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1/ 1Introduction

The Radio Shack Model 2000 Personal Computer is modular in
design to allow maximum flexibility in system configuration.
The basic computer consists of a Main Unit, a detached
keyboard with coiled cable for positioning the keyboard in
the most convenient location, and a monitor. The Main Unit
may be supplied with two internal floppy disk drives or one

floppy disk drive and one internal hard disk drive. The

standard monitor used with the Model 2000 is a monochrome
display (green phosphor) which has a standard screen format
of 80 characters width and 25 lines vertical. Since this

unit is modular, it may be placed on top of the Main Unit or
at any location convenient to the operator.

Internal floppy diskette storage is provided by either one
or two 5-1/4" floppy disk drives. If the unit is supplied
with two of these units, total internal memory storage
capacity is 1.46 Mbytes. When supplied with the internal
hard disk and one floppy disk storage unit, total internal
memory storage becomes 10.73 Mbytes.

An optional Color Monitor may be used with the Model 2000 to
provide up to eight of sixteen different colors on the
screen at one time. This optional feature requires the use
of a color monitor PCB assembly which plugs into one of the
mother board slots at the rear of the Main Unit.

An internal 128K RAM board is standard on the Model 2000.
An option to the Model 2000 is an additional 128K RAM board
which provides expansion to 256K. Both boards are mounted
internal to the Main Unit. An additional optional feature
is a 256K RAM board which connects to the internal
motherboard of the Main Unit. It is populated with 128K RAM
which may be expanded to 256K RAM with the addition of RAM
ICs. Two of these boards can be installed into the
motherboard in the unit's card cage assembly. With all
these options installed, the Model 2000 then has internal
RAM memory capacity of 768K bytes.

Other options include a TV/Joystick input, a mouse/clock
option which allows input from a hand-positioned interface,
a monitor pedestal, black and white graphics option, and a
floor unit which mounts the Main Unit vertically.
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The Main Unit is the heart of the Radio Shack Model 2000
microcomputer. It houses the microprocessor, Read-Only
Memory (ROM - 16K for system start-up), system power supply,
RAM boards and expansion slots for optional features, floppy

disk drives (either one or two), and the internal hard disk
drive and power supply.

The Main Logic Assembly is a large board mounted to the
bottom of the Main Unit and interconnected to the keyboard,

power supply, motherboard, and disk drives by a series of
cables. A system block diagram is shown in Figure 1-1
showing the major components of the Model 2000 and the
interconnecting cables. Both standard and optional features
are included in this figure to provide a complete overall

interconnection diagram of the unit.

The standard Power Supply for the Model 2000 microcomputer
is a 95W switching regulator type, designed to provide
adequate capacity for most all add-on features of the
computer. When the system is supplied with the hard disk
option, however, an additional 38W power supply is required
to power the hard disk assembly separately.

The Model 2000 has a detachable keyboard which is connected
to the Main Unit with a lightweight coiled cable which
allows the keyboard to be used up to 3 feet away from the
Main Unit for operator convenience. The keyboard features
90 keys in a standard typewriter keyboard layout with
additional keys for numbers and functions.

The Floppy Diskette Drive uses special 5-1/4" double-sided,
double-density diskettes to read, write or store data.
These are 96 TPI soft sector diskettes. Two Disk Drive
assemblies are installed in the standard unit, or it may

contain one floppy disk drive and one internal hard disk
drive assembly. Each of the floppy diskettes stores

approximately 730 Kbytes of data. The hard disk drive is
capable of storing 10 Mbytes of data. All system programs,
with the exception of the system startup sequence, are
stored on diskette.

The monitor used on the Radio Shack Model 2000 may be either
a monochrome (#26-5111) or color (#26-5112) display. The
monochrome monitor is a high resolution green phosphor
display which provides excellent visual quality. It
features a 12" screen with an anti-glare surface for

improved viewing. The display is 25 lines of 80 characters
each with the capability of displaying 256 different letters

or characters. The characters are formed using a 7 x 9
matrix dot pattern.




Tandy® Model 2000 Service Manual

Also available as an enhancement of the black and white
monitor is a B/W graphics option board (26-5140). This
feature allows the presentation of graphic material on the
display monitor with individually addressed pixels. A color
monitor (26-5112) is available which utilizes a 14" color
screen, a color graphics option (26-26-5141), and the B/W
graphics option to provide 8 color presentations at one time
on the monitor.

Standard internal RAM memory consists of a plug-in 128K

board. This board plugs into the Main Logic board and may
be expanded to provide 256K of RAM with an additional 128K
board (26-5160). 1In addition to this memory up to two
26-5161 boards (considered external since they are
accessible from the outside of the Main Unit) may be plugged
into the motherboard located at the rear of the Main Unit.
These boards are populated with 128K of RAM and may be
further expanded to 256K each with additional 64K x 1 RAM
chips (option 26-5162). When all of these boards are
incorporated into the system, they provide a total RAM
capacity of 784K bytes of memory.

The TV/Joystick Board allows attachment of user-supplied Joy
Sticks or paddles. Two joysticks may be attached to the

Model 2000 for use with games available in the software
library of the Model 2000.

The Mouse/Clock option board allows input with an external
input device called a "mouse” as well as providing the time
of day with a battery backup clock/calendar chip. The mouse
is a unit which is rolled along a desk top and encodes a
digital input to the computer.

A built-in RS-232 asynchronous interface allows
communication with external devices through the use of a
modem. These devices may be local or remote, using a
telephone line to co'm@unicate. The option supports 50 to
9600 BPS transmission speeds and utilizes a 25-pin D
connector located on the rear panel of the Main Unit.
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2/ Specifications
2.1 Physical Characteristics

Main Unit
Wwidth 19.0 inches (48.26 cm)
Height 6.0 inches (15.24 cm)
Depth 16.0 inches (40.64 cm)
Weight
26-5103 23.0 pounds (10.4 kgm)
26-5104 26.5 pounds (12.0 kgm)

Monochrome Monitor
width 16.25 inches (41.28 cm)
Height 11.4 inches (29.0 cm)
Depth 12.2 inches (31.0 cm)
Weight 15.4 pounds (7.0 kgm)

Keyboard
width 16.25 inches (41.28 cm)
Height 1.2 inches (3.05 cm)
Depth 7.875 inches (20.0 cm)

Weight 2.8 pounds (1.3 kgm)

2.2 System Operating Characteristics

Storage Temperature - -40 to +160°F (-40 to 71°C)
Ambient Temperature - 55 to 95°F (12 to 35°C)
Voltage Range (USA) - 95 to 135 Vac

(Europe) - 190 to 270 Vac

Ccurrent Drain - USA - AC Main Unit/Convenience Outlet
Model 26-5103 - 3.0 Amperes
Model 26-5104 - 3.5 Amperes

European - AC current Main Unit only

Model 26-5103 - 0.94 Ampere
Model 26-5104 - 1.2 Amperes

Line Frequency - 47 to 63 Hz

2.3 Peripheral Interfaces

RS232C Connector - DB25 socket connector accessible at
the rear of the main unit. Pinout connections are
shown in Section 5 of this manual.
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2.3 Peripheral Interfaces (con't)

Parallel Printer Connector - 34-pin connector for
connection of parallel printer or modem for
conversion to serial transmission. Pinout
connections are shown in Section 5 of this manual.

Monochrome Monitor Connector - 8-pin socket DIN
connector accessible at the rear of the Main Unit.

Motherboard - accessible from the rear of the Main Unit
allows up to four optional boards to be plugged
into main unit. Existing cover strip and Nylatch
latches are removed and optional board is inserted
and latched into place with Nylatch hardware.

2.4 Optional Features

Internal 128K RAM Board - plugs into existing 128K RAM
board to give 256K bytes of internal RAM storage.
Requires disassembly of the main unit for

installation. See Section 2 on disassembly
procedures.

External 256K Board - plugs into slot on Motherboard at
rear of main unit. Supplied with 128K, but may
have another 128K added for total of 256K bytes of
external RAM.

TV/Joystick Board - plugs into slot on Motherboard and
allows use of Joysticks for games available in
software library of Model 2000.

Mouse/Clock Option Board - plugs into slot on
Mother-board. Provides real time clock displayed
on monitor screen as well as input from external
"mouse" option, a hand-positioned transducer which
translates "X" and "Y" position into digital
encoded signal.
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3/ Disassembly/Assembly

Since the Model 2000 is modular in its construction,
disassembly/assembly procedures are simplified. The main

modules which make up the Model 2000 are the Main Unit, the
keyboard, and the display monitor. These three units may be
supplemented by various I/0 devices such as printers,
modems, memory devices or additional monitors. Disassembly
of each module will be described in the following
paragraphs. Exercise case when handling the modules to
prevent damage to internal components or exterior surfaces.

3.1 Main Unit

The Main Unit contains the Power ON-OFF switch and
indicator, the disk drives and the system power supply. All
cables interconnect this unit with external devices. Most
cables are connected to the rear terminal panel of the Main
Unit but there are some connections to the front panel of

the Main Unit, such as the keyboard connector. Attached to
the bottom of the main unit is a metal chassis which houses

the main logic PCB assembly. Turn the Main Unit assembly on
either the left or right side to gain access to the mounting
screws. There are four screws which attach this assembly to
the Main Unit housing. When properly positioned, the logic

board provides interconnection from this base PCB to the
Mother Board which is used for interconnecting optional

feature boards. 1In addition to this 96-pin connector, there
are other connectors which tie to the PCB. When the screws
are removed from the base cover, swing the rear of the cover
away from the main unit. This will allow the connectors

which are at the front of the unit to be removed without
damaging them.

Disconnect all connections to the main logic PCB (these
include the power input, reset, and sound). With these
connectors disconnected, the base assembly may be removed
completely from the Main Unit assembly. The PCB is attached
to the metal base assembly with nine screws. There is an

insulating separator to prevent possible shorting of any of
the components on the PCB to the metal base assembly.

The Main Unit housing contains the Power Supply, the Disk
Drive Assemblies (either two floppy disk drives or 1 floppy
and 1 hard disk drive) and the Motherboard for system

options. To gain access to the interior of this unit,
remove two mounting screws at the lower rear of the Main
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Unit. After removing these two screws, slide the top cover
forward to release the catches at the front, then lift the
top cover off the assembly. The back panel portion of the
case housing remains a part of the Main Unit base as well as
the power switch/reset and indicator.

3.1.1 Power Supply

The 95W main power supply for the Model 2000 is located at
the left side of the Main Unit and is accessible when the
cover is removed from the Main Unit as noted previously.

The power supply is attached to the base of the Main Unit
with 6 screws, 4 of which are screwed into the bottom of the
base and 2 of which are attached to the backside of the
front bezel If the Main Unit has a Hard Disk assembly

installed, it must be detached to provide access to the

connectors which connect the power supply to the Main Logic
PCB.

1. Remove the connectors attached to the Motherboard, disk
drives, and Main Logic PCB.

2. Remove 4 screws which attach the power supply assembly
to the base plastic.

3. Remove the two screws which connect the power supply to
the front bezel assembly.

4, Lift the power supply from the Main Unit.

5. Remove 3 screws from the RH side of the power supply to
allow the upper enclosure to be lifted off the supply.

6. Remove 4 connectors which attach to the power supply
PCB.
7. Remove 8 screws which attach the PCB to the lower

enclosure weldment.

8. Cable replacement is accomplished by removing the
connectors from the enclosure weldment. All connectors
are clip-mounting type connectors which allow
replacement without special tools. Remove wires
attached to the connector and then depress retaining
clips from inside the enclosure. Slide connector out
of enclosure weldment.

- 10 -



Tandy® Model 2000 Service Manual

Assemble the power supply in the reverse order of
disassembly. Ensure that the power supply is properly

operating before reinstalling it in the Main Unit. See
Section 7.2 for checkout procedures for the main power
supply.

The 38W Hard Disk power supply assembly is attached to the
underside of the power supply cover and nests above the main
power supply PCB. It is accessible when the cover is
removed from the main supply.

1. Remove the cover from the main unit as noted in
Paragraph 3.1.

2. Remove the main power supply cover by removing the 4
mounting screws.

3. Remove the mating connectors to the 38W power supply -
-~ there are two connectors. One is for AC input and
the other for DC output. There are three DC output
connectors on the PCB. The DC output connector may be
attached to any one of the three on reassembly.

4. Remove the 38W power supply board from the cover by
removing the 4 mounting screws.

Reassembly of the power supply is in the reverse order of
disassembly. Ensure that the orientation of the supply is
the same as it was prior to disassembly to prevent
interference with the main power supply PCB components.

3.1.2 Disk Drives

The floppy disk drives are mounted at the right side of the
Main Unit, attached to the base of the main unit with a
mounting bracket on either side of the drives. The drive
assemblies (including mounting brackets) may be removed from
the Main Unit base by removing 4 screws in the base. After
these screws and cables connected to the drives are removed,
the drive assembly may be removed completely from the Main
Unit.

The hard disk assembly is mounted to the left of the floppy
disk drive assemblies. If the unit contains a hard disk
drive assembly, it is removed from the Main unit by removing
the four mounting screws and attached cables.
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3.2 Keyboard Assembly

The keyboard assembly is connected by a coiled cable
attached to the left side of the front plate of the Main
Unit. Disconnect this connector to completely detach the
keyboard assembly. Disassemble the keyboard as noted below.

3.2.1 Disassembly

1. After removing the connector from the Main Unit, turn
the keyboard assembly upside down on a soft surface to
prevent scratching the surface or keys.

2. Remove three screws from the front of the keyboard.
Keep separate so that they mayu be replaced in the
front 3 mounting holes.

3. Remove remaining 6 screws from the sides and back of
the keyboard assembly.

4, Hold the top and bottom of keyboard assembly together
and turn the assembly rightside up.

5. Lift the top cover off the assembly, exposing the
keyboard printed circuit board.

6. Disconnect the cable connector at the right rear of the
keyboard assembly and remove the keyboard PCB.

7. Lift the keyboard supports from the rear of the
keyboard. These are positioned over the support
springs in the keyboard base (two on each side).

8. The cable is secured to keyboard base with a strain
relief. If necessary, squeeze the strain relief to
remove the cable from the base.

9. The cable wire connections must be removed from the
connector to replace the cable assembly. Use a small
tool to depress spring clip in the connector and pull
the wire/clip end from the connector.

10. The four keyboard support springs slide into the base
from the outside of the plastic holders. See the
exploded view in Section 8 if required.
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3.2.2 Assembly

The keyboard is assembled in the reverse order of
disassembly. Ensure that the keyboard supports are properly
positioned on the support springs prior to installing the
top cover. Also ensure that the shorter mounting screws are
used in the front positions of the keyboard assembly to
prevent damage to the keyboard plastic.

3.3 Display Unit

The Display Unit for the Tandy Model 2000 computer may be
either monochrome or color, depending on individual
requirements. Servicing either of the two units is covered
in the service manual for the particular type monitor used.
See the supplemental sections at the end of this Model 2000
service manual for servicing information.
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4/ Adjustments

4.1 Power Supply Adjustment

Adjustment of voltage sources required by the Model 2000 is

contained in Paragraph 7.2.1.3 Performance Test. These
voltages include +5 vdc, +12 vdc, and —-12 Vdc.

4.2 PLL Adjustment

Adjustment of the PLL circuitry is accomplished by the
adjustments noted in Paragraph 7.1.7.4.

4,3 Video Adjustment

Adjustments to the video circuits should be made according
to the alignment instructions noted in the supplements
contained in Section 10 of this manual. Instructions are
included for both the Monochrome and Color Monitors.
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5/ Cabling Diagrams/Pinout Connections

This section of the manual contains connector diagrams and
pin out descriptions of the connectors used in the Model
2000 microcomputer. Figure 7-1 shows an interconnecting
wiring diagram and identifies the connectors by symbol
number. The following pages then show physical
representation of the connector and corresponding pin
designations.
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CONNECTOR SYMBOLS

b RING TONGUE TERMINAL

( TO EARTH GROUND )

NN
PN  ~ 7 SOCKET

* CARD EDGE

QUICK DISCONNECT
TERMINAL ( FASTON)

SNAP SPADE TONGUE
TERMINAL

128K SYSTEM RAM
(PART NO.88968808)
[4})

128 K
EXPANSION RAM
J13 (P/N8898804)

MOTHER BOARD /

~ SERAL
(Rs-232) ™ Jl CARD CAGE ASSEMBLY
(PART NO.8898803)
PARALLEL HA >
PRINTER ‘—HQ YA RD DISK TO SLAVE
EXTERNAL INTERFACE / CONTROLLER HARD DISK
INTERFACE (TOP SLOT ONLY)
MONOCHROME {PART N0.88988G7) >
VIDEO % y3
MAIN LOGIC BOARD
T0
KEYBOARD . (PART NO.889800!)
'_"_95 ARCNET RG-69 ARCNET
COAX
v (ANY SLOT) BNC HuB
CO-PROCESSOR =
(P/NBO400ET) < 58S Nu
DC POWER SUPPLY SUBASSEMBLY 1
FOR 26-5103 USE P/N88980J3) 256 K RAM (EXPANSION)
(FOR 26-5104 USE P/N 8898013) DOC FAN (ANY SLOT)
- w5 (PARTNO.8898805)
RESET
wie SWITCH E2
. To
P! HI RES GRAPHICS COLOR
pa (BOTTOM SLOT ONLY) < MONITOR
" J9 Jie (PART NO.8898801)
a € L \ L
P7, 95 WATT P2 Vv \V V,
97 haN PI@ Pil )
POWER SUPPLY
2 6
wie Y5 (p/N8790056) \L 8
wi ~ 1
Pl P3 T ) we
il J3
— < — | . REFERENCE
’ ) CAD ;
EIg HARD DISK P4 4 134 4 CABLE NO. DESCRIPTION DRAWING NO. m;ﬁ- ‘,‘,35'
wi? POWER SUPPLY ;40N ~ SPEAKER .
(P/NBT98025) a
e N wi DC POWER, MAIN 6gpapss 8709444
w2 DC POWER, HARD DISK 6098939 8709446
wi2 w2 w3 SIGNAL, FLOPPY DISK 6pp8psT 8709447
wa SIGNAL HARD DISK egpeps2 8709488
w5 SIGNAL, RESET 600B8g7S 870-9464
POWER w6 GROUND—HARD DISK 6ggaigs 87p-95i8
o N N i w9 GROUND-AC OUTPUT 6008093 8709492
SWITCH * A 0y 34 wio FAN 6098974 | sropaor
wil GROUND-AC INPUT 6(poegeg 87¢-9468
r2a\ P2
res AN F2e ETYAVON par p22 24/\ P28 wi2 | POWER SUPPLY TO AC OUTPUT 600ea78 879-9466
— N — \————A— W13 | POWER SWITCH TO POWER SUPPLY 6008979 870-9467
W14 | POWER SWMTCH TO AC INPUT 699807 870-9471
wis SIGNAL, SPEAKER 6008970 870-9479
RFI GROUND W16 | GROUND, 95WATT POWER SUPPLY * *
€3 5 1/4 FLOPPY 51/4 FLOPPY MASTER WI7 | GROUND 38 WATT POWER SUPPLY 60pe092 8709493
A DISK DRIVE DISK DRIVE HARD DISK wie 6298103 8709507
E9 (05@) (os1) DRIVE % GROUND ACCOMPLISHED THROUGH HARDWARE FASTENER.
I
es NOTES (UNLESS OTHERWISE SPECIFIED):
AAMP CONNECTOR REQUIRED FOR COMPATIBLITY.
A\AC INPUT CONNECTOR HAS INTEGRAL FUSE
AC OUTPUT AC INPUT (4A,125V 4X20 MM EUROPEAN TYPE P/N847902)
El4 /ACONNECTOR PI9 IS MOUNTED ON CARD CAGE
ADJACENT TO JI5 ON MOTHER BOARD ASSEMBLY.
E3 ATTACHES TO SCREW ON POWER SUPPLY
CHASSIS
AC CONNECTIONS
L=LINE .
N=NEUTRAL Figure 5.1

E=EARTH GROUND

Connector/Cable Interconnection Diagram 8000206
Model 2000 Computer
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Connector/Cable Interconnection Diagram 8000206A
Model 2000 Computer
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r— ?24.50 -—

z
ot
'
S
18]

~
.
- LY}
WIRE (5T H
TWIRE CONMECTC ) PIN# !
FUWTIONAM.CD(A AN CEIEES
i 20§ Ky i ]
} 5 BB ]
[ v iy : ]
2y 2C ks :
@ND P8 bk :
T
i
S
¥ Y
N0
+5Y WRED
L T
+ P
b N I ‘ -
S 4 LY LY
FEv T8 TReo]
-tV LT W
EEPAVEEN IR 2
KEY c
ALRO 20 sxy

Cable Assembly W1 (6008058)
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TIE WRAP

000

3 TIE WRAP

boony/
2

PIN 1 L/
e 2.00 pz2

TYe

Ping

WIRE LIST
FUNC- |WIRE LONNECTOR / PIN NO.
TIOU |asokcotor P22 P3 P4
+i2v | 20]oR. | 3 -
+12V | 20]OR4, | — 2
GND {20 BLK 2 2 -
GND J20[ 80Kl = | 2 - 2
+5V [ 20{RED 4 1 -
+5v_| 20| RED 4 - 1
PARTS LIST
DES |27y DESCRPPTION | MFG6  PALT NO. | EEMARKS
P22] | [CONM.SOCKET, 4 POSITION| AMP/ (- 480424-0O
4 | CONTACT AMP/  GluiT-1
P4/P3| 2 [CONN.SOCKET, 4 MOSITION| MOLEX / 22-01-3047
2| CONTACT MOLEX / 08-50-0[13

Cable Assembly W2 (6008059)
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PINI4

PIM 22
I R . g J e
34 POSITION - 57 -

vmz#«\\\rﬁ

RECEPTACLE CONNECTOR

Pin 2R

N

N
_///////;’II
PIN 2

Pin ]

-34 CONDUCTOR RIBBON CABLE

_P?e?i\\\

PARTS LIST

D£8R

STy DELCRIP TION

MFG / PALT NC.

& MALIKS

Pii

i |CONN 24PN RECEFTACLE

MOLEX / 15-249-7343

K TRAIN RELIEF 15-25(34}

P26, 21

2 {CONN.,34- PIN EDGE CARD

3M / 3463-000!

AMP/ 429930-3

CABLE 34-COND.,.050 P\TCH

Cable Assemb

1y W3 (6008057)

lea/.“’zxpmz

/
/

PN PINZ 2 i
\ 34 POSITION CARD

EDGE COMNECTORS
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(13

—- 6:% -
P25 .J“i B A
] Ep /
¢ ! B TR
34 COMDUCTORS N4
C.UT 10 CONDUCTORS
FLUSH wWI1TH COMMECTOR
24 3’
!
2 J
20 COMDUCTORS
0 i 1

) . PARTS LIST |
DESICATION mv} DESCRIPTION | MFG , PART NoMBER { REMaRKS
Ji8 1 }36 PN EURN CONNECTOR BURNDY ; BPSIBYeacRaFoZt | ROWS & € C LOADED
: i RERG | 75800-00 .
T CANNON | GOGMSGPIZLBL- 004 i .
Pe4 * 1 ‘,‘U POSITION TDGE ZARD CCaNECTOR L AMP A99930-& |
. o . . 3M o 34ei-000: .
P25 4 J4POSITIONTDGE CARD LONNECTOR | AMP__ 499930-3
o . . e .1 3M [ 34630001 !
LWe |7 64COMD. FLATCABLE 0S50 PuchCABE |
Cable Assembly W4 (6008082
e «c
c.. -—

8
e El T e T
w3 T e - 3 !
I
- - TIE aReP t
ST
REMBKKS

CORSILNATIEN BT

vo nd
- T

D OWRG amT xe

Y2 WBEhg TR TOLER
LY INSULATE O
09:503¢2] W/LO0CKNG RAMP

xt Tt A !
EV,EZ |, 2 QUILK DISCONNECT | AMP 2:35C80.
) L1 | HOUSING, 2 PIN | MOLEX |
2 | contacT , MOLEX | 08 500005

3 s

Cable Assembly W5

(6008075)
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TIPS ) e o BIMPR60742-2
/ STRIFE

Cable Assembly W6 (6008108

. 6 e

S =0

E16 ‘
E14

PARTS® LiST
DES. |QTY. DESCRIPTION MFC. B/ N )

£14]: | RING TERMINAL | AMP | 350981~ 2
E16] 1 | SNAPSPADE TERM. | AMP | 640763 -
1

WIRE, 18 AWG.
GRN. W/ YELLOW
STRIPE

Cable Assembly W9 (6008093)

- —_— 12 — - - - e R 2 w2V DO
/ 24 AWG ORARNGE
~
m oy -
1t = [
////' ANNS I g
A AT e coau

24 AWG BRILACK

Cable Assembly W10 (6008074)
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- = - [ 5
.3
p— J—— — =
B b e
- e
et I SN
—_—
WIRE LIST PARTS LIST
Ui Ty WIRE CONNELTOR /[ PIN# IDES |47 DES;CRKPT\OM MFG / PART NG. REMARKS
AwC EMR P4 o 1 [SONT HouSHG W/LLEK RAMP  [MOLEX 9 i) O
LINE 18 [Beun 3 2 [conTacTs WOLEX / JE 9D 05
NEUTRAL |18 |2 ATV 2 £05| 2 G0tk DISCOMELT (234038, [smp 2-S20183-2 [FauY WOUWTED

Cable Assembly W12 (6008078

PiNE

PIN &}

~WiRE ST T — e - TS e -
T GIE] b - = - .

oo 3 [COmECTOR, DESIGNATION  [aTv | DESKRIPTION MFa -
hand awe Jcoow | po] ot Tewo]Emifs) > 23 508 conme mLomai TRy N
NG s |seOWN | 1 . - — h ;'—]— = CowTACT —_—
Tt 18 |BRown \ i o EnEn ; Ce .

~ : ‘ [Ew,En, . 3 A govck Disconnter  [ame Tr3seanr [Fuir wavLaTER
e L i et s I D T2 7 _Te wear i S

NEUTRAL | & [BiuE 3 . i _—_

NEUTRAL |18 {BLUE 3] '

Cable Assembly W13 (6008079)
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¥

F o - T8
!
- \ B
| e S S § S — g _ _ _ £
L VAN
LO- LS - - o-15 -
WikE LIST PARTS 8T
ENEES CONNEZ TOK [ Vi g pes faty DECRIPTIOL MFC/PART MO REMAZKS
ke P TS| 6 [So 2K T SCONNECT 53 | aWP Titeens ¢ 1o NsUNED
CIME (1B [BRA E® | & 2 178 WRAP
NELT |18 By | 3id )
I i
I ! ;
1 ]
) PP - i

Cable Assembly wWl4

) [
BE

7

NIRE JIST
TOLLETLE [ Piki N
9

ARE
Jcoise
e~

Bix

P ol

{awt.
Ze
I3

B

SFaEL T

F

Cable Assembly W15

BS

~le
- £.9C
. PARTS' LIST
DESGMTON QTY DESLRAPTION MEG
PS5 VL /X 32 QuitK DISCOMZT. amMP
E3 . RING TERMMAL | ame
wla 1

18 58 ZREEN w/YEiiOW
. STRIP wikE

Cable Assembly W16

a0z

(6008071)

B OO OGO

- -

NTEP Y RELS AND
EPLACES

Tin

(6008070

| RE MARKS !
IKSUNTED  RREL i
350%8 c0 MSMATID BARRIL |

PART N2

T /2 LENGT - TOUER

(6008080

27
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* ) "
L= =0

£18 EL7
PART S LIST
DES. |QTY. DESCRIPTION MG P/ N REMARKS
E18 1 |/ax'/z2 QAUICK DISCONELT | AMP | 42-400-2 | INS. RARPEL
Et7 | 1 [RING TERMINAL AMP | 350981-2 | INB. BARREL
1 |18 4Ah. GRNL W/ YELLOW
STRIPE WIRE.

Cable Assembly W17 (6008092)

P To Main Loaic

IC’ FC’V‘IEz E1
:E

SupPLY HousiNa C\/:
(} —
i

PARTS LisT
PES ATY DESCRIPTION MF& 4 EN. REMARKS
(EL |1 RING TEEMINN. AMP / gl793-1 oK E&UIVALENT
Pl | 1 [.250 FASTON RECEPTALLE AMP/ 42400-2 Of EGQUIVALENT
[YE] 1 [AWG 1'2/65 STRANDER OF CRBEN w/ YELLOW STRIPE
1 30 GA

Cable Assembly W18 (6008103)
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- 7.5t .5 - - e
PiM 5 COMPRERSED
LENGTH

PIN 3

PRI 2

l PIN | PIN &

E 30

- - "
.60% .08 i85 |
DIA MaX |
3.0
4\
M !
P
cemp metaL —
FOIL RETWEEW /
CABLE AuD i u/
METAL HOUSING KEYED TFOo3iTiON

WIRE LIST
WIRE | CONMNELTOR / PiN_NO

i AW coror | P7 P!

XBDDAT [zGlBLK | [ |1

KEDCLK 26fRn | 4 | 3

KBDBSY*26 |YEL P2 4

FEVDE Ei “ep | B [ 5

GUD [22 |HERA
!

.
I

PARTS LIST

DES [oT DESCRIPTION MFG/PABT NO REMARKS

P 7 |1 |ZONA_S Pik DIN %1 AMKLE |08+ DEN/ STIR T M2 2

= | |& CkT_HOUSNG MOLEX / 22-01-309 _|MOLDED KEY ik Pos 2
S jLOoNTACLT MILEX / 08-50 -01t3

Keyboard Cable Assembly 6008072
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MAIN LOGIC PCB REV. @

J1l - SERIAL INTERFACE (RS-232C)
(25-PIN FEMALE RT. ANGLE DB25)

01 GROUND 02 SERTD*

03 SERRD 04 SERRTS

05 SERCTS 06 SERDSR

07 GROUND 08 SERCD

09 NO CONNECTION 10 NO CONNECTION
11 NO CONNECTION 12 NO CONNECTION
13 NO CONNECTION 14 NO CONNECTION
15 SERTXC 16 NO CONNECTION
17 SERRXC 18 NO CONNECTION
19 NO CONNECTION 20 SERDTR

21 NO CONNECTION 22 SERRI

23 NO CONNECTION 24 NO CONNECTION

25 NO CONNECTION

J2 - PARALLEL INTERFACE
(34-PIN MALE SHROUDED RT. ANGLE)

01 LPRDATSTB 02 GROUND
03 LPRDO 04 GROUND
05 LPRD1 06 GROUND
07 LPRD2 08 GROUND
09 LPRD3 10 GROUND
11 LPRD4 12 GROUND
13 LPRD5 14 GROUND
15 LPRD6 16 GROUND
17 LPRD7 18 GROUND
19 LPRACK* 20 GROUND
21 LPRBSY 22 GROUND
23 LPRPAEM 24 GROUND
25 LPRSEL* 26 STROBEIN
27 GROUND 28 LPRFLT*
29 LPRINO 30 LPRIN1
31 GROUND 32 LPRIN2 @
33 GROUND 34 INBUFFULL
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MAIN LOGIC PCB REV. PP2

J3 - MONOCHROME VIDEO
(8-PIN DIN RT. ANGLE)

NO CONNECTION
GROUND

INTMON
BUSHSYNC
BUSVSYNC

NO CONNECTION
VIDEOMON

NO CONNECTION

Q@I U W
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J4 - MATH CO-PROCESSOR CONNECTOR
(DUAL 31-PIN, 0.100" GRID)

01l + 5 VOLTS 02 GROUND
03 S0* 04 S1*
05 S2* 06 RESET
07 CLKOUT 08 BHE*
09 AD1S 10 AD18
11 AD17 12 AD16
13 AD15 14 ADO7
15 AD14 16 ADO6
17 AD13 18 ADO5
19 AD12 20 ADO4
21 AD1O 22 AD11
23 ADOS 24 ADO3
25 ADOS : 26 ADO?2
27 ADOO 28 ADO1
29 RD* 30 RD*
31 WR* 32 WR*
33 ALE 34 ALE
35 ARDY 36 ARDY
37 HOLD 38 HOLD
39 MCSO* 40 MCSO0*
41 DT/R* 42 DT/R*
43 NO CONNECTION 44 MCs2*
45 NO CONNECTION 46 MCS3*
47 MCS1* 48 MCS1*
49 GROUND 50 TEST*
51 HLDA 52 HLDA
53 DEN* 54 DEN¥*
55 SRDY IN 56 DRQO
57 SRDY OUT 58 DRQ1
59 LATCHED SRDY 60 MCPINT14
61 +5 VOLTS 62 GROUND

NOTE: SIGNALS INTERCEPTED AND REGENERATED BY THE MATH
CO-PROCESSOR ARE INDICATED BY BOLD FACE PRINT. A JUMPER
TO THE CORRESPONDING SIGNAL IS REQUIRED WHEN THE MATH
CO-PROCESSOR IS NOT USED. THESE JUMPERS ARE
INCORPORATED ON THE PCB ARTWORK ON THE SOLDER SIDE OF
THE BOARD AND MUST BE CUT WHEN INSTALLING THE MATH
CO-PROCESSOR.
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MAIN LOGIC PCB REV. PP2

J5

Ola
02a
03a
O4a
05a
06a
07a
08a
0%9a
10a
lla
12a
13a
l4a
15a
l6a
17a
18a
1%a
20a
2la
22a
23a

24a
25a
26a
27a
28a
29%a
30a
31a
32a

MOTHER BOARD CONNECTOR

(96-PIN MALE EUROCONNECTOR)

NO CONNECTION

GND

GND
BUSBLANK
BUSCLK
NMI*
BUSVLT
BUSPCLK
BUSRFSH*
BUSIOR¥*
BUSHLDA¥*
BUSBHE*
BUSMCS1*
BUSMR*
BUSRFINH*
BUSMRST*
BUSDT/R*

BUSDMACK2*

BUSALE
GND

BUSDO04
BUSDO6
BUSDOO
BUSD14
BUSD13
BUSDOS8
BUSAll
BUSALS
BUSAlLY
BUSAQ08
BUSAl0
BUSAL6

0lb
02b

03b
04b
05b
06b
07b
08b
09b
10b
11b
12b
13b
14b
15b
16b
17b
18b
19b
20b
21b
22b
23b
24b
25b
26b
27b
28b
29b
30b
31b
32b

NO CONNECTION

AGVID
GND

G/A
BUSHSYNC
GND

NO CONNECTION

BUSINTO3
BUSINTI16
HDCINTO®6
RATINTI12
BUSIOW*
BUSMCSO*
BUSMW*
BUSL/E*
BUSDEN*

BUSDMACK3*

MEMINT15
BUSHOLD*
GND
BUSDO5
BUSDO7
BUSDO1
BUSD10
BUSDO9Y
BUSAO4
BUSAL2
BUSAL7
BUSAL3
BUSAO9
BUSAO03
BUSA06

0lc
02c
03c
O4c
05c¢c
06¢c
07c¢
08c
09c
10c
llc
12c¢
13c
l4c
15¢
l6c
17c¢
18c
19c
20c
21c
22c
23c
24c
25¢
26¢C
27c¢
28¢
29c
30c
31c
32c¢

NO CONNECTION
NO CONNECTION
GND
BUSDOTCLK
BUSVSYNC
AINT

NO CONNECTION
BUSPCS5*
BUSPCS4*
BUSPCS3*
BUSLOCK*
BUSDMARQ1*
BUSDMARQ2*
BUSARDY*
BUSINTO05
BUSINTO7
BUSINT17
BUSDMACKI1 *
BUSDMARQ3*
GND

BUSDO3
BUSD15
BUSDO2
BUSD11
BUSD12
BUSAQO
BUSAQ7
BUSALS
BUSAl4
BUSAO1
BUSAQ2
BUSAOQS
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MAIN LOGIC PCB REV. PP2

J6 - SYSTEM RAM INTERFACE
(40-PIN MALE HEADER, STRAIGHT)

01 IBO1 02 IBOO

03 IB02 04 IB04

05 IBO3 06 IB05

07 IBO7 08 IB06

09 DIPL 10 DOPL

11 WRO* 12 DMEMAOQ®6
13 RASO* 14 DMEMAO3
15 DMEMAOQO 16 DMEMAO 4
17 DMEMAQ2 18 DMEMAQS5
19 DME@AO1 20 DMEMAQ?7
21 GND 22 CASU*
23 GND 24 GND

25 +5 VOLTS 26 +5 VOLTS
27 +5 VOLTS 28 RAS1*
29 WR1* 30 CASL*
31 DOPU 32 DIPU

33 IBl2 34 IB15

35 IB11l 36 IBl4

37 IB1O 38 IBOS

39 IBOS 40 IB13

J7 - KEYBOARD INTERFACE
(5-PIN DIN, RT. ANGLE)

01 KBDDAT 02 KBDBSY*
03 GROUND 04 KBDCLK
05 KBDPOWER

J8 - RESET
(2-PIN MOLEX W/FRICTION LOCK)

01 RES* 02 GROUND@

J9 - SPEAKER
(2-PIN MALE HEADER, POLARIZED)

01 SPKDRV 02 GROUND
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J10 - DC POWER
(9-PIN MALE HEADER, POLARIZED)

01 +12 VOLTS
02 ACLO*

03 +5 VOLTS
04 +5 VOLTS

05 GND
06 GND
07 -12 VOLTS
08 .GND

09 NO CONNECTION

J11 - FLOPPY DISK CONTROLLER INTERFACE
(34-PIN MALE HEADER, STRAIGHT)

01 GROUND 02 NO CONNECTION
03 GROUND 04 FLDINUSE*

05 GROUND 06 NO CONNECTION
07 GROUND 08 FLDIDX*

09 GROUND 10 FLDDSO*

11 GROUND 12 FLDDS1*

13 GROUND 14 NO CONNECTION
15 GROUND 16 FLDMTRON*

17 GROUND 18 FLDDIR¥*

19 GROUND 20 FLDSTP*

21 GROUND 22 FLDWRDAT¥*

23 GROUND 24 FLDWE*

25 GROUND 26 FLDTRKO*

27 GROUND 28 FLDWRPRT*

29 GROUND 30 FLDRDDAT*

31 GROUND 32 FLDSDSEL¥*

33 GROUND 34 FLDRDY*
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EXPANSION RAM PIN DEFINITIONS
(J13 - EXPANSION RAM BD.)

01 IBO1 02 IBOO

03 IB02 04 IB04

05 IBO3 06 IB0S

07 IBO7 08 IBO6

09 DIPL 10 DOPL

11 NO CONNECTION 12 DMEMAO6
13 NO CONNECTION 14 DMEMAO3
15 DMEMAOQO 16 DMEMAO4
17 DMEMAOQ2 18 DMEMAOQS
19 DMEMAOL 20 DMEMAO7
21 GND 22 CASU*
23 GND 24 GND

25 +5 VOLTS 26 +5 VOLTS
27 +5 VOLTS 28 RASL1*
29 WR1* 30 CASL*
31 DOPU 32 DIPU

33 IB12 34 IB15

35 IB1l1l 36 IB14

37 IB1O 38 IBOS8

39 IBO9 40 IB13
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OPTION CARD CONNECTOR PIN ASSIGNMENTS
(96-PIN EUROCONNECTOR)

0la +5 VOLTS 01lb +5 VOLTS O0lc +5 VOLTS
02a GND 02b AGVID 02c +5 VOLTS
03a GND 03b GND 03c GND

04a BUSBLANK 04b G/A 04c BUSDOTCLK
05a BUSCLK 05b BUSHSYNC 05c BUSVSYNC
06a NMI* 06b GND 06¢c AINT

07a BUSVLT 07b +12 VOLTS 07¢c -12 VOLTS
08a BUSPCLK 08b BUSINTO3 08c BUSPCS5*
09a BUSRFSH¥* 09Db BUSINT16 09c BUSPCS4*
10a BUSIOR* 10b HDCINTO6 10c BUSPCS3*
lla BUSHLDA¥* 11b RATINTI12 llc BUSLOCK*
l2a BUSBHE* 12b BUSIOW* 1l2c BUSDMARQ1*
13a BUSMCS1* 13b BUSMCSO* 13c BUSDMARQ2*
l4a BUSMR* 14b BUSMW* l4c BUSARDY*
15a BUSRFINH¥* 15b BUSL/E* 15c¢ BUSINTO05
l6a BUSMRST* l6b BUSDEN¥* lé6c BUSINTO7
l7a BUSDT/R* 17b BUSDMACK3 * 17c BUSINT17
18a BUSDMACK2¥* 18b MEMINT15 18c BUSDMACK1*
19a BUSALE 19b BUSHOLD¥* 19¢ BUSDMARQ3 *
20a GND 20b GND 20c GND

2la BUSDO0O4 21b BUSDO05 2lc BUSDO3

22a BUSDO06 22b BUSDO7 22c¢ BUSD15

23a BUSDOO 23b BUSDO1 23c BUSDO02

24a BUSD14 24b BUSD10 24c BUSDI11

25a BUSD13 25b BUSDOY 25c BUSD12

26a BUSDOS8 26b BUSAO4 26¢ BUSAO00

27a BUSAll 27b BUSAl2 27c BUSAQ07

28a BUSALS 28b BUSAl7 28c BUSALlS

29a BUSAL9 29b BUSAL3 29c BUSAl4

30a BUSAO8 30b BUSAOQ9 30c¢ BUSAO1

3la BUSAlQ 31b BUSAQ3 31lc BUSAOQ2

32a BUSAl®6 32b BUSAO6 32c BUSAO05
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MOUSE INTERFACE
(9-PIN "D" TYPE, FEMALE RT. ANGLE)

0l GROUND 02 +5 VOLTS
03 S3%* 04 XA

05 XB 06 S2%*

07 Sl* 08 YA

09 YB

COLOR MONITOR PIN ASSIGNMENT
(GRAPHICS BD.)

GROUND

GROUND

RED

GREEN

BLUE
INTENSITY

NO CONNECTION
HSYNC

VSYNC

WOJOUT & WK -
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6/ Troubleshooting Procedures
6.1 Power Supply

General diagnostics can be performed on the power supply
without removing it from the chassis.

To check the power supply for correct outputs to the logic
board and floppy disk, simply remove the top cover of the
main unit and disconnect the power connector (P30) from the
top floppy disk drive. Check for +12 vdc (pin 1) and +5 Vdc
(pin 4). 1If these voltages are present, replace the plug
and remove the power connector (P10) from the main logic
board. Check for +12 vdc (pin 1), -12 vdc (pin 7), and +5
vdc (pins 3 and 4).

CAUTION

DO NOT DISCONNECT BOTH PLUGS at the same
time. To function properly, the power
supply must have a minimum load.

If any of the voltages do not conform to the specifications
contained in Paragraph 7.2.1.1, the power supply and/or
harness may be defective. Remove the power supply and
troubleshoot using Paragraph 7.2.1.2.

For troubleshooting the power supply assembly, see Section
7.5.4.

6.2 Other Components

1f all voltages are present as described in Paragraph 6.1
and the unit is still inoperative, replace first the RAM
board and then the CPU to correct the problem. Refer to
Paragraph 7.5.2 for a theory of operation on the RAM boards
and 7.1.2 for the CPU theory.
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7/ Theory of Operation

This section of the manual contains an explanation of the
components used in the Model 2000 Microcomputer. It
includes a discussion of the Main Logic Board, Power Supply
Board(s), and optional boards. The discussions on the Main
Logic Board are related to the overall block diagram shown
in Figure 7.1. Each subsection contains a simplified block
diagram, referenced to a specific page of schematic . The
complete schematic of the Main Logic Board is located at the
end of Section 7.1. The Power Supply used in the Model 2000
is described in Paragraph 7.2, as well as the supply
required for the addition of a Hard Disk Drive Assembly.

The Disk Drive Assembly description is contained in
Paragraph 7.3. Information concerning the Card Cage
Assembly and Motherboard is contained in Paragraph 7.4.

Discussion of optional features, such as 128K Add-On Memory,
B/W Graphics Board, Color Graphics Option, Color Monitor,
TV/Joystick Board, and Mouse/Clock Board is contained in the
manual covering the specific option.
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7.1 Main Logic Board

7.1.1 General

The Main Logic Board is mounted to the underside of the Main
Unit and is accessible from the underside. It is mounted to
a pan assembly which provides protection and support for the
board which is approximately 10" x 16". It contains
connectors which allow it to be interconnected to the power
supply, disk drives, reset circuitry, and motherboard
assembly for optional boards.

See Section 3 for disassembly procedures for the Main Logic
Board. '
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7.1.2 CPU (Sheet 2)

The CPU (Central Processing Unit) revolves around an Intel
80186 microprocessory chip with a clock input of 16 MHz
(this yields a 125 nsec machine cycle or "T" state). It is
assumed that the reader is familiar with 80186 timing and
interfacing. For more information, refer to Intel
literature. The CPU section includes logic to buffer and
latch all data and address signals. All chip selects
(except the boot ROM and character generator) are generated
by this section also. A "fail safe" memory timeout circuit
prevents the 80186 from waiting forever for a non-existent
memory or port address to respond. A programmable DMA
(Direct Memory Access) multiplexer maps four bus DMA
channels into the two channels resident on the 80186. Logic
that directs the bus controller to point the system buses in
the right direction is contained here also.

7.1.2.1 CPU Buffering

The Intel 80186 uses a multiplexed address-data bus. The bus
is demultiplexed using 74SL373 8-bit transparent latches and
7415245 octal bi-directional bus drivers. The 74LS373 is
enabled for output by CPUHLDA (CPU HolLD Acknowledge, active
high) so that it may drive the address bus while the 80186
has the control of the system. The latches are controlled
by CPUALE (CPU Address Latch Enable, active high). The
falling edge of CPUALE locks the data into the latches for
the entire memory cycle. Al6 - Al9 are not multiplexed with
data but require latching as do S0* - S2* (Processor Status
bits 0 - 2).

The data buffers are controlled by 80186 generated signals
DEN* (Data ENable, active low) and DT/R* (Data
Transmit/Receive, high for write cycles, low for read
cycles). Within the first T state, DT/R* is set to point
the data buffers in the right direction, and DEN* goes low
when data appears on the bus.

7.1.2.2 CPU Address Decoding

Address decoding falls into two categories: memory and
peripheral. Each is identified by unique read and write
status codes on S0* - S2*, The 80186 is software
programmable to generate select signals to both spaces. The
Model 2000 will always be programmed as shown in Figure 1.
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Signal Memory/Peripheral Address Range
LCsS* M Not Used

MCSO* M 00000H - 1FFFFH
MCS1~* M 20000H - 3FFFFH
MCS2* M 40000H - 5FFFFH
(not used)

MCs3* M 60000H - 7FFFFH
(not used)

UCs* M F8000H -FFFFFH
PCSO* P 0000H - 007FH
PCS1~* P 0080H - OOFFH
PCS2* P 0100H - 017FH
PCS3* P 0180H - OlFFH
PCS4* P 0200H - 027FH
PCS5* P 0280H - O2FFH
PCS6* P 0300H - 037FH

(not used)
NOTE:

MCSn* address areas are programmed to insert 0 wait states
and use 80186 ready inputs. The UCS* address area is
programmed to insert 3 wait states and ignore 80186 ready
inputs. All PCSn* areas are programmed to insert 2 wait
states and ignore 80186 ready inputs.

Figure 7-2. 80186 Programmed Chip Selects

Most internal peripherals are mapped into PCS0* space. This
space is split into eight 16-byte active low chip selects by
a 74LS138. Both PCS0* and CPUALE condition the 74LS138 to
guarantee the subsequent chip selects are valid only when
all address bits are stable. The first block of 16
addresses is further broken into four 2-byte blocks
(mirrored twice) by 1/2 of a 74LS139. Address assignments
are given in Figure 7-4.
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Address Name Device

0000H - 0001H PCSOPOA* Speaker/clocks control
0002H - 0003H PCSOPOB* DMA Multiplexer control
0004H - 0005H FLDTC* Floppy Disk Term. Count
0006H - 0007H —_———— Unused (no connect)
0010H - 001F PCSOP1 8251A

0020H - 002FH PCSOP2 Unused (no connect)
0030H - 003FH PCSOP3 8272A

0040H - 004FH PCSOP4 8253-5

00508 - 0OO5FH PCSOPS 8255A-5

0060H -~ OOQO6FH PCsSOP6 8259A (Controller 0)
00704 - 0Q7FH PCSOP7 8259A (Controller 1)

Figure 7-3. Peripheral Chip Select 0 Address Assignments

Four DMA acknowledge channels are generated at a base
address of 0080H in CPU peripheral address space (See Figure
3). Each one is thrity-two bytes in length. BUSDMACKO*
(BUS DMA ACKnowledge 0, active low) is dedicated to the
internal floppy disk controller and BUSDMACK3* is dedicated
to the internal hard disk. BUSDMACKl* - BUSDMACK3* are
routed to the expansion bus connector.

Address Name Device

0080H - O009FH BUSDMACKOQ* Internal Floppy Disk
Controller

00Aa0H - O0OBFH BUSDMACK1* No assignment

00c0oH - OODFH BUSDMACK2* No assignment

O0EOH -~ OOFFH BUSDMACK3* Hard Disk Controller

Figure 7-4. DMA Acknowledge Address Assignments

An additional level of decoding is required to support the
Model 2000 bus structure. The CPUL/E* (CPU Local/External,
high for local, low for external) is generated by a 74LS30
8-input NAND gate. The decoded chip selects for CPUMCSO*,
CPUMCS1*, PCS0%*, BOOT*, and BUSDMACKO* as well as INTAK* and
TMOINTO0l* constitute local addresses. All other addresses
are external.
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7.1.2.3 Synchronous and Asynchronous Ready

Addressed memory and peripherals handshake with the CPU
indicates that a transaction is complete by pulling CPUARDY*
(CPU Asynchronous ReaDY, active low wire OR bus) low.
Devices not required to handshake in this manner are those
which are selected by a memory or peripheral chip select
that ignores external ready inputs (See Figure 7.1), with
the exceptions being the boot ROM and any interrupt
acknowledge cycle (see next paragraph). CPURDY* is then
inverted and connected to the ARDY (Asynchronous ReaDY,
active high) input on the CPU. Once synchronized inside
the CPU, ARDY is ORed with the SRDY (Synchronous ReaDY,
active high) so that if either input is a logic "1", the CPU
will assume that the addressed device is ready to complete
the transaction,

The SRDY input to the CPU is handled differently. When the
CPU is reset, UCS* (Upper memory Chip Select, active low
from which the boot ROM chip select is generated) will have
three wait states inserted automatically and will include
external ready inputs. Because no logic provision was
included for a UCS* addressed device to respond to the
CPUARDY* bus, the CPU will wait indefinitely. A
corresponding situation exists for INTAK* (INTerrupt
AcKnowledge, active low). To overcome this, UCS* and INTAK*
are logically ORed together to generate an active high
signal whenever either input is active low. This signal is
routed directly to the CPU SRDY input as well as to a 74LS74
which synchronizes it to the CPU clock for use with a
CO-processor.

7.1.2.4 Memory Timeout

A safeguard circuit is included to prevent the CPU from
waiting an excessive amount of time for memory to respond
with a ready. Revolving around a 74LS123 timer set for
approximately 100 usec, the circuit begins timing a
transaction at the leading edge of CPUALE. This forces the
timer's Q output to a logical "1". The Q output is gated
with CPUDEN* to form TMOINTOl (TiMeOut INTerrupt controller
0, level 1, active high) which goes active only if the timer
times out while a transaction is still in progress (signaled
by CPUDEN* remaining active low). TMOINTOl is inverted by
an open collector gate and output in the correct sense to
the CPUARDY* bus and remains low until CPUDEN* goes
inactive, indicating that the CPU acknowledges the
handshake. Concurrent with this operation, CPUL/E* is
forced to the local state (logic "1") so that the bus
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drivers are forced inactive. This action prevents a
contention on the CPUARDY* bus. If the transaction
completes before a timeout, the time will continue until it
is restarted by another CPUALE or until it times out. (The
system will not see this timeout because CPUDEN* is
inactive.)

7.1.2.5 Four Channel DMA Multiplexer

The Model 2000 has provisions for multiplexing four
BUSDMARQn* (BUS Direct Memory Access ReQuest n, active low)
into the two 80186 resident DMA channels, DRQn (DMA ReQuest
n, active high). An 8-bit write only register, located at
0002H in CPU peripheral address space, controls the
multiplexing process (bit assignments are given in Figure
4). This register is cleared after a system reset. Each
input channel has both an enable bit (to enable the
corresponding channel for requests), and a select bit (to
select the 80186 channel to which the incoming request is
routed). The DMEINT16 (DMA Error INTerrupt controller 1,
level 6, active high) signal is used to indicate to software
that an invalid programming condition has occured (more than
two enabled channels routed to the same 80186 channel).
DMEINT16 will remain active until the error condition is
removed. DRQn are forces low while INTAK* is active low due
to a logic error in early versions of the 80186.

7 6 5 4 3 2 1 0
Chan 3 Chan 2 chan 1 Chan 0 ¢Chan 3 Chan 2 Chan 1 Chan 0
select select select select enable enable enable enable

For select bits: 0 for DRQO
1 for DRQ1
For enable bits: 0 for disable

1 for enable

Figure 7-5. DMA Channel Control Register (Port 0002H)
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7.1.3 Bus Interface (Sheet 3)

The Model 2000 uses a unique high performance split-bus
architecture. The CPU (Central Processing Unit), base
peripherals (floppy disk interface, RS232 interface, and
printer/keyboard interface), and the first 256K RAM reside on
the local bus while the monochrome and color video systems, as
well as any additional memory, are on the external bus. These
buses remain independent until a device initiates a
transaction that crosses the boundaries.

7.1.3.1 Bus Signal Description
BUSAnNn I/0 20 bit bidirectional address bus (BUSAQ00 is

the least significant bit, BUSAl9 is the
most significant bit). 220/330 ohm split

termination.

BUSDnn 1/0 16 bit bidirectional data bus (BUSD00 is the
least significant bit, BUSD19 is the most
significant bit). 220/330 ohm split
termination.

BUSMCSO* 1/0 BUS Memory Chip Select 0, active low.

Selects RAM (on main logic board) in the
address reange 00000H - 1FFFFH. 2.2 kohm
pullup.

BUSMCSO* I/0 BUS Memory Chip Select 0, active low.
Selects RAM (on main logic board) in the
address range 00000H - 1lFFFFH. 2.2 kohm
pullup.

BUSINTO3 I BUS INTerrupt controller 0, level 3, rising
edge sensitive. 2.2 kohm pullup.

BUSINTO5 I BUS INTerrupt controller 0, level 5, rising
edge sensitive. 2.2 kohm pullup.

HDCINTO6 I Hard Disk Controller INTerrupt controller O,
level 6, rising edge sensitive. 2.2 kohm
pullup.

BUSINTO7 I BUS INTerrupt controller 0, level 7, rising
edge sensitive. 2.2 kohm pullup.

RATINT12 I Mouse Controller INTerrupt controller 1,
level 2, rising edge sensitive. 2.2 kohm
pullup.
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MEMINTI15 I MEMory INTerrupt controller 1, level 5,
rising edge sensitive. 2.2 kohm pullup.
Open collector bus.

BUSINTI16 I BUS INTerrupt controller 1, level 6, rising
edge sensitive. 2.2 kohm pullup.

BUSINT17 I BUS INTerrupt controller 1, level 7, rising
edge sensitive. 2.2 kohm pullup.

BUSNMI* I BUS Non-Maskable Interrupt, active low. 2.2
kohm pullup. Open collector bus.

BUSDMARQn* I BUS Direct Memory Access ReQuest n (1 - 3),
active low. 2.2 kohm pullup.

BUSDMACKn* I BUS Direct Memory Access ACKnowledge n (1 -
3), active low. 2.2 kohm pullup.

BUSMR* I/0 BUS Memory Read, active low. 220/330 ohm
split termination.

BUSMW* I/0 BUS Memory Write, active low. 220/330 ohm
split termination.

BUSIOR* I/0 BUS I/0 Read, active low. This line may not
be driven by an external master. 220/330
ohm split termination.

BUSIOW* I/0 I/0 Memory Write, active low. This line may
not be driven by an external master.
220/330 ohm split termination.

BUSMRST* o) BUS Master ReSeT, active low. 1Indicates
that the CPU is in a reset state. This
signal is never tri-stated. 2.2 kohm
pullup.

BUSALE 0 BUS Address Latch Enable, active high. When
active, bus addresses are unstable.
Addresses may be latched at the falling edge
of BUSALE. This signal is never tri-stated.
2.2 kohm pullup.

BUSDT/R* I/0 BUS Data Transmit/Receive, high for
transmit, low for receive. This signal
indicates the direction that data will flow
across the bus. 220/330 ohm split
termination.
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BUSDEN* 1/0 BUS Data ENable, active low. When active,
this signal enables the bus data buffers.
220/330 ohm split termination.

BUSHOLD* I BUSH HOLD, active low. This line is pulled
low by a bus master when the system bus is
required for a transaction. Open collector
bus. 2.2 kohm pullup.

BUSHLDA¥* 0] BUS HoLD Acknowledge, active low. This line
is driven low when the bus controller honors
the bus request on BUSHOLD*. 2.2 kohm
pullup.

BUSLOCK* I BUS LOCK, active low. Signals the bus
controller that a locked transaction is in
progress on the bus and may not be disturbed
by another device. 2.2 kohm pullup.

BUSBHE* 1/0 BUS Bus High Enable, active low. This
signal enables the high byte (BUSD08 -
BUSD15) for access. 220/330 ohm split
termination.

BUSL/E* I BUS Local/External, high for local, low for
external. This signal informs the bus
controller if memory on the main logic board
(local), or expansion memory is requested
for an external master. 2.2 kohm pullup.

BUSARDY* I/0 BUS Asynchronous ReaDY, active low. When a
device is ready to complete a transaction,
it will pull this line low. This line is
always pointing in the opposite direction
from the address lines, so that an external
master may communicate with internal memory.
Open collector bus. 220/330 ohm split
termination.

BUSRFSH* 0 BUS ReFreSH, active low. This signal is the
logical OR of CPUMR or CPUMW to indicate to
a memory refresh controller that a hidden
refresh may occur. THis signal is never
tri-stated. 2.2 kohm pullup.
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BUSRFINH* 0 BUS ReFresh INHibit, active low. This
signal indicates that the current bus master
has a fixed memory access time and will not
insert wait states so refresh cycles should
be inhibited. Never tri-stated. 220/330 ohm
split termination.

BUSPCLK O BUS Processor CLocK. Buffered CLKOUT from
the CPU. May be used for synchronization
with the CPU. This signal is never

tri-stated. 2.2 kohm pullup.

THE FOLLOWING SIGNALS
ARE CONNECTED TO THE BOTTOM
EXPANSION CONNECTOR ONLY

BUSDOTCLK 0 BUS DOT CLocK. The system dot clock either
22.387290 MHz or 27.984113 MHz, depending on
the monochrome video mode selected. No
termination.

BUSVSYNC 0 BUS Vertical SYNChronization, active low.
When active, this signal indicates a
vertical synchronization interval. No
termination.

BUSHSYNC 0 BUS Horizontal SYNChronization, active low.
When active, this signal indicates a
horizontal synchronization interval. No
termination.

BUSBLANK 0 BUS BLANK, active high. When active, this
signal indicates that the video beam is
blanked. ©No termination.

AINT I/0 Alphanumeric video INTensity. This bit
reflects the intensity of the video beam on
the monochrome monitor outlet (high for full
intensity, low for partial intensity). No
termination.

AGVID I1/0 Alphanumeric/Graphic video data. This bit
reflects the state of the video on the
monochrome monitor outlet (high for on, low
for off). No termination.
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G/A* I Graphic/Alphanumeric. This bit describes
the source of the data that appears on the
AGVID/AINT buses. If high, video from the
high resolution option card will appear on
the bus; if low, video from the monochrome
sub-system will appear. Pulled up by 2.2
kohm resistor on the main logic board.

BUSVLT 0 BUS vVisible Line Time, active high. When
active, this signal indicates that the video
beam may be visible. No termination.

7.1.3.2 Bus Controller

The bus controller logic is contained in two PAL
(Programmable Array Logic) devices. An eight-bit
synchronizing latch, clocked by BUSDOTCLK, is used to force
changes in state of all signals to occur synchronously. The
first PAL (U103, a 16L8) decodes the present bus state and
outputs a bus state code on outputs X0* - X4*, It also
directly controls BUSADIR and BUSAEN* based on the control
inputs. The current bus state also indicates whether the
CPU must be halted to honor the bus request, so HOLD is also
output by Ul03.

The second half of the bus controller (U102, also a 16L8)
decodes the bus state code and asserts the proper control on
the bus. It acknowledges all hold requests and asserts
BUSRFINH* when necessary. It also maintains control over
BUSDEN* and BUSDT/R*. If the bus is granted to an external
master, these lines are tri-stated so that the master may
direct the data as necessary.

All requests are arbitrated in conjunction with the
requester's L/E* signal to determine the extent of action
taken. The 80186 has the lowest priority followed by the
external bus master. The monochrome video controller has
the highest priority. If an external master requests the
local bus (as indicated by the associated L/E* being driven
high), the CPU is put in a HOLD state and all buses are
given to the requester. As long as the CPU does not request
the external bus, transactions may occur on that bus without
halting the CPU. If an external transaction is in progress
and the CPU requests the external bus, it will wait (by
virtue of CPUARDY* being high) until the transaction is
complete. It is highly recommended that transactions take
less than 100 usec because the memory timeout circuit will
abort the transaction. All external master devices are
expected to drive all tri-stated I/O signals listed in the
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previous section or be satisfied with the default condition.

The latched status code signals (LSO0* - LS2*) are decoded by
a 74F138. Two signals enable the decoder: CPUALE and
CPUHLDA. The latched status bits are not guaranteed to be
stable until CPUALE falling edge and while the CPU is in a
hold state, the status bits indicate a passive state (all
ls) and may be disregarded. The read and write signals
(MR*, MRF*, MW*, IOR*, and IOW*) are further conditioned by
RD* and WR* as necessary to generate read and write signals
with the correct timing.

7.1.3.3 Bus Timing Parameters

Symbol Parameter Min Max Unit Comments
tVAMC Valid address to memory 20 ns
command
tAV Address valid length 415 ns Assuming no wait
states
tVADE Valid address to data 130 190 ns
enable
tyver Memory command pulse 190 ns Assuming no wait
width (read or write) states
tRCDI Memory read command to 175 ns Assuming no wait
data in states
ths Data setup before data in 20 ns
tDH Data hold after data in 10 ns
tDOWC Data valid after write 15 200 ns
command
tRPL BUSARDY* pulse length 125 ns To generate
recognition
tCSHC Chip select hold after 35 ns
command
* i -
tBACA BUSHLDA* active to ad 500 ns

dress and control driven
by requestor

Control inactive before 20 ns

t
CIBI BUSHOLD* inactive
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BUSDT/R*
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7.1.4/ VIDEO SYSTEM (Pages 4 & 5)

The Standard Microsystems Corporation CRTI9XXX chip set
constitutes the major components of the monochrome video
sub-system. Specifically, the CRT9007 Video Processor and
Controller (VPAC) is at the center of the system. It
generates all video character-related timing such as
horizontal sync, vertical sync, composite blank, etc. It
also generates memory addresses so that the two CRT9212
Double Row Buffers (DRB) may latch character and attribute
data. Attribute data is presented directly to the CRT9021
Video Attribute Generator in the format given below, while
the character itself is latched and presented one CCLK*
(Character Clock - 357 nsec) later to the RAM-based
character generator. The attributes are delayed within the
CRT9021 by two CCLK*s so that the character dots from the
character generator may "catch up".

The VPAC addresses in system memory (as defined by the
address control register) are directed toward even bytes.
Ihis allows an entire word of character and attribute data
to be loaded into the 9212s in a single, word-wide memory
cycle. Confusion may arise when referencing the SMC
specification, because that document assumes that the
CRT9007 is addressing byte-wide memory. Therefore, each
entry in the video row table takes four bytes in system
memory, with the two bytes associated with that entry
located at even addresses. The fourteen-bit address written
to the row table entry should be divided by 2 to account for
the VPAC addressing offset. The data at the odd addresses
is unused. Also, the addresses of the VPAC registers should
be multiplied by 2 to get the correct offset into the system
peripheral address space.
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7.1.4.1 VIDEO SYSTEM THEORY OF OPERATION

The CPU may access the CRT9007 registers by driving PCS2*
active low. A PAL10L8 conditions PCS2* with CPUAOO and
CPUDE@* to generate a chip select to the VPAC on even
addresses only while data is valid. The PCS2* signal is
also conditioned with CPUBHE*, CPUDEN*, and CPUIOW* to
generate the ADDLWE* (ADDress Latch Write Enable) signal on
odd addresses. Data from CPUD0O8-CPUD1S is written to the
address latch on the rising edge of ADDLWE*, approximately
30 nsec after the rising edge of CPUIOW* (the propagation
delay through the PAL10L8). The logic allows writing to
both the 9007 and the address control register at the same
time.

Data and addresses are buffered through 74F series octal
buffers with control signals generated in the PAL10L8. The
data buffer, a 74F245, is enabled when either VIDCS* (the
VPAC chip select) is active low, or both VIDHOLD and VIDHLDA
are active high, indicating a CRT9007 DMA cycle is in
progress. When PCS2* is active, the data buffer's direction
is controlled by CPUAO6. When low, data is transferred from
the CPU to the CRT9007; when high, data is transferred from
the CRT9007 to the CPU on data lines CPUDOO-CPUDO7. During
a VPAC DMA cycle, the data buffer is enabled with the
transfer direction from the data bus to the CRT9007.
VAQO0-VAQ6 are bidirectional address lines and are buffered
through a 74F245 whose enable signal is derived from PCS2*%
active low or VIDHOLD and VIDHLDA active high. Direction
for the 74F245 as well as the 74F244 enable (buffering
VA07-VAl3) is generated from the HIP (Hold In Progress,
active high when VIDHOLD and VIDHLDA are active) signal.
Addresses are transferred to the CRT9007 when HIP is low.

All DMA cycle timing is derived from VIDCCLK* (the VIDeo
Character CLocK), which in turn is derived from VIDDCLK (the
VIDeo Dot CLocK). Bit 6 in the address control register
selects how many dot clocks constitute a character clock
(hence the number of dots across a character, either 8 or
10).

In the 10 dot-per-character mode, the counter is initialized
with a value of 06H. When the counter counts up to a value
of OAH, a "0" is clocked into 1/2 of a 74874 flip flop on
the next rising dot clock edge, forcing the VIDLDSH (VIDeo
LoaD/SHift) signal low for use by the CRI%021. The inverted
value of the counter's Q¢ output (delayed by four 745 gate
delays to make it coincident with VIDLDSH) is used to
generate VIDCCLK*. When a count of OAH is decoded, a "0" is
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clocked into the flip flop, forcing VIDLDSH low. Qc rising
edge (one state after VIDLDSH goes low) presets the 74574,
forcing VIDLDSH high. When a count of OFH is reached, the
RC* (Ripple Clock) output of the 74LS669 counter goes low,
and forces the counter to reload the initial count value on
the next clock. The 8 dot-per-character mode is identical
except that the counter is loaded with 08H (VIDCCLK* period
becomes two states shorter).

Delay logic (in the form of a 6-shift register) delays two
of the attribute signals (BLC and BKC) as well as the
composite sync signal. The attribute signals need two CCLK
delays because the 9021 adds these delays to all attribute
inputs except BLC and BKC. The delay of the composite sync
signal was required because the 9007 offsets the "real" sync
signals (vertical and horizontal sync) from the composite
sync signal by two character times. Both the monochrome
graphics adapter and the color video adapter require all
timing to line up.

During a video DMA cycle, BUSAlS5 thru BUSAl9, BUSMCSO*, and
BUSMCS1* are driven to states defined by the address control
register (see below) through a 74LS244 driver. BUSAO00 and
BUSBHE* are driven low through bidirectional drivers in an
825153 integrated field logic device to enable 16-bit data
transfers to the CRT9007 and the CRT9212s. BUSMR* is also
driven through a bidirectional driver in the 825153. Its
timing is derived from VIDCCLK* and DLYCCLK* (VIDCCLK*
delayed by about 100 nsec) so that CPUMR* goes active low
115 nsec after VIDCCLK* rising edge and stays low until the
next VIDCCLK* rising edge.

Scan line data is output by the CRT9007 in a serial fashion
with the LSB output first. A 74LS378 is used to convert the
data from serial to parallel for use by the character
generator. Each bit is output on CCLK* rising edge on SLD
(Scan Line Data) as framed by SLG* (Scan Line Gate, active
low). The CRT9021 has an on-chip shift register to perform
the same function.

A flexible means for transporting video signals from the
monochrome system to the color monitor and from the high
resolution graphics option board to the monochrome monitor
is provided. Two single-bit data buses, AGVID
(Alphanumerics/Graphics VIDeo) and AINT (Alphanumerics
INTensity) form the bidirectional data path. VIDOUTSEL
(VIDeo OUT SELect) controls the monochrome monitor which
will display character video or high resolution graphics
video (see Address Control Register, below). Both types of
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video are passed through a 74LS159 multiplexer with
VIDOUTSEL acting as the select input. The VIDEOUT and
INTOUT outputs from the CRT9021 are also routed to a pair of
74LS125 gates which are enabled by the bus signal G/A*
(Graphics/Alphanumerics, high for graphics, low for

alphanumerics). When no graphics board is present, this
signal is pulled up.
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7.1.4.2 ADDRESS CONTROL REGISTER

Note: The following register definition describes
production level boards (Rev 3).

Bit 7

Bit 0

VIDOUTS CLKCNT CLKSPD Al9 Al8 Al7 Alé6 Al5

The address

control register is a write-only register that

appears at all odd bytes in the space shared with the
CRT9007 (which is located at all even bytes) in the block

mapped into

the system peripheral space defined by the CPU

signal PCS2*.

Al5-Al19

CCKCNT

CLKSPD
it is a "0",

The value of these bits is output to the address bus
during video DMA cycles to select the 32K byte page
of display RAM.

This bit selects which count value is loaded into
the video clock generator. Wwhen this bit is zero,

the clock generator is loaded with a "6" (for 10
dot-per-character normal video), and when high, the
counter is loaded with an "8" (for 8

dot-per-character color and graphic video).

This bit selects the dot clock frequency. When
22.4 MHz is selected (normally for

8 dots-per-character), and when it is a "1", 28
MHz is selected (normally for 10
dots-per-character). Note that when either the

VIDEOUTSel

monochrome graphics adapter or the color graphics
adapter is installed, this bit should be set to a
"0".

This bit selects the source of video information to
be output to the monochrome video connector. When
this bit is a "1", video from the onboard video
system is output to the monochrome video connector.
when this bit is a "0", video from a card in the
expansion cage is selected.
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7.1.4.3 CHARACTER ATTRIBUTES BYTE

Bit 7
REVID INT BLINK MsS1l MSO

This byte is located on the odd byte
in the character block defined above
address control register).

REVID This bit, when set, will
reverse video.

INT This bit, when set, will
full intensity.

BLINK This bit, when set, will
blink.

Bit O
BLANK BKC BLC

of each character word
(bits 0-5 of the
display the character in

display the character in

cause the character to

- 64 -



Tandy® Model 2000 Service Manual

MS1-MS0O These bits are programmed to control character
attributes as shown below:

MS1 MSO Character Attribute Selected
0 0 Wide graphics mode*

1 0 Thin graphics mode*

0 1 Normal character mode

1 1 Normal character mode with

underline

*For more information on graphics modes, see CRT9021
specification.

BLANK This bit, when set, will blank the character
position.

BLC-BKC These bits are programmed to control cursor
attributes as shown below:

BKC BLC Cursor Appearance

0 0 Blinking underline cursor

1 0 Blinking reverse video block
0 1 Underline cursor

1 1 Reverse video block
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7.1.5 Character Generator (Sheet 6)

As mentioned earlier, the character generator is RAM based.
Two uPD4016 2K X 8 static NMOS RAM devices form the 4K byte
block. Addresses are supplied by two mutually exclusive
sources., During video display, the least significant three
bits (CGRA01-CGRA03) from the scan line decoder (the fourth
bit CGRAOO0 is used by the 825153 to select one of the two
RAMs), and 8 latched bits from the CRT9212 connected to the
lower data bus form the 1ll-bit character generator address.
During a CPU access to the character generator (indicated by
CGRCS* Character Generator RAM Chip Select going active
low), these outputs are disabled and buffered CPUAQl-CPUAl2
are sent to the RAM address bits instead. Because any CPU
access takes precedence over a fetch from the video system,
it is highly recommended that any access to the character
generator (read or write) should wait for a horizontal or
vertical retrace when the video is blanked. Objectional
"hash" will occur otherwise. The 82S153 selects which RAM
will output or receive data as determined by BUSMR* and
BUSMW* by pulsing the OE* (Qutput Enable, active low) or WE*
(Write Enable, active low) of the correct RAM device. One
RAM is dedicated to odd addresses and the other to even
addresses.
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7.1.6 Boot ROM/Interrupt Controller (Sheet 7)

7.1.6.1 Boot ROM

The boot ROM (Read Only Memory) section consists of two ROM
devices. Device pinouts must be compatible with the TMS2532
(Texas Instruments). One of the ROMs provides CPUDO00 -CPUDOQ7
and the other provides CPUD08 - CPUD15. They respond to all
accesses in CPU (Central Processing Unit) memory space from
FCO00H to FFFFFH. The decode is done in two stages:

1. UCS* (Upper memory Chip Select, active low from

F8000H to FFFFFH in CPU memory space) is qualified with CPUALE
(CPU Address Latch Enable, active high) to provide a chip
select that is valid when all bus address bits are valid.

2. The decoded space is then divided (by CPUAl4) into
16K byte spaces so that it may be shared with the character
generator.

7.1.6.2 Interrupt Controller

The interrupt controller section consists of two Intel 8259A
priority interrupt control devices. They are configured as
slave devices to the 801l86's internal master interrupt
controller (set for cascade mode). Communication with the CPU
occurs in one of two forms. The CPU may write commands or
check status by accessing the space decoded by PCS0P6*
(Peripheral Chip Select 0, Port 6, active low at peripheral
addresses 60H to 6FH) for controller 0 or PCSO0P7* (Peripheral
Chip Select 0, Port 7, active low at peripheral addresses 70H
to 7FH) for controller 1. Address assignments for 8259A
registers are given in Figure 7-11. All interrupts for the
Model 2000 microcomputer are generated on the rising edge of
the interrupt input. If the input is high prior to the
interrupt, it must go low and remain low for at least 100 nsec
to insure recognition. If the interrupt level is unmasked,
the interrupt controller will then signal the CPU by
activating the INT (INTerrupt output, active high) line. 1In
response, the CPU will pulse either INTAO* or INTALl*
(INTerrupt Acknowledge 0 or 1, active low) twice. On the
second pulse, the addressed controller is expected to place
the vector corresponding to the active interrupt on the
preipheral data bus. Interrupt input assignments are given in
Figure 7-11. For more information on programming and
interfacing with the 8259A, see Intel literature.
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\
PERDO0-07
‘ J
INTERRUPT REQUEST PERIPHERAL INTERRUPT
INTERRUPT pf
INTERRUPT ACKNOWLEDGE’ CONTROLLER REQUESTS
CPU CONTROL
1 y42,43
CHIP SELECT +
[ CPUAO1-13 :} BOOT CPUD00-15
ROMS
64K*
U47,48
CHIP
CPU
SELECT
CONTROL DECODE )
F8Q@PH - FFFFFH CGRCS
U4,133

Figure 7-10. Interrupt Controller/Boot ROM
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ADDRESS READ/WRITE
0060H Read

0062H Read

0060H Write
0062H Write
0070H Read

0072H Read

0070H Write
0072H Write

Figure 7-11. 1Interrupt

FUNCTION

Read OCW2 and OCW3
Read OCW1l (Controller 0)

Write ICWl (Controller 0)

Write ICW2 - ICW4 (Controller 0)

(Controller 0)

Read OCW2 and OCW3 (Controller 1)

Read OCW1l (Controller 1)
Write ICWl1 (Controller 1)
Write ICW2 - ICW4 (Controller 1)

Controller Register Assignments
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Name Location Source Edge/Level

MEMINTO00 8259A O Main Logic Board parity error

TMOINTOl 8259A 0 Memory/Peripheral acknowledge timeout

SERINT02 8259A 0 Onboard Serial transmit/receive

interrupt

BUSINT03 8259A O Reserved for second serial channel
(on motherboard)

FLDINT04 8259Aa O Onboard floppy disk controller
interrupt

BUSINTO05 8259a O Reserved for second floppy disk (on
motherboard)

HDCINTO06 8259Aa O Hard disk controller interrupt (on
motherboard)

BUSINTO07 8259A 0 Reserved for second hard disk (on
motherboard)

KBDINT10 8259a 1 Keyboard interrupt

VIDINT11 8259A 1 CRT 9007 interrupt

RATINT12 8259A 1 Mouse interrupt (on motherboard)

LPRINT13 8259a 1 Line printer interrupt

MCPINT14 8259A 1 Onboard math co-processory interrupt

MEMINT15 8259A 1 Add-on memory parity error (on
motherboard)

DMEINT16 8259Aa 1 DMA programming error

BUSINT17 8259Aa 1 Unused (on motherboard)

Figure 7-12. 1Interrupt Controller Input Assignments
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7.1.7 Clock/PLL (Sheet 8)

The phase lock loop (PLL) circuit is part of the frequency
synthesizer for BUSDOTCLK. The BUSDOTCLK signal must be
locked (synchronized) to CLK16M. The frequency of BUSDOTCLK
is selectable via CLKSPO to 28.00 MHz (high res display
mode) or 22.40 MHz (normal display mode).

PHASE
DETECTOR  f, * f; - £
g
LPF [—B=1amMp. B vCo [—o—® N7,
f1 PROGRAMMABLE
* N <

Figure 7-13. Block Diagram

7.1.7.1 General Frequency Synthesis Theory

The block diagram above shows the basic operating principle
of the frequency synthesizer. The input frequency is
generated by a stable source such as a crystal oscillator.
The input frequency f2 is compared at the phase detector
whose output consists of f£2 + f1. The low pass filter
selects f1 - f£2. This signal is amplified and fed to the
voltage-controlled oscillator. This drives fl toward £f2 so
they lock together, and only a phase difference exists
between fl and f2 which gives sufficient signal to fl to
keep it locked to f2. To vary the output frequency, the
value of N is changed in the programmable divider.
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- 73



Tandy® Model 2000 Service Manual

7.1.7.2 Model 2000 PLL Frequency Theory of Operation

The reference frequency f2 is generated by a 16 MHz crystal
oscillator (CLK16M) which is divided by either 16 (divide by
8 x 2) or 20 (divide by 10 x 2), depending on the status of
CLKSPO. The divide by 2 allows f2 to have a 50% duty cycle
into the PLL. This provides reference frequencies of 1.0
MHz and 0.8 MHz respectively for f2. The VCO output
frequency fo (BUSDOTCLK) is divided by 28 (divide by 14 x 2)
and input to the phase detector (fl). The phase detector
will output an error voltage (f2 - fl) to the VCO to lock fl
to £f2. Due to the fixed divider in the feedback leg (divide
by 28), the VCO output frequency equation becomes:

fO0 = 16 MHz x 28/16 or 20

CLKSPO —q
NE 564
______________ —
@ fz—fl

16 PROGRAMMABLE EE— :f 0
oz + 8 OR 10 LPF _’l VCo H
< oL _ 1 e ' | | BUSOS
CLKL6M —
J
—
=~ 28

Figure 7-15. Model 2000 PLL Block Diagram

7.1.7.3 Theory of Operation - NE/SE564 Phase Locked Loop

The NE564 is a monolithic phase locked loop with a post
detection processor. The use of Schottky clamped
transistors and optimized device geometries extends the
frequency of operation to greater than 50 MHz. It is used
in the Model 2000 as a modulator with a controllable
frequency deviation.
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The output voltage of the PLL can be written as shown in the
following equation:

VO=
K
vCco
where cho = conversion gain of the VCO
fin = frequency of the input signal
fO = free running frequency of VCO

The process of recovering FSK signals involves the
conversion of the PLL output into logic compatible signals.
For high data rates, a considerable amount of carrier will
be present at the output of the PLL due to the wideband
nature of the loop filter. To avoid the use of complicated
filters, a comparator with hysteresis or Schmitt trigger is
required. With the conversion gain of the VCO fixed, the
output voltage as given by the above equation varies
according to the frequency deviation of f. from f_.

Since this differs from system to system, it is nelessary
that the hysteresis of the Schmitt trigger be capable of
being changed so that it can be optimized for a particular
system. This is accomplished in the 564 by varying the
voltage at pin 15 which results in a change in the
hysteresis of the Schmitt trigger.

For FSK signals, an important factor to be considered is the
drift in the free-running frequency of the VvCO itself. 1If
this changes due to temperature (according to the equation
above), it will lead to a change in the dc levels of the PLL
output and consequently to errors in the digital output
signal. This is especially true for narrow band signals
where the deviation in f, itself may be less than the
change in £ due to température. This effect can be
eliminated If the dc or average value of the signal is
retrieved and used as a reference to the comparator. 1In
this manner, variations in the dc levels of the PLL output
do not affect FSK output.

Due to its inherent high frequency performance, an
emitter-coupled oscillator is used in the VCO. Variation of
the phase detector output voltage changes the frequency of
the oscillator. The frequency of the oscillator has a
negative temperature coefficient due to the positive
temperature coefficient of the monolithic resistor. To
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compensate for this, a current I_ with negative
temperature coefficient is introduced to achieve a low
frequency drift with temperature.

The phase comparator consists of a double-balanced modulator
with a limiter amplifier to improve AM rejection.
Schottky-clamped vertical PNPs are used to obtain TTL level
inputs. The loop gain can be varied by changing the current
at pin 2 which effectively changes the gain of the
differential amplifiers.

The free-running frequency of the VCO is shown by the
following equation:

1
fop =
25RC(C1 + CS)
R, = 100 ohms
Cl = external capacitor in farads
CS = stray capacitance

The loop filter is explained by the following equation:

1
F(s) =

1 + xRC3

R = Rl2 = Rl3 = 1.3 kohm (INTERNAL)

By adding capacitors to pins 4 and 5, two poles are added to
the loop transfer function at w = 1

RC3

7.1.7.4 Adjustment Procedure

Remove jumper E4-E5 and set R19 for a voltage of 0.0 V at
pin 2 of the NE564. Connect a frequency counter to pin 6 of
U89 and adjust C64 for an output frequency of 25.2 MHz. Set
R19 for a voltage of 1.30 V at pin 2 of the NE564. Replace
the E4-E5 jumper and the PLL should lock at either 28.0 MHz
or 22.4 MHz, depending on the status of CLKSPO.
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7.1.8 Timing and Control Circuits (Pages 9 & 10)

The onboard 256K memory timing and control circuit is
designed to be a high performance, zero wait state system.
It generates a 280 nsec memory cycle for 64K DRAMs (Dynamic
Random Access Memories) as well as refreshing the array and
checking parity. It is able to inhibit the refresh logic
whenever necessary, and store the "missed" refreshes.

7.1.8.1 Memory Control Overview

The memory control circuit takes the timing signals
generated by the timing circuit and generates buffered (and
in some cases terminated) control signals. Data in and out
as well as addresses are also buffered in this circuit.
Parity is generated and checked here also.

7.1.8.2 Memory Timing Circuit

A memory cycle is started by the leading edge of either a
CPUMR* (Central Processing Unit Memory Read) or a CPUMW*
(CPU Memory Write), framed by either a CPUMCSO0* (CPU Middle
Chip Select area 0, active in CPU memory space from (00000H
to 1FFFFH) or CPUMCS1* (CPU Middle Chip Select area 1,
active in CPU memory space from 20000H to 3FFFFH), all
active low. This condition is reflected by SMC (Start
Memory Cycle) being active low.

The leading edge of SMC starts the memory timing chain. It
also clocks a 745112 flip~-flop which generates the leading
edge of T00 (all timing taps are active low and are denoted
Tnnn where nnn is the time in nsec). When the TO0 leading
edge propagates through a ten-tap, 40 nsec per tap delay
line to T80, the T00 flip-flop is cleared, generating an 80
nsec pulse width for all taps in the chain.

The leading edge of SMC also clocks another 74LS112 which
generates RASTAP*, This allows a cycle to start as soon as
possible (without waiting for the delay through the delay
line and additional logic). RASTAP* is then routed to the
control circuit to output RAS* to the correct RAM bank.
RASTAP* is cleared by the leading edge of T160 (or master
reset) generating a 160 nsec RAS* low time.
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The T40 tap is used to generate both T40AMUX* (T40 Address
Multiplex, T40 renamed) and AMUX (Address Multiplex). Both
signals are used in memory control address generation.
T40AMUX* 1is delayed by six 74LS04 inverters tied in series
(approximately 25 nsec total delay) to generate AMUXDLY*
(AMUX Delay, active low). The leading edge of this signal
sets a 748112 to generate CASTAP*. CASTAP* is then routed
to the control circuit to output CAS* to the correct RAM
bank. The flip-flop is cleared by the leading edge of T200
(or master reset), generating a CAS* pulse of about 135
nsec. The leading edge of T40AMUX* also sets a 7485112
flip-flop to generate WRTAP*. WRTAP* is also routed to
memory control to output WR* to the correct RAM bank. It is
cleared by T240 (or master reset) to generate a 200 nsec WR*

pulse.

An 82858153 IFL (Integrated Field programmable Logic device)
is used to generate the correct gating signals for memory
control as well as two other miscellaneous signals
(ENPARITY, ENable PARITY latch; and BUSRFSH*, the logical OR
of CPURD* and CPUWR* to indicate to a bus memory controller
slot exists for a hidden refresh). The active conditions
for RASENO*, RASENl*, CASENL*, and CASENU* are given in
Figure

CPUMCSO0* CPUMCS1* CPUAOO CPUBHE* RASENO* RASENl* CASENL* CASENU¥*

1 1 X X 1 1 1 1
X X 1 1 1 1 1 1
0 1 0 0 0 1 0 0
0 1 G 1 0 1 0 1
0 1 1 0 0 1 1 0
1 0 0 0 1 0 0 0
1 0 0 1 1 0 0 1
1 0 1 0 1 0 1 0

Figure 7-17. RAM ControllerIFL Output Definitions

7.1.8.3 Parity Testing

Parity inputs from memory control, PARU and PARL (PARity
Upper and PAR Lower) are ORed together to test for a "1".
This signal is then gated with ENPARITY (generated in the
IFL, active high which indicates a read from 0000O0H
-3FFFFH). 1If no parity error exists, a "1" is clocked
through a 74LS74 latch during DATALATCH time.
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The latch is set to "1" by SMC* to ensure a known state at
the start of each memory cycle. The inverted sense output
of the latch is buffered through a 74LS38 open-collector
buffer to generate MEMINTO0O (MEMory INTerrupt controller 0,
level 0, active low). The interrupt controller will latch
the rising edge to signal the error condition to the CPU.

7.1.8.4 Refresh Control

Refresh cycles are always "tacked" on to the end of a CPU
memory access. Memory accesses are stretched by not pulling
down on CPUARDY* (CPU Asynchronous ReaDY, active low) until
the refresh cycle is finished. If no refresh cycle is
required on the current cycle, CPUARDY* is pulled low as
soon as the access is decoded to provide a no-wait-state
access. The refresh logic is completely disabled during
BUSRFINH* (BUS ReFResh INHibit, active low) so that devices
accessing memory with fixed access times are not disturbed
by the refresh logic.

Refreshes are timed by output 1 of the 8253-5 counter/timer
chip (see RS-232 interface document) at a 15 usec interval.
Each rising edge of the timer output increments a 74LS193
four-bit binary up/down counter. The count is decoded as
non-zero by a 745260. If the count value is greater than 8,

a NMI (Non-Maskable Interrupt) is generated so that the
refresh may be serviced before memory is lost.

Before a refresh cycle is run, a memory cycle must be run to
arbitrate the refresh request. The refresh cycle is run on
the subsequent memory access. At 200 nsec into a
non-inhibited memory access (the trailing edge of T120), the
state of the refresh count decoder (zero, or non-zero) is
clocked into a 74LS74 "D" latch. The latch's output creates
both active low and active high senses of RFRQ (ReFresh
ReQuest). BUSRFINH* deactivates the latch so that another
arbitration cycle must be run after an inhibited cycle. The
trailing edge of NCOMCl (active high for either CPUMCSO0* or
CPUMCS1*) while RFRQ is active clears the MEMRDY (MEMory
ReaDY) latch so that CPUARDY* will not be pulled low at the
start of the next cycle.

The next non-inhibited memory cycle is run normally until
T120 when the latch that drives ENRASCAS* (ENable RAS CAS
address buffers, active low) is set, deactivating the
signal. The trailing edge of T120 (at 200 nsec) clocks
RFRQ* through another 74LS74 latch to create a
non-overlapping ENREFAD* (ENable REFresh ADdress buffers,

- 80 -



Tandy® Model 2000 Service Manual

active low). With the proper address buffers activated, a
pseudo memory (refresh) cycle may be run. At T280 time, the
RRFSH* (Run ReFreSH) goes active low and starts a T0O0 pulse
through the timing chain. So that the refresh cycle is a
RAS only cycle, CAS is inhibited by deactivating CASENU* and
CASENL* in the 825153 IFL and totally inhibiting WRTAP*.

The DECRCNT* (DECrement Refresh CouNT, active low) signal
performs two functions: (1) it decrements the refresh
counter, and (2) it increments the refresh address counters
(in the memory control circuit, described below). It goes
active at the leading edge of T40AMUX during a refresh
cycle. Refreshes continue until a zero refresh count is
decoded at the trailing edge of T120. This sets RFRQ
inactive. At T240, both ENREFAD* and MEMRDY change states,
with ENREFAD* going inactive and MEMRDY going active.
MEMRDY active signals the CPU that the cycle is complete.
The last operation of a refresh cycle is to set ENRASCAS*
active by clocking the inactive state of RFRQ at the leading
edge of T280.

7.1.8.5 Memory Control

The DRAM array has a common data in/data out bus. Data into
the memory array is buffered by 74LS244 octal buffers
enabled by MEMWR* (MEMory WRite, active low during a write
to the CPU memory space from 00000H to 3FFFFH) to enable
memory data onto the CPU data bus. Data to be output to the
CPU data bus is buffered by 74F373 octal latches which hold
data valid during extended refresh cycles. The latches are
enabled for output by MEMRD* (MEMory ReaD, active low during
a read from the CPU memory space from 00000H to 3FFFFH).

The latches are clocked by DATALATCH (active low) which is
the logical combination of a CAS* to either RAM bank.

Parity is both generated and checked by two 74s5280s. On a
write operation, data is summed eight bits at a time, an
additional "1" is added on the I input, and odd parity is
written to the appropriate parity RAM for the selected
pank(s). On a read, data is again summed and added to the
previously stored parity on the I input. The parity sum
plus the active high odd sum bit will always be odd. If
even parity is decoded, the error is indicated to the memory
timing circuit for reporting to the CPU.
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Addresses to the memory array may be from one of two
mutually exclusive sources. CPU addresses AQ0l-Al6 (CPUAOO
is used to select the low eight bits of a word address) are
multiplexed through a pair of 74F258 multiplexers. During
RAS* time, AMUX is low, and A01-A08 are output to the memory
array. When RAS* hold time is satisfied, AMUX switches to a
high state and selects A09-Al6 to be output. Non-refresh
cycles are defined by ENRASCAS* active low, which enables
the 74F258s for output. During refresh cycles, ENREFAD* is
active low, enabling a 74F244 to output the refresh address
(stored by both halves of a 74LS393 counter and incremented
by DECRCNT*). All addresses are series terminated by 33 ohm
resistors to minimize ringing and overshoot.

A set of discrete F family logic gates is used to generate
and buffer control signals for the RAM array. The array is
divided into both odd and even byte banks and low and high
address banks (at the 128K byte boundary as defined by
CPUMCSO0* and CPUMCS1*), Both the RAS* and WR* signals
follow the address boundaries while CAS* follows the byte
boundaries. All control signals are series terminated by 33
ohm resistors to minimize ringing and overshoot.
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7.1.9 Floppy Disk Controller (Sheet 11)

The Model 2000 Floppy Disk Controller (FDC) circuitry is
located on the Main Logic PCB Assembly (P.N. 889B001). It
consists of an Intel 8272 FDC, an FDC9216 Floppy Disk Data
Separator (FDDS, write precompensation control logic, drive
select logic, and other support logic).

The FDC is capable of controlling two thinline Floppy Disk
Drives (FDD) using double-side, double-density 5-1/4"
flexible diskettes. This provides a formatted memory
capacity of more than 635 kbytes per drive for
double-density recording.

7.1.9.1 Data Bus Interface

All peripheral control devices on the Main Logic PCB, with
the exception of the video Control circuitry, communicate
with the CPU over a bidirectional 8-bit data bus
(PERD00-07). This interface is represented on the FDC
schematic (sheet 11 of the Main Logic PCB schematic).

The signal CPUDT/R* controls the direction of data flow to
and from the peripheral devices through the DIR input on the
octal bus transceiver (74LS245). To prevent data bus
contention between peripheral devices, the transceiver is
enabled by the logical AND of peripheral chip select PCSO0*
and CPU DMA acknowledge (BUSDMACKO*) which is then ANDed
with DMA interrupt acknowledge (INTAK¥*).

7.1.9.2 FDC Port Specifications

I/0 mapping of the peripheral devices places the 8272 at
Base I/0 port PCS0, port 3, which is the chip select input
to the 8272 (PCSOP3*). This signal must be low (positive
logic 0) during any read or write operations to the FDC.

There are two registers in the 8272 which are accessible by
the CPU -- a Status register and a Data register. The Main
Status register is an 8-bit register which contains status
information of the FDC that may be accessed at any time.
Access to this register is accomplished by a READ
instruction to address 0030H. A WRITE instruction to this
register is illegal. The Data register is an 8-bit register
that stores data, commands, parameters, and FDD status
information. It is actually several registers in a stack
where only one register is presented to the Peripheral Data
Bus at a time. Data is read from or written to this
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register by a READ or WRITE instruction to address 0032H to

obtain results after executing a command or to program the
8272.

One other operation that is requred is a terminal count
strobe (TC). This strobe terminates a DMA transfer or the
execution phase of an instruction cycle in programming the
8272. The terminate transfer strobe (FLDTC) is executed by
a READ or WRITE instruction to address 0004H.

The following table summarizes this information.

FDC PORT SPECIFICATIONS

Register Instruction Address Bits
Status RD 0030H DO-D7
WR illegal

Data RD/WR 0032H D0O-D7
TC RD/WR 0004H XX
(xx = don't care)

7.1.9.3 DMA Request and Acknowledge

The 8272 is used in the DMA mode in conjunction with the DMA
routing controller IFL (825153) and the data latch (U49).
DMA requests from the FDC (DRQ) are delayed by Ul30 (74LS74)
to satisfy timing constraints before being sent to the DMA
routing controller (BUSDMARQO*). DMA acknowledge is decoded
from CPUAO5 and CPUAO6 through Base I/0 port 1 (PCSl*) by

U98 (75LS139, sheet 2 of Main Logic schematic) and output to
the FDC (BUSDMACKO*).

7.1.9.4 FDD Read Data Sequence

When the FDC receives the first READ command from the CPU,
it selects the drive and issues the head load signal (HDL).
A high (logic 1) on HDL activates the motor-on (MTRON)
signal to the disk drive. Before any data transfer can
begin there must be a delay (approximately 250 msec) to
allow the drive motor to reach its operating speed. This
delay is accomplished by using the internal head load timer
in the 8272 as a motor start-up timer. The HDL signal is
also used to activate the activity light on the disk drive
(FLDINUSE* if used by Tandon drives only).
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Once the FDD has been activated and the 8272 has been placed
in the Read Data Mode, the head is positioned at the
required track on the diskette. The data is then read from
the sector(s) and is presented to the Floppy Disk Data
Separator (9216) as a composite serial clock/data stream.

If the recording format used is single density, the signal
will be an FM (Frequency Modulation) encoded signal. If the
recording format used is double-density, the signal will be
an MFM (Modified Frequency Modulation) encoded signal.
Typical FM and MFM encoded signals are shown in Figures 7-19
and 7-20. The FDDS derives a clock signal from the
composite signal and regenerates the clock (DW) and the data
(SEPD*) signals.

As data is being transferred between the FDC and the CPU,
the FDC must be serviced by the CPU every 54 psec in the FM
mode and every 26 psec in the MFM mode for 5-1/4" disk
drives. The FDC will terminate the Read command if the
transfer times are longer than those specified.

When the Read Data command has been terminated, the HDL
signal will go low, after the specified Head Unload time has
elapsed as determined by the 8272 programming. The falling
edge of the HDL starts the motor-on timer (74LS123) which
maintains the MTRON signal to the disk drives. This allows
the drive motor(s) to continue running for a period of
approximately 3 seconds so that subsequent drive accesses

may be initiated without having to wait for the motor
start-up time. This delay decreases the access time between
the FDC and the Disk Drives. This is especially valuable
when a diskette is copied from one drive to another.

7.1.9.5 FDD Write Data Sequence

The Write Data sequence is similar to the Read Data sequence
in that, when the WRITE command is first issued by the CPU,
there is a delay for motor start-up time before the head is
positioned at the required track. This delay is not
required if the motor is already up to speed when the
command is issued which may be determined by reading the
motor-on status port located on the Two-Sided media input
(TS) of the FDC.

When the head is in position, the FDC takes data from the
CPU on a byte-by-byte basis from the Peripheral Data Bus
(PERD00-07) and outputs it to the FDD. Data is written into
each sector until the Write operation has been completed.
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Once completed, a Terminal Count (TC) is issued by the CPU
and the Write command is terminated. BAgain, this sequence
follows that of the Read DAta sequence by starting the
motor-on time when HDL goes inactive (low).

Data transfer rates in the Write Data mode must also meet
specific requirements to prevent the 8272 from terminating
the command. Data transfers from the CPU to the 8272, when
using 5-1/4" disk drives, may not exceed 62 pusec for RM
mode or 30 psec for MFM mode.

When writing data on inner tracks, it is necessary to shift
the bit positions so that they appear to be at their nominal
positions when reading data from those sectors. This is
accomplished by using write precompensation which is a means
of causing the flux transitions to be written early or late
from their nominal positions. The direction of this shift
is determined by the FDC according to the data pattern to be
written. Precompensation for Model 2000 FDC is controlled
by U131 (74LS195) and U133 (74LS02). The clock rate for
write precompensation is selectable depending on the
requirements of the disk drives used. The default rate is
250 nanoseconds (jumper E7 to E8) or 125 nanoseconds (jumper
E6 to E7), if required.

All read and write operations must have the write clock
(WRCLK) input to the 8272 enabled. WRCLK for the Model 2000
FDC is a 1 MHz clock with a 250 nanosecond pulse width
generated from the 4 MHz clock (CLK04M) through a 4-bit
binary counter (74LS161). This allows the Model 2000 to
read single or double density diskettes, but to write only
to double density diskettes.

7.1.9.6 FDC/FDD Interface

Requirements for the Floppy Disk Controller to Floppy Disk
Drive interface are met by using 7416 open-collector drivers
and 74LS14 Schmitt-trigger receivers with terminated inputs.
The drive select decoder is a 74LS145 lamp/display driver
which has the drive capability required for this interface.
FDC connector pin assignments are shown in the Table 7-1.
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FDC INTERFACE

CONNECTOR PIN ASSIGNMENTS

Pin Number Signal Name
2 NC

4 FLDINUSEX*
6 NC

8 FLDIDX*
10 FLDDSO*
12 FLDDS1*
14 NC

16 FLDMTRON*
18 FLDDIR*
20 FLDSTP*
22 FLDWRDAT*
24 FLDWE*
26 FLDTRKO*
28 FLDWRPRT*
30 FLDRDDAT*
32 FLDSDSEL*
34 FLDRDY*

NOTE: All odd numbered pins are connected to ground.
NC = No connection.

7.1.9.7 Drive Select Decode

Since the 8272 FDC is an "intelligent" controller, it
utilizes a polling mode. This mode is automatically entered
between commands and step pulses during the SEEK command,
where it monitors the READY lines from all "four" disk
drives. Since the Model 2000 is configured with only two
drives, it 1is necessary to decode the drive select so that
the motor on timer can time out after the last I/0 operation
to the disk drives.

7.1.9.8 READ/WRITE and SEEK Control

During a READ or WRITE operation, the 8272 sets the RS/SEEK
output low (logic 0) which enables two receivers on Ul35
(74Ls241). 1In this mode, the FDC can read the write protect
status (WRPRT) of the diskette installed in the drive(s) and
the FDD fault status bit. The input of the receiver of the
FDD has been tied low to prevent the FDC from seeing a fault
condition that would result from a floating input, since the
disk drives used do not use the fault line.
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When a SEEK command has been issued by the FDC, the RW/SEEK

output is set high (logic 1). This enables two drivers and
two receivers on the 74LS241. The drivers control the FDD
head direction (DIR) and step pulses (STP) which are output
to the disk drive(s). The receivers monitor track 0 status

(TRKOO0) and the two-sided media input (TS) to the 8272 which
is used as a motor on status port.

7.1.9.9 FDC Reset Control

The reset input to the 8272 is under software control for
programming flexibility. A reset is output to the FDC
(FDCRST*) by the 74LS273 (sheet 13 of Main Logic schematic)
when a WRITE instruction to address 0000H is executed to set
to a low state (logic 0) bit 5 of the data byte written.
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7.1.10 Parallel/Keyboard Interface (Sheet 12)

The Printer Interface operation depends on the 8255-A
Programmable Peripheral Interface for its operation. The

8255~-A is mapped at 050H to O05FH in the peripheral address
space. It is located at even bytes only, and register

mapping is shown in the table below.

Address R/W Operation

0050H R Port A - > Data Bus
0052H R Port B - > Data Bus
0054H R Port C - > Data Bus
0056H R Illegal Condition
0050H 1% Port A < - Data Bus
0052H 1% Port B < - Data Bus
0054H W Port C < - Data Bus
0056H W Control < - Data Bus

Table 7-1. Register Mapping

7.1.10.1 Printer Port

For unidirectional printer port operation, Port A and the
upper half of Port C are programmed for Mode 1 operation
(for more information on 8255A-5 programming, see Intel
Microprocessor and Peripheral Handbook, 1983). Port B and
the lower half of Port C are programmed as input and output
respectively.

To output a byte of data to the printer, the following
sequence should occur. After programming the 8255A-5 for
the proper operating modes, a "1" should be written to Port
C bit 0 to enable the printer bus buffer for output, and a
"00" should be written to Port C bits 1 and 2 to enable
printer status for output on the Port B data bus (see Table
7-2 for bit assignments). After determining that the
printer is ready to accept data, a byte is written to Port
A. Hardware in the 8255A-5 will generate a low-going pulse
on Port C bit 7 (Output Buffer Full). This pulse is fed
into a 74LS123 one-shot to generate a fixed length pulse of
about 1.5 psec which is the specified length for line
printer strobe. The line printer acknowledge is dual-routed
to the line printer status port as well as to Port C bit 6
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(ACKnowledge). A rising edge on the ACK* input of the
8255A-5 will cause an interrupt. Any read operation to the
8255A-5 will clear the interrupt.

Bit Assignment

0 Auxiliary input 0 (currently unused)
1 Auxiliary input 1 (currently unused)
2 Auxiliary input 2 (currently unused)
3 LPRACK*

4 LPRFLT* (Line printer fault)

5 LPRSEL* (Line printer select)

6 LPRPAEM (Line printer paper empty)

7 LPRBSY (Line printer busy)

Table 7-2. ©Port B Bit Assignments

For bidirectional printer port operaton, the Port A/upper
half of Port C combination must be programmed for Mode 2
operation. Port C bit 0 must be programmed for the
direction of transfer ("0" for input from port, "1" for
output to port). 1In this mode, Port C bits 4 - 7 take on
new meanings. Bit 5 becomes IBFa (Input Buffer Full for
Port A, active when the buffer contains unread data), bit 6
becomes ACKa (ACKnowledge output for Port A, same function
as for unidirectional mode), and bit 7 becomes OBFa (Output
Buffer Full output for Port A, also same as unidirectional
mode) .

7.1.10.2 Keyboard Interface

The keyboard interface is enabled for parallel input by
setting Port C, bits 1 and 2 to "0l". This enables the
7415323 serial-to-parallel converter for output onto the
Port B data bus. Data is shifted in serial fashion into the
74LS323 on KBDDAT on each KBDCLK rising edge. Data transfer
is terminated with an End-of-Data pulse on KBDDAT (rising
edge) while KBDCLK is low. This clocks a 74LS74 low,
generating both KBDBSY* on its Q output and KBDINT10 on its
Q* output. A read to address 0052H in CPU peripheral space
(Port A read) will preset the 74LS74, thus removing KBDBSY*
and KBDINTOL.

Keyboard power is enabled through bit 0 at address 0000H in
CPU peripheral space. This bit is cleared at reset,
removing Vcc from the keyboard. When this bit is set to
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"1", the logic level is translated to about +12 vdc by a 751488
level shifter. This in turn drives the gate of an IRFD110
HEXFET, allowing current to pass from drain to source and on to
the keyboard Vcc input. Driving -12 vdc into the gate of the
HEXFET (logic "0" translated by the 751488) turns the transistor
and the keyboard off.

7.1.10.3 Revision Port

To read the revision port, Port C bits 1 and 2 must be programmed
to a "1l0". This enables the 741LS244 buffer for output onto the
Port B data bus. The revision port is encoded with an 8-bit
number reflecting the current revision level of the main logic
board. Each PCB update will increment this 8-bit value by one.
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7.1.11 Serial Interface/Programmable Timer (Page 13)

7.1.11.1 Serial Interface

The serial interface relies on the 8251A Universal
Synchronous/Asynchronous Receiver/Transmitter for its
operation. The 8251A is used as a peripheral device and is
programed by the CPU to operate using virtually any serial
data transmission technique presently in use. The USART
accepts data characters from the CPU in parallel format and
then converts them into a continuous data stream for
transmission. Simultaneously, it can receive serial data
streams and convert them into parallel data characters for
the CPU. The 8251A is clocked at the rate of 2.00 MHz. The
8251A is mapped at 0010H - OOlFH in the CPU peripheral

address space at even locations only. Register addresses
are given in Table 7-3.

Address Read/Write Operation

0010H R 8251A Data -> Data Bus
0010H W Data Bus -> 8251A Data
0012H R 8251A Status -> Data Bus
0012H W Data Bus -> 8251A Control

Table 7-3. 8251A Address Assignments




Tandy® Model 2000 Service Manual

7.1.11.2 Counter/Timer Chip (Page 13)

The 8253-5 is a programmable counter/timer chip which is
responsible for generating three timing signals:

1. Periodic speaker output

2. Baud rate clock for the 8251A

3. Refresh timing pulses for the dynamic RAM array

Ihe 8253-5 is mapped at 0040H - 004FH in the CPU pefipheral

address space at even addresses only. The register
assignments are shown in Table 7-4.

Address Read/Write Operation

0040H W Load Counter 0
0042H W Load Counter 1
0044H ) Load Counter 2
0046H W Write Mode Word
0040H R Read Counter 0
0042H R Read Counter 1
0044H R Read Counter 2
0046H R No operation

Table 7-4. 8253-5 Address Assignments

The clock for channel 0 is 1.00 MHz, channel 1 and channel 2 are
2.00 MHz. These clocks are derived from the 8.00 MHz clock from
the CPU and are divided by 2 four times to generate 4.00 MHz,
2.00 MHz, 1.00 MHz, and 500 KHz by a 74LS161 binary counter.
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7.1.11.3 RS-232 Operation (Page 13)

For asynchronous RS-232 operation, the baud rate clock for
both transmit and receive is derived from the 8253-5 clock 1
output. To select the internally derived clock (external
synchronous operation is outlined below), port 00H bit 1 is
set to "1". This routes the 8253-5 clock 1 output to both
the transmit and receive clock inputs on the 8251A. Bit
assignments for port OOH are shown in Table 7-5.

Bit Assignment Function Active Level
0 KBEN Keyboard Enable active high
1 EXTCLK External baud rate clock active high
2 SPKRGATE Enable periodic speaker output active high
3 SPKRDATA Direct output to speaker
4 RFSHEN Enable refresh and baud rate

clocks active high
5 FDCRESET* Reset 8272 active low
6 TMRINO Enable 80186 timer 0 active high
7 TMRIN1 Enable 80186 timer 1 active high

NOTE: Following a reset, all bits at port 00H are "Q".

Table 7-5. ©Port 00H Bit Assignments

Inputs for the 8251A are taken from Jl after being level-shifted
from +12 Vdc levels and inverted by 751489 interface chips.
These inputs include: receive data, clear to send, and data set
ready (all active low). Outputs from the 8251A which are
inverted and level-shifted to +12 Vdc are: transmit data,
request to send, and data terminal ready (all active low). Two
active high outputs RxRDY and TxRDY) are ORed together to form
SERINT02 (SERial INTerrupt controller 0, level 2). RxRDY goes
active high when a full character is received. This bit is reset
by a read to the data port. 1In a similar manner, TxEMP goes
active high when the transmit buffer is empty while the
transmitter is enabled or remains active high while the
transmitter is disabled. It is reset by a write to the 8251A
data port if the transmitter is enabled.

Synchronous operation is identical to asynchronous operation
except that the transmit and receive clocks are supplied by the
remote device. Like the data interface, these clocks are
level-shifted by the 751489 inverting buffers. To route the
external clocks to the 8251A, port 00H bit 1 must be set to "1".
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Speaker Port

The speaker port has two modes of operation: periodic and
direct. @or periodic mode, SPKRGATE and SPKRDATA must be set to
"11" (bits 2 and 3 at port 00H, respectively). This enables
output 0 of the 8253-5 to produce a 50% duty cycle square wave of
programmed period. For direct mode, SPKRGATE should be set to
"0". Then the speaker may be set and reset directly by SPKRDATA.
Data from either source is buffered by a 75477 open collector
high current buffer before being output to the AC-coupled
speaker.

Refresh Clock

The output counter 2 is routed to the dynamic memory control
logic and is used to indicate when it is time to do another
refresh operation. This counter should be programmed for a pulse
on terminal count and a 15 psec period. Bit 4 at port 00H
enables this output as well as clock 1 (the baud rate clock) when
it is active high.
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SPARE BUFFERS

VCC AND GND LIST SPARE__GATES LIST
— —

DE VICE REF DESIGNATOR +5V GND +av —12v DEVICE REF. DESG GATES NOT USED
7416 UI138,140 14 7 7416 ui38 1-6
7438 ui9 14 7 7438 ule -6
74F 00 unz 14 I4 74F 00 uigs 1-3,11-13
74F 02 uIg9 14 7 74F02 uige 4-6
74FD4 u89,97 14 7 |
74F08 U106,123 14 7
74F32 U25,101,107,114,125,108 14 7 74F08 uIg6 4-6,8-13
T4F64 use 14 7 74F32 u2s 1-13

74F138 u99 16 8 74F32 uie7 1-3,8-10

T4F161 U6, 74 16 8 74L500 u4 1-13

74F244 U28,35 20 19 74L500 ugl 4-6

74F245 U34,52,53,56,65,66,80 20 19 74L502 U133 8-19

74F258 U45,46 16 8 74L504 ui2e 3-6,12,I3

74L504 ui4| 3-6,19,!1

T4F373 uiI6, 127 20 19 74L508 u29 -3

741500 U491 14 7 741514 uI39 N2

74L502 ui33 14 7 74L832 u2 -3
74L504 U23,120,122,137,141 14 7 74L532 uss 4-6,8-10

74L508 U20,86 14 7 74L532 ui3e -6

74L514 ui39 14 7 741538 u3s 1-6,8-10

74LS30 (VIIE) 14 7 741538 us7 8-10

74LS32 U2,21,85,136 14 7 74LS74 uiie 8-13

741538 u38,87 14 7

74L574 U3,84,88%%,99,92,118,130 14 7 74LS123 ui32 1-4,13-15

74L S123 U24,132 16 8 74LSI25A u22 11-13

74LSI25A u22,27,83 14 7 74LSI25A us3 -6

74L5138 ue7, 71 16 8 74500 Ui -3

74LS139 u9s 16 8 745157 [VIL:] 9-14

74LSIBIA U73,100,104 16 8 745260 us3 1-3,5,12,13

74LSI93 us4 16 8 MCi489 u7 11=-13

74LS195 E] 16 8

74LS241 ui3s 20 19

74LS244 UI,11,17,33,58,78,81,185, 20 1)

117,128,32

7415245 U8,44,50,51,54 20 10

74L5273 U49,70,79 20 19

7415323 U9 20 19

7415373 U63,64,77 20 12

74LS374 U36,57 20 12

7415393 u29 14 7
74500 Ul 14 7
74S74 ues 14 7
74112 uli3,124 16 8
745139 u26 16 8
745157 uis 16 8
745260 U93 4 7
745280 ulls,126 14 7
75477 ui29 8 4
80186 u7e 9,43 26,60

_8251A U4 26 4
8253-5 u4p 24 12

8255A-5 u75 26 7

8259A-2 U42,43 28 14
8272 ui2l 40 20

825153 u62,68 20 12

CRT9007 uie 21 40

CRT902| U4 8 20

CRT92I2 uis,55 8 23

FDC9216 uiza 8 4

MC1488 us 7 14 |

MC1489 ue,7 14 7
NES564 U72%% 8

PALIOLSB us2 20 19

PALI6L8A U95,102,103 % 20 12

PAL20L8 Uig3% 24 12

PD40I6 uiz,13 24 12
SPARE VE]] 20 12

SPARE U142 20 18

SPARE U143 20 I)
74LS145 u3e 16 8
74LSI74 ueo 16 8
74L5378 u37? 16 8
74504 U39 14 7

% UI@3 MAY UUSE A PALIELBA OR PAL2@L8 DEPENDING UPON PROGRAM

REQUIREMENTS (SEE SHEET 3).
%% UT2 AND UB8 ARE LOCATED IN AN ISOLATED Vcc AND GND AREA
( SEE SHEET 7)

A CONFIGURATION STATUS PORT :

THE MAIN LOGIC BOARD HAS AN 8-BIT PORT THAT INDICATES THE CONFIGURATION
STATUS OF THE PRINTED CIRCUIT BOARD WITH RESPECT TO SOF TWARE.
STRAPPING TO THIS REGISTER (UI@) MUST BE INCREMENTED BY ONE FOR EACH REVISION
OF THE PC BOARD THAT DIRECTLY AFFECTS PROGRAMMING. THE HEX CODE FOR EACH
PC BOARD CONFIGURATION CHANGE APPEARS IN THE CONFIGURATION STATUS SCHEDULE
AT RIGHT ( SEE SHEET 12).

CPUHLDA RW. K
G2D— GEGEID
9
—IT 3— -2 18—
—i3 77— —a 16—
T74LS244 74LS241
urs ui3s
HIP ¥
(SH. 4 )
U I
=7 3— —IT. 3—
T4F244 T74F244
u3s uss

—n—k—a—

-7 3—
19
—I15 5—
19

74LS244
uIes

74L5244
w7

03 REV. B REVISED PER TCO NO. 2278 4/ 1/84
03 REV. A RELEASED FOR PRODUCTION 11711783
03 PP3.5 LIMITED PRODUCTION RELEASE 9/ 1/83
3 PP3 PRE -PROTOTYPE 8/22/83
02 P2 PRE-PROTOTYPE 6/27/83
JHE NPOT 21 PP FRE-PROTOTYPE
HEX CODE | PCB REV LTR. DESCRIPTION DATE
CONFIGURATION STATUS /\

————————————————————————— —
REFERENCE DESIGNATORS] g D ]
TR, A
LAST USED NOT USED PPI
PP2 6/27/83
ui43 uilt REV. A | RELEASED FOR PRODUCTION /11 /783 [ 2t
) A-1___|CORRECT U63,64,77(SH2) 8 UII4(SH9) ® |2/20/894 4193
= REV. B_|REVISED PER_TCO NO. 2278 (SHB) K [4/7/84
CRI
Q2
Ji
RS9 RI7
cle
L
JD-3 C}L
+5V
no-4 ' {+5v
+| 4| c2u2224,36, I C1,2,6-13,16-20,23,25-35,37-41,43-59,
______ 72,62,104,112 L 65-71,73,80,83-103,105-111,113,114, 284,

\Y |
7

918,964, 1054, 1154

—————— “T~ 68nmf, 6.3V - @.imf
(8 PL.) (93PL.)
318-5 <3NP . . |

0p-6 —N2___4 =

Jig-8 - SND
Los
@.mf
+12v I
Jo-1 <3 —+12 v
~1-Cia
| a.0mt
-2V
Je-71 <+ i-12v

J10-9 T }————NC

(T Y e S TS

DC POWER SCHEMATIC

Main Logic Board Schematic 800002037, Model 2000 Computer
Page 1 of 13
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