sensor waveforms
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3-2-2.

Control Circuit

The control circuit consists of gates, detectors, and the stepping
motor control circuit. The gates are drive select gate to determine
the drive select condition, spindle motor gate to determine the
rotational condition of the spindle motor, write/erase gate to control
the actual write operation, etc. The detectors are index/sector
detector, track 00 detector, file protect detector, and ready detector.
The former three detectors (photo-transistors) are mounted on the

front OPT Ass'y and the transport frame. And the other circuits are
mounted on the PCBA MFD control (mostly packed in a control LSI (CMOS)).
Fig.308 shows the block diagram.

Drive select gate classifies the external input signals into several
functions and transmits them into the control LSI.

The selection of straps (short bars) determines the select condition

of the drive, spindle motor operating conditions, and turn-on condition
of the front bezel indicator. Refer to items 1-11 of the Specification

as to the detailed function of each strap.

The write/erase gate judges the FDD whether it can execute write
operation or not and issues write gate and erase gate signals for the
write circuit, For the FDD with tunnel erase head, a specified delay
time is established in the erase gate signal by an internal counter

(refer to Fig.306).

The ready detector consists of speed detector and ready latch. The
output of the speed detector which is constructed with a re-triggerable
counter becomes always TRUE (HIGH) when the rotational speed of an
installed disk (soft sectored) is more than 50%, approx. of the rated
speed. The ready latch detects the second index pulse after the speed
detector detects the 50% of the rated speed, then the READY condition

is informed to the host system through the output driver, U7 (pin 13
~o14) .
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Control LSI

(u6)

Oscilla- Pulse Output [ = TRACK 00
tor generator driver = INDEX
|————s=— READY
DRIVE WRITE
SELECT * Ready PROTECT
o3 detector

IN USE

'
1
i
1
1
1
1
1
1
1
H
1
1
]
1
1
1
'
1
'
i
+*—— Drive + Spindle motor—ﬁ H
select HE R = gate : Spindle motor
gate H i
) '
) L}
H X !
i Indicator , Front bezel
! gate ' indicator
1 '
'
MOTOR ON-w—o ! '
! \
' |
! 1
t [}
' t
1 t 2
] ] TP
i Write/erase _1 ] T Erase gate
WRITE GATE : gate H
! +— t Write gate
' :
! : Over
! ' drive
! L | circuit Stepping
: 1 ] motor
: ; :
DIRECTION 1 StePPl:‘! "‘1°t°‘ : Stepping |——
contro
SELECT ! circuit J: mc?tor et
STEP ! T driver
L T
) — 1}
! '@
! iTP3
) 1TP6
Laa . 1 T
File protect detector
LVS »—m- TP4
Index detector
TP1

.

Track 00 detector

(Fig.308) Control circuit block diagram
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Rotation starts

Disk speed Constant speed

Index sensor output r_-] AFT n 1 ”

(TP4)
Speed detector
output in U2 ____147 l_J

Pre-ready latch
in U2 Pre-ready state

Ready latch output 600msec,Max.
(U2,pin 12)

Ready state

READY signal

800msec ,Max.

(Fig.309) Ready detector waveforms

Stepping motor control circuit is constructed with direction latch,
internal step pulse generator, shift register, phase drive selector,
overdrive timer, etc.

Direction latch is a circuit to sample and hold the head seek
direction designated by the DIRECTION SELECT signal at every input
of the STEP pulses.

The internal step pulse generator is constructed with a counter and
a pulse generator. The counter is triggered at the trailing edge
of the STEP input pulse, and the second internal step pulse is
generated with a delay of 3msec, approx. from each STEP input pulse by
the pulse generator. It makes the stepping motor rotate for 2 steps

(3.6°) in response to one STEP input pulse.
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Outputs of the direction latch and the internal step pulse generator
are input to the shift register and phase drive selector, and they

are converted to the appropriate timing signals for uni-polar 1-2
phase drive of the 4-phase stepping motor. These phase drive signals
are supplied to the stepping motor driver, U5 (output pins 12 "~ 15).
In order to improve the torque margin in the seek operation, partially
2-phase drive period is provided by the phase drive selector only in
the initial stage when the drive phase is changed,

When the head stops on an even track, phase A is magnetized, while
phase A is magnetized when the head stops on an odd track. The phase

B and B are magnetized only during the seek operation.

The output from the internal step pulse generator is also supplied to
the over-drive timer constructed with a re-triggerable counter.
During the active period of this timer (75msec, approx.), +12V power
is supplied to the stepping motor coils through the over-drive circuit
(Ql) to produce enough torque required for the head seek and the
settling operations. After the completion of the settling, only +5V
power is supplied to the stepping motor through the diode, CRl, which
minimize the power loss by supplying only the required torque for the
holding of the stop position. By the above consideration, heat
radiation from the motor is depressed to the minimum level and the
stepping motor power consumption of 0.33W, approx. at the stop

condition is achieved.
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DIRECTION SELECT
STEP

Direction latch output
in U2
48tpi FDD:

Internal step pulse gen.
output in U2

Overdrive timer output
(U2,pin 19)

Motor driver inputs
PHASE A (U2,pin 21)

PHASE B (U2,pin 23)
(TP3)
PHASE X (U2,pin 22)

PHASE B (U ,pin 24)

Step-out | step-in

—

Second step delay I5hs,
3ms, approx. approx.
| L Ll
-g Overdrjve —
operation "
'
On an
even track
Y| 7| o7 .
7 %
) 7 7.
On an odd
m m track

tl

tl

t2

t2

tl: Second step delay (3ms,approx.)

t2: Phase B or B magnetization (3.6ms,approx.)

(Fig.310) Stepping motor control circuit waveforms

- 319 -




Tandy 1000 Technical Reference Manual

3-2-~3, Servo Circuit

The servo circuit aims to maintain the rotational speed of the spindle
motor at 300rpm, and the circuit is mounted on the PCBA assembled with
the spindle motor.

Start and stop of the spindle motor (DD motor Ass'y) is controlled by
the MOTOR ON signal supplied through the spindle motor gate in the
control circuit.

The spindle motor is a long life DC brushless motor having 3-phase
coils. The coils are driven by the exclusive drive IC. Energization
and magnetized direction of the coils are controlled by the signal
from the hall elements mounted on the PCBA around the rotor so that
they are changed corresponding to the designated rotational direction.
The rotational speed is maintained stably and precisely. The feedback
signal from the AC tacho-meter in the rotor is converted into the drive
voltage (F-V conversion) by servo IC, and supplied to the driver IC

through the phase compensation circuit.
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3-3. FUNCTION OF TEST POINTS AND VARIABLE RESISTORS

Fig.31l shows the mounting positions of the test points and variable
resistors.

Index sensor LED

-

File protect —{~4f
sensor LED

PCBA DD motor servo

Ass'y revision No.
(Av)
PCBA version
(two digits)

Name plate

TP 12 345 6G(0V)

PCBA MFD control (C)

(Fig.311) Location of test points and variable resistors
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3-3-1. Function of Test Points

Twelve test points (two for ground) are equipped on the PCBA MFD
control for the check and adjustment of the FDD.

(1) TPl (Track 00 sensor)

Test point to observe the output of the track 00 detection photo-
transistor (shumitt inverter included). As well as TRACK 00 output

signal, TPl becomes LOW level when the head is on track 00 or around

track 00 position.

TP1
(Track 00 sensor)

{TTL level)

Track 02._‘ ‘-—‘Track 00

(Fig.312) Typical waveform of TPl

Note: The TRACK 00 ocutput signal goes TRUE (LOW level) only when the
phase A coil of the stepper motor is energized and the direction
latch is set to the step-out direction (refer to Fig.310)
Therefore, the level change timing of the TRACK 00 signal is
not consistent with that of the TPl signal.

(2) TP2 (Erase gate)

Test point to observe the output of the erase gate.
When TP2 is HIGH level, erase current flows through the erase head.
This TP is used for the check and adjustment of the required delay time

of the erase gate signal against the WRITE GATE input signal when the

tunnel erase head is used.
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WRITE GATE input signal I

TP2(Erase gate) l L_

Off-delay J

On-delay

(Fig.313) Typical waveform of TP2(for tunnel erase head)

Delay Straddle erase head Tunnel erase head
On-delay Ous 200 v~ 320us
Off-delay Ous 860 Vv 950us

(Table 302) Erase gate delay

(3) TP3 (Phase B)

Test point to observe the phase B magnetized period of the stepping
motor.

The stepping motor rotates for 2-steps in response to one STEP input
pulse. Therefore, TP3 becomes HIGH level for a specified period when
a step-out command from an even track or when a step-in command from

an odd track is executed. Refer to Fig.310.

(4) TP4 (Index)

Test point to observe the output of the index detection photo-transistor
(shumitt inverter included).

The signal level at this TP is opposite to that of INDEX output signal.
wWhen the index hole or sector hole (hard sectored disk) is detected,
HIGH going pulse is observed at TP4. The photo-transistor is mounted

on the front OPT Ass'y and the LED is mounted on the back side of the
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3
TP3(Phase B magnetized)_‘W W

| —

1
STEP input pulse —L

Phase B magnetized
3.6+0.3ms

(Fig.314) Typical waveform of TP3

PCBA DD motor servo.

The test point is used for the following purposes.

(a) Confirmation and adjustment of the disk rotational speed. Speed
is adjusted by the variable resistor Rl on the PCBA DD motor servo.
(b) Confirmation and adjustment of the index burst timing. Burst timing
is adjusted by the index sensor installation screw in the front OPT

Ass'y

TP4 (Index) | l r_l (TTL level)

Index .
interval Pulse width

(Fig.315) Typical waveform of TP4 (Speed observation)

Items Timing
Index interval 200%4ms
Pulse width 2 v 5.5ms
Burst delay 200+200us

(Table 303) Index timing
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TP4 (Index) I

TP7 or 8 :
(Pre-amp. output) &

Index burst delay

(Fig.316) Typical waveform of TP4 (Burst timing observation)
(5) TPS (Read data)

Test point to observe the read data pulse.

The signal level at this TP is opposite to that of the READ DATA output
signal.

TP5 (Read data) |

2F |interval

4/3F interval

1F _interval

Pulse width

(Fig.317) Typical waveform of TPS
Fig.317 shows the waveform at TP5 in normal data read operation.

In the FM method, 2F and 1F intervals are observed, while 2F, 4/3F, and

1F intervals are observed in the MFM method.
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(6)

(7)

Items Timing
2F interval 4us, Nom.
4/3F interval 6us, Nom.
1F interval 8us, Nom.
Pulse width 1+0.5ps

(Table 304) Read data pulse timing

TP6 (File protect sensor)

Test point to observe the output of the file protect detection
photo-transistor (shumitt inverter included).
As well as the WRITE PROTECT output signal, TP6 becomes LOW level

when a disk with the masked write protect notch (write operation cannot
be done) is installed.

EE——
TP6(File protect sensor)

(TTL level)

_—
Notch open———# }———-—Notch masked

(Fig.318) Typical waveform of TP6
TP7, TP8 (Pre-amplifier)

Test point to observe the read pre-amplifier output signals.

The pre-amplifier has two outputs of the order of several dozen to
several hundred mvp-p, and they differ in phase by 180° (opposite phase).
Both outputs are observed at TP7 and TP8 respectively.

For an accurate observation of the read waveforms, use two channels of
an oscilloscope with one channel set to Invert mode and Add mode of

both channels., Use G (0V) test point for the oscilloscope ground.
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TP7 and TPB are used for checking various characteristics of the

read/write head and also for the check and adjustment of the head seek

mechanism such as track alignment.

(Pre-amp.)

TP7,TP8 AN /\V[\\//\ /O 5V, approx.

(Fig.319) Typical waveform of TP7 and TP8

(8

=

TP9, TPl0 (Differentiation amplifier)

Test points to observe the differentiation amplifier output signals.
Like the pre-amplifier, the differentiation amplifier also has two
outputs of the order of several hundred mVp-p to several Vp-p which
differ in phase by 180°. Both outputs are observed at TP9 and TP10
respectively.

For an accurate observation of the waveforms, use two channels of

the oscilloscope with one channel set to Invert mode and Add mode of
both channels.

Use G (0V) test point for the oscilloscope ground.

TP9 and TP10 are used for checking the total operation of the read/write
head and the read amplifier and for the check and adjustment of the head

seek mechanism such as track-alignment.

. TP9,TP10 //\\“/\\\~/~\“///\\ VASAN //\\ //\\ 5V,approx.
(Di ferent1:;;?? \\// \\// \\// \\

(Fig.320) Typical waveform of TP9 and TP10O
(9) TP G (OV) -- PCBA MFD control, PCBA read write amp.
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TP G is equipped respectively for two test point blocks (TPl ~ 6 and

TP7 ~ 10). They are used as the ground terminals for measurement

equipment. Be sure to use a small size clip to obtain a probe ground

of the equipment.
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3-3-2.

(1)

(2)

Function of Variable Resistors

On the PCBA MFD control and the PCBA DD motor servo, maximum two
variable resistors are mounted.

The PCBA MFD control of some PCBA versions and some revision numbers
has not the variable resistor R5. Also some types of DD motor Ass'y
have not the variable resistor Rl on the PCBA DD motor servo.
However, there is interchangeability in function and performance
between these PCBAs with the variable resistor and without the
variable resistor as far as they have the same parts number (8 digits)
and the same version number (2 digits).

The variable resistors are correctly adjusted before the shipment of
the FDD and fundamentally they shall not be readjusted except for by

a trained technicians.
Rl on PCBA DD motor servo (Disk rotational speed adjustment)

variable resistor for adjusting the rotational speed of the disk.

It is adjusted so that the index pulse interval at TP4 or at the INDEX
output signal is 200msect4msec (see Fig.315).

For the DD motor Ass'y without the variable resistor Rl, the rotation
speed of the motor is fixed by the ceramic oscillator in the servo

circuit and no adjustment is required.
R5 on PCBA MFD control (Read data asymmetry adjustment)

variable resistor for adjusting the asymmetry of the read data pulse.
Some PCBAs have this variable resistor and others have fixed resistor
instead of it.

For a PCBA with the variable resistor, RS, write 1F data and observe
the pulse intervals at TP5 or at the READ DATA output signal during
read operation. Then adjust the variable resistor so that the read
data asymmetry in Fig.321 takes the minimum value. For a double sided

FDD, repeat this operation alternately for side O and side 1 heads to
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obtain the minimum asymmetry for both sides.

1
TPS5 (Read data) _J-1

3

M

2
t—-Asymmetry 0

1F interval
1 2 3
_1 1

Asymmetry

Trigger

(Fig.321) Read data asymmetry
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SECTION 4

MAINTENANCE
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4-1. GENERAL

Periodic Maintenance

The FDD is designed to be free from periodic maintenance such as

replacement of parts, grease-up, etc. when it is operated at a normal

operation duty.

However, cleaning of
recommended since it
If some of the parts

condition, or if the

the magnetic head using a cleaning disk is
is effective to improve the reliability of the data.
in the FDD are operated at a specially heavy duty

FDD is operated over 5 years, it is recommended

to replace the wear parts according to Table 403.

Periodic maintenance items Recommended Required Referred
cycle time items
X - 4-3-
Cleaning of magnetic head Refer to 3-1 S min. 4-3-1
and 4-3-2
Replacement of wear parts Refer to 4-1-3 and 4-5.

(Table 401) Periodic maintenance items
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4-1-2. Check and Adjustment
Table 402 -shows all of the check and adjustment items.
Following items do not require periodic maintenance. Check and
adjustment should be done when required during replacement of the
maintenance parts or during trouble shooting referring to items 4-2
and 4-3.
The numbered procedure in Table 402 shows a typical procedure of the
general check and adjustment all over the FDD.
Steps| Check and adjustment items Required time | Referred items
1 Adjustment of collet shaft plate 5 minutes 4-4-1
2 Adjustment of front lever position S5 minutes 4-4-2
3 Check and adjustment of disk pad S minutes 4-4-3
lever (bail) (double sided only)
4 Check of file protect sensor 5 minutes 4-4-4
S Check and adjustment of disk rotation| 5 minutes 4-4-5
speed
6 | Check and adjustment of head touch 5 minutes 4-4-6
7 Check and adjustment of asymmetry 5 minutes 4-4-7
8 Check of read level 5 minutes 4-4-8
9 | Check of resolution 5 minutes 4-4-9
10 Check and adjustment of track 10 minutes 4-4-10
alignment
11 Check and adjustment of track 00 S minutes 4-4-11
sensor
12 Check and adjustment of track 00 5 minutes 4-4-12
stopper
13 Check and adjustment of index burst 5 minutes 4-4-13
timing

(Table 402) Check and adjustment items
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4-1-3. Maintenance Parts Replacement

It is recommended to replace the wear parts periodically if the FDD
is operated at a specially heavy duty condition or if it is operated
over five years. Periodic replacement is rot required for the parts
if the FDD is operated at a normal operation duty.

Table 403 shows all of the maintenance parts. Replace the wear parts
according to the recommended replacement cycle. Periodic replacement
is not required for parts without a recommended replacement cycle.

The replacement of the parts should be done according to each referred

item in Table 403,
Notes for Table 403:

(1) Since the parts number versions of PCBA MFD control (C) vary depending
on some factors such as signal interface condition, be sure to confirm
the version by checking the name plate on the actual printed circuit

board.

(2) The head carriage Ass'y are used always in pair with two guide shafts.
The head carriage Ass'y represented by listed parts number in Table 403
includes these guide shafts which parts number is different from that

of a head carriage Ass'y itself without these guide shafts.

(3) The listed parts numbers of the front bezel Ass'y and front lever Ass'y
are those of standard color (black). For designating other color, use

the corresponding parts number.

(4) Periodic replacement is not required for parts without a recommended
replacement cycle. Replace the parts when required such as during

repair.

(5) If two recommended cycles are listed, the cycle which the parts reach

first should have priority.
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(6) The required time for replacement includes the time for basic check

and adjustment after the replacement.

(7) Order the maintenance parts using the parts number.
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4-1-4. Maintenance Jigs and Tools

The following are the jigs and tools required for adequate maintenance

of the FDD.

(1) Equipment

(A) When Simulator KA (off-line exerciser for FD-54, abbreviated to SKA)

is used:
(a) SKa
The following accessories are necessary for operating the SKA (the

accessories are supplied with the SKa).

i) SKA/FDD interface cable (-00 type)
ii) Check cable #1 (for observation of control signals)
iii) Check cable #2 (for observation of read amp. output signals)

iv) SKA/FDD power cable

{(b) Oscilloscope (two channels)

(c} DC power supply (+12v, 1.2A and +5V, 2A) or SKA power supply.
The following accessory is required for the power supply (The
accessory is supplied with the SKA power supply).

i) Power cable (4P)
(d) Thermometer and hygrometer

(B) When SKA is not used:

(a) FDD controller and DC power supply (user's system)
(b) Oscilloscope (two channels)

(c) Frequency counter

- 4007 -




Tandy 1000 Technical Reference Manual

(d) Digital volt meter
(e) DC clip-on ammeter
(f) Thermometer and hygrometer
(2) Tools
(a) Cross-point screwdrivers, M2.6 and M3
(b) Common screwdrivers, small size and medium size
(c) Hexagon wrench key, 1.5mm
(d) A pair of tweezers
(e) Round nose pliers
(£) Cutting pliers
(g) Solder and soldering iron
(h) Hexagon screwdriver, M3
(3) Special jigs
(a) MAX media jig (Jig D, P/N 17890746-01)
(4) Disks
(a) Work disk (commercially available disk)

(b) Cleaning disk (commercially available cleaning disk)

i) Single sided type
ii) Double sided type

(c) Level disk (P/N 14900015-00)

(d) Alignment disk

i) Single sided, 48tpi type (P/N 14900016-20)
ii) Double sided, 48tpi type (P/N 14900016-21)
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(5) Other articles used during maintenance

(a) Absolute alcohol (Ethanol)

{b) Cotton swab or gauze

(c) Locking paint (3 Bond, 1401B)

(d) Binding agent (Sumitomo Chemical, Cyano-bond SF, Red)
(e) Screws and washers (Refer to item 5-2-2)

(f) Lubricant (Kantoh Kasei, 946P)

Note: Be sure to use well calibrated equipment and disks.
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4-2. PRECAUTIONS

4-2-1. Torque Applied to Screws and Locking Paint

The following torque should be applied to screws, unless otherwise

specified.
Size of screws Torque
M2 2kg.cm
M2.6 4.5kg.cm
M3 6kg.cm
M3 set screw 4.5kg.cm

(Table 404) Torque applied to screws

For tightening or loosening M3 set screws for adjustment and parts

replacement, the following procedure should be followed.

(1) For adjustment, remove out the set screw and also remove the locking

paint which had applied to the screw itself and around it.

(2) Apply fresh locking paint to the first three threads of the set screw

with some narrow object such as a pair of tweezers.

(3

Adjust or tighten the set screw with the specified torque.

For other screws than set screws, apply a drop of locking paint to the

designated points after tightening them.
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4-2-2. Handling of Connectors

(1) Types of connectors

The following connectors are used for the FDD.

(a) J1: Interface connector

(b) J2: Power connector

(c) J4: Track 00 connector

{(d) J5: Front OPT connector

(e) J6: Stepping motor connector

(f) J7: Spindle motor (DD motor Ass'y) connector

(g) J9: Head connector

J2

Jl

PCBA MFD control (C)

(Fig.401) Types of connectors
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{(2) Connection and disconnection of the connectors

Be sure to turn the power off before connecting and disconnecting the
connectors, Connection or disconnection should be done straightly and

correctly without applying excessive force to the cables and the post
pins.,

(3) Precautions for handling the white connectors (J4, J5, J6, J7)

(a) Disconnection of the connector

As shown in Fig.402, carefully push down the edges of the protruding
area of the connector little by little with the finger nails or with

a screwdriver.

PCB

Pin numbers

Post pin side

Protruding area Housing clamper

Cable

(Fig.402) Disconnection of white connector

(b) Connection of the connector

Push the connector into the post pin under the PCBA matching the

housing clamper to the groove.
(c) Removal of the pin (for reference)

Refer to Fig.403.

Depressing the stopper of the pin lightly with a narrow object such
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as a pair of tweezers, pull the cable in the direction indicated by

the arrow.

Clamp securely Stopper (push)

Cable

Contact area
Housing clamper

(Fig.403) Sectional view of white connectors

(d) Insertion of the pin (for reference)

Before insertion, check the following three points.

i) Confirm that the sheath and the core of the cable are securely
clamped.
ii) Confirm that the stopper is lifted as in Fig.403 and it inhibits
accidental removal.
iii) No tarnish or contamination should be on the contact area of the

pin or the PCB side post pin. If there is, remove it.

Contact failure may happen if any of these three points is not
satisfied.

When you insert the pin, it should be so inserted that the stopper
faces the opening side of the housing.

After the insertion, check the connection by pulling the cable lightly.

(4) Precautions for handling the black connector (J9)

(a) Disconnection of the connector

Pull out J9 connector straightly by inserting the narrow points of
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o}
- a b Shield cable
- af
= ]
- o
2 A Opening area

Post pin—J//

(Fig.404) Disconnection of J9

p

Housing

the tweezers into the opening area at the back side of the housing

as shown in Fig.404. Be careful not to pull the fine wires.

(b) Connection of the connector

Make the polarizing key position of the housing correspond with the

lack of the post pin, and push the housing carefully with the fingers.
(c) Removal of the pin
Lifting up the stopper of the housing with a narrow object such as

cutter knife, pull the cable with a pair of tweezers in the direction

indicated by the arrow. Refer to Fig,405.

Stopper (pull up)
Projection

Clamp securely

Contact area

(Fig.405) Sectional view of black connector

(d) Insertion of the pin
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Before insertion, check the pins according to item (3)-(d), i) through
iii).

When you insert the pin, it should be so inserted that the projection
side faces the stopper of the housing. After the insertion, pull the
cable with a pair of tweezers softly in order to confirm whether it

is securely connected.
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4-2-3.

(2)

Head Cable Treatment

Head cable should be arranged correctly by the clampers with appropriate
margin in length so that the head carriage can move on the guide shafts

smoothly.

Clamp the head cable with cable clamper area of the disk guide so that
the cable has appropriate looseness when the head carriage is set to
track 00 (rear end of the moving area). The appropriate length of the
head cable from the head carriage output to the cable clamper is
approximately 80mm (see Fig.406).

Also confirm that the head cable do not touch the tail end of the
steel belt.

Thread the head cable through the hole of the disk guide and arrange

it under the chassis to hold with a cord clamper. There should be

no excessive looseness of the cable between the cable clamper and the
cord clamper which may cause undesirable contact of the cable to the

disk when inserted. The cable length between the cable clamper and

the cord clamper is 65mm, approx.

Remove the front bezel according to item 4-5-9. Thread the head cable
along the U-groove of the disk guide and pull it up on the chassis to
connect it to the head connector, J9. The cable length between the
U-groove of the disk guide and the head connector is 25mm, approx.
(see Fig.406).

1f the bhead cable is too long, turn the cable around the cord clamper

under the chassis.
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Disk guide
U-groove

Head cable

25mm

Head connector

Disk guide

cable clamper area

Head cable

screw

Cord clamper installation

Cord clamper

The same cable

arrangement is applied to the single sided FDD.

The figure uses the double sided FDD.

Note:

(Fig.406) Head cable arrangement
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4-2-4,

Initial Setting of SKA
Following initial setting is required for operating the SKA.

Note: Use matched SKA for the FD-54 series. The SKA for the FD-54
has 4300 terminator at the interface receiver which is different
from that conventionally used 1500 terminator for the FD-55
series. As to the other performance, SKA for the FD-54 and for
the FD-55 are the same.

The SKA for the FD-54 series can also be used in the FD-55 series.

4-2-4-1. Cable connection and setting of power supply voltage

(1)

(2)

(4)

(5)

(6)

(7)

Set the output voltage of DC power supply to +12V and +5V, approx.

Turn the DC power off and connect the power cable to the PSA (SKA PWR)
connector of the SKA.

Set the FD PWR switch of the SKA to the OFF position.

Connect the FD PWR OUTPUT of the SKA and the FDD with the SKA/FDD power
cable.

Connect the SKA/FDD interface cable. Pay attention to the identification

mark of the connector (V) so that it locates at the pin 1 and 2 side.

Connect the check cable #1 (Flat cable, 7P connector at the FDD side
and 5P connector at the SKA side) between the terminals 1 A 5 of the
SKA and TPl ~ TP6, G of the FDD. For the SKA side, be sure to match the
pin numbers of the connector housing and the terminal numbers of the
connector. For the FDD, cable connection side pins should be connected

to the TPl ~ S side.

Connect the check cable #2 (shield cable is used partially, 5P connectors
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DC power
supplies

(+12v, +5V)

SKA/FDD power cable

SKA/FDD interface cable

619

Power cable
s
B ) FD INTERFACE /
NF ¥
[ee w—— s SN =]
H

\ PSA

ﬁ
B

Check cable [#1

\—FD PWR OUTPUT

SKA
P7710,G
|| Check cable #2

PCBA MFD control

(Fig.407) Connection of SKA cable

rCable connection side (TP1n5)

<] 7p 5P
5 \. Check cable #1 m -
w X b - 43
Y - L H -
— = -
&

FDD TPs

SKA texrminals 1n5

:(Shield cable side
o

\\ Check cable #2
3

sasezs dL

g
°©
3
w

g
- I
%e)} shield cable side

SKA terminals 6%9,G

F}

Connector housing No.
(Fig.408) Connection of check cable
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at both ends) between the terminals 6 ~ 9, G of the SKA and TP7 ~ TP1lO,
G of the FDD. Be sure to match the pin numbers of the connector housing
and the terminal numbers of the SKA as in Fig.408.
The shield cable side is TP7, 8, and terminals 6, 7 of the SKA.

(8) Turn the DC power on. Set the FD PWR switch of the SKA to the PSA side.

(9) Key in "“CB". (+5V VOLTAGE)

(10) Adjust the DC power voltage so that the DATA indicator of the SKA
[T (v) indicates the value within the range of 5.00%0.1V.

(11) Key in "F". (STOP)
(12) Key in "CC". (+12V VOLTAGE)

(13) Adjust the DC power voltage so that the DATA indicator of the SKA
[OITJ (V) indicates the value within the range of 12.00%0.24v.

(14) Key in “"F". (STOP)

Note: The above items (1), (2), (9) ~ (14) may be omitted for replacement
of the FDD or a temporary FDD power off. Remain DC power on and
control the FDD power by the SKA PWR switch.
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4-2-4-2. Setting of the maximum track number

(1)

(2)

Before the check and the adjustment of the FDD, set the maximum track
number according to the following instructions.

Usually the maximum track number is set to 79 at the initjal setting,
change it to 39.

The setting will be maintained until the main DC power (for SKA) is
turned off, or until the RESET switch of the SKA is depressed. Since
the FD PWR switch is independent of this setting, it is convenient to

maintain the main DC power on for the successive operations.
Key in "CF" (SET TMAX)

The maximum track number set at that time is indecated with the latter

two digits of the DATA indicator [ITI1] (track).

Note: If there is no change in the maximum track number in item (2),

depress "F" key.

(3) Key in the maximum track number (39) of the FDD in two digits of

decimal notation.

e.g. MAXIMUM TRACK NUMBER 39 (40 cylinders): CF 39
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4-2-4-3. Setting of step rate and settling time

(2)

Generally, the step rate and the settling time of the FDD is the same

as the initial value of the SKA (step rate: 6msec, settling time: 15msec)
and no initial setting is required.

For the confirmation or the change of the initial setting, execute
according to the following procedure. Once the setting is done, it

will be maintained until the main DC power (for SKA) is turned off, or

until the RESET switch of the SKA is depressed.
Key in "DB", (SET STEP RATE)

Step rate set at that time is indicated by O.lmsec scale on the DATA

indicator [TT1J] (ms).

e.g. DATA indicator [TTEIJ indicates 6.0msec.

(3)

Key in a new step rate down to one decimal place (unit: msec).

Note: If there is no change in step rate in item (2), omit item (3) and

(4)

(5)

forward to item (4).

Key in "F". (STOP ~- Setting of the step rate completes.)

Settling time at that itme is indicated by O.lmsec scale on the DATA

indicater (I IJ] (ms).

e.g. DATA indicator [I/I53I]) indicates 15.0msec.

(6)

Key in new settling time down to one decimal place (unit: msec).

Note: If there is no change in settling time in item (5), omit item (6)

and depress "F" key to complete the operation.
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(7) Depress "F" key. (STOP -- Setting of the settling time completes.)

e.g. STEP RATE 6msec, SETTLING TIME l5msec : DB 30 F 150 F
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4-2-4-4. Level disk calibration
Setting of the following calibration value is required for accurate
measurement before the check of the read level or the resolution.
Use a level disk with a calibration value (100% center) written on the
label. The setting will be maintained until the main DC power (for SKA)
is turned off or unitl the RESET switch of the SKA is depressed.
If the calibration value is the same as the initial value (100%) of the
SKA, the initial setting of the following is not required.

(1) Innermost track read level

(a) Key in "DO". (CALIBRATION READ LEVEL)

(b) Calibration value set at that time is indicated in the latter three

digits of the DATA indicator [T 117 (%).

(c) Key in a new calibration value written on the level disk label

(three digits, Max.)
(d) Key in "F". (STOP)

Note: If there isno calibration change in item (b), omit item (c) and

depress "F" key.
(2) Innermost track resolution
(a) Key in "D1". (CALIBRATION RESOLUTION)

(b) Calibration value set at that time is indicated in the latter

three digits of the DATA indicator [T TT1J] (%).

{¢) Key in a new calibration value written on the level disk label

(three digits, Max.)
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(d) Key in "F". (STOP)

Note: If there is no calibration change in item (b), omit item (c) and

depress "F" key.

e.g. READ LEVEL 103%, RESOLUTION 96%: DO 103 F, D1 96 F
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4-2-4-5. Alignment disk calibration

Setting of the following calibration value is required for accurate
measurement before the check and adjustment of the track alignment.

Use a correctly calibrated (0% center) alignment disk with a calibration
value written on the label. The setting will be maintained until

the main DC power (for SKA) is turned off or until the RESET switch of
the SKA is depressed.

If the calibration value is the same as the initial value (0%) of the

SKA, the initial setting of the following is not required.
(1) SIDE O alignment
(a) Key in "EO". (CALIBRATION SIDE O ALIGNMENT)
(b) The calibration value set at the time is indicated in the latter two

digits of the DATA indicator [ITTJ (%), and the polarity is indicated

in the initial digit. If a "0" is indicated, the polarity is positive.

Polarity indication: plus /~, minus -

(c) Key in a polarity and a new calibration value (two digits, Max.)
written on the alignmernit disk label.
Designation of polarity: Depress "B" key only for minus designation.
(No designation is required for plus).
(d) Key in "F". (STOP)
(2) Side 1 alignment (Double sided only)

(a) Key in "E1". (CALIBRATION SIDE 1 ALIGNMENT)

(b) The same as in item (1l)-{b) v (d).
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INDEX output signal

Lobe pattern
(TP9,10)
A B A B

Notes: 1. The lobe pattern ratio is calibrated in the SKA according to
the following expression.

i -B . .
Lobe pattern ratio = A x100-Calibration valu
: . Larger one of A & B
after calibration

2. If the calculated value with the above expression is positi
the polarity is plus, while the polarity is minus when the
value is negative.

(Fig.409) calikration of alignment lobe pattern

(3) Index burst timing

(a) Key in "E5". (CALIBRATION INDEX TIMING)

(b

The calibration value set at that time is indicated in the latter
three digits of the DATA indicator (1111 (us), and the polarity it
indicated in the initial digit. (Refer to item (1)-(b)).

If a "0" is indicated, the polarity is positive.

(c) Key in a polarity and a new calibration value (three digits, Max.)
written on the alignment disk label. Refer to item (1)-(c) for the
polarity designation.

(d) Key in "F". (STOP)

Note: If there is no change in the calibration value in item (b}, omit
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item (c¢) and depress "F" key.
.g. Double sided FDD, SIDE O ALIGNMENT +3%, SIDE 1 ALIGNMENT -5%,

INDEX TIMING -25us:
EO 3 F, E1 B> F, E5 B 25 F

INDEX output signal

Index burst (TP7,8) N\M

Index burst timing

Notes: 1. The index timing is calibrated in the SKA according to the
following expression.

Calibrated timing = t - calibration value (us)

2. If the calculated value with the above expression is
positive, the polarity is plus, while the polarity is minus
when the value is negative.

(Fig.410) cCcalibration of index burst timing
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4-2-4-6. Humidity setting

1)

(2)

(3)

For the check and adjustment of the track alignment using an alignment
disk, set the environmental relative humidity to the SKA in order to
improve the precision of measurement.

This setting is important when the relative humidity is considerably
different from 50%.

The initial setting of the following is not required if the relative

humidity is the same as the initial value (50%) of the SKA.

Key in "E2". (CALIBRATION RH ALIGNMENT)

The relative humidity set at that time is indicated in the latter
two digits of the DATA indicator [T 1 1] (%).

Input the relative humidity percentage in the measurement environment

(two digits, Max.).

e.g. RELATIVE HUMIDITY 58%: E2 58

4-2-4-7. Setting of SKA gain

For this FDD, the SKA gain should be maintained at the initial state
(H GAIN indicator is off). If the H GAIN indicator turns on by an

erroneous key-in, turn it off by keying in “DD".
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4-2-5. Others
(1) Total error test

In the check and adjustment in item 4-4, read/write error test is not
included. After the adjustment or the replacement of the maintenance
parts, it is recommended to perform a data error test by connecting the
FDD to the user's system or the TEAC simulator KB. The window margin

test is the most recommended item.
(2) setting of FDD straps

It is required to confirm before the operation that the straps (short
bars) on the PCBA MFD control are at the appropriate position for the
system to be used in the check and adjustment.

When the SKA is used, depress a key which number is the same as the
on-state short bar among DSO % 3 straps of the FDD and confirm that
the indicator is on before various key operations.

If the IU short bar is on, you can turn on the front bezel indicator

by "A" (IN USE) key of the SKA.

Notes: 1. For simplifying the explanation, following shows only the case
when the DSO short bar is on.
2. If the strap position of the FDD is changed from the initial
setting at the system installation, be sure to change it back

to the initial position after the maintenance operations.
(3) Connection of the probe ground
Connect the probe ground of the equipment as follows:
(a) For the observation at the test points (TP) 7 ~ 10:

Connect the probe ground to the G test point (0OV) on the PCBA MFD

control.
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(b) For the observation at the other test point:
Connect the probe ground to the G test point (OV) on the PCBA MFD
control. Or GND (OV) terminal of the system power supply unit, or
the SKA GND terminal may be used.

(c) For the observation of the SKA test point:

Connect the probe ground to the SKA GND terminal.

Note: When you use the SKA, almost all checks including the read amp.
output at TP7 A~ TP10 of the FDD will be done automatically through
the check cables #1 and #2 and interface cable. Also these signals

can be observed by an oscilloscope using the test points on the SKA.

(4) Maintenance environment

Maintenance of the FDD should be done on a clean bench at room
temperature and humidity. It is recommended to execute the check and
adjustment of the track alignment after leaving the FDD for at least

2 hours at room temperature and humidity. The magnetic head, disk,
steel belt, etc. might suffer from dust and dirt if the maintenance is

not undertaken in a clean environment.
(5) Orientation of the FDD

Position the FDD as shown in Fig.41l unless otherwise specified.

Horizontal and vertical orientations with lever side up should be used.

(6) Head load

The FD-54 series have no head load solenocid. They are always in head

load condition as far as a disk is inserted and the front lever is

closed.
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15! Lever

Horizontal setting Vertical setting
(Fig.411) General orientation of the FDD during maintenance
(7) Work disk

When you use the SKA, use a soft sectored disk.
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4-3. PREVENTIVE MAINTENANCE
4-3-1. Cleaning of Magnetic Head by Cleaning Disk

When you use the FDD in dusty environment, it is recommended to clean
the magnetic head surface periodically (e.g. once a month) with a
commercially available cleaning disk. Especially for a double sided
FDD, it is difficult to clean the head surface, be sure to use the
cleaning disk.

For typical usage under typical environmental condition, the cleaning

is recommended when data errors often occur.
(A) Equipment

(1) Cleaning disk

(2) SKA or user's system
(B) Cleaning procedure
(1) General method
(a) Start the spindle motor and install an appropriate cleaning disk.

Notes: 1. Do not use a damaged cleaning disk on the surface.

2. For a single sided FDD, be sure to install a single sided
cleaning disk. The cleaning surface of the disk should be in
contact with the head surface.

When the FDD is placed horizontally, the magnetic head is
located down and it faces the back side of the disk.

If a double sided cleaning disk is installed in a single sided
FDD, it may damage the head pad.

3. For a double sided FDD, a double sided cleaning disk should be
used. Side O (lower side) and side 1 (upper side) heads are

cleaned simultaneously.
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(b) Clean the head at a suitable track position for 10 ~ 30 seconds,

Note:

(c)

approx. In order to avoid the concentration on a specific track,

it is a good way to make the head move between track 00 and the

innermost track during cleaning.

The most appropriate cleaning time is different for each type of
cleaning disk used.

Excessively long cleaning time is not effective but has possibility
to accelerate the head wear.

Remove the cleaning disk.

(2) SKA method

(a)

(b

(c

(d)

(e

(£}

(9)

(h)

Connect the SKA referring to item 4-2-4 and set the FD PWR switch to
the PSA side.

Start the spindle motor by key "5". (MON indicator turns on).
Execute drive select by key "0". (DSO indicator turns on).

Key in "CO" and confirm that the TRACK indication of the SKA becomes
"00". (RECALIBRATE)

Install an appropriate cleaning disk. See item (1)-(a), "Notes".
Key in "C6". (SEEK TEST)
After 10 ~ 30 seconds, depress "F" key.

Eject the cleaning disk.
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4-3-2, Direct Cleaning (Single sided FDD only)
This cleaning method is applied only to a single sided FDD.

If this method is applied to a double sided FDD, gimballed mechanism
of the head might be damaged.

If visible dirt is on the head surface when the head pad arm is lifted
up manually during maintenance, perform direct cleaning as follows:

(A) Equipment

(1) Absolute alcohol (Ethanol)

(2) Cotton swab or gauze
(B) Cleaning procedure
(1) Lightly dampen a cotton swab or a gauze with alcohol.

(2) Lift up the pad arm (see Fig.412) and clean the head surface carefully

with the cotton swab or the gauze.
Note: Do not touch the pad surface.

(3) Wipe the head surface with clean dry cloth after the evaporation of the

alcohol.

(4) After confirming that the dirt is cleaned off and no fluff is left on

the head surface, let the pad arm down carefully.
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Pad

Pad arm

Magnetic head
sur face

Head carriage Ass'y

(Fig.412) Direct cleaning of magnetic head (Single sided only)
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4-4, CHECK AND ADJUSTMENT
4-4-1. Adjustment of Collet Shaft Plate
(A) Equipment

(1) Cross point screwdriver, M3

(2) Locking paint
(B) Adjustment procedure
(1) Remove two fixing screws of the shield cover (see Fig.413) and remove it.

(2) Loosen two fixing screws of the collet shaft plate Ass'y so that the

collet shaft plate can be moved manually without getting out of place.
(3) Clamp the collet by turning the front lever.
(4) In this condition, adjust the collet shaft plate and tighten two fixing
screws with the specified torque so that the visual distance of the

gap between the collet shaft and the hole of the collet holder becomes

even (see Fig.414).

(5) Up and down the collet by turning the front lever and confirm that it
does so smoothly without being cought by the spindle cup.

(6) Apply a drop of locking paint of the fixing screws.

(7

Install the shield cover in the reverse order of item (1).
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Shield cover 2-Shield cover
fixing screws

|

Collet shaft plate Ass'y

N

(Fig.414) Location of collet shaft plate

Front lever

Gap between collet shaft and
collet holder

Collet shaft plate Ass'y
Collet Ass'y

2-Fixing screws

Spindle cup

‘Fig.413) Gap of collet shaft plate
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4-4-2.

Adjustment of Front Lever Position

(A) Equipment

(1)
(2)

(B)

(1)

(2)

(4)

(5)

(6}

(7

Hexagon wrench key, 1.5mm

MAX media jig (Jig D)

Adjustment procedure

Turn the front lever to close position and loosen a lever fixing set

screw to pull out the lever for 0.5mm, approx.

Tighten the set screw.

Turn the front lever to open position and insert the MAX media jig as

shown in Fig.415 (the notch side to be left).

Turn the frorit lever to close position and loosen the set screw again.
Then push the lever against the MAX midia jig.

Confirm that the pin of the lever shaft goes into the slot of the front

lever.
Position the handle of the front lever forms right angle against
the longitudinal side of the front bezel. And tighten the set screw

with the specified torque. (See Fig.416).

Close the front lever and confirm that the blade of the lever does not

nip the MAX media jig.

Open the front lever and remove the jig.

Note: Refer to item 4-2-1 as to handling of the set screws.
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Lever fixing

Front bezel screw

Notch
Front lever
MAX media jig (Jig D)
(Fig.415) Adjustment of front lever
Sectional view of
front bezel
MAX di ji
Front bezel Front lever media Jig
{—1

s T 1 YA/

Blade

Form right angle

(Fig.416) Front lever position
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4-4-3. Check and Adjustment of Disk Pad Lever (Bail)
This item applies only to the double sided FDDs.
(A) Equipment

(1) Cross point screwdriver, M2.6

(2) Binding agent

(B) Check and adjustment procedure

(1) Open the front lever to be able to insert the disk.

(2) Confirm a little gap (0.1 ~ 0.3mm, approx.) is spaced between the bail

and the top of the stop cam of the CSS Ass'y (C). (See Fig.418).

(3) If the item (2) is not satisfied, turn the outside adjusting screw (see
Fig.417) of the bail so that the bail and the top of the stop cam are

separated with 0.2mm, approx.

(4) In the process of inserting a disk slowly, confirm that the disk jacket
does not touch the side 0 nor the side 1 head and goes into the FDD

smoothly with appropriate space margin.

(5) Open and close the front lever two or three times to confirm the

clampings of the disk are done smoothly.

(6) In the process of ejecting the disk slowly, confirm that the side 0
and side 1 heads do not catch the head window edge of the disk jacket
(opening area of the jacket to make the head be in contact with the
disk surface) and that the disk can be drawn out smoothly with appropriate

space margin.
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(7)

(8)

(9)

(10)

(11)

Insert the disk again and close the front lever.

Confirm that a little gap (0 ~ 0.5mm, approx.) is spaced between the
stop cam and the disk jacket without activating the stop cam of the CSS

Ass'y when the disk jacket is depressed lightly with a finger from the
front bezel side.

If the item (8) is not satisfied, turn the inside adjusting screw

(see Fig, 417) of the bail so that the gap between the disk jacket and
the stop cam becomes 0.1 ~ 0.2mm, approx.

Apply binding agent to the two adjusting screw to fix it to the bail.

Open the front lever to draw out the disk.
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Tandy 1000

Inside adjusting screw

Outside adjusting screw

CSS Ass'y (C)

(Fig.417) Adjustment of bail

Outside adjusting

Inside adjusting

screw

Arm lifter

Upper arm

Head carriage Ass'y

_//77 44\\~ Stop cam

The figure is viewed from the front bezel side.

y(C)

CSS Ass

Note:

{(Fig.418) Gap of bail and stop cam
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4-4-4. Check of File Protect Sensor

(A} Equipment

(1) MAX media jig (Jig D)

(2) Digital voltmeter (or oscilloscope)

(3) SKA or user's system

(B) Check procedure

(1) General method

(a)

(b)

(c)

(d)

(e)

(f)

(g)

Place the FDD on the work bench with the LED indicator up and the
front lever down. (See Fig.421).

Connect a digital voltmeter or an oscilloscope (DC range,lv/div)

to TP6 (File protect sensor) on the PCBA MFD control.

Install the MAX media jig as in Fig.421 and set it so that the
notch A area is located on the light pass from the file protect

sensor.

Adjust the orientation of the FDD so that it is not exposed with

strong light outside.

Confirm that the voltage measured at TP6 when power is supplied to
the FDD is within the following range.

Notch A position TP6 voltage: 0.5V, Max.

Pull out the jig a little so that the notch B area is located on the

light pass.

Confirm that the voltage measured at TP6 when power is supplied to

the FDD is within the following range.
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Notch B position TP6 voltage: 3V, Min.

LED indicator

MAX media jig

File protect

Notch B sensor

Notch A

Front lever

(Fig.421) Check of file protect sensor
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(2) SKA method

(a) Connect the SKA according to item 4-2-4 and set the FD PWR switch to
the PSA side.

(b) Execute the general method described in item (1)-(a) through (e).
WRROT indicator of the SKA turns on when drive selection is executed

by key "0". (DSO indicator turns on).

(c

Execute the general method described in item (1)-(f) and -(g).
WRROT indicator of the SKA turns off.
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4-4-5. Check and Adjustment of Disk Rotation Speed

This item is only applied to the FDD which has a DD motor Ass'y with

the variable resistor Rl for adjusting the rotational speed of the

disk on the PCBA DD motor servo. Refer to Fig.31ll as to the mounting

position of the variable resistor Rl.

For the DD motor Ass'y without the variable resistor, the rotation

speed is fixed by the ceramic oscillator in the servo circuit and no

adjustment is required.

(A) Equipment

(1) Common screwdriver, small size

(2) SKA or user's system

(3) Frequency counter (not required when the SKA is used)

(4) Work disk (soft sectored)

(B) Check and adjustment procedure

(1) General method

(a)

(b)

(c)

(d

{e)

Connect the frequency counter to TP4 {(Index) of the PCBA MFD control
or to the INDEX interface signal line.

Start the spindle motor and install a work disk.

Set the head to track 00.

Confirm that the pulse interval at TP4 is within the following range.

TP4 pulse interval: 200t3msec

If the value in item (d) is out of the specified range, adjust the
variable resistor Rl on the PCBA DD motor servo to obtain the median

value in the specified range in item (d).
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(2) SKA method

(a) Connect the SKA referring to item 4-2-4 and set the FD PWR switch
to PSA side.

(b) Start the spindle motor by key "5". (MON indicator turns on).

(c) Insert a soft sectored work disk.

(d) Execute drive select by key "0". (DS O indicator turns on).

(e) Key in "CO" and confirm that TRACK indication becomes "00"

(RECALIBRATE)

(f) Key in "C3". (INDEX PERIOD)

(g) Confirm that the DATA indicator [T IJ] (ms) indicates a value within
the following range.

INDEX interval: 200.0*3.Omsec
(h) If the value in item (g) is out of the specified range, adjust the

variable resistor Rl on the PCBA DD motor servo to obtain the median

value in the specified range in item (g).
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4-4-6, Check and Adjustment of Head Touch

Note: The adjustment applies to a single sided FDD only.
(A) Equipment

(1) Work disk '

(2) Common screwdriver, small size

(3) SKA or user's system

(4) Oscilloscope (not required when the SKA is used)

(5) DC clip on ammeter (not required when the SKA is used)
(6) Locking paint
(B) Adjustment procedure

(1) General method

(a) Connect an oscilloscope to TP9 or TP10 (Differentiation amp.) on the
PCBA MFD control.
Oscilloscope range: AC mode, 0.2V

(b) Start the spindle motor and install a work disk.

(c) Set the head to the innermost track.

(d) Repeat the cycle of one write rotation and one read rotation.
Write data should be the fixed pattern of 2F (250KHz of WRITE DATA

frequency).

(e) Write down the average read level measured during the read operation

of item (d).
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(f)

(g)

(h)

(i)

(3)

Execute item (d) and (e) with a slight depression (very slight
depression easy to release: 10 ~ 20g) by a finger on the top of the
upper head {(double sided) or of the pad arm (single sided), and

measure the average read level as in item (e).

Confirm that the read level measured in item (e) is greater than 80%

of that in item (f).

For a double sided FDD, execute items (d) through (g) respectively
for the side 0 and the side 1 heads.

After making the head move to track 00, execute items (d) through (h).

Head touch adjustment for a single sided FDD:

i) At the innermost track, turn the groove on the upper side of the
head pad by 30° steps, approx. with a common screwdriver (see
Fig.420). At each turning of the groove, execute write and read
operations in item (d).

Be sure to take apart the common screwdriver from the head pad
during write or read operation.

Note: Be careful not to push the head pad strongly with the common

screwdriver. Also do not touch the pad surface to which a

disk will be in contact.

ii) After turning the pad position around 360°, set the position again
to the position where the highest read level was obtained. Then

execute items (d) through (g) at the innermost track.

iii) Continue the operation until the items (g) and (i) are sufficiently

satisfied. Following causes are assumed for the insufficient
result in item (g) or (i) after fine adjustment of the pad

position.

- 4050 -




Tandy 1000 Technical Reference Manual

Head pad Pad arm

Head carriage

Groove for common Locking paint
screwdriver

(Fig.420) Adjustment of head pad position (single sided FDD)

@ Inferior head pad:
Replace the pad according to item 4-5-8.

@ Inferior disk:
Disk and/or jacket is deformed or damaged. Replace the work
disk with a new one.

® Inferior head:

Replace the head carriage Ass'y according to item 4-5-1.

iv) Remove the work disk and apply a drop of locking paint around the
rotating area of the head pad. Be careful not to smear the groove
for common screwdriver with the locking paint.

(k) Possible causes for the insufficient head touch in a double sided FDD:

Following causes are assumed for the insufficient result in items (q)

through (i) on a double sided FDD.

- 4051 -




Tandy 1000 Technical Reference Manual

i)

<ii)

Inferior disk:

Disk and/or jacket is deformed or damaged. Replace the work disk
with a new one.

Inferior head flexture:

Because of the failed performance of the bail or the CSS Ass'y in
item 4-4-3, the flexture on which the head piece is located may

be deformed. Remove the disk. Then open and close the front lever
slowly to observe the gap between the side O and the side 1 heads
from the front bezel. If the two head surfaces are not in parallel
each other, it is considered to be the deformation.

Replace the head carriage Ass'y according to item 4-5-1.
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(2) SKA method

(a)

(b)

(c)

(d)

(e)

(f

(g

(h)

(1)

Connect the SKA according to item 4-2-4 and set the FD PWR switch to
the PSA side.

Start the spindle motor by key "5". (MON indicator turns on).
Install a work disk and execute drive select by key "0". (DSO

indicator turns on).

Key in "CO" and confirm that the TRACK indicator becomes "00".
(RECALIBRATE)

Key in "C1" (SEEK TMAX)
Key in "D3". (WRITE/READ LEVEL PRE 2F)

Write 2F and read operations are repeated.
The DATA indicator [IT11] (mV) indicates the average read level
of TP7 and TP8 (Pre-amp.) after each cycle of operation (one rotation

of write and one rotation of read) is finished.

Observe the DATA indicator [T 11] (mV) with a slight depression
(very slight depression easy to release: 10 v 20g) by a finger on
the top of the upper head (double sided) or of the pad arm (single
sided).

Confirm that the read level measured in item (f) is more than 80% of

that in item (g).

For a double sided FDD, depress "F" key to stop and then depress

"4" key to execute items (e) through (h) for the side 0 and the side

1 heads respectively. The side is changed alternately by a depression
of "4" key. If side 1 is selected, SIDE 1 indicator of the SKA turns

on.
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(j) Key in "CO" (RECALIBRATE) and execute items (e) through (i) in the
J

similar way.

(k) Head touch adjustment for a single sided FDD:

Refer to item (j) of "General method".

(L) Possible causes for the inferior head touch in a double sided FDD:

Refer to item (k) of "General method".
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4-4-7. Check and Adjustment of Asymmetry
(A) Equipment
(1) Work disk
(2) SKA or user's system
(3) Oscilloscope
(B) Check and adjustment procedure
(1) General method
(a) Connect an oscilloscope to TP5 (Read data) on the PCBA MFD control
or to the READ DATA interface line.
Oscilloscope range : DC mode, 2V, lusec
(b) Start the spindle motor and install a work disk.
{c) Set the head to the innermost track.
(d) Execute 1F write operation (125KHz of WRITE DATA frequency).
(e) Measure the asymmetry referring to Fig.42l.
Note: Oscilloscope should be so set that three read data pulses can be
observed. Asymmetry width should be measured at the second read

data pulse from the trigger pulse.

(f) Confirm that the asymmetry is within the following range.

Innermost rrack 1F asymmetry : O.6usec, Max.

(g) For a double sided FDD, execute items (d) through (f) for the side 0

and the side 1 heads respectively.
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(h) If

1 2 3

TPS5 (Read data) 1_1 H_]
READ DATA 1 L1

Asymmetry

+— 1F interval

Trigger

(Fig.421) Measurement of asymmetry

the value in item (f) or (g) is out of the specified range, adjust

according to the following procedure.

The adjustment can be done only for the PCBA versions or the PCBA

revision numbers with the variable resistor R5 on the PCBA MFD control.

No

i)

ii)

(i) If

in

in

adjustment can be done without R5.

Adjust the variable resistor R5 so that the asymmetry takes the
minimum value while repeating 1F write and 1F read operations
alternately.

For a double sided FDD, repeat the operation in item i) for the

side 0 and the side 1 heads alternately. The variable resistor
shall be so adjusted that both asymmetry for side 1 and side 0O heads

take the minimum value.

the values in items (f) and (g) are out of the specified range
the PCBA without the variable resistor R5, or if the adjustment

item (i) cannot be done sufficiently even if R5 is mounted,

following causes are assumed.

i)

Leakage flux density in the environmental condition of the FDD
is high:
If there is some flux source near the FDD such as magnet,

transformer, motor, Brown tube, magnetized iron plate, etc., take
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ii)

iii)

iv)

it apart from the FDD. Then measure the asymmetry and adjust again.
Inferior disk:

Replace the work disk.

Inferior head:

Replace the head carriage Ass'y according to item 4-5-1.

Inferior PCBA MFD control:

Replace the PCBA according to item 4-5-6.
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(2) SKA method

(a) Connect the SKA according to item 4-2-4 and set the FD PWR switch to

(b)

(c)

(d4)

(e)

(f)

(g)

(h)

(1)

(3)

the PSA side.

Key in "B1F". (1F DUTY)

Connect an oscilloscope to the DOUT terminal of the SKA.

Oscilloscope range : DC mode, 2V, 0.2usec

Start the spindle motor by key "5". (MON indicator turns on).

Install a work disk.

Execute drive select by key "O". (DSO

indicator turns on).

Key in "CO" and confirm that the TRACK indicator becomes "00".

(RECALIBRATE)

Key in "Cl". (SEEK TMAX)

Key in "D4". (WRITE/READ LEVEL PRE 1F)

Measure the asymmetry as in Fig.422.

SKA DOUT

Asymmetry

lus,approx.

(Fig.422) Measurement of asymmetry (SKA)
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(k)

(L)

(m)

Confirm that the asymmetry is within the following range.

Innermost track 1F asymmetry : O.6pysec, Max.

For a double sided FDD, depress "4" key and execute items (i) through
(k) for the side O and the side 1 heads respectively. The side is
changed alternately by a depression of "4" key. If side 1 is selected,
SIDE 1 indicator of the SKA turns on.

If the value in item (k) or (L) is out of the specified range, adjust
according to the following procedure. The adjustment can be done
only for the PCBA versions or the PCBA revision numbers with the
variable resistor RS on the PCBA MFD control. No adjustment can be
done without RS5.

i) Adjust the variable resistor R5 so that the asymmetry takes the
minimum value by keying in "D4".

ii) For a double sided FDD, execute the operation in item i) for both
sides alternately by chainging the side by key "4". The variable
resistor shall be so adjusted that both asymmetry for side 1 and

side 0 heads take the minimum value.

{n) If the values in items (K) and (L) are out of the specified range in

the PCBA without the variable resistor RS, or if the adjustment in
item (m) cannot be done sufficiently even if R5 is mounted, refer

to item (j) of "General method".
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4-4-8. Check of Read Level
(A) Equipment
(1) Level disk
(2) SKA or user's system
(3) Oscilloscope (not required when the SKA is used)
{B) Check procedure
(1) General method
(a) Use two channels of an oscilloscope and connect them to TP9 and TP10
(Differentiation amp.) on the PCBA MFD control.
Oscilloscope range : AC mode, 0.5V
Set both channels, 1 and 2 to the above range. Set either of the
channels to Invert mode and ADD both channels.
(b) start the spindle motor and install a level disk.

{c) Make the head move to the innermost track.

(d) Execute 2F write operation for one rotation of the disk (250KHz of
WRITE DATA frequency).

(e} Measure the average amplitude (Vp-p) of the read waveform as in

Fig.423.

(f) Calculate the read level by substituting the following expression
with the measured value in item (e) and READ LEVEL calibration

value (see level disk label)

100

Read level {true value) = Measured value X ————MmM ——————————
Calibration value
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TP9,TP10 (ADD

(Fig.423) Measurement of average read level (2F)

(g) Confirm that the true value of the read level is within the following

range.

Innermost track read level : 1.4Vp-p, Min.

(h) For a double sided FDD, execute items (d) through (g) for the side 0

and the side 1 heads respectively.

(i) If the value in item (g) or (h) is out of the specified range,

following causes are assumed.

i) Inferior disk:
Disk and/or jacket is deformed or damaged. Replace the level disk
with a new one.

ii) Abnormal disk rotational speed:
Check and adjust according to item 4-4-5.

iii) Inferior head touch:

Check and adjust according to item 4-4-6.

iv) Inferior head:

Replace the head carriage Ass'y according to item 4-5-1.

v) Inferior PCBA MFD control:

Replace the PCBA MFD control according to item 4-5-6.

(k) Eject the level disk and release the Invert and ADD modes of the

oscilloscope.

- 4061 -




Tandy 1000 Technical Reference Manual

(2) SKA method

(a)

(b)

{c)

(d4)

(e)

(f)

(9)

(h)

(i)

(3

(k

Connect the SKA referring to item 4-2-4 and set the FD PWR switch
to the PSA side.

Start the spindle motor by key "5". (MON indicator turns on).

Install a level disk.

Execute drive select by key "O". (DSO indicator turns on).

Key in "CO" and confirm that the TRACK indication becomes "00".
(RECALIBRATE)

Key in "Cl". (SEEK TMAX)

Key in "D7". (WRITE/READ LEVEL DIF 2F}
Calibration value of the level disk should be set previously in the
SKA.

Confirm that the DATA indicator [(TT1] (mVo-p) indicates the value
within the following range.

Innermost track read level : 700mVo-p, Min.

For a double sided FDD, depress key "4" and execute items (g} and (h)
for the side 0 and the side 1 heads respectively. The side is changed
alternately by a depression of "4" key. If the side 1 is selected,

SIDE 1 indicator of the SKA turns on.

If the value in item (h) or (i) is out of the specified range, refer

to item (i) of "General method".

Eject the level disk.
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4-4-9. Check of Resolution

(A) Equipment

(1) Level disk

(2) SKA or user's system

(3) Oscilloscope (not required when the SKA is used)

(B) Check procedure

(1) General method

(a)

(b)

(c)

(d)

(e

(g

(h)

Use two channels of an oscilloscope and connect them to TP7 and TP8
(Pre-~amp.) on the PCBA MFD control.

Oscilloscope range : AC mode, 50mV v 0.1V

Set both channels, 1 and 2 to the above range. Set either of the

channels to Invert mode and ADD both channels.

Start the spindle motor and install a level disk.

Make the head move to the innermost track.

Execute 1F write operation for one rotation of the disk (125KHz of

WRITE DATA frequency).

Measure the average amplitude (V1F) as in Fig.424.

Execute 2F write operation as in item (d) (double in frequency to

that in item (d)}.

Measure the average amplitude (V2F) as in Fig.424.

Calculate the resolution by substituting the following expression with
the measured values VIF, V2F, and RESOLUTION calibration value (see
level disk label).
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TP7,TP8 (ADD) 1F V2F

1F 2F

(Fig.424) Measurement of resolution

Resolution (true value) = V2F/VIF x 100/Calibration value (%)

(i) Confirm that the true value is within the following range.

Innermost track resolution: 55%, Min.

(j) For a double sided FDD, execute items (d) through (i) for the side 0

and the side 1 heads respectively.

(k) If the value in item (i) or (j) is out of the specified range,

following causes are assumed.

i) Inferior disk:
Disk and/or jacket is deformed or damaged. Replace the level
disk with a new one.
ii) Inferior disk rotational speed:
Check and adjust according to item 4-4-5.
iii) Inferior head touch:
Check and adjust according to item 4-4-6.
iv) Inferior head: Replace the head carriage Ass'y according to item
4-5-1.
v) Inferior PCBA MFD control:

Replace the PCBA MFD control according to item 4-5-6.

(L) Eject the level disk and release the Invert and Add modes of the

oscilloscope.
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(2) SKA method

(a)

(b)

(c

(d)

(e)

(£)

(9)

(h)

(i

(3)

(k

Connect the SKA referring to item 4-2-4 and set the FD PWR switch
to the PSA side.

Start the spindle motor by key "5". (MON indicator turns on).

Install a level disk.

Execute drive select by key "0". (DSO indicator turns on).

Key in "CO" and confirm that the TRACK indication becomes "00".
(RECALIBRATE)

Key in "Cl1". (SEEK TMAX)

Key in "D8". (RESOLUTION)
The calibration value of the level disk should be set previously in

the SKA.

Confirm that the DATA indicator [T 1] (%) indicates the value
within the following range.

Innermost track resolution: 55%, Min.

For a double sided FDD, depress key "4" and execute items (g) and (h)
for the side 0 head and the side 1 head respectively. The side is
changed alternately by a depression of "4" key. If the side 1l is

selected, SIDE 1 indicator of the SKA turns on.

If the value in item (h) or (k) is out of the specified range, refer

to item (k) of "General method".

Eject the level disk.
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4-4-10. Check and Adjustment of Track Alignment
(A) Equipment

(1) Cross point screwdriver, M3
(2) Common screwdriver, medium
(3) Alignment disk

(4) \SKA or user's system

(5) Oscilloscope

{6) Hygrometer.

(7) Locking paint
(B) Check and adjustment procedure

Note: Check and adjustment of track alignment should be done in an
environment of general room temperature and humidity. Even if the
environmental condition is within the specified operational condition,
extreemly High or low temperature, or extreemly high or low humidity
should be avoided. Check and adjustment should be done after two
hours, Min. of storing in the above mentioned condition.

It is recommended that the orientation of the FDD for the track
alignment check is the same as when the FDD is actually installed

in the user's system.
(1) General method

(a) Use two channels of an oscilloscope and connect them to TP9 and TP10
(Differentiation amp.) on the PCBA MFD control. Also connect
the external trigger of the oscilloscope to TP4 (Index) and apply
positive trigger.
Oscilloscope range : AC mode, 0.5V, 20msec
Set both channels, 1 and 2 to the above range. Set either of the

channels to Invert mode and Add both channels.
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(b) Start the spindle motor and install an alignment disk.

(c)

(d)

Set the head to the alignment check track.

Alignment check track: track 16

Confirm that two lobe patterns as in Fig.425 can be observed (it is
not necessary that the levels of VA and VB are equal).

If only one lobe pattern can be observed or if two lobes become one
pattern, the head is not on the alignment check track.

In such event, execute step-out or step-in operation for 2 tracks

space to obtain the most similar waveform to that in Fig.425.

Note: The above number of tracks to be stepped is required to make the

(e)

(f)

alignment track position be fit with the magnetized condition of
the basic magnetized phase "A" of the stepping motor. If the
stepped track numbers are inassured, set it again from track 00
(TRACK 00 output signal becomes TRUE).

For the FDD, the lobe pattern as in Fig.425 should be observed
at the track of even number.

After one or several step-outs from the check track, step in the

head to the check track again and measure VA and VB at that time.

Calculate the true value of misalignment by substituting the value
in item (e) and ALIGNMENT calibration value (see alignment disk label,

attention to the side).

VA-VB

Misalignment (true value) Larger value in VA & VB

x100

- Calibration value) - (Relative humidity - 50) x K

K is humidity compensation factor.
K = 0.26
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Va Vs

(Fig.425) Alignment check lobe pattern

e.g. VA=0.58v, VB=0.61V, Calibration value= -6(%),
Relative humidity=65%

{ 0.58 - 0.61
0.61
x0.26 = -2.8%

Misalignment (true value) = x 100-(-6)} - (65-50)

If the calculated value is positive, the magnetic head is shifted
inward from the reference position, while the head is shifted outwarad

from the reference position when the value is negative.

{(g) Conversely, measure VA and VB when the head is on the alignment check

track by stepping-out after one or several step-ins.
(h) Calculate the true value of misalignment as described in item (f).
(i) Confirm that both of the calculated values in items (f) and (h) are
within the following range.

True value of misalignment: 30%, Max.

(j) For a double sided FDD, execute items (c) through (i) for the side 0

and the side 1 heads respectively.

(k) If the value in item (i) or (j) is out of the specified range, adjust

the track alignment according to the following procedure:

i) Loosen two fixing screws of the stepping motor a little.
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ii) Insert a common screwdriver from the back side of the FDD as
shown in Fig.426 and depress it to the geared area of the stepping
motor.

iii) Repeat step-in and step-out operations and adjust the misalignment
to be the smallest on the alignment check track during both
step-in and step-out operations by the screwdriver (stepping

motor moves little by little).

Note: When you adjust the alignment by observing the lobe pattern
using the oscilloscope, pay attention to the calibration value

on the alignment disk label and the ambient relative humidity.

(@ calibration value + (Relative humidity - 50) x K > O:
When the left side lobe pattern level, VA is assumed as "1",
lobe pattern ratio should be so adjusted that the right side

lobe pattern level VB takes the following value:

Calibration value + (Relative humidity - 50) x K
100

(@ calibration value + (Relative humidity - 50) x K < O:
when the right side lobe pattern level, VB is assumed as "1",
lobe pattern ratio should be so adjusted that the left side

lobe pattern level VA takes the following value.

Calibration value + (Relative humidity -50) x K
100

Calibration value = -6%, Relative humidity = 35%

]
[Te]

-6+(35-50)x0.26 = -9.9 < O

_ ., =6+(35-50)x0.26 _
VA = 1- -3 0.90

iv) For a double sided FDD, repeat the adjusting operation in item

iii) alternately for the side O and the side 1 heads unitl the both
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misalignment take the smallest value.

v

Tighten the two fixing screws of the stepping motor little by little
for adjusting the true value of misalignment after tightening
the screws with the following specified torque to be within +20%.
stepping motor fixing torque: 9Kg.cm

vi) Remove the alignment disk.
vii) Apply a drop of locking paint to the head of the stepping motor

fixing screws.

viii) Check and adjust the track 00 sensor according to item 4-4-11.

ix) Check and adjust the track 00 stopper according to item 4-4-12.

(L) Release the Invert and Add modes of the oscilloscope.
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Stepping motor

2-Stepping motor fixing screws

Common screwdriver

\ -

{Fig.426) Adjustment of track alignment
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(2) SKA method

(a)

(b)

(c)

(d)

(e)

(g)

(h)

(1)

Connect the SKA referring to item 4-2-4 and set the FD PWR switch
to the PSA side.

Use two channels of an oscilloscope. Connect the lst channel to the
DOUT terminal of the SKA and the 2nd channel to the DIF terminal of
the SKA. Apply positive trigger by DOUT terminal
Oscilloscope range

The lst channel: DC mode, 2V, 20msec

The 2nd channel: AC mode, 1V, 20msec

Key in "B9F" (INDEX observation)

Start the spindle motor by key "5". (MON indicator turns on).

Install an alignment disk.

Execute drive select by key "O0". (DSO indicator turns on).

Key in "CO" and confirm that the TRACK indicator becomes "00".
(RECALIBRATE)

Set the head to the alignment check track.

Key in "C2 16" and confirm that the TRACK indication becomes "16".

Confirm that two lobe patterns as in Fig.425 can be observed by the
oscilloscope (it is not necessary that the levels of VA and VB are
equal) .

If only one lobe pattern can be observed or if two lobes become one
pattern, the head is not on the alignment check track.

In such event, execute step-in or step-out operation for 2 track
space to obtain the most similar waveform to that in Fig.425. Step

operation can be done by key "8" (STEP-IN) and key "9" (STEP-OUT).
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By a depression of these keys, head will move for one track space.

Note: The above number of tracks to be stepped is required to make the

(3)

(k)

(L)

(m)

(n)

(o)

alignment track position be fit with the magnetized condition of
the basic magnetized phase "A" of the stepping motor.
For the FDD, the lobe pattern as in Fig.425 should be observed

at the track of even number.

Confirm that the H GAIN indicator of the SKA is off. 1If it is on,

turn it off by depressing "DD" key.

Key in "E3" (ALIGNMENT)
Calibration value of the alignment disk and environmental relative

humidity should be set previously in the SKA.

Confirm all the indications on the DATA [IIT1] (%) indicator are
within $30%,

The initial digit of the DATA indicator is the symbol. F (+) mark
indicates that the head is shifted inward from the reference position,

while - mark indicates that the head is shifted outward.

For a double sided FDD, execute the same check for the side 1 head

according to the following procedure.

i) Key in "0" following the operation of item (L) (during execution
of E3 command) and confirm that SIDE 1 indicator of the SKA turns
on.

ii) Confirm as in item (L).
Note: In order to change the head to side 0, key in "0" again.

(SIDE 1 indicator turns off).

Depress "F" key (STOP).

If the value in items (L) or (m) is out of the specified range, adjust
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the track alignment according to

i)

ii)

iii)

iv)

v)

vi)

vii)

viii)

ix)

the following procedure.

Loosen the two fixing screws of the stepping motor a little.

Ingsert a common screwdriver from the back side of the FDD as shown

in Fig.426 and depress it to the geared area of the steppint motor.

Key in "E3" and adjust the misalignment so that the DATA indicator

[ITT] (%) shows the smallest value. The stepping motor moves

little by little by the screwdriver.

For a double sided FDD, repeat the adjusting operation in item iii)

alternately for side O and side 1 heads until the both misalignment

take the smallest value.

Tighten the two fixing screws

of the stepping motor little by

little to obtain the value within $20% on the DATA indicator when

the screws are tightened with
Stepping motor fixing torque:
Remove the alignment disk.
Apply a drop of locking paint
motor fixing screws.

Check and adjust the track 00
Check and adjust the track 00

(p) Release the Invert and Add modes

the following specified torque.

9Kg.cm.

to the screw head of the stepping

sensor according to item 4-4-11.

stopper according to item 4-4-12.

of the oscilloscope.
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4-4-11. Check and Adjustment of Track 00 Sensor
(A) Equipment

(1) Common screwdriver, M3

{2) Work disk

(3) Alignment disk

(4) SKA or user's system

(5) Oscilloscope (or digital voltmeter)

(6) Locking paint
(B) Check and adjustment procedure

(1) General method

(a) Use two channels of an oscilloscope and connect them as follows:

i) The 1lst channel: STEP interface signal (pin No.20) or PCBA MFD
control U4, pin 5.
ii) The 2nd channel: PCBA MFD control TPl (Track OO sensor).
1V range
iii) External trigger: DIRECTION SELECT interface signal (pin No.18)
or PCBA MFD control U4, pin 11.
(+) trigger

(b) Start the spindle motor and install a work disk.
(c) Make the head move to track 00.

(d) Confirm that the timings tA and tB of the Track 00 sensor signal (TPl)
is within the following range when the DIRECTION SELECT (trigger
signal) and the STEP signal (6éms interval) as shown in Fig.427 is
supplied.
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TP1 tA: 3.1 * 5.4msec
TPl tB: 0 v 5.Bmsec

(e) If the value in item (d) is out of the specified range, adjust the

position of the track 00 sensor according to the following procedure.

i

Loosen the fixing screw of the track 00 stopper (see Fig.429 and
shift the stopper in the step-out direction (make apart from the
rear side of the head carriage).
ii) Connect an oscilloscope to TP9 or TP1l0 (Differentiation amp.)
of the PCBA MFD control.
Oscilloscope range: AC mode, 0.2V, 20msec
iii) Install an alignment disk. The track alignment should be adjusted
correctly according to item 4-4-10.
iv) Make the head move to the position where the lobe pattern as in
Fig.425 can be observed.
v) Remove the alignment disk.
vi) Step out the head for 16 tracks' space. (The head moves to track
00).
vii) Change the connection of the oscilloscope as item (a).
viii) Loosen the fixing screws of the track 00 sensor (see Fig.428)
and move the sensor a little so that the timing tA in Fig.427 falls
within the following range.
Adjusting target of TPl tA: 3.4 v 4.6msec
ix) Repeat the adjustment of the track 00 sensor position so that the
value in item viii) satisfy the specification when the screw has
been tightened with the specified torque.
x) Apply a drop of locking paint on the fixing screw head.
xi) Adjust the track 00 stopper according to item 4-4-12.
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DIRECTION SELECT Step-out _
(External trigger) J | Step-in
3 4 5 1 2 3 4 5
SKA DOUT L1 S |
6éms 21lms J
1
TPl (Track 00 sensor)
ta tB

Track 00 detection]

(Fig.427) Track 00 sensor waveform

Track 00 sensor

Track 00 sensor fixing screw

Head carriage Ass'y

(Fig.428) Adjustment of track 00 sensor

- 4077 -




Tandy 1000 Technical Reference Manual

(2) SKA method

(a)

(b)

Connect the SKA referring to item 4-2-4 and set the FD PWR switch
to the PSA side.

Use two channels of oscilloscope and connect them as follows:

i) The lst channel: SKA DOUT terminal
DC mode, 5V, 1Omsec

ii) The 2nd channel: PCBA MFD control TPl (Track 00 sensor), 1V range

iii) External trigger: DIRECTION SELECT interface signal (Interface

(c)

(Q)

(e)

(£f)

(9)

(h)

(i)

(3

connector pin No.18) or Pin 3 of J3 (resistor
network RAl for texminator) on the PCBA MFD
control.
(+) trigger.
Key in "B8 F". (STEP observation)
Start the spindle motor by key "5". (MON indicator turns on).
Install a work disk.
Execute drive select by key "0". (DSO indicator turns on).
Set the step rate and the settling time as follows referring to item
4-2-4-3.
Step rate : 6msec
Settling time : l5msec
Key in "CO" and condirm that the TRACK indicator becomes "00".
Key in "C5". (TOO TIMING, SEEK 15)

Measure the tA and tB timings according to Fig.427 and confirm the
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(x)

(m)

timings are within the following range:
tA: 3.1 Vv 5.4msec

tB: 0 v 5.8msec

Key in "F". (STOP)

Turn the FD PWR switch of the SKA off at the track 00 position and
then set it again to the PSA side. Confirm that the stop position

of the head carriage did not change at power off and on.

If the value in item (j) or (L) is out of the specified range, adjust
the position of the track 00 sensor according to the following

procedure.

i) Loosen the fixing screw of the track 00 stopper (see Fig.429) and
shift the stopper in the step-out direction (make apart from the
rear side of the head carriage).

ii) Connect the 2nd channel of the oscilloscope to TP9 or TP1O
(Differentiation amp.) of the PCBA MFD control and change the
trigger to this channel.

Oscilloscope range: AC mode, 0.2V, 20msec

iii) Install an alignment disk. The track alignment should be correctly

adjusted according to item 4-4-10.

iv) Key in "CO" and confirm that the track indicator becomes "00".
(RECALIBRATE) .

v) Key in "C2 16" and confirm that two lobe patterns as in Fig.425
can be observed.
If normal lobe pattern cannot be observed, move the head to the
track position where the typical lobe pattern can be observed by
stepping in by key "8" or by stepping out by key "9".

vi

Remove the alignment disk.

vii) Key in "E4 16". (SET TRACK NUMBER)

viii) Key in "C2 00". (SEEK 00)

Don't key in "CO". (RECALIBRATE)
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ix)
x})

xi)

xii)

xiii)

xiv)

Change
Key in
Loosen
adjust

within

the connection of the oscilloscope as in item (b).

"C5". (TOO TIMING SEEK #5)

the fixing screw of the track 00 sensor (see Fig.428) and
the sensor position so that the timing tA in Fig.427 falls

the following range.

Adjusting target of tA: 3.4 ~ 4.6msec

Repeat

the adjustment so that the values in item xi) fall within

the specified range when the fixing screw has been tightened with

the specified torque.

Apply a drop of locking paint to the fixing screw head.

Adjust

the track 00 stopper according to item 4-4-12.
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4-4-12. Check and Adjustment of Track 00 Stopper

(A) Equipment

(1) Cross point screwdriver, M3

(2) SKA or user's system

(3) Locking paint

(B) Check and adjustment procedure

(1) General method

(a)

(b)

(c)

(@)

(e)

(£)

(9)

(h)

Set the head to track 00.

Step out the head from the track 00 position.

Confirm that the head carriage does not move by the step-out command

(head carriage rests on track 00).

Confirm that the gap between the head carriage and the extreme end

of the track 00 stopper is 0.1 ~ 0.4mm. (See Fig.429).

Repeat step-in and step-out operations between track 00 and track O05.
Confirm that no impact sound can be heard between the head carriage

and the track 00 stopper.

Turn off the FDD power and depress the head carriage lightly against

the track 00 stopper with fingers.

Confirm that the head carriage automatically returns to the initial

position (track 00) when the power is turned on again.

If any one of the items {(d), (e), and (g) is not satisfied, adjust

the track 00 stopper position according to the following procedure.
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Track 00 stopper
fixing screw

Head carriage Ass'y

Track 00 stopper

(Fig.429) Adjustment of track 00 stopper

i) Set the head to track 00.
ii) Loosen the fixing screw of the track 00 stopper. (See Fig.429).
iii) Adjust the stopper position so that the gap between the stopper
and the head carriage becomes 0.25mm, approx. And then tighten
the screw with the specified torque.
iv) Execute items (a) through (g).

v) Apply a drop of locking paint on the fixing screw head.
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(2) SKA method

(a)

(k)

(c)

(d)

(e

(f)

(g

(h)

(i

-

(§)

(k)

Connect the SKA referring to item 4-2-4 and set the FD PWR switch to
the PSA side.

Execute drive select by key "0". (DSO indicator turns on).

Key in "CO" and confirm that the TRACK indicator becomes "00".
(RECALIBRATE) .

Set the step rate and the settling time as follows referring to item
4-2-4-3.
Step rate : 6msec

Settling time : 1l5msec
Key in "9". (STEP OUT)

Confirm that the head carriage does not move even if "9" is keyed in

(head carriage rests on track 00).

Confirm that the gap between the head carriage and the extreme end

of the track 00 stopper is 0.1 ~ 0.4mm. (See Fig.429).
Key in "CO" and key in "C5". (STEP TIMING, SEEK %5)

Confirm that no impact sound can be heard between the head carriage

and the track 00 stopper.

Turn off the FD PWR switch of the SKA and depress the head carriage
lightly against the track 00 stopper.

Confirm that the head carriage automatically returns to the initial
position (track 00) when the FD PWR switch is set to the PSA side

again.
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(L) If any one of the items (g), (i), and (k) is not satisfied, adjust

the track 00 stopper position according to the following procedure.

i) Key in "CO" and confirm that the TRACK indicator becomes "00"
(RECALIBRATE)
ii) Loosen the fixing screw of the track 00 stopper. (See Fig.429).
iii) Adjust the stopper position so that the gap between the stopper
and the head carriage becomes 0.25mm, approx.
And then tighten the screw with the specified torque.
iv) Execute items (a) Vv (k).

v) Apply a drop of locking paint on the fixing screw head.
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4-4-13. Check and Adjustment of Index Burst Timing
(A) Equipment
(1) Cross point screwdriver, M3
(2) Alignment disk
(3) SKA or user's system
(4) Oscilloscope (not required when the SKA is used)
(5) Locking paint
(B) Check and adjustment procedure
(1) General method
(a) Use two channels of the oscilloscope. Connect the lst channel to TP4
(Index) on the PCBA MFD control and the 2nd channel to TP7 or TP8
(Pre-amp.). Apply positive trigger by TP4.
Oscilloscope range
The 1lst channel: DC mode, 2V, 50usec
The 2nd channel: AC mode, 1V, 50usec
(b) Start the spindle motor and install an alignment disk.
(c) Set the head to track Ol.

(d) Measure "t" in Fig.430.

(e) Substitute the following equation with the measured value in item

(d) and INDEX TIMING calibration value (see alignment disk label).

Index burst timing (true value) = Measured value ~ Calibration value(us)
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TP4 (Index) ] ‘

TP7 or TP8 —{

t Index burst delay

(Fig.430) Index burst timing

(f) Confirm that the true value of the index burst timing is within the
following range.

Index burst timing : 200*200usec

(g) If the value in item (f) is out of the specified range, adjust the

index sensor Ass'y position according to the following procedure.

i) Loosen the fixing screws (see Fig.431) of the PCBA index sensor
and adjust its position to make the true value of the index burst
timing gall in the specified range in item (f).

ii) Repeat the adjustment so that the true value of the index burst
timing falls in the range of item (f) when the fixing screw has
been tightened with the specified torque.

iii) Apply a drop of locking paint on the fixing screw head.

(h) Remove the alignment disk.
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PCBA index sensor
fixing screw

PCBA index sensor

(Fig.431) Adjustment of index sensor
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(2) SKA method

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

(3)

Connect the SKA referring to item 4-2-4 and set the FD PWR switch
to the PSA side.

Start the spindle motor by key "5". (MON indicator turns on).

Install an alignment disk.

Execute drive select by key "0". (DSO indicator turns on).

Key in "CO" and confirm that the TRACK indicator becomes "00"
(RECALIBRATE)

Set the head to the index check track.

Key in "C2 01" and confirm that the TRACK indication becomes
"o1".

Key in "E6". (INDEX TIMING)
The calibration value of the index timing should be set previously

in the SKA.

Confirm that the DATA indicator [IT1] (us) indicates the value within

the following range.

Index burst timing: 200:200usec

Key in "“F". (STOP)

If the value in item (h) is out of the specified range, adjust the

index sensor Ass'y position according to the following procedure.

i) Loosen the fixing screws (see Fig.431) of the PCBA index sensor

and its position so that the DATA indication under execution shows

the median value in the specified range of item (h).
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ii) Repeat the adjustment so that the DATA indication takes the median

value when the fixing screw has been tightened with the specified

torque.
iii) Depress "F" key. (STOP).

iv) Apply a drop of locking paint on the fixing screw head.

(k) Remove the alignment disk.
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4-5. MAINTENANCE PARTS REPLACEMENT

4-5-1. Replacement of Head Carriage Ass'y

(A) Tools

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

Cross point screwdriver, M3

Cross point screwdriver, M2.6
Hexagon wrench key, 1l.5mm

Box screwdriver for hexagon nut, M3
A pair of tweezers

Lubricant, Kantoh Kasei 946P
Alcochol and gauze (several sheets)
Locking paint

SKA or user's system

(B) Replacement procedure

(1)

(2)

(3)

(4)

(6)

Turn the front lever (Fig.505, No.42) to close position and remove

the fixing screw (Fig.505, Sl1).

Turn the front lever to open position and draw out the front lever

Ass'y.

Remove the fixing screws (Fig.505, S5) of the front bezel Ass'y (Fig.
505, No.41) to remove the Ass'y.

Remove the fixing screw (Fig.505, S1) of the cord clamper to remove

the clamper (Fig.505, No.39).

Remove two fixing screws (Fig.505, S1) of the shield cover (Fig.505,

No.44) to remove the cover.

Remove three fixing screws (Fig.505, No.37 and S1) of the PCBA MFD

- 4090 -




Tandy 1000 Technical Reference Manual

control (Fig.505, No.35) and lift it up.

(7) Disconnect all of the connectors mounted on the PCBA MFD control and

remove the PCBA.

(8) Pull out the head cable from the disk guide U-groove and cable
clamper and draw it out to the head carriage Ass'y (Fig.505, No.l13)

side.

(9) Holding the top of the band fixing plate B (Fig.505, No.l7) and the
head carriage Ass'y with your fingers to release the hook of the steel

belt (Fig.505, No.19) and the band fixing plate B.

(10} Pull out the band fixing plate B and the band spring (Fig.505, No.18)

at the same time from the head carriage Ass'y.

(11) Separate the steel belt from the hook of the band fixing plate A
(Fig.505, No.l16) to remove the band fixing plate A from the head
carriage Ass'y.

When removing the band fixing plate A from the head carriage, it will
be removed easily if it is shifted toward the front bezel side and then

drawn out in a right angle.

(12) Remove the belt fixing screw (Fig.505, S8) on the capstan of the stepping
motor Ass'y (Fig.505, No.l12) and then remove the band washer (Fig.505,
No.20) and the steel belt.

(13) Remove one of the two guide shaft clips (Fig.505, No.l15) which fix the

guide shafts. The clip for the rear side one should be removed.

(14) Draw out two guide shafts (Fig.505, No.l4) toward the rear of the FDD
and remove them from the fixing area of the front side chassis (Fig.505,
No.l).

Then remove the head carriage Ass'y with two guide shafts and the front
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side clip. Refer to Fig.432.

(15) praw out two shafts from the head carriage and remove the front guide
shaft clip.

(16) Prepare a new head carriage Ass'y and two guide shafts for installation.

Note:

(17) Apply specified lubricant to the surface of one guide shaft.

When replacing the head carriage Ass'y, jeplace the guide shafts
at the same time because of matching the hole diameter of the

carriage with that of the guide shaft. Guide shafts are to be

designated in combination with the head carriage Ass'y.
item 4-1-3, (2}).

(Refer to

Guide shaft which goes through the hole of the head carriage

smoothly with a little clearance is considered to be the best.

Then

install it again to the new head carriage as it was.

Note:

(18)

When applying the lubricant to the guide shaft, dip a piece of
gauze to the lubricant and wipe the shaft and then wipe it again

lightly with a dry and clean gauze.

The most appropriate quantity of the lublicant for the surface of
the shafts forms a thin oil coating.

Apply the lubricant to the another guide shaft and install it to the

new head carriage as it was.

(19)

(20) Attach the new head carriage Ass'y in item (19)

Attach the guide shaft clip to the front bezel side groove of the shafts.

in the reverse order of

items (13) and (14).

Note:

Pre-load is applied between the two guide shafts to make them

approach each other by the guide shaft clip in order to reduce the
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(21)

variety of the installation position of the head carriage Ass'y.
For installing the two guide shafts to the chassis, mount them with

pressure to separate them.

Install the steel belt (C) to the capstan of the stepping motor Ass'y

in the reverse order of item (12).

Note: If the surface of steel belt or capstan is smeared, clean it

(22)

(23)

(24)

(25)

(26)

(27)

(28)

carefully with alcohol and gauze.

Connect the steel belt to the head carriage Ass'y using the band fixing

plates A and B and band spring in the reverse order of items (9) through
(11) .

Tighten the fixing screw of the steel belt slightly to the stepping

motor Ass'y.

After moving the head carriage several times manually, tighten the steel
belt fixing screw carefully with the specified torque. At this time,

be careful that the belt is tensioned straightly. Pay attention not to

damage the surface of the belt or the capstan.
Form the head cable in the reverse order of items (4) and (6) through
(8) and attach the PCBA MFD control. Refer to item 4-2-3 as to the

details of the head cable treatment.

Loosen the fixing screw (Fig.505, S4) of the track 00 stopper (Fig.505,
No.6) and shift the stopper toward the rear side of the FDD.

Attach the front lever temporarily for the following check and

adjustment.

Make the head seek continuously between the track 00 and the innermost

track and confirm that the steel belt does not meander nor undulate.
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(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

When the SKA is used, key in "C6" for this check and key in "F" for
stop.

If the steel belt does meander or undulate, readjust the belt to run
straightly by the screw in item (12). After the adjustment, tighten
the screw carefully with the specified torque.

Check for the head touch according to item 4-4-6.

Check and adjust the asymmetry according to item 4-4-7. (Adjustment
is applied only for the FDD with the variable resistor, R5 on the
PCBA MFD control) .

Adjust the track alignment according to item 4-4-10.

Adjust the track 00 sensor position according to item 4-4-11.

Adjust the track 00 stopper position according to item 4-4-12.

Check and adjust the index burst timing according to item 4-4-13.
Check for the read level according to item 4-4-8.

Check for the resolution according to item 4-~4-9.

Attach the shield cover in the reverse order of item (5).

Remove the fixing screw of the front lever to remove the lever.

Attach the front bezel Ass'y and the front lever Ass'y in the reverse

order of items (1) through (3).
Adjust the front lever position according to item 4-4-2.

It is recommended to connect the FDD to the system for overall test.
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Refer to item 4-2-5 (1)).

- 4095 -




Tandy 1000 Technical Reference Manual

2-Guide shafts

Head carriage Ass'y

-Guide shaft clips

Band fixing plate A
Band fixing plate B

Band spring

Band washer

Stepping motor capstan

(Fig.432) Replacement of head carriage Ass'y
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4-5-2.

Replacement of Stepping Motor Ass'y and Steel Belt

(A} Tools

(1)
(2)
(3)
(4)
(5)
(6)
(7
(8)
(B)

(1)

(2)

(3}

(4)

(5)

(6)

Cross point screwdriver, M3
Cross point screwdriver, M2.6
Hexagon wrench key, 1.5mm

Box screwdriver for hexagon nut
A pair of tweezers

Alcohol and gauze

Locking paint

SKA or user's system

Replacement procedure

Remove the shield cover (Fig.505, No.44) by removing the two fixing

screws (Fig.505, Sl).

Lift the PCBA MFD control (Fig.505, No.35) by removing the three fixing
screws (Fig.505, No.37 and Sl1}.

Disconnect all the connectors mounted on the PCBA MFD control and remove

the PCBA.

Holding the top of the band fixing plate B (Fig.505, No.l17) and the
head carriage Ass'y with your fingers to release the hook of the steel

belt (Fig.505, No.19) and the band fixing plate B.

Pull out the band fixing plate B and the band spring (Fig.505, No.18)

at the same time from the head carriage Ass'y.
Separate the steel belt from the hook of the band fixing plate A
(Fig.505, No.16) to remove the band fixing plate A from the head

carriage Ass'y.
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7

(8)

(9)

(10)

When removing the band fixing plate A from the head carriage, it will
be removed easily if it is shifted toward the front bezel side and then

drawn out in a right angle

Remove the belt fixing screw (Fig.505, S8) on the capstan of the steppinc

motor Ass'y (Fig.505, No.12) and then remove the band washer (Fig.505,
No.20) and the steel belt.

Remove the stepping motor Ass'y by removing the fixing screws (Fig.505,
s4).

Install a new stepping motor Ass'y as it was.

Fix a new a-shape steel belt temporarily to the capstan of the new

stepping motor with the band washer and the screw in item (7).

Note: Fundamentally, the steel belt and the band spring should be replaced

(11)

(12)

(13)

(14)

with the stepping motor. However, if there is no inferior points
for these belt and spring, they may be used after cleaning the

surface carefully with alcohol and gauze.

Connect the steel belt and the head carriage using the band fixing plates

A and B and band spring in the reverse order of items (4) through (6).

After moving the head carriage several times manually, tighten the
steel belt fixing screw in item (10) carefully with the specified

torque. At this time,be careful so that the belt is tensioned straightl)

Pay attention not to damage the surface of the belt or the capstan.
Install the PCBA MFD control in the reverse order of items (2) and (3).
Loosen the fixing screw (Fig.S505, S4) of the track 00 stopper (Fig.505,

No.6) and shift the stopper toward the rear side of the FDD.
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(15) Make the head seek continuously between the track 00 and the innermost

(16)

(17)

(18)

(19)

(20)

track and confirm that the steel belt does not meander nor undulate.

when the SKA is used, key in "C6" for this check and key in "F" for

stop the operation.

If the steel belt meanders or undulates, readjust the belt to run

straightly-

by the screw in item (10). After the adjustment, tighten

the screw carefully with the specified torque.

Execute the continuous seek operation for five minutes.

When the SKA is used, key in "C6" and key in "F" for stopping the

operation.

Attach the

Adjust the

Adjust the

Adjust the

shield cover with two fixing screws.

track alignment according to item 4-4-10.

track 00 sensor position according to item 4-4-11.

track 00 stopper position according to item 4-4-12.
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4-5-3. Replacement of DD Motor Ass'y (Spindle motor)
(A) Tools

(1) Cross point screwdriver, M3
(2) A pair of tweezers
(3) Cutting pliers

(4) SKA or user's system
(B) Replacement procedure

(1) Remove the shield cover (Fig.505, No.44) by removing the two fixing
screws (Fig.505, S1).

(2) Disconnect the spindle motor connector (J7).

(3) Cut and remove the cable tie (Fig.505, No.40) for binding the wiring.

Throw away the removed cable tie.

(4) Draw out the PCB holder (Fig.505, No.38) which holds the PCBA servo
of the DD motor Ass'y (C) (Fig.505, No.7) from the chassis (Fig.505,
No.l).

(5) Remove three fixing screws (Fig.505, S2, S7) of the DD motor from the
upper side of the FDD and remove the DD motor Ass'y from the lower side

of the FDD.

(6) Install a new DD motor Ass'y in the reverse order of items (2) through
(5).

Notes: 1. The spindle area of the DD motor Ass'y (clamping cup of the disk)
is precisely machined. For installing the motor to the frame,
place the spindle in parallel to the frame and push into the

frame slowly. Handle the spindle very carefully not to damage
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(7)

(8)

(9)

(10)

(11)

(12)

(13)

the spindle surface.
2. Collar B (Fig.505, No.5) is attached to the screw of the disk
insertion side. Confirm that the collar B is not taken out in

the process of tightening the screw.

Adjust the collet shaft plate (Fig.505, No.29) position according to
item 4-4-1.

Bind ‘a new bundle of cables to the chassis made of DD motor cable,

TOO sensor Ass'y cable, and front OPT Ass'y cable using a new cable tie.
Check for the file protect sensor according to item 4-4-4.

Check or adjust the disk rotation speed according to item 4-4-5.
(Adjustment is applied only for the motor with the variable resistor,

Rl on the PCBA DD motor servo).

Check and adjust the track alignment according to item 4-4-10.

Check and adjust the index burst timing according to item 4-4-13.

Attach the shield cover in the reverse order of item (1).
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4-5-4. Replacement of Collet Ass'y
(A) Equipment
{1) Cross point screwdriver, M3
(2) A pair of tweezers
(3) Locking paint
(4) SKA or user's system

(B) Replacement procedure

(1) Remove the shield cover (Fig.505, No.44) by removing the two fixing
screws (Fig.505, S1).

(2) Remove the collet shaft plate Ass'y (Fig.505, No.29 by removing two
fixing screws (Fig.505, S3).

Note: For the drive with eject Ass'y (Option), remove the hooks of the
eject spring A and eject spring B from the collet shaft plate.

Then remove the collet shaft plate Ass'y.

(3) Pull out the collet Ass'y (Fig.505, No.30) from the U-groove of the

clamp spring (Fig.505, No.27) to remove it.

(4) Install a new collet Ass'y in the reverse order. For installation at

this step screw the collet shaft plate Ass'y temporarily.

(5) Adjust the collet shaft plate position according to item 4-4-1.

(6) Check and adjust the track alignment according to item 4-4-10.

7

Attach the shield cover in the reverse order of item (1).
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4-5-5.

Replacement of PCBA TOO Sensor

{A) Tools

(1)
(2)
(3)
(4)
(5)
(6)

Cross point screwdriver, M3
Cross point screwdriver, M2
A pair of tweezers

Cutting pliers

Locking paint

SKA or user's system

(B) Replacement procedure

(1)

(2)

(3)

(4)

(5)

(6)

(7

(8

Disconnect the track 00 connector (J4).

Cut and remove the cable tie (Fig.505, No.40) for binding the wiring.

Throw away the removed tie.

Remove the PCBA T0O sensor (Fig.505, No.9) by removing the fixing
screw (Fig.505, S10).

Install a new PCBA TOO sensor in the reverse order of item (1) through
(3).

Loosen the fixing screw (Fig.505, S6) of the T0OO bracket (Fig.505, No.8)
and shift it toward the rear side of the FDD.

Loosen the fixing screw (Fig.505, S4) of the track 00 stopper (Fig.505,

No.6) and shift it toward the rear side of the FDD.
Adjust the track 00 position sensor according to item 4-4-11.

Adjust the track 00 stopper position according to item 4-4-12.
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4-5-6. Replacement of PCBA MFD Control (C)
(A) Tools
(1) Cross point screwdriver, M3
(2) Box screwdriver for hexagon nut, M3
(3) SKA or user's system
(B) Replacement procedure

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

Remove the shield cover (Fig.505, No.44) by removing two fixing screws

(Fig.505, S1).

Remove three fixing screws of the PCBA MFD control (Fig.505, No.35)
and lift up the PCBA.

Disconnect all of the connectors mounted to the PCBA MFD control and

remove the PCBA.

Install a new PCBA MFD control in the reverse order of items (2) and (3).

Set the straps as they were on the old PCBA.

Check and adjust the asymmetry according to item 4-4-7. (Adjustment is

applied only for the PCBA MFD control with the variable resistor, RS.

Check for the read level according to item 4-4-8.

Check for the resolution according to item 4-4-9.

Check for the track 00 sensor according to item 4-4-11.

Attach the shield cover in the reverse order of item (1).
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(11) It is recommended to connect the FDD to the system for overall test.

(Refer to item 4-2-5, (1}).
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4-5-7. Replacement of Front OPT Ass'y

(A) Tools

(1) Cross point screwdriver, M3

(2) Hexagon wrench key, 1l.5mm

(3) Box screwdriver for hexagon nut, M3
(4) Cutting pliers

(5) Locking paint

(6) SKA or user's system

(B) Replacement procedure

(1) Turn the front lever (Fig.505, No.42) to close position and remove the
fixing screw (Fig.505, S11).

(2) Turn the front lever to open position and draw out the front lever Ass'y.

(3) Remove the front bezel Ass'y (Fig.505, No.4l) by removing two fixing
screws (Fig.505, S5).

(4) Remove the shield cover (Fig.505, No.44) by removing two fixing screws

(Fig.505, S5).

(5) Cut and remove the cable tie (Fig.505, No.40) for binding the wiring.

Throw away the removed tie.

(6) Disconnect the front OPT connector (J5).

(7) Draw out the cable from the space between the chassis (Fig.505, No.l)
and the PCBA DD motor servo and then draw it out from the U-groove of
the disk guide (Fig.505, No.3).

(8) Remove two separate fixing screws (Fig.505, S1 and S5) of the front OPT
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(9)

(10)

(11)

(12)

(13)

(14)

Ass'y (Fig.505, No.34) to remove the Ass'y.

Install a new front OPT Ass'y in the reverse order of item (6) through
(8).

Check for the file protect sensor according to item 4-4-4.
Adjust the index burst timing according to item 4-4-13.
Form the cables as they were using a new cable tie.
Attach the shield cover in the reverse order of item (4).

Attach the front bezel Ass'y and the front lever Ass'y in the reverse

order of items (1) through (3).

(15) Adjust the front lever position according to item 4-4-2.
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4-5-8. Replacement of Head Pad (Single sided only)
This item applies only to the single sided FDD.
(A) Tools

(1) A pair of tweezers

(2) Alcohol and gauze

(B) Replacement procedure

(1) Remove the shield cover (Fig.505, No.44) by removing two fixing screws
(Fig.505, s5).

(2) Lift up the pad arm manually and peel the pad carefully with a pair of
tweezers, (See Fig.433).

(3) Apply a new pad to the initial position. Be careful not to press the

pad surface strongly.

(4

Clean the magnetic head surface according to item 4-3-2.

(5) Adjust the head pad position according to item 4-4-6.

(6) Check for the read level according to item 4-4-8.

(7) Check for the resolution according to item 4-4-9.

(8) Attach the shield cover in the reverse order of item (1).
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Pad ram

Head carriage Ass'y
(Single sided)

(Fig.433) Replacement of head pad
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4-5-9, Replacement of Front Bezel Ass'y

(A) Tools

(1) Cross point screwdriver, M3

(2) Hexagon wrench key, 1.5mm

(B) Replacement procedure

(1) Turn the front lever (Fig.505, No.42) to close position and remove a
fixing screw (Fig.505, S11).

(2) Turn the front lever to open position and draw out the front lever

Ass'y.

(3) Remove the fixing screws (Fig.505, S5) of the front bezel Ass'y (Fig.
505, No.41) and draw out the front bezel.

(4) Install a new front bezel Ass'y in the reverse order of item (2) and
(3).

Note: For the installation of the front bezel, be sure to hold the four
installation and support arms of the upper and the lower chassis
(Fig.505, No.l and No.2l) and press the longitudinal sides of the
bezel against the chassis and tighten the fixing screws with the

specified torque.

(5) Adjust the front lever position according to item 4-4-2.
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4-5-10. Replacement of Front Lever Ass'y
(A} Tools
(1) Hexagon wrench key, 1.5mm

(B) Replacement procedure

(1) Turn the front lever (Fig.505, No.42) to close position and remove a

fixing screw (Fig.505, S11).

(2

Turn the front lever to open position and draw out the front lever

Ass'y.
(3) Install a new front lever Ass'y in the reverse order.

Note: For installation of the front lever Ass'y, match the slot of the

lever to the pin of the lever shaft.

(4) Adjust the front lever position according to item 4-4-2.

- 4111 -




Tandy 1000 Technical Reference Manual




Tandy 1000 Technical Reference Manual

SECTION 5

DRAWINGS & PARTS LIST
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5~1. CONFIGURATION

Following shows the configuration of the main parts of FD-54. (Refer to

Fig.501 Fig.504), Refer to items 5-2 and 5-3 as to detailed break

-downs.

—Chassis
|— Upper chassis Ass'y
—DD motor Ass'y (C) {(Spindle motor)
— Transport ————+— Stepping motor Ass'y (C}
|—Clamp cam Ass'y (C)
| ~Collet Ass'y (C)
—PCBA T0O sensor (C)
FD-54 — |—Bail Ass'y
|~ CSS Ass'y (C) (Double sided only)
|—Front bezel Ass'y
[:Front lever Ass'y (C)
Steel belt (C}

|—Head carriage Ass'y
—PCBA MFD control (C)

—Front OPT Ass'y (C)

LOption - Eject Ass'y (C)

(Table 501) Main parts configuration of FD-54
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PCBA fixing
screw

PCBA MTD control

PCBA fixing screws

J2 (Power)

Insulation 1
sheet

Front bezel

Front lever

fixing screw

Jl{Signal interface

\—ﬁt card edge)

\
K \‘ W\ ) _
// i
’\/-O hi) /\'
e ——

Front leve
Ass'y \Protection sheet
A ", \ v
Z P WD e QP
1(\T P\ ’ﬁ‘-F‘

7
i/
\

Frame ground

Upper chassis terminal

N
J6(Stepping motor) i

J5 (Front OPT)

N = ("
I‘\v\\ &, > '
Cl $ ( | [SERA
amp cam & ® Q; weid
J9 (Head) \ SN Fé o ¢l
\ SN W= 2 < 4 R
/ v‘\ = ¥
Collet Ass'y [ 5% / /i
Sy
L~

Chassis

J7(Spindle motor)

J4(Track 00)

(Fig.501) External view (No.l)
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Front OPT Ass'y fixing screw

Front OPT Ass'y

(PCBA Index sensor)fixing screw

Front OPT Ass'y

Upper chassis

Bail Ass'y

fixing screw

(Double sided only)

Head carriage Ass'y
CSS Ass'y

PCBA TOO sensor

y

DD motor Ass'

fixing screw

Spindle (DD motor Ass'y

Upper chassis
fixing screw

fixing screw

Upper chassis

(Fig.502) External view (No.2)
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Front bezel fixing screws

Stepping motor Ass'y
fixing screw

Stepping motor
Ass'y

Stepping motor
Ass'y fixing
screw

(Fig.503) External view (No.3)
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arts No. of the FDD

TEAC M X TN

o
\ Name plate

Serial No.

(Fig.504) External view (No.4)
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5-2. MECHANICAL BREAK-DOWN AND PARTS LIST

5-2-1. FDD (Refer to Fig.505)

Nos{ Parts Nos. Parts name Q'ty Description
1(16152892-00 | Chassis 1
2116802621-00 PCB fixing plate 1
3116787144-00 Disk guide 1
4116730435-00 | Collar 2
5116730433-00 | Collar B 1
6116802622-00 TOO0 stopper 1
7114733780-00 | DD motor Ass'y(C) (Spindle motor 1
8116757130-00 | TOO bracket 1
9115532004-00 PCBA TOO sensor{C) 1

10{17966927-00 | CSS Ass'y(C) 1 FD-54B
11 (13189135 Terminal 1
12{14733770-00 | Stepping motor Ass'y(C) 1
13[17966912-00 | Head carriage Ass'y (C) *1 | FD-54A
17966863-00 | Head carriage Ass'y(C) ] FD-54B
14116766631-XX | Guide shaft(C) 2 | Note 4
15|16766638-00 | Guide shaft clip 2
16 |16802624-00 | Band fixing plate A 1
17 (16802623-00 Band fixing plate B 1
181638513000 | Band spring 1
19116792300-00 Steel belt (C) 1
20/16766636-00 | Band washer 1

(Table 502) FDD parts list (1/3)
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Nos.| Parts. Nos. Parts name Q'ty Description
21 | 16152891-00 | Upper chassis 1
22 |1 16787150-00 | Insulation sheet 1
23 | 16787151-00 | Disk pad B 1l | Note 3
24 | 16802616-00 | Set arm 1
25 | 17966929~-00 | Clamp cam Ass'y(C) 1
26 | 16787148-00 | Clamp shaft holder 1
27 | 16392019-00 | Clamp spring 1
28 | 16381104~00 | Clamp return spring 1
29| 17966933-00 | Collet shaft plate Ass'y 1
30 | 17966923-00 | Collet Ass'y(C) 1
31| 17966935-00 | Bail Ass'y(A) ],1 FD-54A
17966936-00 | Bail Ass'y(B) FD-54B
32 | 16787157-00 | Disk pad A-2 1 | Note 3
32B Disk pad 1 | Note 3
33 | 16381106-00 | pDisk pad lever spring 1
34 | 15090730-00 | Front OPT Ass'y(C) 1
35| 15532006-XX | PCBA MFD control (C) 1 | Note 5
36 | 16787152-00 | Protection sheet 1
37 | 16730434-00 | Fixing shaft 1
38 | 16787149-00 | PCB holder 1
39 | 16322054-00 | Cord clamper 1
40 | 16362418-00 | Cable tie 4

(Table 502) FDD parts list (2/3)
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Nos.| Parts Nos. Parts name Q'ty Description
41 ] 17966807-50 | Front bezel Ass'y 1 Note 6

421 17966924-00 | Front lever Ass'y(C) 1 Note 6

43 { 16381109-00 | Front lever spring 1

44 | 17966937-00 | Shield cover Ass'y 1

Notes: 1.

(Table 502) FDD parts list (3/3)

As to the parts with an asterisk in the Q'ty column, select
appropriate one for the model.

As to the parts with model name of FD-54 in the Description
column, the parts is used only for the model.

Disk pads are included in the Ass'y No.21 and No.31.

Guide shafts are always used in combination with the head
carriage Ass'y due to make the corresponding diameter match with
the hole of the head carriage. When you replace the head carriage
Ass'y, be sure to replace the guide shafts together.

The parts number versions of the PCBA MFD control (C) are
different depending on each model. Refer to the name plate on

the actual PCBA installed to designate the same version.

. The parts numbers of the front bezel Ass'y and the front lever

Ass'y are those of FD-54, standard color, black.
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5-2-2. Screw, Washer

Nos.| Parts Nos. Parts name Description
S1 | 16410304 Screw,bind, 3x4,S,2ZMC

S2 | 16411304 Screw,bind, 3x4, B,BNM

S3 | 16400304 Screw, pan, three pieces, 3x4,S,ZMC

S4 | 16498647 Screw,pan, three pieces,3x5,S,zZMC

S5 | 16410306 Screw,bind, 3x6,S, ZMC

S6 | 16498579 Screw, pan, three pieces,3x6,S,ZMC

S7 | 16476308 Screw,pan,flat, flat washer,3x8,B,BNM
S8 | 16470004 Screw,pan,sems,2.6x4,S,ZMC

59 | 16400004 Screw,pan,2.6x4,S,2ZMC

S10| 16400204 Screw,bind, 2x4,S5,2ZMC

S11]|16498260-00 Set screw, 3x3

S12} 16410316 Screw,bind, 3x16,S,ZMC

S13) 16351140 E-ring,3J

{Table 503) Parts list of screw & washer
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5-3. PCBA PARTS LIST

Following shows all the parts mounted on the PCBAs of FD-54 series.

5-3-1. PCBA MFD Control (C)

Parts Nos. Parts name & rating Location

13447358-00 | LS1I TEAC 7358-00 nl

13441922-00 | LSI TEAC 1922-00 U2

13441983 TTL IC 741LS368A u3

13441235 TTL IC 74Ls04 U4

13428139 Transistor array,M54578P us

13424286 Transistor,2SC2021R 03,04

13421211 Transistor,2SA881 Q-R 01

13411378 Diode, pair, MA154WA CRAl,CRA2,CRA5,CRA6,
**CRA3, **CRA4

13411406 Diode, pair, MA154WK CRA7

13411243 Diode, 15954 CR1,CR4VCR8

13411339 Diode,DS442X CR8

13415408 Diode, zener, RD6.8EN2 CR2

13497262 Resistor array,SA 9-1KQ,J RAl

13497310 Resistor array,SA 5-15KQ,J RA3

(Table 504) PCBA MFD control
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Parts Nos. Parts name & rating Location
13497266 Resistor array,SA 3-4.7KQ,J RA4
13497286 Resistor array,SC 4-2.2KR,J RA2
13497228-~00 Resistor array,T-7228 RAS
13497227-00 Resistor array,T-7227 RA7
13497229-00 Resistor array,T-7229 RA6
11187105 Resistor,RD,1/6W,1M2,J R16
11187473 Resistor,RD,1/6W,47KQ,J **R]5,R18
11187682 Resistor,RD,1/6W,6.8KQ,J R17
11187222 Resistor,RD,1/6W,2.2KQ,J R20
11198104 Resistor,RD,1/4W,100KQ,J R10
11198497 Resistor,RN,1/4W,1.24KQ,F R19
11051121 Resistor, RN, 1W,120Q,J R21
11051390 Resistor,RN,1W,39Q,J R13,R14
13040341 Jumping wire **s1
12903343 Capacitor,CE, 10V, 100uF,M c2
12903353 Capacitor,CE,25V,47uF,M Cc24
12903345 Capacitor,CE,16V,22uF, M C6,C8
12903227 Capacitor,CS,20V,15uF, M c7,C9
12903154 Capacitor,CS,16V,47uF, M **C33,C34
12903152 Capacitor,Cs,16V,2.2yF,K C36
12903178 Capacitor,CS,35V,0.22yF,K cl3,Cl4
12903177 Capacitor,Cs,35v,0.15uF, M cli,Clz2
12903375 Capacitor,Cs,16V,1uF,M c17

(Table 504) PCBA MFD control (C) parts list (2/4)
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Parts Nos. Parts name & rating Location
12903372 Capacitor,CS,16V,0.33uF,M c5
12903080 Capacitor,CC,25V,YU,0.1puF,M C26,C28
12903335 Capacitor,CC,25V,X,0.022yuF,2 c3,c4,C10,C15,C16,C20
C27,C31,C32
12902530 Capacitor,CC,500V,F,0.0luF,2Z cl
12901421 Capacitor,CC,50v,B,2200PF,K Cc25
12901417 Capacitor,CC,50v,B,1000PF,K C29
12900771 Capacitor,CC,50V,SL, 180PF,J c18,C19
12902588 Capacitor,CC,50V,CH, 56PF,J €22
12902578 Capacitor,CC,50v,CH, 22PF,J c23
12454222 Capacitor,CQ,100vV,2200PF,G c30
12454152 Capacitor,CQ, 100V, 1500PF,G c35
12454101 Capacitor,CQ, 100V, 100PF,G c21
13295084-00 Ceramic oscillator,480KHz Y1l
14723507 Coil,chalk,330pH,Jd L1nE3
13121234 Connector,S6P,polarizing *J9
13121152 Connector,W1l2P,polarizing
13121361 Connector,S5P TP7%10,G
13121363 Connector,S7P TPING,G
13121332 Connector,W1l4P HSV1U

(Table 504) PCMB MFD control (C) parts list (3/4)
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Parts No.s Parts name & rating Location

13121109 Connector,4P J2

16322368 Connector,clamp for J2 installation

13121175 Connector, 4P J7

13121176 Connector, 5P Js

13121177 Connector, 6P J4,J6

13121149 Short bar HSM,HL,IU,HS,DS0V3 , HM
straps

16271169-XX Name plate

Notes: 1.

(Table 504) PCBA MFD control (C) parts list (4/4)

Parts with an asterisk are different depending on the PCBA
versions. Select either of them.

Parts with a double asterisks are not used in some PCBA

versions.
Refer to the schematic diagram of the PCBA as to the details
of the parts with asterisks.

Name plate version is different depending on the PCBA version

used.
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Parts No.s Parts name & rating Location

13121109 Connector ,4P J2

16322368 Connector,clamp for J2 installation

13121175 Connector, 4P J7

13121176 Connector, 5P JS

13121177 Connector, 6P J4,36

13121149 Short bar HSM,HL, IU,HS,DSOV3 ,HM
straps

16271169-XX Name plate

(Table 504) PCBA MFD control (C) parts list (4/4)

Notes: 1. Parts with an asterisk are different depending on the PCBA
versions. Select either of them.
2. Parts with a double asterisks are not used in some PCBA
versions.
3. Refer to the schematic diagram of the PCBA as to the details
of the parts with asterisks.
4. Name plate version is different depending on the PCBA version

used.
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5-4. SCHEAMTIC DIAGRAMS AND PARTS LOCATION
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WIRE

LISsST
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| CROUND . BLACK 1§ 4 2
RET
C s T3
BLACK ., .18 3 |
RED .18 2
RED 182
!

A- OR EQUIVALENT

2-TOLERANCE @ +

3

L-TY-WRAPS AS REQUIRED

— TYWRAP

Cable, Assembly W1(6008131)

— KEY POS\TION &

i
REIARKS

WITH LOCKING RAMP.
WITH LOCKING RAP

| MOLEX IS.0%.7154

PUSTTION & OF A

. PARTS 1187
ITEM :QTV DESCRIPTION iH/\NUF./WART NO.
A |1 CONNECTOR-15 I'JSIIIONl MOLEX 09-06-1151 |
}’77_ 1 CONNECTOR- 9 T‘GSZTIONJ MOLEX 09-50-3091
Ccr-c2 2 CONNECTOR- 4 POSITION, ANP 1-480424-0 ——
[ 2 CONTACTS FOR P7Z HOLEX 0§-50-0105 S
8 CONTACTS FOR C1 & C2 | AP 61117-1
KEY 1 FOR ITE! A e 1 MOLEX 15-04-02 i
CDVER EY T FOR ITEM A

R
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13.0+.25
//’7//{// -—J 1.0

- FI/ 3
TIE -WRAP PIN t
No coNTacT
THIS POSITION
wreE LIST PAETS L /ST
o T L T COMTEE TOE. FIRE \DES WIY| DESCEIP 7100 MFEE/PY REMALAS
L/IME /8 BN |/ FPR2 |1 |cormecol 2 POS MOLEX / 26~03-4030
WEy780L (18 Bl (312 2 \COMTACTS MOLEX /08-50-0187
J/ | |\ COMMIETTOR 2 RS MOLEX / 13-03-1029  [OR FAUNVALENT
A bly W2(600814%) 8 |LoTALTS MOLEX 02-03-210( PR LAUNVAILENT
Cable, Assembly

BR IHR| WILE /18 AWE BRIWN BO°C (LUE)
BL WEI\WRE /IBAWE BLUE B80°C (WEL'TEIL)
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a0 ] Y
0o
oo
0o
0o
00 U U
PiN#) PIN# | PIN# |
b 6.25 -
jt—— 2.00 —— >
] | ——
PARTS LIST
ITEM |QTY DESCRIPTION MFG /PART NO. REMARKS
@ 1 |coNNECTOR-34 POS.RECEPTACLE |MOLEX-15-29-3343 A
®@ 1 |cABLE-RIBBON ,24CONDUCTOR .050 PITCH N
——@ 2 CONNECTOR - 34 PIN EDGE CARD  [3M-3463-0001/AMP 499930 -3 /2\\

Cable, Signal W3(6008118)
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AVG
——1L5t.5
cOMPRESSED
PN LENGTH

‘P4

[ |

3 ,io .50

i
i
.200%.010 i
DIA MAX |
I
Pl
O
[ <rooe] =
e
CRIMP METAL/
FOIL ¢ BARE DRAIL) WIRE. BETWEEN
CABLE AUD P
METAL HOUSING
WIRE LIST
WIRE | CONMECTOR / PIN NG
[FUNCTIN] + S A
M icoron | FE P L PARTS LIST
i
T D8 Jerr DESCRIPTION | MFE / PART NO
X :. ; Ps [ [coun B PiN DIN (HOSHIOER S TCR-O8-O0 -DAOT
s 12 Pl |1 {6 CkT HOUSHG MOLEX * 59-37-5063 "
2 ! |G | ZONTACT MELEX 208-10-1039
& 5 t .
{ 11 i Keyboard Assembly W5(6008129) "

[\ CABLE 1S .6 CONDUCTOR SHIELDED;
EACH CONDUCTOR. 'S 26 AWG, 7 WIRE STRANDED:
FOIL SHIELD WITR [PAIN) LJiRE |
OUTER JACKET ts TANDYFAWLGRAY TPR .

NOTES(UNLESS OTHERWISE SFEUFIED):
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3.00 —_— |

—— 3.25

7.00 —w=

®

L /IA
N {,‘? - PIN# >
Hi— -—piN# 2 Nc
-~ L {f‘s - PINE
€2 T
El
— @
L LeNGTH=2.5
f 3.00
5.00
5.75
PARTS LIST
LTR |QTY DescripTioN Parr Mea No REMARKS
{ 1 | CoNNecTor-= PN MoLEX 25-03-4030 I
2 2 | CoNtacT MovLex NB-50-0187
Gable, Assembly WE(E008121) 3 | 4 | FasToN-(.25x.032) AMPE 2-520183-2 % FuLLy INsuLaTED
4 2 |FASTON-RIGHT ANGLE(25x027) |AmP % 2-620i128-2 FulLLY \NSULATED
5 Z |Tr-wrapP
© ! |WIRE - 18 AWG,BLUE
7 ! WIRE- 18 AWG ,BROWN
8 ! WIRE - 18 awa BrowN
9 / WIRE - 18 AWG BROWN
10 I |FasTON (25 X .032) AMPE3-850819-2 2\ |FuLLY INSULATED
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L +.50

fe— /L5
MAY.

r 1.0 —e1
| |
i n g
0 |@
: i©
TIE WRAP
2.8/
\—. 160 DIA.TYP.
TTEMAD.| ATY. DESCRIPTION] MFG / FART 0. DIA. L REMARK S
] ! LOMN ECTOR -IVALE MCEX/19-09-2029 —
Cable, Assembly W7(2600009) 2 2 PIAJS NOLEX/02-09-1.02. —
3 ! FAML ROTROM/ BU2E | 5.0
TORIN/ 31022 =20 .75 |ALTERNATE
NMB/EPOT75-38-GZLI |5.5n [a7eRiuATE
VEAILIS/ VS284 375 |ALTERAATE
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PARTS LIST
ITEM| QTY DESCRIPTION MFG  PART NO. REMARKS
@ | WIRE - 18 AWG-GREEN
W/ YELLOW STRIPE
@ | RING TERMINAL ANP* 35095/-2 £\
2 f FASTON (.25 X.032)
RIGHT ANGLE

amp ik 2- szome-@

/2 OR EQUIVALENT
I.CABLE TOLERANcE +,6 25

Cable, ground W8(6008125)
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PIN

75 A

POV OO,

OEPOO

OO

———l {——STRIP WIRE 75, AND TiN/
2PLACES

WIRE LIST

FUNCTION

WIRE

COUNECTOR / PN,

AW [£DLOK.

)

SPKRUUT

24 |6ReY

{

TO SPEAKE 2 + TERMINAL

GND

24 {BLK

2

TO SPEAKEX. ~ TERMINAL

450

Cable, Assembly W15(6008070)

PARTS LIST

DES JATY DESCRIPTION MFG& / PART NO. REMARK S
P9 [ [CONN SOCKET 2 POS MOLEX /22 -0i-30Z7
z |coNTACT MOLEX / 08-50-0113
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RS-232
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