TANDY"

TANDY

6000/6000 HD

Catalog Number 26-6021/2 | |

CUSTOM MANUFACTURED FOR RADIO SHACK, A DIVISION OF TANDY CORPORATION ]l ‘







TANDY COMPUTER PRODUCTS

SERVICE MANUAL
TANDY® 6000/6000-HD

Catalog Number 26-6021/2




TANDY COMPUTER PRODUCTS

TANDY® 6000/6000-HD Service Manual
Copyright 1985 Tandy Corporation
All Rights Reserved

Reproduction or use, without express written permission from
Tandy Corporation, of any portion of this manual is
prohibited. While reasonable efforts have been taken in the
preparation of this manual 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.




TANDY COMPUTER PRODUCTS

Contents Page No.

1/
2/
3/
4/
5/
6/
7/

8/

INtrodUCLiON veveeeeevevcsssscossssssnnssonsssasssansas 1
Technical Specifications ...cceeiececececnccnccnccnnes 7
Disassembly/Assembly Procedures .....ceeeececccccccccs 9

Adjustments ® 0 0 0 6 5 0 0 0 0 5 5 55 TS0 G0 S LSS S S L eSO e el e 19

Cabling Diagrams/Pin Designations .......cceeeeeeee.. 23
Troubleshooting ProcedUres .....ceeeeceevseccscsccess 47

Theory of Operation
Mother Boar@ ...cceceeesscsscsscssccssecsansas 95
MC68000 CPU BOArd ..cecececesessscccacsecssaes 6l
Memory BoArd ..ceeeecescesscsssescsansesaess 103
Main Logic BoArd ....eceeescscsccscsaessoass 121
video/Keyboard Interface Board ............ 165
Power Supply Board .....cceceesvesesscscsss 193
SouNnd BOAYA ...ceeeccevsocsssscnssssesasssas 209
CRT ASSEMDlY .eececescccsosssssasesnsnssoaes 213
Keyboard ASSemMbly ..cececeeescscscsscssosss 215

0 Hard Disk Controller ......ececeeeeescsesss 219

ed Views/Parts LiStS .eeeeececscosssccscscccsss 243
Base ASSeMblY.ceeeecoeeccsscossssssacacnsass 244
Card Cage, Chassis
and Power SUPPLlY ceceececccceceosssccccanssss 246
Floppy Disk Drive ...ceeeecescccscccessesss 248
Hard Disk Drive Assembly ...c.ccoceeeecesseess 250
Bezel ASSemMblY.ceeecosocssacossccnssancseanss 252
Reset/Power On Indicator Module ........... 254

Case Top ® & 8 0 ® 9 © % & 6 5 & 9 & 5 O 0 0O S 0 G S S S S s s B0 es 256
Keyboard ASsembly ...cceceeccccsscssecsacasss 258

Explo

@ 0 N NN NN NNNY

N Q HWOOJAU W

00 00 00 CO 0O
L N ] L] . .
O~ U W

Appendices

Video Monitor Assembly .cceeeececsscccccssssscocscss 263

Floppy Disk Assembly (Tandon) ....cecesecssececsesss 269
Hard Disk Assembly (Tandon) ....ccceesesccccccsasss 369




TANDY COMPUTER PRODUCTS

List of Figures

Number

oot n
(I

Hl =0 0od0

WO

|

|
NWOWoO~-ITAU & WM

o

NN N NN NNNAaN
11 |

PR
1
e
W N

7-14
7-15
7-16
7-17

Description Page No.
Major Assemblies, TANDY 6000/6000-HD ........ . 2
Cover/Bezel Assembly Mounting Screws ........ 10
Electronics Module Assembly ......c... ceseses 15
Adjustments ....ceiiiieennnn cecescrascteccsas 20
Cable Interconnection Layout ........cceeceen 23
Cable Wiring/Connector Location

Floppy Disk Drive Version 1 .....iceeeeccne 25
Cable Wiring/Connector Location

Hard Disk Drive Version 1 ......... ceeeenas 27
Cable Wiring/Connector Location

Floppy Disk Drive Version 2 ....... ceesssen 29
Cable Wiring/Connector Location

Hard Disk Drive Version 1 ......cceeeeccsne 31

RS-232 Serial Interface Cable ...vieeceeseeees 34
Line Printer/Parallel Output Cable .......... 34

FDC to Internal Drive Cable ......... cesecacs 36
vVideo/Keyboard PCB to Keyboard Cable ........ 37
DC Power Cable ........ ctetecssaseccsssens ... 38
AC Input Cable ..... seeccesenecasas ceeessssss 39
Main Logic Board to Sound Board Cable ....... 40
Video Cable ....... et teecssescssas e cesacen . 41
Read and Write Cycle Timing .....cceeeeeeccns 69
Write Cycle Timing ...eeeereecceccsscocssssas 70
Read Cycle Timing ...ecececeososcacccsccnne eees 11
Refresh Cycle Timing of 68000...... ceesas cees 12
Bus Arbitration Circuit Timing .....cceeecee. 77
Onboard BDTACK Generation .....ccceceees ceees 18

I/0 Controller Timing .....ceeeeseeccccsceass 81
Timing for Refresh LogiC ....vciveececvesceses. 84
I/0 Processor PCB Block Diagram .......e.... 122

Video/Keyboard Interface ....cceecceoeas eeee. 166
PCB Block Diagram
Timing Diagram ....eeeeececeseaccccsssoccocsscs 168
MC6845 Pin Identification .....c.c.... ceesens 170
Character Dot Pattern ...... ceeectecesarennna 173
Keyboard Timing Diagram .....cccc00.. ceesess 180
Test Layout, Power Supply ...... cecetessansss 197
Q7 Collector Waveform .......c.. cesesassssss 199
Q7 Base Waveform ........... cecersssccsssssss 199

- ii -



TANDY COMPUTER PRODUCTS

8-1 Exploded View, Base Assembly ......ccce0.. .. 244
8-2 Exploded View, Card Cage, Chassis,

and Power SUPPly.ceeeeececeeneneneas cesenens 247
8-3 Exploded View, Floppy Disk Drive .... ...... 249
8-4 Exploded View, Hard Disk Drive Assembly .... 251
8-5 Exploded View, Bezel Assembly .....ccccceen.n 253
8-6 Exploded View, Reset/Power On

Indicator ModUle ...iceieeecansoscccccaconnns 255
8-7 Exploded View, Case Top Assembly ....c.c.... 257
8-8 Exploded View, Keyboard Assembly ........... 259

List of Tables

Number Description Page No.
7-1 Interrupt Inputs .....iieiiiieeneneeeceenanas 66
7-2 Memory-Mapped I/0 Locations ......eeeeeceaecns. 80
7-3 Memory Map of the MC68000 Subsystem ......... 82
7-4 Memory Map Select Tables......ceeveeeeeecens 105
7-5 Input/Output POrt Map ..eeeeecececececacccss 125
7-6 MEMOYY MADP «cveessscceasscnssssansscscscccens 128
7-7 Jumper OptiONS t.iveeeeieeescesscannscsannnsns 130
7-8 Port AAAressing ...cceeeeeeenseeceaceccacanns 176
7-9 Power Supply Voltage Chart ....ccceeeeeeeenn 197
7-10 Voltage and Ripple Specifications .......... 200
7-11 Port DeCOAIiNg e veeesossessssssacascsccccess 220
7-12 Ports and Functions ...ceeeececsccsccnscacns 220

- iii -



TANDY COMPUTER PRODUCTS




Service Manual TANDY 6000/6000-HD
TANDY COMPUTER PRODUCTS

1/ Introduction

The TANDY 6000/6000-HD Microcomputer is a powerful
disk-based desk-top business computer with many advanced
features. These features include portable software, 512K of
memory expandable to 1M, detachable typewriter-format
keyboard with numerical keypad and 8 programmable function
keys, green CRT Monitor screen, and one parallel and two
serial ports for external connection to a variety of
printers and communications links.

Optional features include an external floppy Disk Bay
Expansion Unit (l-drive unit or 2-drive unit), a 15 Megabyte
or larger Hard Disk System for mass storage, an ARCNET™
system for local area communications network, a graphics
board for video graphics capability, and a multi-terminal
interface board.

This manual is intended as a guide to assist in the
diagnosis of system problems to the subassembly level. It
contains detailed instructions on disassembly and assembly
of major subassemblies as well as some troubleshooting hints
for the PCBs and subassemblies contained in the system. It
also includes a section on the theory of operation that
describes board operation and some individual component
functions. It does not, however, provide a component by
component analysis of the system.

The basic TANDY 6000 is supplied with two floppy Disk Drives
and five PCB assemblies; the TANDY 6000-HD is supplied with
one floppy disk and one internal 15-meg hard disk. Two of
the PCB assemblies are mounted in the Electronics Module,
which is attached to the Base Assembly. These include the
I/0 Processor PCB and the Power Supply PCB. The Sound PCB,
is mounted inside the Base Assembly at the left front
corner. The CRT Monitor PCB mounted on the Base Assembly,
is the electronics for the CRT assembly. The seven slot
expansion unit plugs into the I/O Processor PCB, and the
16-bit CPU and memory board plug into the expansion unit
along with the Video/Keyboard Interface PCB.

™ -~ Datapoint Corporation
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Major Assemblies, TANDY 6000/6000-HD

Figure 1-1.
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A simplified exploded view of the TANDY 6000/6000-HD (Figure
1-1) helps locate major sub-assemblies as they are described
in the following paragraphs. Disassembly procedures noted
in Section 3 must be followed in the order presented due to
the mounting locations of the.individual components.

The major subassemblies that comprise the TANDY 6000/6000-HD
include (1) the Base Assembly, (2) the Electronics Module,
(3) the RESET Switch/Power-On Indicator Module with cable
assembly, (4) the Disk Drive/Drive Support structure, (5)Top
Cover Assembly, (6) the Bezel/CRT Assembly, (7) Card Cage
Assembly, and (8) the Keyboard Assembly. The disassembly of
each of these assemblies is discussed in Section 3. Care
should be exercised in handling plastic components to
prevent scratching or marring of the surface finish.

1.1 Base Assembly

The Base Assembly consists of the molded plastic base, power
and signal I/0 component mounting brackets, power ON/OFF
switch, and Sound PCB that is responsible for generating an
audible tone when key closure is achieved. The other
assemblies of the TANDY 6000/6000-HD are mounted to the Base
Assembly. The Base Assembly has rubber feet to protect the
surface on which the TANDY 6000/6000-HD is placed for
operation. .

1.2 Electronics Module

The Electronics Module consists of a formed metal chassis,
three component mounting brackets, two printed circuit
boards, and a card cage assembly with three additional
boards. It is mounted to the instrument Base Assembly with
four screws that are accessible when the Top Cover Assembly
is removed from the computer. When these screws and the
electrical connections to the assembly are removed, the
Electronics Module may be removed from the Base Assembly as
a unit. The module mounts the I/0 Processor PCB, the
Video/Keyboard Interface PCB, 16-bit CPU/Memory PCBs, the
Power Supply PCB, and the power supply cooling fan. Three
ribbon cables connected to the I/0 Processor Board exit the
module through a slot in the right side of the chassis and
connect to the rear terminal input connectors or the disk
drive(s). The Power Supply Assembly covers the front half
of the assembly. The Mother Board mounts vertically in the
edge card connector in the middle of the I/0 Processor
Board. It is rigidly supported by the card cage sheet metal
at the rear of the module.
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1.3 RESET Switch/Power-On Indicator Module

The RESET Switch/Power-On Indicator module is mounted to the
Drive Support Structure and consists of the power ON/OFF
indicator, the RESET Switch, and cable assembly. The RESET
switch, when pressed, blanks the screen and flashes the
command INSERT DISKETTE on the screen. To remove this
module from the unit, it is necessary to first remove the
Top Cover Assembly. When reinstalling the assembly, it must
be properly positioned with respect to the Bezel/CRT
Assembly cutout.

1.4 Drive Support Structure

The Drive Support Structure is a rugged, formed sheet metal
design that is attached to the Base Assembly with six
mounting screws. Its design permits circulating air flow to
the disk drives for improved performance. It contains
shielding to protect the floppy disk drive electronics from
RF interference by the switching power supply or video
display. It mounts two slim line floppy Disk Drive
assemblies (TANDY 6000), or one slim line floppy Disk Drive
and one 15 Megabyte Hard Disk (TANDY 6000-HD). The 6000-HD
is supplied with one floppy disk and one hard disk.

1.5 Top Cover Assembly

There are three mounting screws on the right side of the
case, three on the left, one in the back that mount the Top
Cover to the Base.

Once these are removed, the Top Cover Assembly may be tilted
up and lifted off the Base Assembly.

1.6 Bezel/CRT Assembly

The Bezel/CRT Assembly is a molded plastic cover that
contains the cathode ray tube (CRT). The CRT monitor PCB and
associated hardware are mounted to the base. The Bezel/CRT
Assembly is attached to the base with mounting screws that
are accessible from the underside of the unit.
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CAUTION

The cables between the Video/Keyboard Interface
PCB, Power Supply and the Monitor PCB are short and
may be damaged if care is not exercised during
their removal. Exercise care to prevent damage to
the components mounted to the Base Assembly. Do not
drop or otherwise mishandle the Bezel/CRT Assembly
as the CRT may implode, causing harm to personnel
and components.

Plug-in connectors attach the Bezel/CRT Assembly
electrically to the Base Assembly. To detach the Bezel/CRT
Assembly completely, disconnect these connectors. Handle
the assembly carefully to prevent scratching or marring the
Bezel surface.

The Video Monitor PCB forms the Video Monitor Assembly for
the TANDY 6000/6000-HD. The Video Monitor PCB is mounted on
the inside on the Base Assembly. Signal and power cables
interconnect it with the Video/Keyboard Interface PCB and
Power Supply Assembly on the Electronics Module.

The Rear Door Assembly is a removable assembly that allows
easy access to the rear compartment and card cage (when
installed). It slides into a groove at the top of the
Bezel/Cover Assembly and is attached to the Base Assembly by
two thumb screws that secure it at the bottom.

1.7 Keyboard Assembly

The Keyboard Assembly is mechanically separate from the
Base/Bezel/Cover Assembly and is electrically connected
through a 5-pin DIN connector located on the front lower 1lip
of the Base Assembly. The two units are connected by a
coiled cable assembly attached to the Keyboard Assembly that
allows it to be moved up to 3 feet away from the Base
Assembly. A strain relief bushing provides protection for
the signal cable to prevent accidental pullout of the cable
from the Keyboard Assembly. The keyboard is a thin-line
design with standard typewriter key pad and numeric key pad.
Contained as part of the numeric key pad section are eight
function code buttons, Fl through F8, which allow
application dependant programmable functions to be selected.
Cork feet provide protection for the mounting surface on
which the Keyboard Assembly is mounted.
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2/ Technical Specifications

2.1 Physical Characteristics

TANDY COMPUTER PRODUCTS

TANDY 6000/6000-HD

2.1.1 Case/Bezel/Base Assembly

Width 21.0 inches (53.3
Height 13.5 inches (34.3
Depth 20.5 inches (52.1
Weight 49.9 pounds (22.5

2,1.2 Keyboard
Width 18.0 inches (45.7

cm)
cm)
cm)
kgm)

cm)

Height 2.5 inches (6.4 cm)

Depth 7.5 inches (19.1
Weight 3.3 pounds (1.49

cm)
kgm)

2.2 System Operating Characteristics

Min
Ambient Temperature 55

12
Voltage Range (USA) 95

(Europe) 190
Current Drain -—-
Line Frequency 47
2.3 Peripheral Interfaces

Serial Interface

Typ Max
75 85
23 30
115 135
230 270
1.5 2.0
50/60 63

Units

Degree F
Degree C

VAC
VAC

A

Hz

Channel A allows asynchronous or synchronous communica-

tion.

Channel B allows asynchronous communication only.

Both channel A and B conform to the RS-232C Standard

Both use DB-25 connectors on the back of the display
console. Pin-out connections are shown in Section 5,
Cable Wiring/Pin Designations.
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Parallel Interface

Connects to a line printer via the 34-pin connector on
the back of the display console. See Section 5, Cable
Wiring/Pin Designations.

Outputs 8 data bits in parallel. 1Inputs 4 data bits.
All levels are TTL compatible

Multi-Slot Card Cage

Provides four additional slots to accommodate hard disk
drive interface, graphics board, ARCNET board,
multi-terminal interface board.

Disk Bay Expansion Unit

Optional extra unit contains either one or two disk
drives, 8" floppy diskette, 500K byte storage per
diskette (single sided, double density or 1 megabyte
with double sided, double density).

1l6-Bit CPU Board

Provides 16-bit operation for high-level language tasks.
Hardware allows 8 levels of vectored interrupts, 4
levels of fixed priority bus arbitration, a 7280 to
MC68000 memory interface controller, and direct access
for up to 7 megabytes of memory. Software supports only
a level 5 interrupt. Software supports 1 Megabyte of
memory .

The main components of this board are the MC68000 CPU
and the AM9519A Interrupt Controller.

512K-Byte, 16-Bit Memory Board

Offers optional byte parity checking and detection
logic and selecting to map memory on any 256K boundry
within 7-Meg memory space. 1 megabyte of memory is
supported by software. Other chip locations are only
screened on the board and sockets aren't installed.
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3/ Disassembly/Assembly Procedures

The TANDY 6000 Microcomputer is designed for table-top
operation. Dimensions of the main housing assembly and the
keyboard assembly are given in Technical Specifications,
Section 2. A desk assembly may be used that allows mounting
of optional extra disk drives used with the TANDY
6000/6000~-HD system. Adequate space should be left around
the unit to allow sufficient air flow to all components.

If the TANDY 6000 has the fan enclosed in a metal housing on
the back of the access panel you need to follow the
disassembly and assembly instructions in the Model 16B
Service Manual (See Figures 5-2 and 5-3). Otherwise, follow
the disassembly and assembly instructions contained in the
following procedures (See Figures 5-4 and 5-5). Exercise
care in handling the Top Cover and Bezel/CRT Assemblies to
prevent scratching or marring the surface finish.

3.1 Top Cover Assembly

1. Remove all power from the unit by disconnecting the
power cord. Remove peripheral cables (if required).

2. Remove from the disk drives, the cardboard inserts that
protect the drive during shipment. (Save for later use.)

3. Place the unit upside down on a smooth, padded surface
to prevent scratching the painted surfaces.

4, Remove seven (7) screws that attach the Top Cover
Assembly to the Base Assembly. There should be three
screws on the right side, three screws on the left, and
one screw at the rear. See Figure 3-1, which shows the
location of the screws.

5. Hold the two assemblies together and turn the unit
rightside up.

6. Remove the Rear Access Door by removing the two screws
at the bottom and pushing down and out on the door.

7. Lift up the rear of the top cover and angle it towards
the front panel, then lift the top cover away from the
base assembly.

8. Once the Top Cover Assembly is clear, lay it off to the
side.
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Figure 3-1. Cover Assembly and Bezel Assembly
Mounting Screws
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3.2 Bezel/CRT Assembly Removal

1. Loosen the three (3) screws at the front of the unit
that attach the Bezel/CRT Assembly to the Base Assembly.

See Figure 3-1, which shows the location of these
screws.

2. Remove the two (2) screws, at the top of the Drive
Support Structure, which attach the Bezel/CRT Assembly
support bar to the Drive Support Structure.

3. Remove the two (2) screws, at the left of the unit,
which attach the CRT Monitor PCB Bracket to the Base
Assembly.

4. Separate the two units (Base and Bezel/CRT) by
disconnecting the attaching harnesses (one to the
Video/Keyboard Interface PCB and an in-line connector to
the Power Supply Assembly).

5. Remove the ground wire spade lug terminal from the CRT
Monitor PCB. This completely separates the Bezel/CRT
Assembly from the Base Assembly.

3.3 CRT Removal

1. Disconnect the tube socket from the rear of the CRT.

2. Disconnect the deflection coil wire connector at the CRT
Monitor PCB.

CAUTION
Make sure the high voltage is discharged
from the CRT (use grounded screwdriver
to discharge).
3. Disconnect the high voltage clip.
4., Disconnect the in-line connector which attaches the CRT

Monitor PCB to the ground wire around the rear of the
CRT.

- 11 -
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5. Remove the two left mounting nuts and washers that
attach the CRT Monitor PCB bracket to the Bezel/CRT
Assembly and remove the bracket and board from the
assembly.

6. Remove the other two nuts and washers from the CRT.
Carefully lift the CRT from the Bezel/CRT Assembly.

CAUTION

Handle the CRT very carefully to prevent
injury due to CRT implosion. Do not
handle tube using the neck of the tube.
ALWAYS USE GOGGLES OR SAFETY GLASSES.

7. Assemble the Bezel/CRT Assembly in the reverse order of
disassembly. Make sure that the grounding wire from the
Electronics Module is connected to the lug on the CRT
Monitor PCB lower rear mounting screw.

3.4 Brightness and Contrast Controls

1. The brightness and contrast controls are accessible
after the Bezel/CRT Assembly has been removed from the
Base Assembly.

2. Remove either control by first removing the knob
attached to the POT shaft.

3. Remove the connector from the pot, noting the manner in
which the connector is mounted. The connector is not
keyed, so it would be possible to put it on backward
when reassembling. The numbers on the connector should
be down and not able to be read.

4., Remove the attaching nut and slide the control off the
bracket.

5. The brightness control (500K ohms) is to the front of
the assembly, contrast control (500 ohms) is to the
rear.

6. Reassemble in the reverse order, making sure the knobs
are fully pushed onto the pot shafts to align with the
cutout slots in the Base Assembly.

- 12 -
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3.5 CRT Monitor PCB
1. Remove the 10 Pin Edge Connector.
2

. Remove the four (4) screws which attach the CRT Monitor
PCB to the bracket.

3. Re-assemble in the reverse order.

3.6 Drive Support Structure

The Drive Support Structure is a formed sheet metal part
that houses the thin line Floppy Disk Drive Assembly(s) and
the Hard Disk Drive Assembly. It is attached to the Base
Assembly with six screws, two of which are on the right-hand
side of the structure. The other four screws are on the
lefthand side of the structure.

1. Remove the Top Cover Assembly (see Paragraph 3.1).

2. Remove the power and signal connectors from the rear of
the floppy and hard disk unit(s).

3. Loosen the 2 rear screws and remove the middle screw
that mount the RESET Switch/Power-ON Indicator Module
mounting bracket and remove the bracket by sliding it
forward.

4. Remove the Hard Disk Power Supply by removing the four
mounting screws, one in each corner.

5. Remove the Drive Support structure by removing the four
screws at the left side of the structure and the two at
the right.

6. Remove the structure from the base.
7. Remove the floppy disk drive from the support structure
by removing two screws at the top and two screws at the

bottom of the Drive Support Assembly.

8. ©Slide the disk drive forward to remove it from the
support structure.

- 13 -
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9. If a drive is to be replaced, remove the front bezel by
removing the mounting screws (two at the top and two at
the bottom front lip).

10. Remove the Hard Disk Drive from the support structure by
removing the two screws at the lower left of the drive
support structure and the three nuts at the lower left.

11. Reassemble in the reverse order of disassembly.

3.7 Electronics Module

The Electronics Module is mounted to the Base Assembly with
four screws that are accessible when the Bezel/CRT Assembly
is removed from the unit. The module may be removed as a
complete assembly or individual parts, depending on which
parts troubleshooting procedures indicate may be faulty.
Contained on this assembly are six PCB assemblies (I/0
Processor PCB Assembly, Video/Keyboard Interface PCB
Assembly, Mother Board, 16-bit CPU, l6-bit Memory, and Power
Supply PCB), and the instrument cooling fan.
Interconnection of the I/0 Processor PCB and other
components is accomplished by the use of edge-card
connectors.

1. Remove the shield from the Power Supply Assembly by
removing the attaching screws and clips.

2. Disconnect the plug from the sound board at the left
front of the Base Assembly.

3. Disconnect the switched AC input (blue and brown wires)
from the terminal strip at the left rear of the Power
Supply Assembly. The wires going to the fan assembly
may be left connected as they are part of the
Electronics Module.

4. Remove the plug from connector J2 on the Video/Interface

PCB.

5. Remove the wiring (brown and blue twisted pair) from
clips on the front and right side of the electronics
chassis.

6. Unplug the ground wire connected from the front of the
Electronics Module to the Keyboard Assembly plug.

7. Disconnect the inline fuse to the Keyboard Assembly
plug.

- 14 -
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Figure 3-2. Electronics Module Assembly

- 15 -
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8. Disconnect the grounds from the two cables attached to
the video/Keyboard Interface PCB on the grounding lugs
of the RH Board Retainer.

9. Remove the PC Board Retainers (one on each side) that
secure the PCBs in the Mother Board assembly.

10. Disconnect the Bezel/CRT cable assembly connector and
the Keyboard cable connector from the Video/Keyboard
Interface Board.

11. Remove the boards from the Card Cage, making note of
their position for re-assembly. Boards must be
re-installed in the relative position listed below. The
lowest slot is position 1.

Relative Board Description Priority
Position

1 ARCNET 1 (lowest

position)

2 Hard Disk Interface 2

3 Multi-Terminal Interface 3

4 Graphics None

5 Video/Keyboard Interface None

6 512K Memory Board None

7 16-Bit CPU Board None

All the listed boards might not be included in all units.

12. Unplug P5 from the J8 connector on the RH side of the
Mother Board. Then remove the screws on the RH side of
the Card Cage, which mount the Card Cage to the
Electronics Module chassis.

13. Remove the four screws that hold the Card Cage Cover;
remove the Cover.

14, Remove the screws that hold the Chassis Rear Panel;
remove the Rear Panel.

15. Remove the three screws that hold the RH Card Cage
Panel. The middle screw will release the grounding lug
that goes to the CRT Monitor PCB.

16. Remove the three screws on the LH side of the chassis.
The middle screw will release the ground wire.

- 16 -
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17.

18.

19.

20.

21.

22.

23.

24.

Remove the Mother Board assembly from the Electronics
Module chassis.

Remove the Power Supply Assembly from the Electronics

Module chassis by removing two screws at the left and

right rear of the Power Supply and two screws at the
front vertical lip.

Disconnect plug P5 from J5 on the I/0O Processor PCB and
lift the Power Supply Assembly out of the way. The fan
and power connections to the disk drives should still be

attached. Pull the cable to the Sound PCB through the
hole in the chassis.

Unplug from the front of the I/0O Processor PCB the
connector and ground lug that go to the Reset
Switch/Indicator Assembly.

Remove the seven Phillips machine thread screws that

attach the I/0 Processor PCB to the Electronics Module
chassis (one attaches the ground lug at the front right
side of the chassis).

Note: Make sure that on reassembly the insulated
standoffs are inserted between the I/0 Processor
PCB and the metal chassis.

Slide the I/0 Processor PCB to the rear, exercising care
to prevent damage to board components, and remove it
from the bottom metal chassis bracket.

The three ribbon cable connectors may now be removed
from the board. Note the manner in which the cables are
routed to clear the connector for the Video/Keyboard
Interface PCB. Make sure that on reassembly this
routing is followed so that the connector (J0) on I/O
Processor PCB is clear.

Reassemble in the reverse order, making sure that all
cabling is clear and not pinched between any parts of
the metal chassis brackets.

- 17 -
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3.8 Keyboard

The Keyboard Assembly is a separate assembly that is
attached to the main computer unit by a five-wire cable
terminated in a DIN plug. A coiled cable assembly allows
the keyboard to be separated from the main computer unit by
up to three feet.

To disassemble the keyboard, proceed as follows:

1. Turn the keyboard upside down on a padded surface to
prevent damage to the keypads.

2. Remove from the underside of the assembly the seven
screws that tie the two halves of the keyboard together.

3. Hold the two halves together and turn them right-side
up.

4., Lift off the top cover.
5. Lift off the black keyboard bezel.

6. Disconnect the connector from the PCB and remove the
keyboard/PCB assembly from the keyboard base.

7. On reassembly, be sure that the pins on the keyboard/PCB
assembly are properly seated in the four mounting bosses
of the keyboard base before installing the top cover.

8. Reassemble in the reverse order of disassembly.
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4/ Adjustments

The only adjustments on the TANDY 6000/6000-HD Microcomputer
are associated with the Floppy Disk Drive Interface and are
required to be made only if disk drives are changed or
components have drifted due to aging. The adjustments are
located on the I/0 Processor PCB and in the standard unit
are not accessible without removing the card cage assembly.
It is not necessary to have the unit completely
interconnected in order to make these adjustments. The only
requirement is that power be supplied to the I/0 Processor
PCB. Follow the procedure noted below to achieve the
correct adjustments.

Exercise care in moving the cables that will run over the

components that require adjustment. Make sure that no
cables are pulled loose when gaining access for the
adjustments. (See Figure 4-1.)

1. Move the Video/Keyboard Interface PCB to the first
unused slot below the 16-bit CPU and Memory Boards, or
completely remove the PCB.

2., Turn power ON and engage the manual RESET on the front

panel. Move the jumper from the storage position
E31-E49 to the test position E30-E31l.

3. Connect a scope to test point TP9 (located on the right
side of the board looking from the rear of the unit) and
verify the presence of a square wave pulse train.

4. Connect a frequency counter to TP9 and adjust Cé61l
(located in the middle of the board just to the left of
jumper installed in Step 2) for a frequency of 265 KHz,
if less than 60 seconds has elapsed since power was
turned on. If more than 60 seconds has elaspsed since

power was applied, wait at least eight minutes and
adjust to 255 KHz.

5. Hard disk alignment is covered in the Appendix C Hard
Disk Assembly (OEM Operating and Service Manual)

6. Connect the scope lead to test point TP1l0 (located just
to the right of TP9 looking from the rear of the unit).
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Figure 4-1. Adjustments




Service Manual TANDY 6000/6000~-HD
TANDY COMPUTER PRODUCTS

7. Adjust R50 (located just to the right of C61l looking
from the rear of the unit) for a positive pulse width of
200 nanoseconds.

8. Connect the scope lead to test point TP8 (located just
to the left of TP9 looking from the rear of the unit).

9. Adjust R51 (located just to the right of R50 looking
from the rear of the unit) for a positive pulse width of
500 nanoseconds.

10. Remove the jumper installed between points E30 and E31l
and reposition it between points E31 and E49.

11. Turn power OFF and ensure that all components of the
TANDY 6000/6000-HD are electrically interconnected
properly. It is not necessary at this time to
mechanically reassemble the unit.

12, Turn the power ON. Re-install video Board, if removed
in step 1.

13. When the screen shows "INSERT DISKETTE", insert the test
floppy diskette and boot up the system.

14, Run the following test to verify adjustments:

DISKDG8 (You will need one or two blank double-sided
diskettes to run this rest.)

15. If the test is completed correctly, reassemble the TANDY
6000/6000-HD mechanical components in the reverse order

of disassembly noted at the first part of this procedure
or reinstall the cards removed.

To verify complete operation of the TANDY 6000/6000-HD, run
the following tests:

SYSTEM (need serial loop-back and PRINTER~FDC EXT TEST
cable)

MEM II

DISKDG8 (One double-sided diskette per drive is
required.)

HQII/HDREL (hard drive diagnostics)
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5/ Cabling Diagrams/Pin Designations

Contained in this section is a cable block diagram of the
TANDY 6000/6000-HD System, and pin designations of all the
connectors of the TANDY 6000/6000-HD. The Video/Keyboard
Interface PCB plugs into the Mother Board. The Mother Board
plugs into the Main Logic PCB at connector J0. All other
connections are cable connectors that plug into receptacles
on the various boards of the system.

[

External
AC Inputqpiskette +5V
Drives
Fl1, 1A
#6000888 $#6000879
T_JIlJ g a4

CRT PCB y

Video/Keyboard

Interface PCB Keyboard

E— TTTTTTTUTTIT

£ B

HD WT'FC BOAR;1
1

O — Motherboard
i W o
i
#6000878 !
A1 1
Internal J4 ! Rear Terminal
Diskettell IEE} 30 —— Plate
! N Main Logic #600876 f- Serial
PCB J1] | -
. N —s
AC Js I7 J2l :
I S o | F canen |
nput Parallel Printer
H—TopfjPover 1< #6000887 ! —
N—etg{Supply 6000880 $6000877 |
G d I
Sound I
PCB
FAN
Note: Position shown above does not indicate

Figure 5-1.

physical location on board.

See Figure 5-2.

Cable Interconnection Layout
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6008 145)
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TO MAIN BOARD

BUS CABLE
8709390
(6000894)

GE

BUS CABLE
8709389
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Figure 5-2. Cable Wiring/Cable Location -
Floppy Disk Drives Version 1
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GROUND CABLE
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(6000899)
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Figure 5-3. Cable Wiring/Cable Location -
Hard Disk Drives Version 1

- 27

»

\f FAN POWER CORD
8709580
(6008145)

8709518
(6008108)
TO CARD CAGE

N

GROUND CABLE |
8709304
(6000860)

SOUND HARNESS
8709374

(6000887)
TO MAIN BOARD

POWER SWITCH

N

\§§;\

z |
DC HARNESS <
RS

SERIAL 1/0 CABLE
8709345 (6000876)
TO MAIN BOARD
PARALLEL 1/0 CABLE

8709344 (6000877)
TO MAIN BOARD

\\ ' > l‘ | (6000894)

8709389
(6000893)

<
S HDC CABLE
o 8709490
\ \\\ (6008085)
- HDC CABLE
\ R 8709489
. (6008086)
,{ ; AC HARNESS
i fi (!

GROUND CABLE -
8709488 -
» FDC CABLE
_ (6008089) ~ vooasL
(6008137)
" TO MAIN BOARD

=<-RESET SWITCH HARNESS
8709395 (6000886)

FAN WITH CABLE

KEYBOARD INTERFACE HARNESS

8709402 (6000879) POWER SUPPLY PCB

FROM POWER SWITCH

AC HARNESS (PARTIAL)



Service Manual TANDY 6000/6000-HD
TANDY COMPUTER PRODUCTS

500K OHM

GROUND CABLE
8709383 500 OHM
(6000899)
DC HARNESS
X, ,GROUND CABLE
e SN
p. “i\; , 8709304

VIDEO HARNESS
8709360
(6000888)
y

VIDEO/KEYBOARD
INTERFACE PCB

V7
gey T\I (6000860)

L
SN ) \//\
P vt AC HARNESS
\//’ { ;3 Y ',4521

1A - 1
gE\éJET SWITCH HARNESS
N ,/// 8709395 (6000886)

DC HARNESS

TO MAIN BOARD : o KEYBOARD INTERFACE HARNESS

e 8709402 (6000879)

DC HARNESS
8709346

(6000880) ) j:|,
COOLING FANS \ X
POWER CORDS -~ U\J

SOUND HARNESS

8709374
(6000887) FROM POWER SWITCH

TO MAIN BOARD

POWER SWITCH

Figure 5-4. Cable Wiring/Cable Location -
Floppy Disk Drives Version 2
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Cable Assembly 8000876, RS-232 Serial Interface

Main PCB Connector P1l/J1 Rear Input Channel A
Pin Name Description Pin Number
1 GND Power Ground 1
2 - No Connection 14
3 TDCA Transmit Data, Channel A 2
4 TSET Transmit S.E.T. 15
5 RDCA Received Data, Channel A 3
6 - No Connection 16
7 RTSA Request to Send, Channel A 4
8 RCLKA Receiver Clock, Channel A 17
9 CTSA Clear To Send, Channel A 5
10 - No Connection 18
11 DSRA Data Set Ready, Channel A 6
12 - No Connection 19
13 GND Power Ground 7
14 DTRA Data Terminal Ready, Channel A 20
15 CDETA Carrier Detect, Channel A 8
16-21 No Connection
22 TCLKA Transmit Clock, Channel A 24
23 No Connection 12
24 No Connection 25
25 - GND 13
Rear Input Channel B
26 GND Power Ground 1
27 - No Connection 14
28 TDCB Transmit Data, Channel B 2
29 - No Connection 15
30 RDCB Received Data, Channel B 3
31 - No Connection 16
32 RTSB Request to Send, Channel B 4
33 RTCLKB Rec/Transmit Clock, Channel B 17
34 CTSB Clear To Send, Channel B 5
35 DSRB Data Set Ready, Channel B 18
36 - No Connection 6
37 GND Ground 19
38 GND Power Ground 7
39 DTRB Data Terminal Ready, Channel B 20
40 CDETB Carrier Detect, Channel B 8
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Amp b= Channel A
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Figure 5-6. RS-232 Serial Interface Cable
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= — BT
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Parallel Printer
on Rear Terminal Plate

Line Printer/Parallel Output Cable

16 18 20 22 24 26 28 30 32 34
e o o 8 o o 0 s e

o o 6 60 0 8 8
T3 538 Nifadsay v MmN D

2 4 6 8 10 12 14
e e o o o o o

q

- 34 -



Service Manual TANDY 6000/6000-HD

TANDY COMPUTER PRODUCTS

Cable Assembly 6000877, Line Printer/Parallel OQutput

Wiring for this cable is pin to pin from one connector to
the other.

Main PCB P2/J2 to Rear Input Line Printer

Pin Signal Description

1 PSTB Data Strobe

2 GND Power Ground

3 PDATO Data Bit 0 to Printer
4 GND Power Ground

5 PDAT1 Data Bit 1 to Printer
6 GND Power Ground

7 PDAT2 Data Bit 2 to Printer
8 GND Power Ground

9 PDAT3 Data Bit 3 to Printer
10 GND Power Ground

11 PDAT4 Data Bit 4 to Printer
12 GND Power Ground

13 PDATS Data Bit 5 to Printer
14 GND Power Ground

15 PDAT6 Data Bit 6 to Printer
16 GND Power Ground

17 PDAT7 Data Bit 7 to Printer
18 GND Power Ground

19 PACK¥* Printer Data Acknowledge
20 GND Power Ground

21 BUSY Printer Busy

22 GND Power Ground

23 PE Paper Empty

24 GND Power Ground

25 PSEL Printer Selected

26 PRIME Printer Reset

27 GND Power Ground

28 FAULT Printer Fault

29 - No Connection

30 - No Connection

31 GND Power Ground

32 - No Connection

33 GND Power Ground

34 - No Connection
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Cable Assembly 6000878, FDC to Internal Drive

Wiring is pin to pin from one connector to the other.

Pin Name

2 LOCURI *
4,6,8 -

10 TWOSIDI*
12 DSKCHGI*
14 SDSELI*
16 -

18 HLDI*

20 IPI

22 READYI
24 -

26 DSOI*
28 DS1I*
30 DS2E*
32 DS3E*
34 DIRI*
36 STEP1*
38 WDI*

40 WGI*

42 TRKOI*
44 WPRTI*
46 RDI*
48,50 -

Description

Reduced Write Current

No Connection

Two Sided Diskette Installed
Drive Door Opened Since Last Select
Side Select;low=side 0, high=side 1
No Connection

Head Load

Index Pulse

Drive Ready

No Connection

Drive Select Zero (Internal)
Drive Select One (Internal)
Drive Select Two (External)
Drive Select Three (External)
Step Direction

Step Head One Track

Write Data

Write Gate

Track Zero Indication

Write Protected Diskette
Read Data

No Connection

*Tnverted or active low. Power Grounds on odd terminals.

Internal Internal Main Logic PCB
Drive 0 Drive 1 P3/J33
50\ﬂ

AMP #499563-1

L
N

|| |

Figure 5-8. FDC to Internal Drive Cable
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Cable Assembly 6000879, video/Keyboard PCB to Keyboard

Pin Name Description Pin
1 DATA Data from Keyboard 1
2 - No Connection -
3 CLOCK Clock From Keyboard 2
4 BUSY Busy to Keyboard 3
- +5 Volt 4
5 - No Connection -
6 GND System Ground 5
1
5 kEY Fl1, 1A
3 ( 2 3 =
4 To Pl, pin 8
5 -NC TN 3 1 on Power Supply
6

TC#4421001198
with 1 A fuse

AMP #350536:5‘\\\\\

Molex #22-01-3067
Contact #08-50-0114
Key #15-04-9209

el
SN

Chuomusen #05-730N-00
AMP #42400-2

Figure 5-9. Video/Keyboard PCB to Keyboard Cable
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Cable Assembly 6000880, DC Power to System

This cable supplies DC power from the Power Supply to the

Disk Drives, the CRT Monitor PCB,
also supplies +5 volts (at pin 8)

and the Mother Board. It
to the Keyboard via the

keyboard connector on the front panel of the Base Assembly.

This voltage is fused by a 1 ampere fuse.

All wires in the

cable assembly are 18 gage except pins 9, 11, and 12, which
are 16 gage (+5 volt supply to Disk Drives and Mother Board.

P2
1
2
To Power 3
Supply J2 — g
Pl 6
-12v |1
-12v | 2
GND | 3 P3
GND | 4 1
GND | 5 2
GND | 6 3
GND | 7 <
+5V | 8 ] g
+5V |9 6
GND |10
+5V |11
+5V |12 P4
+24V |13 1
+12V |14 2
4
5
6
*Unregulated
P5
1
2

Figure 5-10 DC Power Cable

To Disk
Drive 0

To Disk
Drive 1

To mother
board PCB

To CRT PCB
P2
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Cable Assembly 6000885, AC Input

This cable assembly provides switched AC input from the Rear
Connector Panel/Fan Support of the TANDY 6000/6000-HD to the
Power Supply Assembly. A terminal junction in the circuit
after the switch also supplies power to the cooling fan
mounted on the Rear Connector Panel/Fan Support. Input
wiring is grounded through this cable by a terminal at the
Rear Connector Panel. The AC wiring from the Rear Connector
Panel is twisted to minimize the effect of magnetic fields.

The terminal strip junction (TBl) is mounted at the left
side of the Power Supply on the mounting bracket.

Rear Terminal

Plate 51 TB1 To Power Supply
L FERN o I ;8‘ 1L~ BRN[,
GNDfR : 30 >< NC| 2
BLU
N \J</’1r 40 W, — 1

Figure 5-11. AC Input Cable
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Cable Assembly 6000887, I/O Processor Board to Sound Board

This cable assembly interconnects the I/0 Processor PCB to
the Sound Board located at the left front corner of the Base
Assembly. The cable is symmetrical and may be connected at
either end to the Sound Board.

Pl P2
Control

1 1

2 +12VDC 2

3 3

4 4

5 GND 5

Figure 5-12. 1I/0 Processor Board to Sound Board Cable
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Harness Assembly 6000888, Video

The Video Harness contains the wiring that supplies +12
volts to the Video Monitor Assembly, wiring to the
brightness and contrast controls mounted on the Base
Assembly, and control circuitry from the Video/Keyboard
Interface PCB.

Pl - CRT PC Board P3 |1 2 3 456
P2 - To DC Harness

P3 - To Video/Keyboard Interface PCB
P4 - To 500K ohm Brightness Pot

P5 - To 500 ohm Contrast Pot

()
<7

7N\
\[

Solder Point

~¢

7\

Ground | ”g
Raw Video
Bright W.
Bright L.

+12V Out

Hor. Sync.

+12V In

DC Control

Vert.Sync.

Gnd

HoouoaaulpswiNhH | o
H

o

Figure 5-13. Video Cable
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Harness Assembly 6008046, Fan Power

The Fan Harness consists of a twisted pair that picks up AC
power at the terminal strip on the Power Supply Assembly.
It is controlled by the ON-OFF switch located at the left
underside lip of the TANDY 6000/6000-HD Base Assembly.
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I/0 Processor Board J0, and all Mother

This connector accepts the Motherboard Assembly.

68INTRQ
USER1
GND
GND
+12V
+12V
GND
GND
+5V
+5V
INTRQ*
NMIRQ*
IEIN
IEOUT
BAKIN¥*
BAKOUT *
BUSRQ*
SYNC*
RD*
WR*
MEMCYC *
IOCYC*
AOO*
AQl*
AQ2*
AQ3*
AQ4*
AQ5*
A06*
AQ07*
AO8*
AQ9*
AlO*
All*
Al2*
Al3*
Al4*
Al5%*
RES
DISRO*

User Definable
Power Ground
Power Ground

Positive 12 Volt Power
Positive 12 Volt Power

Power Ground
Power Ground

Positive 5 Volt Power
Positive 5 Volt Power
Maskable Interrupt Request (in)

Non—-Maskable Interrupt Request

Interrupt Enable In (in)
Interrupt Enable Out (out)

Bus Acknowledge In (in)
Bus Acknowledge Out

Bus Request (in)

Z-80 M1l (indicates Op-Code Fetch)
Read In Progress
Write In Progress
Z-80 MEMRQ (Memory Cycle In Progress)
Z-80 IORQ (I/O Cycle In Progress)

Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address
Address

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

OO WNHHO

15

(out)

Inverted
Inverted
Inverted
Inverted
Inverted
Inverted
Inverted
Inverted
Inverted
Inverted

(out)

Inverted
Inverted
Inverted
Inverted
Inverted
Inverted

(out)

(out)
(out)
(out)
(out)
(out)
(out)
(out)
(out)
(out)
(out)
(out)
(out)
(out)
(out)
(out)
(out)

Reserved for System Expansion
Disable RAM Output (in)

(in)

(out)

(out)
(out)
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Pin Designations, I/0 Processor Board J0, and all Mother
Board Connector Positions

(con't)

Pin Signal Description

41 XFERRQ DMA Transfer Request (in)

42 KBIRQ* Keyboard Interrupt Request (in)

43 SELECT* Keyboard Selected (out)

44 CLOCK 4MHz System Clock (out)

45 REFRSH* Z-80 RAM Refresh Signal (out)

46 8MHz Times Two System Clock (out)

47 RTC Real Time Clock Heart Beat (30 or 60Hz) (out)
48 WAIT* Z-80 Wait Request (in)

49 GND Power Ground

50 GND Power Ground

51 DATO* Data Bit 0 Inverted (input/output)

52 DAT1* Data Bit 1 Inverted (input/output)

53 DAT2* Data Bit 2 Inverted (input/output)

54 DAT3* Data Bit 3 Inverted (input/output)

55 DAT4* Data Bit 4 Inverted (input/output)

56 DATS Data Bit 5 Inverted (input/output)

57 DAT6 * Data Bit 6 Inverted (input/output)

58 DAT7* Data Bit 7 Inverted (input/output)

59 DAT8* Data Bit 8 Reserved for System Expansion
60 DATO9* Data Bit 9 Reserved for System Expansion
61 DATI10 Data Bit 10 Reserved for System Expansion
62 DAT11* Data Bit 11 Reserved for System Expansion
63 DAT12* Data Bit 12 Reserved for System Expansion
64 DAT13* Data Bit 13 Reserved for System Expansion
65 DAT14%* Data Bit 14 Reserved for System Expansion
66 DAT15* Data Bit 15 Reserved for System Expansion
67 RESET* System Reset (out)

68 HALT* Z-80 Halt Indication (out)

69 GND Power Ground

70 GND Power Ground

71 +5V Positive 5 Volt Power

72 +5V Positive 5 Volt Power

73 GND Power Ground

74 GND Power Ground

75 -12v Negative 12 Volt Power

76 -12v Negative 12 Volt Power

77 +12v Positive 12 Volt Power

78 +12v Positive 12 Volt Power

79 GND Power Ground

80 GND Power Ground
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Pin Designations, I/0 Processor Board Jl

Pin Signal Description

1 BD1* Data Bit 1 Inverted (input/output)

2 BDO* Data Bit 0 Inverted (input/output)

3 BD3* Data Bit 3 Inverted (input/output)

4 BD2* Data Bit 2 Inverted (input/output)

5 BD5* Data Bit 5 Inverted (input/output)

6 BD4* Data Bit 4 Inverted (input/output)

7 BD7* Data Bit 7 Inverted (input/output)

8 BD6* Data Bit 6 Inverted (input/output)

9 BD9* Data Bit 9 Inverted (input/output)

10 BD8* Data Bit 8 Inverted (input/output)

11 BD1l1l* Data Bit 1l Inverted (input/output)
12 BD10O* Data Bit 10 Inverted (input/output)
13 BD13* Data Bit 13 Inverted (input/output)
14 BD12* Data Bit 12 Inverted (input/output)
15 BD15* Data Bit 15 Inverted (input/output)
16 BD14* Data Bit 14 Inverted (input/output)
17 GND Signal Ground

18 GND Signal Ground

19 GND Signal Ground

20 BAS* Bus Address Strobe

21 BUDS * Bus Upper Data Strobe

22 BLDS* Bus Lower Data Strobe

23 GND Signal Ground

24 BR/W* Bus Read/Write Signal

25 BDTACK* Bus Data Transfer Acknowledge

26 GND Signal Ground

27 GND Signal Ground

28 BAl¥* Address Bit 1 Inverted (output)

29 BA3* Address Bit 3 Inverted (output)

30 BA2* Address Bit 2 Inverted (output)

31 BA5* Address Bit 5 Inverted (output)

32 BA4* Address Bit 4 Inverted (output)

33 BAT7¥* Address Bit 7 Inverted (output)

34 BA6* Address Bit 6 Inverted (output)

35 BAO* Address Bit 9 Inverted (output)

36 BA8* Address Bit 8 Inverted (output)

37 BAll* Address Bit 11 Inverted (output)

38 BAlO* Address Bit 10 Inverted (output)

39 BAl3%* Address Bit 13 Inverted (output)

40 BAl2* Address Bit 12 Inverted (output)

41 BAl5* Address Bit 15 Inverted (output)

42 BAl4* Address Bit 14 Inverted (output)

43 BAl7* Address Bit 17 Inverted (output)

44 BAl6* Address Bit 16 Inverted (output)

45 BA19* Address Bit 19 Inverted (output)

46 BAl8* Address Bit 18 Inverted (output)

47 BA21* Address Bit 21 Inverted (output)
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BA20*
BA23*
BA22*

Address Bit 20 Inverted (output)
Address Bit 23 Inverted (output)
Address Bit 22 Inverted (output)

Pin Designations, I/0 Processor Board J2

Pin Signal Description

1 BVMA* Bus Valid Memory Address
2 GND Signal Ground

3 BE Bus 6800 Peripheral Enable
4 VPA* Valid peripheral Address
5 GND Signal Ground

6 BRESET* Bus 68000 System Reset

7 HALT* 68000 Halt Signal

8 BERR* Bus Error Signal

9 GND Signal Ground

10 PCLOCK 68000 Processor Clock

11 GND Signal Ground

12 BINTAK* Bus Interrupt Acknowledge
13 GND Signal Ground

14 BRO* Bus Request Level 0

15 BGO* Bus Grant Level 0O

16 BR1* Bus Request Level 1

17 BGl* Bus Grant Level 1

18 BR2* Bus Request Level 2

19 BG2* Bus Grant Level 2

20 RES Reserved

21 RES Reserved

22 GND Signal Ground

23 GND Signal Ground

24 IRQ8* Interrupt Request Level 8
25 IRQ7* Interrupt Request Level 7
26 IRQ6* Interrupt Request Level 6
27 IRQS* Interrupt Request Level 5
28 IRQ4* Interrupt Request Level 4(Parity Error Int.)
29 IRQ3* Interrupt Request Level 3
30 IRQ2* Interrupt Request Level 2
31 IRQ1* Interrupt Request Level 1
32 BREFRESH* Bus 68000 Memory Refresh
33 BERR* Bus Error Signal

34 GND Signal Ground

Pin Designations, I/0 Processor Board J4

Pin designations for this connector are the same as those
for cable assembly 6000878 except for the Name designations.
All references to I become E for this connector.

Example:

LOCURI* is now LOCURE¥*
TWOSIDI* is now TWOSIDE*, etc.
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6/ Troubleshooting Procedures
6.1 TANDY 6000/6000-HD I/O Processor System

This section of the manual will guide service personnel
through the system checkout procedure. The troubleshooting
steps are organized in a flowchart manner. Following these
steps will guide you to the faulty component or components.
This procedure is intended to isolate only to the field
replaceable units such as the power supply, i/o processor
board, socketed ICs, etc. The following sections describe
the theory of operation and troubleshootng for the I/0
Processor System. The 16-bit CPU and Memory Boards are
covered in section 6.2.

6.1.1 Setup

First, disconnect the unit from the AC power source. Next,
separate the Top Cover Assembly from the Base Assembly. See
Section 3 for complete instructions on disassembly. Verify
the monitor remains electrically connected to the
Video/Keyboard PCB and the Power Supply. Verify there are
no disk(s) inserted in the drive(s). Verify that the power
switch on the underside of the left lip of the Base assembly
is OFF, then connect the unit to the AC source and continue.

6.1.2 Power-on Diagnostics

When the power switch on the TANDY 6000/6000-HD is turned
ON, the microprocessor starts executing the program in the
BOOTSTRAP ROM. This program is divided into several
sections that are executed in order if the previous section
passed. These diagnostics are of a stair-step nature in
that individual functions are tested before being put
together to perform the complete task. This will be
detailed in the following paragraphs.

1. Power ON. System RESET furnished by the hardware is
applied. This causes the 7Z80 to begin executing program
code from the BOOTSTRAP ROM at address 0000H.

2. The initialization of the system begins by disabling
interrupts and deselecting all RAM memory but Page 0.

3. Initialize CRTC (CRT Controller). Specify horizontal
sync, vertical sync, enable video, select 80 character
mode, white-out the entire screen.
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4, Check ROM integrity by calculating checksum and
comparing it against a value in the ROM. If it matches,
continue. If there is a mismatch, the unit will print
"BOOT ERROR CK" and stop.

5. Check integrity of Z80 registers by passing a specific
bit pattern from register to register. If it passes
unchanged, continue. If different, unit will print
"BOOT ERROR Z8" and stop.

6. Check lower RAM (1000H to 7000H, i.e, above ROM) by
reading a memory location, complement the data and write
back into memory, compare memory with accumulator and
then return memory location to original contents.

7. Flush the KEYBOARD of any/all extraneous characters due
to power-up.

8. 1Initialize the HARD DISK (if available) and FLOPPY DISK
systems. Software reset the controllers, seek track 5,
then issue "restore" commands (set heads to track 0).

Now, the system is ready to boot the operating system. The
floppy disk controller is set to single density recording
mode. If the system is to boot from the FLOPPY DISK, the
words "INSERT DISKETTE" are printed in the middle of the
all-white screen. When a diskette is inserted and the drive
latch closed, the system begins to boot, indicated by a
"blank" screen with a blinking cursor in the middle.

The floppy disk drive controller commands the head to move
to Track 0. After a 3 second wait, a status is taken.

1, If the drive status is "busy", "not track 0", or "seek
error", the message "BOOT ERROR DC" is displayed on the
screen.

2. 1If the drive status is "not ready", the message "BOOT
ERROR DO" is displayed.
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If everything is in order, then the controller is directed
to read data from track 0 and place it in the RAM .

1. If a "record" is not found (no properly formatted data

was readable from disk), the message "BOOT ERROR TK" is
displayed.

2. 1If all the records are not found, the message "BOOT
ERROR LD" - lost data - 1is displayed.

3. If a CRC error occurs, the data from the floppy disk was

read incorrectly and the message "BOOT ERROR SC" is
displayed.

After the data is successfully loaded into RAM, then:

4. The data strings "BOOT" and "DIAG" are looked for. If
both are found, the process continues. If these strings
are not found, the screen will display the message "BOOT
ERROR RS" - Not a Radio Shack diskette.

The data read in from the disk is a "diagnostic" routine
that tests the DMA, PIO functions and the RAM memory. (This
is all that is required to load the operating system using a
polled, non-interrupt method).  The memory is tested from
2000H up to FFFFH. This is to determine if the system
memory size is 32k or 64k and operational. The following
error messages can occur:

. "BOOT ERROR DM" - DMA failed.
"BOOT ERROR PI" - PIO failed.
"BOOT ERROR LM" lower memory failed.
"BOOT ERROR HM" - higher memory failed.

o w o
.

Now if at least 32k of memory was found ok (i.e. memory
errors occurred on a word boundary and above address 8000H),
the message "32K MEMORY" is displayed in the center of the
screen. If all 64K of memory responds, the message "64K
MEMORY" is displayed. Either of these messages indicates
the diagnostic has passed.

Next, the message "LOADING" or "INITIALIZING" is displayed
in the upper left corner of the screen indicating that a
"loader" routine is being read in to load the operating
system.

A word of caution. If the 0S is TRSDOS 4.0 or later, then
an extra 16K of memory above 64K is required but not tested
for. As a result, if this memory
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does not exist or is bad, the loading process may not be
completed and no error messages will be displayed. The
machine "hangs up" with "LOADING" message in the upper left
corner of the CRT. The extra memory required for the 4.X
operating system will be a 16K byte segment of Z80 memory
or the 16-bit CPU's memory.

A complete listing of the possible error messages that can
occur is tabulated below.

Hard Disk Errors

HT Timeout waiting for ready
HC CRC error - data

HI CRC error - 1ID

HN ID not found

HA Aborted command

HO Track 0 error

HM Data Address mark not found
HD Any other error

Floppy Disk Errors

DC FDC or drive error - busy not reset
DO Drive not ready

SC CRC error

TK Record not found reading track O

LD Lost data on read from floppy

RS Not Radio Shack format disk

Other Errors

CK Bad ROM checksum

78 CPU failure

MF RAM failure

ML 01 Low RAM failure (0-3FF)
MH 02 High RAM failure

DM 03 DMA data failure

DM 13 DMA - No interrupt

DM 23 DMA - Extra interrupt
PI 04 PIO data failure

PI 14 PIO - No interrupt

PI 24 PIO - Extra interrupt
CT 05 CTC - No interrupt ch 0
CT 15 CTC - No interrupt ch 1
CT 25 CTC - No interrupt ch 2
CT 45 CTC - Extra interrupt
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TEST PROCEDURES

The following is a list of software routines that will
thoroughly test the I/0 Processor system.

1. SYSTEM - Version dated 11/29/1982, Tests SIO (serial
channels A, B), PIO (printer I/F, external floppy I/F),
DMA and Z80 interrupts and bus structure. Special
loopback test cables required.

2. MEMII - Version 1.3. Video refresh RAM, Shadow ROM
checksum, Checkerboard, Modified address and Coincidence
RAM tests and Bank Select Tests.

3. DISKDG8 - Thinline floppy drive tests.

4, DOVIDAL - Video alignment and centering test.
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6.2 TANDY 6000/6000-HD CPU and 512K/1 Meg Memory Board

In order to isolate trouble in the TANDY 6000/6000-HD
boards, run all current Model II diagnostics.

failures are detected,
Reference Manual.

If any

refer to the Model II Technical
If the TANDY 6000/6000-HD boards are

suspected as being at fault, remove the TANDY 6000/6000-HD
CPU and memory boards and rerun the Model II diagnostics to

verify the problem area.

If it is determined that the problem area is in the TANDY
6000/6000-HD MC68000 CPU or 512K/1 Meg Memory Board, use the
following troubleshooting chart for locating the trouble.

Run

Possible
Fault

Recommended
Action

6000/6000HD Mem-
ory Test (uses
Z80A to test
memory)

Test locked-up

interface
circuit

Z80A to 68000

Check inter-
face controller
U36 and select
logic

Bus arbitration
circuit con-
troller U6

Check latch
U7 and bus
arbitrator

Check all
logic in re-
fresh circuit

Bad RAM
reported

Calculate and
replace bad
RAM ICs

Bad RAM
reported

Z80A to MC68000
interface
circuit

Check all logic
in interface
circuit

- — i —— — ———— — ———— —— o ——— o —————————————— o — A — 7 —— —— — ——— i — — o — — —— ——

Bad RAM
reported

Refer to Trouble
Shooting the

TANDY 6000/6000-
HD Memory Board

Refer to Trouble
Shooting the

TANDY 6000/6000-
HD Memory Board
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Possible
Fault

Recommended
Action

Interrupt
circuit

Check interrupt
controller U115,
ICs U34,40,26.

Check clock
circuit

Interrupt
circuit

Check interrupt
controller U15
and all hardware
interrupt inputs
into U1l5

Check clock
circuit

Interrupt
controller

Replace
interrupt con-
troller U15

Interrupt
circuit

Check for
shorts on in-
terrupt input
lines.

Run

Diagnostics Condition

6000/6000-HD Test locked up

Interrupt on software in-

Test terrupt
Test locked up
hardware in-
terrupt
Software in-
terrupt received
was not inter-
rupted generated
Hardware in-
terrupt received
was not inter-
rupt generated

6000/6000-HD

OBERROR in user Offset/Limit

Offset/Limit range

Test

Check output
registers

address lines
for shorts

Protected memory
modified

Uls, U4l

Check listed

OBERROR not
generated

4-bit full
adders

ICs
Check U23,
U24, U38
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Run

Possible
Fault

Recommended
Action

6000/6000-HD
Offset Limit
Test

I/0 decoding
and strobes

Check I/0O and
strobe circuit

Run

6000/6000-HD

Possible Recommended
Condition Fault Action
Bad RAM Bad RAM Calculate and
reported replace bad

Memory Modi-
fied Address
Test

RAM ICs

Check buffers
U5 - U8

Check U3, U4
and U9 for Al7

Check U9 and
signal control
logic and
multiplexers
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7/ Theory of Operation

7.1 Mother Board

The mother board contains seven receptacles into which
optional boards for the TANDY 6000/6000-HD are plugged. The
connector receptacles are numbered from J1 through J7,
beginning at the bottom of the board. The power supply
input connector, P5, plugs into receptacle J8 at the RH side
of the board.

Also included on the mother board are capacitors C4-C9,
which serve to additionally filter the input voltage from
the power supply. Other resistors and capacitors located at
the top of the board serve as signal line terminators.
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J8
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J7
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J4
i3
J2
Jt
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Component Location, Mother Board 8897701
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TANDY 6000/6000-HD

Parts List, Mother Board, 8897701

Ref No. Description

—-—- PCB, Mother Board

Capacitors

Cl Capacitor, 0.1 uF, 50V, Mono Axial
Cc2 Capacitor, 0.1 uF, 50V, Mono Axial
C3 Capacitor, 0.1 uF, 50V, Mono Axial
Cc4 Capacitor, 470 uF, 16V, Elect, Axial
C5 Capacitor, 0.1 uF, 50V, Mono Axial
C6 Capacitor, 470 uF, 16V, Elect, Axial
Cc7 Capacitor, 0.1 uF, 50V, Mono Axial
C8 Capacitor, 470 uF, 16V, Elect, Axial
C9 Capacitor, 0.1 ufF, 50V, Mono Axial
Connectors

Jl Connector, 80-pin Card Edge

J2 Connector, 80-pin Card Edge

J3 Connector, 80-pin Card Edge

J4 Connector, 80-pin Card Edge

J5 Connector, 80-pin Card Edge

J6 Connector, 80-pin Card Edge

J7 Connector, 80-pin Card Edge

J8 Connector, 6-pin Power

Resistors

Rl Resistor, 4.7K ohm, 1/4 W, 5%

R2 Resistor, 4.7K ohm, 1/4 W, 5%

R3 Res. Network, 220/330 ohm, 10-pin, SIP
R4 Res. Network, 220/330 ohm, 10-pin, SIP
R5 Res. Network, 220/330 ohm, 8-pin, SIP
R6 Res. Network, 220/330 ohm, 8-pin, SIP
R7 Resistor, 4.7K ohm, 1/4 W, 5%

R8 Resistor, 4.7K ohm, 1/4 W, 5%

R9 Res. Network, 220/330 ohm, 8-pin, SIP
R10 Resistor, 4.7K ohm, 1/4 W, 5%

R11 Resistor, 4.7K ohm, 1/4 W, 5%

R12 Res. Network, 220/330 ohm, 10-pin, SIP

8709318

8374104
8374104
8374104
8317471
8374104
8317471
8374104
8317471
8374104

8519014A
8519014A
8519014A
8519014A
8519014A
8519014A
8519014A

8519015

8207247
8207247
8290019
8290019
8290019
8290019
8207247
8207247
8290019
8207247
8207247
8290019
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7.2 MC68000 CPU Board

The theory of operation for the MC68000 board has been
divided into several major sections, each corresponding to a
logical unit of LSI, MSI, and SSI parts on the CPU board.
They are as follows:

7.2.1 Central Processing Unit (CPU)

7.2.2 Interrupt Logic

7.2.3 Z80A to MC68000 Memory Interface Circuitry
7.2.4 Memory Management Circuitry

7.2.5 Bus Arbitration Logic

7.2.6 Data Transfer Acknowledge Logic

7.2.7 MC68000 I/0 Decoding and Strobes

7.2.8 Clock Logic

7.2.9 Refresh Logic

7.2.10 Bus Error Logic

Note: The terms "assertion" and "negation" are used to
avoid confusion when talking about active-high or active-low
signals. "Assert" or "assertion" is used to indicate a true
or active state, regardless of its high or low potential.
"Negate" or "negation" indicates a false or inactive state.

7.2.1 Central Processing Unit (CPU)

The TANDY 6000/6000-HD CPU board uses the Motorola MC68000,
which contains 16 data lines, 23 address lines, and 20
control lines.

1. Data Lines

The data lines (KDO-KD1l5) are interfaced to the bus via
transceivers Ul2 and U1l3 (AMD 8303s). When high, the CD
control line (pin 9) on the transceivers tri-states the data
bus. This signal is driven by Bus Grant Acknowledge
(BGACK) , which indicates that a device other than the
MC68000 CPU is bus master.

The T/R* control line (pin 11 on the 8303) controls the
direction the transceiver is pointing and is driven by Data
Bus Transmit/Receive (DBTR). (See sheet 2 of the CPU
schematic.) The active-low output DBTR from U9 pin 13
enables the data receivers during an off-board interrupt
acknowledge sequence (INTAKL6*) or during a read from
external memory.
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The active-high state of DBTR enables the data drivers. It
follows, therefore, that the data receivers are disabled
when:

A read or write is in progress from the Interrupt
Controller chip (INTCS¥*)

A board interrupt acknowledge sequence is in progress
(PRIORINTAK?*)

A write to external memory (R/W*) occurs

It should be noted that the CD control line overrides the
T/R* control line, and that both drivers and receivers are
disabled (tri-stated) if BGACK is asserted.

2. Address Lines

The MC68000 address lines are interfaced to the address bus
via tranceivers Ull, U28, and U30, which are the same type
used for the data lines. The CD control line ON Ull AND U28
is connected directly to ground, which always enables
address lines KAl-KAll, and KA20-KA23 to the address bus
unless BGACK* is active. The CD Input of U30 is controlled
by MMA which indicates if the MC68000 is in supervisor or
user mode. If it is in supervisor mode U30 is enabled and
KAl12-KAl9 is enabled to BAl2-BAl9. If it is in the user mode
U30 is disabled and BAl12-BAl9 is driven by the Memory
Management Circuitry. Refer to section 7.2.4. The direction
control line (T/R*) is switched by BGACK*, which indicates
who has bus mastership. If the MC68000 CPU is bus master,
then BGACK* is negated and the address lines are driven onto
the bus. If an external device is bus master, BGACK?* will
be asserted and the address contained on the bus will be
gated onto the CPU address lines.

The CPU control lines may be divided into six major groups.
These are: '

Memory Access Control Lines

Bus Arbitration Lines

Interrupt Priority Lines

Function Code Lines

MC68000 Peripheral Interface Lines
System Control Lines

Memory Access Control Lines

The memory access control lines include Address Strobe
(AS*), Lower Data Strobe (LDS*), Upper Data Strobe (UDS¥*),
Read/Write (R/W*), and Data Transfer Acknowledge (DTACK*).
AS* indicates there is a valid address on the address lines
of the MC68000 CPU and it is connected directly to the
MC68000 subsystem devices.
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The Bus AS* (BAS*) is a delayed AS* which is required to
allow the extra time needed for address checking of the
memory management unit. AS* is delayed through 4 74F32s to
generate GAS*, which is interfaced to the bus by Ul4.

LDS*, UDS*, and R/W* are directly interfaced to the bus
using a non-inverting buffer Ul4 (ALS244). The enable inputs
are controlled by BGACK, which will disable (tri-state) the
drivers when an external device is bus master.

LDS* indicates that data bits BD0-BD7 are being accessed,
and UDS* indicates that data bits BD8-BD15 are being
accessed. 1If both are asserted at the same time, all 16
data bits are accessed. R/W* indicates whether the data bus
transfer is a read or write cycle. An active high indicates
a read cycle and an active low indicates a write.

Data Transfer Acknowledge (DTACK*) is the asynchronous
handshake signal used by memory and peripheral devices to
indicate to the MC68000 that a bus cycle has been completed.
DTACK* is connected directly to the bus and becomes BDTACK*.
For more details, see Paragraph 7.2.6 Data Transfer
Acknowledge Logic.

Bus Arbitration Lines

The bus arbitration lines consist of Bus Request (BR*), Bus
Grant (BG*), and Bus Grant Acknowledge (BGACK*). BR* and
BGACK* are inputs to the MC68000 CPU and BG* is an output.
These signals are used to determine which device will be the
next bus master.

All three signals connect with the bus arbitration
controller chip U6. This chip interfaces with the bus to
provide four levels of bus requests and grants. For
details, see Paragraph 7.2.5 Bus Arbitration Logic.

Interrupt Priority Lines

The Interrupt Priority Lines (IPLO*-IPL2*) are CPU inputs
that indicate the encoded priority of the
interrupt-requesting device. The highest priority is Level
7. Level 0 indicates that interrupts are not requested.
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IPL1* is pulled high and IPLO*, IPL2* are tied together
which only allows level 5 to be active.

For more details on interrupt operation, see Paragraph 7.2.2
Interrupt Logic.

Function Code Lines

Function Code Lines (FCO, FCl, and FC2) are outputs from the
processor chip that feed a 3-to-8 decoder (U34). U34 is
used to detect accesses to User Space (either code or data)
or to decode the Interrupt Acknowledge sequence (INTAK*).

Bus grant acknowledge (BGACK) disables the decorder to
prevent the memory management unit from providing the memory
protect function during bus cycles under external control
(i.e,, 780A, CPU, or DMA transfers).

MC6800 Peripheral Interface Lines

The MC6800 Peripheral Interface Lines (E, VMA*, and VPA*)
allow the CPU to interface easily to MC6800-type devices.
The outputs (E and VMA*) are interfaced to the 16-bit bus

with a buffer Ul4. Ul4's enables are controlled by the
BGACK signal.

If BGACK is active, the buffer is disabled and the outputs
are tri-stated. Another device is then allowed to drive the
bus control lines (i.e., Z80A, CPU, or DMA)., The MC6800
Peripheral Interface lines are not currently implemented in
the TANDY 6000/6000-HD operation.

System Control Lines

The System Clock input (CLK) to the MC68000 CPU is driven by
a 8 MHz output of the clock logic (PCLOCK). The RESET*,
HALT*, and BERR* lines are connected directly to the MC86000
bus. These lines are driven in a wired-OR fashion by open
collector inverter U33. RESET* and HALT* are directly
controlled by the Z80A CPU. This is done by setting or
resetting latched bits in a special zZ80A I/0 port.

RESET* is a bidirectional signal allowing the Z80A I/0 port
latch or the MC68000 CPU to reset the MC68000 subsystem.
For the MC68000 CPU to recognize the assertion of RESET*,
HALT* must be asserted at the same time.
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HALT* is also a bidirectional signal. When the Z80A I/0O
port latch asserts HALT*, the MC68000 CPU will stop at the
end of the current bus cycle. If HALT* is asserted by the
MC68000 CPU, it indicates the processor has stopped, as in
the case of a double bus fault. See Paragraph 7.2.3 Z80A to
MC68000 Memory Interface Circuitry for more information.

Assertion of Bus Error (BERR*) to the MC68000 CPU indicates
that a major error has occurred during the current bus
cycle.

Errors can be a result of:

A device that does not respond with BDTACK*.

An attempt by the user to access memory outside the
extents defined by the memory management unit.

No interrupt vector received during an interrupt
acknowledge sequence.

See Paragraph 7.2.10 Bus Error Logic for more information.
7.2.2 Interrupt Logic

The Interrupt Control function for the MC68000 subsystem is
implemented with an AM9519 interrupt controller. A single
AM9519 (Ul5) manages up to eight maskable interrupt request
inputs, resolves priorities, and supplies the vector number
response to the MC68000 CPU at interrupt acknowledge time.
When the AM9519 controller receives an unmasked interrupt
request, it issues a group interrupt request to the MC68000
CPU. When the interrupt is acknowledged, the controller
outputs the pre-programmed vector number corresponding to
the highest~priority unmasked interrupt request.

Operating Mode Register

The mode register in the AM9519 specifies the various
combinations of operating options that the programmer may
use. The following is a list of the operating options used
by the system.
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Bit Number Option
0 Priority Mode
Vector Selection
Interrupt Mode
GINT Polarity
IREQ Polarity
Selects internal register to be read on
subsequent read operation
Selects internal register to be read on
subsequent read operation
7 Master mask bit that enables or dis-
ables all interrupts without
modifying the interrupt mask
register

O W N =

(o)}

Interrupt Request Inputs

Table 7-1 lists, in order from the highest to the lowest
priority, the interrupt inputs implemented in the MC68000
subsystem.

For more information, see the AM9519 data sheet section in
the AM9500 Peripheral Products Guide published by Advanced
Micro Devices.

7.2.3 Z80A to MC68000 Memory Interface Circuitry

Communication between the two CPUs is accomplished with the
Z80A CPU initiating interrupts to the MC68000, indicating
I/0 completion, etc. The Z80A CPU can periodically poll an
MC68000 memory location to recognize requests for service
from the MC68000.

Optionally, the MC68000 can generate an interrupt to the
Z80A by accessing a decoded MC68000 memory location (not
available on Model II/16 upgrades). Once a request for
service has been recognized by the Z80A CPU, a descriptor
block is read into Z80A memory from MC68000 memory to
determine the specific service required.
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Interrupt Description Vector Location
CONT4*  Initiated by the 280A 2348
CONT5 * Initiated by the Z80A 238H
CONT6* Initiated by the Z80A 23CH
ADERR* Address error, generated by the 240H

memory management unit when a user
attempts memory access outside the
defined range.

TIMERRI* Time-out error, generated when no 244H
DTACK is received with the MC68000
as the bus master.

TMERRE¥* Time-out error, generated when no 248H
DTACK is received and the MC68000
is not the bus master.

IPER* Parity error, generated on a memory 24CH
parity error when the MC68000 is the
bus master.

EPER* Parity error, generated on a memory 250H
parity error when the MC68000 is not
the bus master.

Table 7-1. Interrupt Inputs

Prior to attempting a memory transfer by the Z80A subsystem
to or from the MC68000 memory, all Z80A memory pages must be
deselected by resetting the lower nibble of port O0FFH. This
implies that certain precautions must be observed. The
stack and control program must be located in the lower 32K
of the Z80A address space, since page zero cannot be
disabled.
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Additionally, two control ports must be initialized to
determine the addresses involved and the mode of the
transfer.

The two ports are described in the tables and text below.
Upper Address Latch (port ODFH)

Description: Output only, latches the upper address bits
(A22-A15) for a Z80A transfer to or from MC68000 memory.

OFNWSUIOJ
o
—
{(e]

Transfer Control Latch (port ODEH)

Description: Output only, latches one address bit and seven
control outputs.

Data Bit Function
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Two Modes are available for transferring data between the
MC68000 and the Z80A memory. These are the Byte Mode and the
Burst Mode which are controlled by bit 0 of the Transfer
Control Latch (Port ODEH).

In the Byte Mode (Burst Mode Bit negated) the MC68000 bus is
requested, transfer is made and the bus is released for

every byte. In Burst Mode (Burst Mode Bit on) the MC68000
bus is requested and held as long as the Burst Mode Bit is

set. The following rules must be observed when transfering
data so that refresh violations will not occur.

RESET controls the MC68000 Memory REFRESH circuit. If RESET
is asserted it will disable refresh to the MC68000 memory
boards. To observe the refresh requirement of the MC68000
memory RESET should not be asserted longer than 15
microseconds.

When using the DMA to tranfer data, the DMA should not be
programmed to transfer data longer than 2 ms (milliseconds)
and then should allow the Z80A to execute at least 128
opcodes. This combination of data transfer and execution
calculates to a maximum of 256 bytes with DMA in continuous
mode when in Byte Mode (Burst Mode Bit negated). When in the
Burst Mode (Burst Mode Bit asserted) it calculates to a
maximum of 512 bytes with DMA is in continuous mode.

It should also be noted that as long as the Burst Mode Bit
is asserted (in Burst Mode) the MC68000 is halted and has
released the MC68000 bus to the Z80A-to-MC68000 Memory
Interface Circuit. This can slow down the MC68000 CPU if
many Burst Mode transfers are made.
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Details of Control Outputs (port ODEH)

BURST
0 = Byte Mode enabled
1 = Burst Mode enabled
CONT1
0 = Enables Z80A to initiate memory transfers to or
from MC68000 memory space
1 = Transfers by Z80A disabled
HALT
0 = MC68000 processor not halted
1 = Halts MC68000 processor
RESET
0 = RESET negated, enable Refresh to MC68000 memory
1 = Asserts RESET to MC68000 processor, disable
Refresh to MC68000 memory
CONT4

Interrupt to MC68000 processor
Transition generates interrupt

CONT5
Interrupt to MC68000 processor
Transition generates interrupt

CONT®6
Interrupt to MC68000 processor
Transition generates interrupt

7.2.4 Memory Management Circuitry

A fast memory management scheme provides two sets of offset
and limit registers. The offset and limit registers define
the relocation base address and the absolute limit address
allowed by the current user program. Providing two sets of
limit and offset registers allows all user programs to
access a common kernel of the operating system or the
run-time package.

Memory is allocated in 4K byte increments and relocation is
done on 4K byte boundaries. Memory management is not active
in system mode or during memory transfers initiated by bus
masters other than the MC68000 CPU.
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Write protection for the memory outside a user's partition
is provided. Accesses outside of the user's defined
partition result in the generation of a bus error exception.
An interrupt can also be generated if the interrupt
controller is properly initialized.

There are two things that cause the generation of a bus
error:

The user addresses outside his partition
A bus time-out occurs

A bus time-out results when nonexistent memory or 1/0
accesses are attempted. The source of the bus error can be
determined by reading the status register of the interrupt
controller.

The hardware that accomplishes the memory management
function works as described in the following paragraphs.

The MC68000 processor address bits Al2 through Al9 are added
to the 8-bit value that is stored in the active offset
register. The result of this addition is the effective
address that is presented to the address bus.

The effective address is compared to the 8-bit value that is
stored in the active limit register. If the effective
address is larger than the contents of the active limit
register, or if the addition results in a carry overflow
from the adder, a bus error is generated.

The MC68000 processor address A23 determines which set of
offset and limit registers are used. If A23 is high, then
offset and limit registers two will be active. If A23 is
low, then offset and limit registers one will be active.

Each of the two extents is implemented with an offset
register and a limit register, which are 74LS374 8-bit
D-type registers. The 8-bit value in the offset register is
added to the eight processor address lines (KAl2 to KAl9) to
form User Extent Address lines (UEAl2 to UEAlY9).

The effective address is then compared with the value in the
limit register. 1If the EA is greater than the limit, an
out-of-bounds error is generated.

A carry out of the adder (2F83) also generates an OBERROR.
If OBERROR occurs when MMA and GAS are active, then an
Address Error is generated (ADERR). This signal (ADERR) is
one of the interrupt sources.
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The source of the user extent address is selected by A23 and
the signal MMA (memory management active) determines which
set of buffers (U3l or U30) drive the address bus. If MMA
is high, the user effective address is driven to the bus by
U31l. 1If MMA is low, the addresses directly from the 68000
are driven to the bus by U30.

For a one-megabyte memory space, eight bits of memory
management allow 4K minimum granule sizes to be protected.

Note: KA22 asserted selects the I/0O device address space.
The I/0 device strobe generation logic generates the I/0

strobes necessary to communicate with interrupt controller
and memory management registers by decoding KA21 and KA22.

7.2.5 Bus Arbitration Logic

Bus arbitration allows other devices capable of being bus
master to request, be granted, and acknowledge bus
mastership. The bus arbitration sequence is as follows:

1. The device asserts a Bus Request (BR¥*).

2. The MC68000 CPU asserts a Bus Grant (BG*) to indicate
that the bus will be released at the end of the current
bus cycle.

3. The device acknowledges the bus grant by asserting a Bus
Grant Acknowledge (BGACK*) and assuming bus mastership.
A requesting device should not assert BGACK* or assume
bus mastership until the following conditions are met:

A bus grant has been received

BAS* has been negated, indicating that the CPU has
completed the current bus cycle

BDTACK* has been negated, indicating that memory or
peripherals are not using the bus

BGACK* has been negated, indicating that no other
device still has bus mastership.

4, The device negates the Bus Request (BR¥*).

The bus arbitration control is performed by the bus
arbitration controller chip U6. In addition to controlling
the bus arbitration sequence, U6 manages four levels of bus
requests and grants.
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The sources for the four levels are Refresh Redquest
(REFRQ*), Bus Request 2 (BR2*), Bus Request 1 (BR1l*), and
Bus Request 0 (BRO*), with REFRQ* having the highest
priority and BRO* the lowest. The bus requests are
pre-latched by a quad D-type latch U7 clocked at a 12 MHz
rate.

The bus request is latched at a Q output of U7 and asserts a
bus request input to U6 (pins 3-6). The bus arbitration
controller will, in turn, assert BR* to the MC68000 CPU.
After some internal synchronization time, the MC68000 will
assert BG* to U6, which indicates that it will release the
bus at the end of the current bus cycle.

When the current bus cycle has ended (i.e., when BAS* and
BDTACK* are negated), U6 will assert a bus grant to the
requesting device with the highest priority. The bus
arbitration controller U6 will also assert BGACK* and negate
BR* to the MC68000 CPU. BGACK* is inverted by 1/6th of U2
and both signals are used to indicate to other

bus-controlling circuitry that an external device has become
bus master.

The MC68000 CPU will negate BG* and wait until BGACK* has
been negated before re-assuming bus mastership. The
requesting device can then assume bus mastership and perform
any data transfers needed.

When the current bus master is finished, it negates the bus
request to the bus arbitration controller through U7. Then,
if there is a bus request still pending, a bus grant will be
asserted to the next requesting device and BGACK* will
remain asserted until all pending bus requests have been
satisfied.

If no bus requests are pending, the bus arbitration
controller will negate BGACK* and allow the MC68000 CPU to
assume bus mastership. See Figure 7-5 for the timing
relationships of this circuit.
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Figure 7-5. Bus Arbitration Circuit Timing

7.2.6 Data Transfer Acknowledge Logic

Data Transfer Acknowledge (DTACK*) is the asynchronous
handshake signal used by memory and peripheral devices to
complete a bus cycle. When BDTACK* is asserted during a
read bus cycle (after approximately one and one half PCLOCK
cycles) the data is latched into the MC68000 CPU and the bus
cycle is terminated. Assertion of BDTACK* during a write
cycle causes the MC68000 CPU to terminate the bus cycle
after approximately one and one half PCLOCK cycles.

There are two main sources of BDTACK* from the CPU's point
of view:

Onboard devices, such as the AM9519 interrupt controller
chip and the memory management registers.

Offboard devices, such as memory or peripherals
connected to the MC68000 bus.

Two signals can trigger the generation of an onboard BDTACK*
—-— IODTACK* and RIP*.

If IODTACK* is asserted, a read or write to an onboard I/0
device is in progress.
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If RIP* is asserted, an interrupt acknowledge cycle is in
progress and the interrupt vector data is valid from the
interrupt controller chip Ul5.

IODTACK* and RIP* are ORed together at U8 pins 9 and 10 and
the resultant output at U8 pin 8 clocks a low into the D
flip-flop (1/2 of U49). This results in a high output at
U49 pin 6, which is inverted by 1/6th of U33 and used to
drive BDTACK* line low.

Address Strobe (AS) sets the flip-flop and negates BDTACK*
for the next bus cycle. Figure 7-6 shows the timing
relationships for onboard BDTACK* generation.

as — J) —
RIP*+IODTACK* _—\_/—_
U49-3 CK _—-/——\—-

U496 Q —/_—\——
BDTACK* ——\—,—

Figure 7-6. Onboard BDTACK Generation

Generation of BDTACK* from offboard devices is only from the
MC68000 memory boards. BDTACK* being asserted from an
MC68000 memory board indicates that the data transfer has
been completed.

During a write cycle, BDTACK* indicates that the data from
the data bus has been written into memory and has completed
the transfer. During a read cycle, BDTACK* indicates that
the data requested is present on the data bus. For more
details on memory BDTACK* generation, refer to Paragraph 7.2
Memory Board Theory of Operation.

BDTACK* is also generated when an External time-out (TMERRE)
occurs. This allows the WAIT* signal from U36 to the Z80A to
be negated and release the Z80A CPU. During an internal
time-out (TMERRI), BDTACK* is not required because BERR* is
asserted which will terminate to the MC68000 cycle.
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7.2.7 MC68000 I/0 Decoding and Strobes

The I/0 devices in the MC68000 subsystem are memory-mapped
and consist of the:

Interrupt controller chip

Memory management registers

Z80A interrupt (NOT implemented in the Model II
upgrades)

All other I/0O devices and peripherals in the TANDY
6000/6000~-HD are still controlled by the Z80A CPU.

The main I/0 decoding is managed by chip U48, which is the

I/0 controller. The I/0 controller interfaces the MC68000

CPU to the MC68000 subsystem I/0 devices, thereby providing
all necessary signals.

Sheet 2 of the MC68000 CPU schematic should be referenced
unless otherwise noted. The current I/0 devices are mapped
at address locations 7800DOH to 7800D7H. Address bits
KA20-KA22 are decoded by a 3 input AND gate (1/3 of Ul0)
that generates the signal VMIIAD.

VMIIAD and mIO (KAl9) are connected to the I/0 controller
and generate the I/0 signals during access to the memory
space 780000H to 78FFFFH. When an I/0 access is executed,
R/W*, KAl9, VMIIAD, AS*, and the 8 MHz CK start a 3 bit
internal counter. This counter is used to time the
assertion of BIORQ*, BRD*, and BWR*, and IODTACK*®*.

R/W* and AS* determines the assertion of BRD* or BIOR%*,
BIORQ* is used to enable a 1 of 8 decoder U4l that decodes
address bits KAl-KA7.

KA4, KA6, and KA7 are decoded by a 3-input AND gate, 1/3rd
of U27, and the output is connected to the active-high
enable input U4l pin 6. KA5 enables the third enable input
U4l pin 4 when an active low occurs. '

KAl1-KA3 are decoded to determine the output of U32 that
selects the I/0 device. Table 7-2 outlines the
memory-mapped I/0 locations currently implemented in the
MC68000 subsystem. See Figure 7-7 for the timing
relationships of the I/0O controller U48.
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Address Function

7800D0 Interrupt controller data register
780001 Interrupt controller command register
7800D2 Limit register two

7800D3 Offset register two

780004 Limit register one

7800D5 Offset register one

7800D6 Interrupt request to Z80A

7800D7 Interrupt request to Z80A

Table 7-2. Memory-Mapped I/0 Locations
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Table 7-3 outlines the memory map of the MC68000 subsystem:

SYSTEM RAM

Start Address End Address Total Bytes

Total Available RAM Space in Supervise Mode

000000 6FFFFF 7 MEG
Total Available Protected RAM Space in User Mode

000000 OFFFFF 1 MEG
One 128K Memory Board Installed

000000 O1FFFF 128K
Two 128K (or one 256K) Memory Boards Installed

000000 O3FFFF 256K
One 256K and One 128K Memory Board Installed

000000 OSFFFF 384K
Two 256K Memory Boards or One 512K Memory Board Installed
000000 07FFFF 512K
Three 256K Memory Boards Installed or One 512K and One 256K
Memory Board Installed

000000 09FFFF 768K
One 1 MEG Memory Board Installed

000000 OFFFFF 1 MEG

Table 7-3. Memory Map of the MC68000 Subsystem
7.2.8 Clock Logic

The clock logic provides the clocks and timing for the
MC68000 subsystem. The heart of the clock logic is a 48 MHz
crystal oscillator (Yl). See the top left-hand corner of
sheet 2 of the MC68000 CPU schematic. The 48 MHz output of
Y1l is buffered by 1/4 of U47 which is input to the clock
inputs of U46 (Fl161l) and U53 (Fl175). U46 is a 4 bit
synchronous counter and is used to divide the 48 MHz input
into 4 output clocks. The counter is preloaded with a count
of 9 or 1 depending on the state of QD output (U46 pin 1l1).
the counter will count to X110 and preload again. This
generates a divide by 2 at U46 pin 14 (24 MHz), a divide by
4 at pin 13 (non symmetrical 12 MHz), a divide by 6 at pin
12 (8MHz), and a divide by 12 at pin 11 (4MHz). The 24 MHz
output is divided by 2 by 1/4 of U52 (F86) and U53 (Fl75).
the 8 and 4 MHz outputs are also clocked through U53 to
assure all three clocks are synchronous with each other.
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7.2.9 Refresh Logic

The refresh logic provides the necessary timing and control
for generating the refresh pulses required for the dynamic
RAMs on the MC68000 memory board(s). It provides refresh by
becoming the bus master and supplying the refresh strobe
REFRSH. The timing is generated by an LS393 counter (U39)
and a PAL device (U46).

The timing logic generates a bus request (REFRQ*) every 15.5
or 31 usec, depending on the configuration of the jumper on
El, E2, and E3. If El and E2 are jumpered, U46 triggers the
D flip-flop (1/2 of U25) on the count of 62, which equals
15.5 usec. This will meet the minimum requirement of 128
refreshes every 2 msec. If E2 and E3 are jumpered, the D
flip-flop will be triggered on the count of 124, which will
equal 31 usec. This configuration will generate less
refresh bus request cycles, thus allowing more CPU running
time. However, to meet the 2 msec refresh specification,
two refresh pulses are generated during each refresh period.

The generation of the single- or double-refresh pulse is the
function of a refresh state machine implemented with a PAL
device, U46. Figure 7-8 shows the timing relationships of
the refresh logic. The double refresh (3lpusec) mode does

not work with 512K/1Meg memory board.

7.2.10 Bus Error Logic

Bus error logic is driven low when one of two events occurs,
an attempt by the user to access memory outside the extents
defined by the memory management registers or a time-out
error on an MC68000 memory access. The bus error signal
drives the BERR* bus signal to all MC68000 memory boards,
which instructs the 16-bit memory board to abort a memory
cycle. This provides a write-protect feature for accesses
outside the user's defined extents. (A 100 usec one-shot
(1/2 of U32) is used to define the maximum time allowed for
a memory cycle.) The bus Address Strobe (BAS*) is used to
repeatedly trigger the one-shot. The active-low output of
the one-shot is the clock input to a D flip-flop (1/2 of
U21). 1If the one-shot ever times out, the rising edge of
the active-low output will clock the state of BDTACK* into
the D flip~-flop.

If, on a timeout, BDTACK* is high, indicating that the
memory or I/0 device did not respond, TMERR* is driven by
the Q-not output of the flip-flop. Thus, if a device on the
bus fails to respond within the timespan allotted by the
time-out circuit, a bus error will be generated.
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Figure 7-8. Timing for Refresh Logic
7.2.10 CPU PAL Pin Assignments and Equations

PAL 16R4 (U48)

Pin Assignments:

8MHZ 2 /SRW KAl9 > 6 VM2AD /AS /RESET GND
/E 12 /IORQ /WR /B /C /D /RD /DTACK VCC

Equations:

IF (VCC) DTACK = /B * C * D * AS * VM2AD * KAl9 */RESET

IF (vCC) RD

AS * VM2AD * KAl9 */SRW */RESET

D := /D * AS * YM2AD * KAL9 * /RESET
+ B *C *D * AS * VYM2AD * KALl9 */RESET

cC := /C * D * AS * YM2AD * KAl9 */RESET
C */D * AS * VM2AD * KA1l9 */RESET

+ B *C *D * AS * VM2AD * KAl9 * /RESET
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WR

IF (VCC) IORQ

PAL 16R6 (U6)

+

B

+ 1

/B *

4

/B

Pin Assignments:

/B */C

Cc */D

TANDY COMPUTER PRODUCTS

/B * C * D *

*

*

*

TANDY 6000/6000-HD

AS * VM2AD * KAl9 */RESET
AS * VM2AD * KAl9 * /RESET

AS * VM2AD * KAl9 * SRW */RESET
AS * VM2AD * KAl9 * SRW */RESET

AS * VM2AD * KAl9 */SRW */RESET
AS * VM2AD * KAl9 * SRW */RESET

12MHZ /RESET /REFRQ /BRO /BR1 /BR2 /BG /AS /DTACK GND
/E /BPER /BGACK /PER /BGO /BGl /BG2 /REFG /BR VCC

Equations:

IF (VCC) BR

BGACK

REFG

BG2

+ 4+ + +++

+ 4+ 4+ + 0

+ 4+ + +

++ + 1

/RESET*
/RESET*
/RESET*
/RESET*

/RESET*
/RESET*
/RESET*
/RESET*
/RESET*
/RESET*
/RESET*
/RESET *

/RESET*
/RESET*
/RESET*
/RESET *
/RESET*

/RESET*
/RESET*
/RESET*
/RESET#*
/RESET*

REFQ*/BGACK
BRO */BGACK
BR1 */BGACK
BR2 */BGACK

BG*/DTACK*/AS* REFRQ
BG*/DTACK*/AS* BRO
BG*/DTACK*/AS* BR1
BG*/DTACK*/AS* BR2

BGACK*
BGACK*
BGACK*
BGACK*

REFRQ*
REFRQ*
REFRQ*
REFRQ*
REFRQ*

BGACK*
BGACK*
BGACK*
BGACK*
BGACK*

REFRQ
BRO
BR1
BR2

BGACK* BG2*/BR2
BGACK* BGl*/BR1l
BGACK* BGO*/BRO
BGACK* BG2*/BG1l*/BGO
BGACK* REFG

BR2*/REFRQ* REFG
BR2*/REFRQ* BG1l*/BR1
BR2*/REFRQ* BGO*/BRO
BR2*/REFRQ*/BG1*/BG0*/REFG
BR2* BG2
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BG1l

+ + 4+ +

/RESET* BGACK*
/RESET* BGACK*
/RESET* BGACK*
/RESET* BGACK*
/RESET#* BGACK*

BGO

+ + 1

/RESET* BGACK¥*
/RESET* BGACK*
/RESET* BGACK*
+ /RESET* BGACK*
+ /RESET* BGACK*

IF (VCC) PER = /BPER

PAL 16R6A (U36)

Pin Assignments:

8MHZ 4MHZ ADDVAL /ZRD /REFRQ

TANDY COMPUTER PRODUCTS

TANDY 6000/6000~HD

BR1*/REFRQ*/BR2* REFG
BR1*/REFRQ*/BR2* BG2
BR1*/REFRQ*/BR2* BGO0*/BRO
BR1*/REFRQ*/BR2*/BG2*/BG0*/REFG
BR1* BG1l

BR0O*/REFRQ*/BR2*/BR1* REFG
BRO*/REFRQ*/BR2*/BR1* BG2
BRO*/REFRQ*/BR2*/BR1* BG1l
BRO*/REFRQ*/BR2*/BR1*/BG2*/BGl*/REFG
BRO* BGO

ZA0 /BGl /DTACK /MEMSEL GND

/E BURST /LDS /UDS /AS /BR1l /BGEN /RW /WAIT VCC

Equations:

BR1

+ + 1l

ADDVAL * MEMSE
BR1 * /4MHZ
BURST * /REFRQ

BGEN

.

+

BGl * ADDVAL *
BGEN * /4MHZ

AS

+ |l

BGEN * MEMSEL
AS * /4MHZ

UDS :=BGEN * MEMSEL *
+BGEN * MEMSEL *
+UDS * /4MHZ

*

LDS :=BGEN * MEMSEL
+BGEN * MEMSEL
+LDS * /4MHZ

*

RW :=BGEN * MEMSEL *
+RW * MEMSEL
+RW * /4MHZ

IF (ADDVAL * MEMSEL) WAIT =
+

L * 4MHZ

MEMSEL * 4MHZ

ZRD * ZAO
/ZRD * ZA0 * AS

ZRD * /ZA0
/ZRD * /ZA0 * AS

/ZRD * WAIT

/BGEN * ADDVAL * MEMSEL
BG1l ADDVAL * MEMSEL * /DTACK

*
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PAL 16L8 (U40)

Pin Assignments:

1B 1C 1D REFRSH REFGL MODE RESET 2A 2B GND
2C RFQTR /X0 /X1 /X2 /REFRQCLR /REFTR 18 19 vCC

Equations:

IF(VCC) REFRQCLR /RESET* X2*/X1%*/X0

RESET

+

IF(VCC) REFTR /RESET*/X2*%/X1* X0

RESET*/X2* X1*/X0

-+

IF(VCC) X2 /RESET */X1* X0 * REFRSH* REFGL

/RESET* X2*%/X1* */REFRSH* REFGL
/RESET * X1*/X0* MODE*/REFRSH* REFGL
/RESET* X2* X1*/X0* MODE*/REFRSH* REFGL

+ 4+ 0

IF(VCC) X1 /RESET*/X2 */X0* MODE*/REFRSH* REFGL

/RESET * X1*/X0* MODE* REFRSH* REFGL
/RESET* X2* X1 * MODE*/REFRSH* REFGL

+ + il

IF(VCC) XO /RESET*/X2*/X1 */MODE*/REFRSH* REFGL

/RESET */X1* X0 */REFRSH* REFGL
/RESET*/X2 * X0* MODE*/REFRSH* REFGL
/RESET * X1* X0* MODE*/REFRSH* REFGL
/RESET* X2* X1 * MODE*/REFRSH* REFGL

+ o+ 4+

IF(VCC) /RFQTR /RESET*/MODE* 1B* 1C* 1D* 2A* 2B
/RESET* MODE * 1C* 1D* 2A* 2B* 2C

/RESET * 1B* 1C* 1D* 2A* 2B* 2C

+ + |l

825153 (U45)

Pin Assignments:

/JREFRESH 2 /WR /Al4 /Al5 /IOCYC /A0 A3 A2 GND
/Al /A5 /A4 OUTDE OUTDF 16 ADDVAL /A7 /A6 VCC

Equations:

OUTDE = A7*A6*/AS5*A4*A3*A2*pl*/A0* WR* IOCYC

i

OUTDF A7*A6*/A5*A4*A3*A2*A1*A0* WR* IOCYC

ADDVAL = /Al5* Al4*/REFRESH
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Circuit Trace, MC68000 CPU Board 8709573, Layer 3
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Circuit Trace, MC68000 CPU Board 8709573, Solder Side
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Parts List, MC68000 CPU Board, 8898855

Ref No. Description Part No.
PC Board, CPU (Rev A) 8709573
Capacitors

Cl-Cs8 Capacitor, 0.1 urF, 50V, Mono-Axial 8374104
Cll-18 Capacitor, 0.1 uF, 50V, Mono-Axial 8374104
C20-23 Capacitor, 0.1 uF, 50V, Mono-Axial 8374104
C25-32 Capacitor, 0.1 uF, 50V, Mono-Axial 8374104
C34-38 Capacitor, 0.1 urF, 50V, Mono-Axial 8374104
C40-48 Capacitor, 0.1 urF, 50V, Mono-Axial 8374104
C51-53 Capacitor, 0.1 uF, 50V, Mono-Axial 8374104
C54,55 Capacitor, 100 uF, 16V, Elect. Rad. 8327101
Cc56,57 Capacitor, 68 pF, 50V, C. Disk 8300683
C59 Capacitor, 68 pF, 50V, C. Disk 8300683
C60 Capacitor, 0.001 uF, Ceramic, 10%, Z%5P 8302104
Cco6l Capacitor, 27 pF, 50V, C. Disk, 5% 8300273
C64 Capacitor, 0.1 uF, 50V, Mono-Axial 8374104
Staking Pins

E1-E3 Staking Pin 8529014
E5-E7 Staking Pin 8529014
Jumper Plugs

E2,E3 Jumper Plugs 8519021
E6,E7 Jumper Plugs 8519021
Headers

Jl Header, Dual 25-Pos. PCB MT. 9519117
J2 Header, Dual 17-Pos. PCB MT. 8519120
Resistors

R1-R5 Resistor, 4.7 kohm, 1/4W, 5% 8207247
R6,R7 Resistor, 560 ohm, 1/4W, 5% 8207156
R8 Resistor, 4.7 kohm, 1/4W, 5% 8207247
R9 Resistor, 560 ohm, 1/4W, 5% 8207156
R10 Resistor, 220 kohm, 1/4W, 5% 8207422
R11 Resistor, 30.1 kohm, 1/4W, 1% 8200330
R12 Resistor, 4.7 kohm, 1/4W, 5% 8207247
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TANDY 6000/6000-HD

Parts List, MC68000 CPU Board, 8898855

Ref No. Description Part No.
Resistors

R17,R18 Resistor, 4.7 kohm, 1/4W, 5% 8207247
R20 Resistor, 4.7 kohm, 1/4W, 5% 8207247
R21 Resistor, 560 ohm, 1/4W, 5% 8207156
R22 Resistor, 22 ohm, 1/4W, 5% 8207022
Resistor Paks

RP1-RP3 Res. Pak, 220-330 ohm SIP, 10-Pin 8290020
RP4 Res. Pak, lk ohm SIP, 8-Pin 8290212
RP5,RP6 Res. Pak, 220-330 ohm SIP, 10-Pin 8290020
RP7,RP8 Res. Pak, 4.7k ohm SIP, 9-Pin 8292247
RPY Res. Pak, 4.7k ohm SIP, 6-Pin 8293247
Intergrated Circuits

Ul IC, 74F32 Quad 2-IN OR, 16-Pin 8015032
U2 Ic, 74504 Hex Inverter, 14-Pin 8010004
U3 IC, MCM3482B 8-Bit Latch, 20-Pin 8051482
U4,U05 IC, 74LS245 Octal Transceiver, 20-Pin 8020245
U6 IC, PAL16R6 Custom Array, 20-Pin 8040166
U7 IC, 74LS174 Hex D-Type Flip-FLop, l1l6-Pin 8020174
U8 1c, 74500 Quad 2-IN NAND, 14-Pin 8010000
U9 IC, 741502 Hex Inverter, 14-Pin 8020002
Ulo Ic, 74LS11 Triple 3-IN AND, 14-Pin 8020011
Ull-Ul3 1IcC, 8303B 8-Bit Transceiver, 20-Pin 8060303
Ul5 IC, AMY9519A Interrupt Controller, 28-Pin 8040519
Ule Ic, 74504 Hex Inverter, 14-Pin 8010004
Ul7 IC, 741.S32 Quad 2-IN OR, 14-Pin 8020032
Uls IC, 74L.S08 Quad 2-IN AND, 14-Pin 8020008
Ulo IC, MCM68000 8 MH=z 64-Pin 8041000
U20 IC, 74LS374 Octal Flip-Flop, 20-Pin 8020374
U2l ic, 74L574 Dual Flip-Flop, 14-Pin 8020074
U22 IC, 74LS374 Octal Flip-Flop, 20-Pin 8020374
U23,024 IC, 74LF283 Binary Full Adder, 16-Pin 8015283
U25 IC, 74L574 Dual Flip-Flop, 14-Pin 8020074
U226 IC, 74LS138 Decoder Mux, 16-Pin 8020138
u27 IC, 741511 Triple 3-IN AND, 14-Pin 8020011
U28 IcC, 8303B 8-Bit Transceiver, 20-Pin 8060303
U29 IC, 74LS374 Octal Flip-Flop, 20-Pin 8020374
U30 IC, 8303B 8-Bit Transceiver, 20-Pin 8060303
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Parts List, MC68000 CPU Board, 8898855

Intergrated Circuits

U3l ic, 74F240 8-Bit Buffer Inv, 20-Pin. 8015240
U32 IC, 74LS123 Dual Mul., 16-Pin 8020123
U33 IC, 7416 Hex Invert Buf Driv, 14-Pin 8000016
U34 Ic, 74F138 Multiplexer, 16-Pin 8015138
U35 IC, 74LS125 Tri-state Buffer, 14-Pin 8020125
U36 IC, PAL16R6A Custom Array, 20-Pin 8041166
U37 IC, 74LS374 Octal Flip-Flop, 20-Pin 8020374
U38 IC, 74LS682 8-Bit Comparator, 20-Pin 8020682
U39 IC, 74LS393 4-Bit Binary Counter, 1l4-Pin 8020393
U40 IC, PALl6L8A Custom Array 20-Pin 8042168
U41 IC, 741S138 Decoder Mux, 16-Pin 8020138
U42 Ic, 74500 Quad 2-IN NAND 14-Pin 8010000
U44 IC, 745244 Octal Buffer, 20-Pin 8010244
U45 IC, 825153, 20-Pin 8040153
U46 IcC, 74F161 Counter, 16-Pin 8015161
U47 IC, 74F00 Quad 2-IN NAND, 14-Pin 8015000
U48 IC, PALl6R4 Custom Array, 20-Pin 8

U49 IC, 74LS74 Dual Flip-Flop, 14-Pin 8020074
U50 IC, MCM3482A 8-Bit Latch, 20-Pin 8050482
U551 IC, 745244 Octal Buffer 20-Pin 8010244
us2 IC, 74F86 Quad 2-IN OR, 14-Pin 8015086
U53 IC, 74F175 Quad Flip-Flop 16-Pin 8015175
Sockets

- Socket, 20-Pin (U3) 8509009
- Socket, 20-Pin (U6) 8509009
-—— Socket, 28-Pin (U15) 8509007
- Socket, 64-Pin (U19) 8509016
—— Socket, 20-Pin (U36) 8509009
-— Socket, 20-Pin (U40) 8509009
—_——— Socket, 20-Pin (U45) 8509009
- Socket, 20-Pin (U48) 8509009
- Socket, 20-Pin (U50) 8509009
Miscellaneous

Yl Oscillator, 48.0 MHz, 0.01%, HC-18 8409040
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7.3 Memory Board

The TANDY 6000/6000-HD Memory board is a Random Access
Memory (RAM) with a total capacity of 512K words (1 MEG
bytes) of data with optional byte parity for error
detection. It is designed for use with the MC68000
processor system. The MC68000 has a 16-bit wide data bus
and, therefore, the memory is 16 bits wide.

Because the MC68000 needs to handle both 8- and 1l6-bit wide
data transactions, the memory is further divided into upper
and lower bytes (8-bit). Actually, all transfers to and
from memory are treated as byte transfers. If a full 1l6-bit
transfer is desired, an upper and lower byte transaction is
performed simultaneously. Thus, the memory is organized as
two parallel byte memories that share a common memory space.

Since parity is checked on all transfers, if the option is
enabled, the parity generating/checking has to be set up on
a byte basis. Therefore, each byte has a ninth bit added
called a parity bit. Parity is a scheme where the total
number of bits that equal one in every valid memory location
is either EVEN or ODD. The TANDY 6000/6000-HD memory uses
the ODD scheme. Thus, if the data has an even number of
bits equaling 1 (0, 2, 4, 6, or 8), the parity bit will
equal 1, making the total number of bits equal 1 or ODD
parity. Otherwise, the parity bit equals 0 or EVEN.

The TANDY 6000/6000-HD Memory Board can be functionally
divided into four main parts:

Memory

Address Circuits

Control/Timing Circuits

Parity Circuits
7.3.1 Memory
By understanding the requirements of the memory ICs, the
address and timing circuits are more easily understood. The
basic memory element is a DRAM (Dynamic Random Access
Memory) IC containing 65,536 (64K) or 262,144 (256K)

single-bit locations. Therefore, to store each byte with
parity, nine ICs are required.
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Two particulars of dynamic RAMs are address multiplexing and
refresh. There are 16 address lines required to access 64K
DRAMs and 18 address lines are required for 256K DRAMs.
Address line A0, internal to the MC68000 CPU, is used to
distinguish between upper (if AO0=1) and lower (if A0=0)
bytes. Since this least significant bit is used to
determine selection of the upper or lower byte, the address
is then contained in bits Al through Al6 for the 64 DRAMs
and Al through Al8 for 256K DRAMSs.

The address lines are loaded into memory in two parts:

First the Row address (Al-A8, Al7), by the Row Address
Strobe (RAS)

Second the Column address (A9-Al6, Al8), by the Column
Address Strobe (CAS)

Once the addresses are loaded, the memory alters or presents
the data at that location, depending on the state of the
Read/Write (R/W*) signal. Refresh is required to maintain
the information stored in the RAMs.

Every 2 milliseconds the entire contents of the RAM must be
refreshed. This requires 128 refresh-only accesses every
2.0 msec, or one every 16.0 usec for the 64K DRAMs. The 256K
DRAMs require 256 refresh-only accesses every 4 msec. The
refresh cycle is the same as a read cycle, except AMUX and
CAS are not generated.

7.3.2 Address Circuits

Address lines BAl* through BAl9* are routed to the board
through three-line receiver-inverting buffers U2, U3 and U4
(74F240), which are permanently enabled.

The row address bits (Al-A8) are multiplexed with column
address bits (A9-Al6) by U48 and U29 (74F257). When enabled,
during a non-refresh cycle, the outputs become the 8
multiplexed memory Address lines (MAO-MA7) after being
routed through series resistors to reduce ringing and
overshoot. A ninth memory address line is required for the
256K DRAMs and is generated by Ul5 (74F157). Ul5 multiplexes
Al7 and Al8 to generate MAS.
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Address lines Al7 and Al9 are optionally jump connected to
the select input of U24 (74F158). This selects which row of
RAM is to be read or written to during a memory cycle. When
Al7 is jumped for select is low, RASIL* and RAS1U* will be
enabled to select the first 64K word (128K bytes) in the 1lst
row of RAM. If Al7 is high then RAS2L* and RAS2U* will be
enabled to select the first 64K word or (128K bytes) in the
second row of RAM. When Al9 is jumped for select it changes
the increments of the 64K words (128K bytes) to 256K words
(512K bytes).

Address lines BAl8*-BA22* are used to enable the memory
board at a specific location within the MC68000 subsystem
memory map allocation.

These address lines are connected to an 8-bit magnitude
comparator Ul (74F521) that compares two 8-bit inputs. The
address lines are compared to a preset value by the use of
DIP switch S1. If the address lines BAl8*-BA22* equal the
preset value, the output of the comparator is asserted and
enables the memory board. Refer to Table 7-4 for the proper
setting of S1 and jumper options El1-E9.

7.3.3 Control/Timing

The control and timing signals consist of Bus Address Strobe
(BAS*), Bus Upper Data Strobe (BUDS*), Bus Lower Data Strobe
(BLDS*), Bus Read/Write (BR/W*), Memory Disable (BERR*), Bus
Data Transfer Acknowledge (BDTACK*), and REFRESH (REFRESH¥*).

All control signals except BTACK* are input signals from the
MC68000 CPU board and are interfaced to the memory board
through U9 (74F244). Half of U9 is enabled continuously with
U9 pin 19 grounded which buffers REFRESH*, BAS*, and BERR¥*.
The other half of U9 controls BR/W*, BLDS*, and BULS* which
allows memory cycles to the memory board. The address
comparator (Ul) enables these control lines when the address
is within the correct address space.

The control lines are decoded by Ul0 (74F64) to start a
memory cycle. When the correct decode occurs the output of
Ul0 pin 8 (MEMCYC) clocks the D flip-flop (1/2 of Ul2) to
start a pulse down the Delay Line Ul3. MEMCYC also enables
the RASXX signals to issue RAS at time = 0. At time = 30 ns
the output of Ul3 pin 12 switches the address of the
multiplexers U48, U29, and Ul5. The 30 ns tap clocks 1/2 of
Ull (74F74). The 60 ns tap clocks 1/2 of Ul2 (74F74) to
enable CASX Signals to DRAMS. The 240 ns tap clocks 1/2 of
Ull (74F74) which clears MEMCYC and limits the pulse to 240
ns.
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Taps, 0, 140, and 180 of the Delay Line are used to generate
BDTACK*. Each tap after 0 will insert 2 wait states in the
memory cycle to enable the use of slower DRAMs. 150ns DRAMs
are required for no wait state operation.

BERR* is a signal generated by the Memory Management Unit on
the CPU board to prevent access to memory, especially
writes. If BERR* is issued after a memory cycle has started,
BERR* is inverted by 1/6 of Ul7 and disables the address
comparator. This will disable half of U9 to negate BR/W*,
BLDS*, BUDS*. This will negate the WRX and CASX signals to
DRAM to abort the cycle. RASXX signals are allowed to finish
to prevent short cycling of the DRAM. RAS without CAS
becomes a refresh cycle.

REFRESH* signal will cause all present memory boards to
issue a refresh cycle. REFRESH* (REFRESH) will first disable
address multiplexers U48, U29 and Ul5 and then enable buffer
U28 (74F244). This buffers the refresh address to the DRAMs.
The refresh address is generated by an 8 bit counter U1l4
(74LS8393). At the end of each refresh cycle, the counter is
clocked to the next 256 byte address. REFRESH* also asserts
MEMCYC and clocks 1/2 of Ul2 to assert 700. The 30 nsec tap
then clocks 1/2 of Ull (74F74) to disable U24 (74F158) this
will bring all outputs of U24 to a low state and asserts all
RAS* signals to the DRAMs. The 30 ns tap is used to allow
the address to be properly setup before the RAS* signals are
asserted. At time = 240 MEMCYC is cleared, which negates the
RAS* signals. This allows the RAS* signals to be asserted
for a minimum of 210ns which meets the requirements for
200ns DRAMSs.
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Disable Board
000000-03FFFF
040000~07FFFF
080000-0OBFFFF
0C0000-0FFFFF
100000-13FFFF
140000-17FFFF
180000~-1BFFFF
1C0000-~1FFFFF
200000-23FFFF
240000~-27FFFF
280000-2BFFFF
2C0000-2FFFFF
300000-33FFFF
340000-37FFFF
380000-3BFFFF
3C0000-3FFFFF
400000-43FFFF
440000-47FFFF
480000-4BFFFF
4C0000-4FFFFF
500000-53FFFF
540000-57FFFF
580000~-5BFFFF
5C0000-5FFFFF
600000~63FFFF
640000~67FFFF
680000~-6BFFFF
6C0000-6FFFFF

TANDY COMPUTER PRODUCTS

bR T e o b i i I I i T e e e e e B T e
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128K or 256K Board Jumpers

(B18)

N el el el el =l S S e T e S e e N el I =1
HOHOHOHOHOHOHOHOHOHOHOHOHOHOMXW

Off = Open
On = Closed
Don't Care

E1-E2 64K
E4-E5 64K
E8-E9 64K

TANDY 6000/6000~-HD

sl
(B19) (B22) (B20) (B21)

DADEDI DI D DA DS DA DA DA DA DI DG DG DA DG DG D4 D D DE D DG D8 d DD X s
HFHOOHHOOHRHOOHHOOHHOOHHOOKMEHOOMWU
PR R A H e RO 0000000000000 OO X M
COO0COHHMHHOOOOHHHHOOOOKRKHFHHOO OO X
HFHHHOOOOOOOOHRKHHHEFHFHHOODOOOOOONX ®

128K or 256K Memory Map Select Table

Table 7-4. Memory Map Select Tables
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Sl
(BAl19) (BA22) (BA20) (BA21)

1 2 3 4 5 6 7 8
Disable Board X 0 X X X X X X
000000-07FFFF X 1 X X 0 0 0 0
080000-0FFFFF X 1 X X 1 0 0 0
100000-17FFFF X 1 X X 0 0 1 0
180000-1FFFFF X 1 X X 1 0 1 0
200000-27FFFF X 1 X X 0 0 0 1
280000-2FFFFF X 1 X X 1 0 0 1
300000-37FFFF X 1 X X 0 0 1 1
380000-3FFFFF X 1 X X 1 0 1 1
400000-47FFFF X 1 X X 0 1 0 0
480000-4FFFFF X 1 X X 1 1 0 0
500000-57FFFF X 1 X X 0 1 1 0
580000-5FFFFF X 1 X X 1 1 1 0
600000-67FFFF X 1 X X 0 1 0 1
680000-6FFFFF X 1 X X 1 1 0 1

512K Board Jumpers El1-E2 64K
ES-E6 256K
E7-E8 256K

512K Memory Map Select Table

Sl
(BA22)(BA20) (BA2]1)

1 2 3 4 5 6 7 8
Disable Board X 0 X X X X X X
000000-07FFFF X 1 X X X 0 0 0
080000-0FFFFF X 1 X X X 0 1 0
100000-17FFFF X 1 X X X 0 0 1
180000-1FFFFF X 1 X X X 0 1 1
200000-27FFFF X 1 X X X 1 0 0
280000-2FFFFF X 1 X X X 1 1 0
300000-37FFFF X 1 X X X 1 0 1

1IMEG Board Jumpers E2-E3 256K
E5-E6 256K
E7-E8 256K

1IMEG Memory Map Select Table

Table 7-4. Memory Map Select Tables (Cont.)
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7.3.4 Parity

There are two parity circuits:
Input parity generators

. Output parity checkers

Since there is byte parity, there is one parity bit for each
byte. When data is being written to a memory location, the
data is monitored by the input parity generators.

The output of this generator is written into the same memory
location as the ninth or parity bit. When a byte is being
read from a memory location, all nine bits are monitored by
the output parity checkers (the parity bit is not passed on
to the bus). If the parity is correct, the output is a
logic 1.

If the parity is incorrect, a logic 0 is strobed into D
flip-flop U27 by CAS*. This signal is then routed to the
next selected system interrupt. The signal is cleared by
the next good parity memory cycle. Parity is an optional
feature. The lack of it does not alter the memory
operation.
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Component Layout, 512K Memory Board
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Parts List, Memory Board, 8898854

TANDY 6000/6000-HD

Ref No. Description Part No.
6000 Memory PC Board Rev. A 8709572
—-—— Cable, 34 Pos, Int. Bus. Ext. II 8709391
— Cable, 50 Pos, Int. Bus. Ext. TII 8709387
Capacitors
Cl Capacitor, 100 uF, 16V, Mono-Axial 8327101
Cc2 Capacitor, 100 uF, 16V, Mono-Axial 8327101
C3-23 Capacitor, 0.1 uF, 50V, Mono-Axial 8374104
C26-28 cCapacitor, 0.1 uF, 50V, Mono-Axial 8374104
Cc29 Capacitor, 100 uF, 10v, Elect. AXx. 8317100
C30-38 cCapacitor, 0.1 uF, 50V, Mono-Axial 8374104
C41-48 cCapacitor, 0.1 uF, 50V, Mono-Axial 8374104
C49 Capacitor, 100 uF, 10v, Elect. AXx. 8317100
C50-58 cCapacitor, 0.1 uF, 50V, Mono-Axial 8374104
C61-68 cCapacitor, 0.1 uF, 50V, Mono-Axial 8374104
Capacitor, 1 MFD,1l6v, 8325101
Jumper Plugs
El,E2 Jumper Plug 8519021
E5,E6 Jumper Plug 8519021
E7,E8 Jumper Plug 8519021
E12-E14 Jumper Plug 8519021
Stacking Pins
E1l-E15 Stacking Pin 8529014
Resistors
R2,R3 Resistor, 2.2k Ohm, 1/4W, 5% 8207222
R4 Resistor, 33 ohm, 1/4W, 5% 8207033
R5,R6 Resistor, 2.2k Ohm, 1/4W, 5% 8207222
Resistor, 100k Ohm, 1/4W, 5% 8207410
Resistor Paks
RP1 Network, 4.7 kohm, 10-Pin SIP 8294247
RP2 Network, 330 ohm, 6-Pin SIP 8295053
RP3-6 Network, 33 ohm, 8-Pin SIP 8295033
Switches
sl Switch, Dip 8-POS 8489004
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