


TERMS AND CONDITIONS OF SALE AND LICENSE OF TANDY COMPUTER EQUIPMENT AND 

STORES AN0 RADIO SHACK FRANCHISEES OR DEALERS AT THEIR AUTHORIZED LOCATIONS 
SOFTWARE PURCHASED FROM RADIO SHACK COMPANY-OWNED COMPUTER CENTERS, RETAIL 

LIMITED WARRANTY 
1. CUSTOMER OBLIGATIONS 

A. CUSTOMER assumes full res,ponsibility ,that this computer hardware purchased (the “Equipment”), , and, any 
copies of software included with the Equipment or licensed se aratel (the “Software”) meets the specifications, 
capacity, capabilities, versatility, and other requirements of CU!TOME!R. 

6. 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 t o  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. 
RADIO SHACK,makes no warranty as to the design, capability, capacity, or suitability for use of the Software 
exce t as rovided in this paragraph. Software is licensed on an “AS IS” basis, without warranty. The originai 
CUS!OMEl!’S exclusive remedy, in the event of a Software manufacturing defect, is its repair or replacement 
within thirt (30) calendar days of the date of the Radio,Shack sales document received ,upon license of the 
Software. &e 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 emplo ee, agent, franchisee, dealer or other person is authorized to give any 
warranties of any nature on behalf of $AD10 SHACK. 

D. EXCEPT AS PROVIDE0 HEREIN RAOlO SHACK MAKES NO EXPRESS WARRANTIES AN0 ANY IMPLIED 
WARRANTY OF M E R C H A N T A B I L ~  OR FITNESS FOR A PARTICULAR PURPOSE IS LIMI~ED IN ITS OURATION 
TO THE DURATION OF THE,WRIFEN 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. 

111. LIMITATION OF LIABILITY 
EXCEPT AS PROVIDED HEREIN, RADIO SHACK SHALL HAVE NO LIABILITY OR RESPONSIBILITY TO CUSTOMER 
OR ANY OTHER PERSON OR ENTITY WITH RESPECT TO ANY LIABILITY LOSS OR DAMAGE CAUSED OR 
ALLEGED TO BE CAUSED DIRECTLY OR INDIRECTLY BY “EQUIPMENT” OR “SOFTWARE” SOLO LEASED 

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 RAOlO 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 ARlSiNG OUT OF OR CONNECTED WITH THE SALE, 
LEASE, LICENSE, USE OR ANTICIPATED USE OF THE “EQUIPMENT” OR “SOFTWARE.” 
NOTWITHSTANOING 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. 

6. RADIO SHACK shall not be liable for any damages caused by delay in delivering or furnishing Equipment and/or 
Software. 

C. No action arisin out of any claimed breach of this Warranty or transactions under this Warranty may be brought 
more than two 12) ears after the cause of action has accrued,or more than four (4) years after the date of the 
Radio Shack sales dYocument 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. 

RADIO SHACK grants to CUSTOMER a non-exclusive, paid-up license to use the TANDY Software on one computer, 
subject to the following provisions: 
A. Except as otherwise provided in this Software License, applicable copyright laws shall apply to the Software. 
6. 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. 
C. CUSTOMER may use Software on one host computer and access that Software through one or more terminals if 

the Software permits this function. 
D. CUSTOMER shall not use, make, manufacture, or reproduce copies of Software except for use on one computer 

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

E. 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. 

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. 

6. 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. 

The warranties granted herein give the original CUSTOMER specific legal rights, and the original CUSTOMER may 
12104 have other rights which vary from state to state. 

II. 

6. 

A. 

LICENSED OR FURNISHED BY RADIO SHACK INCLUDING BUT NOT LIMITED TO ANY INTERRUPTION o i  

IV. SOFTWARE LICENSE 

V. APPLiCABlLlTY OF WARRANTY 

VI. STATE LAW RIGHTS 
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Tandy@ 1000 BIOS 
0 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. Al l  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- 
hi bited. 

Tandy@ 1000 Technical Reference Manual 
0 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. 
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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 5 V 4 ”  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 51/4” 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: 

Weight: 

Power Requirements: 

6 x 17 x 13 3/8 inches (HWD) 

17 Ibs. 4 oz. with 1 Disk Drive 

With 
120 VAC, 60 Hz, 1 Amp maximum 
2 Floppy Disk Drives, 2 Memory Cards, and RS-232: 
AC Current: 0.7 - 0.8 Amps with Floppy doing RIW tests. 
Leakage Current: 0.5 mA 
Disk Drive: 
Idle +5 VDC 0.23 Amps + 12 VDC 0.106 Amps 
RIW 0.286 Amps 0.295 Amps 
RIW 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 Tem perat ure 

System ON: 60 to 90 degrees F (15.6 to 32.2 degrees C) 
System OFF: 50 to 11 0 degrees F (1 0 to 43 degrees C) 

System ON-OFF: 8% to 80% 
Humidity 

Disk Drive Specifications 
Power: 

Supply 
Voltage +5 VDC Input +12 VDC Input 

0 to 50 kHz 100 mV 100 mV 
Ripple 

Tolerance 

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

Nominal 600 mA 400 mA 
Worst Case 700 mA 500 mA 

Nominal 600 mA 900 mA 
Worst Case 700 mA 2400 mA 

Operating Current 

Environment: 
Tem perat u re 

Operating 
Nonoperating 

Relative Humidity 
Operating 20% to 80% (noncondensing) 
Nonoperating 5% to 95% (noncondensing) 

50 to 122 degrees F (10 to 44 C) 
-40 to 140 degrees F ( -40 to 60 C) 
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The following pages reflect the mechanics for the Tandy 1000 option PCB’s 
and option board panel. 
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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 

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

3 - Ground 

5 - +5VDC 

1 - KBDDATA 

5 - +5VDC 
7 - MULTIDATA 

Floppy Disk Interface 
(Dual 17-Pin Vertical Header) 

1 -  
3 -  
5 -  
7 -  
9 -  
11 - 
13 - 
15 - 
17 - 
19 - 
21 - 
23 - 
25 - 
27 - 
29 - 
31 - 
33 - 

Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 

2 - Ground 

2 - X Axis 
4 - Switch 1 
6 - Switch 2 

2 - X Axis 
4 - Switch 1 
6 - Switch 2 

2 - KBDBUSY* 
4 - KBDCLK 
6 - KBDRST 
8 - MULTICLK 

2 -  
4 -  
6 -  
8 -  
10 - 
12 - 
14 - 
16 - 
18 - 
20 - 
22 - 
24 - 
26 - 
28 - 
30 - 
32 - 
34 - 

NC 
NC 
NC 
INDEX* 
DSO * 
DS 1 
NC 
MTRON * 
DIR* 
STEP* 
WRDATA* 
WEN* 
TRKO* 
WRPRT* 
RDDATA* 
SIDESELECT" 
DRVRDY * 
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J7 - DCPOWER 
(9-PIN VERTICAL HEADER) 

1 - +5VDC 
3 - +5VDC 
5 - Ground 
7 - Ground 
9 - +12VDC 

J8,J9,JlO - Expansion Interface Connectors 
(Dual 31-Pin Card Edge) 

A01 - -MI  
A02 -D7  
A03 - D 6  
A04 -D5  
A05 - D 4  
A06 -D3  
A07 -D2  
A08 - D l  
A09 - D l  
A10 - READY 
A l l  --EN 
A12 -A19 
A13 -A18 
A14 -A17 
A15 -A16 
A16 -A15 
A17 -A14 
A18 -A13 
A19 -A12 
A20 - A1 1 
A21 -A10 
A22 -A09 
A23 -A08 
A24 -A07 
A25 -A06 
A26 -A05 
A27 -A04 
A28 -A03 
A29 -A02 
A30 -A01 
A31 -A00 

2 - +5VDC 
4 - Ground 
6 - Ground 
8 - -12 VDC 

BO1 -Ground 
602 -RESET 
603 - + 5  VDC 
604 - IR2 
605 - (-5 VDC) 
606 - FDCDMARQ* 
607 - -12 VDC 
608 -AUDIOIN 
609 - +12VDC 
610 - Ground 
611 - MEMW* 
612 -MEMR* 
613 - IOW* 
614 - lOR* 
615 -(DACK3* 
616 - (DRQ3*) 
617 - (DACKl* 
618 - (DRQI *) 
619 - REFRESH* 
620 -CLK 
621 -RFSHRQ 
622 -6REQ* 
623 - IR5 
624 - IR4 
625 - IR3 
626 - FDCDACK* 
627 -DMATC 
628 -ALE 
629 - +5  VDC 
630 -0SC 
631 -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. 

8 
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J11 - Parallel Interface 
(34-Pin Card Edge) 

1 -  
3 -  
5 -  
7 -  
9 -  
11 - 
13 - 
15 - 
17 - 
19 - 
21 - 
23 - 
25 - 
27 - 
29 - 
31 - 
33 - 

PPSTROBE* 
PPDATAO 
PPDATAI 
PPDATA2 
PPDATA3 
PPDATA4 
PPDATA5 
PPDATA6 
PPDATA7 
PPACK* 
PPBUSY 
PPPAEM 
PPBUSY * 
Ground 
NC 
Ground 
Ground 

2 -  
4 -  
6 -  
8 -  
10 - 
12 - 
14 - 
16 - 
18 - 
20 - 
22 - 
24 - 
26 - 
28 - 
30 - 
32 - 
34 - 

Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
NC 
Ground 
Ground 
Ground 
Ground 
Ground 
NC 
PPFAULT 
PPINIT* 4 

PPAUTOFEED* 
NC 

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

1 - +5VDC 
3 - LPIN 
5 - NC 
7 - NC 
9 - NC 

2 - Ground 
4 - LPSW* 
6 - NC 
8 - NC 

J13 - RGBl Video 
(9-Pin Socket Rt. Angle D-Subminiature) 

1 - Ground 
3 - Red 
5 - Blue 
7 - +12VDC 
9 - VSYNC 

2 - Ground 
4 - Green 
6 - Intensity 
8 - HSYNC 

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 DRQl* 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 DACKI * IBM - This signal is always available on the 
IBM PC. 

TANDY 1000 - DMA grant 1 is only 
available on the I/O bus when the 
Memorv/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 110 bus when the 
Memorv/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 I/O bus when the 
Memorv/DMA board is installed. 

BO5 - 5VDC IBM - -5VDC is always available. 

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

B2 1 RFSHRQ* IBM - This signal functions as a refresh re- 
quest on the I/O bus, but is labeled Interrupt 
Request 7. 

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

IBM - This signal functions as a bus request 
on the 110 bus, but is labeled Interrupt Re- 
quest 6. 

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

B22 BREQ* 

BO8 AUDIOIN IBM - Reserved 

TANDY 1000 - Audio input is supplied from 
an optional board on the 110 bus to a 
multiplexer on the main logic board for an 
output to the external speaker. 

10 
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1000 and IBM I/O 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 I/O bus. 

Note: All other pins are identical to the IBM PC. See Section 3 for the 
connector pin assignments. 
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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 high) if they are not so designated the signal is logically true 
high ' 

Direction - input or output-is referenced to the CPU 

Brief functional description of the signal 

Description of the drive or load characteristics of the signal This in 
cludes the specific source by IC type and reference designator drive 
capability for output signals and actual load for input signals The 
drtveiload is defined in unit loads and specified as highilow 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 
1 0 1  = 16mA @ 0 5 V  

Signal Listing 

AOO-A19 0 

DO-D7 

ALE 
tow * 
IOR * 
MEMW" 
MEMR* 
CLK 

osc 

NMI 

I10 

0 
0 
0 
0 
0 
0 

0 

I 

ADDRESS 

DATA 

ADDRESS LATCH STROBE 
110 WRITE STROBE 
110 READ STROBE 
MEMORY WRITE STROBE 
MEMORY READ STROBE 
CPU CLOCK 

OSC I L LATOR 

NON-MASKABLE 
INTERRUPT 

SOURCE U41, U42, U61 
Drive - 65/15 UL 
Latch Strobe - ALE 
Output Enable - AEN 
Alternate external source 
SOURCE U62 
Drive - 37/15 UL 
Direction Control - RD" 

Enable - DEN* 
SOURCE U46 
Drive - 50/7 5 UL 
Output Enable - AEN 
Pull-up - 4.7K ohms 
Alternate external source 
4 77MHz, 33% duty cycle 
SOURCE U82 
Drive - 7 3 7  5 UL 
14 32MHz, 50% duty cycle 
SOURCE U82 
Drive - 75/7 5 UL 
To System NMI 
Load 111 UL U117 

(CPU read signal) 

13 
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READY I SYSTEM WAIT 

RESET 0 SYSTEM RESET 

BREQ' I BUS REQUEST 

AEN 0 BUS GRANT 

I R2 I INTERRUPT REQUEST#:! 
I R3 I INTERRUPT REQUEST#3 

I R4 I INTERRUPT REQUEST#4 
AUDIO IN I 

AUDIO OUT 0 

SOURCE: OPEN-COLLECTOR 
OR 3-STATE BUFFERS 
Load: 1 UL and 1.OK ohm 

Set LOW by Peripherals (110 or 
Memory) to extend READ or 
WRITE cycles. 

pull-up. 1010.9 ut -  

Power On or Manual 
SOURCE: U82 
Drive: 7517.5 UL 
From external masters 
Load: 1 UL and 10K ohm 
pull-up. 1010.9 UL 
To external masters 
SOURCE: U82 
Drive - 7517.5 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 1 OK 

~~ 

The following are not sourced by the CPU but are to be SOURCED (0) Output 
or LOADED (I) Input by an external DMA source 
RFSHRQ I REQUEST DMA 

DRQI I REQUEST DMA 

FDCDMARQ I REQUEST DMA 

DRQ3 I REQUEST DMA 

REFRESH* 0 ACKNOWLEDGE DRQO* 
DACKl* 0 ACKNOWLEDGE DRQl+ 
FDCDACK* 0 ACKNOWLEDGE DRQ2* 
DACK3" 0 ACKNOWLEDGE DRQ3* 

DMATC 0 TERMINAL COUNT 

C H AN N E L#O 

CHANNEL#l 

CHAN N EL#2 

CHANNEL#3 

Dedicated input requests 
to DMA 

Load: 8237A-519517A 

1 MOS load 401160 UL 

Dedicated output 
acknowledges from DMA. 
Drive: 8237A-519517A 
212 UL 

Used by DMA Controller to 
indicate Terminal Count 
reached. 
Drive: 212 UL 

+5VDC +5VDC 4% 3.0 Amps available on the bus. 
+ 12VDC + 12VDC 2 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. 
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T O T I  k+ T 2  * T 3 I T 4  T I  I 
CLK 1 0  I n 2  3 m 4  5-6 

+ k10-I10 

ADDRESS -- 
62 M A X - i +  4 2 0 - 4 0  

x 
ALE 

lOR*, MEMR * 

DEN * ( RE AD) 

DATA - READ 

I WIDTH: 170 MINIMUM 
I ,  I ,  

k 3 0 - 5 5  4 3 0 - 5 5  

1 
A k 3 0 - 5 5  4 3 0 - 5 5  

I 1 

_-- +-+ _ _ _  
SET UP 

3 7 5  --I I t- ",":," 

4 k 3 0 - 5 5  4 30- 5 5  

Figure 2 
CPU/BUS Timing Signal 
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D2CLK 2 . 3 8 5 M H Z  7 1  

Figure 2.1 
CPU/BUS Timing Signal 
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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 110. 
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. 110 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 
A I6  - 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 (74LS245). U62 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 - A I  5 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 - A1 1 , A I  6 - A I  9 are latched 
into U41 (74LS373) by ALE and A I 2  - A15 are buffered by half of U43 
(74LS244). The outputs from these latches/buffers/transceivers are the BUS 
Signals A00 - 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 generatoddriver 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 (74LS244) 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 0 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 
I/O 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 U 1 16 and 1/2 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 U 1 16 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. 
ST1 5 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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9 GEN 

TIJ TIMING 

r - I - -  I 

c 
I 

MEMORY 
FUNCTION 

EX PANS ION 

r----- I 

I 

L CONNECTORS _----- 

DECODE 

-D 

l-A FLOPPY 

Figure 3 
Main Logic Block Diagram 
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J 1 I I I I J- 3.57954 

I CPU I VIDEO I CPU I VIDEO I CPU 1 VIDEO 

t R W C  = 279NS 
t R A S  = 174.6 NS 

t C A S  = 174.6 NS 

t R P  104.76 NS 

Figure 4 
Master Oscillator Timing 

(All Times in Nanoseconds) 
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IFL Equations 

U53 Memory Address Decode 

Code: 53G Checksum: 50C9 

Equations: 

~ ------ 
VSACC * = RFSH* *MEMR* *19*  18.17.MC3-MC2.MCl 

+ 19-18.17.MC3*MC2-MCI 

+ 19.18.17.MC3.MC2.MC1 

+ 1 9 * 1 8 1 7 * MC3 * M C2 * M C 1 

+ RFSH * .MEMR* 19 -18 *E' MC3 -MC2 .MC1 

+ RFSH* *MEMW* -19.18*17.MC3.MC2*MCl 

+ 19 * 1 8 1 7 * E 3  * M C l  

+ 1 9 1 8 E' * E 3  * M C2 MCI 
+ RFSH * . MEMW * a1 9 * 18. 17 MC3 * MC2 *MCl 

- -  

- 

- 

-~ ------ 

- -  

- 

+ 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* ~ 1 9 ~ 1 8 ~ 1 7 ~ 1 6 * 1 5 * 1 4 * G  

MEMSEL* = VSACC*. + HGMEMAC* + ROMCSO* + ROMCSl* 
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U80 Main I/O Address Code 

Code: 808 Checksum: 58F9 

Inputs: Addresses 

15 *14*13.12 -11 * l o *  9 * 8 7 
IOOSEL* - = 0 * 0 ~ 0 * 0 * 0 ~ 0 ~ 0 * 0 * 0  
101 SEL* = 0 ~ 0 * 0 * 0 * 0 ~ 0 ~ 0 * 0 ~ 1  
I04SEL* = 0 ~ 0 ~ 0 ~ 0 * 0 ~ 0 ~ 1 ~ 0 ~ 0  
IO6SEL* = 0 ~ 0 ~ 0 * 0 ~ 0 * 0 * 1 ~ 1 * 0  
I07SEL* = 0 - 0 ~ 0 * 0 ~ 0 ~ 0 ~ 1 ~ 1 ~ 1  

outputs: 

- -  
INTCS* = I O O S E L * . ~ .  5 e 4 . 3  

- - -  
TMRCS* = IOOSEL** 6 . 5 e 4 * 3 

PlOCS* = IOOSEL** 6 * 5 * 4 e 3 
- -  

- -  
NMlCS* = I O I S E L * ~  e 5 e 4 . 3  

- - -  
SN DCS * = IOlSEL**  6 * 5 * 4 a 3 

JOYSTKCS* = I04SEL*. 6 - 5 * 4 * 3 
- - - -  

PRI NTCS * = IO6SEL** 6 5 .  4 * 3 

FDCCS* = IO7SEL** 6 * 5 . 4 *3 
IOSEL* = TMRCS* + PlOCS* + NMICS* + SNDCS 

+ PRINTCS* + FDCCS* + I07SEL*. 6 . 5 * 4 
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U46 System Timing Synthesizer 

Code: 46DC 

Equations: 

ALE = HLDA *.CALE 

DEN * = HLDA * IO/M 

~- + HLDA a IO/M 9 

+ HLDA B * 

+ HLDA * 

IOR * = HLDA * IO/M * 

MEMR" = HLDA e lO/M * 

l o w  * = HLDA * IO/M 3 

MEMW* = HLDA e IO/M a 

IOWAIT = HLDA * IO/M * 

+ IO/M - 

~- 

_ _ _ -  

Checksum: 3E69 

- 
DT/R * C * INTCS* 
(during IOR *) 

DT/R * C INTCS* 
(during IOR *) 

(during IOR*) 

(during IOR*) 

DT/R * . INTCS* 

DT/R C INTCS* 

B * DT/R SSO* 

B * DT/R 

B * DT/R * SSO 
B * DT/R SSO 
A - DT/R * SSO 
A * DTR 

* SSO (IOR) . 

* (MEMR) . 

. SSO (MEMW) * 

* SSO (MEMW) . 

- 

- 

U103 Video Address Decode 

Code: 103C Checksum: 4460 

- - -  
GACS* = 

+ * IOW I07SEL* * 6 * Z *  4 3 * 2 * 1 - 0 

+ IOW I07SEL* . 6 -5. 4 - 3 1 *O- STATUS* 

+ I07SEL* * 6 * Z .  4 * 3 * 2 .  1 . 0 

e IOW * I07SEL* e 6 * % e  4 * 3 * 2 .  1 . 0 .  MODE* 
- _  

IOW 
- -  

STATUS* = I07SEL* e 6 *T* 4 e 3 . 2 * 1 * 0 
- - -  

MODE* 

LPCLR* 

LPSET* 

PGCLK* 

6845CS* = I07SEL* 6 -5 * 4 *?C*  

= 

= I07SEL* .  6 -5. 4 * 3 *T. 1 * 0 - I o W  

= I07SEL* * 6 * Y e  4 e 3 e 2 * 1 e 0 e IOW 

= I07SEL* * 6 -5- 4 * 3 . 2 * 1 * 0 *E 

. IOW * I07SEL* e 6 9 %  * 4 a 3 * 2 * 1 e 0 

- - -  

. .  
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System Control Signal Generation 

The System Control Signal Generator provides the timing strobes required 
by the system. These include l o w * ,  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*, IO/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 “9” 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 LS244 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 Specif icat ion 

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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I 
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TIMING DIAGRAM 

Figure 5 
(All Times in Nanoseconds) 
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EXPANSION IIF CONNECTOR 
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I R2 
NC 
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DRQI * 
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TC 
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- 
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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: 

#O 
#I 
#2 
#3 
#4 
#5 
#6 
#7 

Timer Channel 0 
Keyboard 
Hard Disk Controller 
Modem 

Vertical Sync 
Disk Controller, Floppy 
Printer 

RS-232 

Software Timer 
Keyboard Code Received 
Optional Function, Interrupt on Bus 
Optional Function, Interrupt on Bus 
Optional Function, Interrupt on Bus 
Software Timer for Video 
Ready to Receive/Transmit Data 
Data Transmission Complete 

The NMI interrupt is not maskable by the CPU but it can be enabled/disabled 
by hardware. The enable is at Port OOAO 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 

A 
NMI ENABLE 

_I_._._ 
SQSS CPU 

8259A INTERRUPT CONTROLLER 

NMI I AVAILABLE ON BUS 

8253 TIMER CH 8 
KEYBOARD 
HARD DISK 
SECONDARY COMM. 
PRIMARY COMM. 
VERTICAL SYNC. 
FLOPPY DISK CONTROLLER 
PARALLEL PORT 

Figure 7 

NMI e 
;. 

I 
NMI 

INTERRUPT FUNCTION 
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Bus Interface 

The interface to the main bus is divided into three parts: address/control strobes, 
memory data and I/O data. The address/control strobe part (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 I/O ports which 
are decoded by U103. The memory selects are decoded by U53. The I/O 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 (’12 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 

P $7 

pc9  

\ 
PC3 

PC4 

\ 
PC7 

-KEYBOARD D 
1 

+ 
+ 
1 - 
w 

-KEYBOARD D 

.TA IN BIT $3 
1 
2 
3 
4 
5 
6 

.TA IN BIT 7 

-TIMER CHANNEL #2 GATE 
-SPEAKER DATA 
+ 
__i 

4 
-+ SOUND CNTRL 9 - SOUND CNTRL 1 
-KEYBOARD DATA CLEAR - KEYBOARD DISABLE - MULTI DATA 

MULTI CLOCK 
+ 
++ 
-TIMER CHANNEL #2 OUTPUT - 
4 

Figure 8 
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Timer Function 

The Timer is an 8253 TimerKounter 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 #O is dedicated to system interrupt #O (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 #O 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 808, Audio In. 

These are selected by an analog multiplexer U105. Selection signals are 
SNDCNTLO, SNDCNTLl 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 

HI 4- CPU INT#$4 

DACKQ)+ 1 

- SOUND,CHQ 
P1Q PBl 

CHANNEL $4: MODE $4, INTERRUPT ON T/C 
1 : MODE Q, NEGATIVE PULSE ON T/C 
2: MODE 3, SQUARE WAVE OUTPUT 

Figure 9 

32 

1.1925 MHZ 

GATE Q 

OUT $4 

GATE 1 

OUT 1 

GATE 2 

> 

> 

> 



Tandy 1000 Technical Reference Manual 

IODO-IOD7 - 
SNDCS' - 

IOR* - 

TMR 2 
8253 OUT #2 

8255 PB1 
SPKDATA 

I 

COMPLEX SOUND IC 
76496 

(L 

g- 

~ 

0 

1 

2 

3 SEL 

A B  

8255 PB5 
SNDCNTL0 

411 MUX-CMOS SWITCH 
14529 

AMPLIFIER 

AUDIO OUT -+- 
6255 PB6 I 

SNDCNTLl 

SOUND FUNCTIONAL BLOCK DIAGRAM 

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 
CRl create a constant-current source that linearly charges C6 to + 5.0 VDC 
in 1.12 milliseconds. The joystick information is “read” by the CPU at Port 
2001201 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), I/O 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 
pulse 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 AO, 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 nanoseconds) the write 
data is delayed thru U69 - normal = 6, early = 4, late = 7. Data separator 
U69 converts “raw data” from the drive into read data (RDD) and read clock 
(RDW). 

37 



Tandy 1000 Technical Reference Manual 

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 B8000 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 88000 
- 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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The third section of the video (Video Data Processing) is composed of only 
one 40-pin IC. 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 RGBl data before it goes to the palette RAM and then clocks it again after 
the palette. From this last register, the RGBl data passes through the border 
color mux and then through the output buffers as RGBl 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 

Write Command Hold Time 

Lead Time 

Data in Hold Time 
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Parameter 
Random Read or Write Cycle Time 
Read Write Cycle Time 
Access Time from Row Address 
Strobe 
Access Time from Column 
Address 
Output Buffer and Turn-Off Delay 
Row Address Strobe Precharge 
Time 

~ ~~ 

Symbol Min. Max. Units 
ns tRC 279 - 

ns tRWC 279 - 

200 ns tRAC - 

100 ns tCAC - 

tOFF 0 30 ns 
ns tRP 100 - 
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Memory Map 

ROM Only 

RAM Only 

MEMCONFIG, 3 
See MEMCONFIG, 2 

OoA0 MEMCONFIG, 1 

F * FFFF 

F * 8000 
F.000 

E * 0000 

D 0000 

c 0000 
B * 8000 
B * 0000 

A * 0000 

9 0000 

8 * 0000 

7 0000 

6 0000 

5 - 0000 

4 0000 

3 * 0000 

2 0000 

1 .oooo 

0 0000 

t 
64r 

Page 5 101 1 
Page 4 100 1 
Page 3 011 

Page 2 010 

Page 1 001 

Page 0 000 1 
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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 
RGBl color monitor. To support these different display types, both a composite 
video output and a 9-pin RGBl 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 1 6  colors are defined by combinations of the RGBl 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 1 6  colors or shades of gray can be used for the screen 
border. 

Color 
Black 
Blue 
Green 
Cyan 
Red 
Magenta 
Brown 
Light Gray 
Dark Gray 
Light Blue 
Light Green 
Light Cyan 
Pink 
Light Magenta 
Yellow 
White 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

R 

0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 

G 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 

B 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
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. 

I ATTRIBUTE BYTE 

~~ ~ 

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: 

I Mode I IMB PCjr 1 IBM PC I 

I 16-Color Low-Resolution 1 x 1  I 

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: 

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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4-Color Medium-Resolution 
16-Color Medium-Resolution 

X X 

X 

2-Color High-Resolution 

4-Color High Resolution 

X X 

X 

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

' 

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

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

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

OOOOH 

1 F3FH 
2000H 

3F3FH 
4000H 

5F2FH 
6000 

7F3FH 
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The following is a table of the graphics storage organization for two banks of 
8000 bytes: 

80 B y t e s 4  Memory Address 
OOOOH 

1 F3FH 
2000H E 3F3FH 

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

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

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 readlwrite 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 readlwrite 
memory and formats 8 pixels per two bytes (1 even-byte and 1 odd-byte). This 
mode is only supported on the IBM PCjr. 

Even Bytes Odd Bytes 
First Display Pixel 
Second Display Pixel 
Third Display Pixel 
Fourth Display Pixel 
Fifth Display Pixel 
Sixth Display Pixel 
Seventh Display Pixel 
Eighth Display Pixel 

PA0 (7) 
PA0 (6) 
PA0 (5) 
PA0 (4) 
PA0 (4) 
PA0 (3) 
PA0 (1) 
PA0 (0) 

PA1 (7) 
PA1 (6) 
PA1 (5) 
PA1 (4) 
PA1 (3) 
PA1 (2) 
PA1 (2) 
PA1 (0) 
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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 readlwrite memory, 
specifies 16 colors for each pixel by the RGBl bits, and formats 2 pixels per 
byte. This mode is available in the IBM PCjr only. 

Second Pixel First Pixel 
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0 1 
PA0 PA- 

2 3 4 5 6 7 
PA2 PA3 PA0 PA1 PA2 PA3 

0 
PA0 

1 2 3 4 5 6 7 
PA1 PA2 PA3 PA0 PA1 PA2 PA3 

0 1 
PA0 PA1 

2 3 4 5 6 7 
PA0 PA1 PA0 PA1 PA0 PA1 
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System Logic Registers 

Video Array Registers 

The Video Array is addressed at 110 addresses 3D8, 309, 3DA, and 3DE. 
Address 3D8 and 309 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 3D9. 
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 1 0 -  1F 

Palette Mask Register 
This 4-bit (write-only) register has a video array address of 01 H. 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 
1 
2 
3 

B (Blue) Border Color Select 
G (Green) Border Color Select 
R (Red) Border Color Select 
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 03H. The 
following table gives the register’s bit functions. 

Bit Description 
0 Not used 
1 Not used 
2 Border Enable 
3 4 Color High Res. 
4 16 Color Mode 

Mode Control Register 

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 0. 

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

51 



Tandy 1000 Technical Reference Manual 

Palette 
Address 

Bits 
PAO(B) 
PAI(G) 
PAI(R) 
PA3(I) 

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 -1 F.) Then the new 
palette color is written to 3DE. Only the 4 least significant bits are used as shown 
by the following table: 

Palette Register 

0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5  
0 1 0  1 0  1 0  1 0  1 0  1 0  0 0 1 
0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1  

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 RGBl 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. 
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Video Memory Map and Registers 
Video Memory Map 

Address Description 
3D0 
301 
3D2 
3D3 
3D4 
3D5 
3D6 
3D7 
308 
309 
3DA 
3DB 
3DC 
3DD 
3DE 
3DF 

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. 

53 



Tandy 1000 Technical Reference Manual 

s s 
a3 
Lo 

z? 
T V 

z 
n 
0 
Lo 

cu 
m 

V 

n 
0 

0 
0 

V 

h 

0 
0 

d 
CD 

T V 

n cu 
T 

T V 

0 
b 

h 

d 
d 
V 

% 

h 

!z. 
a3 
0 

h 

G 
0 
0 

- 

E 
V 

0 
0 

h 

a3 

a3 
m 

!z. 
z? 
T V 

0 - 
5i 
E 
cn 
7 

s s- 
o 
T 

s 
E 
2 

z? 
Lo 

a3 m 

V 

n 

g 
0 
0 

n 

V 
0 

0 
0 

- 

h s? 
0 
0 

-ti-- 
u r m  ;.!{ ; d 

26 

h 

0 
E 
s 

h 

Lo * 
V 

E 

n 
Ul cv 
V 

n 
Lo s 

54 



Tandy 1000 Technical Reference Manual 

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 

0 

1 

2 

3 

4 

5 

Description 

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 
low 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 (309) 

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 
screen color. In the 320 x 200 4 color mode, these bits determine the 
background color if PA0 and PA1 are both 0. In the 640 x 200 2 color 
mode, they select the foreground color. 

0 Blue 

1 Green 

2 Red 

3 Intensity 

4 Alpha Background/3 Graphics Foreground Intensity. \ /hen 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. 

5 320 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 

0 Display Inactive 
1 Light Pen Trigger Set 
2 Light Pen Switch Made* 
3 Vertical Ret race 

Status Register 

Bit 0 When bit 0 is (0), the display is active. When ( l ) ,  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 I/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 

CRT Page 0-2 

Bits 0-2 select the 16K page used by the video. In 32K modes, bit 0 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 B8000. 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 

I/O Map 
Address 

Block 
0000 - 001 F 
0020 - 003F 
0040 - 005F 
0060 - 007F 
0080 - 009F 
OOAO - OOBF 
OOCO- OODF 
OOEO - 01 FF 
0200 - 020F 
0210 - 031 F 
0320 - 032F 
0330 - 036F 
0370 - 037F 
0380 - 03CE 
0300- 03DF 
03E0 - 03EF 
03FO - 03FF 
0400 - FFFF 

Usage 
0000 - OOOF 
0020 - 0021 
0040 - 0043 
0060 - 0063 
0080 - 0083 

OOAO 
ooco- ooc1 

0200 - 0201 

0378 - 037B 

All 

03F2, F4, F5 

Function 
DMA Function 
Interrupt Controller 
Timer 
P I0  
DMA Page Register 
NMI Mask Register 
Sound Generator 
Reserved 
Joystick I/F 
Reserved 
Reserved Hard Disk 
Not Assigned 
Printer 
Not used 
System Video 
Reserved 
Floppy Disk Controller 
Not Usable 

640x200 
2 Color 
Graphics 

0 

1 

0 

1 

0 

0 

640x200 
4 Color 

Graphics 

1 

1 

0 

1 

1 
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Data 
Bit 

D1 
D2 
D3 

D4 
05 
D6 
D7 

System Configuration Port 
I/O Address: OOAO 

Function 
Selects 1 Of 8 - 128K 

MEMCONFIG 1 Memory Pages Where 
MEMCONFIG 2 Video/System Ram Memory 
MEMCONFIG 3 To Be Located. See 

Memory Map For Details. 
Register Located Main Logic. 
Reserved 
Reserved 
Reserved 

CPU 0 = Mask 1 = Enable 
Register Located Main Logic, 

NMIEN Enables NMI Input To 

System ROM 

Size: 16K x 8 (128K) 

Quantity: 1 or 2, socketed 

32K x 8 (256K) optional 

Address Range - ROM: FOOOO 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 FOOOO - F7FFF. 

No error detection capability. 

RAM address range: 00000 to 68000 

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 OOAO. On power-up or reset, address defaults to 68000. 

No memory error detection capability. 
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Detailed Memory Map 
Address' 

0000 
000 1 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
OOOA 
OOOB 
oooc 
OOOD 
OOOE 
OOOF 

Address2 

0020 
002 1 
0022 
0023 
0024 
0025 
0026 
0027 
0028 
0029 
002A 
002B 
002c 
002D 
002E 
002F 

Description 

8237A-5 DMA Controller 
8237A-5 DMA Controller 
8237A-5 DMA Controller 
8237A-5 DMA Controller 
8237A-5 DMA Controller 
8237A-5 DMA Controller 
8237A-5 DMA Controller 
8237A-5 DMA Controller 
8237A-5 DMA Controller 
8237A-5 DMA Controller 
8237A-5 DMA Controller 
8237A-5 DMA Controller 
8237A-5 DMA Controller 
8237A-5 DMA Controller 
8237A-5 DMA Controller 
8237A-5 DMA Controller 

Description 

8259A Interrupt Controller 
8259A Interrupt Controller 
8259A Interrupt Controller 
8259A Interrupt Controller 
8259A Interrupt Controller 
8259A Interrupt Controller 
8259A Interrupt Controller 
8259A Interrupt Controller 

Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 

1. A4 - A15 are used to generate the chip select for the 8237A-5. AO, AI ,  A2, A3 are connected 
directly to the 8237A-5. The assigned addresses are 0000 - OOOF. The DMA is optional. 

2 .  A3 - A I  5(B) are used to generate the chip select for the 8259A. A0 is decoded directly by the 
8259A. The assigned addresses are 0020-0021 (B). 
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Address3 

0040 
004 1 
0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
004A 
004 B 
004C 
004D 
004 E 
004F 

Address4 

0060 
006 1 
0062 
0063 
0064 
0065 
0066 
0067 
0068 
0069 
006A 
006B 
006C 
0060 
006E 
006F 

Description 

8253-5 Timer 
8253-5 Timer 
8253-5 Timer 
8253-5 Timer 
8253-5 Timer 
8253-5 Timer 
8253-5 Timer 
8253-5 Timer 

Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 

Description 

8255A-5 PPI 
8255A-5 PPI 
8255A-5 PPI 
8255A-5 PPI 
8255A-5 PPI 
8255A-5 PPI 
8255A-5 PPI 
8255A-5 PPI 

Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 

3. A3 - A15 are used to generate the chip select for the 8253-A. A0 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. A I  and A0 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 

0 
1 Keyboard Bit 1 - 
2 Keyboard Bit 2 - 
3 Keyboard Bit 3 - 
4 Keyboard Bit 4 - 
5 Keyboard Bit 5 - 
6 Keyboard Bit 6 - 
7 

Keyboard Bit 0 - LSB 

Keyboard Bit 7 - MSB 

See Keyboard Specifications 

0061 - PORT B - READ OR WRITE 

Bit Description 

1 = 8253 Gate #2 Enabled 
Speaker Data Out 
Not used 
Not used 
Not Used 
Sound Control 0 
Sount Control 1 
1 = Keyboard Clear 

0062 - PORT C - READ/WRITE' 

Bit Description 

0 (Out) Not Used 
1 (Out) Multi-Data 
2 
3 (Out) Not Used 
4 (In) Not Used 
5 8253 Cut # 
6 (In) Not Used 
7 (In) Not Used 

(0 ut) M u I t i-CI oc k 

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

Detailed Memory Map--Continued 
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Addresse Description 

0080 
008 1 
0082 
0083 
0084 
0085 
0086 
0087 
0088 
0089 
008A 
008B 
008C 
0080 
008E 
008F 

DMA Page Reg. (Not Used) 
DMA Page Reg. (Ch 2) 
DMA Page Reg. (Ch 3) 
DMA Page Reg. (Ch 0, 1) 

Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 

0081 - WRITE ONLY 

Address Description 

Bit 0 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 

DMA Ch 2 Address A16 
DMA Ch 2 Address A17 
DMA Ch 2 Address A18 
DMA Ch 2 Address A19 

Not used 
Not used 
Not used 
Not used 

0082 - WRITE ONLY 

Address Description 

Bit 0 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 

DMA Ch 3 Address A16 
DMA Ch 3 Address A17 
DMA Ch 3 Address A18 
DMA Ch 3 Address A19 

Not used 
Not used 
Not used 
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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0083 - WRITE ONLY 

Address 

Bit 0 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 

Address7 

OOAO 
OOAl 
00A2 
00A3 
00A4 
00A5 
00A6 
00A7 
00A8 
00A9 
OOAA 
OOAB 
OOAC 
OOAD 
OOAE 
OOAF 

7 .  AO, A l ,  A2 = X 
X = don't care 

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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Address8 

ooco 
ooc 1 
ooc2 
OOC3 
OOC4 
OOC5 
OOC6 
OOC7 
OOC8 
ooc9 
OOCA 
OOCB 
oocc 
OOCD 
OOCE 
OOCF 

OOAO, 00A19 

Bit 

0 
1 
2 

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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Addresslo 

0200 
0201 
0202 
0203 
0204 
0205 
0206 
0207 
0208 
0209 
020A 
020B 
020c 
020D 
020E 
OOOF 

0201 - READ11 

Bit 

0 
1 
2 
3 
4 
5 
6 
7 

Description 

Joystick 
Joystick 
Joystick 
Joystick 
Joystick 
Joystick 
Joystick 
Joystick 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 

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 

10. The assigned addresses are 0020 - 0021. AO, AI ,  and A2 = X. 
1 1 .  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 

0 
1 
2 
3 
4 
5 
6 
7 

0379 

Bit 

0 
1 
2 
3 
4 
5 
6 
7 

Address1* 

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. A0 and A I  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 

Address 
3D0 
3D1 
3D2 
3D3 
3D4 
305 
3D6 
3D7 
3D8 
3D9 
3DA 

3DB 
3DC 
3DD 
3DE 
3DF 

Description 

0 = Strobe 

0 = Initialize 
0 = Select Printer 
1 = Enable Interrupt 
0 = Enable Output Data 
Not used 
Not used 

0 = Auto FD XT 

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 - 1 F  Bit 0 
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 
308 Bit 0 
3D8 Bit 1 
3D8 Bit 2 
308 Bit 3 
3D8 Bit 4 
308 Bit 5 
3D9 Bit 0 
3D9 Bit 1 
309  Bit 2 
3D9 Bit 3 
3D9 Bit 4 
3D9 Bit 5 

High Resolution Clock 
Graphics Select 
Black And White 

Video Enable 
640 Dot Graphics 

Blink Enable 
Background Blue 

Background Green 
Background Red 

Background I n t ensi t y 
Foreground Intensity 

Color Select 

MEMORY MAP (3DF) 

Bit Description 

CRT Page 0 
CRT Page 1 
CRT Page 2 

Processor Page 1 
Processor Page 2 
Processor Page 3 

Video Address Mode 0 
Video Address Mode 1 

Address Description 
03 FO 
03FO 
03F1 
03F2 
03F3 
03F4 
03F5 
03F6 
03F7 
03F8 
03F9 
03FA 
03FB 
03FC 
03FD 
03FE 
03FF 

DOR Register 
DOR Register 
DOR Register 
DOR Register 

DOR Register (Write Only) 
FDC - Status (Read Only) 

FDC - Data (R/W) 
FDC - Status (Read) 

FDC - Data (R/W) 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 
Not used 

A I  = X 
DOR A2 = 0 
FDCA2 = 1 

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

Bit Description 

0 Drive Select A*  
1 Drive Select B *  
2 0 = FDC Reset 
3 1 = Enable DMA ReqAnterrupt 
4 1 = Drive A Motor On 
5 1 = Drive B Motor On 
6 1 = FDC Terminal Count 
7 Not Used 

*To Select Drive A: Bit O* . Bit 1 * 
To Select Drive B: Bit 0 Bit 1 * 

Detailed Memory Map--Continued 
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Jumper in 

Jumper out 

256K MEMORY EXPANSION JUMPER 
OPTIONS AND CONFIGURATIONS 

NO DMA 

DMA PRESENT 

256K MEM BASE ADDRESS 40000 

128K MEM BASE ADDRESS 00000 

Memory Jumper Options 

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

1. With E l  -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: 

E l  -E2 E3-E4 
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256K MEMORY EXPANSION THEORY OF OPERATION 

Memory I/O 

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. (1 28K on the main logic board and 51 2K on the two 
expansion RAM boards.) Memory Timing comes from the 14.31 81 8 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 EI-E2 and E3-E4 in conjunction with address lines 
A16-Al9 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* (WritelRead) 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-Al5 are multiplexed by 
U6 and U10 with the normal state buffering AO-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 I/O function via a REQUESTlACKNOWLEDGE handshake. The 
Controller transfers data between the particular 110 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 (AO-AI 9 
and the required memory at I/O readlwrite strobe pairs. (MEMORY READ - 
I/O WRITE or I/O READ - MEMORY WRITE). The DMA Controller is also an 
I/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 A1 6-A1 9 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 15ps 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-Al5. 
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 Controller during DMA cycles. 
DMAAEN * also enables U16 (74LS12.3 buffering A4-A7, U18 (74LS670), 
A1 6,A19,U15 (74LS245), AO-A3, memory read, memory write, I/O read and 
I/O write. 

DMAAEN * is used by U9 (82S153 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 (74LS74) and U51 (74LSOO) 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 low*. 
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CONTROL 

DMA BLOCK DIAGRAM 

DIR = DIRECTION 

L- LATCH 

B = BUFFER 

T=TRANSCEIVER -@ 1 

Figure 15 
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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 ,  1112, or 2 stop bits. 
Diagnostic capabilities provide loopback functions of transmitheceive and in- 
put/output signals. Other features include: 

Full double buffering which eliminates the need for precise 

Independent receiver clock input. 

False start bit detection. 

synchronization. 

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 I/O address (3F8 to 3FE primary, and 2FB 
to 2FE secondary), and writing data out to the board. Address bits AO, A l ,  
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 82S153 IFL. 
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PIN 
NUMBER 

1-8 

9 

10 

11 

12 
13 
14 

15 

16 
17 

18 
19 

20 
21 
22 

23 

24 

25 

26 
27 
28 
29 
30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

PIN NAME 
DATA BUS 

RECEIVE CLK 

SERIALINPUT 

SERIAL OUTPUT 

CHIPSELECT 
CHIPSELECT 
CHIPSELECT 

BAUDOUT 

EXTERNAL CLOCK IN 
EXTERNAL CLOCK OU7 

DATA OUT STROBE 
DATA OUT STROBE 

GROUND 
DATA IN STROBE 
DATA IN STROBE 

DRIVER DISABLE 

CHIP SELECT OUT 

ADDRESS STROBE 

REGISTER SELECT A2 
REGlSTERSELECTAl 
REGISTER SELECT A0 
NO CONNECT 
INTERRUPT 

OUTPUT 2 

REQUESTTO SEND 

DATA TERMINAL 
SEADY 
3UTPUT 1 

MASTER RESET 

)LEAR TO SEND 

3ATA SET READY 

‘IECEIVED LINE 
3GNAL DETECT 

3ING INDICATOR 

+ 5 v  

SYMBOL 
DOXI7 

RCLK 

SIN 

SOUT 

cso 

c s 2  

BAUDOU 

XTAL 1 
XTAL 2 

DOSTR 
DOSTR 

V K  
DISTR 
DISTR 

DDlS 

CSOUT 

m 

A2 
A1 
A0 
NC 
INTRPT 

OUT2 
~ 

RTS 

- 
DTR 

OUT1 
__ 

MR 

CTS 

DSR 

RSLD 

- 

- 
RI 

vcc 

FUNCTION 
3 state inputloutput l ines Bi  directional com 
munication l ines between WD8250 and Data BUS 
All assembled data TX and RX control words, and 
status informal ion are transferred via the DO D7 
data bus 
This input is the 16X baud rate clock for the 
receiver section of the chip (may be tied to 
BAUDOUT pin 15) 
Received Serial Data In from the COmmOnications 
l ink (Peripheral device. modem or data set) 
Transmitted Serial Data Out l o  the communication 
l ink The SOUT signal is set to a (logic 1) marking 
condition upon a MASTER RESET 
When CSO and CS1 are high. and C s i  is low, chip 
i s  selected Selection i s  complete when the ad. 
dress strobe ADS latches the chip select signals. 

16X clock signal for the transmitter section o f  the 
WD8250 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 c lock the receiver by tying to (pin 9) RCLK 
These pins connect the crystal or signal clock to 
the WD8250 baud rate divisor circuit 

When the chip has been selected, a low W R  or 
high DOSTR w i l l  latch data into the selected 
WD8250 register (a CPU write) Only one of these 
lines needbe  used Tie unused line to its inactive 
state DOSTR - high or DOSTR - low 
System signal ground 
When chip has been selected. a low m o r  high 
DlSTR wi l l  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 

Output goes low whenever data i s  being read from 
the WD8250 Can be used to reverse data direction 
of external transceiver 
Output goes high when chip is selected No data 
transfer can be init iated unti l CSOUT is high 
When low, provides latching for register Select 
(AO. A l .  A2) and chip select (CSO. CS1, CS2) 
NOTE An active ADS signal i s  required when the 
Register Select (AO, A l .  A2) signals are not stable 
for  the duration of a read or write operation If not 
required. the A m  input can be tied permanently 
low 

- high o r  DlSTR - low 

These three inputs are used to select a WD8250 
internal register during a data read or write 

No Connect 
Output goes high whenever an enabled interrupt 
i s  pending 
User designated output that can be programmed 
by Bit =the modem control register = 1, 
causes OUT2 to go low 
Output when low informs the modem or data set 
that the WD8250 i s  ready to transmit data 

Output when low informs the modem or data set 
that the WD8250 i s  ready to communicate 

1 causesOUTl to go low 

When high clears the registers to states 

Input from DCE indicating remote device i s  ready 
to transmit 
Input f rom DCE used to indicate the status of the 
local data set 
Input f rom DCE indicating that it is receiving a 
signal which meets i ts signal quality condil ions 

Input. when low indicates that a ringing signal i s  
being received by  the modem or data set 

+ 5 vol t  Supply. 

Figure 16 
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WD8250 

READ CYCLE TIMING 

TRANSMITTER TIMING 

MODEM CONTROLS TIMING 

Figure 17 
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WD8250 

BAUDOUT TIMING 

RECEIVER TIMING 

Figure 18 
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BUS 

Data B u s  

8250 
ACE 

Interrupt 

- 
Oscillator > 

In s z  ) u . g  
a > 

25 
Pin 
D- 

Shell 
conn. 

- 

0 
u) 

< G i E  
a .z 

Figure 19 
RS-232 Asynchronous Communications Adapter Block Diagram 

82 



Tandy 1000 Technical Reference Manual 

82S153 IFL Pin Descriptions 
PIN 

UUMBER 

1 

2-8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

PIN NAME 

ADDRESS 
ENABLE 

ADDRESS 
LINES 

SECONDAR’r 
INTERRUPT 
REQUEST 

GROUND 

PRIMARY 
INTERRUPT 
REQUEST 

PRIMARY OF 
SECONDAR) 
UARTS 

UART 
INTERRUPT 

UART CHIP 
SELECT 

NOT USED 

NOT USED 

DATA CHIP 
SELECT 

NOT USED 

NOT USED 

vcc 

SYMBOL 

AEN 

A3-A9 

IORQ3 

address 
space. 

IORQ4 

P or S 

I NT 

ucs 

DCS 

FUNCTION 

Indicates DMA cycle when high, 
CPU cycle when low. 

These address lines are used for 
decoding the address space 
2F8-2FF (secondary) or 3F8-3FF 
(primary) . 

Sends interrupts to the CPU while 
operating in the secondary 

Sends interrupts to the CPU while 
operating in the primary 
address space. 

An input that determines which 
address space will be used. 
Primary (3F8-3FF) when high or 
secondary (2F8-2FF) when low. 

Receives interrupt signal from 
the 8250. 

Enables the 8250 ACE when low. 

Enables the data bus buffers 
when low. 

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 ASCII commands control the operation of the modem. 

These ASCII 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 amplified 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 (Yl) crystal to generate an internal clock. The frequency 
is also divided by 4 to generate a 1 .OO 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 h i s  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 almost 4, this 
op-amp circuit passes through the positive half of the carrier signal to a filter 
capacitor. CR6 passes the positive 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 U l l .  In operation, the 1000 port is connected 
to these 3 devices. Depending on the selection of jumper plug E l  -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, 1 1, 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 
vo!tage and outputs a 5.0 volt 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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Figure 21 
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TANDY 1000 MOUSE/CLOCK/CALENDAR 

Introduction 

The Mouse ClocklCalendar Board interfaces the DIGI-Mouse pointing device 
(Cat. No. 26-1 197) 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: 

Battery: 

Processor: 

Clock Speed: 7.1 6 MHz 

Ambient Temperature Range: 

Storage Temperature Range: 

Standard half size board (5 x 4.2 inches). 

3.0-Volt Lithium coin cell, type 2320 (Cat. No. 23-1 63). The 
battery life is one year. 

8042 8-bit single chip processor 

55O to 95O F (12O to 35O C) 

-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 
0 ut pu ts) . 

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 110 port 2FF. A 
write to I/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 
ClocWCalendar chip (U8). It then translates this information to a parallel 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 clocWcalendar 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 ClocWCalendar 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: 

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. 

The minimum unit of time for the ClocWCalendar chip is 1 minute. Max- 
imum accuracy is * 1/2 minute. The units of time accepted by the chip 
are minutes, (24) hours, day of month, and month. 
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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. 

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

I/O Ports used by the ClocWCalendar 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 #O = 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 

2. If the flag is set, wait until the 8042 clears it. If it is not cleared within 1 millise- 

3. If the flag is clear, proceed. 

4. Check the length of the command. If it is equal to 1 ,  then send the data 

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 

7. When the length equals 1, send it to 2FE, and stop here. 

set (Bit 1). 

cond, reset the 8042 chip because it is locked up. 

to 2FE, and stop here. 

next byte of data. 

94 



Tandy 1000 Technical Reference Manual 

Formats of Commands to the 8042: 

Command 

Set Time 

Read Time 

Set Mouse 
Motion Interrupt 

and 

Button Interrupt 

Set Timer 
Interrupt 

Header Data 

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. 

Returns data packet “R”. 

0 = disable function. 
1 - 255 = net number of “mickeys” 
to be moved before interrupt is 
triggered. 
Returns data packet “M”. 

0 = disable function. 
1 - 255 = enable function 
Returns data packet “B”. 

Outputs 1 byte of data 
0 = disable function. 
1 - 255 = enable function 
Returns data packet “A”. 

02 None 

08 Output is 2 bytes. 

20 

(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 clockkalendar board uses IR3 as an interrupt. Internally, the 
8042 knows if the 8088 has read/written a byte fromho 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: 

A hardware interrupt vector at 002C. 
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: 

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. 

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 

Read time data “R” 

2FE bits # 4, 5, 6) 

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 OB) 
Application interrupt vector (INT 33) 
Hardware interrupt controller (IR3) 
Video display interrupt (INT 10) 

002C Doubleword Pointer 
OOCC Doubleword Pointer 
Port 21 (reset Bit 3) 
0040 Doubleword Pointer 

Operation of the ClocWCalendar: 

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 clockkalendar 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 clockkalendar 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. 

2. 

3. 

4. 

5. 

6. 

7 .  

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

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. 

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

The 8042 retrieves the copy of Port P I  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.) 

The Delta x (or y) working accumulator k32735 units) is then either in- 
cremented or decremented respectively. A null result does not affect the 
accumulators. 

At this 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. 

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. 

J I  

C 2,4,5,6 C I -I- 
, 0 3 3 ~ ~  T 4.7uFT 

DATA 

RESET 

CLOCK 

- 
BUSY 

+ 5  I 1 

v cc 

GND 

K e y b o a r d  A s s e m b l y  C o n n e c t o r  

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 11 1 mSec when any key 
is depressed for more than 1 second, with the exception of SHIFT, CTRL, 
CAPS, ENTER, and NUMBER LOCK. 

101 



Tandv 1000 Technical Reference Manual 

Key Code Chart 

Key Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17  
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
45 

Legend 

F1 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
F10 
F11 
F12 
INSERT + 
BREAK 
ESC 
1 '  
2@ 
3 #  
4 $  
5 o/o 
6 "  
7& 
8 *  
9( 
0 )  

DELETE - 

- - 
= +  
BACKSPACE 
A LT 
PRINT 
7 (backslash) 
8 (Tilde) 
9 PG UP 
TAB 
Q 
w 
E 
R 
T 
Y 
U 
I 
P 

Scan Code 

38 
3c 
30 
3E 
3F 
40 
41 
42 
43 
44 
59 
5A 
55 
53 
54 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 
oc 
OD 
OE 
38 
37 
47 
48 
49 
OF 
10 
11 
12 
13 
14 
15 
16 
17 
19 
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Key Number 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 

Legend Scan Code 

( I  
1 1  
HOLD 
NUM LOCK 
4 
5 
6 
CTRL 
A 
S 
D 
F 
G 
H 
J 
K 
L 

ENTER 

HOME 
1 END 
2 (Grave) 

DN 

X 
C 
v 
B 
N 
M 
, <  * 
I ?  
SHIFT 

0 

90 (Space Key) 
91 thru 95 - reserved for International 

1A 
16 
46 
45 
4B 
4 c  
4 0  
I D  
1 E  
1F 
20 
21 
22 
23 
24 
25 
26 
27 

58 
4F 
50 
51 
3A 
2A 
2 c  
2D 
2E 

30 
31 
32 
33 

2B 
4A 
4E 
52 
56 

ENTER 57 
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DATA 

Keyboard Timing 

Figure 24 is the timing chart for the Tandy 1000 Keyboard Assembly. 

E N D  OF D A T A  

PULSE 7 
(FROM KEYBOARD) 

CLOCK 

( F R O M  KEYBOARD) 

B u s y 1  
(FROM COMPUTER) 

K e y b o a r d  A s s e m b l y  T i m i n g  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. 

Figure 25. Keyboard Identification 

NOTE: KEYS 91 THRU 95 NOT USED ON U. S .  VERSION, USE0 ON 
INTERNATIONAL VERSION E Y  

Figure 26. Key Number Identification 

105 

1 2 3 4  5 C t 7 B  9 f0 +l 12 13 14 15 
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35 1 3 6  I 3 7  138 I39 40  41 4 2  4 3  4 4  45 4 6  47  4B 49 Go 

53 54 55 56 5 7  St3 59 LO G I  64 63 64 65 66 67 68 

71 72 73 74 75 76 77 78 79 80 61 a2  133 8 4  85 56 67 
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Figure 27 
Tandy 1000 Keyboard 

106 



Tandy 1000 Technical Reference Manual 

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 PCjrTM 

Boac Raton, Florida 33432 

Motorola Semiconductors 
5005 E. McDowell Road 
Phoenix. Arizona 85008 

P.O. BOX 1328-W 

Intel Corporation 
3065 Bowers Avenue 
Santa Clara, California 95051 

Texas Instruments 
P.O. Box 1087 
Richardson. Texas 75080 
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*n = 

Types -CGB- 
Model 229 
26 1192 

Code 

20 
2 1 !  ! 22 9 1  ,> 

2 5 %  % 
2 6 &  & 
2 7 '  ' 
2 8 (  ( 

2 D -  - 
2E . . 

3 0 9  
31 1 

3 7 7  7 
3 8 8  8 
3 9 9  9 

3 B ;  ; 
3 C (  ( 
3 D =  = 

3 F ? ? ?  

40CL @ 
4 1 A  A 
4 2 B  B 
4 3 c  c 
4 4 D  D 
4 5 E  E 
4 6 F  F 

4 8 H  H 

4AJ J 

4DM M 

special (see notes n) 

-LP (Dot Matrix)- -------DMP (Dot Matrix)-------------------- DWP (Daisy Wheel) Tandy IBM 
V VI VI11 119 129 290 498 429 590 2109 I1 219 410 Spec Spec 
1165 1166 1168 1271 1255 1254 1251 1267 1252 1256 1158 1257 1259 

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 
9 ,  ,, ,, 11 7, 3, 9 ,  ,> 7 ,  ,, 3 ,  9 ,  ,. 1, ,, 

2 3 # # # # # # # # # # # # # # # #  # 
2 4 $ $ $ $ $ $ $ S $ S $ S S $ $ $  $ 

% '/u % % "ic % % % % % % % % %  % 

& & & & & & & & & & & & & & & ' ' 

( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 

; ; L L L L L a L L L L L L L L L L  L 
2 B + + i + + + + + + + + + i + + +  + 
2 c 3 , , , , , , , , , ,  , 1 1 0  

- - - - - - - - - - - - - - - 
. .  

2 ~ 1 i i i i i i i i i i i i i i i  i 
f f B 0 0 B 0 0 0 0 0, d 0 0 0 

1 1 1 1 1 1 1 1 1 1 1 1  1 
3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  2 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3  3 
3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  4 
3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5  5 
3 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6  6 

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 

; ; ; ; ; ; ; ; ; ; ; ; ; ; 
( ( ( ( ( ( ( ( ( ( ( ( ( ( ( 

3 E ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) )  
? ? ? ?  ? ? ? ?  ? ?  ? ? ?  ? 

@ @ @ @ @ e, e+ @ @ c? @ @ @ @ @ 
A A A A A A A A A A A A A ( A I A  I 
B B B B B B B B B B B B B B B 
c c c c c c c c c c c c c c c 
D D D D D D D D D D D D D D D 
E E E E E E E E E E E E E E E 
F F F F F F F F F F F F F F F 

4 7 G G C G G G G G G G G G G G G G  G 
H H H H H H H H H H H H H H H 

4 9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  I 
J J J J J J J J J J J J J J J 

4 B K K K K K K K K K K K K K K K K  K 
K L L L L L L L L L L L L L L L L  L 

M M M M M M M M M M M M M M M 
4 E N N N N N N N N N N N N N N N N  N 
4 F 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 

3 A : ; ; ; ; ; ; : ; ;  ; . . . . .  . . . . .  

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

)t Matrix)- CGP- 
229 
1192 

- - 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
X 
X 
X 
X 
X 

IBM 
Spec 

- 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
X 
X 
X 
X 
X 

X 
a 
b 

d 
e 
f 
t3 
h 
i 
i 
k 
1 
m 
n 

- 

C 

0 

LP 
J 
16 

--DMP ( IWP 

[ 
158 

- - 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
X 
X 
X 
X 
X 

X 
a 
b 

d 
e 
f 
g 
h 
i 

k 
1 
m 
n 

- 

C 

j 

0 - 
P 
9 
r 
S 
t 
U 

V 
W 

X 

Y 

X 
X 
X 
X 
X 

Z 

- 

)aisy Wheel Types 
Model 
26 

Code - 
5 9 p  
5 1  Q 
52 R 
53 s 
54 T 
55 u 
56 V 
57 w 
58 x 
59 Y 
5A Z 
5B 
5 c  \ 

5E 
5F - 

5D j 

?I1 
168 

- - 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
X 
X 
X 
X 
X 

X 
a 
b 

d 
e 
f 
g 
h 
i 

k 
1 
m 
n 

- 

C 

j 

0 
__ 

P 
9 
r 

t 
S 

U 
V 
W 
X 

Y 

X 
X 
X 
X 
X 

Z 

- 

29 
25 5 

- - 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
X 
X 
X 
X 
X 

X 
a 
b 

d 
e 
f 
g 
h 
i 

- 

C 

j 

1 
m 
n 
0 
- 

P 
9 
r 

t 
S 

U 
V 
W 

X 

Y 

X 
X 
X 
X 
X 

Z 

- 

19 
259 

- - 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
X 
X 
X 
X 
X 

19 
27 1 

- - 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
X 
X 
X 
X 
X 

X 
a 
b 

d 
e 
f 
g 
h 

- 

C 

I 

j 

1 
m 
n 
0 
- 

P 
9 
r 

t 
S 

U 

V 

W 
X 

Y 

X 
X 
X 
X 
X 

2 

- 

(98 
254 

- 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
X 
X 
X 
X 
X 

X 
a 
b 

d 
e 
f 
g 
h 
i 

- 

C 

j 

I 
m 
n 
0 - 
P 
9 
r 

t 
S 

U 
V 

W 
X 

Y 

X 
X 
X 
X 
X 

Z 

- 

iQ9” 
25r 

- - 
P 
Q 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
X 
X 
X 
X 
X 

X 
a 
b 

d 
e 
f 
g 
h 
i 

k 
1 
m 
n 

- 

C 

j 

0 
- 

P 
4 
r 

t 
S 

U 
V 

W 

X 

Y 

X 
X 
X 
X 
X 

Z 

- 

C 
c 
c 
L (t 
L (+ 

X 
a 
b 

d 
e 
f 
g 
h 
i 

- 

C 

j 

1 
m 
n 
0 
- 

P 
9 
r 

t 
S 

U 
V 

W 
X 

Y 

X 
X 
X 
X 
X 

Z 

- 

641 ‘ 
61 a 
62 b 
63 c 
64 d 
65 e 
66 f 

68 h 
69 i 
6A j 
6B k 
6C 1 
6D m 
6E n 
6F o 

67 g 

X 
a 
b 

d 
e 
f 
g 
h 
i 

C 

j 

1 
m 
n 
0 

X 
a 
b 

d 
e 
f 
g 
h 
i 

k 
1 
m 
n 

C 

j 

0 

X 
a 
b 

d 
e 
f 
g 
h 
i 
j 
k 
1 
m 
n 

C 

0 

X 
a 
b 

d 
e 
f 
g 
h 

C 

1 

j 

1 
m 
n 
0 

X 
a 
b 

d 
e 
f 
g 
h 
i 

C 

j 

1 
m 
n 
0 

X 
a 
b 

d 
e 
f 
g 
h 
i 
I 
k 
1 
m 
n 

C 

0 

79 P 
71 9 
72 r 
73 s 
74 t 
75 u 
76 v 
77 w 
78 x 
79 Y 
7A z 

;: I 
7Dl 
7E - 
7F 

P 
9 
r 

t 
S 

U 
V 
W 
X 

Y 

X 
X 
X 
X 
X 

2 

P 
9 
r 

t 
S 

U 
V 
W 
X 

Y 

X 
X 
X 
X 
X 

2 

P 
4 
r 

t 
S 

U 

V 

W 
X 

Y 

X 
X 
X 
X 
X 

Z 

P 
9 
r 

t 
S 

U 
V 
W 
X 

Y 

X 
X 
X 
X 
X 

Z 

P 
9 
r 

t 
S 

U 

V 

W 
X 

Y 

X 
X 
X 
X 
X 

Z 

P 
4 
r 

t 
S 

U 
V 
W 
X 

Y 

X 
X 
X 
X 
X 

Z 

P 
9 
r 
S 
t 
U 

V 
W 
X 

Y 

X 
X 
X 
X 
X 

Z 
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X = follows standard 
*n = special (see notes n) 

Types 
Model 
26 

Code 

80 
81 
82 
83  
84 
85 
86 
87 
88 
89 
8A 
8B 
8C 
8D 
8E 
8F 

2 
92 
93 
94 
95 
96 
97 
98 
99 
9A 
9B 
9 c  
9D 
9E 
9F 

A0 ' 
A1 a 
A2 F 
A3 E 
A4 
A5 !J 

A7 v 
A8 t 
A9 § 
AA 63 
AB 0 
AC !A 
AD -% 
AE % 
AF n 

A6 o 

DMP 
2100P 
1274 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

DMP 
430 
1277 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

A = alternate ( ) 

DMP 
105 

1276 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

DMP 
130 

1280 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

EG = enable graphics DG = disable graphics 

DW 
2 2( 
127 

- __ 

X 

X 
- 

TRP 
100 

1275 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

LMP 
21 50 
1272 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

TANDY 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

E 
re 

(18) 

o (EE) 

li 
u (CAR 
0 
u 
U 
E 
Y 
Pt 
f 

0 

0 

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

DMP 
2 1 OOP 
1274 

DMP 
430 
1277 

DMP 
105 

1276 

DMP 
130 

1280 

DWP 
220 
1278 

TRP 
100 

1275 

LMP 
21 50 
1272 

IBM 

- - 

I 
4 
4 

41 
n 
=I 
?I 
II n 
JJ 

d 
1 

Y 

Types 
Model 
26 

Code 

BQ u 
B1 A ;; 
8 4  0 
8 5  % 

8 6  a 
B7 o 
B8 u 
B9 S 
BA Tm 
BB & 
BC u 
BD $, 
BE 
BF f 

CQ 4 
c1 F 

c 3  6 
c 4  G 
c 5  A 

C6 e 
C7 i 
CB a 
C9 i 
CA 6 

CC i 
CD fi 
CE 5 
CF 6 

DQ 4 
D1 z 
D2 .& 
D3 
D4 a 
D5 $ 
D6 N 
D7 E 
D8 A 
D9 I' 
DA 
DB U 
DC i, 
DD U 
DE E 
DF 

C2 i 

C8 u 

'ANDY 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
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X 
X 
X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
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X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
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X 
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X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
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X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
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X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

u 
T 
lr 

t 
F 
IT 

- 
U 

-H * 
J 

r 

I 

I 
I 

I 

*.. . -  1 
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2 9  
E2 
E3 rn 

E4 . 
E5 =. 

E6 2 E7 
E8 I 
E9 I 
EA I 
EB r 
EC 'I 
ED L 
EE 4 
EF 

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

x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Model 2100P ' :::% 

FQ r 
F1 - 
F 2 1  
F3 T 
F4 I- 
F5 I 
F6 L 
F 7 J  
F8 I 
F 9 i  
FA -I- 
FB 
FC A 
FD 1 
FE \ 
FF 

x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

DMP 
430 
1277 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

DMP 
105 

1276 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

DMP 
130 

1280 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

DWP 
220 
1278 

TRP 
100 

1275 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

LMP 
21 50 
1272 

P 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

TANDY 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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X = follows standard A = alternate ( ) 
*n = special (see notes n)  

19 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1A 
1B 
IC 
1D 
1E 
1F  

DMP 
2 1 OOP 
1274 

NUL 

BM 

LF 

FF 
TR 
EU 
su 

EG 
ED 
EW 

AP 
RC 

DG 

DMP 
430 
1277 

NUL 

LF 

F F  
CR 
EU 
su 

EG 

EW 

ED 

AP 
RC 

DG 

DMP 
105 

1276 

NUL 

LF 

CR 
EU 
su 

EG 

RC 
BU 
DG 
BI 

DMP 
130 

1280 

NUL 

BEL 
BM 

LF 

F F  
CR 
EU 
su 

EG 
ED 
EW 

RC 

EG = enable graphics 

DWP 
220 

1278 

NUL 

BM 

LF 

TR 
EU 
su 

TRP 
100 

1275 

NUL 

HT 
L F  

FF 
CR 
EU 
su 

EG 

RC 

DG 

LMP 
21 50 
1272 

NUL 

BS 

LF 

FF 
CR 
EU 
su 

EG 
ED 
EW 

RC 

DG 

DG = disable graphics 

rANDY 

NUL 

BEL 
BM 
LF 
L F  

FF 
TR 
EU 
su 

EG 
ED 
EW 

IBM 

NUL 

BEL 
BS 
HT 
LF 
VT 
F F  
CR 
SE 
CM 

19 
DS 
EE 

CAN 
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X = follows standard A = alternate ( ) 
*n = special (see notes n) 

EG = enable graphics DG = disable graphics 

Types 
Model 
26 

DMP 
2 1 OOP 
1274 

TRP 
100 

1275 

LMP 
2150 
1272 

DMP 
105 

1276 

- 

SE 
EE 

HP 

i: 
CR 
TR 
12  

HF 

SB 

DMP 
130 

1280 

IM 

SRF 

SE 
EE 

DWP 
220 
1278 

IM 
IM 
IM 
IM 
FR 

CE 
CN 

DMP 
430 
1277 

FR 

SE 
EE 

HP 
SP 
CN 

i! 
CR 
TR 
12  

HF 
CE 
HR 
SB 

EB 
MD 

CP 

rANDY 

IM 
IM 
IM 
FR 

SE 
EE 

IBM 

BEL 
BS 
HT 
LF 
VT 
F F  
CR 
SE 
CM 

Code 

IB 1-6 
1B 7 
1B 8 
1B 9 
1B A 
1B B 
1B C 
1B D 
1B E 
1B F 

IM 

SE 
EE 

IM 
IM 
IM 
IM 
F R  

SE 
EE 

SE 
EE 

HP 
SP 
CN 

;! 
CR 
TR 
12  

HP 
NLQ 

16 
CR 
TR 
EF 

FY 

48L 
12L 

SB 

HP 

H F  

HP 

CN :! 
CR 
TR 
CM 

12L 

sss 
SB 

HP 
SP 
CN 

i! 
CR 
TR 
12 
XP 
EX 
48L 
12L 
CE 
HR 
SB 

IB 1 8  
1B 11 
1B 12  
1B 13 
IB 14 
IB 15 
1B 16 
1B 17  
IB 18 
1B 19 
1B I A  
1B 1C 
IB I D  
1B 1E 
IB I F  

1B 2Q 
IB 21 
1B 22 
1B 23 
1B 24 
1B 25 
1B 26 
1B 27 
1B 28 
IB 29 
1B 2A 
1B 2D 
IB 2F 

SP 

CR 
TR 

XP 
EX 
48L 
HF 

HR 
SB 

1 8  

EE 

CAN 

12L 

HR 

HF 
CE 
HR 
SB 

EB 
MD 

EB EB 
MD 

EB EB 

DR 

F L  

6LF  

BLF 

EB 
MD 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 
RES 

CP 

129 
72L 
216 
FL 

6LF 

BLF 
144 
IB 
RS 

A9 
AI 
AP 

RS 

SEU 

BLF 
721 
ALF 
21n 
TF  
TCR 
c s 2  
cs 1 
IP 
CIP 
12 

CR 
DCS 

IB 3Q 
1B 31 
1B 32  
1B 33  
1B 34  
1B 35 
1B 36 
1B 37 
1B 38  
1B 39  
1B 3A 
IB 3B 
1B 3C 
IB 3D 
1B 3E 
1 F  3F  

72L 
216 
SPL 

6LF 

BLF 
144 
c s 2  
MD 

~~ 

72L 

F L  

SF  

BLF 

129 

F L  

S F  

BLF 

IB 
KS 

CN 
CE 
SPF __ 

72L 

F L  

SF  

BLF 
144 

SF  

BLF BLF 
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X = follows standard A = alternate ( ) 
*n = special (see notes n) 

Types 
Model 
26 

Code 

1B 49 
1B 41 
1B 42 
1B 43 
1B 44 
1B 45 
1B 46 
1B 47 
1B 48 
1B 49 
1B 4B 
ID 4C 
1B 4D 
1B 4E 
1B 4F 

- 

__ - 

1B 5g 
1B 51 
1B 52 
1B 53 
1B 54 
1B 55 
1B 57 
1B 58 
1B 59 
1B 5A 
1B 5B 
1B 5D 
1B 5E 

1B 8 7  
1B 88 
1B 8 9  
1B 8 A  
1B 8B 
1B 8C 
1B 8 D  
1B 8E 
1B 8 F  
1B 9 2  
1B 94 
1B 98  

- 

DMP 
2 1 OOP 
1274 

DMP 
430 
1277 

14n 

IO0 

PS 
HG 

MF 

LM 
RM 
ss 
BU 
DH 
EA 

DMP 
105 

1276 

72N 
72s  

DMP 
130 
1280 

14n 

IO0  

PS 

MF 

LM 
RM 
ss 
BU 

EA 
I S 0  

EG = enable graphics 

D W  
220 
1278 

SHT 

PS 

ss 
BV 

EA 

72L 

TRP 
100 

1275 

LMP 
2150 
1272 

~ ~ 

DG = disable graphics 

rANDY 

14n 
RES 
IC 
cs 
RES 
SHT 

7 LF 
PS 
HG 
PI 
P2 
MF 
D11 

D43 
LM 
RM 
ss 
sc 
BU 
DH 
EA 
I so 
FE 
SF 

IBM 

72N 
SVT 
F L  
SHT 
SM 
EM 
SB 
EB 
FS 
6B 
12B 

PS 
ES 

Pn 

CT 
ss 
EA 
BU 
SE 
Mn 
12G 
24G 

RLF 
cc 
BEL 
BS 
HT 
LF 
VT 
FF 
CR 
so 
SI 
19 
EE 
CAN 
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Symbol = description 

05 
75 
10  
12 
16 

= select (45 CPI monospaced characters 
= select 97.5 CPI monospaced characters 
= select 10  CPI monospaced characters 
= select 1 2  CPI monospaced characters 
= select (15, 16, 16.7) CPI monospaced characters (condensed) 

6LF = full line feed (6 lines/inch or 1/6 inch line feed) 
7LF = 4/5 line feed (7.5 lines/inch or 8/60 inch line feed) 
BLF = 3/4 line feed (8 lines/inch or l / 8  inch line feed) 
9L = 2/3  line feed ( 119 inch forward line feed) 
1 0L = 3/5 line feed ( 10 lines/inch or 1 / I  0 inch line feed) 
12L = 1 /2  line feed ( 12 lines/inch or 1 / I  2 inch line feed) 
36L = 1/6 line feed (36 lines/inch or 1/36 inch line feed) 
48L = 1/8 line feed (48 lines/inch or 1/48 inch line feed) 
72L = 1 / I  2 line feed (72 lines/inch or 1 /72 inch line feed) 
721 = 7/12 line feed (7/72 inch line feed) 
120 = 1 /2@ line feed ( 120 lines/inch or 1/12(4 inch line feed) 
144 = 1/24 line feed (144 lines/inch or 1/144 inch line feed) 
188 = 1 /3 1 line feed (1 88 lines/inch or 1 /188 inch line feed) 
14n = 11/24 line feed (144/n lines/inch or n/144 inch line feed) 
18n = n/3 1 line feed (1 88/n lines/inch or n / l88  inch line feed) 
216 = 1/36 line feed (216 lines/inch or 1/216 inch line feed) 
21n = 11/36 line feed (216/n lines/inch or n/216 inch line feed) 
72n = n/72 line feed (executes 11/72 inch line feed) 
72s = 11/72 line feed (sets 11/72 inch line feed, no motion) 
~ ~ ~~ 

6B = select 60 dots/inch bit image 
12B = select 120 dots/inch bit image 
12G = select 129 dots/inch graphics 
24G = select 240 dots/inch graphics 

A0 = font assignment for correspondence 1 8  CPI 
A1 = font assignment for correspondence 1 2  CPI 
AP = font assignment for proportional 
ALF = line feed is set to ESC A (1B+41) 
BEL = ring bell 
BI = select bidirectional printing 
BM 
BS 
BU 

= back space in microspaces 
=back space 1 character width relative to current pitch 
= bidirectional (n=@) - unidirectional (n=l ) carriage movement 

I # of bytes in control code 

4+nl n2 
4+nl n2 
4+nln2 
4+n 1 n2 

CAN 
cc 
CE 
CIP 
CM 
CN 
CP 
CR 
cs 
c s 1  
c s 2  
CT 

= clear print buffer and see manual for special conditions 
= print control characters in 0-29H range 
= select correspondence 1 2  CPI character 
= cancel ignore paper end 
= select compressed mode (1/2 current pitch selection) 
= select correspondence 10  CPI character 
= select compressed proportional character 
= carriage return w/o line feed 
= color-scan mode 
= select character set #1 
= select character set #2  
= cancel tabs to default settings 

continued on next page 
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Symbol = description 

D11 
D43 
DCS = download character set 
DG = disable graphics 
DH = double height 
DR 
DS 

EA 
EB = end bold print 
ED 
EE 
EF 
EG = enable graphics 
EM 
ES = end skip perforation 
ET 
EU = end underline 
EW 
EX 

FE = forward linefeed execute 
FF =form feed 
FL 
FR 
FS 

HF 
HG 
HP 
HR 
HT = horizontal tab 
IB 
IC = italic cursive character 
IM 
100 = italic on/off 
IP = ignore paper end 
IS0 

= define dot interval ratio (1 : 1 ) 
= define dot interval ratio (4:3) 

= advance paper one dot row 
= de  select printer (serial = X off) 

= end superscript, subscript or double height 

= enable data processing mode 
= end of chracter elongation 
= select standard elite 12 CPI characters 

= end emphasized (horizontal double strike) 

= end 16 CPI (condensed) character mode 

= enable word processing mode 
= exit external program mode 

= set form feed length 
= full reverse line feed 
= font select n = l  high speed n=2 middle font n=3 letter qual. 

= half line-feed forward (no motion) 
= transfers high-res graphic data 
= moves the print head to a position specified 
= half line feed reverse 

= select IBM character set 

= increment niicrospaces (proportional spacing) 

= selects IS0 character sets n=couiitry 

LF 
LM = left margin set 
MF = micro font 
Mn = set horizontal margin 
MD = toggles between Tandy and IBM modes 
NLQ = near letter quality - proportional font 
NQE = near letter quality - elite font 
NQP = near letter quality - pica font 
NUL = terminator 
P1 = insert new paper in hopper # 1  
P2 = insert new paper in hopper #2 
PF = select standard pica 18 CPI characters 
PN = proportional spacing on/off 
PS = set perforations skip 

= full forward line feed 

# of bytes in control code 

2 
2 
1 
2 
2 
1 
2 
2 
2 
1 
1 
2 

2 
4+1 (N1 N2) 
4 
2 
1 
2 
2 
2 
3 
2 
3 

1 
3 
2 
4 
2 
2 
2 
2 
1 
2 
2 
2 
3 
3 

continued on next page 
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Symbol = description 

RC = repetitions of character 
RES =reserved 
RLF = reverse line feed 
RM = right margin set 
RS = Tandy character set 

SB = start bold 
SC = select color 
SCR = select CR=CR only 
SE = start of character elongation 
SEU = n=l start underline n=9 end underline 
SF = set forward linefeed 
SHT = set horizontal tab 
SM 
SNL = select CR=CR+LF 
SP = select proportional characters 
SPF = select proportional font 
SPL = sets page length 
SRF = set reverse line feed 
SS =superscript (n=@) - subscript (n=l )  character 
SSS = selects superscript under the condition specified in the owners manual 
SU = start underline 
SVT = set vertical tab 
TCR = n=o CR only n = l  CR + LF 
TER = terminator of tab list 
TF = topofform 
TR = Tandy carriage return (CR + LF) 
VT = vertical tab 
XP = enter external program mode 

= select emphasized (horizontal double strike) 

# of bytes in control code 

2 
2 
2 
2 
3 
2 
2+list (terminal=@) 
2 
2 
2 
3 
3 
2 
3 
2 
1 
2+list (terminal=@) 
3 
1 
2 
2 
1 
2 
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inu@ 
iAPX 88/10 

8-BIT HMOs MICROPROCESSOR 
8OW8088-2 

rn 8-Bit Data Bus Interface 

rn 16-Bit Internal Architecture 

rn Direct Addressing Capability to 1 Mbyte 

Direct Software Compatibility with 

m 14-Wrd by 16-Bit Register Set with 

24 Operand Addressing Modes 

rn Byte, Word, and Block Operations 

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

Compatible with 8155-2, 8755A-2 and 
8185-2 Multiplexed Peripherals 

Two Clock Rates: 
5 MHz for 8088 
8 MHz for 8088-2 

of Memory 

iAPX 86/10 (8086 CPU) 

Symmetrical Operations 

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 CerDlP 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. 

INTI 

(. M E M O R V Z R F A C E  ) 

INSTRUCTION 3 

OUEUE 

ES 1 
~ 

B U S .  

UNIT 

cs 
%FACE ss 

DS 

I P  CONTROL 

i 
___ EXECUTION UNIT 

SYSTEM t 

EXECUTION UNIT 

LOGIC UNIT 

GND 

A I 1  

A13 

A I 2  

AI1 

A10 

A9 

A8 

AD1 

A 0 6  

AD5 

A 0 4  

AD3 

AD2 

AD1 

A W  

NMl 

INTR 

CLK 

GND 

MIN 
MODE 

Figure 1. iAPX 88/10 CPU Functional Block Diagram Figure 2. iAPX 88/10 Pin Configuration 

lnlsl Corporalton AUY- Ne -1y for the Use 01 Any Circuitry Other Than Circuitry Erntodied tn an Intel Product NO Other Circuit Paten1 LIC- are lmplk  

@INTEL CORPORATION 1901 NOVEMBER 1901 
oncm muyam: 21ma.001 
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'NOTICE Stresses above those l is ted under Absolute 
Maximum Ratings may cause permanent damage to the 
device This IS a stress rat ing only a n d  functronal opera- 
tion of the device at  these o r  any other conditions above 
those indicated i n  the operational sections of  this specifl- 
cation is no t  impl ied Exposure to absolute maximum 
ratrng conditions fo r  extended per iods may affect device 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 
Storage Temperature 
Voltage on Any Pin w i th  

Respect to Ground 
Power Dissipation 2 5 Watt reliability 

0°C to 70'C 
- 65°C to + 150°C 

- 1 0 to + 7 v  

D.C. CHARACTERISTICS (8088: TA = ooc to 70°C. vCC = 5~ ~ I O O / ~ )  
(8088-2: TA = 0°C to 70°C. Vcc  = 5V ?5%) 

2 AFNM1826C 

Symbol 

VI L 

VI H 

VOL 

VOH 

Icc 

Parameter Min. Max. Units Test Conditions 

Input LowVoltage -0 5 +O 8 V 

Input High Voltage 2 0  v c c + o 5  V 

Output LowVoltage 0 45 V l o ~  = 2 0 mA 
Output High Voltage 2 4  V  lo^ = - 4 0 0 p A  

mA TA = 25°C 340 
350 Power supply  Current ::::-2 

lLl 

I LO 

VCL 

VCH 

CIN 

CIO 

Input Leakage Current % l o  p A  ov =% VIN S vcc 
pA 0 4 5 v  i V O U T  i 

vcc 
Output Leakage Current ?IO 

Clock Input Low Voltage -0 5 +O 6 V 

Clock Input High Voltage 3 9  VCC+IO V 
Capacitance i f  Input Buffer 
(Al l  input except 15 pF fc = 1 MHz 

Capacitance of I/O Buffer 
A D o - A b .  RWGT 

(ADn-AD7. RQ/GT 15 pF fc = 1 MHz 
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A.C. CHARACTERISTICS (soas: T+, = ooc to 70% vcc = 5v  ,io%) 
(8088-2: TA = 0°C to 70°C. Vcc = 5V 25%) 

MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 

Test 
Conditions 

_____ 
From 1.OV 
to 3.5v 

From 3.5V 
to 1.ov 

From 0.8V 
to 2.0v 

From 2.0V 
to 0.8V 

3 
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iAPX 88/10 

A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 

CL = 20-100 pF for 
all 8088 Outputs 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT OUTPUT 

2 4  

0 45  

A.C. TESTING LOAD CIRCUIT 

1- 
DEVICE 

F h C ,  UNDER lOOpF 

C, INCLUDES JIG CAPACITANCE 

4 A F N W 2 6 C  
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iw iAPX 88/10 PRELOMONAWV 

WAVE FO R M S 

TIMING-MINIMUM MODE SYSTEM 

CLK I8284 OUlpUtl 

C TcLcn - 
IOlM S% X I 

I 

Ais-Ag A ,s -  Ag IFlOsl during INTAI  x 
TCHDX * * - TCLDV 

TCLAV-1 - 1 TCLAX-  - , 
I I ,  

A t d S i -  Aids, At9  A<6  s7 s, 
I I 

\ 

ALE 

RDY 18284 Inpull 
SEE NOTE 5 

READY (8088 Inpull 

READ CYCLE 

INOTE I1 

(Wn W A = V o , l  

1 - LTCLAZ L-- TDVCL -I- TCLDX- 

~ 

R D  

Tc"cTv-1 

- 
D E N  

5 AFN-00826C 
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WAVE FORMS (Continued ) 

B U S  T I M I N G - M I N I M U M  MODE S Y S T E M  (Continued) 

CLK I8284 Oulpull 

WRITE CYCLE 
NOTE 1 

I N T A  CYCLE 

NOTES 1.3 

lrn m = VOH) 

SOFTWARE HALT 

E~J.W,WR,INTA VO- 

DTlR INDETERMINATE 

TCUDX- *- TCLOV- - 
TCLAX * TCLAV- -- + 

AD, - All0 I 

I 

AD, -ADO I INVALIDADDRESS SOFTWARE HALT 

TCLAV+ I- 
NOTES I ALL SIGNALS SWITCH BETWEEN VOH AND VOL UNLESS OTHERWISE 

SPECIFIED 
2 ROY IS SAMPLED NEAR THE END OF Tz T, Tw TO DETERMINE IF l w  

MACHINES STATES ARE TO BE INSERTED 
3 TWO INTA CYCLES RUN BACK TO BACK THE 8088 LOCAL ADDRIDATA 

ARE SHOWN FOR THE SECOND INTA CYCLE 
4 SIGNALS AT 82M ARE SHOWN FOR REFERENCE ONLY 
5 ALLTIMING MEASUREMENTS ARE MADE AT 1 5V UNLESS OTHERWISE 

NOTED 

BUS IS FLOATING DURING noin INTA CYCLES CONTROL SIGNALS 

6 
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A.C. CHARACTERISTICS 

MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 

TIMING REQUIREMENTS 

NOTES: 

Test Conditions ______ 

:Tom 1 .OV to 3.5V 

('/I TCLCL)- 15 (% TC LC L) - 1 5 

30 

30 15 ns 

-ram 3.5V to 1 OV 

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 AFN00826C 

Symbol 

TCLCL 

TCLCH 

TCHCL 

TCHlCH2 

TCL2CLl  

TDVCL 

TCLDX 

TRIVCL 

TCLR,X 

TRYHCH 

TCHRYX 

TRYLCL 

TINVCH 

TGVCH 

TCHGX 

TILIH 

TlHlL 

Parameter 

CLK Cycle Period 

CLK Low Time 

CLK HighT ime 

CLK RiseTime 

CLK Fall Time 

Data In Setup Time 

Data In Hold Time 

RDY SetupT ime into 8284 
(See Notes 1 ~ 2) 

RDY Hold Time into 8284 
(See Notes 1, 2) 

READY Setup Time into 
8088 

READY Hold Time into 8088 

READY Inactive to CLK (See 
Note 4) 

Setup Time for Recognit ion 
(INTR. NMI. TEST) 
(See Note 2) 

RQiGT SetupT ime 

RQ Hold Time into 8086 

Input RiseTime 
(Except CLK) 

Input Fall Time (Except CLK) 

40 30 ns 

12 12 ns From 2.0V to 0.8V 
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im' iAPX 8811 0 PRELUWUNARV 

A.C. CHARACTERISTICS 
TIMING RESPONSES 

Symbol Parameter 

Command Inactive Delay (See 
TCLMH I Note 1 )  

I StatusValid to  MCE High (See 
TSVMCH I Note 1) I l 5  

TCLLH 15 CLK Low to  ALE Valid (See 
Note 1) 

CLK Low to MCE High (See 
Note 1 )  TCLMCH 15 

TCHLL ALE Inactive Delay (See Note 1 )  15 

TCLMCL MCE Inactive Delay (See Note 1) 15 

TCLDV DataValid Delav 10 110 

TCHDX Data Hold Time 10 

TCVNV 5 45 

TCVNX 10 45 

TAZRL Address Float to  Read Active 0 

TCLRL RD Active Delay 10 165 

TCLRH RD Inactive Delay 10 150 

TRHAV 

Control Active Delay (See 
Note 1) 

Control Inactive Delay (See 
Note 1) 

TCLCL -45 
RD Inactive to Next Address 
Active 

2TCLCL-75 

CL = 20-100 pF for 
all 8088 Outputs 
in addition to  
internal loads 

-1 
PTCLCL-50 

From 0.8V to  I *O I ns 12.ov 

From 2.0V to  
0.8V l 2  ns 

8 

Min. Max. Units 

10 35 ns 

10 35 ns 

65 ns 

10 60 ns 

10 70 ns 

Test Conditions 

110 TRYHSH 
READY Active to Status Passive 
(See Note 3) 

TCHSV Status Active Delay 10 110 

TCLSH Status Inactive Delay 10 130 
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WAVE FO R M S 

9 AFN40826C 

TCLAV 

TCHSV 

S; ,S; ,S(EXCEPT HALT) 

A t r - A i  

Ai& A i d s 3  

~ 

RD 
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WAVE FO R M S (Con t i n u e d ) 

- -  
1 

T >  I BUS TIMING-MAXIMUM TCHSV 

MODESYSTEM CLK v c n m  

(USING 8288) VCL 

82na OurpuTr 
SEE NOTES 5.6 

&. %. (EXCEPT HALT1 

WRITE CYCLE 

407 - ADc 

DEN 

K C  OR A m  

M- OR lm 

INTA CYCLE 

A i s - A e  
(SEE NOTES 341 

AD, ADO 

8281 m 
SEE NOTES 5 6 

MCEl 
PDFN 

DTIR 

INTA 

DEN 

I I I !  1 I _----- 
I 

(u. "Of. I) 

I 

TDVCL * -TCLDX 

pl 

NOTES 1 ALL SIGNALS SWITCH BETWEEN VOH AND VOL UNLESS OTHERWISE 
SPECIFIED 

2 RDY IS SAMPLED NEAR THE END OF T2 T, T y  TO DETERMINE IF  11 
MACHINES STATES ARE 10 BE INSERTED 

1 CASCADE ADDRESS IS  VALID BETWEEN FIRST AND SECOND I N 7 1  

CVCLES 4 TWO I N T I  CVCLES RUN BACK TO BACK THE 8088 LOCAL ADDRIDATA 

POINTER ADDRESS IS SHOWN FOR SECOND INTA CYCLE 
5 SIGNALS AT 8284 OR 82M ARE SHOWN FOR REFERENCE ONLV 
6 THE ISSUANCE OF THE 8 Z M  COMMAND AND CONTROL SIGNALS 
lm m%'c IUTA AND DEN1 L A G S  THE 
ACTIVE HIGH 8288 CEN 

7 ALL TIMING MEASUREMENTS ARE MADE AT 1 5V UNLESS OTHERWISE 

NOTED 8 STATUS INACTIVE IN STATE JUST PRIOR TO 1, 

nus IS FLOATING DURING 8 o T n  INTI CYCLES CONTROL FOR 

10 AFN-00826C 
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WAVEFORMS (Continued) 

ASYNCHRONOUS 
SIGNAL RECOGNITION 

C L I  

- -- rwcw cI.. not. 7 )  

BUS LOCK SIGNAL TIMING 
(MAXIMUM MODE ONLY) 

I REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 

HOLD/HOLD ACKNOWLEDGE TIMING (MINIMUM MODE ONLY) 
~ I OR > C " C L E *  4 

11 A F N - W N C  
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PROGRAMMABLE INTERVAL TIMER 
l1lCS-85~~ Compatible 8253-5 Count Binary or BCD 

D 3 Independent 16-Bit Counters D Single + 5V Supply 

D DC to 2 MHz D Available in EXPRESS 

m Programmable Counter Modes 
-Standard Temperature Range 
-Extended Temperature Range 

The Intelm 8253 is a programmable counterltimer chip designeo for use as ai Intel microcornputer peripheral It uses 
nMOS technology with a single +5V supply and is packaged in a 24 pin plastic DIP 

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz All modes of operation are soft- 
ware programmable 

C L U  0 

G A T t  0 

OUT 0 

CLK 1 

G A T E  1 

n u l  1 

G 4 T t  2 
R t G l S l E R  

I N T E R N A L  BUS 

Figure 1. Block Diagram 

8 

9 

IO 

,, 

Figure 2. Pin Configuration 

A F N - O C 7 4 5 C  
6-139 

' INTEL CORPORATION 1982 

D, c 
D C  

D5 C 
0, c 
D,C 

D,C 

v, c 
D O C  

C L K  OK 
OUT oc 

G A T E  0 

G N D  
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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 I/O ports in the system software 

The 8253 solves one of the most common problems in any 
microcomputer system. the generation of accurate time 
delays under software control Instead of  setting up timing 
loops in systems software the programmer configuresthe 
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 I t  is easy to see 
that the software overhead is minimal and that multiple 
delays can easily be maintained by assignment of priority 
levels 

Other counterltimer functions that are non-delay in 
nature but alsO common to  most microcomputers can be 
implemented with the 8253 

Programmable Rate Generator 
Event Counter 
Binary Rate Multiplier 
Real Time Clock 
Digital One-Shot 
Complex Motor Controller 

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

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

Read lWr i te  Logic 
The Read/Write Logic accepts inputs from thesystem 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 unless the 
device has been selected by the system logic 

KD (Read) 
A low on this input informs the 8253 that the CPU is 
inputting data in the form of a counters value 

WR (Write) 
A low on this input informs the 8253 that the CPU is 
outputting data in the form of mode information or loading 
counters 

AO, 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 control word register for 
mode selection 

(Chip Select)  

A low' on  this input enables the 8253 No reading or 
writing will occur unless the device is selected The E 
input has no effect upon the actual operation of the 
counters 

CONTROL 

REGISTER 

1 

INTERNAL BUS / 

Figure 3. Block Diagram Showing Data Bur Buffer and 
ReadlWrite Logic Functions 

6-140 

- CLK 1 

-GATE 

-OUT 1 

1 
COUNTER 

c 

- C L U 2  

COUNTER GATE 
2 -  - OUT 2 

t 

C' 

r 
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Control Word Register 
The Control Word Register is selected when AO. A1 are 11 
It then accepts information from the data bus buffer and 
stores it in a register The inlormation 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 

Counter XO, Counter #1, Counter #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 

1 he reading of the contents of each counter I S  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 s y s t e m  
software as an array of peripheral 1/0 ports three are 
counters and the fourth is a control register for  MODE 
programming 

Basically the select inputs A0 A1 connect to the A 0  A 1  
address bus signals of  the CPU The can be derived 
directly from the address bus using a linear select method 
Or it can be connected to the output o f  a decoder such as 
an Intel” 8205 for larger systems 

CONTROL 

REGISTER 

I 

I tdTERNALBUS / 

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

I 1- 1 

Figure 5. 8253 System Interface 

6-141 Af N-W745C 
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825318253-5 
-- ___-- -- 

RLO M2 M1 MO BCD 

OPERATIONAL DESCRIPTION 

0 
1 

1 

M - MODE: 

M2 M1 MO 

1 Select Counter 1 

0 Select Counter 2 

1 Illegal 

General 
The complete functional definition of the 8253 is 
programmed by the systems software A set of control 
words must be sent out by the CPU to initialize each 
counter of the 8253 with the desired MODE and quantity 
information Prior to  initialization. the MODE, count, and 
output of all counters is undefined These control words 
program the MODE, Loading sequence and selection of 
binary or BCD counting 
Once programmed the 8253 is ready to perform whatever 
timing tasks it is assigned to accomplish 

The actual counting operation of  each counter is 
completely independent and additional logic is provided 
on-chip so that the usual problems associated with 
efficient monitoring and management of external 
asynchronous events or rates to  the microcomputer 
system have been eliminated 

Programming the 8253 
Al l  oftheMODESforeachcounter are programmed bythe 
systems software by simple I10 operations 

Each counter of  the 8253 is individually programmed by 
writing a control word into the Control Word Register 
( A 0  A 1  11) 

Control Word Format 

Definition of Control 

SC - Select Counter: 

sc 1 sco 
--1 F 7 - O i  S e l e c t n t e r  o I 

Counter Latching operation (see 1 I 1 READ/WRITE Procedure Section) I 
I 1 I 0 1 ReadiLoad most sianificant bvteonlv 1 I:--- 1 ; 1 Read/Load least significant byte only 

Read/Load least significant byte 
then most significant byte 

BCD: 

0 I Binarv Counter 16 bits 7 
I I I Binary Coded Decimal (BCD) Counter 

(4 Decades) 

Counter Loading 

The count register is not loaded until the count value I S  

written (one or two bytes depending on the mode 
selected by the RL bi ts)  followed by a rising edge and a 
falling edge of the clock Any read of the counter prior to 
that falling clock edge may yield invalid data 

MODE Definition 

MODE 0: Interrupt on Terminal Count. The output will 
be initially low after the mode set operation After the 
count is loaded into the selected count register the out 
put will remain low and the counter will cobnt When ter 
minal count is reached the output will go h gh and re 
main high until the selected count register is reloaded 
with the mode or a new count is loadea Tht. 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 currant counting 
(2) Write 2nd byte starts the new count 

MODE 1. Programmable OneShot The outpbt will go 
low on the count following the rising edge of tt-2 gate in 
Put 

The output will go high on  the terminal count If a new 
count value is loaded while the output is low i t  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 :he uutput will re 
main low for the full count after any rising edge of the 
gate input 

6-1 42 AFN W745C 
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MODE 2 Rate Qenemtor. 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 GeneratorSimilar 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 whole 
process is repeated. 

If the count is odd and the output is high, the first clock 
pulse (after the count is loaded) decrements the count 
by 1. Subsequent clock pulses decrement the clock by 
2. After timeout, the output goes low and the full count 
is reloaded. The first clock pulse (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 

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 wlll 
start counting after the rising edge of the trigger Input 
and will go low for one clock period when the terminal 
count is reached. The counter is retriggerable. The out- 
put will not go low until the full count after the rising 
edge of any trigger. 

L O W  

Of Going 

LOW 

Disables 
countlng 

11 D85ables 
counting 

21 Sets nulout 
lmmedlalely 
h m h  

11 Disables 
Collnllng 

21 sets o"lp"l 
immediately 
high 

Disables 
counting 

_ _  

Rising 

21 Resets outout 
alter next clock 

Initiates En a D I e s 

Enables 
counting 

lnillales 
counting 

Figure 8. Gate Pin Operations Summery 
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MODE 0: Interrupt on Terminal Count 

CLOCK 

r n " 1  I ' 
4 3 2 1 0  

I 
( " - 4 1  I - '  n - OUTPUT I INTERRUPTI  

MODE 1. Programmable One6hot 

MODE 2: Rate Generator 

MODE 3: Square Wave Generator 

MODE 4: Soltware Triggered Strobe 

4 3 1 1 0  
OUTOUT U 

LOAD 

4 4 3 2 1 0  
G A T E  

O b T P U I  

MODE 5: Hardware Triggered Strobe 

CLOCK 

__________--- 
Figure 7. 8253 Timing Diagrams 
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8253 READWRITE PROCEDURE 
Wrltr 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 #O does not 
have to be first or  counter #2 last Each counters 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 R L l )  This 
loading of the counters count register is still sequence 
independent like the MODE control word loading. but 
when a selected count register is to be loaded it 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 control word They can be programmed 
at any time following the MODE control word loading as 
long as the correct number of bytes is loaded in order 

All counters are down counters Thus the value loaded 
into the count register will actually be decremented 
Loading all zeroes into a count register will result in the 
maximum count (216 for Binary or l0 ' for  BCD) In MODE 0 
the new count will not restart until the load has  been 
completed It will accept one of two bytes depending on 
how the MODE control words (RLO RL1) are program- 
med Then proceed with the restart operation 

MODE Control Word 
Counter n 

MSB Count Register byte 
Counter n 

I Note Format shown i s d  simple example of loading the $253 and 
does not imply that i t  IS the only format that can he used I 

Figure 8. Programming Format 

No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

No. 6 

No. 7 

No. 8 

No. 9 

LsB Count Reqister Byte 

MSB Count Register Byte 
Counter 0 

--I. -1 J 

Note The  exclusive addresser of each counter's count reglster mdk 
the task of programming the 8253 d very simple mallet and 
maximum eflectwe use of the device wnll result 11 thls  leavur, 
IS fully utilized 

--__ 
Figure 9. Alternate Programming Formats 

6-145 AFN-0074SC 

A 1  A 0  

1 1  
MODE Control Word 

Counter 0 

MODE Control Word 
Counter 1 

MODE Control Word 
Counter 2 

1 1  

1 1  
- 

0 1  
LsB Count Reglster Byte 

MSB 

LsB Count Register Byte ---+ --*-- 
Counter 1 

Count Register Byte 1 
Counter 1 

Counter 2 
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Road Operatlone 
In most counter applications i t  becomes necessary to read 
the value of the count in progress and make a 
computational decision based on this quantity Event 
counters are probably the most common application that 
uses this function The 8253 contains logic thal 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 l o  
read the value of the counters The first method involves 
the use o f  simple 1/0 read operations ol the selected 
counter By controlling the A 0  A 1  inputs to the 8253 the 
programmer can select the counter l o  be read (remember 
that no read operation of the mode register is allowed A 0  
Ai -11 )  The only requirement with this method i s  that in 
order to assure a stable counl reading the actual operation 
of the selected counter must be inhibited either by 
controlling the Gate input or by external logic that inhibits 
the clock inpul The contents of  Ihe counter selected will 
be available as follows 

first I10 Read contains the least significant byte (LSB) 

second I /O Read contains the most significant byte 
(MSB) 

Due l o  the internal logic of  the 8253 it is absolutely 
necessary l o  complete the entire reading procedure I f  two 
bytes are programmed l o  be read then two bytes m a  be 
read before any loading WR command can be sent lo the 
same counter 

Read Operation Chart 

~ 

CLK 

8085 8253 5 

'If an 8085 clock output is to drive an 8253 5 clock inpul i t  must be reduced 10 2 M H z  or less 

Figure 10. MCS-85'" Clock Interface. 

6-1 46 AFNW745C 

0 

0 

1 

0 0 Read Counter No. 0 

1 0 Read Counter No. 1 

0 0 Read Counter No. 2 

1 1 0 Illegal 

D7 D6 D5 
SCl sco 0 

0 4  03 0 2  D l  00 

0 x x x x 
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ABSOLUTE MAXIMUM RATINGS* 'NOTICE Stresses above those lrsted under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device This IS a stress ratrng only and functional opera- 

Ambient Temperature Under Bias tion of  the device at  these of any other conditions above 
Storage Temperature 65OCto t150"C those ind ica ted  in the operat ional  sect ions o f  th is 
Voltage On Any Pin specification i s  not implied Exposure to absolute rnaxi- 

mum rating conditions for extended periods may affect 
Power Dissipation 1 Watt device relrability 

0" C to 70" C 

With Respect to Ground 0 5 V to + 7  V 

6-147 A F W 7 4 5 C  

Parameter Test Conditions 

Input Low Voltage 
- ~~~~~ 

~ 

Output High Voltage 

Input Load Current 

Output Float Leakage 

VCC Supply Current 

_ _  ~- ~~ 

_ _ _  
- 

~ 

Symbol 

VIL - 

VIH ~ 

vo L 

'I L 

~ O F L  

I cc 

vO H 

Man 1 Unit Test Conditions 

10 1 pF fc 1 MHz 

20 pF Unmeasured pms returned to VSS 
- - - ~  - - 

Min Typ 
-- 

Symbol Parameter 

CI N Input Capacitance 

CliO 1/0 Capacitance 

~ _ _  - 

8253 82555 

Parameter Min. Max. Min. ' Max. Unit 

30 I1 s Address Stable Before READ 50 

Address Hold Time for REAo 5 5 ns 

READ Pulse Width 400 300 n s  

Data Delay From 300 200 ns 

R E A D  to Data Floating 25 1 2 5  25 100 ns 

Recovery Time Between READ 
and Any Other Control Signal 

~ .~ _ _ _ _ _  __ 

.- ~ ~ 

1 1 rCrS 

Symbol 

t A R  

t R A  

tRR 

tRD 

tDF 

tRv  
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A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 

CLOCK AND GATE TIMING 

Hold Time After C L K t  

u t  Delay From CLKJ-kl 
~______ 

NOTES 
1 IOL - 2 2  mA 
2 10" - 400 FA 
3 AC timings measured at VOH 2 2 VOL - 0 8 
4 C L -  150pF 
' For Extended Temperature EXPRESS use ME253 electrical parameters 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

2 4  

0 45 

A L  TESTING INPUTSARE DRIVENAT24VFORALOGIC 1 ANDOISVFOR 
A LOGIC 0 1lMlNG MEASUREMENTS ARE MADE AT 2 OV FOR A LOGIC 1 
AND 0 8 V  FOR A LOGlL 0 

DEVICE UNDER 

C, INCLUDES JIG CAPACITANCE 
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WAVEFORMS 

WRITE TIMING READ TIMING 

- ‘AR * - f ‘RA 

RD 

*IR”- - I u r *  

“-rp - V A L I D  nlGn IMPEDANCE IATA BUS HIGH IMPEDANCE 

CLOCK AND GATE TIMING 

CLK 

c ‘61 * - 
GATE G n 

OUTPUT 0 

- 1OOG - 
’LAST BYTE OF COUNT EElNG WRITTEN 
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PROGRAMMABLE INTERRUPT CONTROLLER 

iAPX 86, iAPX 88 Compatible 

m MCS-806, MCS-85<' Compatible 

m Eight-Level Priority Controller 

Individual Request Mask Capability 

m Single + 5V Supply (No Clocks) 

28-Pin Dual-In-Line Package 

m Expandable to 64 Levels 

Programmable Interrupt Modes 

Available in EXPRESS 
- Standard Temperature Range 
- Extended Temperature Range 

The Intel@ 8259A programmable Interrupt Controller handles up to eight vectored priority interrupts lor the CPU It is 
cascadable lor 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 8259A 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 01 system requirements 

The 8259A IS fully upward compatible with the Intel' 8259 Software originally written lor the 8259 will operate the 
8259A in all 8259 equivalent modes (MCS 80185. Non Bullered Edqe Triqqered) 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 

Name ond Functlon 

Supply: +5v Supply 

-____-______ Ground. 

Chlp Select. A low on this pin enab lesm a n d m  communication between the CPU and the 8259A 
INTA functions are independent of CS 

Wrlto: Alowonthispin when CS 1slowenablesthe8259At@acceptcommandwordsfromtheCPU 

Read: A low on this pin when CS is low enables the8259A to release status ont@ the data bus for the 
CPU 

Bldlrectlonal Data Buo. Control status and Interrupt-vector information is transferred via this bus 

Crnacrnde Llnes: The CAS lines form a private 8259A bus to control a multiple 0259A structure These 
pins are outputs for a master 8259A and inputs for a slave 8259A 

Slow PropramEnable Buffer: This IS a dual function pin When in the Buffered Mode it can be used 
as an output to control buffer transceivers (EN) When not in the buffered mode it is used as an input 
to designate a master (SP = I )  or slave (SP = 0) 

Interrupt: This pin goes high whenever avalid interrupt request isasserted It is used to interrupt the 
CPU thus it IS connected to the CPU s interrupt pin 

Interrupt Requests: Asynchronous inputs An interrupt request is executed by raising an IR input 
(low to high) and holding it high until it is acknowledged (Edge Triggered Mode) or just by a high 
level on an IR input (Level Triggered Mode) 

Interrupt Acknowledge. This pin is used to enable 8259A interrupt-vector data onto the data bus by 
a sequence of interrupt acknowledge pulses issued b y  the CPU 

A 0  Address Llne: This pin acts in conjunction with the- E R  a n d r D  pins It is used by the 8259A 
to decipher various Command Wordsthe CPU writes and status the CPU wishes to read It is typically 
connected to the CPU A0 address line (Ai  for iAPX 86. 88) 

____ ________ 

- 

__-____ 
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FUNCTIONAL DESCRIPTION 

Interrupts in Microcomputer Systems 
Microcomputer system design requires that 110 devices 
such as keyboards, displays, sensors and other com. 
ponents receive servicing in an efficient manner so that 
large 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 i f  i t  needs servicing. It is easy to see that a large por- 
tion of the main program is looping through this con- 
tinuous polling cycle and that such a method would 
have a serious, detrimental effect on system through- 
put, thus limiting the tasks that could be assumed by 
the microcomputer and reducing the cost effectiveness 
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 effect, the method 
would provide an external asynchronous input that 
would inform the processor that it should complete 
whatever instruction that is currently being executed 
and fetch a new routine that will service the requesting 
device. Once this servicing is complete, however, the 
processor would resume exactly where it left off. 

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

The Programmable Interrupt Controller (PIC) functions 
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 specific 
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 vectorlng table and wlll 
often be referred to, in this document, as vectorlng data. 

The 0259A 
The 8259A Is a device specifically designed for use in 
real time, interrupt drlven microcomputer systems. It 
manages eight levels or requests and has built-in fee. 
tures for expandability to other 8259A's (up to 64 levels). 
It is programmed by the system's software as an 110 
peripheral. A selection of priority modes is available to 
the programmer so that the manner in which the re- 
quests are proce8sed by the 8259A can be configured to 

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 

Figure 3a. Polled Method 

I - 1  

-4 0 110 111 

e 110 121 

Figure 3b. Interrupt Method 
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INTERRUPT REOUEST 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 
(IRR) 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 IRA. The highest priority is selected andstrobed 
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. 

IN1 (INTERRUPT) 
This output goes directly to the CPU interrupt input. The 
VoH level on this line is designed to be fully compatible 
with the 8080A, 8085A and 8086 input levels. 

INTA (INTERRUPT ACKNOWLEDGE) 
INTA pulses will cause the 8259A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (rPM) of the 8259A. 

DATABUSBUFFER 
This h t a t e ,  bidirectional 8-bit buffer is used to inter- 
face the 8259A to the system Data Bus. Control words 
and status information are transferred through the Data 
Bus Buffer. 

- 
- 

READIWRITE 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 transferred onto the 
Data Bus 

a (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. 

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

10 

Figure 4a. 8259A Block Diagram 

Figure 4b. 8259A Block Diagram 

A0 
This input signal is used in conjunction with WR and I% 
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 EUFFEWCOMPARATOR 

This function block stores and compares the IDS of all 
8259A's used in the system The associated three 110 
pins (CASO-2) are outputs when the 8259A is used as a 
master and are inputs when the 8259A is used as a 
slave As a master. the 8259A sends the ID of the inter- 
rupting slave device onto the CASO-2 lines The slave 
thus selected will send i ts preprogrammed subroutine 
address onto the Data Bus during the next one or two 
consecutive CNTA pulses (See section "Cascading the 
8259A' ) 

INTERRUPT SEQUENCE 

The powerful features of the 8259A in a microcomputer 
system are i ts programmability and the interrupt routine 
addressing capability The latter allows direct or indirect 
lumping 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 events occur as follows in an MCS 80185 system 

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

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

3 T E C P U  acknowledges the INT and responds with an 
IYTA pulse 

4 Upon receiving an K T K  from the CPU group, the 
highest priority ISR bit is set and the corresponding 
IRR bit is  reset The 8259A will also release a CALL in 
struction code (11001101) onto the 8 bit Data Bus 
through i ts D7-0 pins 

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

6 These two lNTA pulses allow the 8259A to release i ts 
preprogrammed subroutine address onto the Data 
B J  l h e  lower 8 bi t  address is released at the first 
INTA pulse and and =higher 8 bit address IS re 
leased at the second INTA pulse 

7 This completes the 3 byte CALL instruction released 
by the 8259A In the-AAOl mode the ISR bit is reset at 
the end o f  the third INTA pulse Otherwise. the ISR bit 
remdiria set until an appropriate E01 command IS 

issued at the end of the interrupt sequence 

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

4 Upon receiving an l N m f r o m  the CPU group the high 
est priority ISR bit is set and the corresponding IRR 
bit IS  reset The 8259A does not drive the Data BUS 
during this cycle 

5 The IAPY 36 10 will initiate a second W A  pulse 
During this pulse the 8259A releases an 8 bit pointer 
onto the Data Bus where i t  is read by the CPU 

6 This completes the interrupt Lycle In the AEOl mode 
the ISR bit is reset at the end of the second lNTA 
pulse Otherwise the ISR bit remains set untll an 
appropriate €01 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 rn duration) !he 
8259A will issue an interrupt level 7 Both the vectoring 
bytes and the CAS lines will look l ike an interrupt level 7 
was reauested 

. i  

Figure 4c. 8259A Block Diagram 

Figure 5. 8259A Interface to Standard 
System Bus 
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INTERRUPT SEQUENCE OUTPUTS 

This sequence is timed by three W A  pulses During the 
first W A  pulse the CALL opcode is enabled onto the 
data bus 

Content of First Interrupt 
Vector Byte 

MCS-80@, MCS-85" 

07 w os 04  03 02 D l  Do 

During the second lm pulse the lower address of the 
appropriate service routine is enabled onto the data bus 
When Interval = 4 bits A5-A7 are programmed, while Ao- 
A4 are automatically inserted by the 8259A When Inter 
Val= 8 only A6 and A7 are programmed, while Ao-A5 are 
automatically inserted 

Content of Second Interrupt 
Vector Byte 

A 5 1 0 0 0  

A6 1 

A6 0 

A6 0 
A7 A6 0 

intewri= 8 _ _ _ ~ _ _ _  
04 03 02 01 w 
1 1 0 0 0  

1 0 0 0 0  

0 1 0 u o  

0 0 0 0 0  

i i o n o  

1 3 0 0 0  

0 1 0 0 0  

o o o o u  

not issue any data to the processor and leaves its data bus 
buffers disabled On the second interrupt acknowledge 
cycle i n  iAPX 86 mode the master (o r  slave i f  so pro-  
grammed) will send a byte of data to the processor with 
the acknowledged interrupt code composed as follows 
(note the state of the AD1 mode control  is ignored and 
A5-Al l  are unused in iAPX 86 mode) 

Content of Interrupt Vector Byte 
tor iAPX 86 System Mode 

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

1 Inrrraliratron Command Words fICWs: Before normal 
operation can begin. each 8259A in the system must 
be brought to a startingpoint - by a sequence of 2 to 
4 bytes t imed by WR pulses 

2 Operefion Command Words (OCWsl These are the 
command words which command the 8259A lo 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 
initialization 

INITIALIZATION COMMAND WORDS 
(ICWS) 
GENERAL 

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

a 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 

b The Interrupt Mask Register is cleared 
c IR7 input is assigned priority 7 
d The slave mode address is set to 7 
e Special Mask Mode is cleared and Status Read is set to 

IRR 
f If lC4=0 then all functions selected in ICW4 are set to 

zero (Non-Buffered mode' no Auto-EO1 MCS-80 85 
system) 

'Nolo MaslerlSIave In lCW4 IS only usad in Ihe bullered moas 
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INITIALIZATION COMMAND WORDS 1 AND 2 

A5-A15 Page starring address of service roufrnes In an 
MCS 80185 system, the 8 request levels will generate 
CALLS to 8 locations equally spaced in memory These 
can be programmed to be spaced at intervals of 4 or 8 
memory locations, thus the 8 routines will occupy a 
page of 32 or 64 bytes, respectively 

The address format is 2 bytes long (Ao-A,5) When the 
routine interval IS 4, Ao-A, are automatically inserted by 
the 8259A, while A5-AI5 are programmed externally 
When the routine interval is 8. Ao-A5 are automatically 
inserted by the 8259A. while Ae-A,, are programmed 
externally 

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

In an iAPX 86 system A15-All 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 A10-A5 are ignored and AD1 (Address interval) has 
no effect 

(ICW1. ICW2) 

LTIM: I f  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. AD1 = 1 then interval = 4; 
AD1 t 0 then interval = 8. 

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

IC4: I f  this bit is set - ICW4 has to be read. I f  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=O. It will load the 8-bit slave register. The 
functions of this register are: 

a. In the master mode (either when SP= 1, or in buffered 
mode when MIS= 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 iAPX 86 only byte 2) through the cascade 
lines. 

b. In the slave mode (either when s = O ,  or If BUF= 1 
and MIS= 0 in ICW4) bits 2-0 identify the slave. The 
slave compares i t s  cascade input viith these bits and, 
i f  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) 

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

BUF: If BUF = 1 the buffered mode is programmed. In 
buffered mode sIk?ii becomes an enable outpd 
and the masterlslave determination is by MIS. 
I f  buffered mode is selected: MIS= 1 means the 
8259A Is programmed to be a master, MIS=O 
means the 8259A is programmed to be a slave. I f  
BUF=O. MIS has no function. 

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

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

MIS: 

I 
I 

l C W l  I 
1 

4 
I C 1 2  

NO 1SINGL 11 

NO (IC4 01 

I lCW. I 
-1 

READV TO ACCEPT 
INTERRUPT REOUESTS 

Figure 6. Initialization Sequence 
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NOTE 1 SLAVE ID IS  EQUAL TO THE CORRESPONDING 
MASTER IR INPUT 

~~ . - - 

Figure 7. Initialization Command Word Format 
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OPERATION COMMAND WORDS (OCWs) 
After the lnltialiration 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) 

OCWl 
0 7  DO D5 D4 D3 D2 Dl W 

I M7 M6 M5 M4 M3 M2 M1 MO] 
____ --.___ fi 

OCW3 

~ E S M M  SMM o i P RR .is[ 

OPERATION CONTROL WORD 1 (OCWI) 

OCWl sets and clears the mask bits in the interrupt 
Mask Register (IMR) M,- M, represent the eight mask 
b i t s  M =  1 ind icates the channel is  masked 
(inhibited), M = 0 indicates the channel is enabled 

OPERATION CONTROL WORD 2 (OCW2) 

R ,  SL. EO1 - 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 

Lz, L, 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 1 it enables the SMM bit to set or reset the Special 
Mask Mode When ESMM = 0 the SMM bit becomes a 
"don't care" 

SMM - Special Mask Mode I f  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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Figure 8. Operation Command Word Format 
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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 0 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 o f  the Interrupt Service register ( IS0 7) is  set 
This bit remains set unt i l  the microprocessor issues an 
End of Interrupt (EOI) command immediately before 
returning from the service routine or if AEOl (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 wi l l  generate an interrupt (which wi l l  be 
acknowledged only i f  the microprocessor internal Inter 
rupt enable flip-flop has been re enabled through soft 
ware) 

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

END OF INTERRUPT (€01) 

The In Service (IS) bit can be reset either automatically 
following the trailing edge of the last in sequence INTA 
pulse (when AEOI bit in lCWl is set) or by a command 
word that must be issued to the 8259A before returning 
from a service routine (EO1 command) An €01 command 
must be issued twice if in the Cascade mode m c e  for the 
master and once for the corresponding slave 

There are two forms of EO1 command Specific and Non 
Specific When the 8259A is operated in modes which 
preserve the fully nested structure it can determine 
which IS bit to reset on  EO1 When a Non Specific EO1 
command is issued the 8259A 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 
last level acknowledged and serviced A non-specific €01 
can be issued with OCW2 (€01 ~ 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 level to be reset A specific EO1 can be is- 
sued with OCW2 (€01 = 1 SL - 1 R - 0 and LO-L2 is the 
binary level of the IS bit to be reset) 

It should be noted that an IS bit that is masked by an 
IMR bit will no1 be cleared by a non specific EO1 i f  the 
8259A is in the Special Mask Mode 

AUTOMATIC END OF INTERRUPT (AEOI) MODE 

If AEOl= 1 in ICW4. then the 8259A will operate in AEOl 
mode continuously unt i l  reprogrammed by ICW4 In this 
mode the 8259A will automatically perform a non 
specific EO1 operation at the trailing edge of the last 
interrupt acknowledge pulse (third pulse in MCS 80185. 
second in iAPX 86) Note that from a system standpoint 
this mode should be use0 only when a nested multilevel 
interrupt structure is not required within a single 8259A 

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

AUTOMATIC ROTATION 
(Equal Priority Devices) 
In some applications there are a number of 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 i f  the priority and 'in service status 
IS 

Boforo Rotate (IR4 the highest priority requiring service) 

IS? IS ISS IS4 IS3 IS2 IS1 IS0 

IS Slatus L o  j 1 j o ] 1 [ T F T T a  
Lowoil Prlorlty HlghO8l Prlorlly 

Priority Status 

Aftor Rotato (IR4 was serviced. all other priorities 
rotated correspondingly) 

There are two ways to accomplish Automatic Rotation 
using OCW2 the Rotation on Non-Specific EO1 Command 
(R ~ 1 SL 0 EO1 1) and the Rotate in Automatic EO1 
Mode which is sei by (R - 1 SL = 0 EO1 - 0) and cleared 
by (P = 0 SL ~ 0 EO1 ~ 0 )  

SPECIFIC ROTATION 
(Specific Priority) 
The programmer can change priorities by programming 
the bottom priority and thus fixing all other priorities, 
i e if IR5 is programmed as Ihe bottom priority device 
then IR6 will have the highest one 

The Set Pr ior i ty command is issued i n  OCW2 where 
R ~ 1 SL = 1 LO-L2 is the binary priority level code of the 
bottom priority device 

Observe that in this mode internal status is updated by 
software control during OCW2 However it is independent 
of the End of Interrupt (EOI) command (also executed by 
OCW2) Priority changes can be executed during an EO1 
command by using the Rotate on  Specific EO1 command 
in OCW2 (R = 1 SL = 1 €01 = 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 OCWl Each bit in the IMR masks one interrupt 
channel i f  it is  set (1) Bit 0 masks IRO. Bit 1 masks IR1 
and so forth Masking an IR channel does not affect the 
other channels 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 i f  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 prlorlty 
requests wlth 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 andenables inter 
rupts from ell 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 pulse to the 8259A (I e ,  m=O, a=O) as an interrupt acknowledge, sets the 
appropriate IS bit i f  there is a request, and reads the 
priority level Interrupt is frozen from jjsl to RE 
The word enabled onto the data bus during is 

O? M OS 04 0 3  02 01 W 

wz w1 wo I _ _ - _  

WO-W2 Binary code of the highest priority level 
requesting service 

I Equal to a "1" if there is an interrupt 

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

Figure 9. Priority Cell-Simplified Logic Diagram 
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READING THE 8259A STATUS 

The input status of several internal registers can be read to 
update the user information on the system The following 
registers can be read via OCW3 ( IRR and ISR or OCWl 
IIMRl) 

Interrupt Request Register (IRR) 8-bit register which con 
tains the levels requesting an interrupt to be acknowl- 
edged The highest request level is reset f rom the IRR 
when an interrupt isacknowledged (Not affected bylMR ) 

In-Service Register (ISR) &bit register which contains the 
priority levels that are being serviced The ISR is updated 
when an End of Interrupt Command is issued 

lnterrupt Mask Register &bit register which contains the 
interrupt request lines which are masked 

The IRR can be read when prior to the RD pulse a Read 
RegisterCommandisissuedwithOCW3(RR - 1 RIS 0 )  

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

T ere is no need to  write an OCW3 before every status 

w i th  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 se! to IRR 

For readinq the IMR no OCW3 is needed The output data 
bus will contain the IMR wheneverFD is active and A 0  1 

re i d ooeration as long as the status read corresponds 

(OCW1) 

Polling Lverrtdes status read when P 1 RR 1 in OCW3 

EDGE AND LEVEL TRIGGERED MODES 

This mode is programmed using bit 3 in lCWl 

If LTlM = 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 LTlM = 1 an interrupt request will be recognized by a 
high level on IR Input and there is no  need for an edge 

detection The interrupt request must be removed before 
the EO1 command is issued or the CPU interrupt isenabled 
to prevent a second Interrupt from occurring 

The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuitry o f  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 unt i l  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 useful 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 default 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 previouslv entered I f  another IR7 occurs it is a 
default 

8086 8088 

INTA 

BO80 8085 

I 

LATCH ARMED 

, 
LATCH 

EDGE TRIGGERED MODE ONLV ARMED 
EARLIEST I R  

C A N  BE REMOVED 

- ~ _ _ _ ~  _ _  ~~ ~ 

Figure 10. IR Triggering Timing Requirements 
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THE SPECIAL FULLY NESTED MODE 

This mode will be used i n  the case of  a big system 
where cascading i s  used, and the priority has to be con- 
served within each slave 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 
following exceptions 

a When an interrupt request from a certain slave is i n  
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 wi l l  be recognized 
by the master and will initiate interrupts to the proc 
essor (In the normal nested mode a slave is masked 
out when i ts request is in service and no higher 
requests from the same slave can be serviced ) 

b When exiting the Interrupt Service routine the soft 
ware has to check whether the interrupt serwced was 
the only one from that slave This is done by sending 
a non specific End of Interrupt (EOI) command to the 
slave and then reading i ts In-Service register and 
checking for zero If it is empty, a non specific EO1 
can be sent to the master too I f  not, no  E01 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 buffered mode-willstructure the 8259A to send an 
enable signal on SPlEN to enable the buffers In this 

mode, whenever the 8259A's data bus outputs are ena- 
bled, the SP/EN output becomes active 

This modification forces the use of software program- 
ming to determine whether the 8259A is a master or a 
slave Bit 3 in ICW4 programs the buffered mode, and bi t  
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 W A  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 of 
INTA (Byte 2 only for 8086/8088) 

The cascade bus lines are normally low and will 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 initialization 
sequence and can be programmed to work in a different 
mode An EO1 command must be issued twice once for 
the master and once for the correspondinq slave An 
address decoder is required to activate the Chip Select 
(CS) input of each 8259A 

The cascade lines of  the Master 8259A are activated only 
for slave inputs non slave inputs leave the cascade line 
inactive (low) 

1 

____ _____ ~ ~ 

Figure 11. C a s c a d i n g  the 8259A 
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ABSOLUTE MAXIMUM RATINGS. 
Ambient Temperature Under Bias . . . , , . , . , . 0°C to 70°C 
Storage Temperature , , . , . . . . . . . . . . -65°C to + 1 5 0 ' ~  
Voltage on Any Pin 

with Respect to Ground . . . . . . . , . . . . . -0.5V to  + 7V 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . , , .l Watt 

'NOTICE: Stresses above those listed under "Absolute 
Maximum Ratlngs" may cause permanent damage to the 
devlce. Th/S is a Stress rat ing Only  and fuflCtiOfla/ opera- 
tion of the device at  these or any other cond/t/ons above 
those indicated in the operational sections of this specifi- 
cation is not m p l i e d  

D.C. CHARACTERISTICS [TA = 0°C to 70°C. V c c  = 5~ 25% (8259A-8). vCC = sv 210% (8259A 8259A-2)l 

'Note For Extended Temperature EXPRESS V,, = 2 3V 

CAPACITANCE (TA = 25°C vCC = GND = OV) 

A.C. CHARACTERISTICS [TA = 0°C to 70°C V c c  5V +5% (8259A-8) VCC = 5 V  + IO% (8259A 8259A-2)I 

TIMING REQUIREMENTS 

- _______ 

Parameter 

TRLRH KD Pulse Width 

TAHWL A O l E  Setup to TRI 

TWHAX A O i E  Hold afterWRT 

- 

- _- 
_ ~ _ _ _  ____ 
~- 190 ns 

160 ns 
-~ C__ 

pp___ ___ . 100 100 100 

55 55 40 ns 

- _ _  

- - - .- -- .. 

160 160 ns 

TWHWL End of WR to next w7i 190 190 190 ns 

an W A  sequence only _ _ _ _  - - -- -. 
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A.C. CHARACTERISTICS (Continued) 
- -  

Parameter 
~- - 

500 500 

'Worst case timing for TCHCL i n  an actual microprocessor system is typically much greater than 500 ns (I e 8085A - 1 6ps 

NOTE, This is the low time required to clear the input latch in  the edge triggered mode 
8085A-2 = Ips, 8086 = 1pS 8086-2 = 625 ns) 

TIMING RESPONSES 

TAHDV Data Valid horn Stable Address 350 200 200 n s  

TCVDV Cascade Valid to Valid Data 300 300 200 ns 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT OUTPUT 

2 4  

0 4s  

A c TESTING INPUTS ARE O R I V ~ N  AT 2 4v FOR A LOGIL 1 ANU o 45v FOR 
A tmr  o TIMING MEASUREMENTS ARE MADE AT 2 o v  FOR A L O G ~ C  I 
ANI1 0 8V FOR A LOGIC 11 

WAVEFORMS 

Test Conditlons 

C o f  Data Bus= 
100 pF 

C of Data Bus 
Max text C = 100 pF 
Min test C = 15 pF 

C,,, = 100 pF 

DEVICE UNDER 1 TEST h C t  lOOpF 

I 

C, lWpF 
C ,  INCLUDES JIG CAPACITANCE 

DATA mu1 
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WAVEFORMS (Continued) 

OTHER TIMING 
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WAVEFORMS (Continued) 

I I 

TCVDV , 
co 1 

NOTES: Interrupt output must remain HIGH at least until leading edge of first INTA 
1 Cycle 1 in iAPX 86 iAPX 88 systems, the Data Bus IS not active 
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8284Al8284A-1 
CLOCK GENERATOR AND DRIVER FOR 

iAPX 86,88 PROCESSORS 

Generates the System Clock for the rn Single +5V Power Supply 
iAPX 86,88 Processors: 
5 MHz, 8 MHz with 8284A 
10 MHz with 8284A-1 

Generates System Reset Output from 
Schmitt Trigger Input 

Uses a Crystal or a TTL Signal for 

Provides Local READY and MultibusTM , in EXPRESS 

m Capable of Clock Synchronization with 
Frequency Source Other 8284As 

READY Synchronization - Standard Temperature Range 
18-Pin Package - Extended Temperature Range 

- 
RES D 

G -+RESET - ICK 

XTAL - x1 

xz osc - 
FIE  

- 2  4 P C L K  

EFI 
CSYNC 

RDY2 

AEN? READY 

FF2 
- 
ASY NC 

8284Al8284A-1 Block Diagram 
8284A18284A-1 Pin 
Configuration 
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Table 1. Pin Description 
~ 

Symbol - - 
A E ,  
AENZ 

__ 
RDY1. 
RDYP 

- 
A Z C  

READY 

x1. XZ 

__ 
FIE 

EFI 

- 

~ 

Name and Fundon 

Addreas Enable: AEN is an active LOW 
signal AEN serves to qualify its respece 
Bus Ready Signal ( R E o r  RDYP) AENl 
validates RDYt while AENP validates RDYZ 
Two AEN signal inputs are useful in system 
configurations which permit the processor to 
access two Multi-Master System Busses2 
non Multi-Master configurations the,AEN 
sianal inputs are tied true (LOW 

Bus Ready: (Transfer Complete) RDY is an 
active HIGH signal which is an indication from 
a device located on the system data bus that 
data has been received, or is available RDYl 
is quallfled by A m  while RDYP is qualified 
bv AENP 

Ready Synchronlzatlon Select: K C  is an 
input which defines the synchro-on 
mode of the READY logic When ASYNC is 
low, two stages of READY synchronization 
are provided When A m  is left open 
(internal pull-up resistor is provided) or HfGH 
a single stage of READY synchronization is 
provided 

Ready: READY is an active HIGH signal 
which is the synchronized RDY signal input 
READY is cleared after the guaranteed hold 
time to the processor has been met 

Crystal In: X1 and X2 are the pins to which a 
crystal is attached The crystal frequency is 3 
times the desired processor clock frequency 

FrequencylCrystal Select: F lc f  a strapping 
option When strapped LOW F/C permits the 
processor's clock to be generated by the crys- 
tal When F/Cis strapped HIGH. CLK is gener- 
ated from the EFI input 

External Frequency. When F/c is strapped 
HIGH. CLK is generated from the input f re  
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 generatorldriver for the 
iAPX 86. 88 processors. The chip contains a crystal- 
controlled oscillator, a divide-by-three counter, com- 
plete MULTIBUSTM "Ready" synchronization and reset 
logic. Refer t o  Figure 1 for Block Diagram and Figure 2 
for Pin Configuration. 

Oscillator 

The oscillator circuit of  the 8284A is designed primarily 
for use with an external series resonant, fundamental 
mode, crystal from which the basic operating frequency 
is derived 

~ 

CLK 

PCLK 

osc 

~ 

RES 

RESET 

CSYNC 

GND 

vcc 
__ 

Name and Functlon 

Processor Clock: CLK is the clock output 
used by the processor and all devices which 
directly connect to the processor s local bus 
(I e ,the bipolar support chips and other MOS 
devices) CLK has an output frequency which 
is%ofthe crystal or EFI input frequancyanda 
'13 duty cycle An output HIGH of 4 5 volts 
(Vcc= 5V)isprovidedon IhispintodriveMOS 
devices 

Perlpheral Clock: PCLK is a l T L  level pe- 
ripheral clock signal whose output frequency 
is M that of CLK and has a % dutv cvcle 

Osklllstor Output: OSC is the TTL level out- 
put of the internal oscillator circuitry. Its fre- 
auencv is eaual to that of the crvstal 

Reaet in: RES is an active LOW signal which 
is used to generate RESET The 8284A 
provides a Schmitt trigger input so that an RC 
connection can be used to establish the 
power-up reset of proper duration 

Reaet: RESET is an active HIGH signal which 
IS used to reset the 8086 family processors Its 
t E n g  characteristics are determined by 
RES 

Clock Synchronization: CSYNC is an actwe 
HIGH signal which allows multiple 8284As to 
be synchronized to provide clocks that are in 
phase When CSYNC is HIGH the internal 
counters are reset When CSYNC goes LOW 
the internal countem are allowed to resume 
counting CSYNC needs to be externally syn- 
chronized to EFI When using the internal os 
cillator CSYNC should be hardwired to 
around 

Ground. 

Power: +5V supply 

The crystal frequency should be selected at three times 
the required CPU clock X I  and X2 are the two crystal 
input crystal connections For the most stable operation 
of the oscillator (OSC) output circuit, two series resistors 
(R, = R2 = 510 f l )  as shown in the waveform figures are 
recommended Theoutput of the oscillator 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 a V c c  ramp time =- lVlms and/or 
have inherent board capacitance between X1 or X2, ex- 
ceeding 10 pF (not including 8284A pin capacitance). the 
two 510f1 resistors should be used This circuit provides 
optimum stability for the oscillator in such extreme condi- 
tions It is advisable to limit stray capacitances to less than 
10 pF on X1 and X2 to minimize deviation from operatrng 
at the tundamental freauencv 
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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 f l i p  
flops. The counter output is a 33% duty cycle clock at 
one-third the input frequency. 

The FIG input is a strapping pin that selects either the 
crystal oscillator or the EFI input as the clock for the -3 
counter. If the EFI input is selected as the clock source, 
the oscillator section can be used independently for 
another clock source. Output is taken from 0%. 

Clock Outputs 
The CLK output IS a 33% duty cycle MOS clock driver 
designed to drive the iAPX 86, 88 processors directly 
PCLK is a l T L  level peripheral clock signal whose out- 
put frequency is 1/z that of CLK PCLK has a 50% duty 
cycle. 

Reset Logic 
The reset logic provides a Schmitt trigger input (m) 
and a synchronizing flip-flop to generate the reset 
timing. The reset signal 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 (RDYl, RDY2)are provided toaccom- 
modate two Multi-Master system busses. Each input 
has a qualifier (m and A m ,  respectively). The 
signals validate their respective RDY signals. If a Multi- 

Master system Is not being used t h e m  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 RDY 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 first be syn- 
chronized to flip.flop 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 (normally not ready) devices in the sys- 
tem which cannot be guaranteed by design to meet the 
required RDY setup timing, TR,vc~, on each bus cycle. 

When ASYNC is high or left open, the first READY flip- 
flop is bypassed in the READY synchronization logic. 
READY inputs are synchronized by flip-flop two on the 
falling 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 
SYNCHRONIZE 

EFI 

I I I 

L (TO OTHER 8284As) 

I 
Figure 3. CSYNC Synchronization 

3-569 AFN01472D 



Tandy 1000 Technical Reference Manual 

ABSOLUTE MAXIMUM RATINGS. *NOTICE: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 

Temperature Under Bias, . , , . . , , , , , , , , , , ,o"c to 7q'c 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 

Storage Temperature . . . . ' . . . . . . -650c to + l5O'c 
All output and SUPPlY Voltages . . . . . . . . -0.5VtO +7v 
All Input Voltages . . . . . . . . . . . . . . . . . . . - 1.W to +5.5V 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . l  Watt reliability. 

D.C. CHARACTERISTICS vA= O'C to 70'C, Vcc= 5V* loo/.) 

A.C. CHARACTERISTICS (TA=O'C to 70°C, Vcc= 5V* 10%) 

TIMING REOUIREMENTS 
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A.C. CHARACTERISTICS (Continued) 
TIMING RESPONSES 

NOTES: 
1 Setup and hold necessary only to guarantee recognition at next clock 
2 Applies only to T3 and TW states 
3 Applies only to T2 states 

A.C. TESTING INPUT, OUTPUT WAVEFORM AX. TESTING LOAD CIRCUIT 

INPUTiOUTPUT 

1 5 - TEST POINTS 4 1 5 

A C TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 0 45V 
FOR A LOGIC 0 TIMING MEASUREMENTS ARE MADE AT 15V FOR 
BOTH A LOGIC 1 AND 0 INPUT RISE AND FALL TIMES (MEASURED 
B E T W E E N o B V A N D 2 0 V ) A R E 5 i Z N S  

T vL = zmv 
nL - m n  

DEVICE UNDER 

CL - 1WpF FOR CLK 
C L =  30pFFORRUDY 
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WAVEFORMS 

CLOCKS AND RESET SIGNALS 

IEHEL I- ~ L E L  ~ELEH 

::YE ? n J j m  
osc 

CLK 

PCLK 

CSYNC 

m 

RESET 

I "'7 
\ 

0 ... I 

NOTE ALL TlYlNG YEASUREYENTS ARE MADE AT 1.5 VOLTS. UNLESS OTHERWISE NOTED. 

READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 
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WAVEFORMS (Continued) 

READY SIGNALS (FOR SYNCHRONOUS DEVICES) 

- 
ASVNC 

READY 

tnvncn 

I 

Clock High and Low Time (Udng X1, X 2 )  
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L 

Ready to Clock (Using X1, X2) 

LOAD 
(SEE NOTE 1) 

I vcc 
FIE 

TRIGGER m 
GENERATOR m 

PULSE ' ..RDYZ 

CSYNC READY. 

I I 

Nom 

2 c ~ = J o p F  
1 cL - io0 PF 

Ready to Clock (Using EFI) 
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8237A/8237A-4/8237&5 
HIGH PERFORMANCE 

PROGRAMMABLE DMA CONTROLLER 
m EnablelDisable Control of Individual 

8 Four Independent DMA Channels 

a Independent Autoinitialization of all 

8 Memory-to-Memory Transfers 

a Memory Block Initialization 

m Address Increment or Decrement 

a 
DMA Requests 

a 

a 
Channels 

8 

a 

High performance: Transfers up to 1.6M 
ByteslSecond with 5 MHz 0237A-5 
Directly Expandable to any Number of 
Channels 
End of Process Input for Terminating 
Transfers 
Software DMA Requests 

Independent Polarity Control for DREO 
and DACK Signals 
Available in EXPRESS - Standard Temperature Range 

The 8237A Multimode Direct Memory Access (DMA) Controller 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. Memorytomemory transfer capability is also provided. The 8237A offers a wide variety of pro- 
grammable control features to enhance data throughput and system optimization and to allow dynamic reconfigura- 
tion under program control. 

The 8237A is designed to be used in conjunction with an external 8.bit address register such as the 8282. I t  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. =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. 

Figure 1. Block Diagram 
Figure 2. 

Pin Configuration 
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Table 1. Pin Descrlptlon 

S Y W  

fcc 
fss 
:LK 

:S 

IESET 

EADY 

iLDA 

IREQO-DREQ3 

IBO-DB7 

I 

I 

I 

NHI). and Function 

Pow= + 5 volt SUOOIV. 

Qmund: Ground. 

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 uo to 5 MHz for the 8237A-5. 

Chlp SrIoct: Chip Select is an ac- 
tive low Input used to select the 
8237A es an 110 device during the 
Idle cycle. This allows CPU com- 
munication on the data bus. 

R.r.1: Reset is an active high in. 
put whlch clears the Command, 
Status, Request and Temporary 
registers. I t  a lso clears the 
flrsUlast fllplflop and sets the 
Mask register. FOllOWing a Reset 
the device is in the Idle cycle. 

Rwdy: Ready is an input used to 
extend the memory read and write 
pulses from the 8237A to accom- 
modate slow memories or 110 per- 
ipheral devices. Ready must not 
make transitions during its speci- 
fied setuplhold time. 

Hold Acknowledge: The active 
high Hold Acknowledge from the 
CPU indicates that it has relin- 
quished control of the system 
busses. 

DMA Request: The DMA Request 
lines are individual asynchronous 
channel request inputs used by p e  
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 of  a channel. DACK 
will acknowledge the recognition 
of  DREQ signal. Polarity of DREQ 
i s  programmable. Reset intializes 
these lines to active high. DREQ 
must be maintained until the corre 
sponding DACK goes active. 

Data Bus: The Data Bus tines are 
bidirectional threestate signals 
connected to the system data bus. 
The outputs are enabled in the Pro. 
gram condition during the I/O Read 
to output the contents of an Ad. 
dress register, a Status register, 
the Temporary register or a Word 
Count register to the CPU. The out- 
puts are disabled and the inputs 
are read during an 110 Write cycle 
when the CPU is programming the 
8237A control registers. During 
DMA cycles the most signlficant 8 
bits of the address are output onto 
the data bus to be stroma Into en 
external latch by ADSTB. In mem. 

Symbol 

- 
3R 

- 
i0P 

40-A3 

Nanw and Functlon 

wy-to-memory operatlons, data 
from the memory comes into the 
3237A on the data bus durlng the 
read-from-memory transfer. In the 
Iwrltetomemory transfer, the data 
bus outputs place the data into the 
new memory Iocatlon. 
UO Roo& I10 Read is a bldlrec- 
llonal active low threestate iine. In 
lhe Idle cycle, It Is an input control 
slgnel used by the CPU to read the 
control reglsters. In the Active c y  
cle, It Is en output control signal 
used by the 8237A to access data 
from a perlpheral during a DMA 
Write transfer. 
UO Wrlto: I10 Write is a bidlrec- 
tional active low threestete Ilne. In 
the Idle cycle, it Is an input control 
slgnai used by the CPU to load in- 
formation Into the8237A. In the Ac- 
llve cycle, It i s  an output control 
slgnal used by the 8237A to load 
data to the perlpheral durlng a 
DMA Read transfer. 
End 01 Pmcoar: End of Process is 
an actlve low bidirectional signal. 
Information concerning the com- 
pletion of  DMA s e r v l c e s ~ a v a l l -  
able at the bldlrectional EOP pin. 
The 8237A allows an external s i p  
nal to termlnate an active DMA 
servlce. T h l e  accompllshed by 
pulllng t h e O P  Input low wlth an 
external EOP slgnal. The 8237A 81. 
so generates a pulse when the ter. 
minal count (TC) for any channels 
reached. This generates an EOP 
s k a l  whlch Is output throughthe 
EOP Line. The reception of EOP, 
either internal or external, will 
cause the 0237A lo terminate the 
service, reset the request, and, i f  
Autoinitlalize Is enabled, l o  write 
the base registers to the current 
registers of that channel. The mask 
bit and TC bit in the status word 
will be set for the currently active 
channel by EOP unless the channel 
is programmed for Autoinitialize. In 
that case.the mask blt remains un- 
changed. Du>g m r y . t o - m e m o r y  
transfers, EOP wlll be output when 
the TC for channel 1 occurs. EOP 
should be tied high wlth a pull-up 
resistor If It is not used to prevent 
erroneous end of process Inputs. 

Addrrsa: The four least slgnificant 
address lines are bldirectlonel 
three-state signals. In the Idle c y  
cle they are inputs and are used by 
the CPU to address the register 
l o  be loaded 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. Pln Dercrlptlon (Continued) 

Symbol 

M A 7  

HRQ 

DACKODACK3 

Name and Function 

Addreoo: The four most significant 
address lines are threestate out- 
puts and provide 4 bits of address 
These lines are enabled only during 
the DMA =Nice 
Hold Requeot: This 1s the Hold Re- 
quest to the CPU and Is used l o  re- 
quest control of the system bus If 
the corresponding mask blt Is 
clear, the presence of any valld 
DREQ causes 8237A to issue the 
HRQ After 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- 
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 bi ts 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. 

Namo 

Base Address Registers 
Base Word Count Registers 
Current Address Registers 
Current Word Count Reglsters 
Temporary Address Register 
Temporary Word Count Register 
Status Register 
Command Register 
Temporary Register 
Mode Registers 
Mask Register 
Request Register 

Sh* 

16bits 
16 bits 
16 bits 
16 bits 
16 bits 
16 bits 
8 bits 
8 bits 
8 bits 
6 bits 
4 bits 
4 bits 

Number 
4 
4 
4 
4 
1 
1 
1 
1 

4 
1 
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 

I O 

Name and Fundon 

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

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

Memory Read: The Memory Read 
signal is an active low three-state 
output used toaccessdatefrom 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 f rom an 8224 or CLK from an 
8085AH or 8284A. For 8085AH-2 systems above 3.9 MHz, 
the 8085 CLK(0UT) 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 c y  
cle is made u p  of a number of states. The 8237A can 
assume seven separate states, each composed of one 
full clock period. State I (SI) 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 (SO) 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 unt i l  it receives HLDA from the 
CPU An acknowledge from the CPU will signal that 
DMA transfers may begin. S1, 52, 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 52  
or S3 and S4 b y  the use of the Ready line on the 8237A. 
Note that the data is transferred d i r s l y  fro-ll0 
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 in to  or driven out of the 8237A in 11O-to- 
memory or memory-to-llO DMA transfers. 

Memory.to-memory transfers require a read-from and a 
write-to-memory to complete each transfer. The states, 
which resemble the normal working states, use two 
digit numbers for identification. Eight states are re- 
quired for a single transfer. The first four states (Sll, 
S12, S13, S14) are used for the read-from-memory half 
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and the last four states (S21, S22, S23, S24) for the write 
tememory half of the transfer. 

IDLE CYCLE 

When no channel is requestlng servlce, the 8237A will 
enter the Idle cycle and perform “SI” states. In this 
cycle the 8237A wlll sample the DREQ llnes every clock 
cycle to determlne if any channel Is requestlng a DMA 
servlce. The device wlll also sample m, looking for an 
attempt by the microprocessor to wrlte or read the lnter- 
nal reglsters of the 8237A. When = Is low and HLDA Is 
low, the 8237A enters the Program Condltlon. The CPU 
can now establish, change or inspect the Internal deflnl- 
tion of the part by reading from or wrltlng to the internal 
registers. Address llnes AO-A3 are inputs to the device 
and select which registers will be read or written. The 

llnes are used to select and tlme reads or 
writes. Due to the number and size of the internal regls- 
ters, an Internal f l lpf lop 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 f l ipf lop Is reset by Master Clear or 
Reset. A separate software command can also reset this 

and 

flipflop. 

Special software commands can be executed by the 
8237A in the Program Condition. Thesccomm+s 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 FirsULast 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 wlll output 
an HRO to the microprocessor and enter the Active cy- 
cle. I t  is in this cycle that the DMA service will take 
place, in one of four modes: 

Slngle Transfer Mod. - 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 transfer. When 
the word count “rolls over” from zero to FFFFH, a Ter- 
minal Count (TC) will cause an Autoinitialize if the chan- 
nel has been programmed to do so. 

DREQ must be held active untll 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 transfers. Details of timing between the 8237A and 
other bus control protocols will depend upon the char- 
acteristics of the microprocessor involved. 

Block Trsnsfer Mode - In Block Transfer mode the 
device 1s 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 

becomes active. Again, an Autoinitialization wlll occur 
at the end of the SBIVICB If the channel has been p r e  
gnmrned for It. 

Demmd Tnnsfor Mod. - In Demand Transfer mode the 
device 1s programmeao contlnue making transfers 
untll a TC or external EOP Is encountered or untll DREQ 
goes Inactlve. Thus tranbfers may continue until the 110 
devlce has exhausted Its data capacity. After the 110 
devlce has had a chance to catch up, the DMA service 1s 
reestabllshed by means of  a DREQ. During the tlme 
between services when the mlcroprocessor Is allowed 
to  operate, the intermediate values of address and word 
count are stored in the 8237A CurrenEdress and Cur- 
rent Word Count registers. Only an EOPcan cause an 
Autoinltlalize at the end of the service. EOP is generated 
either by TC or by an external signal. 

CascadeMode-Thismodeisusedtocascademorethanone 
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 al low the DMA requests of the additional device to 
propagate through the priority network circuitry of 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 devlce 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. Additional devices can also be 
added by cascading into the channels of the second 
level devices, forming a third level. 

MICROPROCESSOR a 
- 

ADDITIONAL DEWCES 

Flgurs 4. Cascaded 8237As 

2-91 AFN40789D 



Tandy 1000 Technical Reference Manual 

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 I10 device to the memory 
by activating and m. Read transfers move data from 
memory to an 110 device by activating MEMR and m. 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 I10 control lines all 
remain inactive. The ready input i s  ignored in verify mode. 

Memory-to-Memory-To perform block moves of data from 
m e  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 m P  output terminating 
the service. 

Channel 0 may be programmed to retain the same ad- 
dress for all transfers. This allows a single word to be 
written to a block of memory. 

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

Autoinitialiw-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 m. The base registers are loaded 
simultaneously with the current registers by the micropro- 
cessor and remain unchanged throughout the DMA service 
The mask bit is not altered when the channel is in Autoinitialize. 
Following Autoinitialize the channel is ready to perform 
another DMA service, without CW intervention, as soon as a 
valid DREQ is detected. In order to Autoninitialize both chan- 
nels in a memory-to-memory transfer, both word counts s h c  
be programmed identically If interrupted externally, EOP 
pulses should be applied in both bus cycles 

Rkrity-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 from interferring with that ser- 
vice until it is completed. 

The second scheme Is Rotating Priority. The last chan- 
nel to get service becomes the lowest priority channel 
with the others rotating accordingly. 

la1 2nd 3rd 
!juvke srrk. suvlw 

highest 0 2 t service \3 c m i c e  
1 c. service c request 0 
2 1 

lowest 3 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 from 
monopolizing the system. 

Compressed Tlmlng - 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 I t  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 readlwrite. SI states will still occur when A8-AI5 
need updating (see Address Generation). Timing for 
compressed transfers is found in Figure 14. 

Address Generollon - 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 t o  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 AO-A7 should be connected to 
the address bus. Figure 11 shows the time relationships 
between CLK, AEN, ADSTB, DBO-DB7 and AO-A7. 

During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gener- 
ated will be sequential. For many transfers thedata held 
in the external address latch will remain the same. This 
data need only change when a carry or borrow from A7 
to A8 takes place in the normal sequence of addresses. 
To save time and speed transfers, the 8237A executes 
SI states only when updating of A8-AI5 in the latch is 
necessary. This means for long services, S1 states and 
Address Strobes may occur only once every 256 trans- 
fers, a savings of 255 clock cycles for each 256 
transfers. 
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REGISTER DESCRIPTION 

Current Address Register - Each channel has a 16-bit 
Current Address register. This register holds the value 
of the address used during DMA transfers. The address 
is automatically incremented or 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 itsoriginal 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 
of 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 transfer. 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 i t s i g i n a l  value. Auto- 
initialize’can occur only when an EOP occurs. If i t  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 Ease Address and Ease 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 Rogram 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 of the command bits. See Figure 6 for 
address coding. 

Mode Register - Each channel 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- 
ated 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 E 5 4 3 2 1 0 e-BHNumber 

0 Memory-IC-memory d i m e  
1 Memorytc-memory eruble 

0 
1 

Channel 0 address hold d i m e  
Channel 0 address hold enable 

X If bit 0=0 

0 Controller enable 
1 Controller dioabie 

0 Nwmal timing 
1 Compressed tlmir: 
X i fbi t0=1 

0 Fixed prlorlty 
1 Rotating prlorlty 

0 late write selection 
1 Extended wrlte selection 
X if bit 3= t 

0 DREO sense active high 
1 ORE0 sensa active low 

0 DACK sense active low 
1 DACK sense active high 

Mode Register 
7 6 5 4 3 2 1 O4--BltNwnber 

I I I I I I I I I  
00 Channel 0 select 
01 Channel 1 select 
10 Channel 2 select 
11 Channel 3 select 

00 Verify transfer 
01 Write transfer 
10 Read transfer 
11 Illegal 
XX IfbitsBand7=11 

0 Autolnitlalizetlon di&de 
1 Autolnltlalizatlon enable 

0 Address increment select 
1 Address decrement select 

( 00 Demand mcde select 
[ \ 01 Single mode seiect 

10 Block mode select 
11 Cascade mode select 

Request Register 
7 6 5 4 3 2 1 0 -  -Bil Number 

Select chennel0 
Select channel 1 
Select channel 2 

\ 11 Select channel 3 I 
Reset request bit 
Set request blt 

rately under software controlor is cleared upon genera- 
tion of a TC or external EOP. The entire register ls 
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. 

2-93 AFN-007000 



Tandy 1000 Technical Reference Manual 

Mask Reglrter - Each channel has associated with i t  a 
mask bit which can be set to disable the incoming 
DREQ. Each mask bit IS set when its associated channel 
produces an E- if the channel is not programmed for 
Autoinitialize. Each bit of the 4-blt 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 form to that used with 
the Request register. See Figure 5 for instruction ad- 
dressing. 

7 E 5 4 3 2 1 0-BltNumbr 
I1I1Tllil 

00 Select channel 0 mask bit 
01 Select channel 1 mask blt 
10 Select channel 2 mask bit 
11 Select channel 3 mask bit 

0 Cleat mask bit 
1 Set mask bit 

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

7 6 5 4 3 2 1 0 -Bit Numbr 

0 Clear channel 0 mask bit 
Don't Care t Set channel 0 mask bit 9 0 Clear channel 1 mask bit 

Set channel 1 mask bit 

Clear channel 2 mask bit 
Set channel 2 mask bit 

Clear channel 3 mask bit 
Set Cnannel 3 mask bit 

1 

0 
t 

0 
1 

0 

Figure 5. Definition of Register Codes 

Status Register - The Status register is available to be 
read out of the 8237A by the microprocessor. It contains 
information about the status of the devices at this point. 
This information includes which channels have reached 
a terminal count and which channels have pending DMA 
requests. Bits 0-3 are set e v e s i m e  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. 

7 6 5 4 3 2 1 0-BitNumkr 

1 

1 
1 
1 

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

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

Temporary E Register - The Temporary 1 Channel 3 register request is used 

to hold data during memory-to-memory transfers. Fol- 
lowing the completion 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 transferred in the previous memory- 
to-memory operation, unless cleared by a Reset. 

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 FirstlLast Flip-flop: This command is executed 
prior to writing or reading new address or word count 
information to  the 8237A. This initializes the flip-flop 
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 FirstlLast Flip-Flop 
registers are cleared and the Mask register is set. The 
8237A will enter the Idle cycle. 

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

Figure 6 lists the address codes for the software com- 
mands: 

AFN40789D 2-94 

1 1 1 0 

1 I I 0 

1 1 1 1 

I I 1 I 

0 t lllepsl 

1 0 Clear MaSh Register 

0 1 111eo~1 

1 0 Nrifr All Mask Register Bite 
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0 

- 
1 

- 
2 

3 

R.Ollt.1 

b e & d  Current Address 

Current Address 

Cunent Word Counl 

Base and Current Address 

Current Address 

Base and Current Word Counl 

Current Word Counl 

Base and Currenl Address 

Current Address 

Base and Current Word Counl 

Current Word Count 

Base and Current Address 

Current Address 

Base and Current Word Count 

Current Word Count 

Wrile 

Read 

Wrlte 

Read 

Write 

Read 

Write 

Read 

Write 

Read 

Wrile 

Read 

Write 

Read 

Write 

Read 

-1s 
E A3 A2 A1 A 0  

0 1 0 0 0 0 0  
0 1 0 0 0 0 0  

0 0 1 0 0 0 0  
0 0 1 0 0 0 0  

0 1 0 0 0 0 1  
0 1 0 0 0 0 1  

0 0 1 0 0 0 1  
0 0 1 0 0 0 1  

0 1 0 0 0 1 0  
0 1 0 0 0 1 0  

0 0 1 0 0 1 0  
0 0 1 0 0 1 0  

0 1 0 0 0 1 1  
0 1 0 0 0 1 1  

0 0 1 0 0 1 1  
0 0 1 0 0 1 1  

0 1 0 0 1 0 0  
0 1 0 0 1 0 0  

0 0 1 0 1 0 0  
0 0 1 0 1 0 0  

0 1 0 0 1 0 1  
0 1 0 0 1 0 1  

0 0 1 0 1 0 1  
0 0 1 0 1 0 1  

0 1 0 0 1 1 0  
0 1 0 0 1 1 0  

0 0 1 0 1 1 0  
0 0 1 0 1 1 0  

0 1 0 0 1 1 1  
0 1 0 0 1 1 1  

0 0 1 0 1 1 1  
0 0 1 0 1 1 1  

i l w u l  FllpFlq 

0 
1 

0 
1 

0 
1 

0 
1 

0 
1 

0 
1 

0 
1 

0 
1 

0 
1 

0 
1 

0 
1 

0 
1 

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 if 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 enabledlun- 
masked. 

After power-up i t  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. 

mm BW DEO-WI 

A&A7 
--A15 

A&A7 
AB-AIS 

w w 7  
W W 1 5  

w w 7  
W W 1 5  

a0-a7 
A8-Al5 

A&A7 
--A15 

w w 7  
W W 1 5  

w0w7 
waw15 

A&A7 
AB-A15 

*&A7 
&A15 

W&W7 
W8-Wl5 

m w 7  
W W 1 5  
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APPLICATION INFORMATION 

Figure 8 shows a convenient method for configuring a 
DMA system with the 8237A controller and an 8080AI 
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 signifi- 
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, &bit, three-state latch in a20-pin package. 
After the initial transfer 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 BUSAO-A15 

A d\ 

A8-Al5  

-Om 
8282 - STB 

72 8 BI 
[ AEN AO-A3 A t A 7  ADSTB 

- 
AO-A15 

CPU 

CLOCK 

RESET 

MEMR 

MEMW IBUS CONTROL 

d 

L SYSTEM DATA BUS 
-J 

Flgun 8. 8237A Syalem Interface 
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ABSOLUTE MAXIMUM RATINGS' '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 devrce at these or any other conditions above 
those indicatedin the operationalsectlonsof thisspecifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

Ambient Temperature under Bias . . . . . . . . .O"C to 70°C 
StorageTemperature . . . . . . . . . . . . . -65°C to + 150°C 
Voltage on any Pin with 

Respect to Ground . . . . . . . . . . . . . . . . . . . . - 0.5 to 7V 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . . .1.5 Watt 

D.C. CHARACTERISTICS (TA = 0°C to 70°C, Vcc = 5.0V 5'10, GND = OV) 

NOTES: 
1 Typical values are for TA = 25°C. nomlnal supply voltage and nominal processing parameters 
2 Input timing parameters assume transition times of 20 ns or less Waveform measurement points lor both input and output signals are 2 OV lor HIGH and 0.8V 

lor LOW, unless otherwise noted 
3 Output loading is 1 TTL gate plus 150pF capacitance. unless otherwise noted 
4 The net 

normal read w11l be 2TCY-50 ns and lor compressed read will be ICY-50 ns 
5'TDQ is specified lor two different output HIGH levels TOQt IS measured at 2 OV TDQ2 is measured at 3 3V The value lor TDQ2 assumes an external 3 3kQ 

pull-up resistor connected form HRQ to V c c  
6 DREQ should be held active until DACK is returned 
7 DREQ and DACK signals may be active high or active low Timing diagrams assume the active high mode 

8 A revision 01 the 8237A is planned for shipment in April 1984. which will improve the following characteristics 
t VIH from 2 2V to 2 OV 
2 VOL from 0 45V to 0 4V on all outputs Test condition IOL 7 3 2 mA 
Please contact your local sales office at that time for more information 

9 Successive read andlor write operations by the external processor to program or examine the controller must be timed to allow at least 600 ns for the 8237A. 
at least 500 ns for the 8237A-4 and at least 400 ns for the 8237A-5 as recovery time between aCtive read or write pulses 

10 E P  IS an open collector output This parameter assumes the presence of a 2 2K pullup lo  V c c  
11 Pin 5 is an input that should always be at a logic high level An internal pull-up resistor will establish a logic high when the pin IS left floating It is recom- 

mended however that pin 5 be tied to V c c  

or MEMW Pulse width for normal write will be TCY-t 00 ns and for extended write will be PTCY-t 00 ns The net or MEMR pulse width for 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUTIOUTPUT 

A C TESTING 
A LOGIC 0 
4ND OBV FOR A LOGIC 0 INale 21 

INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1 AND 0 45V FOR 
TIMING MEASUREMENTS ARE MADE AT 1 3 V  FOR A LOGiC 1 
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TSTL ADSTB HIGH from CLK HIGH DelayTime ' 200 

Technical Reference Manual 

150 130 ns 

iw 0237A/0237A4/0237A5 

TSTT ADSTB LOW from CLK HIGH Delay Time 

A.C. CHARACTERISTICS-DMA (MASTER) MODE ~ A = o * c  to 70'C, 
Veer +5V*5%, GND=OV) 

140 110 
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A.C. CHARACTERISTICS-PERIPHERAL (SLAVE) MODE (TA = 0°C to 70°C. V c c  = 5.0V +59/0. 
GND = OV) 

WAVEFORMS 

000-007 INPUT VALID 

I 

Flgun 9. Slave M o d .  Wrlle 

I ,  I (NOTE TRW - 
IOR 4' 

L- TRDF J 

DATA OUT VALID 

2-99 AFN-OV788D 
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WAVEFORMS (Continued) 

1 DMA TRANSFER TIMING 

IC" 

Figure 11. DMA Transfer 
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8237Al0237R418237A-5 iw 
WAVEFORMS (Continued) 

IEMORY-TO-MEMORY TRANSFER TIMING 

ADSTB 

AO-A7 

TAFDB - *  I 

D B O - D B 7  

*EMR 

- 
MEMW 

TAK - I- TAK 

- 
EOP 

I 
1 I 

r TEPS -1 I 
T E N  -L TEPW +--I 

Figure 12. Memoryto-Memory Transfer 

READY TIMING 

~ sz I s3 ~ sw ' sw ' s4 I 
I 

TDCL ----I ,--.-E TDCL TDCTW -- I 1- 

Flguro 13. Ready 
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WAVEFORMS (Continued) 

COMPRESSED TRANSFER TIMING 

CLU 

I 4 
T A S Y  d TASM -- - 

A0 A7  I X ,  VALID V A L I D  

TDCTR TDCL 
TDCL -- - - -- - c -i TDCTR 

I 

- - T D r r W  

f i \  f REKD 

+ c  
TDCTW 

I 

I 
W r n E  - - TRH - - TRH 

TRS - /  * - T R S  - - 
READY 

Figure 14. Compressed Transfer 

RESET TIMING 
J- 

vcc 

RESET 

P 
TRSTS 

IdR OR m 
Figure 15. Rsrei 
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8255Al8255A.5 
PROGRAMMABLE PERIPHERAL INTERFACE 

rn MCS-851M Compatible 8255A-5 

24 Programmable 110 Pins 

rn Completely TTL Compatible 

rn Direct Bit SetlReset Capability Easing 
Control Application Interface 
Reduces System Package Count 

rn Improved DC Driving Capability - .  

rn Available in EXPRESS rn Fully Compatible with Intel@ Micro 

-Standard Temperature Range processor Families 

rn Improved Timing Characteristics -Extended Temperature Range 

The Intel" 8255A is a general purpose programmable I/O device designed for use with Intel' microprocessors It has 
24 110 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 I/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 Of the remaining 4 pins 3 are used for hand 
shaking and interrupt control signals The third mode o f  operation (MODE 2) I S  a bidirectional bus mode which uses 8 
lines for a bidirectional bus and 5 lines, borrowing one from the other group for handshaking 

Figure 1. 8255A Block Diagram Figure 2. Pin Configuration 

INTEL CORPORATION 1982 AFN 00744L 
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8255A FUN CTlO N A L D ESC R I PTlON 

General 

The 8255A is a programmable peripheral interface (PPI) 
device designed for use in Intel@ microcomputer 
systems. Its function is that of a general purpose 110 
component to interface peripheral equipment to the 
microcomputer system bus. The functional configura- 
tion of the 8255A is programmed by the system software 
so that normally no external logic is necessary to Inter- 
face peripheral devices or structures. 

Data Bus Buffer 

This 3-state bidirectional 8-bit buffer 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 buffer. 

(RD) 
Read. A “low” on this input pin enables the 8255A to 
send the data or status information to the CPU on the 
data bus. In essence, i t  allows the CPU to “read from” 
the 8255A. 

ONR) 
Write. A “low” on this input pin enables the CPU to write 
data or control words into the 8255A. 

(A0 and AI)  
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 (A0 and A,). 

8255A BASIC OPERATION 

Readwrite and Control Logic 
The function of this block i s  to manage al l  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. 

- 
(CS) 
Chip Select. A “low” on this input pin enables the com. 
muniction between the 8255A and the CPU. 

17 -- -A 

Figure 3. 8255A Block Diagram Showing Data Bus Buffer and ReadNrite Control Logic Functions 

6-167 
LFN007UC 

0 I 0 
0 1 1 
1 1 0 

I 

0 I 1 I 0 I P O R T A - D A T A B U S  
0 1 1 j 0 ] P O R T E - D A T A B U S  
0 [ 1 [ 0 [ P O A T C - D A T A B U S  

I I ! OUTPUTOPERATION 



Tandy 1000 Technical Reference Manual 

=w 8255N8255A-5 

(RESET) 
Aosot. A "hlgh" on this input clears the control register 
and all ports (A, 8. C )  are set to the input mode. 

Orwp A and Qroup B Control8 
The functlonol configuratlon of each port is program 
med by the systems software In easence, the CPU "out- 
puts" a control word to the 8255A The control word con- 
talno informotlon ruch as "mode", "bit set", "blt reset", 
etc , that inltlalizes the functlonol configuration of the 
8255A 

Each of the Control blocks (Group A and Group BJ accepts 
"comnands' from the ReadWrite Control Logic receives 
"control words" from the internal data bus and ~ssues the 
proper commands to its dssociated 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. 0,  and C 

The 8255A contains three 8-bit ports (A, B, and C). Al l  
can be configured in a wide varlety of functional charac- 
terlstics by the system software but each has its own 
speclal features or "personality" to further enhance the 
power and flexibility of the 8255A. 

Port A. One 8-bit data output latchlbuffer and one &bit 
data input latch. 

Port 8. One 6-bit data inputloutput latchlbuffer and one 
&bit data input buffer. 

Port C. One 8-bit data output latchlbuffer and one &bit 
data input buffer (no latch for input). This port can be 
divided into two 4-bit ports under the mode control. 
Each 4-bit port contains a 4-bit latch and i t  can be used 
for the control signal outputs and status signal inputs in 
conjunction with ports A and B. 

I 

Flguro 4. 8225A Block Dlagram Showlng Group A and 
Qroup B Control Function8 

PIN CONFIGURATION 

PIN NAMES 
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8255A OPERATIONAL DESCRIPTION 

Mode Selection 
There are three basic modes of operation that can be select 
ed by the system software 

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 noadditional initialization 
required During the execution of the system program 
any of the other modes may be selected using a single 
output instruction This allows a single 8255A to 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. Al l  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 1/0 
structure. For instance, Group B can be programmed in 
Mode0 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 

*, cs 

MoDEo 'mi 
PB, PB" PC,PCo PC, PCd PA,  PAo 

C 
MODE 1 - 4  6 r - m  A 

@ f I l t  ]!!I 8 110 

PB, PBg CONTROL CONTROL PA, P% 
OR 110 OR 110 

Figure 5. Basic Mode Definitions 
and Bus Interface 

CONTROL WORD 

L 

L 

0 ~ OUTPIJT 

0 ~ OUTPUT 

MODE SELELTION 

1 MODE 1 

GROUP A 

PORT C IUPPERI 

PORT A 

0 =OUTPUT 

MODE SELECTIOY -___I 01 W = M O D E O  =MODE 1 

1 X  i MODE 2 

~ _ _ _ _ _ _ _ _ _ _ _  __ 
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 110 ap 
proach will surface The design of the 8255A has taken 
into account things such as efficient PC board layout, 
control signal 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 SsUReset 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. 

6-169 AFNOOTUC 



Tandy 1000 Technical Reference Manual 

CONTROL WORD 

0 7  0 6  “5 D, 0 2  D I  Do 

I 0 - RESET 
, x  x X I  

DON’T CARE 

- 

I 
Figure 7. Bit SeffReset Format 

~~ ~ 

When Port C is being used as statudcontrol for Port A or B. 
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 Is programmed to operate in mode 1 or 
mode 2, control signals are provided that can be used as 
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 flip- 
flop, using the bit setlreset function of port C. 

This function allows the Programmer to disallow or allow a 
specific I/O device to interrupt the CPU without affecting 
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 
mode selection and device Reset. 

Operating Modes Mode 0 Basic Functional Definitions: 
Two &bit ports and two 4-bit ports. 
Any port can be input or output. 
Outputs are latched. 
Inputs are not latched. 

MODE 0 (Basic InpuUOutput). This functional configura- 
tion provides simple input and output operations for 
each of the three ports. No “handshaking” is required, 
data is simply written to or read from a specified port. 

16 different lnput/Output configurations are possible 
in this Mode. 

MODE 0 (Basic Input) 

6-1 70 A W 7 U C  
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MODE 0 Port Definition 

MODE 0 Configurations 

CONTROL WORD :O 

D, Do -4 

B PB, PBo 

I I 
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CONTROL W O R D  it5 

D- D. D. D. D. D. D. D. 

0, Do -- 

CONTROL W O R D  e 
D, Dc D. D. D, D, D. D. 
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0255A 

8255A 

8255N8255A-5 

(1 ,  D,. - 

P A ,  PA,, 

PC, PCI 

PC, PCo 

PR, PB" 

CONTROL W O R D  -15 

0 ,  0, D. 3,  D? D, D, 0, 

Operating Modes Mode 1 Basic Functional Definitions. 

Two Groups (Group A and Group €3) 

controlidata port. 
The 8-blt data port can be either input Or Output. 
Both inputs and outputs are latched. 
The 4 hit port i s  used for control and status of the 

MODE 1 (Strobed Input/Output), This functional con. Each group One hit data port and One bit 
figuration provides a means for transferring I/O data to  
or from a specified port in conjunctlon with strobes or 
"handshaking" signals In mode 1, port A and Port E use 
the lines, on port C to generate or accept these "hand. 
shaking" signals. 8-bit data port. 
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Input Control Signal Definition 

STB (Strobe Input). A "low" on this input loads data into 
the input latch. 

IBF (Input Buffer Full FIF) 

A "high" on this output indicates that the data has been 
loaded into the input latch; in essence, an acknowledgement 
IBF i s  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 i s  a "one", IBF is a "one" and INTE is a "one". 
It is reset by the falling edge of E. This procedure allows 
an input device to  request service from the CPU by simply 
rtrobing its data into the port. 

INTE A 

Controlled by bi t  setireset of PC, 

INTE B 

Controlled by  bi t  setireset of PC2. 

--__ 
MODE I (PORT A I  

CONTROL WORD [VI 

CONTROL WORD 

STB, 

I B F A  

lNTRI 

1 

Figure 8. MODE 1 Input 

* ' *T * 

STB 

IBF 

INTR 

Figure 9. MODE 1 (Strobed Input) 
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Output Control Signal Definition 

OFF (Output Buffer Full FIF). The OBF output will go 
“low” to indicate that the CPU has written data out to 
the specified port. The OBF FIF will be set by the rising 
edge of the WR input and reset by ACK input being low. 

ACK (Acknowledge Input). A “low” on this input informs 
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 i t  has received the data output by 
the CPU. 

INTR (Interrupt Request). A “high” on this output can be 
used to interrupt the CPU when an output device has ac- 
cepted data transmitted by the CPU. INTR is set when 
ACK is a “one”, OBF is a “one” and INTE is a “one”. It is 
reset by the falling edge of WR. 

INTE A 

Controlled by bit set/reset of Peg. 

INTE B 

Controlled by bit sedreset of  PCz. 

CONTROL WORD 

MODE 1 (PORT 81 

MODE 1 (PORT AI  

CONTROL WORD I 

“-ol 

Figure 10. MODE 1 Output 

Figure 11. Mode 1 (Strobed Output) 
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C o m b i n a t i o n s  of MODE 1 

Port A and Port B can be individually defined as input or 
output in Mode 1 to support a wide variety of strobed I10 
applications. 

AD -- 

CONTROL WORD 

0 ,  D6 D,, 114 D3 D2 D, Do 

1 0  1 1 1 0 7  0 

I PC6 1 - 1 = I N P U T  
0 ~ OUTPUT 

W R -  * 

PORT A l S T R O B f D  INPUT)  
PORT M l S T R O B i D O U T P U T l  

- 
WR *( 

CONTROL WORD 

~ 

F igure  12. C o m b i n a t i o n s  of MODE 1 

Opera t ing  M o d e s  

MODE 2 (Strobed Bidirectional Bus 110). 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 
110) ' Handshaking ' signals are provided to maintain 
proper bus flow discipline in a similar manner to MODE 
1 Interrupt generation and enableldisable functions are 
also available 

MODE 2 Basic Functional Definitions 
0 Used in Group A only.  
0 One %bit, bi-directional bus Port (Port A) and a 5-hit 

control Port (Port C) .  
0 Both inputs and outputs are latched. 
0 The 5-bit control port (Port C)  is used for control 

and status for the 8-bit, bi-directional bus port (Port 
A). 

Bidirectional Bus 110 C o n t r o l  S igna l  Def in i t ion  

INTR (Interrupt Request). A high on this output can be 
used to interrupt the CPU for both input or output opera- 
tions. 

PORT A ISTROBFD O U T P U l l  
PORT B ISTHORED INPUT,  

O u t p u t  Opera t ions  

OBF (Output Buffer Ful). The OBF output will go '' low'' 
to indicate that the CPU has written data out to port A .  

ACK (Acknowledge). A "low" on this input enables the 
tri-state output buffer of port A to send out the data 
Otherwise the output buffer will be in the high irn- 
pedance state 

INTE 1 (The INTE F l ipF lop  Associated with OBF). Con- 
trolled by bit setireset of PC6. 

Input Opera t ions  

STB (Strobe Input) 

STB (Strobe Input). A " low" on this input loads data into 
the input latch 

IBF (Input Buffer Full FIF). A "high" on this output in- 
dicates that data has been loaded into the input latch. 

INTE 2 (The INTE Flip.Flop Associated with IBF). Con- 
trolled by bi t  setlreset of PC4. 
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~ ~ - P O R T %  
1 INPUT I 0 OUTPUT 

L ~ -~ A GROUPBMODE 
0 ~ MODE 0 
1  M O D E 1  

I 

INTRA 

O S ,  

ACK, 

srs, 

lBFl 

Figure 13. MODE Control Word Figure 14. MODE 2 

DATA FROM 
CPU TO 8255A 

WR 

OBF 

INTR 

ACK 

STB 

I B F  

- IK" f 

P E R i P H E R I L  - - - - - - - - - - y=-> - - -<-> - - -- - * - - - 
nus 

- 'PH - / * 1 -  ' R I B  

_ , 
RD / 

DATA FROM 
8255A TO PERIPHERAL 

DATA FRDM 
PERIPHERAL TO 8255A 

DATA FROM 
0255A TO OM0 

Figure 15. MODE 2 (Bidirectional) 

NOTE Any sequence where occurs b e f o r e  ATK a n d ~ E ~ u r s & f o r e ~ D  IS p e r m i s s i b l e  _ _ _ _ _ _ _  
(INTR = IEF . MASK * STB R D  + OEF MASK * ACK * WR 
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MODE 2 AND MODE 0 (INPUT) 

:DNTROL WORD 

no -I 

MODE 2 A N D  MODE 1 (OUTPUT) 

CONTROLWORD 

MODE '2 AND MODE 0 (OUTPUT) 

MODE 2 AND MODE 1 IINPUT) 

CONTROLWORD 

RD - 
WR - 

Figure 16. MODE r/, Cornblnatlons 
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Mode Definition Summary 

__ 
M( ~ _ _  

IN 

I N  
IN 

IN 
IN 

IN 

IN 

IN 

I N  

.- ~- 

I N  

IN 
IN 

I N  
IN 

IN 

IN 

I N  

IN 
IN 
IN 

IN 

IN 

IN 

__ 
E O  -- 
OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

- 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT 

0 UT 

OUT 

OUT 

OUT 

OUT 

OUT 

OUT __ 

MODE 1 

I N  1 OUT 

IN OUT 

I N  OUT 

I N  OUT 

I N  OUT 

I N  I OUT 

I N  OUT 

I N  OUT 

I N  1 OUT 

I N  OUT 

IN OUT 

I N  OUT 

I N  OUT 

I N  1 OUT 

Special Mode Combination Considerations 
Thereareseveral combinations OT modes when not all of  the 
bits in Port C are used for control or status. The remaining 
bits can be used as follows: 

I f  Programmed as Inputs - 
Al l  input lines can be accessed during a normal Port C 
read. 

I f  Programmed as Outputs - 
Bits in C upper (PC7-PC4) must be individually accessed 
using the bi t  set/reset function. 

Bits in C lower (PC3 PCo) can be accessed using the bi t  
set/reset function or accessed as a threesome by writing 
into Port C. 

Source Current Capability on Port B and Port C 
Any set of output buffers, selected ranuornly from 
Ports B and C can source 1rnA 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 
1 or 2, Port C generates or accepts "hand-shaking" signals 
with the peripheral device. Reading the contents of Port C 

MODE 2 

GROUP A ONLY - 

MODE 0 
OR MODE 1 

ONLY 

allows the programmer to test or verify the "status" of each 
peripheral device and change the program flow accordingly. 

There is  no special instruction to read the status informa- 
tion from Port C. A normal read operation of Port C is  
executed to perform this function. 

7--- INPUT CONFIGURATION 

i GROUP A GROLJP R 

OUTPUT CONf  IOURATION I 

I GROUP A GROUP 8 I 
Figure 17. MODE 1 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 110 device without 
the need for additional external logic. 

Each peripheral device in a microcomputer system 
usually has a "service routine" associated with i t .  The 
routine manages the software interface between the 
device and the CPU. The functional definition of the 
8255A is programmed by the 110 service routine and 
becomes an extension of the system software. By ex- 
amining the 110 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 " f i t "  the applica- 
tion. Figures 19 through 25 present a few examples of 
typical applications of the 8255A 

INTERRUPT 

1 

Figure 19. Printer Interface 

INTERRUPT 

-1 

t- 

Figure 20. Keyboard and Display Interface 

INTERRUPT . 
RLUUEST 

Figure 21. Keyboard and Terminal Address 
Interface 
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* ANALOG O u l P O l  

Figure 22. Digital to Analog, Analog to Digital 

Figure 24. Basic Floppy Disc Interface 

I _______ 
Figure 23. Basic CRT Controller Interface 

Figure 25. Machine Tool Controller Interface 
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ABSOLUTE MAXIMUM RATINGS' '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 

' ' '' '' ' Amhient Tt3rnperdtu tc  Unrlei Elti( 
Storage Twn (IC r d t 11 r e  

Voltaqe on Any Pin 

Powiv Di?$ipatron 1 LV i r r  reliability 

65 ' ti) ' 50 

With RespeLt to Ground 0 5v  tu + 7 v  

D.C. CHARACTERISTICS (TA ~ 0 c to 70 c vcc + 5 v  + GND ov) . 
I Svmbol 1 Parameter I Min. 1 Max. I Unit I Test Conditions I 

I V ~ L ( P E R ) I  Output Low Voltage (Peripheral Port) ]  1 0 45'1 V 1 IOL 1 7rnA I 
VOH(DB) Output Hiqh Voltage (Data R u s l  I 2 4 1 
VnH(PERI1 Output High Voltage (Perlpherdl Port1 I 2 4 I 

I 1 ~ ~ ~ 1 1 1  I Darlington Drive Current I 

I I,, I Input Load Current I 

NOTE: 
1 Available on any 8 pins from Port Band C 

A.C. CHARACTERISTICS (TA = 0 C to 70 C VCC - 5 v  * 100, GND ov) . 
Bus Parameters 
READ 

6-1 82 AFN-W744C 

VIL 

V,H __ ~ 

-___ . . ~---~p 

Input Low Voltaqe -0 5 0.8 V _ _  - - 
Input High Voltage 2.0 v(-- v 

Vni (DE) Output Low Voltaqe (Data B u s )  0 4 5 '  V 10,  2.5mA 
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A.C. CHARACTERISTICS (Continued) 
WRITE 

tST STB Pulse Width 500 500 ns 

tpq I Per. Data Before T E of STB 0 1  0 1  ns 

NOTES: 
1 Test Conditions CL = 150 pF 
2. Period of Reset pulse must be at least 5 0 ~ s  during or after power on Subsequent Reset pulse can be 500 ns min 
3 INTRT may occur as early as mir(i 

For Extended Temperature EXPRESS, use M8255A electrical parameters 

A.C. TESTING LOAD CIRCUIT 

I J t  1 
6-183 AFN-WIUC 

Symbol 

tAW 

tWA 

tWW 

8255A 8255A-5 

Min. Max. Min. Max. Unlt 

Address Stable Before WRITE 0 0 ns 

Address Stable After WRITE 20 20 ns 

WRITE Pulse Width 400 300 ns 

Parameter 

tDW 

t W D  

Data Valid to WRITE IT E ) 100 I 100 ns 

Data Valid After WRITE 30 30 ns I 
Symbol 

tWR 

8255A 8255A-5 

Parameter Min Max Min. Max. Unit 

WR = 1 t oOu tpu t l ' I  1 350 I 350 ns 

t,R Peripheral Data Before RD 0 0 ns 

tHR 1 Peripheral Data After R D  0 1  0 1  ns 

tpH 

t A D  

t K n  

Per. Data After T.E of STB 180 180 ns 

ACK = 0 t o  Ou tpu t l ' l  300 300 ns 

ACK 1 t o  Output Float 20 250 20 250 ns 
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WAVE FO R M S 

MODE 0 (BASIC INPUT) 

MODE 0 (BASIC OUTPUT) 
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WAVE FOR M S (Con t i n ued) 

MODE 1 (STROBED INPUT) 

- ' i l  - 
S T R  

MODE 1 (STROBED OUTPUT) 

ACK 

OUTPUT 

- * k s  
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8255N8255A-5 

WAVEFORMS (Continued) 

MODE 2 (BIDIRECTIONAL) 
D A T A  FROM 
8080  TO 8255 

W R  

L I 8 F  / 
PERIPHERAL - - - - - - - - - - _ - - - -  - _ _ _  

BUS - 'P* - - - 1 H I B  

~ 

R D  

D A T A  FROM 
8255 TO PERIPHERAL 

D A T A  FROM 
PERIPHERAL TO 8255 

D A T A  FROM 
8255  TO 8080 

NOTE Any sequence where occurs before ACK and WBoccurrbefore  IS permissible 
(INTR - IBF . -K * F B  * e + * M A S K  . E K  Z R  I 

READ TIMING 

6-1 86 AFN-OO7UC 



Tandy 1000 Technical Reference Manual 

a 2 m  
SINGLE/DOUBLE DENSITY 

FLOPPY DISK CONTROLLER 

rn IBM Compatible in Both Single and 
Double Density Recording Formats Mode 

rn Programmable Data Record Lengths: 
128, 256, 512, or 1024 ByteslSector 

rn Multi-Sector and Multi-Track Transfer 
Capability Other Microprocessors 

rn Drives Up to 4 Floppy or Mini-Floppy 
Disks 

rn Data Transfers in DMA or Non-DMA 

m Parallel Seek Operations on Up to 

rn Compatible with all Intel and Most 

rn Single-phase 8 MHz Clock 
H Single + 5 Volt Power Supply ( 2  loo/,) 

Four Drives 

The 8272A is an LSI Floppy Disk Controller (FDC) Chip which contains the circuitry and control functions for inter- 
fac i ig  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 signals 
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 

Figure 1. 8272A Internal Block Diagram Figure 2. Pin Configuration 
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Table 1. Pin Description 

- 
Pln 
No. 

40 

39 

- 

- 

- 

38 

~ 

37 

36 

~~ 

35 

~~ 

34 

~ 

33 

~ 

31 3 

30 

28 2 

21 

- 

-. - 
onnec. 
ion To 

__ 
onnec- 
Ion To Symbol 

RESET 

~~ - 
RD 

Symbol Name and Functlon 

Reset. Places FDC in 
idle state Resets out 
put lines to FDD to 0 
(low) Does not clear the 
last specify command 

Read. Control signal 
for transfer of data from 
FDC to Data Bus when 
0 (low) 

Name and Functlon 

v'cc D.C. Power: + 5 V  

SEEK 

- ~~- 

LCT DIR 

FR STP 

FDD Read Wrlte / SEEK: 
Nhen 1 (high) Seek 
node  selected and 
Nhen 0 (low) Read/ 
Nrite mode selected 

FDD Low CurrenUDirection: 
Lowers Write current 
3n inner tracks in 
ReadiWrite mode de- 
termines direction head 
will step in Seek mode 

- 
WR Write Control signal 

for transler of data to 
FDC via Data Bus when 
0 (low) 

_ _ _ _ _ _ ~  _ _  ~ 

ChipSelect IC selected 
when-0 (IowJ allow 
ing RD and WR to be 
Pnabled 

DatalStatus Register 
Select Selects Data 
Reg (A, = l i  or Status 
Reg (A, = 0) contents 
to be sent to Data Bus 

Data Bus Bidirectional 
8 Bit Data Bus 

Data DMA Request 
DMA Requebt b being 
made by FDC when 
DRO 1 

DMA Acknowledge 
DMA cycle i s  active 
when 0 i l ow j  and 
Controller is perform 
irg DMA transfer 

Terminal Count I vd i  
cates the termination of 
a DMA transler when 

~ 

~ 

~ ~ -~ 

-~ ~ ~ 

1 (high)' 
-~ 

Index Indicates the 
beginn r9g o f  a disk 
track 

Interrupt Interrupt Re 
quest Generated by 
FDC 

Clock-Single Phase I 
MHr 14 MH7 lor min 
floppiesl Squarewavi 

clock ~ ~ 

Ground D C  Poher 
Ret ti  r n 

FDD Fault ReeeUStep Re- 
sets fault FF in FDD in 
Read Write mode pro- 
vides step pulses ' 0  
move head to another 
cylinder in Seek mode 

- 
cs 

HDL 

RDY 

~~ ._ 

WP TS 

FDD Head Load: Comniand 
which causes readiwrite 
head in FDD to contact 
diskette 

FDD 

~- 

FDD 

Ready Indicates FDD 
is ready t o  send or re 
ceive data Must be tied 
high (gated by the index 
pulse) for mini floDpies 
whlch do not normdlly 
have a Ready line 

Write Protect / Two- 
Side Senses Write Pru 
tect Status in Read 
Write mode and Two 
Side Media in Seek 
mode 

FaultiTrack 0 Sen,es 
FDD fault condition in 
Read Write mode and 
Track 0 condition !n 
Seek mode 

_ -  

. - 

1 

~ 

DACK 

TC 
FLT TRK( 

-. ~ 

PS. PS" 

FDD 

FDD 

FDD 

- 

FDD 

Precompensation (pre- 
shift): Write precom- 
pensation status dL*ir g 
MFM mode Determities 
early late and norri al 
tlmes 

Write Data: Serial Liock 
and data bits lo FDD 

Drive Select: Selects 
FDD unit 

HDSEL FDD Head Select: Head 1 
selected when 1 
(high) Head 0 selected 
when 0 (low) 

6-225 AFN 01259C 



Tandy 1000 Technical Reference Manual 

Eil [!: ;! ' ~ 1 when 0 

WE 25 0 FDD Write Enable. Enables 

:TF Name and Function 
___ 

MFM Mode. MFM mode 
when 1 FM mode 

____ 

write data into FDD 

vco 24 0 PLL VCOSync InhibitsVCO 
in PLL when 0 (low) 
enables VCO when 1 

AD DATA 23 I FDD Read Data: Read data 
from FDD containing 
clock and data bits 

____ 

Table 1. Pin Description (Continued) 

I 

lion To Name and Functlon Eel---  
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 ~ t MHz with 
a pulse width of 250 ns 
for both FM and MFM 

Must be enabled for all 
operations both Read 
and Write L-- ~~ 

I ,  1 

C O N T R O L L E R  

T E R M I N A L  C O U N T  

Figure 3. 8272A System Block Diagram 

DESCRIPTION 
Hand-shaking signals are provided in the 8272A which 
make DMA operation easy to incorporate wi th 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 multiple 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 
Read a Track Seek 
Scan Equal Recalibrate (Restore to 

Write Deleted Data 

Scan High or Equal 
Scan Low or Equal 
Specify Sense Drive Status 

Track 0) 
Sense Interrupt Status 

For more information see the Intel Application Notes 
AP-116 and AP-121 

FEATU RES 
Address mark detection circuitry is internal to the FDC 
which simplifies the phase locked loop and read elec- 
tronics The track stepping rate, head load time, and 
head unload t ime may be programmed by the user The 
8272A offers many additional features such as multiple 
sector transfers in both read and &rite modes with a 
single command, and full IBM compatibility In both 
single (FM) and double density (MFM) modes 

8272A EN H AN CEM ENTS 
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 i s  00 and there is no  IAM This occurs 
on  some older floppy formats The 8272A cures this 
problem by adlust ing the VCO Sync timing so that it 
is not low dur ing the data field See Figure 4 8  

'560 ys in F M  mode. 527 ys in MFM mode 

A Margin on the Index Pulse 1 Track B272 Gap4A(00) I ID I Gap2 I Data 

Index Pulse I 

VCO Sync 

8272A V C O S ~ ~ ~  

1 r-- 

B Ability to Read Data When Gap 4A Contains 00 

Figure 4. 8272A Enhancements over the 8272 
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SIT NUMBER 

Do 

D1 

D2 

D3 

D4 

O5 

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 &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 relationship between the StatuslData registers and 
the signals RD, WR, and A, is shown in Table 2. 

decoding for the selection 
of StatuslData register functions. 

_ _  

Table 2. Ao, m, 

NAME 

FDDO B u s y  

F D D 1  Busy 

F D D 2  0usy 

F D D 3  Busy 

FDCBusy 

Non DMA mode 

FUNCTION 

Read Main Status Register 

Illegal (see note) I i i 8 1 ; i Illegal (see note) I Read from Data Register 

Write into Data Register 
- 

I I I I I 

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 descrbtion. 

I 

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 12pS or 24pS RQM flag delay when 
using an 8 or 4 MHz clock respectively. 

OUT OF rDc.*~I*ro."ocIuo" 
D.I. I" OUT ,0101 

OUT OF umcfuom I Y O  INTO TDC 
I 1 

Figure 5. Status Reglster Timlng 

The 8272A IS capable of executing 15 different com- 
mands Each command is initiated by a multi byte 
transfer from the processor, and the result after 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 

Result Phase 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 07 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 

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 ( i f  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 i f  the processor cannot 
handle Interrupts fast enough (every 13 ps for MFM 
mode) then it may poll the Main Status Register and 
then bit D7 (RQM) functions just like the Interrupt 
signal I f  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 

I f  the8272A 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 = 0 
(Read signal) When the DMA Acknowledge signal goes 
low (m = 0) then the DMA Request is reset (DRQ =o) 
I f  a Write Command has beenprogrammed then a WR 
signal will appear instead of 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 
first byte of data is read during the Result Phase, the In 
terrupt is automatically reset (INT= 0) 

It IS important to note that during the Result 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 Corn- 
mand The 8272A will not accept a new command until 
all seven bytes have been read Other commands may 
require fewer bytes to be read during the Result Phase 

The 8272A contains five Status Registers The Main 
Status Register mentioned above may be read by the 
processor at any time The other four Status Registers 
(STO, ST1, ST2. and ST3) are only available during the 
Result Phase, and may be read only after successfully 
completing 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 Result 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 

Sector ID inlormalion 
pr101 lo Command 
execuilon 

Data transler 

and main system 

Status ~nlormal~on 
alter Command 
eleC"l l0"  

between the FDD 

Seclor ID inlormalion 
alter command 
exeCullOn 

I 
Data Iransler 
oelween the FDD 
and main system 

status Inlormallon 
aller Command 
execution 

Seclor ID inlormation 
alter Command 
eiewtlon 

ST 0 
ST 1 S T  2 

I 

Note 1 Symbol1 used In this table are described at Ihe and 01 this s8ct1on 
2 q,= I lor all o~tlrations 
3 X = Don I Care ulu.lly mads to equal bmary 0 

~ Slatus inlormalion 
alter Command 
execution 

ST 0 

[Command 

1 I 
I Execul'on 

, 

1 Result 

1 
I 
I 

W 
W 
W 

W 
W 
W 
W 
W W 

R 
R 
R 
R 
R 
R R 

- R  

N EOT i -  G P L  

Command Codes 

Sector ID inlormation 
p"0r l o  Command 
eleC"tl0" 

Data transler 
between the FDD 
and maln system 

Stalus mlormatton 
aller Command 
elecutm" 
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Table 4. 8272A Command Set (Continued) 

SCAN LOW OR EOUAL 

W 

W 

W 

W 
W 
W 
W 
W W 

R 
R 
R 
R 
R 
R R 

- -  

Command Codes w 
W 
W 

W 
W 
W 
W 
W W 

R 
R 
R 
R 
R 
R R 

W 

W 
W 

W 
W 
W 
W 
W W 

R 
R 
R 
R 
R 
R R 

0 0 0 0 0 HDS DS1 DS0 

- c -  
n 
R 
N €01 

GPL DTL 

Data t,ans1e, 
between the FDD 
ana main system 
FDC reads all 01 
cylinders contents 
from iode, hole lo 
€01 

Status inlormation 
alter Command 
elleCutlOn 

Sector ID Inlormation 
alter Command 
elecutlon 
-- ~-~ - 

~~ 

Command Codes 

Sector ID inlormation 
prior Command 
e)reC"t,O" 

ID 

O M F M O  0 1 0  I O  
o o o o o nos os1 DSO 

Commands 

The 1,151 colrecl ID 
intormalion On the 
Cylinder 8s stored en 
Data Register Data compared 

between the FDD 
and main system 

Status information 
alter Command 
eXeC"tl0" 

S T  0 
ST 1 S T  2 

c ti 

Slatus inlormatson 
atler Command 
e ie 'Y l lO"  

R R 
A 

Sector ID 8nlormatm 
alter Command 
execution 
- 

FORMAT A TRACK 

ommanaj ; i o MFM n o 1 I o 1 

0 0 0 0 0 nos D S I  DSO 

Zommand Codes REFALIBRATE ~ 

Head retracted to 
Track 0 

p- ~ 

SPECIFY 

SEUSE DRIVE STATUS 

sc 4, Bytes s e a o r  

Gap 3 m1er Byle 

Sectors CyI'ode8 

FOC lormats an 
entire cylinder Command 

Result 

W 

A R R R S T  0 ST 1 

S T  2 
C 
H 
R N 

SCAN EOUAL 

In 11185 case the ID 
mlormalion has no 
meaning 

MT MFM SK 1 0 0 0 1 

0 0 0 0 0 HDS DS1 DSO 

C 
H R 

N 
EOT 
GPL STP 

Data compared 
between the FDD 
and main system 

Status information 
alter Command 
eXeC"tl0" 

Sector ID inlormatior 
alter Command 
L?XeC"llOn 

E"eC"t l0"  
ST 0 ST 1 

-~ S T 2  
C 
H R 

- N  - -  

Command 

Result 

W 

R 

- 

S T O = 8 0  
(161 
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Table 5. Command Yneumonics 
DESCRIPTION 

RsQlster lAo=O) or Data RegI8ter (Ag= I) 

ImCk number 0 through 76 01 the medium 

D stand8 lor the data pattern whlCh Is 
going to Ds written m t O  a Sector 

8 blt Data Bur where D7 IS the most 
slpndlcant bit and Do Is the least slgnlll 

Data Bus 

POLLING FEATURE OF THE 8272A 
After power up RESET, the Drive Select Lines DSO and 
DS1 will automatically go into a polling mode In b e  
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 polling of the Ready line by the 8272A occurs con 
Iinuously 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 

440.S 

COMMAND DESCRIPTIONS 
During the Command Phase, the Main Status Register 
must be polled by the CPU before each byte is written 

Number 

- - - -  
DESCRIPTION ______- __  . 

NCN stands tor a new Cylinder number 
whlch IS golog IO be leached as a result 
01 the Seek Operation Desired position 01 
Head 

ND Stands lor OPeratiOn m the Non DMA 
Mode 

~ ~ _ _  

-- 
PCN slands lor the Cylinder number at 
the completion 0 1  SENSE INTERRUPT 

present time 
STATUS Command POSltlon 01 Head at 

~ ~ _ _  
R stands lor the Sector number Whlch 
will be read or written 

RIW slands lor either Read !RI or Write 
rwl smnat 

, 1 -~ 

SC Indicates the number 0 1  Sectors per 
Cylinder 

SI( stands lor Skip 6&1edData Addresn 
Mark 

SRT Stands lor the Stepping Rate lor the 
FDO 11 to t 6 m r  ~n 1 ms mcrementsi T?e 
same Stepping Rate applies l o  all dr ies  
I F  l m s  E 2ms etc i  

ST 0-3 Stand tor one of four regtsters 
which store the status ~ntormat~on alter 

-- _ _  

~ _ _ _  - -~ ~~ 

_ _ _ _  - -~ ~ __ 

a command has been executed Thls 
lnlOrmallOn I S  available during the reouil 
phase aller command execution These 
(0gtsIers should not be conluled with the 
mam statu3 regislet (selected b y  A0 = 0) 
ST 0-3 may be read only alter a command 
has been executed and contain ~ntormat~on 
relevant to that ~aniculat command 

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 will 
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 ( i f  it is in 
the unloaded state), waits the specified head settling 
time (defined in the Specify Command), and begins 
reading ID Address Marks and ID 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 m.ain 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 signal, 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 handled with a single 
command to the FDC depends upon MT (multi-track), 
MFM (MFMIFM), and N (Number of Bytes/Sector). Table 
7 on the next page shows the Transfer Capacity. 
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DSO DSI 

DTL 

EOT 

GPL 

H 

HDS 

HLT 

HUT 

MFM 

MT 
~ 

N 

-~ 

c& bit 

DS stands lor a selected drive number 0 
or 1 

When N Is dallnad as W DTL stands tor 
the data length which users are going to 
read out or write into the Sector 

EOT 3tands lor the Iln.1 Sector number 01 
a Cylinder 

GPL stands lor Iha length 01 Gap 3 
!rpaclng between Sectors excluding VCO 
Sync Field) 

H stands lor heaa number 0 or 1 aS 
SpMllled In ID lleld 

HDS stands lor a Ieiected head number 0 
01 1 IH = HDS m ail commmd words) 

HLT Stands lor the head load time in the 
FDD (2 to 254m3 in Zms Increments) 

a read or write operation ha$ occurred (16 
to 240ms in 16ms increments) 

I f  MF 8s low FM moas IS selected and 11 
(I IS high MFM mode 13 selected 

It MT 1s high a multi track operation IS to 
be pertorrned !a cyllnder under both HW 
and HDI wlll be read or written) 

N stands lor the number 0 1  data bytes 
written 10 b Sector 

Drive Select 

Data Length 

End 01 Track 

Gap Length 

Head Address 

Head Select 

Head LDad Time 

__ 
Head Unload Time HUT slaods lor the head unload lime allel 

FM or MFM Mode 

Mull, Track 

Numbe, 

- 
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8272A 

15 at SldC 1 
(256) 130)~ 7 680 
(512)130l= 15360 

(512) 181 = 4 0% 
~~ ~ 

(10241 181 = 8 I92 0 1  8 at Side 1 

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 1, 
Side 0 and 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. 

At the completion of the Read Data Command, the head 
is  not unloaded until after Head Unload Time Interval 
(specified in the Specify Command) has elapsed. If the 
processor issues another command before the head 
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 

I f  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. If a read error is detected 
(incorrect CRC in ID field), the FDC sets the DE (Data Er- 
ror) flag in Status Register 1 to a 1 (high), and i f  a CRC er- 
ror occurs in the Data Field the FDC also sets the DD 
(Data Error in Data Field) flag in Status Register 2 to a 1 
(high). and terminates the Read Data Command. (Status 
Register 0 also has bits 7 and 6 set to 0 and 1 respec- 
tively.) 

I f  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. 

During disk data transfers between the FDC and the 
processor, via the data bus, the FDC must be serviced 
by the processor every 27 ps  in the FM Mode, and every 
13 vs 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 t he  MT bit and EOT 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 

EO1 

1A 
OF 
06 

1 A  

OF 
08 

1A 
OF 
08 

1A 
OF 
08 

1A 
OF 
08 

1A 
OF 
08 

!A 
OF 
08 

1A 
OF 
08 

Final S.~lorTmnslerr.d lo 
PIOC...W 

~ 

sector 1 10 2 5  at stae o 

sector 1 to 7 at slap o 

sector 15at  side o 
sector 8 at slae o 
sector 1 to 25 at side I 

Sector 1 l o  14 at Side 0 

~ 

Sector 26 at Side 0 

sector I t "  14 at Side 1 

Sector 1 to 7 at Side 1 

Sector 26 at Side 1 

sector i s  at slae 1 
sector 8 at slae 1 

scctar I to 14 at s a e  o 
Sector 1 to 2 5  at Side 0 

sector 1 to 7 at Side 0 

Sector 26 a1 Side 0 
sector 15 at slae o 
sector 8 at slae o 
sector 1 to 2 5  ai  slae 1 

sector I to 14 at slae t 

sector 26 at slae 1 

sector 1s at slae I 

sector 8 at slae 1 

Sector 1 to 7 at Side 1 

C H  

N C  1 NC I R:l 

I 
C + l  NC R 01 

NC 1 NC 1 R + I  

C + 1  , N C  R - 0 1  

NC I LSB 1 R.01 

i 

NC I NC 
' I  

N 

NC 

N C  

N C  

NC 

NC 

N C  

NC 

N C  

Notes  1 N C l N o C h a n p e I  Thesameualueastheoneat  thebeginningot command 
e leCUt lO"  

2 LSB [Least SigniI8cant B8tI The least s8gniticanl bit 0 1  H 8s 
cornpiementea 

WRITE DATA 
A set of nine (9) bytes are required to set the FDC into 
the Write Data mode. After the Write Datacommand 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 I f  a Terminal Count signal is sent 
to the FDC it continues writing into the current sector to 
complete the data field I f  the Terminal Count signal is 
received while a data field is being written then the re 
mainder o f  the data field is filled with 00 (zeros) 
T3e FDC reads the ID field of each sector and checks 
'tie CRC bytes If the FDC detects a read error (incorrect 
CRC) in one of the ID Fields it sets the DE (Data Error) 
flag of  Status Register 1 to a 1 (high) and terminates the 
Write Data Command (Status Register 0 also has bits 7 
and 6 set to 0 and 1 respectively ) 
'he Write Command operates in much the same manner 
az the Read Command The following items are the 
h ? 7 e  refer to the Read Data Command for details 

Transfer 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) 
Definition of DTL when N = 0 and when N # 0 

In tne Write Data mode data transfers between the proc 
Pssor arid FDC must occur every 31 ps in the FM mode 
o'd every 15 ws in the MFM mode If the time interval 
between data transfers is longer than this then the FDC 
set5 the OR (Over Run) flag in Status Register 1 to a 1 
(high) and terminates the Write Data Command 
F ~ I  mini floppies multiple track writes are usually not 
permittea This is bECdUSe of  the tu'ri off time o f  the 
erase head coils-the head switches tracks before the 
arase head turns o f f  Therefore the system should 
typically wait t 3 mS before attemptinq to step or 
Lnange 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 

T h s  coninland is the same as the Read Data Command 
except that when the FDC detects il Data Address Mark 
at the beginning of a Data Field (and SI< = 0 (low)) it will 
read all the data in the sector and set the CM flag in 
Status Register 2 to a 1 (high), and then terniirate the 
comrrand If S K =  1 the? the FDC skips the sector w t h  
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 
lrom each of the sectors of a track Immediately after 
encountering the INDEX HOLE, the FDC starts reading 

all data fields on  the track as continuous blocks of data 
If the FDC finds an error in the ID or DATA CRC check 
bytes, i t  continues to read data from the track The FDC 
compares the ID information read from each sector with 
the value stored in the IDR, and sets the ND flag of 
Status Register 1 to  a 1 (high) if there is no comparison 
Mult i  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 
Mdrk on the diskette after it encounters the INDEX 
HOLE for the second time then it sets the MA (missing 
address mark) flag in Status Register 1 to a 1 (high) and 
terminates the command (Status Register 0 has bits 7 
and 6 set to 0 and 1 respectively) 

READ I D  

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 i s  found on the diskette before the IN 
DEX HOLE is encountered for the second time then the 
MA (Missing Address Mark) flag in Status Register 1 is 
set to  a 1 (high' and i f  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 controlled 
by the values programmed into N (number of bytes/sec 
tor) SC (sectors/cylinder) GPL (Gap Length) dnd D 
(Data Pattern) which are supplied by the processor dur 
ing the Command Phase The Data Field is filled with 
the Byte o f  data stored in D The ID Field for each sector 
i s  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 
BytesiSector) This ai loh5 the diskette to be formatted 
with nonsequential sec!or numbers i f  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 i s  formatted thds, 
the R register contains a value of A +  1 when it is read 
during the Result Phase This incrementing and format 
tinq continues fo r  the whole track un:il the FDC en- 
counters the INDEX HOLE for the second time where 
upon it terminates the command 

If a FAULT signal 15 received from the FDD at the end of 
a write operation tben the FDC sets the EC flag of 
Status Register 0 to a 1 (high) and terminates the corn 
mand after setting hits 7 and 6 of Status Register @ to 0 
and 1 respectively Also 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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SECTORSIZE N SC GPL' GPL' REMARKS SECTORSIZE N SC CPL' GPL2 

128 DytesiSecIor 00 1A 07 18 IBM Dishelle 1 120 byleslSertor 00 12  07 W 
256 01 OF OE 2A IBM Diskette 2 128 00 10 10 19 
512 02 08 18 3* 256 01 00 18 30 

1024 03 04 47 8 A  512 02 04 46 87 
2048 04 02 C8 FF 1024 03 02 C8 FF 
4W6 05 01 C8 FF 2048 04 01 C0 FF 

256 01 i A  OE 36 IBM D8shelte 2D 256 01 12 OA OC 

PRELOWOMARV 
__ 

Table 9. Sector Size Relationships. 
8" STANDARD FLOPPY 5'1.. MINI FLOPPY 

512 
1024 
2040 
4096 
8192 

02 OF 18 54 
03 08 35 74 IBM Di lhe l le  2U i:i 
04 04 99 FF 1024 80 FO 
05 02 ca FF LO48 04 02 L8 F6  
06 01 C8 FF 4C96 05 C8 FF 

1 :i 1 1 :i I ii 

2 SuQQesled values 01 GPL 8 "  formal 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 
DFOD= Dprocessor DFOD D~rocesson or DFDO Dprocessor 
Ones complement arithmetic is used for cornparison 
(FF= largest number 00= smallest number) After a 
whole sector of data is compared, i f  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 o f  
SCAN 

Table 10. Scan Status Codes 

I COMMAND 1-1 COMMENTS I 

If the FDC encounters a Deleted Data Address Mark on 
one of the sectors (and S K =  0). then it regards the sec- 
tor as the last sector on the cylinder. sets CM (Control 

Mark) flag of Status Register 2 to a 1 (high) and ter 
minates the command If S K =  1, the FDC skips the sec- 
tor wi th the Deleted Address Mark, and reads the next 
sector In the second case (SK = 1). the FDC sets the CM 
(Control Mark) flag o f  Status Register 2 to a 1 (high) in 
order to  show that a Deleted Sector had been en 
countered 

When either the STP (contiguous sectors STP=Ot. 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, i f  STP=02, MT=O. the sectors are 
numbered sequentially 1 through 26, and we start the 
Scan Command at sector 21, the followipg will happen 
Sectors 21 23 and 25 will be read, then the next sector 
(26) &ill be skipped and the Index Hole will be en 
countered before the EOT value of 26 can be read This 
will result in an abnormal termination of the command 
If the EOT had been set at 25 or the scanning started at 
sector 20 then the Scan Command would be completed 
in a normal manner 

During the Scan Command data is supplied by either the 
processor or DMA Controller for comparison against the 
data read from the diskette In order to avoid having the 
OR (Over Run) flag set in Status Register 1 .  it is  nec- 
essary to have the data available in less than 27 p s  (FM 
Mode) or 13 ps (MFM Mode) If an Overrun occurs the 
FDC terminates the command 

SEEK 

The readlwrite 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 ["lew 
Cylinder Number), and performs the following operation 
i f  there is a difference 

PCN < NCN Direction signal to FDD set to a 1 (high), 
and Step Pulses are issued (Step In ) 
PCN > NCN Direction signal to FDD set to  a 0 (low) 
and Step Pulses are issued (Step Out ) 

The rate at which Step Pulses are issued is controlled by 
SRT (Stepping Rate Time) in the SPECIFY Commalid 
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 term i na t ed 

6-233 AFN 01219C 



Tandy 1000 Technical Reference Manual 

SEEK END 
BIT 5 

0 

1 

1 

During the Command Phase of the Seek operation the 
FDC is in the FDC BUSY state, but during the Execution 
Phase i t  is in the NON BUSY state. While the FDC is in 
the NON BUSY state, another Seek Command may be 
issued, and in this manner parallel seek operations may 
be done on up to 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 implird Seeks. Any RIW command should be 
preceded by: 1) Seek Command; 2) Sense Interrupt 
Status; and 3) Read ID. 

RECALIBRATE 

This command causes the readlwrite 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 0 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: 
a. Read Data Command 
b. Read a Track Command 
c. Read ID Command 
d. Read Deleted Data Command 
e. Write Data Command 
f. Format a Cylinder Command 
g. Write Deleted Data Command 
h. Scan Commands 

2. Ready Line of FDD changes state 
3. End of Seek or Recalibrate Command 
4. During Execution Phase in the NON-DMA Mode 

Interrupts caused by reasons 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, i t  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). 

INTERRUPT CODE 
CAUSE BIT6 BIT7 

1 1 Ready Line changed 
state either polarity 

0 0 Normal Termination 
of Seek or Recalibrate 
Command 

Seek or Recalibrate 
Command 

- 

1 0 Abnormal Terminatlon of 

6-234 AFN 01259C 



Tandy 1000 Technical Reference Manual 

0272A PREL0NOMARV iw -~ 
Table 12. Status Registers 

STATUS REGISTER 0 I 

, e e k d  1 S E  

I 
- t  

.quipment EC 
:heck 1 

1 
got Ready NR 

-______. .__- 

D,= 0 and De= 0 
Normal Termination 01 Command, 
(NT) Command was completed and 
properly executed 

D 7 = 0  and D 6 =  1 
Abnormal Termination 01 Com 
mand, (AT) Execution of Command ~ 

was started but was not 
successtully completed 

D,= 1 and De= 0 
Invalid Command issue. (IC1 
Command which was issued was 
never started 

D7 = 1 and De = 1 
Abnormal Termination because i 
durlng command execution the 
ready signal from FDD changed 

~ state 

When the FDC completes the 1 
SEEK Command, this flag I S  set to 1 

--- 

' 

~- . ~. 

!h@) 1 

FDD or 11 the Track 0 Signal tails to 1 
occur alter 17 Step Pulses (Recall I 
brate Command) then this liag is set 

When the FDD is in the not ready j 
stale and a read or write command I S ,  

issued this flag is set I f  a read or ~ 

~ ~~~ ~~ 

1 , write command I S  Issued to Side 1 ' 

1 1 HD , Thts flag 1s used lo indicate the 

+ ~ --+- ~- ~ 

i us 

~ 01 a single Sided drive then this flag 
~ 

) 2  Head 1 Address 1 ~ state 01 the head at Interrupt ' 
i 

i 
,i""'-"':"' 

~ These tlags are used to indicate a 

, ~ ~ ~ ~~~~~ 

Unit Sf;ciiO US 0 1 Drive Unit Number at Interrupt 

No-Data t -ND 

REGISTER 1 I 

When the FDC tries to access a 
Sector beyond the final Sector of a 
Cylinder this flag i s  set I 

Not usad This bit IS always 0 !low1 1 

- 

-- 

When the FDC detects a CRC error 
neither the ID field or the data field 1 

this flag s set 

I t  the FDC IS  not Sewiced by the 

within a certain time interval this 

Not used This bit a l w a y s G ( l o w i  1 
flag I S  set I - ~- 

During execution of READ DATA 

Command 1 1  the FDC Cannot tind 
the Sector specified In the IDR 
Reaister this flap IS set 

During executing the READ ID Corn 
mand. 0 the FDC cannot read the 
ID field without an error then this 
ftaq 15 set 

Durlng the execution of the READ A 
Cylinder Command i f  the starting 1 
sector cannot he lound then this 
(lag IS  set 

- 
BIT 

~- pq 

DESCRIPTION 1- -+ 
IO I NAME ~ S V M B O L ~  - 

STATUS REGISTER 1 (CONT) 

-0;- --TX r i g  execution ot WRITE DATA 
- - -  ~- 

~ Writable ~ WRITE DELETED DATA or Format A 
Cylinder Command i t  the FDC 

the FDD then thts tlag I S  set 
1 1 detects a write protect signal from 

~ -- 

Do Mlsslng MA If the FDC cannot detect the ID 

1 
~ I 

I 

Address Mark alter encountering the 
ndex hole twice then this Vag 8s set 

1 Address 

FDC cannot detect the Data 
Address Mark 01 Deleted Data 

at the same time the MD (Missing 
Address Mark in Data Field) 01 
Status Reg ster 2 1s set 

i Address Mark this flag I S  set Also 

I I I 

D7 

D, 

D5 

D, 

D3 

D* 

t -  D, 

STATUS REGISTER 2 

- - -  

Control 
Mark 

-+ 
Data Frror ~n i DD ' I I  the FDC detects a CRC e& in ~ 

Data Field 1 

Cyltnder 1 and when the contents 01 C o n  the 
med dm s d lferent from that stored , 

' tiag is set 

the data f eld then th 5 flag 1s set 

wrong 

Scan Equal SH 
Hlt 

~- 

Scan Not SN 
Satistipd 

Bad BC 
Cylinder I 

- 3  

8n the IDR this tlag is set 

Dur~ng execution +he SCAN , 
Command 11 the condition 01 
equal I S  Satisfied this tlag I S  set 

~ ~- ~ ~~ 

During executing the SCAN 
Command i t  the FDC cannot find a 
Sector on the cylinder which meets 
the condition then this flag I S  set 

This b8t 15 related with the ND bit 
and when the content 0 1  C o n  the 
medium i s  d~lterent from that stored 

1 in the IDR and the Content 01 C I S  

1 FF then this flag 1s set 1 -- -~ - 
Miss~ng MD When data I S  read from the medium 
Address 
Mark ~n Data 1 
Field , I Address Mark then this flag IS  set 

11 the FDC cannot tind a Data 
I Address Mark or Deleted Data 

-~ -~ - -- - -  

~- STATUS REGISTER 3 
~ -7- 

Fault I I 

FT T ;hts bit is  used to indicate the 1 ;;;s 01 the Fault signal from the 

- -  

Write WP 
Protected I 

Ready --J RDY 

- +  - 

Head 
Address HD 

unit Select t i  us t 

Unit Select 0 1 US 0 

-- - 

-~ - - 

' This bit I S  used to indicate the 
' status of the Write Protected signal 1 

from the FDD 

This blt I S  used to ind cafe the status I 

This blt s used to indicate the status 
01 the Unit Select 1 signal tothe FDD 

Thls bit 1s used lo indicate the status I ottheUnitSeleclOsignaltotheFDD -1 ,?Side Select signal to the FDD 
~ 
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0272A PRELUMONARV 
____ 

ABSOLUTE MAXIMUM RATINGS' 
Operating Temperature 0°C to +7O"C 
Storage Temperature -4O'C to + 125°C 
All Output Voltages - 0 5 t O  +?'Volts 
Al l  Input Voltages - 0 5 1 0  +7VOltS 
Supply Voltage Vcc -0 5 to + 7  VOltS 
Power Dissipation 1 Watt 

' TA = 25 "C 

Test 
Conditions 

Limits 

Min. Max. - Unit Symbol Parameter 
_________I____ ______ 

CIN(Q) Clock Input Capacitance 20 PF A l l  Pins Except 
Pin Under Test 
Tied to AC Input Capacitance 10 PF _ _ _ _ _ ~ _ ~ _ _ _ _ _ _ _ _  cIN 

Inputloutput Capacitance 20 PF Ground 
__I______ __.___ 

CiIO 
I____ _____ 

NOTlCE Stress above those listed under Absolute Max-  
imum Ratings" may cause permanent damage to the de- 
vice This is 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 
is not implied ,Exposure to absolute maximum rating 
condi t ions fo r  extended per iods  may af fect  device 
reliability 

Symbol 

'CY 

ICH 

D.C. CHARACTERISTICS (T, = ooc to  + 7 0 ~ ,  vCC = + 5~ -C l oo /n )  

Parameter Min Max. Unit Notes 

Clock Period 120 500 n s  Note 5 

Clock High Period 40 n s  Noted. 5 

_ _ _ _ ~  
Test Limits 

Symbol Parameter -5- Max. 1 Unit 1-1 Conditions 

lRST Reset Width 

v c c  Ion = -400pA 
- _____ 

120 mA 

Input Load Current 10 PA ViN = vCC 
(Al l  Input Pins) - 10 MA VIN = ov ________ 
High Level Output 10 PA VOUT = vcc 

pA 0 4 5 V  ~ VOUT Vcc 
Leakage Current 

14 ICY 

CAPACITANCE (TA = 25'~. 1, - 1 MHZ, vCC - OV) 

IAR 

I R A  

IRR 

IRD 

KIF 

Select Setup to Fix1 0 n s  

Select Hold from FiTl 0 " S  

R i  Pulse Width 250 ns 

Data Delay tram m~ 200 ns 

100 ns Output Float Delay 20 

6-236 AFN-01259C 
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A.C. CHARACTERISTICS (Continued) ( T ~ O O C  to + 70°c ,  vcc = + 5.ov 10%) 

WRITE CYCLE 

DMA 

FDD INTERFACE 

NOTES 
1 Typical values lor T A  = 25°C and nonlinal supply voltage 

2 The former values are used tor Standard floppy and the latter values are used tor mini floppies 

3 Isc= 33 @, min IS for different drive unils In the case ot same unit. tsc can be ranged from 1 m s  lo 16 ms with 8 MHz clock period and 2 ms 
to 32 ms with 4 MHz clock under software control 

4 From 2 O V  to + 2 O V  

5 A t  4 M H r  Ihe clock duly cycle may range from 16% to 76% Using a n  8 MHz clock the duty cycle can range from 32% to 52% Duly cycle IS 

defined as D C = 100 IICH - t c y i  with typical rise and fall times of 5 ns 

6 The SDecified values listed are lor an 8 MHr clock period Multiply timings by 2 when using a 4 MHr clock period 

6-237 AFN 012596 

I R I  I INT Delay from m' 500 ns Note6 

IWI 1 INT Delay from F R '  500 n s  Note6 

13 p s  Note6 IROCY DRC) Cycle Period 

IAKRO DACK. to DRQ. 200 n5 

IROR DRO' to m. 800 ns Note6 

(ROW DRO' Io W-R. 250 n s  Note6 

DRO' to FD '  or 12 $9 Note6 , IRORW 
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iw 0272A PWELONOMARV 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUTIOUTPUT 

A L  TLSl iNG INPUTS ARE ORlVENAT24VFORALOGIC 1 AND045VFOR 
A LOGlL 0 TIMING MEASUREMENTS ARE MADE AT 2 OV FOR A LOGlC 1 
AN0 0 8 V  FOR 4 LOGIC 0 

WAVEFORMS 

A.C. TESTING LOAD CIRCUIT 

I 
DEVICE UNDER 

C, L 100 pF 

C, l M p F  
CL INCLUDES JIG CAPACITANCE 

PROCESSOR READ OPERATION 

6-238 A F N  01259C 
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8272A 

WAVEFORMS (Continued) 

PROCESSOR WRITE OPERATION 

INT I\ 

DMA OPERATION 

6-239 AFN-01259C 
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WAVE FORMS (Continued) 

CLOCK TIMING 

I FDD WRITE OPERATION 

6-240 AFN 01259C 
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0272A 

WAVEFORMS (Continued) 

SEEK OPERATION 

L 
STABLE 

c 

L 
LCT 

DIRECTION 

7 

FLT RESET 

FAULT RESET 
FAl. UNSAFE RESET 

6-241 AFN-01259C 
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WAVEFORMS (Continued) 

1 FDD READ OPERATION 

_~________  r TERMINAL COUNT 

I I I  

6-242 AFN 01259C 
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CUSTOM LOGIC 
CIRCUITS 

TYPE SN76494, SN76496 
PROGRAMMABLE TONE/NOISE GENERATOR 

02801. NOVEMBER 198.3 

N 
DUAL-IN-LINE PACKAGE 

0 Each Circuit Contains 

0 Programmable White-Noise Generator 

0 Programmable Attenuation 

Simultaneous Sounds 

0 TTL-Compatible 

0 Up to 600 kHz Clock Input for SN76494 
and 4 MHs for SN76496 

0 External Audio Input for SN76496 May Be 
Summed with Internally Generated Tones 

3 Programmable Tone Generators 
(TOP VIEW) 

description 

The SN76494 digital complex sound generator is an integrated injection logic (PL) 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 kHr 
and for SN76496 it IS 4 MHr. 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 

CLOCK I 

m 

D1 

Da 

D I  

M 

m 
I* 

D7 

- 
WE 

CE 
- 

YIW .I 
lcLR 

PRODUCT PREVIEW Copyrqhlci1983 by T s u s  Instruments Incowmad 

TrxAs INSTRUMENTS 
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TYPE SN76494, SN76496 
PROGRAMMABLE TONE/NOISE GENERATOR 

schematics of inputs and outputs 

EQUIVALENT OF INPUTS 
OF '494, '496 

" C C T - - - -  

f 

EQUIVALENT OF INPUTS 
OF '494. '496 

'cc 

YPUT 

TYPICAL OF OUTPUTS 
OF '494, '496 

f 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vcc (see Note 1) ........................................................................ 15V 
Input voltage, VI 

Audio input ..................................................................................... 0.9V 
All other inputs.. .................................................................................. 7V 

Output current at pin 7 .............................................................................. 10 mA 
Continuous total power dissipation at (or below) 2 5 T  free-air temperature (see Note 2). ............... 11 50 mW 
Operating free-air temperature range.. .......................................................... OOC to 70°C 
Storage temperature range ................................................................. -!55OC to 1 5OoC 
Lead temperature 1.6 mm (1116 inch)from case for 10 seconds ........................................ .260°C 

recommended operating conditions 

NOTES 1 Ail voltape values are with rsspsn io nework ground terminal 
2 For operation above 25OC free air temperature linearly ai me rate of 9 2 n W / T  
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PARAMETER 

Progagation delay lime. high-to-low level 
PHL 

TYPE SN76494, SN76496 
PROGRAMMABLE TONE/NOISE GENERATOR 

TESTCONDITIONS MIN TYP MAX UNIT 

CL= 225 pF. RL= 2 Iln to Vcc 90 150 ns 

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 
range (unless otherwise noted) 

PULSE 

switching characteristics, Vcc = 5 V, TA = 25OC 

OSCILLOSCOPE 

7~ 225pF 

GND 

PARAMETER MEASUREMENT INFORMATION 

FIGURE 1 ~ t p ~ ~  TEST CIRCUIT 
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TYPE SN76494, SN76496 
P R 0 GRAM M AB 1 E TON E / N 0 IS E G EN E RAT0 R 

pin assignments and functions 

SIGNATURE 
CE 

DO (MSB) 
Dt 
02 
D3 
w 
D5 
D6 
D7 (LSBJ 

GND 
CLOCK 
WE 

READY 

AUDIO IN 
AUDIO OUT 

vcc 

- 

PIN 
6 

3 
2 
t 

15 
13 
t 2  
t t  
t o  
16 
8 

14 
5 

4 

9 
7 

- 
I/O 
IN 

IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 
IN 

OUT 
IN 
IN 

OUT 

IN 
OUT 

- DESCRIPTION 
Chip Enable - when active (low) data may be transferred from CW to the SN76494 or 
SN76496. 
DO through D7 . Input data bus through which the control data is input 

Supply Voltage (5 V nom) 
Ground Reference 
Input Clock 
Write Enable - when active (low). 
SN76494 or SN76496 
When active (high). READY indicates that the data has been read When READY IS low. 
the microprocessor should enter a wait state untll READY is high 
Audio input from external source 
Audio Drive Out 

indicates that data is avatlable from the CPU to the 

PRINCIPLES OF OPERATION 

tone generators 

Each tone generator consists of a frequency synthesis section and an attenuation section The frequency synthesis 
section requires 1 0  bits of information (H)-F9) to define half the period of the desired frequency (1) FO IS the most 
significant bit and F9 is the least significant bit This information is loaded into a IO-stage tone counter, k h c h  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  
4 n  

where N clock 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 attenuatlon control bits may be true simultaneously Thus, 
the maximum attenuation is 28 db 

BIT POSITION 
A0 A I  A2 A3 

WEIGHT 
IindB) 
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TYPE SN76494, SN76496 
PROGRAMMABLE TON E /NO IS E GEN ERATOR 

noire generator 

The noise generator consists of a noise source and an attenuator The noise source is a shift register wi th 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 

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 FREDUENCY CONTROL 

SHIFT RATE 

N/128 
N/256 

Tone generator #3 output 

The output of the noise source is connected to a programmable attenuator as shown in Figure 4 

output buffer/arnplifier 

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 i n  the output buffer. the output (pin 7) should be decoupled This is done by putting 10 ohms in 
series wi th 0 1 pF from pin 7 to ground (see figure 3) 

data transfer 

The microprocessor selects the SN76494 by taking E low (low voltage) Unless E is low. no data transfer can occur 
When E is low the WE signal strobes the contents of the data bus to the appropriate control register The data bus 
contents must be valid a1 this time 

The SN76494 requires approximatelyfour clockcycles 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 
~ransferandispulledtothefalsestate(low)immediatelyfollowingthefallingedgeof CE It isrequiredtogotothetrue 
state (high) when the data transfer is completed The data transfer timlng IS shown below 

FIGURE 2 ~ DATA TRANSFER TIMING 

FEEDBACK 
0 
1 

CONFIGURATION 
”Periodic” noiw 
’White” noiw 
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TYPE SN76494, SN76496 
PROGRAMMABLE TONE/NOISE GENERATOR 

TYPICAL APPLICATION DATA 

SN76494 

BUFFER 
(SEE NOTE 3) 

1.5 V (NPICAL) 

FIGURE 3 - EXTERNAL AUDIO OUTPUT INTERFACE 

NOTE 3 The capacitance values 01 C1 and CZ are determined by the frequency response desired and the audio arnplilier used 
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N P E  SN76494, SN76496 
PROGRAMMABLE TONE/NOISE GENERATOR 

TABLE 6 .  FUNCTION TABLE 

f INPUTS I OUTPUT I This table is valid when the 

I1 I not b m g  clocked. and 
(2) is initislized by pulling 

and= high 

CPU in te r face  to SN76494/SN76496 
-- 

The microprocessor interfaces with the SN76494 by means of the eight data lines and three control lines (WE, CE 
and READY). Each lone generator requires 10 bits of information to select the frequency and four bits of information 
to select the attenuation. A frequency update requires a double-byte transfer, while an attenuator update requires a 
single-byte transfer. 

If no other control 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 wi l l  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 tocontrol 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 register. The register address codes are shown in Table 4. 

TABLE 4 - REGISTER ADDRESS FIELD 

1 ;  1 
0 

data f o r m a t s  

The formats required to transfer data are shown below. 

Tone t Frequency 
Tone 1 Attenuation 
Tone 2 Frequency 
Tone 2 Attenuation 
Tone 3 Frequency 
Tone 3 Attenuatlon 
Noise Control 
Noise Attenuation 

H H  H 

RO R1 R2 
DESTINATION 

CONTROLREGISTER 

REG ADDR 
1 R O I  R1 I R2 

DATA DATA 
F6 I F7 I F8 I F9 0 x I F O I F l ( F 2 I F 3 I F 4 I F 5  

1 

REG AODR SHIFT 

RO I R1 1 R2 x FB NK) 1 NFl 

REG ADDR 
1 R O I R l I R 2  

DATA 
A O I A t l A 2 1 A 3  
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TYPE SN76494, SN76496 
PROGRAMMABLE TONE/NOISE GENERATOR 

N package 

This dual-in-line package consists of a circuit mounted on a 16-lead frame and encapsulated within an electrically 
nonconductive plastic compound The compound 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 ~nsened, 
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 

T i  INSIRUMENTS 



Tandv 1000 Technical Reference Manual 

r Advance Information 

CRT CONTROLLER (CRTC) 

The MC6845 CRT Controller performs the interface to raster scan 
CRT displays. It i s  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 an key functions and maintain flexibilitv. For 
instance, all keyboard functions, R M I ,  cursor movements, and editing 
are under processor control; whereas the CRTC provides video timing 
and Refresh Memory Addressing. 

0 Applications include “glass-teletype,” smart, programmable, intel- 
ligent CRT terminals; video games; information display. 

0 Alphanumeric. semigraphic, and full graphic capability. 
0 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. 
Single *5 volt supply. TTL/6800 compatible I/O. 

0 Hardware scroll (paging or by line or by character) 
0 Compatible with CPU’s and MPU‘s which provide a means for 

synchronizing external devices. 
Cursor register and compare circuitry. 

0 Cursor format and blink are programmable. 
0 Light pen register. 
0 Line buffer-less operation. No external DMA required. Refresh 

Memory is  multiplexed between CRTC and MPU. 
0 Programmable interlace or non-interlace scan. 
0 14-bit wide refresh address. 

I I (N-Channel, Silicon-Gate) 

CRT CONTROLLER 
(CRTC) 

L SUFFIX 
CERAMiC PACKAGE 

CASE 715 

NOT SHOWN. 
P SUFFIX 

PLASTIC PACKAGE 
CASE 71 1 

FIGURE 1 - TYPICAL CRTCONTROLLER APPLICATION 

AD1-465 
(Replacer NP.67) 

his is  advance information and qmcifications u 8  wblut to cheng8 without notice. %OTOROLA INC , ton  
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~, 

SYSTEM BLOCK DIAGRAM DESCRIPTION 

CRTC Accesses 
Refresh Memory 

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 include an 
internal cursor register which generates a Cursor output 
when i t s  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 

Characteristics 

Supply Voltage 

Input Low Voltage 

Input High Voltage 

MAXIMUM RATINGS 

Rating 

Supply Voltage 

Input Voltage 

Operating Temperature Range 

Storage Temperature Range -55 to +150 

Symbol Min Typ Max Unit 

Vcc 4.75 5.0 5.25 Vdc 

V I L  -0.3 - 0.8 Vdc 

V I"  2.0 - vcc VdC 

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. 

3. Synchronize processor by memory wait cycles. 
4. Synchronize proessor 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 a re "transparent. " 

The secondary data bus concept in no way precludes 
using the Refresh RAM for other purposes. It looks like 
any other RAM to t h e  Processor. For example, using 
Approach 4, a 64K byte RAM Refresh Memory could 
perform refresh and program storage functions trans- 
parently. 

FIGURE 2 - TRANSPARENT REFRESH MEMORY 
CONFIGURATION T IMING USING 6800 MPU FAMILY 

*With respect to Vss (Gnd).  

RECOMMENDED OPERATING CONDITIONS 
Refresh Memory 

I I 
I 

I 
where m.n are Integers. 

Tc IS character period 

@ MOTOROLA Semiconductor products /ne. 
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Characteristic Symbol 

ELECTRICAL CHARACTERISTICS ( V c c  = 5.0 V *5%. Vss = 0. TA = 0 to 70% unless otherwise noted) 

Note. The light pen strobe must fall to low level before VSYNC pulse rises 

BUS TIMING CHARACTERISTICS 

Man Max Unit 

@ MOTOROLA Semiconductor Products Inc. 
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FIGURE 3 - CRTC TIMING CHART 

RAO- R A4  .---p,-- 
Dtrplav Enable - - - -  

. 0 .8  v 

'7, 
- 'RAD 4 

- '"SO 4 
'VSD % 

- 'COD 4 

t 
LPSTB 

@ MOrOROLA Semiconductor products Inc. 
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FIGURE 4 - RELATION BETWEEN LPSTB AND REFRESH MEMORY ADDRESS 

@ MOTOROLA Semiconductor Products Inc. 

- 
CI k 

M A 0  M A 1 3  M 

0.8 v 

M + l  M + 2  

LPSTB 

2 0 v  

7- 
LPSTB 

t L P D l  
fLPD2-L - C - C L  

When the CRTC 

7- 
detecxr rhe ri l ing edge of LPSTB 
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Enable 

RS, 

Data Bur 

FIGURE 5 - BUS TIMING CHART 

5 - Bur R.ad Timing (Read Information From CRTC) 

2 0 v  

0.8 v 

5b - Bur Writs Timing (Write Information Into CRTC) 

0 8 V  
Enable 

--AS- 

L 2 0 v  

RS. 

1 
C e r A H  

tH fDSW -- 
Data Bur 

@ MOTOROLA Semiconductor Products lnc. 



Tandv 1000 Technical Reference Manual 

Refresh 
Memory 
AddreSrer 

FIGURE 6 -BUS TIMING TEST LOAD 

7 5.0 V 

Test Point R L  = 2.4 k 

MMD6150 
or Equiv. 

C = 130 pF for 0 0 - 0 7  
= = 30 pF for MAO-MA13. RAO-RA4. 

DISPEN, HYSNC. 
VSYNC. and CURSOR 

R = 11 kSl for DO D7 
= 24 k n  for Al l  Other Outputs 

FIGURE 7 - P I N  ASSIGNMENT 

v 
vss 1 40  VSYNC 

ROW Addresser 

Generators 
z: } for Character 

35 

M A 3  

M A 4  

MA9 

MA10 

M A 1  1 

MA12 

7 34  

8 33 

9 32 

10 MC6845 31 

11 30 
CRTC 

12 29 

13 28 

14 27  

15 26 

16 25 

Control 
Display Enable 

cursor 

20 CLK 

@ MOTOROLA Semiconductor Products Inc. 
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- 
RES 

0 
0 
1 
1 

PIN DESCRIPTION 

OPERATING MODE LPSTB 
0 Reset 
1 Test Mode 
0 Normal Mode 
1 Normal Mode 

PROCESSOR INTERFACE 

The CRTC interfaces to a processor bus on the 
bidirectional data bus (DO-D7) using E. RS, E, and Rm 
for control signals. 

Data Bus (DO-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 i s  a logical "1." 

Enable (El - 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 ( S I  - The E 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 ( R S  = "0") or one of the Data Registers 
(RS = "1") of the internal Register File. 

ReadMlrite (Rml - The Rm 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 i s  an active high signal which drives the monitor 
directly or is fed t o  Video Processing Logic for composite 
generation. This signal determines the vertical position of 
the displayed text 

Horizontal Sync (H SYNC) - This TTL compatible 
output i s  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 i s  an 
active high signal which indicates the CRTC is providing 
addressing in the active Display Area. 

REFRESH M E M 0  R Y /CHARACTER GENERATOR 
ADDR ESSlNG 

The CRTC provides Memory Addresses (MAO-MA13) 
to scan the Refresh RAM. Also provided are Raster 
Addresses (RAO-RA4) for the character ROM. 

Refresh Memory Addresses (MAO-MA131 - 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-RA41 - These 5 outputs from 
the internal Raster Counter address the Character ROM 
for the row of a character. These outputs drive a TTL load 
and 30pF. A high level (on RAO-RA4) is  a logical "1." 

@) MOTOROLA Semiconductor Productr Inc. 
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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. I t s  contents are the 
address of2ne of the other 18 registers in the file. When 
RS and CS are low, the Address Register itself i s  
addressed. When RS is high, the Register File i s  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 (ROI - 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 8 bit 
write-only register determines the number of displayed 
characters per horizontal line. 

Horizontal Sync Position Register (R2) - This 8 bit 
writeonly 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 a l l  timing widths 
must be programmed as multiples of the character clock 
period which varies. I f  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, RE, 
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 (R5) - The vertical frequency of VS is  
determined by both R 4  and R5. The calculated number of 
character line times i s  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 

W 

Nom 111 Bit 5 of th.CuROr Start Rstar R q s t e r  IS v y d  lor blink pcrmd Control, urd 
Bil 6 or used to select blink or non blink 
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to the reference. It 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 bi t  0 and bi t  1 are reset, or b i t  0 i s  reset and b i t  1 
set, the non-interlace raster scan mode is selected. Two 
interlace modes are available. Both are interlaced 2 fields 
per frame. When bi t  0 is set and bi t  1 is reset, the interlace 
sync raster scan mode is  selected. Also when bi t  0 and bi t  
1 are set, the interlace sync and video raster scan mode is  
selected. 

Maximum Scan Line Address Register (R9)  - This 5 
bi t  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 101. Bit 5 i s  
the blink timing control. When bi t  5 is low, the blink 
frequency is 1/16 of the vertical field rate, and when bi t  5 
i s  high, the blink frequency i s  1/32 of the vertical field 
rate. Bi t  6 i s  used to  enable a blink. The cursor start scan 
line i s  set by the lower 5 bits. 

Cursor End Register (R11)  - This 5 bit  writeonly 
register sets the cursor end scan line. 

Start Address Register (H & L) (R12, R13)  - Start 
Address Register i s  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 I  (R16, R171 - 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, R 1 5 )  - This 14 bit  
read/write register stores the cursor location. This register 
consists of an 8 bit  lower and 6 bi t  higher register. 

CURSOR 

The Cursor Start and End Registers aNow a cursor of 
up to  3 2  scan lines i n  height t o  be placed on any scan lines 
of the character block as shown in  Figure 10. Using Bits 5 
& 6 o f  t h e  Cursor Start Register, the cursor i s  
programmed with blink periods of 16 or 3 2  times the field 
period. Optional non-blink and non-display modes can 
also be selected. When an external 2 X  blink on characters 
i s  required, it may be necessary to  perform cursor blink 
ex te rna l l y  as w e l l  so that both blink rates are 
synchronized. Note that an inverthon-invert cursor is 
easily implemented by  programming the CRTC for 
blinking cursor and externally inverting the video signal 
wi th an exclusive-OR. 

The Cursor is positioned by changing the contents of 
registers R 14 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. 

INTER L ACE/NON-I NTE R LAC E 
DISPLAY MODES 

An illustration of the 3 raster scan modes of operation 
is shown in Figure 11. Normal sync mode is  non-interlace. 
I n  this mode, each scan line i s  refreshed at the vertical 
field rate (e.g., 50 or 60 Hzl. 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 wi th respect t o  the even field. 
When the same information i s  painted in both fields, the 
mode is  called "Interlace Sync;" this is a useful mode for 
enhancing readability b y  filling i n  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, Nht must be odd 
(i.e., an even number of character times) 

2 )  For Interlace Sync and Video mode only, the max 
scan line address, N,I, 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, Nvd, must be onehalf 
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 RO-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 R 12/R 1 3  contents 
determine which memory location i s  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 wi th in a 16K block or refresh 
memory. By centering the R12/R13 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 

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. 

I 1 

bus. 
Al l  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 file, 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 a t  16 raster lines in the vertical control 
section and is not programmable, 2) Vertical Display of a 
frequency and position determined by the registers. 

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 lines, 
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 location, size, 
and blinking rate on the screen. Al l  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, a. RS and E. 

FIGURE 9 - ILLUSTRATION OF THE CRT SCREEN FORMAT 

Number of Horizontal Total Char. ( N h t + l l  

-Number of Horizontal Dfrplayed Char. (Nhdl- 

A+B+C i 
I 

Display Period 

Vettical Retrace Period 

Horizontal 
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Cursor Start Register 

I 1 I 1 I Blink, 1/32 Field Rate 

Example of Cursor Display Mode 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  

Cursor Start Adr. = 9 
Cursor End Adr. = 9 

FIGURE 10 -CURSOR CONTROL 

-* Blink Period = 
I I 16or32Times 

Field Period 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  

Cursor Start Adr. = 9 
Cursor End Adr. = 10 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  

Cursor Start Adr. = 1 
Cursor End Adr. = 5 

FIOUAE 11 - INTERFACE CONTROL 

Interlace Mode Register 

Mode 

I 1 I I Normal Sync Mode (Non-Interlace) 

Scan Line Address Scan Line Address Scan Line Address 
0 0 0 

0 1 
l- 2 

3- 

4- 

5--8-------4- 

6- 

7- 

1 3 

=- 2 4 5 

6 

0 

2 

3 7 

4 1 

5 _ _ _ _ - _ _  3 
6 _ _  _ _ - _ _  5 

7 - - -  - - - - 7  

4 

6 

E"*" Odd Even Odd 
Field Field Field Field 

Normal Sync I "fedace Sync Interlace S y n c  and Video 
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- 
Reg. # 

R O  

R1 
R 2  

R3 
A4 
R5 
R 6  

R7 
R8 
R 9  

R10 
R11 
R12 
R13 
R14 
R15 - 

TABLE 3 - Typical 80 x 24  Screen Format Initialization of CRTC 

Rwister File 

H Total 

H Displayed 

H Sync Position 

H Sync Width 

V Total 

V Total Adjust 

V Displayed 

V Sync Position 

Interlace Mode 

Max Scan Line Address 

Cursor Start 

Cursor End 

Start Address IHI 
Start Address ILJ 

Cursor IHI 

Cursor IL I  

Program 
Unit 

TC 

TC 

TC 

TC 

Tcr 

TSI 

Tcr 

Tcr 

TSI 

TSI 

TSI 

Calculation. 

102 x 527 = 53 76 ps 
80 x 527 = 42 16 ps 
86 x 527 = 45 32 us 

9 x  527= 474ps 
25 x 645 12 = 16 13 ms 

l o x  5376 = 54mr 

24 x 645 12 = 15 48 rns 

24 x 645 12 = 15 48 ms 

P r w a m n  

Decimal 

102 - 1 = 101 
80 
86 
9 

25 = 1 = 24 
10 
24 
24 

1 1  
0 
1 1  

128 

128 

d Valum 

Hex 

Nht = $65 

Nhrp = $56 
Nhw = $09 

NVt = $18 
Nd, = $OA 

N,d = $18 
NVrp = $18 

$00 
N,, = $06 

$00 
$06 
$00 
$80 
$00 
$80 

Nhd = $50 

Clock Period = T, = 527~s 
Scan Line Period 

Character Row Perrod 
= T,I 
= T,, = NSl x TSl = 12 x 53.76 fir = 645.12 ps 

= (Nht + 1 )  x Tc = 102 x ,527 ps = 53 76 pS 

*There are typical values for the Moforols M3000 MOnlfOr,  values may vary for other monitors 

FIGURE 12 - INITIALIZATION OF CRTC FOR 80x24 SCREEN FORMAT I N  TABLE 3 

PRGE 881 CRTINT 

8888 1 
88882 8888 ie&> 8888 SF CLR B 
88884 8881 CE 8828 LDX 
88885 8884 F7 9888 C R T I l  STH B 
88886 8887 R 6  88 LDH R 

88888 888C 88 I NX 
Q&3@9 B88D SC INC B 
88818 888E CI 18 CMF 6 
88811 8818 26 F.? BN€ 
88812 8812 SF SN I 
88813 8820 ORG 

88815 8824 18 FCB 
88816 8828 88 FC6 
8881 7 882C 8888 FDP 
88818 8888 END 
CRTI  I 8884 CRTTRP 8828 

TOTRL ERRORS 88880 

88887 8889 B7 9BBl S i a  H 

8881 4 8828 65 C R T T R ~  FCB 

CL ERR COUNTER 
US28 

8.2 .Y 
$9881 RCC TO CRTC REG 

$ 9 8 ~ ~  CRTC aDDR REG 

I NC COUNTER 
#$I8 
C R T I  I 

LHST CRTC REG? 
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OPERATION OF THE CRTC 

Timing Chart of the CRT Interface Signals - Timing 
charts of CRT interface signals are illustrated in this 
Section with the aid of programmed example of the 
CRTC. When values listed in Table 4 are programmed into 
CRTC control registers, the device provides the outputs as 

shown in the Timing Diagrams (Figures 13 through 15). 
The screen format of this example is  shown in Figure 9. 
Figure 16 is  an illustration of the relation between 
Refresh Memory Address (MAO-MA13). Raster Address 
(RAO-RA4) and the position on the screen. In  this 
example, the start address is assumed to be "0". 

TABLE 4 -Valuer Programmed Into CRTC Registers 
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3-1. CONSTRUCTION AND FUNCTION 

3-1-1. General Block Diagram 

F i l e  pro tec t  sensor r 

Stepping motor 

+12v, +5v, ov 

I I 

(Fig.  301) General block diagram 
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3-1-2. Mechanical Section 

Since the disk i s  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. 

(1) 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. 

(2) Door mechanism and disk clamp mechanism 

The door mechanism is constructed with clamp spring (plate spring), 

front lever, set ann, 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. 

( 3 )  Disk rotation mechanism 

The disk rotation mechanism comprises DD motor Ass'y which includes 

spindle. 
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The DD motor i s  an ou to r - ro to r  t ype  DC b r u s h l e s s  motor which has t h e  

long l i f e  o f  20,000 hours  or more i n  cont inuous r o t a t i o n .  

The r o t a t i o n a l  speed i s  3OOrpm and ma in ta ins  s t a b l e  r o t a t i o n a l  speed 

a g a i n s t  load v a r i a t i o n s  and environmental changes. Th i s  i s  achieved 

by a feedback s i g n a l  from t h e  i n t e r n a l  AC tachometer .  

The p r e c i s e l y  combined c o l l e t  and sp ind le  are  a t t ached  a t  t h e  correct 

ang le  to maintain t h e  c e n t e r  p o s i t i o n  c o r r e c t l y  without  damaging t h e  

center hole  o f  t h e  d i s k  and so as to make t h e  head be i n  c o n t a c t  w i th  

d i s k  a t  t h e  c o r r e c t  ang le .  

( 4 )  Magnetic head and c a r r i a g e  

Read/wri 

+Rotation 
d i r e c t i o n  
o f  d i s k  

L Read/write gap t e  gap- LErase c o r e s  

Tunnel erase type  head S t r a d d l e  e r a s e  type head 

(Fig.302) Ex te rna l  view of  magnetic head c o r e  

For s i n g l e  s ided  FDDs, t h e  e x t e r n a l  view o f  t h e  magnetic head i s  bu t ton  

shaped and it is mounted on t h e  c a r r i a g e  so t h a t  it is i n  con tac t  

with t h e  SIDE 0 ( t h e  buttom s i d e  when t h e  FDD is placed h o r i z o n t a l l y )  

head window a r e a  o f  t h e  d i sk .  

For double s ided  FDDs, both t h e  SIDE 1 head and t h e  SIDE 0 head are 

s p e c i a l  f l a t  t ype  supported wi th  t h e  gimbal led mechanisms. The t w o  

magnetic heads a r e  mounted acc ross  t h e  d i s k  on one ca r r i age .  

I n  both types  of  head, t h e  s u r f a c e  i s  designed f o r  minimum d i sk  wear 

and maximum read ou tpu t .  The head i t s e l f  is a long l i f e  type f o r  
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improved head wear. 

For  the F D 5 4  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 (poly), 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 O )  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 comnand. 

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 OO), 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. 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. 

3-2-1. 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/mite 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 (Ll, L2, C30, etc.) and the 

read signal is supplied to the differentiation amplifier (Q3, 44, 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 20dB with the most appropriate 

equalization. 

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, 2.4psecI 

delay single shot (LSI pin 7 ,  -5 ,  C21), data latch, and lpsec data 

single shot (LSI pins 8 and 9, - 5 ,  C22). 

Then the signal is output from the FDD through the read gate, U3 (pins 

9, 10, 3-state output driver). 

The peak detector which is constructed with a COUIparatOr 
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Pre-amp. output 5v 
approx . (TP8) 

Saddle 

Differentiation 
amp. output 
(TP9) 

 em-cioss point 

Differentiation 
amp. output 
(TP10) 

Peak detector 
output in U1 I I 1 1 

(Fig.304) Read amp. and peak detector waveforms 
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i n  U l  

Edge d e t e c t o r  #2 

V i r t u a l  p u l s e  (d rop- in )  

Peak d e t e c t o r  
ou tpu t  i n  U 1  J I I 

I i n  

(Fig.305) Time domain f i l t e r  and r ead  g a t e  waveforms 
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Write circuit 

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 COM1) 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. 

(a) 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 ( L O W ) .  

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. 

High: 10.5V, approx. Middle: 4V, approx. L o w :  OV, 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. Since the erase gap is about 0.85m 

behind the read/write gap, 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 

Write gate (WG) 
(U1 ,pin 16) 

Erase gate (EG) 
(TP2 ) 

SIDE ONE SELECT 

WRITE DATA 

Data latch output 

Write driver output 
(U1,pin 21 or 2 2 )  

Write current -wwv+* 
Magnetization on 

disk I I  I I H I  I I  I VM//fl/& 

Note : 

Magnetized 
previously 

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 vo l t age  senso r  

The low vo l t age  senso r  is equipped t o  p r o t e c t  t h e  FDD from erroneous 

ope ra t ion  due t o  t h e  i n t e r n a l  c i r c u i t  cons t ruc t ion  o f  t h e  FDD during 

uns t ab le  cond i t ion  of t h e  supp l i ed  vo l t age  such a s  a t  power on or off. 

The ou tpu t  of  t h i s  s enso r  i s  supp l i ed  t o  a lmost  a l l  t h e  f u n c t i o n a l  

blocks o f  t h e  read w r i t e  c i r c u i t ,  and c o n t r o l  c i rcui t  t o  p r o t e c t  t h e  

w r i t e  d r i v e r  and e r a s e  d r i v e r  from erroneous o p e r a t i o n  under t h e  

uns t ab le  cond i t ion  of t h e  IX power vo l t age .  

Power on Power o f f  

+5V power 

Low vo l t age  
ou tpu t  
(U , p in  1 7 )  

s enso r  

Note: Dotted l i n e  shows t h e  LVS inpu t  p i n  34 of U2, c o n t r o l  LSI. 

(Fig.307) Low vo l t age  sensor  waveforms 
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3-2-2. Control Circuit  

The control c i r c u i t  cons is t s  of ga tes ,  de tec tors ,  and the stepping 

motor control c i r c u i t .  The gates a re  drive s e l e c t  ga te  t o  determine 

the drive se lec t  condition, spindle motor gate t o  determine the 

ro ta t iona l  condition of the spindle motor, write/erase gate t o  control 

the actual write operation, e t c .  The de tec tors  a re  index/sector 

de tec tor ,  track 00 detector,  f i l e  protect de tec tor ,  and ready detector.  

The former three detectors (photo-transistors) a re  mounted on the 

front OPT A s s ' y  and the transport  frame. And the  o ther  c i r c u i t s  a r e  

mounted on the PCBA ME'D control (mostly packed i n  a control LSI (CMOS)). 

Fig.308 shows the block diagram. 

Drive se lec t  gate classifies the external input s igna ls  in to  several  

functions and transmits them i n t o  the control LSI. 

The selection of s t raps  ( shor t  bars) determines the se lec t  condition 

of the drive,  spindle motor operating conditions,  and turn-on condition 

of the front bezel indicator.  Refer t o  items 1-11 of the Specification 

a s  t o  the detailed function of each s t rap .  

The write/erase gate judges the  FDD whether it can execute write 

operation o r  not and issues write gate and erase  gate signals f o r  the  

write c i r c u i t .  For the FDD with tunnel erase head, a specified delay 

time i s  established i n  the e rase  gate signal by an in te rna l  counter 

( r e f e r  t o  Fig.306). 

The ready detector cons is t s  of speed detector and ready latch.  The 

output of the speed detector which i s  constructed with a re-triggerable 

counter becomes always TRUE (HIGH) when the ro ta t iona l  speed of an 

i n s t a l l e d  disk ( s o f t  sectored) i s  more than SO%, approx. of the ra ted  

speed. The ready la tch  de tec ts  the second index pulse a f t e r  the speed 

detector detects the 50% of the rated speed, then the READY condition 

i s  informed t o  the host system through the output dr iver ,  U7 (pin 13 

1 4 ) .  
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I I 
Pulse 

generator  I 
I I 

Osci l la -  
t o r  

D R I V E  
SELECT - 
0% 3 

I 
TRACK 00 : -output  

- 
d r i v e r ,  INDEX 

I 

I N  USE - 

1 
C I  * 

1 
I I I '  

I 

- 
I 

I Ready 
de tec tor  + 

MOTOR O+ 

- READY - WRITE 
PROTECT 

1 

WRITE GATE 

I 
I I 

I 
I 
I I 

I 
I 

I 
I I 

I 
I I 

I 
I 
I 
I 
I I 

DIRECTION 
SELECT 

STEP 

I I 

~ Spindle motor- 
'- g a t e  -Spindle motor I 

I 

I 

I I 

I 

I I  I 

- F r o n t  bezel  Ind ica tor  
( -_  g a t e  I ind ica tor  

I I 
I 

1 
I 
I 
I I 

I 

Drive 
s e l e c t  
g a t e  

(Fig.308) Control c i r c u i t  block diagram 

- 316 - 



Tandy 1000 Technical Reference Manual 

1 

I 

R o t a t i o n  s t a r t s  

1 n 

Disk speed 

600msec.Max. - 

Index s e n s o r  o u t p u t  
(TP4) 

Speed d e t e c t o r  
o u t p u t  i n  U 2  

P r e - r e a d y  s t a t e  

I 
pre-ready l a t c h  
i n  U2 

Ready l a t c h  o u t p u t  
(U2,pin 12) 

READY s i g n a l  i 
800msec,Max. 

(F ig .309)  Ready d e t e c t o r  waveforms 

S t e p p i n g  motor c o n t r o l  c i r c u i t  i s  c o n s t r u c t e d  w i t h  d i r e c t i o n  l a t c h ,  

i n t e r n a l  s t e p  p u l s e  g e n e r a t o r ,  s h i f t  r e g i s t e r ,  p h a s e  d r i v e  selector, 

o v e r d r i v e  t imer ,  etc.  

D i r e c t i o n  l a t c h  i s  a c i r c u i t  t o  sample and h o l d  t h e  head  seek  

d i r e c t i o n  d e s i g n a t e d  by t h e  DIRECPION SELECT s i g n a l  a t  e v e r y  i n p u t  

o f  t h e  STEP p u l s e s .  

The i n t e r n a l  s t e p  p u l s e  g e n e r a t o r  i s  c o n s t r u c t e d  w i t h  a c o u n t e r  and  

a p u l s e  g e n e r a t o r .  The c o u n t e r  i s  t r i g g e r e d  a t  t h e  t r a i l i n g  edge  

o f  t h e  STEP i n p u t  p u l s e ,  and t h e  second i n t e r n a l  s tep  p u l s e  is 

g e n e r a t e d  w i t h  a d e l a y  o f  3msec, approx. f rom e a c h  STEP i n p u t  p u l s e  by 

t h e  p u l s e  g e n e r a t o r .  I t  makes t h e  s t e p p i n g  motor  r o t a t e  f o r  2 steps 

( 3 . 6 " )  i n  r e s p o n s e  t o  one  STEP i n p u t  p u l s e .  
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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, US (output pins 12 Q 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 is magnetized when the head stops on an odd track. The phase 

B and % 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, CR1, 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 S tep-out 1 Step-in 
1 

STEP 1 I I m 

Direction latch output 
in U2 n 

48tpi FDD: 

Internal step pulse gen. 
output in U2 

Overdrive timer output 
(U2,pin 19) 

-tor driver inputs 

Overdrive 
operation 

PHASE A (U2,pin 21)  

PHASE B (U2,pin 23) 
(TP3) 
PHASE A (U2,pin 22)  

PHASE (U ,pin 24) 

tl: Second step delay (3ms,approx.) 
t2: Phase B or magnetization (3.6ms,approx.) 

(Fig.310) Stepping motor control circuit waveforms 
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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.311 shows the mounting positions of the test points and variable 

resistors. 

File protect 
sensor LED 

Index sensor LED 

R1 

4 5  

PCBA DD motor servo 

Ass'y revision No. 

PCBA version 

Name plate 

( A S )  

(two digits) 

TP 

TP 1 2  3 4 5  6 G ( O V )  

PCBA MFD control IC) 

(Fig.311) Location of test points and variable resistors 
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3-3-1. F u n c t i o n  of T e s t  P o i n t s  

Twelve tes t  p o i n t s  ( t w o  f o r  ground)  are e q u i p p e d  on t h e  PCBA MFD 

c o n t r o l  f o r  t h e  check and  a d j u s t m e n t  of t h e  FDD. 

(1) TPl ( T r a c k  00 s e n s o r )  

T e s t  p o i n t  t o  o b s e r v e  t h e  o u t p u t  o f  t h e  t r a c k  00 d e t e c t i o n  photo- 

t r a n s i s t o r  ( s h u m i t t  i n v e r t e r  i n c l u d e d ) .  A s  w e l l  a s  TRACK 00 o u t p u t  

s i g n a l ,  TP1 becomes LOW l e v e l  when t h e  head is o n  t r a c k  00 or around 

t r a c k  00 p o s i t i o n .  

TP 1 
(Track  00 s e n s o r )  ( m L  l e v e l )  

Track 02 4 b T r a c k  00 

(Fig .312)  T y p i c a l  waveform o f  TP1 

Note: The TRACK 00 o u t p u t  s i g n a l  goes TRUE (LCW l e v e l )  o n l y  when t h e  

p h a s e  A coil  o f  t h e  s t e p p e r  motor i s  e n e r g i z e d  and  t h e  d i r e c t i o n  

l a t c h  is  se t  t o  t h e  s t e p - o u t  d i r e c t i o n  ( r e f e r  to  Fig .310) .  

T h e r e f o r e ,  t h e  l e v e l  change  t i m i n g  o f  t h e  TRACK 00 s i g n a l  is 

n o t  c o n s i s t e n t  w i t h  t h a t  of t h e  TP1 s i g n a l .  

( 2 )  TP2 ( E r a s e  g a t e )  

T e s t  p o i n t  to  o b s e r v e  t h e  o u t p u t  of t h e  e r a s e  g a t e .  

When TP2 i s  H I G H  l e v e l ,  e r a s e  c u r r e n t  f l o w s  t h r o u g h  t h e  e r a s e  head. 

T h i s  TP is  used  f o r  t h e  check  and  a d j u s t m e n t  o f  t h e  r e q u i r e d  d e l a y  time 

o f  t h e  e r a s e  g a t e  s i g n a l  a g a i n s t  t h e  WRITE GATE i n p u t  s i g n a l  when the 

t u n n e l  e r a s e  head i s  used .  
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WRITE GATE input signal I 1 

(Fig.313) Typical waveform of TP2(for tunnel erase head) 

(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 H I G H  level for a specified period when 

a step-out connnand 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. 

When the index hole or sector hole (hard sectored disk) is detected, 

H I G H  going pulse is observed at TP4. The photo-transistor is mounted 

on the front OPT Ass'y and the LED is mountedon the back side of the 
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1 2 3 

I 
STEP input pulse U U U 
TP3(Phase B 

Phase B magnetized 
3.6f0.3ms 

(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 R1 on the PCBA DD motor servo. 

(b) Confirmation and adjustment of the index burst timing. 

is adjusted by the index sensor installation screw in the front OPT 

Ass'y 

Burst timing 

(Fig. 315) Typical waveform of TP4 (Speed observation) 

I I Burst delay I 2OOf2OOps 

(Table 303) Index timing 
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TP5 (Read d a t a )  - 

P u l s e  w i d t h  

TP4 ( I n d e x )  1, 

- 
2F i n t e r v a l  

- 4/3F i n t e r v a l  - 
- 1F i n t e r v a l  

-i 

I 

TP7 or 8 
(Pre-amp. o u t p u t )  

I - 1  I n d e x  b u r s t  d e l a y  

(F ig .316)  T y p i c a l  waveform o f  TP4 ( B u r s t  t i m i n g  o b s e r v a t i o n )  

( 5 )  TP5 (Read d a t a )  

T e s t  p o i n t  t o  o b s e r v e  t h e  r e a d  d a t a  p u l s e .  

The s i g n a l  l e v e l  a t  t h i s  TP is o p p o s i t e  t o  t h a t  of t h e  READ DATA o u t p u t  

s i g n a l .  

(F ig .317)  T y p i c a l  waveform o f  TP5 

Fig.317 shows t h e  waveform a t  TP5 i n  normal d a t a  r e a d  o p e r a t i o n .  

I n  t h e  FM method, 2F and 1F i n t e r v a l s  a r e  o b s e r v e d ,  w h i l e  2F, 4/3F, and  

1F i n t e r v a l s  a r e  o b s e r v e d  i n  t h e  MFM method. 
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I tems 

2F interval 

4/3F interval 

Timing 

4ps, Nom. 

6ps, Nom. 

1 1F interval I 8ps, Nom. I 
I I Pulse width I lf0.5ps 

(Table 304)  Read data pulse timing 

(6) 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. - 
TP6(File protect sensor) 

1- ("TL level) 

Notch oper-1 b N o t c h  masked 

(Fig.318) Typical waveform of TP6 

(7) TP7, TPB (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 TPB 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 (OV) test point for the oscilloscope ground. 
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TP7 and TP8 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. 

TP7, TP8 SV,approx. 
(Pre-amp. 

(Fig.319) Typical waveform of TP7 and TP8 

( 8 )  TP9, TPlO (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 180O. Both outputs are observed at TP9 and TplO 

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 (OV) test point for the oscilloscope ground. 

TP9 and TPlO 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. 

SV , approx . TP9,TPlO M 
(Differentiation 1 

amp. 1 

(Fig.320) Typical waveform of TP9 and TPlO 

(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 (TP1 % 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. 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 R1 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. 

(1) R1 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 2OOmsecf4msec (see Fig.315). 

For the DD motor Ass'y without the variable resistor R1, the rotation 

speed of the motor is fixed by the ceramic oscillator in the servo 

circuit and no adjustment is required. 

(2) R5 on PCBA MFD control (Read data asymmetry adjustment) 

Variable resistor for adjusting the asynnnetry 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, R5, 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 0 and side 1 heads to 
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obtain the minimum asymmetry for both sides. 

1 2 3 

TPS(Read data) 

-Asymmetry 0 

1F interval 

1 2 3 

I I  

Trigger 

(Fig. 321) Read data asymmetry 
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SECPION 4 

MAINTENANCE 
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4 - 1 .  GENERAL 

4-1-1. 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 the magnetic head using a cleaning disk is 

recommended since it is effective to improve the reliability of the data 

If some of the parts in the FDD are operated at a specially heavy duty 

condition, or if the FDD is operated over 5 years, it is recommended 

to replace the wear parts according to Table 403. 

5 min. Cleaning of magnetic head Refer to 4-3-1 
and 4-3-2 

I Replacement of wear parts 11 Refer to 4-1-3 and 4-5 .  I 

(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. 

I 2 IAdjustment of front lever position 1 5 minutes I 4-4-2 I 

I Check and adjustment of disk pad I 3 1  lever (bail) (double sided only) 
1 5 minutes I 4-4-3 

I lo I a1 i gnmen t I lo minutes I 4-4-10 I Check and adjustment of track 

I Check and adjustment of track 00 I 5 minutes I 4-4-11 

I Check and adjustment of track 00 I 5 minutes I 4-4-12 I l2 I stomer 
I 4-4-13 I minutes I Check and adjustment of index burst I l3 I timinq 

(Table 4 0 2 )  Check and adjustment items 
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Steps Check and adjustment Ptems Required time Referred items 
I 31 

1 Adjustment of collet shaft plate 5 minutes 4-4-1 

4 

5 

Check of file protect sensor 5 minutes 4-4-4 

Check and adjustment of disk rotation 5 minutes 4-4-5 
speed 

6 

7 

Check and adjustment of head touch 5 minutes 4-4-6 

Check and adjustment of asymmetry 5 minutes 4-4-1 

8 

9 

Check of read level 5 minutes 4-4-0 

Check of resolution 5 minutes 4-4-9 
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4-1-3 Maj n t e n a n c e  P a r t s  Replacement 

I t  i s  recommended t o  r e p l a c e  t h e  wear p a r t s  p e r i o d i c a l l y  i f  t h e  FDD 

i s  o p e r a t e d  a t  a s p e c i a l l y  heavy d u t y  c o n d i t i o n  o r  i f  i t  i s  o p e r a t e d  

o v e r  f i v e  y e a r s .  P e r i o d i c  rep lacement  i s  n o t  r e q u i r e d  f o r  t h e  p a r t s  

i f  t h e  FDD i s  o p e r a t e d  a t  a normal o p e r a t i o n  d u t y .  

Table  403 shows a l l  o f  t h e  main tenance  p a r t s .  Replace  t h e  wear p a r t s  

a c c o r d i n g  t o  t h e  recommended rep lacement  c y c l e .  P e r i o d i c  r e p l a c e m e n t  

i s  n o t  r e q u i r e d  f o r  p a r t s  w i t h o u t  a recommended r e p l a c e m e n t  c y c l e .  

The r e p l a c e m e n t  o f  t h e  p a r t s  s h o u l d  be  done a c c o r d i n g  t o  each  r e f e r r e d  

i t e m  i n  T a b l e  403. 

Notes f o r  T a b l e  403: 

(1) S i n c e  t h e  p a r t s  number v e r s i o n s  o f  PCBA MFD c o n t r o l  ( C )  v a r y  depending  

on some f a c t o r s  such a s  s i g n a l  i n t e r f a c e  c o n d i t i o n ,  be  s u r e  t o  c o n f i r m  

the v e r s i o n  by checking  t h e  name p l a t e  on t h e  a c t u a l  p r i n t e d  c i r c u i t  

b o a r d .  

( 2 )  The head c a r r i a g e  A s s ' y  a r e  used  a lways  i n  p a i r  w i t h  two g u i d e  s h a f t s .  

The head c a r r i a g e  A s s ' y  r e p r e s e n t e d  by l i s t e d  p a r t s  number i n  T a b l e  403 

i n c l u d e s  t h e s e  g u i d e  s h a f t s  which p a r t s  number i s  d i f f e r e n t  from t h a t  

o f  a head c a r r i a g e  Ass 'y  i t s e l f  w i t h o u t  t h e s e  g u i d e  s h a f t s .  

( 3 )  The l i s t e d  p a r t s  numbers o f  t h e  f r o n t  b e z e l  A s s ' y  and  f r o n t  l e v e r  A s s ' y  

a r e  t h o s e  o f  s t a n d a r d  c o l o r  ( b l a c k ) .  F o r  d e s i g n a t i n g  o t h e r  c o l o r ,  u s e  

t h e  c o r r e s p o n d i n g  p a r t s  number. 

( 4 )  P e r i o d i c  rep lacement  i s  n o t  r e q u i r e d  f o r  p a r t s  w i t h o u t  a recommended 

rep lacement  c y c l e .  Replace t h e  p a r t s  when r e q u i r e d  s u c h  a s  d u r i n g  

r e p a i r .  

( 5 )  I f  two recommended c y c l e s  a r e  l i s t e d ,  t h e  c y c l e  which t h e  p a r t s  r e a c h  

f i r s t  s h o u l d  have p r i o r i t y .  
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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 #l (for observation of control signals) 

iii) Check cable #2 ( fo r  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 
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(d) Digital volt meter 

(e) Dc clip-on ammeter 

( f )  Thermometer and hygrometer 

( 2 )  Tools 

Cross-point screwdrivers, M2.6 and M3 

Common screwdrivers, small size and medium size 

Hexagon wrench key, 1.5mm 

A pair of tweezers 

Round nose pliers 

Cutting pliers 

Solder and soldering iron 

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 (Sumitom 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. 

I M3 set screw I 4.5ka.cm I 

(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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M2 

Torque 

2kg.m 

M2.6 

M3 

4.5kg.cm 

6kq.cm 
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4-2-2. Handl ing  o f  C o n n e c t o r s  

(1) Types o f  c o n n e c t o r s  

The f o l l o w i n g  c o n n e c t o r s  a r e  u s e d  f o r  t h e  PDD. 

( a )  J1: I n t e r f a c e  c o n n e c t o r  

(b) 5 2 :  Power c o n n e c t o r  

(c )  J4: Track 00 c o n n e c t o r  

( d )  J5: F r o n t  OPT c o n n e c t o r  

( e )  56: S t e p p i n g  motor c o n n e c t o r  

(f) 57: S p i n d l e  motor  (DD motor A s s ' y )  c o n n e c t o r  

(9) J9: Head c o n n e c t o r  

LJ4 r J7 

PCBA MFD c o n t r o l  ( c )  

(Fig.401) Types of c o n n e c t o r s  
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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 (54, 55, 56, 5 7 )  

(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. 

Push dow- \ & -Post pin side 

Pro truding 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) 
1 

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) 

ii) 

iii) 

Confirm that the sheath and the core of the cable are securely 

clamped. 

Confirm that the stopper is lifted as in Fig.403 and it inhibits 

accidental removal. 

No tarnish o r  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 

- 4013 - 



Tandy 1000 Technical Reference Manual 

Shield cable 

Opening area 

Housing Post p i d  

(Fig.404) Disconnection of J9 

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(pul1 up) 
Projection 

Clamp securely 

Cable 

uz7za-vJl Contact area 

(Fig.405) Sectional view of black connector 

(d) Insertion of the pin 
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Before  i n s e r t i o n ,  check t h e  p i n s  according to i t e m  ( 3 ) - ( d ) ,  i )  through 

i i i ) .  

When you i n s e r t  t h e  p i n ,  i t  should be so i n s e r t e d  t h a t  t h e  p r o j e c t i o n  

s i d e  f a c e s  t h e  s topper  of t h e  housing. A f t e r  t h e  i n s e r t i o n ,  p u l l  t h e  

c a b l e  with  a p a i r  of tweezers s o f t l y  i n  order  to conf irm whether it 

is  s e c u r e l y  connected.  
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4-2-3. 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. 

(1) 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 8Omm (see Fig.406). 

A l s o  confirm that the head cable do not touch the tail end of the 

steel belt. 

( 2 )  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 hetween the cable clamper and 

the cord clamper is 65m, approx. 

( 3 )  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). 

If the head cable is too long, turn the cable around the cord clamper 

under the chassis. 
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Disk guide 
U-groove \ 

// 

Head cable 

2 5mm 

Head connect0 

Disk guide 
cable clamper area 

Head cable 

Cord clamper 

Cord clamper i .nstallation 
screw 

Note: The figure uses the double sided FDD. The same cable 
arrangement is applied to the single sided FDD. 

(Fig.406) Head cable arrangement 
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4-2-4. I n i t i a l  S e t t i n g  o f  SKA 

Fol lowing  i n i t i a l  s e t t i n g  is r e q u i r e d  f o r  o p e r a t i n g  t h e  SKA. 

Note: Use matched SKA f o r  t h e  FD-54 series. The SKA f o r  t h e  FD-54 

h a s  430Q t e r m i n a t o r  a t  t h e  i n t e r f a c e  r e c e i v e r  which is d i f f e r e n t  

from t h a t  c o n v e n t i o n a l l y  used  150Q t e r m i n a t o r  f o r  t h e  FD-55 

series.  A s  to  t h e  o t h e r  per formance ,  SKA f o r  t h e  FD-54 and  for 

t h e  FD-55 a r e  t h e  same. 

The SKA f o r  t h e  FD-54 series can  a l s o  b e  used  i n  t h e  FD-55 series. 

4-2-4-1. Cable  c o n n e c t i o n  and  s e t t i n g  o f  p o w e r  s u p p l y  v o l t a g e  

(1) S e t  t h e  o u t p u t  v o l t a g e  o f  DC power s u p p l y  t o  +12V and +5V, approx .  

( 2 )  Turn t h e  DC p o w e r  o f f  and  c o n n e c t  t h e  p o w e r  c a b l e  t o  t h e  PSA (SKA FWR) 

c o n n e c t o r  o f  t h e  SKA. 

( 3 )  S e t  t h e  FD PWR s w i t c h  of t h e  SKA t o  t h e  OFF p o s i t i o n .  

( 4 )  Connect t h e  FD W R  OUTPUT o f  t h e  SKA and t h e  FDD w i t h  t h e  SKA/FDD p o w e r  

c a b l e .  

( 5 )  Connect t h e  SKA/FDD i n t e r f a c e  c a b l e .  Pay a t t e n t i o n  to  t h e  i d e n t i f i c a t i o n  

mark of t h e  c o n n e c t o r  (V) so t h a t  it l o c a t e s  a t  t h e  p i n  1 and 2 s i d e .  

(6 )  Connect t h e  check  cable #1 ( F l a t  c a b l e ,  7P c o n n e c t o r  a t  t h e  FDD s i d e  

and 5P c o n n e c t o r  a t  t h e  SKA s i d e )  between t h e  t e r m i n a l s  1 %  5 o f  t h e  

SKA and TP1 % TP6, G o f  t h e  FDD. For t h e  SKA s i d e ,  b e  s u r e  t o  match t h e  

p i n  numbers o f  t h e  c o n n e c t o r  hous ing  and  t h e  t e r m i n a l  numbers o f  t h e  

c o n n e c t o r .  F o r  t h e  FDD, c a b l e  c o n n e c t i o n  side p i n s  s h o u l d  be c o n n e c t e d  

t o  t h e  TP1 % 5 s i d e .  

(7) Connect t h e  check c a b l e  # 2  ( s h i e l d  c a b l e  i s  u s e d  p a r t i a l l y ,  5P c o n n e c t o r s  
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(+12V, +5V) 

ower cable 

PSA 

FD PWR OUlPUT 

PCBA MFD control 

(Fig.407) Connection of SKA cable 

Cable connection side (TP1-5) r 7p SP 

- a  

FDD TPs SKA terminals 1-5 

Shield cable side 

Check caple #2Frl 
v a  Shield cable ride 

SKA terminals 6%9,G 

* -+ 
a m  

FDD TPs 

Connector housing No. 

(Fig.408) Connection of check cable 
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a t  b o t h  e n d s )  between t h e  t e r m i n a l s  6 T. 9, G of t h e  SKA and TP7 T. TP10, 

G of  t h e  FDD. B e  s u r e  t o  match t h e  p i n  numbers of t h e  c o n n e c t o r  hous ing  

and  t h e  t e r m i n a l  numbers o f  t h e  SKA a s  i n  F ig .408 .  

The s h i e l d  c a b l e  s i d e  i s  TP7, 8 ,  and  t e r m i n a l s  6 ,  7 of t h e  SKA. 

(8 )  Turn t h e  DC p o w e r  on .  S e t  t h e  FD PWR s w i t c h  of t h e  SKA t o  t h e  PSA s i d e .  

( 9 )  Key i n  "03". (+5V VOLTAGE) 

(10) Adjus t  t h e  DC p o w e r  v o l t a g e  so t h a t  t h e  DATA i n d i c a t o r  o f  t h e  SKA 

(V) i n d i c a t e s  t h e  v a l u e  w i t h i n  t h e  r a n g e  of 5.0020.1V. 

Key i n  "F". (STOP) 

Key i n  "CC". (+12V VOLTAGE) 

A d j u s t  t h e  DC p o w e r  v o l t a g e  so t h a t  t h e  DATA i n d i c a t o r  of t h e  SKA 

[T] ( V )  i n d i c a t e s  t h e  v a l u e  w i t h i n  t h e  r a n g e  of 12.00f0.24V. 

Key i n  "F". (STOP) 

Note: The above i tems ( l ) ,  ( 2 ) ,  (9 )  % (14)  may b e  o m i t t e d  f o r  r e p l a c e m e n t  

o f  t h e  FDD or a temporary  FDD p o w e r  off. Remain DC p o w e r  on and  

c o n t r o l  t h e  FDD p o w e r  by t h e  SKA PWR s w i t c h .  

- 4020 - 



Tandy 1000 Technical Reference Manual 

4-2-4-2.  Setting of the maximum track number 

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 initial setting, 

change it to 3 9 .  

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) 

( 2 )  The maximum track number set at that time is indecated with the latter 

two digits of the DATA indicator (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 ( 3 9 )  of the FDD in two digits of 

decimal notation. 

e.9. MAXIMUM TRACK NUMBER 39  (40 cylinders): CF 3 9  
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4-2-4-3. Setting of step rate and settling time 

Generally, the step rate and the settling time of the FDD is the same 

as the initial value of the SKA (step rate: dmsec, 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 JX power ( for  SKA) is turned of f ,  or 

until the RESET switch of the SKA is depressed. 

(1) Key in "DB", (SET STEP RATE) 

( 2 )  Step rate set at that time is indicated by 0.lmsec scale on the DATA 

indicator (ms). 

e.g. DATA indicator l m q  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 1 ,  omit item ( 3 )  and 

forward to item ( 4 ) .  

( 4 )  Key in " F " .  (STOP -- Setting of the step rate completes.) 

( 5 )  Settling time at that itme is indicated by 0.lmsec scale on the DATA 

indicator m] (ms). 

e.g. DATA indicator 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 (51 ,  omit item (6) 

and depress "F" key to complete the operation. 
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(7) Depress  "F" key. (STOP -- S e t t i n g  of t h e  s e t t l i n g  t i m e  completes.) 

e . g .  STEP RATE 6msec, SETTLING TIME 15msec : DB 30 F 1 5 0  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 unit1 the RESET switch of the SKA is depressed. 

If the calibration value is the same as the initial value (100%) of thc 

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 I  ( % )  . 

(c) Key in a new calibration value written on the level disk label 

(three digits, Max.) 

(d) Key in "F". (STOP) 

Note: If thereisno calibration change in item (b), omit item (c) and 

depress "F" key. 

( 2 )  Innermost track resolution 

(a) Key in "Dl". (CALIBRATION RESOLUTION) 

(b) Calibration value set at that time is indicated in the latter 

three digits of the DATA indicator ( % I .  

(c) Key in a new calibration value written on the level disk label 

(three digits , Max. ) 
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( d )  Key i n  "F". (STOP) 

Note: If there is no calibration change i n  item (b), omit i t e m  (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 0 alignment 

(a) Key in "EO". (CALIBRATION SIDE 0 ALIGNMENT) 

(b) The calibration value set at the time is indicated in the latter two 

digits of the DATA indicator ( $ 1 ,  and the polarity is indicated 

in the initial digit. If a "0" is indicated, the polarity is positive 

Polarity indication: plus h ,  minus - 

(c) Key in a polarity and a new calibration value (two digits, Max.) 

written on the alignment disk label. 

Designation of polarity: Depress "B" key only for minus designation. 

(No designation is required for plus). 

(d) Key in "F". (STOP) 

( 2 )  Side 1 alignment (Double sided only) 

(a )  Key in "El". (CALIBRATION SIDE 1 ALIGNMENT) 

(b) The same as in item ( l ) - ( b )  2, (d). 
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INDEX output signal '-1- u----- 
Lobe pattern 

(TP9,lO) 

A B A B 

Notes: 1. The lobe pattern ratio is calibrated in the SKA according to 
the following expression. 

A- B 
Lobe pattern ratio = Larger one of A ~ 

after calibration 
x100-Calibration valu 

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.403) Calibration 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 ( u s ) ,  and the polarity i: 

indicated in the initial digit. (Refer to item (l)-(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 ( l ) - ( c )  for the 

polarity designation. 

(d) Key in "F". (STOP) 

Note: If there is no change in the calibratior, value in item (b), omit 
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item (c) and depress "F" key. 

e.g. Double sided FDD, SIDE 0 ALIGNMENT + 3 % ,  SIDE 1 ALIGNMENT -5%, 

INDEX TIMING - 2 5 b ~ :  

EO 3 F, El B 5 F, E5 B 25 F 

INDEX output signal I 

L - -  Index burst timing 

Notes: 1. The index timing is calibrated in the SKA according to the 
following expression. 

Calibrated timing = t - calibration value ( L I S )  

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) Calibration of index burst timirig 
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4-2-4-.6. Humidity setting 

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. 

(1) Key in "E2". (CALIBRATION RH ALIGNMENT) 

( 2 )  The relative humidity set at that time is indicated in the latter 

two digits of the DATA indicator [ T I  ( a ) .  

( 3 )  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.  

test is the most recommended item. 

The window margin 

( 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 F D D  and confirm that 

the indicator is on before various key operations. 

If the I U  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 (OV) 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 'L TPlO 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.411 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 solenoid. They are always in head 

load condition as far as a disk is inserted and the front lever is 

closed. 
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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. 

Equipment 

Cleaning disk 

SKA or user's system 

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. 

single sided If a double sided cleaning disk is installed in a 

FDD, it may damage the head pad. 

3. For a double sided FDD, a double sided cleaning d 

used. Side 0 (lower side) and side 1 (upper side 

cleaned simultaneously. 

sk should be 

heads are 
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(b) Clean the head at a suitable track position for 10 30 seconds, 

approx. In order to avoid the concentration on a specific track, 

it is a good way to make the head move between track 00 and the 

innermost track during cleaning. 

Note: The most appropriate cleaning time is different for each type of 

cleaning disk used. 

Excessively long cleaning time is not effective but has possibility 

to accelerate the head wear. 

(c) Remove the cleaning disk. 

( 2 )  SKA method 

(a) Connect the SKA referring to item 4-2-4 and set the FD PWR switch to 

the PSA side. 

(b) Start the spindle motor by key " 5 " .  (MON indicator turns on). 

(c) Execute drive select by key "0". (DSO indicator turns on). 

(d) Key in "CO" and confirm that the TRACK indication of the SKA becomes 

. ( RECALIBRATE) "00" 

(e) Install an appropriate cleaning disk. See item (l)-(a), "Notes". 

(f) Key in "C6". (SEEK TEST) 

(9) After 10 3 0  seconds, depress "F" key. 

(h) Eject the cleaning disk. 
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4-3-2. Direct  Cleaning (S ingle  sided FDD only)  

This c leaning method i s  appl ied only t o  a s i n g l e  s ided FDD. 

I f  t h i s  method is appl ied t o  a double s ided FDD, gimballed mechanism 

of the head might be damaged. 

I f  v i s i b l e  d i r t  i s  on t h e  head sur face  when the  head pad arm is l i f t e d  

up manually during maintenance, perform d i r e c t  c leaning  a s  follows: 

( A )  Equipment 

(1) Absolute a lcohol  (Ethanol)  

( 2 )  Cotton swab o r  gauze 

(B) Cleaning procedure 

(1) Light ly  dampen a co t ton  swab o r  a gauze with a lcohol .  

( 2 )  L i f t  up t h e  pad arm (see  Fig.412) and clean t h e  head sur face  c a r e f u l l y  

with the  co t ton  swab o r  the  gauze. 

Note: Do not  touch the  pad surface.  

( 3 )  Wipe t h e  head sur face  with clean dry c l o t h  a f t e r  t h e  evaporat ion of t h e  

alcohol .  

( 4 )  After  confirming t h a t  the  d i r t  is cleaned o f f  and no f l u f f  i s  l e f t  on 

the  head sur face ,  l e t  t h e  pad arm down c a r e f u l l y .  
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Magnetic head 
surface 

Head carriage 

Pad a m  Pad 7 

Ass 'y  

lFia.412) Direct cleaning of magnetic head (Single sided only) 
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4-4. CHECK AND ADJUSTMENT 

4-4-1. Adjus tment  o f  C o l l e t  S h a f t  P l a t e  

( A )  Equipment 

(1) C r o s s  p o i n t  s c r e w d r i v e r ,  M3 

( 2 )  Locking p a i n t  

(B) Ad.justment p r o c e d u r e  

(1) Remove two f i x i n g  screws o f  t h e  s h i e l d  c o v e r  (see Fig .413)  and  remove it. 

( 2 )  Loosen t w o  f i x i n g  screws o f  t h e  c o l l e t  s h a f t  p l a t e  A s s ' y  so t h a t  t h e  

col le t  s h a f t  p l a t e  c a n  be  moved manual ly  w i t h o u t  g e t t i n g  o u t  o f  p l a c e .  

( 3 )  Clamp t h e  col le t  by t u r n i n g  t h e  f r o n t  l e v e r .  

( 4 )  I n  t h i s  c o n d i t i o n ,  a d j u s t  t h e  collet  s h a f t  p l a t e  and  t i g h t e n  two f i x i n g  

screws w i t h  t h e  s p e c i f i e d  t o r q u e  so t h a t  t h e  v i s u a l  d i s t a n c e  o f  t h e  

g a p  between t h e  c o l l e t  s h a f t  and  t h e  h o l e  o f  t h e  col le t  h o l d e r  becomes 

even  (see Fig .  4 1 4 ) .  

( 5 )  U p  and  down t h e  col le t  by t u r n i n g  t h e  f r o n t  lever and  c o n f i r m  t h a t  it 

d o e s  so smoothly w i t h o u t  b e i n g  c o u g h t  by t h e  s p i n d l e  cup. 

(6) Apply a d r o p  o f  l o c k i n g  p a i n t  o f  t h e  f i x i n g  screws. 

(7) I n s t a l l  t h e  s h i e l d  c o v e r  i n  t h e  r e v e r s e  o r d e r  o f  i t e m  (1). 
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LCol le t  s h a f t  p l a t e  Ass L Front l e v e r  

cover 
screws 

'Y  

(Fig.414)  Location o f  c o l l e t  s h a f t  p l a t e  

Gap between c o l l e t  shaf t  and 
Col le t  shaf t  p l a t e  Ass'y c o l l e  t holder 

C o l l e t  Ass'y 

2-Fixing screws 

\Spindle cup 

'Fig.413)  Gap of c o l l e t  shaf t  p l a t e  
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4-4-2. Adjus tment  o f  F r o n t  Lever  P o s i t i o n  

( A )  Equipment 

(1) Hexagon wrench key ,  1.5mm 

( 2 )  MAX media j i g  ( J i g  D) 

(B) Adjus tment  p r o c e d u r e  

(1) Turn t h e  f r o n t  l e v e r  t o  c l o s e  p o s i t i o n  and  l o o s e n  a l e v e r  f i x i n g  set 

screw t o  p u l l  o u t  t h e  l e v e r  f o r  0.5mn, a p p r o x .  

( 2 )  T i g h t e n  t h e  set  screw. 

( 3 )  Turn t h e  f r o n t  l e v e r  t o  open p o s i t i o n  and i n s e r t  t h e  MAX media j i g  a s  

shown i n  F i g . 4 1 5  ( t h e  n o t c h  s i d e  to  be l e f t ) .  

( 4 )  Turn t h e  f r o a t  l e v e r  t o  c l o s e  p o s i t i o n  and  l o o s e n  t h e  s e t  screw a g a i n .  

Then push t h e  l e v e r  a g a i n s t  t h e  MAX midia  j i g .  

Confirm t h a t  t h e  p i n  o f  t h e  l e v e r  s h a f t  g o e s  i n t o  t h e  s l o t  o f  t h e  f r o n t  

l e v e r .  

( 5 )  P o s i t i o n  t h e  h a n d l e  o f  t h e  f r o n t  l e v e r  forms r i g h t  a n g l e  a g a i n s t  

t h e  l o n g i t u d i n a l  s i d e  o f  t h e  f r o n t  b e z e l .  And t i g h t e n  t h e  set screw 

w i t h  t h e  s p e c i f i e d  t o r q u e .  (See  F i g . 4 1 6 ) .  

(6)  C l o s e  t h e  f r o n t  l e v e r  and c o n f i r m  t h a t  t h e  b l a d e  o f  t h e  l e v e r  d o e s  n o t  

n i p  t h e  MAX media j i g .  

( 7 )  Open t h e  f r o n t  l e v e r  and remove t h e  j i g .  

Note:  Refer  to  i t e m  4-2-1 a s  t o  h a n d l i n g  o f  t h e  s e t  screws. 
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rLever f i x i n g  
screw 

i r o n t  l e v e r  

MAX media j i g  ( J i g  D) 

( F i g . 4 1 5 )  Adjustment of f r o n t  l e v e r  

\ 
Front b e z e l  

S e c t i o n a l  view 
f r o n t  b e z e l  

Front l e v e r  

0 

D I ’  
I 

Of 7 

Y 
LForm r i g h t  a n g l e  

Blade 

( F i g . 4 1 6 )  Front l e v e r  p o s i t i o n  
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4-4-3. Check and  Adjustment o f  Disk Pad Lever  ( B a i l )  

T h i s  i t e m  a p p l i e s  o n l y  to  t h e  d o u b l e  s i d e d  FDDs. 

( A )  Equipment 

(1) C r o s s  p o i n t  s c r e w d r i v e r ,  M2.6 

( 2 )  Binding  a g e n t  

(B) Check and  a d j u s t m e n t  p r o c e d u r e  

(1) Open t h e  f r o n t  l e v e r  t o  be  a b l e  t o  i n s e r t  t h e  d i s k .  

( 2 )  Confirm a l i t t l e  g a p  ( 0 . 1  % 0.3mm, a p p r o x . )  is s p a c e d  between t h e  b a i l  

and t h e  t o p  o f  t h e  s t o p  cam o f  t h e  CSS Ass 'y  ( C ) .  (See  F i g . 4 1 8 ) .  

( 3 )  If t h e  i t e m  ( 2 )  i s  n o t  s a t i s f i e d ,  t u r n  t h e  o u t s i d e  a d j u s t i n g  screw (see 

Fig .417)  o f  t h e  b a i l  so t h a t  t h e  b a i l  and t h e  t o p  o f  t h e  s t o p  cam a r e  

s e p a r a t e d  w i t h  0.2mm, a p p r o x .  

( 4 )  I n  t h e  p r o c e s s  o f  i n s e r t i n g  a d i s k  s l o w l y ,  c o n f i r m  t h a t  t h e  d i s k  j a c k e t  

d o e s  n o t  touch  t h e  s i d e  0 n o r  t h e  s i d e  1 head a n d  g o e s  i n t o  t h e  FDD 

Smoothly w i t h  a p p r o p r i a t e  s p a c e  margin .  

( 5 )  Open and  c l o s e  t h e  f r o n t  l e v e r  t w o  o r  t h r e e  t i m e s  t o  c o n f i r m  t h e  

c lampings  o f  t h e  d i s k  a r e  done smooth ly .  

( 6 )  I n  t h e  p r o c e s s  of e j e c t i n g  t h e  d i s k  s l o w l y ,  c o n f i r m  t h a t  t h e  s i d e  0 

and s i d e  1 heads  d o  n o t  c a t c h  t h e  head window e d g e  o f  t h e  d i s k  j a c k e t  

( o p e n i n g  a r e a  o f  t h e  j a c k e t  to  make t h e  head be i n  c o n t a c t  w i t h  t h e  

d i s k  s u r f a c e )  and t h a t  t h e  d i s k  can  b e  drawn o u t  smooth ly  w i t h  a p p r o p r i a t e  

s p a c e  margin .  
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( 7 )  I n s e r t  t h e  d i s k  aga in  and c l o s e  t h e  f r o n t  l e v e r .  

( 8 )  Confirm t h a t  a l i t t l e  gap (0 % 0.5nm-1, approx.) i s  spaced between t h e  

s t o p  cam and t h e  d i s k  j a c k e t  w i thou t  a c t i v a t i n g  t h e  s t o p  cam of  t h e  CSS 

Ass'y when t h e  d i s k  j a c k e t  is depressed l i g h t l y  w i t h  a f i n g e r  from t h e  

f r o n t  beze l  s i d e .  

(9 )  I f  t h e  i t e m  ( 8 )  i s  n o t  s a t i s f i e d ,  t u r n  t h e  i n s i d e  a d j u s t i n g  screw 

( s e e  Fig.  417) of  t h e  b a i l  so t h a t  t h e  gap between t h e  d i s k  j a c k e t  and 

t h e  s t o p  cam becomes 0 .1  % 0.2mm, approx. 

(10)  Apply binding agen t  t o  t h e  two a d j u s t i n g  screw t o  f i x  it to t h e  b a i l .  

(11) Open t h e  f r o n t  l e v e r  t o  draw o u t  t h e  d i sk .  
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Inside adjusting screw 

Outside adjusting screw 

CSS Ass'y  (C) 

(Fig..417) Adjustment of bail 

Outside adjusting 
Screw 7 

Inside adjusting 
screw \ \ $ 1  / /Arm lifter 

II / \  I 
CSS Ass'y(C) -./ Stop cam 

arriage Ass'y 

Note: The figure is viewed from the front bezel side. 

(Fig.418) Gap of bail and stop cam 
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4-4-4. Check o f  F i l e  P r o t e c t  S e n s o r  

(A) Equipment 

(1) MAX media j i g  ( J i g  D) 

( 2 )  D i g i t a l  v o l t m e t e r  (or o s c i l l o s c o p e )  

( 3 )  SKA or u s e r ' s  s y s t e m  

(B) Check p r o c e d u r e  

(1) Genera l  method 

( a )  P l a c e  t h e  FDD o n  t h e  work bench w i t h  t h e  LED i n d i c a t o r  up  and  t h e  

f r o n t  l e v e r  down. (See  F ig .421) .  

(b) Connect a d i g i t a l  v o l t m e t e r  or  a n  o s c i l l o s c o p e  (DC r a n g e , l V / d i v )  

to  TP6 ( F i l e  p r o t e c t  s e n s o r )  on t h e  PCBA MFD c o n t r o l .  

( c )  I n s t a l l  t h e  MAX media j i g  a s  i n  F ig .421  and  set  i t  so t h a t  t h e  

n o t c h  A a r e a  i s  l o c a t e d  o n  t h e  l i g h t  p a s s  from t h e  f i l e  protect 

s e n s o r .  

( d )  A d j u s t  t h e  o r i e n t a t i o n  o f  t h e  FDD so t h a t  it i s  n o t  exposed  w i t h  

s t r o n g  l i g h t  o u t s i d e .  

(e )  Confirm t h a t  t h e  v o l t a g e  measured a t  TP6 when power i s  s u p p l i e d  t o  

t h e  FDD i s  w i t h i n  t h e  f o l l o w i n g  r a n g e .  

Notch A p o s i t i o n  TP6 v o l t a g e :  0.5V, Max. 

( f )  P u l l  o u t  t h e  j i g  a l i t t l e  so t h a t  t h e  n o t c h  B a r e a  i s  l o c a t e d  o n  t h e  

l i g h t  pass. 

( g )  Confirm t h a t  t h e  v o l t a g e  measured a t  TP6 when power i s  s u p p l i e d  to 

t h e  FDD i s  w i t h i n  t h e  f o l l o w i n g  r a n g e .  
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Notch B position TP6 voltage: 3V, Min. 

LED indicator 

7 MAX media jig 

\ 
Pront lever 

File protect 
sensor 

(Fig.421) Check of file protect sensor 
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( 2 )  SKA method 

( a )  Connect t h e  SKA a c c o r d i n g  t o  i t e m  4-2-4 and s e t  t h e  FD PWR s w i t c h  t o  

t h e  PSA s i d e .  

( b )  Execute  t h e  g e n e r a l  method d e s c r i b e d  i n  i t e m  ( l ) - ( a )  t h r o u g h  ( e ) .  

WRROT i n d i c a t o r  of t h e  SKA t u r n s  o n  when d r i v e  s e l e c t i o n  i s  e x e c u t e d  

by key  " 0 " .  (DSO i n d i c a t o r  t u r n s  o n ) .  

(c)  Execute  t h e  g e n e r a l  method d e s c r i b e d  i n  i t e m  ( l ) - ( f )  and  - ( g ) .  

WRROT i n d i c a t o r  of t h e  SKA t u r n s  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 R1 for adjusting the rotational speed of the 

disk on the PCBA DD motor servo. 

position of the variable resistor R1. 

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. 

Refer to Fig.311 as to the mounting 

( 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) Connect the frequency counter to TP4 (Index) of the PCBA MFD control 

or to the INDEX interface signal line. 

(b) Start the spindle motor and install a work disk. 

(c) Set the head to track 00. 

( d )  Confirm that the pulse interval at TP4 is yithin the following range. 

TP4 pulse interval: 200f3msec 

(e) If the value in item (d) is out of the specified range, adjust the 

variable resistor R1 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  t h e  SKA r e f e r r i n g  t o  i t e m  4-2-4 and s e t  t h e  FD PWR s w i t c h  

t o  PSA s i d e .  

( b )  S t a r t  t h e  s p i n d l e  motor by key "5" .  (MON i n d i c a t o r  t u r n s  o n ) .  

( c )  I n s e r t  a s o f t  s e c t o r e d  work d i s k .  

( d )  Execute  d r i v e  s e l e c t  by key "0". (DS 0 i n d i c a t o r  t u r n s  o n ) .  

( e )  Key i n  "CO" and c o n f i r m  t h a t  TRACK i n d i c a t i o n  becomes "00". 

( RECALIBRATE) 

( f )  Key i n  "C3". (INDEX PERIOD) 

( g )  Confirm t h a t  t h e  DATA i n d i c a t o r  ( m s )  i n d i c a t e s  a v a l u e  w i t h i n  

t h e  f o l l o w i n g  r a n g e .  

INDEX i n t e r v a l :  200.0t3.0msec 

( h )  I f  t h e  v a l u e  i n  i t e m  ( g )  i s  o u t  o f  t h e  s p e c i f i e d  r a n g e ,  a d j u s t  t h e  

v a r i a b l e  r e s i s t o r  R 1  o n  t h e  PCBA DD motor  s e r v o  t o  o b t a i n  t h e  median 

v a l u e  i n  t h e  s p e c i f i e d  r a n g e  i n  i t e m  ( 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 

( 8 )  Adjustment procedure 

(1) General method 

(a) Connect an oscilloscope to TP9 or TPlO (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) Execute item (d) and (e) with a slight depression (very slight 

depression easy to release: 10 2, 209) 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). 

(g) Confirm that the read level measured in item (e) is greater than 80% 

of that in item (f) . 

(h) For a double sided FDD, execute items (d) through ( g )  respectively 

for the side 0 and the side 1 heads. 

(i) After making the head move to track 00, execute items (d) through (h). 

(j) 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 aga 

to the position where the highest read level was obtained. Then 

execute items (d) through ( g )  at the innermost track. 

n 

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. 
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Head pad 7 f Pad arm 

Head car r iage  

Groove for  common -/ L Locking paint 
screwdriver 

(Fig.420) Adjustment of head pad posit ion ( s i n g l e  sided FDD) 

@ Infer ior  head pad: 

Replace the pad according t o  item 4 - 5 8 .  

@ Infer ior  disk: 

Disk  and/or jacket i s  deformed o r  damaged. Replace the work 

disk with a new one. 

@ Infer ior  head: 

Replace the head car r iage  Ass'y according t o  item 4-5-1. 

i v )  Remove the work disk and apply a drop of locking pa in t  around the 

ro ta t ing  area of the head pad. Be carefu l  not t o  smear the groove 

for  common screwdriver w i t h  the locking paint.  

(k) Possible causes for  the insuf f ic ien t  head touch i n  a double sided FDD: 

Following causes a re  assumed for  the  i n s u f f i c i e n t  r e s u l t  i n  items ( g )  

through (i) on a double sided FDD. 
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i) I n f e r i o r  d i s k :  

Disk and/or j a c k e t  i s  deformed o r  damaged. Replace t h e  work d i sk  

with a new one. 

* ii) I n f e r i o r  head f l e x t u r e :  

Because o f  t h e  f a i l e d  performance o f  t h e  b a i l  o r  t h e  CSS Ass'y i n  

i tem 4-4-3, t h e  f l e x t u r e  on which t h e  head p i e c e  is l o c a t e d  may 

be deformed. Remove t h e  d i s k .  Then open and c l o s e  t h e  f r o n t  l e v e r  

slowly to  observe t h e  gap between t h e  s i d e  0 and t h e  s i d e  1 heads 

from t h e  f r o n t  beze l .  I f  t h e  two head s u r f a c e s  a r e  no t  i n  p a r a l l e l  

each o t h e r ,  it is  considered t o  be t h e  deformation.  

Replace t h e  head c a r r i a g e  Ass'y according t o  i t e m  4-5-1. 
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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) 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). 

(c )  Key in "CO" and confirm that the TRACK indicator becomes "00" .  

(RECALIBRATE) 

( d )  Key in "Cl" (SEEK TMAX) 

(e )  Key in "D3". (WRITE/READ LEVEL PRE 2F) 

( f )  Write 2F and read operations are repeated. 

The DATA indicator m 1  (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. 

( g )  Observe the DATA indicator [mj (mV) with a slight depression 

(very slight depression easy to release: 10 % 209) by a finger on 

the top of the upper head (double sided) or of the pad arm (single 

sided). 

(h) Confirm that the read level measured in item (f) is more than 809 of 

that in item (9). 

(i) 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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(1) Key i n  "CO" (RECALIBRATE) and execute i t e m s  ( e )  through ( i )  i n  the 

s imi lar  way. 

(k) Head touch adjustment for  a s i n g l e  s ided FDD: 

Refer to item Cj) o f  "General method". 

(L) Poss ib le  causes  for  the i n f e r i o r  head touch i n  a double s ided  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 MF'D control 

or to the READ DATA interface line. 

Oscilloscope range : Dc mode, 2V, lpsec 

(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.421. 

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 : 0.6usec, Max. 

(g) For a double sided FDD, execute items (d) through (f) f o r  the side 0 

and the side 1 heads respectively. 
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TPS(Read data) ;8n 
READ DATA 

I I I  w 1F interval 

Trigger 

(Fig.421) Measurement of asymmetry 

(h) If 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 R 5  on the PCBA MFD control. 

No 

i) 

ii) 

(i) If 

adjustment can be done without R5. 

Adjust the variable resistor R 5  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 0 heads 

take the minimum value. 

the values in items (f) and (g) are out of the specified range 

in the PCBA without the variable resistor R 5 ,  or if the adjustment 

in item (i) cannot be done sufficiently even if R 5  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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it apart  f rom t h e  FDD. Then m e a s u r e  t h e  asymmetry  a n d  a d j u s t  a g a i n .  

ii) I n f e r i o r  d i s k :  

Replace t h e  work d i s k .  

i i i) I n f e r i o r  h e a d :  

Replace t h e  h e a d  c a r r i a g e  A s s ' y  a c c o r d i n g  t o  i t e m  4-5-1. 

i v )  I n f e r i o r  PCBA MFD c o n t r o l :  

Replace t h e  PCBA a c c o r d i n g  to  i t e m  4-5-6. 
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SKA method 

(a) Connect the SKA according to item 4-2-4 and set the FD FWR switch to 

the PSA side. 

(b) Key in "BlF". (IF DUTY) 

(c) Connect an oscilloscope to the DOWl' terminal of the SKA. 

Oscilloscope range : DC mode, 2V, O.2psec 

(d) Start the spindle motor by key "5". (MON indicator turns on). 

(e )  Install a work disk. 

(f) Execute drive select by key "0". (DSO indicator turns on). 

(9) Key in "CO" and confirm that the TRACK indicator becomes "00". 

( RECALIBRATE) 

(h) Key in "Cl". (SEEK TMAX) 

(i) Key in "D4". (WRITE/READ LEVEL PRE 1F) 

(j) Measure the asymmetry as in Fig.422. 

SKA WUT - 
(Fig.422) Measurement of asymmetry (SKA) 
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(k)  Confirm t h a t  t h e  asymmetry is wi th in  t h e  fo l lowing  range.  

Innermost t r a c k  1F asymmetry : 0.6usec, Max. 

(L) For a double s i d e d  FDD, depres s  "4" key and execu te  i t ems  (i) through 

(k )  f o r  t h e  s i d e  0 and t h e  s i d e  1 heads r e s p e c t i v e l y .  The s i d e  is 

changed a l t e r n a t e l y  by a depression of "4" key. I f  s i d e  1 is s e l e c t e d ,  

SIDE 1 i n d i c a t o r  of t h e  SKA t u r n s  on. 

( m )  I f  t h e  va lue  i n  item (k)  o r  (L) i s  o u t  of  t h e  s p e c i f i e d  range,  a d j u s t  

according t o  t h e  fol lowing procedure. The adjustment  can be done 

only f o r  t h e  PCBA ve r s ions  o r  t he  PCBA r e v i s i o n  numbers with t h e  

v a r i a b l e  r e s i s t o r  R5 on t h e  PCBA MFD c o n t r o l .  No adjustment  can  be 

done without  R5. 

i) Adjust  t h e  v a r i a b l e  r e s i s t o r  R5 so t h a t  t h e  asymmetry t a k e s  t h e  

minimum va lue  by keying i n  "D4". 

ii) For a double  s ided  FDD, execute  t h e  o p e r a t i o n  i n  i t em i) f o r  bo th  

s i d e s  a l t e r n a t e l y  by chainging t h e  s i d e  by key "4" .  The v a r i a b l e  

resistor s h a l l  be so ad jus t ed  t h a t  both asymmetry f o r  s i d e  1 and 

s i d e  0 heads t a k e  t h e  minimum value.  

(n)  I f  t h e  va lues  i n  i t e m s  (K) and (L) are o u t  of  t h e  s p e c i f i e d  range i n  

t h e  PCBA without  t h e  v a r i a b l e  r e s i s t o r  RS, o r  i f  t h e  adjustment  i n  

i t e m  ( m )  cannot  be done s u f f i c i e n t l y  even i f  R5 i s  mounted, r e f e r  

t o  i tem ( j )  o f  "General method". 
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4-4-0. 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 TPlO 

(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 
Calibration value Read level (true value) = Measured value x 
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(Fig.423) Measurement of average read level (2F) 

Confirm that the true value of the read level is within the following 

range. 

Innermost track read level : l.4Vp-p, Min. 

For a double sided FDD, execute items (d) through ( 9 )  for the side 0 

and the side 1 heads respectively. 

If the value in item ( g )  or (h) is out of the specified range, 

following causes are assumed. 

i )  

ii) 

iii) 

iv) 

V) 

Inferior disk: 

Disk and/or jacket is deformed or damaged. Replace the level disk 

with a new one. 

Abnormal disk rotational speed: 

Check and adjust according to item 4-4-5. 

Inferior head touch: 

Check and adjust according to item 4-4-6. 

Inferior head: 

Replace the head carriage Ass'y according to item 4-5-1. 

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. 
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(2) SKA method 

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 "  

Install a level disk. 

(MON indicator turns on). 

Execute drive select by key " 0 " .  (DSO indicator turns on). 

Key in "CO" and confirm that the TRACK indication becomes "00". 

( RECALIBRATE) 

Key in "Cl". (SEEK TMAX) 

(g) Key in "D7". (WRITE/READ LEVEL DIF 2F) 

Calibration value of the level disk should be set previously in the 

SKA. 

(h) Confirm that the DATA indicator (mVo-p) indicates the value 

within the following range. 

Innermost track read level : 7OOmVo-p, Min. 

(i) 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 

(j) If the value in item (h 

to item (i) of "General 

(k) Eject the level disk. 

SKA turns on. 

or (i) is out of the specified range, refer 

method". 
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4-4-9. Check o f  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) Use two channels of an oscilloscope and connect them to TP7 and TP8 

(Pre-amp.) on the PCBA MFD control. 

Oscilloscope range : AC mode, SOmV -I, 0.1V 

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 1F write operation for one rotation of the disk (125KHz of 

WRITE DATA frequency). 

(e) Measure the average amplitude (VlF) as in Fig.424. 

(f) Execute 2F write operation as in item (d) (double in frequency to 

that in item (d)). 

(g) Measure the average amplitude (V2F) as in Fig.424. 

(h) Calculate the resolution by substituting the following expression with 

the measured values VlF, V2F, and RESOLUTION calibration value (see 

level disk label). 
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1F 2F 

( F i g . 4 2 4 )  Measurement o f  r e s o l u t i o n  

R e s o l u t i o n  ( t r u e  v a l u e )  = VZF/VlF x 1 0 0 / C a l i b r a t i o n  v a l u e  ( % )  

(i) Confirm t h a t  t h e  t r u e  v a l u e  i s  w i t h i n  t h e  f o l l o w i n g  r a n g e .  

Innermost  t r a c k  r e s o l u t i o n :  55%, Min. 

( j )  For a d o u b l e  s i d e d  FDD, e x e c u t e  i t e m s  ( d )  th rough ( i)  f o r  t h e  s i d e  0 

and  t h e  s i d e  1 heads  r e s p e c t i v e l y .  

( k )  I f  t h e  v a l u e  i n  i t e m  (i) or ( j )  i s  o u t  o f  t h e  s p e c i f i e d  r a n g e ,  

f o l l o w i n g  c a u s e s  are assumed. 

i)  I n f e r i o r  d i s k :  

Disk a n d / o r  j a c k e t  i s  deformed or damaged. Replace  t h e  l e v e l  

d i s k  w i t h  a new one. 

ii) I n f e r i o r  d i s k  r o t a t i o n a l  speed:  

Check and  a d j u s t  a c c o r d i n g  t o  i t e m  4-4-5. 

iii) I n f e r i o r  head t o u c h :  

Check and a d j u s t  a c c o r d i n g  t o  i t e m  4-4-6. 

i v )  I n f e r i o r  head:  Replace  t h e  head c a r r i a g e  A s s ' y  a c c o r d i n g  t o  i t e m  

4-5-1. 

v )  I n f e r i o r  PCBA MFD c o n t r o l :  

Replace t h e  PCBA MFD c o n t r o l  a c c o r d i n g  t o  i t e m  4-5-6. 

(L) E j e c t  t h e  l e v e l  d i s k  and r e l e a s e  t h e  I n v e r t  and  Add modes o f  t h e  

o s c i l l o s c o p e .  
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( 2 )  SKA method 

( a )  Connect t h e  SKA r e f e r r i n g  t o  i t e m  4-2-4 and s e t  t h e  FD PWR s w i t c h  

t o  t h e  PSA s i d e .  

( b )  S t a r t  t h e  s p i n d l e  motor by key "5" .  (MON i n d i c a t o r  t u r n s  o n ) .  

( c )  I n s t a l l  a l e v e l  d i s k .  

( d )  Execute  d r i v e  select  by key " 0 " .  (DSO i n d i c a t o r  t u r n s  o n ) .  

( e )  Key i n  ' T O "  and c o n f i r m  t h a t  t h e  TRACK i n d i c a t i o n  becomes "00". 

( RECALIBRATE) 

( f )  Key i n  "C1" .  (SEEK TMAX) 

( g )  Key i n  "D8". (RESOLUTION) 

The c a l i b r a t i o n  v a l u e  of t h e  l e v e l  d i s k  s h o u l d  be  se t  p r e v i o u s l y  i n  

t h e  SKA. 

( h )  Confirm t h a t  t h e  DATA i n d i c a t o r  [ r j  ( 2 )  i n d i c a t e s  t h e  v a l u e  

w i t h i n  t h e  f o l l o w i n g  r a n g e .  

Innermost  t r a c k  r e s o l u t i o n :  55%, Min. 

(i) For  a d o u b l e  s i d e d  FDD, d e p r e s s  key  " 4 "  and e x e c u t e  i t e m s  (9) and  ( h )  

f o r  t h e  s i d e  0 head  and  t h e  s i d e  1 head r e s p e c t i v e l y .  The s i d e  i s  

changed a l t e r n a t e l y  by a d e p r e s s i o n  o f  " 4 "  k e y .  I f  t h e  s i d e  1 is  

s e l e c t e d ,  SIDE 1 i n d i c a t o r  o f  t h e  SKA t u r n s  on.  

( j )  I f  t h e  v a l u e  i n  i t e m  ( h )  or ( k )  i s  o u t  o f  t h e  s p e c i f i e d  r a n g e ,  r e f e r  

t o  i t e m  ( k )  o f  "Genera l  method".  

(k) E j e c t  t h e  l e v e l  d i s k .  
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4-4-10. Check and Adjustment of Track Alignment 

(A) Equipment 

Cross point screwdriver, M3 

C o m n  screwdriver, medium 

Alignment disk 

\SKA or user's system 

Oscilloscope 

Hygrometer. 

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. 

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. 

Even if the 

(1) General method 

(a) Use two channels of an oscilloscope and connect them to TP9 and TPlO 

(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) Set the head to the alignment check track. 

Alignment check track: track 16 

(d) 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 

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 i'ig.425 should be observed 

at the track of even number. 

(e) 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. 

(f) 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 
Larger value in VA & VB xloo Misalignment (true value) = 

- Calibration value) - (Relative humidity - 50) x K 

K is humidity compensation factor. 

K = 0.26 
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(Fig 425) Alignment check lobe pattern 

e.g. VA=0.58Vl VB=O.61V, Calibration value= -6(%), 

Re 1 at i ve humid i ty=6 5 % 

Misalignment (true value) = { 0'58 - OS6' x 100-(-6)1 - (65-50) 0.61 
~0.26 = -2.8% 

If the calculated value is positive, the magnetic head is shifted 

inward from the reference position, while the head is shifted outward 

from the reference position when the value is negative. 

(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: 309, 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. 

0 Calibration value + (Relative humidity - 50) x K 2 0: 
When the left side lobe pattern level, VA is assumed as "l", 

lobe pattern ratio should be so adjusted that the right side 

lobe pattern level VB takes the following value: 

VB = - Calibration value + (Relative humidity - 50) x K 
100 

@Calibration value + (Relative humidity - 50) x K 0: 

When the right side lobe pattern level, VB is assumed as "l", 
lobe pattern ratio should be so adjusted that the left side 

lobe pattern level VA takes the following value. 

VA = - Calibration value + (Relative humidity -50) x K 
100 

e.g. Calibration value = -6%, Relative humidity = 35% : 

-6+(35-50)~0.26 = -9.9 < 0 

vA = -6+(35-50)~0.26 = o.90 
100 

iv) For a double sided FDD, repeat the adjusting operation in item 

iii) alternately for the side 0 and the side 1 heads unit1 the both 
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V) 

vi) 

vii) 

viii) 

ix 

misalignment take the smallest value. 

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 220%. 

Stepping motor fixing torque: 9Kg.cm 

Remove the alignment disk. 

Apply a drop of locking paint to the head of the stepping motor 

fixing screws. 

Check and adjust the track 00 sensor according to item 4-4-11. 

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 

L G e a r e d  area 

(Fig.426) Adjustment of track alignment 
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( 2 )  SKA method 

( a )  Connect t h e  SKA r e f e r r i n g  t o  i t e m  4-2-4 and  s e t  t h e  FD FWR s w i t c h  

t o  t h e  PSA s i d e .  

( b )  U s e  two c h a n n e l s  o f  a n  oscilloscope. Connect t h e  1st c h a n n e l  to  t h e  

DOUT t e r m i n a l  o f  t h e  SKA and t h e  2nd c h a n n e l  t o  t h e  DIF t e r m i n a l  o f  

t h e  SKA. Apply p o s i t i v e  t r i g g e r  by DOUT t e r m i n a l .  

O s c i l l o s c o p e  range  

The 1st c h a n n e l :  LE mode, 2V, 2Omsec 

The 2nd c h a n n e l :  AC mode, l V ,  2Omsec 

( c )  Key i n  "B9F" (INDEX o b s e r v a t i o n )  

( d )  S t a r t  t h e  s p i n d l e  motor  by key  "5". (MON i n d i c a t o r  t u r n s  o n ) .  

( e )  I n s t a l l  a n  a l i g n m e n t  d i s k .  

(f) Execute  d r i v e  se lec t  by key  "0". (DSO i n d i c a t o r  t u r n s  o n ) .  

( g )  Key i n  "CO" and  c o n f i r m  t h a t  t h e  TRACK i n d i c a t o r  becomes "00". 

( RECALIBRATE) 

( h )  S e t  t h e  head t o  t h e  a l i g n m e n t  check  t r a c k .  

Key i n  "C2 16" and  c o n f i r m  t h a t  t h e  TRACK i n d i c a t i o n  becomes "16". 

(i) Confirm t h a t  two l o b e  p a t t e r n s  a s  i n  F ig .425  c a n  be o b s e r v e d  by t h e  

o s c i l l o s c o p e  (it  i s  n o t  n e c e s s a r y  t h a t  t h e  l e v e l s  o f  VA and  VB a r e  

e q u a l ) .  

I f  o n l y  o n e  l o b e  p a t t e r n  c a n  be o b s e r v e d  or i f  t w o  l o b e s  become one  

p a t t e r n ,  t h e  head i s  n o t  o n  t h e  a l i g n m e n t  check  t r a c k .  

I n  s u c h  e v e n t ,  e x e c u t e  s t e p - i n  or s t e p - o u t  o p e r a t i o n  f o r  2 t r a c k  

s p a c e  to  o b t a i n  t h e  most s i m i l a r  waveform t o  t h a t  i n  Fig.425. 

o p e r a t i o n  can  be  done by key "E" (STEP-IN) and key "9" (STEP-OUT). 

S t e p  
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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 

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. If 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. 

(L) Confirm all the indications on the DATA m) ( % )  indicator are 

within 230%. 

The initial digit of the DATA indicator is the symbol. ( + )  mark 

indicates that the head is shifted inward from the reference position, 

while - mark indicates that the head is shifted outward. 

(m) 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). 

(n) Depress "F" key (STOP).  

(0) If the value in items (L)  or (m) is out of the specified range, adjust 
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the track alignment according to the following procedure. 

i) Loosen the two fixing screws of the stepping motor a little. 

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 steppint motor. 

iii) Key in "E3" and adjust the misalignment so that the DATA indicator 

[ r l  ( % )  shows the smallest value. The stepping motor moves 

little by little by the screwdriver. 

iv) For a double sided FDD, repeat the adjusting operation in item iii) 

alternately for side 0 and side 1 heads until the both misalignment 

take the smallest value. 

v) Tighten the two fixing screws of the stepping motor little by 

little to obtain the value within 220% on the DATA indicator when 

the screws are tightened with the following specified torque. 

Stepping motor fixing torque: 9Kg.cm. 

vi) Remove the alignment disk. 

vii) Apply a drop of locking paint to the screw 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. 

(p) Release the Invert and Add modes 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 1st channel: STEP interface signal (pin No.20) or PCBA MFD 

control U4, pin 5 .  

ii) The 2nd channel: PCBA MF'D control TP1 (Track 00 sensor). 

1V range 

iii) External trigger: DIRECTION SELECT interface signal (pin No.18) 

or PCBA MJ?D 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 (TP1) 

is within the following range when the DIRECTION SELECT (trigger 

signal) and the STEP signal ( 6 m s  interval) as shown in Fig.427 is 

supplied . 
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TP1 tA: 3.1 % 5.4msec 

TP1 tB: 0 % 5.8msec 

(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 TPlO (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 

0 0 ) .  

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 TP1 tA: 3.4 % 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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( F i g . 4 2 7 )  Track  00 s e n s o r  waveform 

Track  00 sensor 

Track  00 s e n s o r  f i x i n g  s c r e w  

\Head c a r r i a g e  A s s ' y  

( F i g . 4 2 8 )  Adjus tment  of t r a c k  00 s e n s o r  
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( 2 )  SKA method 

(a )  Connect t h e  SKA r e f e r r i n g  t o  item 4-2-4 and  set  t h e  FD PWR s w i t c h  

t o  t h e  PSA s i d e .  

( b )  Use t w o  ch'annels of 

i) The 1st c h a n n e l :  

ii) The 2nd c h a n n e l :  

oscilloscope and c o n n e c t  them a s  f o l l o w s :  

SKA DOUT t e r m i n a l  

DC mode, 5V, lOmsec 

PCBA MFD c o n t r o l  TP1 (Track  00 s e n s o r ) ,  1 V  r a n g e  

iii) E x t e r n a l  t r i g g e r :  DIRECTION SELECT i n t e r f a c e  s i g n a l  ( I n t e r f a c e  

c o n n e c t o r  p i n  No.18) or P i n  3 o f  53 (resistor 

network RA1 f o r  t e r m i n a t o r )  on t h e  PCBA MF'D 

c o n t r o l .  

(+) t r i g g e r .  

(c )  Key i n  "B8 F". (STEP o b s e r v a t i o n )  

( d )  S t a r t  t h e  s p i n d l e  motor by key  " 5 " .  (MON i n d i c a t o r  t u r n s  o n ) .  

( e )  I n s t a l l  a work d i s k .  

( f )  Execute  d r i v e  select by key "0". (DSO i n d i c a t o r  t u r n s  o n ) .  

( g )  S e t  t h e  step r a t e  a n d  t h e  s e t t l i n g  t i m e  a s  f o l l o w s  r e f e r r i n g  t o  i t e m  

4-2-4-3. 

S t e p  r a t e  : 6msec 

S e t t l i n g  t i m e  : 15msec 

( h )  Key i n  "CO" and  condi rm t h a t  t h e  TRACK i n d i c a t o r  becomes "00". 

( i) Key i n  "C5" .  (TOO TIMING, SEEK * 5 )  

(j) Measure t h e  t A  and  t B  t i m i n g s  a c c o r d i n g  t o  F ig .427  and c o n f i r m  t h e  
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t imings a r e  wi th in  t h e  fol lowing range:  

t A :  3 .1  5.4msec 

t B :  0 IL 5.8msec 

(k) Key i n  "F" .  (STOP) 

(L) Turn the  FD PWR switch of  t h e  SKA o f f  a t  t h e  t r a c k  00 p o s i t i o n  and 

then set  it aga in  t o  t h e  PSA s ide .  Confirm t h a t  t h e  s t o p  p o s i t i o n  

of t h e  head c a r r i a g e  d i d  n o t  change a t  p o w e r  o f f  and on. 

(m) I f  t h e  value i n  item ( j )  o r  (L) i s  o u t  of t h e  s p e c i f i e d  range,  a d j u s t  

t he  p o s i t i o n  of t h e  t r a c k  00 sensor  acco rd ing  t o  the  fol lowing 

procedure. 

i)  

ii) 

iii) 

i v )  

V )  

v i  ) 

v i i )  

v i i i )  

Loosen t h e  f i x i n g  screw o f  t h e  t r a c k  00 s t o p p e r  (see Fig.429) and 

s h i f t  t h e  s toppe r  i n  t h e  s tep-out  d i r e c t i o n  (make a p a r t  from t h e  

r e a r  s i d e  o f  t h e  head c a r r i a g e ) .  

Connect t h e  2nd channel  o f  t he  o s c i l l o s c o p e  to  TP9 o r  TPlO 

( D i f f e r e n t i a t i o n  amp.) of t h e  PCBA MFD c o n t r o l  and change t h e  

t r i g g e r  t o  t h i s  channel .  

Osci l loscope range: AC mode, 0.2V, 20msec 

I n s t a l l  an alignment d i s k .  The t r a c k  al ignment  should be c o r r e c t l y  

ad jus t ed  according t o  i t e m  4-4-10. 

Key i n  "CO" and confirm t h a t  t h e  t r a c k  i n d i c a t o r  becomes "00". 

(RECALIBRATE) . 
Key i n  "C2 16" and confirm t h a t  t w o  l obe  p a t t e r n s  a s  i n  Fiq.425 

can be observed. 

I f  normal lobe p a t t e r n  cannot be obse rved ,  move t h e  head t o  t h e  

t r ack  p o s i t i o n  where t h e  t y p i c a l  l obe  p a t t e r n  can be observed by 

s tepping i n  by key "8" or by s t epp ing  out by key "9". 

Remove t h e  alignment d i sk .  

Key i n  "E4 16". (SET TRACK NUMBER) 

Key i n  "C2 00". (SEEK 00) 

Don't key i n  "CO". (RECALIBRATE) 
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i x )  Change t h e  c o n n e c t i o n  o f  t h e  o s c i l l o s c o p e  a s  i n  i t e m  ( b ) .  

x )  Key i n  "C5". (TOO TIMING SEEK + 5 )  

x i )  Loosen t h e  f i x i n g  screw o f  t h e  t r a c k  00 s e n s o r  (see Fig .428)  and  

a d j u s t  t h e  s e n s o r  p o s i t i o n  so t h a t  t h e  t i m i n g  t A  i n  F ig .427  f a l l s  

w i t h i n  t h e  f o l l o w i n g  r a n g e .  

A d j u s t i n g  t a r g e t  o f  t A :  3 .4  % 4.6msec 

x i i )  Repeat t h e  a d j u s t m e n t  so t h a t  t h e  v a l u e s  i n  i t e m  x i )  f a l l  w i t h i n  

t h e  s p e c i f i e d  r a n g e  when t h e  f i x i n g  screw h a s  been t i g h t e n e d  w i t h  

t h e  s p e c i f i e d  t o r q u e .  

x i i i )  Apply a d r o p  o f  l o c k i n g  p a i n t  t o  t h e  f i x i n g  screw head .  

x i v )  A d j u s t  t h e  t r a c k  00 s t o p p e r  a c c o r d i n g  t o  i t e m  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) Set the head to track 00. 

(b) Step out the head from the track 00 position. 

(c) Confirm that the head carriage does not move by the step-out command 

(head carriage rests on track 0 0 ) .  

(d)  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). 

(e) Repeat step-in and step-out operations between track 00 and track 05. 

Confirm that no impact sound can be heard between the head carriage 

and the track 00 stopper. 

(f) Turn off the FDD power and depress the head carriage lightly against 

the track 00 stopper with fingers. 

( g )  Confirm that the head carriage automatically returns to the initial 

position (track 0 0 )  when the power is turned on again. 

(h) If any one of the items (a), (e), and (g) is not satisfied, adjust 

the track 00 stopper position according to the following procedure. 
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Track 00 

Head car 

(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) Connect the SKA referring to item 4-2-4 and set the FD PWR switch to 

the PSA side. 

( h )  Execute drive select by key "0". (DSO indicator turns on). 

( c )  Key in "CO" and confirm that the TRACK indicator becomes "00". 

(RECALIBRATE). 

(d) Set the step rate and the settling time as follows referring to item 

4-2-4-3. 

Step rate : 6msec 

Settling time : 15msec 

(e) Key in "9". (STEP OUT) 

(f) Confirm that the head carriage does not move even if "9" is keyed in 

(head carriage rests on track 00). 

(g) 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). 

(h) Key in "CO" and key in "C5". (STEP TIMING, SEEK f5) 

(i) Confirm that no impact sound can be heard between the head carriage 

and the track 00 stopper. 

(j) Turn off the FD PWR switch of the SKA and depress the head carriage 

lightly against the track 00 stopper. 

(k) 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) % (k). 

v) Apply a drop of locking paint on the fixing screw head. 

\ 
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i 

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 1st channel to TP4 

(Index) on the PCBA MF'D control and the 2nd channel to TP7 or TP8 

(Pre-amp.). Apply positive trigger by TP4. 

Oscilloscope range 

The 1st channel: Dc mode, 2V, 50psec 

The 2nd channel: AC mode, lV, 5hsec 

(b) Start the spindle motor and install an alignment disk. 

( c )  Set the head to track 01. 

(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(vs) 
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TP4 (Index) I 
I 

t 1 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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\ 
Adjusting d i r e c t i o n  o f  sensor  ,-PCBA index s e n s o r  

f i x i n g  screw 

/ 
PCBA index s e n s o r  

(Fig.431) Adjustment o f  index sensor  
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( 2 )  SKA method 

( a )  Connect t h e  SKA r e f e r r i n g  t o  item 4-2-4 and  set t h e  FD PWR s w i t c h  

t o  t h e  PSA s i d e .  

( b )  S t a r t  t h e  s p i n d l e  motor by key  "5". (MON i n d i c a t o r  t u r n s  o n ) .  

(c )  I n s t a l l  a n  a l i g n m e n t  d i s k .  

( d )  Execute  d r i v e  select  by key  " 0 " .  (DSO i n d i c a t o r  t u r n s  o n )  

( e )  Key i n  "CO" and  c o n f i r m  t h a t  t h e  TRACK i n d i c a t o r  becomes "00". 

( RECALIBRATE) 

( f )  S e t  t h e  head  t o  t h e  i n d e x  check  t r a c k .  

Key i n  "C2 01" and c o n f i r m  t h a t  t h e  TRACK i n d i c a t i o n  becomes 

" 01 " - 

( g )  Key i n  "E6". (INDEX TIMING) 

The c a l i b r a t i o n  v a l u e  o f  t h e  index  t i m i n g  s h o u l d  be s e t  p r e v i o u s l y  

i n  t h e  SKA. 

( h )  Confirm t h a t  t h e  DATA i n d i c a t o r  (us)  i n d i c a t e s  t h e  v a l u e  w i t h i n  

t h e  f o l l o w i n g  r a n g e .  

Index  b u r s t  t i m i n g :  200+200psec 

(i) Key i n  "F". (STOP) 

( j )  I f  t h e  v a l u e  i n  i t e m  (h) i s  o u t  o f  t h e  s p e c i f i e d  r a n g e ,  a d j u s t  t h e  

index  s e n s o r  A s s ' y  p o s i t i o n  a c c o r d i n g  to  t h e  f o l l o w i n g  p r o c e d u r e .  

i)  Loosen t h e  f i x i n g  screws (see Fig .431)  o f  t h e  PCBA i n d e x  s e n s o r  

and i t s  p o s i t i o n  so t h a t  t h e  DATA i n d i c a t i o n  under  e x e c u t i o n  shows 

t h e  median v a l u e  i n  t h e  s p e c i f i e d  r a n g e  o f  i t e m  ( 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. ( S T O P ) .  

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 

Cross point screwdriver, M3 

Cross point screwdriver, M2.6 

Hexagon wrench key, 1.5m 

Box screwdriver for hexagon nut, M3 

A pair of tweezers 

Lubricant, Kantoh Kasei 946P 

Alcohol and gauze (several sheets) 

Locking paint 

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, Sll). 

( 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) to remove the Ass'y. 

(4) Remove the fixing screw (Fig.505, Sl) 

the clamper (Fig.505, No.39). 

( 5 )  Remove two fixing screws (Fig.505, S1 

No.441 to remove the cover. 

of the cord clamper to remove 

of the shield cover (Fig.505, 

( 6 )  Remove three fixing screws (Fig.505, No.37 and S1) of the PCBA MFD 
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con t ro l (F ig .505 ,  No.35) and l i f t  i t  up. 

( 7 )  Disconnect a l l  o f  t he  connectors  mounted on t h e  PCBA MFD c o n t r o l  and 

remove t h e  PCBA. 

(8) P u l l  o u t  t h e  head c a b l e  from t h e  d i s k  guide U-groove and cab le  

clamper and draw it o u t  t o  t h e  head c a r r i a g e  Ass 'y  (Fig.505,  No.13) 

s i d e .  

(9 )  Holding t h e  t o p  o f  t h e  band f i x i n g  p l a t e  B (Fig.505,  No.17) and t h e  

head c a r r i a g e  Ass'y wi th  your f i n g e r s  t o  r e l e a s e  t h e  hook of t h e  steel 

b e l t  (Fig.505, No.19) and t h e  band f i x i n g  p l a t e  B. 

(10)  P u l l  o u t  t h e  band f i x i n g  p l a t e  B and t h e  band sp r ing (F ig .505 ,  No.18) 

a t  t h e  same time from t h e  head c a r r i a g e  Ass'y. 

(11) Sepa ra t e  t h e  s t e e l  b e l t  from t h e  hook of  t h e  band f i x i n g  p l a t e  A 

(Fig.505, No.16) t o  remove t h e  band f i x i n g  p l a t e  A from t h e  head 

c a r r i a g e  Ass'y. 

When removing the  band f i x i n g  p l a t e  A from t h e  head c a r r i a g e ,  it w i l l  

be removed e a s i l y  i f  i t  i s  s h i f t e d  toward t h e  f r o n t  beze l  s i d e  and then  

drawn o u t  i n  a r i g h t  ang le .  

( 1 2 )  Remove t h e  b e l t  f i x i n g  screw (Fig.505, S 8 )  on t h e  caps t an  o f  t h e  s tepping 

motor Ass 'y  (Fig.505, No.12) and then remove t h e  band washer (Fig.505, 

No.20) and t h e  s t e e l  b e l t .  

(13)  Remove one of  t h e  two guide s h a f t  c l i p s  (F ig .505 ,  No.15) which f i x  t h e  

guide s h a f t s .  The c l i p  f o r  t h e  r e a r  s i d e  one should be removed. 

(14) Draw o u t  two guide s h a f t s  (Fig.505, No.14) toward t h e  rear of t h e  FDD 

and remove them from t h e  f i x i n g  a r e a  o f  t h e  f r o n t  s i d e  c h a s s i s  (Fig.505, 

No.1). 

Then remove t h e  head c a r r i a g e  Ass'y wi th  two gu ide  s h a f t s  and t h e  front 
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s i d e  c l i p .  Refer t o  Fig.432. 

(15) D r a w  o u t  t w o  s h a f t s  from t h e  head c a r r i a g e  and remove t h e  f r o n t  gu ide  

s h a f t  c l i p .  

(16) Prepare a new head c a r r i a g e  Ass'y and two guide s h a f t s  f o r  i n s t a l l a t i o n .  

Note: When r ep lac ing  t h e  head c a r r i a g e  Ass 'y ,  &p lace  t h e  guide s h a f t s  

a t  t h e  same time because of matching t h e  ho le  diameter  o f  t h e  

c a r r i a g e  with t h a t  o f  t h e  guide s h a f t .  Guide s h a f t s  are t o  be 

des igna ted  i n  combination wi th  t h e  head c a r r i a g e  Ass'y. (Refer  t o  

i t em 4-1-3, ( 2 ) ) .  

Guide s h a f t  which goes through t h e  ho le  o f  t h e  head c a r r i a g e  

smoothly with a l i t t l e  c l ea rance  i s  cons ide red  t o  be t h e  bes t .  

(17)  Apply s p e c i f i e d  l u b r i c a n t  t o  t h e  su r face  of  one guide s h a f t .  Then 

i n s t a l l  i t  aga in  t o  t h e  new head c a r r i a g e  a s  it was. 

Note: When applying t h e  l u b r i c a n t  t o  t h e  guide s h a f t ,  d i p  a p i ece  o f  

gauze t o  t h e  l u b r i c a n t  and wipe t h e  s h a f t  and then wipe i t  aga in  

l i g h t l y  with a d ry  and c l ean  gauze. 

The most a p p r o p r i a t e  q u a n t i t y  of  t h e  l u b l i c a n t  f o r  t h e  su r face  o f  

t h e  s h a f t s  forms a t h i n  o i l  coa t ing .  

(18)  Apply t h e  l u b r i c a n t  t o  t h e  ano the r  guide s h a f t  and i n s t a l l  i t  t o  t h e  

new head c a r r i a g e  a s  i t  w a s .  

(19)  Attach t h e  guide s h a f t  c l i p  t o  t h e  f r o n t  beze l  s i d e  groove of t h e  s h a f t s .  

( 2 0 )  Attach t h e  new head c a r r i a g e  Ass'y i n  i t e m  (19)  i n  t h e  r eve r se  o r d e r  o f  

i tems (13)  and ( 1 4 ) .  

Note: Pre-load i s  a p p l i e d  between t h e  two guide s h a f t s  t o  make them 

approach each o t h e r  by t h e  guide s h a f t  c l i p  i n  o r d e r  t o  reduce t h e  
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v a r i e t y  o f  t h e  i n s t a l l a t i o n  p o s i t i o n  o f  t h e  head  c a r r i a g e  A s s ' y ,  

F o r  i n s t a l l i n g  t h e  t w o  g u i d e  s h a f t s  to  t h e  c h a s s i s ,  mount them w i t h  

p r e s s u r e  t o  s e p a r a t e  them. 

(21) I n s t a l l  t h e  steel  b e l t  (C) t o  t h e  c a p s t a n  o f  t h e  s t e p p i n g  motor A s s ' y  

i n  t h e  r e v e r s e  o r d e r  o f  i t e m  ( 1 2 ) .  

Note: I f  t h e  s u r f a c e  o f  s teel  b e l t  or c a p s t a n  is smeared ,  c l e a n  it 

c a r e f u l l y  w i t h  a l c o h o l  and  gauze .  

( 2 2 )  Connect t h e  s tee l  b e l t  t o  t h e  head  c a r r i a g e  A s s ' y  u s i n g  t h e  band f i x i n g  

p l a t e s  A and B and band s p r i n g  i n  t h e  r e v e r s e  o r d e r  o f  i t e m s  (9 )  through 

(11). 

( 2 3 )  T i g h t e n  t h e  f i x i n g  screw o f  t h e  s teel  be l t  s l i g h t l y  t o  t h e  s t e p p i n g  

motor A s s ' y .  

( 2 4 )  A f t e r  moving t h e  head  c a r r i a g e  s e v e r a l  t i m e s  m a n u a l l y ,  t i g h t e n  t h e  s teel  

b e l t  f i x i n g  screw c a r e f u l l y  w i t h  t h e  s p e c i f i e d  t o r q u e .  A t  t h i s  time, 

be  c a r e f u l  t h a t  t h e  b e l t  i s  t e n s i o n e d  s t r a i g h t l y .  Pay a t t e n t i o n  n o t  t o  

damage t h e  s u r f a c e  o f  t h e  be l t  o r  t h e  c a p s t a n .  

(25) Form t h e  head  c a b l e  i n  t h e  r e v e r s e  o r d e r  o f  items ( 4 )  and ( 6 )  th rough 

( 8 )  and a t t a c h  t h e  PCBA MF'D c o n t r o l .  R e f e r  t o  i t e m  4-2-3 a s  t o  t h e  

d e t a i l s  o f  t h e  head  c a b l e  t r e a t m e n t .  

( 2 6 )  Loosen t h e  f i x i n g  screw ( F i g . 5 0 5 ,  S4)  o f  t h e  t r a c k  00 s t o p p e r  (F ig .505 ,  

No.6) and s h i f t  t h e  s t o p p e r  toward  t h e  r e a r  s i d e  o f  t h e  FDD. 

( 2 7 )  A t t a c h  t h e  f r o n t  l e v e r  t e m p o r a r i l y  f o r  t h e  f o l l o w i n g  check  and 

a d j u s t m e n t .  

( 2 8 )  Make t h e  head seek  c o n t i n u o u s l y  between t h e  t r a c k  00 and  t h e  innermost  

t r a c k  and c o n f i r m  t h a t  t h e  s teel  b e l t  d o e s  n o t  meander n o r  u n d u l a t e .  
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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. 

(33) Adjust the track 00 stopper position according to item 4-4-12. 

(34) Check and adjust the index burst timing according to item 4-4-13. 

(35) Check for the read level according to item 4-4-0. 

(36) Check for the resolution according to item 4-4-9. 

(37) Attach the shield cover in the reverse order of item (5). 

( 3 8 )  Remove the fixing screw of the front lever to remove the lever. 

(39) Attach the front bezel Ass'y and the front lever Ass'y in the reverse 

order of items (1) through (3). 

(40) Adjust the front lever position according to item 4-4-2. 

(41) It is recommended to connect the FDD to the system for overall test. 
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Refer to i t e m  4-2-5 (1)). 
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Bal 

2-Guide s h a f t s  

Head c a r r i a g e  A s s ' y  

-Guide shaf  

i d  f i x i n g  p l a t e  A 

S t e e l  b e l t  

\Band washer  

S t e p p i n g  motor  c a p s t a n  

't c l i p s  

p l a t e  B 

\ 

( F i g . 4 3 2 )  Replacement of head c a r r i a g e  A s s ' y  
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Replacement o f  S t e p p i n g  Motor Ass 'y  and S t e e l  B e l t  

Too 1 s 

Cross  p o i n t  s c r e w d r i v e r ,  M3 

Cross  p i n t  s c r e w d r i v e r ,  M2.6 

( 3 )  Hexagon wrench key ,  1.5mm 

( 4 )  Box s c r e w d r i v e r  f o r  hexagon n u t  

(5) A p a i r  o f  t w e e z e r s  

( 6 )  Alcohol  and  g a u z e  

( 7 )  Locking p a i n t  

(8) SKA o r  u s e r ' s  s y s t e m  

(8 )  Replacement p r o c e d u r e  

(1) Remove t h e  s h i e l d  c o v e r  (F ig .505 ,  No.44) by removing t h e  t w o  f i x i n g  

screws ( F i g . 5 0 5 ,  S1) . 

( 2 )  L i f t  t h e  PCBA MF'D c o n t r o l  (F ig .505 ,  No.35) by removing t h e  t h r e e  f i x i n g  

screws ( F i g . 5 0 5 ,  No.37 and  S l ) .  

(3 )  Disconnect  a l l  t h e  c o n n e c t o r s  mounted on t h e  PCBA MFD c o n t r o l  and  remove 

t h e  PCBA. 

( 4 )  Holding t h e  top of t h e  band f i x i n g  p l a t e  B ( F i g . 5 0 5 ,  No.17) and  t h e  

head c a r r i a g e  A s s ' y  w i t h  your  f i n g e r s  t o  r e l e a s e  t h e  hook of t h e  s teel  

b e l t  ( F i g . 5 0 5 ,  No.19) and  t h e  band f i x i n g  p l a t e  B .  

( 5 )  P u l l  o u t  t h e  band f i x i n g  p l a t e  B and  t h e  band s p r i n g  ( F i g . 5 0 5 ,  No.18) 

a t  t h e  same t i m e  from t h e  head c a r r i a g e  Ass 'y .  

(6) S e p a r a t e  t h e  s teel  b e l t  from t h e  hook o f  t h e  band f i x i n g  p l a t e  A 

(F iy .505 ,  No.16) t o  remove t h e  band f i x i n g  p l a t e  A from t h e  head  

c a r r i a g e  A s s ' y .  
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When removing t h e  band f i x i n g  p l a t e  A from t h e  head c a r r i a g e ,  it w i l l  

be removed e a s i l y  i f  i t  i s  s h i f t e d  toward t h e  f r o n t  beze l  s i d e  and then  

drawn o u t  i n  a r i g h t  angle  

( 7 )  Remove t h e  b e l t  f i x i n g  screw (Fig.505, S8) on t h e  caps t an  of  t h e  s teppinc 

motor Ass'y (Fig.505, No.12) and then  remove t h e  band washer (Fig.505, 

No.20) and t h e  s t e e l  b e l t .  

( 8 )  Remove t h e  s t epp ing  motor Ass'y by removing t h e  f i x i n g  screws (Fig.505, 

S 4 ) .  

(9) I n s t a l l  a new s t epp ing  motor Ass'y as it was. 

(10)  Fix a new a-shape steel  b e l t  t empora r i ly  t o  t h e  caps t an  of t h e  new 

s t epp ing  motor with t h e  band washer and t h e  screw i n  i t e m  ( 7 ) .  

Note: Fundamentally, t h e  s t e e l  b e l t  and t h e  band s p r i n g  should be replaced 

with t h e  s t epp ing  motor. However, i f  t h e r e  is no i n f e r i o r  p o i n t s  

f o r  t h e s e  b e l t  and sp r ing ,  t hey  may be used a f t e r  c l ean ing  t h e  

su r face  c a r e f u l l y  wi th  a l coho l  and gauze. 

(11) Connect t h e  s t e e l  b e l t  and t h e  head c a r r i a g e  u s i n g  the  band f i x i n g  p l a t e :  

A and B and band sp r ing  i n  t h e  r e v e r s e  o r d e r  o f  items ( 4 )  through (6). 

(12) Afte r  moving t h e  head c a r r i a g e  s e v e r a l  t i m e s  manual ly ,  t i g h t e n  t h e  

s t e e l  b e l t  f i x i n g  screw i n  i t e m  (10) c a r e f u l l y  w i t h  t h e  s p e c i f i e d  

to rque .  

Pay a t t e n t i o n  no t  t o  damage t h e  s u r f a c e  o f  t h e  belt or t h e  capstan.  

A t  t h i s  t ime,be c a r e f u l  so t h a t  t h e  b e l t  i s  t ens ioned  s t r a igh t11  

(13)  I n s t a l l  t h e  PCBA MF'D c o n t r o l  i n  t h e  r e v e r s e  o r d e r  o f  items ( 2 )  and ( 3 ) .  

( 1 4 )  Loosen t h e  f i x i n g  screw (Fig.505, S4)  of  t h e  t r a c k  00 s toppe r  (Fig.505, 

No.6) and s h i f t  t h e  s toppe r  toward t h e  rear s i d e  of t h e  FDD. 
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Make the head seek continuously between the track 00 and the innermost 

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 "E'" 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 'IF" for stopping the 

operation. 

Attach the shield cover with two fixing screws. 

Adjust the track alignment according to item 4-4-10. 

(19) Adjust the track 00 sensor position according to item 4-4-11. 

(20) Adjust the 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 pint 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, Sl). 

( 2 )  Disconnect the spindle motor connector (57). 

( 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.1). 

(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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t h e  s p i n d l e  s u r f a c e .  

2. C o l l a r  B (F ig .505 ,  No.5) i s  a t t a c h e d  to t h e  screw of t h e  d i s k  

i n s e r t i o n  s i d e .  Confirm t h a t  t h e  col lar  B is n o t  t a k e n  o u t  i n  

t h e  p r o c e s s  o f  t i g h t e n i n g  t h e  screw. 

(7) A d j u s t  t h e  col le t  s h a f t  p la te  (Fig .505 ,  No.29) p o s i t i o n  a c c o r d i n g  t o  

i t e m  4-4-1. 

( 8 )  Bind a new bundle  of c a b l e s  t o  t h e  c h a s s i s  made of DD motor cable, 

TOO s e n s o r  Ass 'y  c a b l e ,  and  f r o n t  OPT Ass 'y  c a b l e  u s i n g  a new cable t i e .  

( 9 )  Check for t h e  f i l e  p r o t e c t  s e n s o r  a c c o r d i n g  t o  i t e m  4-4-4. 

(10)  Check o r  a d j u s t  t h e  d i s k  r o t a t i o n  s p e e d  a c c o r d i n g  to  i t e m  4-4-5. 

(Adjus tment  i s  a p p l i e d  o n l y  for t h e  motor w i t h  t h e  v a r i a b l e  resistor, 

R 1  on t h e  PCBA DD motor s e r v o ) .  

(11) Check and  a d j u s t  t h e  t r a c k  a l i g n m e n t  a c c o r d i n g  to  i t e m  4-4-10. 

(12)  Check and a d j u s t  t h e  i n d e x  b u r s t  t i m i n g  a c c o r d i n g  to i t e m  4-4-13. 

(13) A t t a c h  t h e  s h i e l d  c o v e r  i n  t h e  r e v e r s e  o r d e r  o f  i t e m  (1). 
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4-5-4. Replacement o f  C o l l e t  Ass 'y 

(A)  Equipment 

(1) Cross p o i n t  s c rewdr ive r ,  M3 

( 2 )  A pair  of tweezers  

(3 )  Locking p a i n t  

(4)  SKA or u s e r ' s  system 

(B) Replacement procedure 

(1) Remove t h e  s h i e l d  cover  (Fig.505, No.44) by removing t h e  t w o  f i x i n g  

screws (F ig .  505, S1) . 

( 2 )  Remove t h e  c o l l e t  s h a f t  p l a t e  Ass 'y  (Fig.505, No.29 by removing t w o  

f i x i n g  screws (Fig.505, S 3 ) .  

Note: For t h e  d r i v e  wi th  eject  Ass'y (Op t ion ) ,  remove t h e  hooks o f  t h e  

e j e c t  s p r i n g  A and eject  s p r i n g  B from t h e  col le t  s h a f t  p l a t e .  

Then remove t h e  col le t  s h a f t  p l a t e  Ass 'y .  

(3 )  P u l l  o u t  t h e  col le t  Ass'y  (Fig.505,  No.30) from t h e  U-groove o f  t h e  

clamp s p r i n g  (Fig.505, No.27) to  remove i t .  

(4 )  I n s t a l l  a new c o l l e t  ASS 'Y  i n  t h e  r e v e r s e  o r d e r .  For i n s t a l l a t i o n  a t  

t h i s  s t e p  screw t h e  col le t  s h a f t  p l a t e  Ass 'y  t empora r i ly .  

(5 )  Adjust  t h e  c o l l e t  s h a f t  p l a t e  p o s i t i o n  acco rd ing  t o  i t e m  4-4-1. 

(6) Check and a d j u s t  t h e  t r a c k  al ignment  acco rd ing  to i t e m  4-4-10. 

( 7 )  Attach t h e  s h i e l d  cove r  i n  t h e  r e v e r s e  o r d e r  o f  i t e m  (1).  

- 4102 - 



Tandy 1000 Technical Reference Manual 

4-5-5. Replacement o f  PCBA TOO Sensor 

( A )  Tools  

(1) Cross  p o i n t  s c rewdr ive r ,  M3 

( 2 )  Cross  p o i n t  s c rewdr ive r ,  M2 

( 3 )  A p a i r  o f  tweezers  

( 4 )  Cut t ing  p l i e r s  

(5 )  Locking p a i n t  

( 6 )  SKA or u s e r ' s  system 

(B) Replacement procedure 

(1) Disconnect t h e  t r a c k  00 connector  ( 5 4 ) .  

( 2 )  Cut and remove t h e  c a b l e  t i e  (Fig.505, No.40) f o r  b ind ing  t h e  wi r ing .  

Throw away t h e  removed t i e .  

( 3 )  Remove t h e  PCBA TOO senso r  (Fig.505,  No.9) by  removing t h e  f i x i n g  

screw (Fig.505,  S10) . 

( 4 )  I n s t a l l  a new PCBA TOO senso r  i n  t h e  r e v e r s e  o r d e r  of i t e m  (1) through 

( 3 ) .  

( 5 )  Loosen t h e  f i x i n g  screw (Fig.505,  S6) of  t h e  TOO b r a c k e t  (Fig.505,  No.8) 

and s h i f t  it toward t h e  r e a r  s i d e  of  t h e  FDD. 

( 6 )  Loosen t h e  f i x i n g  screw (Fig.505,  S 4 )  of  t h e  t r a c k  00 s t o p p e r  (Fig.505,  

No.6) and s h i f t  i t  toward t h e  r e a r  s i d e  o f  t h e  FDD. 

(7) Adjust  t h e  t r a c k  00 p o s i t i o n  senso r  acco rd ing  to  i t e m  4-4-11. 

( 8 )  Adjust  t h e  t r a c k  00 s t o p p e r  p o s i t i o n  acco rd ing  t o  i t e m  4-4-12. 
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4-5-6. Replacement o f  PCBA MFD C o n t r o l  (C) 

( A )  T o o l s  

(1) Cross p o i n t  s c r e w d r i v e r ,  M3 

( 2 )  Box s c r e w d r i v e r  for hexagon n u t ,  M3 

( 3 )  SKA or u s e r ' s  system 

(B) Replacement p r o c e d u r e  

(1) Remove t h e  s h i e l d  c o v e r  (F ig .505 ,  No.44) by removing  two f i x i n g  screws 

( F i g . 5 0 5 ,  S l ) .  

( 2 )  Remove t h r e e  f i x i n g  screws o f  t h e  PCBA MFD c o n t r o l  (F ig .505 ,  No.35) 

and  l i f t  up t h e  PCBA. 

( 3 )  Disconnect  a l l  o f  t h e  c o n n e c t o r s  mounted t o  t h e  PCBA MFD c o n t r o l  and 

remove t h e  PCBA. 

( 4 )  I n s t a l l  a new PCBA MFD c o n t r o l  i n  t h e  r e v e r s e  o r d e r  o f  i t e m s  ( 2 )  and ( 3 ) .  

( 5 )  S e t  t h e  s t r a p s  a s  t h e y  were on t h e  o l d  PCBA. 

( 6 )  Check and  a d j u s t  t h e  asymmetry a c c o r d i n g  t o  item 4-4-1. (Adjustment i s  

a p p l i e d  o n l y  f o r  t h e  PCBA MFD c o n t r o l  w i t h  t h e  v a r i a b l e  r e s i s t o r ,  R5. 

( 7 )  Check f o r  t h e  r e a d  l e v e l  a c c o r d i n g  t o  i t e m  4-4-0. 

( 8 )  Check f o r  t h e  r e s o l u t i o n  a c c o r d i n g  t o  i t e m  4-4-9. 

(9 )  Check f o r  t h e  t r a c k  00 s e n s o r  a c c o r d i n g  t o  i t e m  4-4-11. 

(10)  A t t a c h  t h e  s h i e l d  c o v e r  i n  t h e  r e v e r s e  o r d e r  of i t e m  (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 o f  F ron t  OPT Ass 'y  

( A )  Tools 

(1) Cross p o i n t  s c rewdr ive r ,  M3 

( 2 )  Hexagon wrench key, 1 . 5 m  

(3 )  Box screwdriver  f o r  hexagon n u t ,  M3 

(4)  Cu t t ing  p l i e r s  

(5)  Locking p a i n t  

(6 )  SKA o r  u s e r ' s  system 

(B)  Replacement procedure 

(1) Turn t h e  f r o n t  l e v e r  (Fig.505, No.42) t o  c l o s e  p o s i t i o n  and remove the 

f i x i n g  screw (Fig.505,  S11) .  

( 2 )  Turn t h e  f r o n t  l e v e r  t o  open p o s i t i o n  and draw out t h e  f r o n t  l e v e r  Ass 'y .  

( 3 )  Remove the  f r o n t  b e z e l  Ass'y (Fig.505, No.41) by removing two f i x i n g  

screws (Fig.505, SS). 

(4)  Remove t h e  s h i e l d  cove r  (Fig.505, No.44) by removing two f i x i n g  screws 

(Fig.505,  S5). 

(5) Cut and remove t h e  c a b l e  t i e  (Fig.505, No.40) f o r  binding t h e  wir ing.  

Throw away t h e  removed t i e .  

(6 )  Disconnect t h e  f r o n t  OPT connector  (55). 

( 7 )  Draw o u t  t h e  c a b l e  from t h e  space between t h e  c h a s s i s  (Fig.50Sl No.1) 

and t h e  PCBA DD motor s e rvo  and then draw it  o u t  from t h e  U-groove o f  

t h e  d i sk  guide (Fig.505,  No.3). 

( 8 )  Remove two s e p a r a t e  f i x i n g  screws (Fig.505,  S1 and 55) of  t h e  f r o n t  OPT 
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A s s ' y  (F ig .505 ,  No.34) t o  remove t h e  A s s ' y .  

(9)  I n s t a l l  a new f r o n t  OPT Ass 'y  i n  t h e  r e v e r s e  o r d e r  o f  i t e m  (6) t h r o u g h  

(8). 

(10) Check f o r  t h e  f i l e  p r o t e c t  s e n s o r  a c c o r d i n g  to i t e m  4-4-4. 

(11) A d j u s t  t h e  i n d e x  b u r s t  t i m i n g  a c c o r d i n g  to  i t e m  4-4-13. 

(12) Form t h e  c a b l e s  as t h e y  were u s i n g  a new cable t i e .  

(131 A t t a c h  t h e  s h i e l d  c o v e r  i n  t h e  r e v e r s e  order of i t e m  ( 4 ) .  

(14)  A t t a c h  t h e  f r o n t  b e z e l  A s s ' y  and  t h e  f r o n t  l e v e r  A s s ' y  i n  t h e  reverse 

o r d e r  o f  i t e m s  (1) t h r o u g h  ( 3 ) .  

(15)  A d j u s t  t h e  f r o n t  l e v e r  p o s i t i o n  a c c o r d i n g  t o  i t e m  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, 1.5m 

(B) Replacement procedure 

(1) Turn the front lever (Fig.505, No.42) to close position and remove a 

fixing screw (Fig.505, ~11). 

(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, N0.41) 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.1 and No.21) 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 o f  F r o n t  Lever Ass'y 

( A )  T o o l s  

(1) Hexagon wrench key ,  1 . 5 m  

(B) Replacement p r o c e d u r e  

Turn t h e  f r o n t  l e v e r  (F ig .505 ,  No.42) t o  close p o s i t i o n  and  remove a 

f i x i n g  screw ( F i g . 5 0 5 ,  S11). 

Turn t h e  f r o n t  l e v e r  to  open p o s i t i o n  and  draw o u t  t h e  f r o n t  l e v e r  

Ass'y .  

I n s t a l l  a new f r o n t  l e v e r  Ass'y i n  t h e  r e v e r s e  o r d e r .  

Note: F o r  i n s t a l l a t i o n  of t h e  f r o n t  l e v e r  Ass'y ,  match t h e  s l o t  of t h e  

l e v e r  to  t h e  p i n  o f  t h e  l e v e r  s h a f t .  

( 4 )  A d j u s t  t h e  f r o n t  l e v e r  p o s i t i o n  a c c o r d i n g  to i t e m  4-4-2. 
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SECTION 5 

DRAWINGS & PARTS LIST 
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- Transport 

5-1. CONFIGURATION 

-Chassis 

-Upper chassis Ass'y 

-DD motor Ass'y (C) (Spindle motor) 

Stepping motor Ass'y (C) 

-Clamp cam Ass'y (C) 

-Collet Ass'y (C) 

-PCBA TOO sensor (C) 

-Bail Ass'y 

-CSS Ass'y (C) (Double sided only) 

-Front bezel Ass'y 

-Front lever Ass'y (C) 

-Steel belt (C) 

Following shows the configuration of the main parts of FD-54. (Refer to 

Fig.501 

-downs. 

Fig.504). Refer to items 5-2 and 5-3 as to detailed break 

FD-54 

Head carriage Ass'y 

PCBA MFD control (c) 
Front OPT Ass'y (C) E Option - Eject Ass'y (C) 

(Table 501) Main parts configuration of FD-54 

- 501 - 



Tandy 1000 Technical Reference Manual 

:BA MTD c o n t r o l  

PCBA f i x i n g  screws 

P r o t e c t i o n  s h e e t  

J 9 ( H e a d )  

C o l l e t  Ass 'y  

upper  c h a s s i s  

J 6 ( S t e p p i n g  motor )  

J 5  ( F r o n t  OPT) 1 
57 ( S p i n d l e  motor) 

J 4 ( T r a c k  0 0 )  

\ 

( F i g .  501) E x t e r n a l  view (No. 1) 
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Front OPT Ass'y f i x i n g  screw 

Front OPT Ass'y 

Front OPT Ass'y 
(PCBA Index s e n s o r )  f i x i n g  screw 

Upper c h a s s i s  

Head c a r r i a g e  Ass'y 

Double s i d e d  o n l y )  

PCBA TOO s e n s o r  

DD motor Ass'y 
f i x i n g  screw 

I 

Spindle(DD motor Ass'y 

\ f-Upper c h a s s i s  
f i x i n g  screw 

/- Upper c h a s s i s  
f i x i n g  screw 

( F i g . 5 0 2 )  External v iew ( ~ 0 . 2 )  
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Front bezel  f i x i n g  screws 

A 
DD motor 

Stepping motor Ass'y f -  f ix ing  screw 

[stepping motor Ass'y  

Stepping motor 

screw 

(Fig.503)  External view (No.3) 
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arts No. of the FDD r 

LNarne 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) 

I 1116152892-00 I Chassis 1 1 1  I 
I 2 116802621-00 I PCB fixinq plate I l l  I 

I 8116757130-00 I TOO bracket I l l  1 
I 9 115532004-00 I PCBA TOO sensor(C) I l l  I 

17 116802623-00 I Band fixing plate B I l l  I 
I 18116385130-00 I Band spring I l l  I 

(Table 502) FDD parts list (1/3) 
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Nos Parts Nos. Parts name loa t v  DescriDtion 1 

3 

4 

16787144-00 Disk guide 1 

16730435-00 Collar 2 

5 

6 

16730433-00 Collar B 1 

16802622-00 TOO stopper 1 

10 

11 

17966927-00 CSS Ass'y(C) 1 FD-54B 

13189135 Te rmi na 1 1 

12 14733770-00 Stepping motor Ass'y(C) 1 

13 

14 

15 

16 

- 
17966912-00 Head carriage Ass'y(C) *1 FD-54A 

17966863-00 Head carriage Ass'y(C) ' 1 FD-54B 

16766631-XX Guide shaft(C) 2 Note 4 

16766638-00 Guide shaft clip 2 

16802624-00 Band fixing plate A 1 

19 

20 

16792300-00 Steel belt (C) 1 

16766636-00 Band washer 1 
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Nos. P a r t s .  Nos. P a r t s  name Q ' ty  Descr ipt ion ---- 
21 16152891-00 Upper c h a s s i s  1 

2 2  

23 

~- 

16787150-00 I n s u l a t i o n  s h e e t  1 

16787151-00 Disk pad B 1 Note 3 

24 

25 

26 

27 

16802616-00 S e t  arm 1 

17966929-00 Clamp cam Ass'y(C) 1 

16787148-00 Clamp s h a f t  ho lde r  1 

16392019-00 Clamp sp r ing  1 

28 

29 

16381104-00 Clamp r e t u r n  s p r i n g  1 

17966933-00 C o l l e t  s h a f t  p l a t e  Ass'y 1 

30 17966923-00 C o l l e t  Ass'y(C) 1 

31 
~ 

17966935-00 B a i l  Ass'y(A) 

17966936-00 B a i l  Ass'y(B) 

32 

32B 

~ ~~ ~~~~~ 

16787157-00 Disk pad A-2 1 Note 3 

Disk pad 1 Note 3 

(Table  502) FDD p a r t s  l ist  (2/3) 

33 

34 
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16381106-00 Disk pad l e v e r  s p r i n g  1 

15090730-00 Front  OPT Ass'y(C) 1 

35 15532006-XX PCBA MFD c o n t r o l ( C )  1 Note 5 

36 

37 

16787152-00 P ro tec t ion  s h e e t  1 

16730434-00 Fixing s h a f t  1 

38 16787149-00 PCB holder  1 

39 

40 

16322054-00 Cord clamper 1 

16362418-00 Cable t i e  4 



Technical Reference Manual Tandy 1000 

( T a b l e  502)  FDD p a r t s  l i s t  ( 3 / 3 )  

N o t e s :  1. A s  t o  t h e  p a r t s  w i t h  a n  a s t e r i s k  i n  t h e  Q ' t y  co lumn,  s e l e c t  

a p p r o p r i a t e  o n e  f o r  t h e  model. 

2 .  A s  t o  t h e  p a r t s  w i t h  model name o f  FD-54 i n  t h e  D e s c r i p t i o n  

co lumn,  t h e  p a r t s  is u s e d  o n l y  f o r  t h e  m o d e l .  

3 .  Disk  pads a r e  i n c l u d e d  i n  t h e  A s s ' y  N o . 2 1  and N o . 3 1 .  

4 .  G u i d e  s h a f t s  a r e  a l w a y s  u s e d  i n  c o m b i n a t i o n  w i t h  t h e  head 

c a r r i a g e  Ass 'y  d u e  t o  make t h e  c c r r e s p o n d i n g  diametsr match  with 

t h e  h o l e  o f  t h e  head  c a r r i a g e .  When you r e p l a c e  t h e  head c a r r i a g e  

A s s ' y ,  b e  s u r e  t o  r e p l a c e  t h e  g u i d e  s h a f t s  t o g e t h e r .  

5 .  The p a r t s  number v e r s i o n s  o f  t h e  PCBA MFD c o n t r o l  ( C )  a r e  

d i f f e r e n t  d e p e n d i n g  o n  e a c h  model .  R e f e r  t o  t h e  name p l a t e  o n  

t h e  a c t u a l  PCBA i n s t a l l e d  to d e s i g n a t e  t h e  same v e r s i o n .  

6 .  The  p a r t s  numbers  o f  t h e  f r o n t  b e z e l  A s s ' y  a n d  t h e  f r o n t  l e v e r  

A s s ' y  a r e  t h o s e  of FD-54, s t a n d a r d  c o l o r ,  b l a c k .  
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( F i g .  505) M e c h a n i c a l  s e c t i o n  b r e a k - d o w n  
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5-2-2. Screw, Washer 

(Table 503) Parts l i s t  of screw & washer 

\ 

- 510 - 

Nos. Parts Nos. 

S 1  16410304 

S 2  16411304 

S3 16400304 

S4 16498647 

S5 16410306 

S 6  16498579 

S7 16476308 

S8 16470004 

S9 16400004 

S 1 0  16400204 

S11 16498260-00 

S12 16410316 

S13 16351140 

Parts name Description 

Screw,bind,3~4,S,ZMC 

Screw,bind,3x4, B,BNM 

Screw,pan,three pieces,3x4,S,ZMC 

Screw,pan,three pieces,3xS,S,ZMC 

Screw,bind,3xG,S,ZMC 

Screw,pan,three pieces,3x6,S,ZMC 

Screw,pan,flat,flat washer,3x8,B,BNM 

Screw,pan,serns,2.6~4,S,ZMC 

Screw,pan,2.6x4,S,ZMC 

Screw,bind,2x4,S,ZMC 

Set screw, 3x3 

Screw,bind,3xl6,S,ZMC 

E-ring, 3 5  
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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) 

13441922-00 

13441963 

13441235 

13428139 

13424286 

13421211 

134 11406 

134 1124 3 

13411339 

13415408 

13497262 

13497310 

parts name & ratincr 

S I  TEAC 7358-00 

S I  TEAC 1922-00 

?TL IC 74LS368A 

ITL IC 74LS04 

rrans i s tor array, M54 5 1  8P 

rransistor.2SC2021R 

I’ransistor,2SA881 Q-R 

hode,pair,MA154WA 

Diode,pair,MA154WK 

Diode, 1S954 

Diode, DS442X 

Diode,zener,RD6.8EN2 

Resistor array,SA 9-1KR,J 

Resistor array,SA 5-15KR,J 

Location 

11 

12 

J3 

J4 

55 

23 r Q4 

CRAl , CRA2, CRA5, CRA6, 
* *cRA3, * *cRA4 
cRA7 

CR1, CRbCR8 

CR8 

CR2 

RA1 

RA3 

(Table 504) PCBA MFD control (C) parts list (1/4) 
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Parts Nos. 

3497266 

3497286 

3497228-00 

3497227-00 

3497229-00 

.1187105 

-1187473 

.1187682 

L1187222 

L1198104 

11198497 

11051121 

L1051390 

13040341 

12903343 

12903353 

12903345 

12903227 

12903154 

12903152 

12903178 

12903177 

12903375 

Parts name & rating 

Resistor array,SA 3-4.71(R,J 

Resistor array,SC 4-2.2I(n,J 

Resistor array,T-7228 

Resistor array,T-7227 

Resistor array,T-7229 

Resistor, RD, 1/6W, 1m,J 
Resistor,RD,1/6W,4lKR,J 

Resistor,RD,1/6W,6.8m,J 

Resistor,RD,1/6W,2.2m,J 

Resistor, RD,1/4W,lOOKR,J 

Resistor,RN,1/4W,l.24m,F 

Resistor, R N ,  lW, 12OQ, J 

Resistor,RN,1W,39R,J 

Jumping wire 

Capacitor,CE,lOV,lOOpF,M 

Capaci tor, CE ,2 5V, 47pF, M 

Capacitor,CE, 16V, 22pF,M 

Capacitor,CS,20V,lSUF,M 

Capacitor,CS,lGV, 47pF,M 

Capacitor,CS,16V,2.2pF,K 

Capacitor,CS,35V,0.22pF,K 

Capacitor.CS,35V,O.lSpF,M 

Capacitor ,CS, 16V, l p F ,  M 

?A5 

?A7 

?A6 

R16 

**R15, R18 

R17 

R2 0 

R10 

R19 

R2 1 

R13,R14 

**51 

c2 

C24 

C 6 ,  C8 

c7 I c9 

* fC33, c34 
C36 

C13 , C 1 4  

c11 ,c12 

c17 

(Table 504) PCBA MFD control (C) parts list (2/4) 
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arts Nos. 

2903372 

2903080 

2903335 

2902 5 3 0 

2901421 

-2901417 

-2900771 

-2902588 

12902578 

L2454222 

12454152 

12454101 

13295084-00 

14723507 

131 212 34 

13121152 

13121361 

13121363 

13121332 

Parts name & rating 

:apacitor,CS,16V,0.33pF,M 

3apacitor,CC,25V,YU,O.lpF,M 

Zapacitor, CC, 25V, X, O.O22pF, Z 

Zapacitor , CC, 500V, F, 0 .  OlpF, Z 

Capacitor,CC,SOV,B,2200PF,K 

3 i p a c i t o r , C C , 5 O V , B , l O O O P F , K  

Capacitor,CC,50V,SL,l8OPF,J 

Capacitor,CC,SOV,CH,56PF,J 

Capacitor,CC,50V,CH,22PF,J 

Ceramic oscillator,480Mz 

Coil,chalk,330pH,J 

Connector,S6P,polarizing 

Connector,~12P,polarizing 

Connector,SSP 

Connector, S7P 

Connector,W14P 

Location 

:5 

:26, C28 

33, C4, ClO, C15,C16, C20 
327,C31,C32 

2 1  

Z2 5 

229 

-18, C19 

c2 2 

C2 3 

C30 

c35 

c2 1 

Y 1  

11z13 

* J9 

TP7z10, G 

TPIz6, G 

H S z l U  

(Table 504) PCMB MFD control (C) parts list (3/4) 
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Parts No.s 

13121109 

16322 3 68 

13121175 

13121176 

13121177 

13121149 

162 7 11 69- XX 

Parts name & rating 

Connector,4P 

Connector,clamp 

Connector,4P 

Connector,SP 

Connector,6P 

Short bar 

Name plate 

Locat ion 

J2 

for 5 2  installation 

57 

JS 

J4,J6 

HSM, HL, IU,HS, DSW3, HY 
straps 

(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 o n  the PCBA version 

used. 
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Parts No.s Parts name & rating - 
Connector,4P 

Connector,clamp 

Connector, 4P 

Connector,SP 

Connector, 6P 

Short bar 

Name plate 

Location 

52 

for 5 2  installation 

57 

JS 

J4,J6 

H S M ,  HL , IU, HS , DSW3, H1 
straps 

(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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SPARE PAGE 

- 517 - 



Tandy 1000 Technical Reference Manual 

SPARE PAGE 
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/-version ( 2  d i g i t s )  

Parts number J 

PCBA DD MOTOR SERVO (Type C )  

PARTS LOCATION 

- 5.1.9 - 
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_ _  R112 
1A '--A+ 

FP T 

t. 7 x  
LE02 

/NO.FX "*" 

+5v +12v c 

f R l l l  
7 . 7 R  

PCBA DD MOTOR SERVO (Type C) 

SCHEMATIC DT'?STGq 
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Version ( 2  d i g i t s )  

Issue 

PCBA MTD CONTROL, PARTS LOCATION 
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W S E R  VFO 

/N USE 
ORfVE SELECT 3 
IUOEA / S E C T O R  

DRIVE SELECT 8 

ORIVZ S E L E O l  
ORf VE SELEC? 'r 
W07OU IW 
o/uscrio.v SELEC 

STEP 

W R I T €  DATA 

WUITE M Z  

74ACh B& 

VU/ T E  PROTECT 

READ M T A  

* SO€ avc S€&ECT 

REA oy 

S16NAL GUO 
(000 .(/os. 

1 

+ f ? V  

ov 
ov 

+ 5 v  

, 

A 
F M N  E 

_.-  

$-I 
VERSION TABLE 

m 
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SIDE 
8 

HEAD 

it 

SIDE 
1 

HEAO 

J9 

RlW START 

R/W flNlSH 

ERASE 

CONMON 

SHIELD 

R W  START 

R W FINISH 
ERASE 

COMMON 
SHIELD 

;1 

REA0 DATA 
INDEX 
TRACK 68 

Y 

R17 
6.8K 

DIRECTION 

WRITE GATE 

MOTOR ON 

26 
26 
3 

P 
22 
4 

10 

12 

14 

6 
20 
18 
24 

16 

12 v 
o v  
5 v  

MC 

ORV f 

POW * 
TB@ 
FWQ 

o v  
5 v  

ORV 

FPT 
INDEX 
ov 
5 v  

PH A 

PH a 

PH B 

PH 

COMA 
COM 0 
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I 

J 2 - I  + 12v 12v 

ov DC POWER J 2-3 

I,,, J2-4 ' 1  1 D 5v 

CI .OIZ >mv 

FASTON 

FRAME %OUND 

% PARTS 

:19( 1 . 2 4 K ) .  RZl (1201. R f S ( 4 7 K )  
UAJ , C t A 4 .  C33 . 19 f I Z P )  
; / D €  I HEAD 

VERSION TAfiLE P/N 15532006 -XX 
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CONNECTORS AND PIN DESIGNATIONS 

i 



Tandy 1000 Technical Reference Manual 



Tandv 1000 Technical Reference Manual 

P W E R  W I T C H  

FLOPPY DISK 
DRIVE I 

MAIN L 0 6 I C  W R D  

l y , n 3  NEUTRAL 

0 L I N E  

I W T  

E A R T H  GROUND 

ConnectorlCable Interconnection (8000231) 

CABLE D W  C-8057 WILL BE USED IF CABLE TWIST IS REQUIRED TO CONNECT 
TO FLOWY M U  DRIVES, OTHERWISE U Y  CABLE DWG C 6 0 0 8 I I 8  

NOTES 

TO 
EXTERNAL D E V I C E S  

CONNECTOR SYMBOL5 

WICK T E R U I W L  DISCOHHECT (FASTON1 

CARD EDGE ( T O  EARTH GROUND1 

L I I 1 1 I 1 
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A- o K EQUIVALEAT 
2 -  TOLERANCE +- 
1 -TY-WRAPS AS REQUIRED 

P 
LL TYdJRAP 

Cable, Assembly Wl(6008131) 

\ 

'\ 

- KEY POSITION 6 

15 
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I 
WIRE L I S  7 

Cable, Assembly W2(6008141) 
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2.00 - - 
-b-25 - 

Cable, Signal W3(6008118) 

ITEM 

0 
@ 
@) 

REMARK5 QTY DESCRIPTIO~ MF6 /PART UO. 

A A 
&\ 

4 COr\lfdECTOR-34 POS.UECEPTACLE MOLEX- 15-19-3343 

1 LA6LE - RI6BOd , 3 4  COdDUGTO@ .050 PITCH 
2 LOdtdECTOe - 3 4  PId EDbE CARD 3M-3463-000I/AMP499930-3 



Tandy 1000 Technical Reference Manual 

C P l M P  METAL-// 
FOlLf eApi DWIU W I E  EElWfEAJ 
CAUL€ AUD 
METAL UOUSINL 

CABLE IS b CONbUCTO-5 SHIELDED' 
EACCI C3-iDUCToe- 1 5  6 6  CWG 7 w'lEE S T B A N M D ;  
FOIL SHIELD WITH E,lU W i P E I  
OUTER JACKET 6 TANLloI FWAJ GRAI TPR . 

PI 

Keyboard Assembly W5(6008129) 
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c 3.00 - 
@ I 

I I 

d 

L - 

L E ~ G T H  = 2.5 

L 3.00 - 

-0 

'-0 

I 5 . 7 5  

Cable, Assembly W6(6008121) 
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2.81 r 
L. IbO DIA .TYP 

Cable, Assembly W7(2600009) 
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O R  EQUIVALENT 
I .CA6LE TOLEeAd6E f . 2 5  

Cable, ground W8(6008125) 
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, - P I N  1 

I I '  1 

I p9 

I I I  

WIRE LIST 

Cable, Assembly W15(6008070) 

P A R T S  L I S T  1 
I D E S  ~ T Y I  DESCFIPTI~N I M FL PAET uo. I REMA~LKS I 

GND Z 4  BLK 2 T O  SFXnKtL-TEl2MINAL 
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~~ 

Memory DMA 

Jl-51 
Jl-10 
Jl-33 
Jl- 15 
Jl-14 
Jl-13 
Jl-12 Jl-11 

Jl- 19 
Jl- 18 
Jl- 17 
Jl- 16 
Jl-23 
J1-22 
Jl-21 Jl-20 

Jl-58 

J1-27 
Jl-26 
Jl-25 
Jl-24 J1-61 

Jl-53 

Jl-42 
Jl-31 
Jl-30 
Jl-29 
Jl-28 
Jl-45 
J1-44 Jl-43 
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+5v 

R10 : 
+5V V 

+5v v 

I c I 
1 1 1 1 1 1 T 

1 - - - - - - - - - -  
C 1 9  C 2 0  C 2 1  C 2 2  C 2 3  C 2 4  C 2 5  C 2 6  C 2 7  C 2 8  C 2 9  C 3 0  C 3 1  C 3 2  C 3 3  C 3 4  C 3 5  C 3 6  C37 C 3 8  C 3 9  C40 C 4 1  C 4 2  C 4 3  C 4 1  C45 C 4 6  C47 C48 C 4 9  C M  C 5 1  C 5 2  C 5 3 . _ C 5 4  C 5 5  C 5 6  

NnE 
TnlE IS A OICO OEIERATED O R l f f i  
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R 1  

J1-40 

Jl-38 

J l -34  

Jl-60 

<i 

THIS I S  A CADD GENERATED DRAWWG-DO NOT CHANGE WNWLLI 



Tandy 1000 Technical Reference Manual 

U4 SN79e60 
13 4 12 

4 

I 1  
I I I  

. , -n.  * , * .  
',\ f a  " R C  

REF DRILL PLAN D I l O O Z 9 0  REV 

TANDV 
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O E I u l n D I l  I mi( IA-D 
REW.O* 

2 . c  I if* I 
M U A S E D  FOR PROWCTION Il.30-14 ,& 

J 1-9 
J 1-8 
J1-7 
J 1-6 
J 1-5 
J1-4 
J1-3 J 1-2 

J 5 3 1  
J544  
J545  
J 530 
J 5 6 1  
J533  J 523 

~ 1 - 5 6 a  IR3 , 

Nm5 - O m I S  S;FCIF IED 

A m b L  Y 1  9.(1Lo LIE U T .  ATTAG- - TO C*sE AS R W I W  

3 *LL RSISTCRS eFE IN a+a 

4 C I D  QEMRATED O W 0  -DO NOT REVI$E YANUULY 

SCHEMATIC - 
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SCHEMATICS 

Main Logic 

%- 
W3. 6. 12 

sH3. 6. 12 

W3, 6. 12 

sH3.6. 12 All 

W3. 6. 12 Ao9 

W3. 6. 12 

c39 

TESTI lO/M*  

NOTE: THIS DUG IS 
CAD GEKRATED - 
00 NOT REVISE MANUALLY 

1 -  I , , '  
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e 
Y 

- IN4148 

+N 

l4 McK SH 1. 5 E 

Ire 
5 b . 6  
VT 
7504  

Ire 

11 

1 .I 
I I 1  

yU* 
VIDEO UAIT 

74Lso5 

O v m  NO 

8000226 
IS" 

A-t 
VIDEO LOGIC 

W E I T  2 OF I 2  
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