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TERMS AND CONDITIONS OF SALE AND LICENSE OF RADIO SHACK COMPUTER EQUIPMENT AND SOFTWARE
PURCHASED FROM A RADIO SHACK COMPANY-OWNED COMPUTER CENTER, RETAIL STORE OR FROM A
RADIQ SHACK FRANCHISEE OR DEALER AT ITS AUTHORIZED LOCATION

LIMITED WARRANTY
CUSTOMER OBLIGATIONS

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

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

RADIO SHACK LIMITED WARRANTIES AND CONDITIONS OF SALE

A For a period of ninety (90) calendar days from the date of the Radio Shack sales document received upon purchase of the Equipment, RADIO
SHACK warrants to the original CUSTOMER that the Equipment and the medium upon which the Software is stored is free from manufacturing
defects THIS WARRANTY IS ONLY APPLICABLE TO PURCHASES OF RADIO SHACK EQUIPMENT BY THE ORIGINAL CUSTOMER FROM
RADIO SHACK COMPANY-OWNED COMPUTER CENTERS, RETAIL STORES AND FROM RADIO SHACK FRANCHISEES AND DEALERS AT ITS
AUTHORIZED LOCATION The warranty is void if the Equipment's case or cabinet has been opened, or if the Equipment or Software has been
subjected to improper or abnormal use |f a manufacturing defect is discovered during the stated warranty period, the defective Equipment
must be returned to a Radio Shack Computer Center, a Radio Shaclk retail store, participating Radio Shack franchisee or Radio Shack dealer
for repair, along with a copy of the sales document or lease agreement The original CUSTOMER'S sole and exclusive remedy in the event of
a defect is limited to the correction of the defect by repair, replacement, or refund of the purchase price, at RADIO SHACK'S election and sole
expense. RADIO SHACK has no obligation to replace or repair expendable items.

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

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

D Except as provided herein, RADIO SHACK MAKES NO WARRANTIES, INCLUDING WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE.

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

LIMITATION OF LIABILITY

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

NOTWITHSTANDING THE ABOVE LIMITATIONS AND WARRANTIES, RADIO SHACK'S LIABILITY HEREUNDER FOR DAMAGES INCURRED BY

CUSTOMER OR OTHERS SHALL NOT EXCEED THE AMOUNT PAID BY CUSTOMER FOR THE PARTICULAR "EQUIPMENT" OR "SOFTWARE"

INVOLVED.

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

No action arising out of any claimed breach of this Warranty or transactions under this Warranty may be brought more than two (2) years

after the cause of action has accrued or more than four (4) years after the date of the Radio Shack sales document for the Equipment or

Software, whichever first occurs

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

RADIO SHACK SOFTWARE LICENSE

RADIO SHACK grants to CUSTOMER a non-exclusive, paid-up license to use the RADIO SHACK Software on one computer, subject to the following
provisions:
Except as otherwise provided in this Software License, applicable copyright laws shall apply to the Seftware
Title to the medium on which the Software is recorded (cassette and/or diskette) or stored (ROM) is transferred to CUSTOMER, but not title to
the Software
- CUSTOMER may use Software on one host computer and access that Software through one or more terminals if the Software permits this
function.
CUSTOMER shall not use, make, manufacture, or reproduce copies of Software except for use on one computer and as is specifically
provided in this Software License Customer is expressly prohibited from disassembling the Software
CUSTOMER is permitted to make additional copies of the Software only for backup or archival purposes or if additional copies are required in
the operation of one computer with the Software, but only to the extent the Software allows a backup copy to be made However, for
TRSDOS Software, CUUSTOMER is permitted to make a limited number of additional copies for CUSTOMER'S own use
F CUSTOMER may resell or distribute unmodified copies of the Software provided CUSTOMER has purchased one copy of the Software for each
one sold or distributed. The provisions of this Software License shall also be applicable to third parties receiving copies of the Software from
CUSTOMER
G. Al copyright notices shall be retained on ali copies of the Software

APPLICABILITY OF WARRANTY

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

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

STATE LAW RIGHTS

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

This Technical Reference Manual is written for owners of the TRS-80 Model 4
Computer, who have a thorough understanding of electronics and computer circuitry.
It is not written to the beginner’s level of comprehension.

This manual contains detailed schematics and theories of operation for each major part
of the Model 4. These tools will aid you with designing interfaces for your computer,
repairing your own computer after its warranty has expired, or simply obtaining
practical knowledge of your TRS-80 Model 4 operation.

Radio Shack will not be liable for any damage caused, or alleged to be caused, by the
customer or any other person using this technical manual to repair, modify, or alter
the TRS-80 Model 4 Computer in any manner,

Many parts of the computer electronics are very sensitive and can be easily damaged
by improper servicing. We strongly suggest that for proper servicing, the computer be
returned to Radio Shack.

Because of the sensitivity of computer equipment and the potential problems which
can result from improper servicing, the following limitations apply to services offered
by Radio Shack:

1. If any of the warranty seals on any Radio Shack computer product are broken,
Radio Shack reserves the right to refuse to service the equipment or to void any
remaining warranty on the equipment.

2. If any Radio Shack computer product has been modified so that it is not within
manufacturer’s specifications, including, but not limited to, the installation
of any non-Radio Shack parts, components, or replacement boards, then Radio
Shack reserves the right to refuse to service the equipment, void any remaining
warranty, remove and replace any non-Radio Shack part found in the equipment,
and perform whatever modifications are necessary to return the equipment to
original factory specifications.

3. The cost for the labor and parts required to return the Radio Shack computer
equipment to its original specifications will be charged to the customer in addition

to the normal repair charges.
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1.1 SYSTEM OVERVIEW
The Radio Shack TRS-80 Mode! 4 Microcomputer is an enhanced version of Radio Shack’s popular TRS-80 Model 111
Microcomputer, The TRS-80 Model 4 is software compatible with the Model 111 so that owners of either system can take
advantage of the large number of programs available.
Features of the TRS-80 Model 4 which are common to the TRS-80 Model 11 include:

@ Availability of Level | or Level [I BASIC in ROM

@ Full size typewriter style keyboard

@ A 12-inch video display

© Built-in cassette interface

©® Character display of 16 lines of 64 characters

@ Graphics under control of BASIC (128 H x 48 V)

@ UL recognized construction

© 12-key numeric keypad for rapid entry of numbers

@ Rugged cabinet housing keyboard, electronics, video display, and power supply

@ Direct drive video monitor for improved resolution

@ |Internal power supply

© Parallel printer port for use with Radio Shack printers
Other features available when Level 11 BASIC is used are: real time clock, upper and lower case characters, RAM internally
expandable to 128K bytes, 1/0 port for peripheral expansion, and cassette interface available with 500 and 1500 baud

rates.

Optional peripherals for the TRS-80 Model 4 include disk drives (two built-in, two external) with double density for
increased storage capacity, and a built-in RS-232 serial interface for communications and peripheral interface.

1.2 BLOCK DIAGRAM

The Block Diagram (Figure 1-1} shows the various internal components and connections of the Model 4 Microcomputer,
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1.3 JUMPER OPTIONS

1.3.1 16K to 64K

1. Remove U77 - U84

2. Move E5-EB to EB-E4
Move E1-E2 to E2-E3
Move E12-E13 to E12-E11

3. Add E7-E8 and eight Tandy #8040665 ICs in locations
u77-us4,

4, Remove capacitors C68, C72, C76, C80, C84, C88,
C92 and C86.

1.3.2 64K to 128K

1. Remove shunt at U72 and add |C Tandy #8075468 in
its place.

2. Add eight Tandy #8040665 ICs in locations U85-U92,
1.3.3 Graphics Board

1. Remove E14-E15 (and screws near U65 and U71).
2. Plug in Graphics Board

3. Replace mounting screws at U6b and U71.

1.3.4 E9-E10 are not used at this time






SECTION Ii

DISASSEMBLY/ASSEMBLY







DISASSEMBLY/ASSEMBLY

2.1 DISASSEMBLY

2.1.1 Case

1. Remove all cables from the bottom and rear of the Com-
puter, Position the Computer on its rear panel to provide
easy access to the case bottom. Remove the ten screws
from the case bottom. Notice the different types and
lengths of screws and note their positions. Set them
aside in groups.

2. Position the Computer upright and remove the #6 screw
and washer from the top of the back panel of the case,

3. Very carefully remove case top, lifting straight up and
setting it aside to the left (if facing video screen). Be
careful not to exceed the length of the video cable.

4. Remove screws from the chassis shield and the ground
connectors and remove the shield. **

2.1.2 CPU Board

1. Remove the six screws which attach the RF! Rear
Shield to the metal CPU mounting bracket. This bracket
is also held in place with tape at the lower part of the
bracket. Carefully peel the tape away from the shield
so that it may be reused.

2. Remove all cables connecting the CPU Board (power
supply cable, video, keyboard, and cassette cables, and
if applicable, the R$-232, sound board, and FDC inter-
connect cables).

3. Remove the eight screws fastening the CPU PCB (three
at the top and bottom and one on either side of the
board in the middle.

4. Make sure all cables to the CPU Board have been discon-
nected then remove the Board. {If your unit uses plastic
spacer mounts to hold the Board, press the small tabs on
the mounts through the mounting holes in the PCB and
gently pull the CPU Board off.)

2.1.3 FDC Board (optional)

NOTE: The CPU Board must be removed before removing
the FDC Board.

1. Be sure to disconnect all cables to the FDC Board.

2. Remove the screws holding the FDC Board to the metal
chassis and remove the Board.

**Not applicable to all units.

2.1.4 RS-232 Board (optional)

NOTE: The CPU Board must be removed before removing
the RS-232 Board.

1. Be sure to remove all cables connecting the RS-232
Board.

2. Remove the screws connecting the PC Board to the
chassis and remove the Board.

2.1.5 Main Power Supplies

Three different power supplies are used on the Model 4
Computer, depending on the initial configuration of the unit.
If the unit is supplied with 16K RAM and cassette input,
Power Supply Assembly #8790021 is supplied to provide
DC voltages required to power the computer, it is mounted
on the front side of the main CPU mounting bracket at the
rear of the unit. If disk drive(s) are added to this computer,
a second power supply is mounted to the LH disk drive
mounting bracket.

If the computer is supplied with 64K RAM and a single or
dual disk drive, then power supply #8790043 or #8790049
is supplied to power the unit. This power supply is mounted
at the left side of the LH disk drive mounting bracket. It is
attached to the CPU mounting bracket by screws through
the heat sink bracket of the power supply.

1. Remove all interconnecting cables to the board(s). These
include the power supply cable, video, keyboard, and
cassette cable. |f applicable, also remove the RS-232
and FDC power connectors and the disk ribbon cable.

2. Note the position of the ground tab and remove it.

3. Remove the screws which attach the power supply to
its mounting support (four for the 38W power supply
and two for the 65W power supplies). Spacers separate
the 38W power supply from its mounting bracket.

The 65W power supply is provided with insulated
standoffs to prevent shorting the power supply against
the metal disk drive shield bracket.

4. Carefully lift the power supply out of the computer. If
the unit is one which has been upgraded to include
a disk drive and is equipped with two power supplies,
it may be necessary to remove the Main CPU mounting
bracket to provide access to the mounting screws of
one of the power supplies.

2.1.6 Disk Drives {optional)

1. To remove the Disk Drive in the top position, carefully
remove the FDC inter-connect cable connected to the
rear of the Drive.



Remove the four screws and washers (two on each side)
which connect the Drive to the Disk Mounting Bracket.
Remove the RFI shield which covers the top drive,

Disconnect the power supply connector from the bot-
tom of the top board in the Disk Drive and also remove
the ground wire from the rear of the Drive

To remove the Disk Drive in the bottom position, you
must first remove the Power Supply attached to the
LH Disk Mounting bracket to gain access to the Disk
Drive mounting screws,

After removing the Power Supply, remove the FDC
inter-connect cable from the rear of the Drive.

Remove the four screws and washers (two on each side)
which connect the Drive to the Disk Mounting Bracket.

Disconnect the power supply connector from the bot-
tom of the top board in the Disk Drive and also remove
the ground wire from the rear of the Drive.

2.1.7 Video Monitor (CRT) and Video Board

Disconnect the four color coded wires with spade lugs
from the CRT yoke. {Be sure to note their positions.)

Disconnect the connector on the rear of the CRT neck.

WARNING

There may be a high voltage charge on the high voltage
anode. To discharge, connect one end of a wire to a

10

3.

known good ground and connect the other end of the
wire to the blade of a common screwdriver. Insert the
screwdriver blade under the suction cup and touch it
to the clip holding the wire to the CRT.

Insert a common screwdriver under the suction cup on
the high-voltage anode wire on the side of the CRT. Use
the screwdriver to compress the clip holding the wire to
the tube and pull the wire free.

Remove the ground wire fastened directly to the Video
Board.

Remove the upper right and lower left nuts and washers
which hold the CRT in place.

CAUTION
If dropped, the CRT may implode. To avoid this kind of
accident, support the CRT while performing the next

step.

Remove the remaining lower right and upper left nuts,
and washers and carefully remove the CRT.

Disconnect the CPU cable connector from the Video
Board.

Remove the two screws fastening the Video Board to the
Case Top and carefully lift out Board.



2.2 ASSEMBLY
2.2.1 RS-232 Board (optional)

1. Install the PC Board using #6 x 1/4"" screws. If appli-
cable, press the PC Board onto the plastic spacer mounts
then fasten with the screws,

2. Reconnect all cables to the RS-232 Board.

2.2.2 FDC Board (optional)

1. Install the PC Board using #6 x 1/4"' screws and the
plastic spacer mounts, if used.

2. Reconnect all cables to the FDC Board.
2.2.3 CPU Board

1. Make sure good insulating washers are attached to the
CPU Board then fasten the Board using #6 x 1/2"
sCrews,

2. Reconnect all cables to the CPU Board (power supply
cable, video, keyboard, and cassette cables, and if appli-
cable, RS-232, sound board, and FDC inter-connect
cables).

3. Attach the small PCB Mount Bracket (if used) to the
metal chassis bracket with two #6 x 1/4’" screws.

2.2.4 Power Supply

1. Fasten the Power Supply to the CPU chassis bracket
using #6 x 1/4"" screws. Be sure the ground tab is
fastened back in place.

2. Reconnect all cables (power supply, video, keyboard,
and cassette cables, and RS-232 and FDC power cables
and Disk ribbon cable if necessary).

2.2.5 Disk Drive (optional)

1. Place the Disk Drive in the bottom position and recon-
nect the ground wire and power supply connector.

2. Fasten the Drive with four #6-32 x 1/2"* screws and four
flat washers (two on each side).

3. Reconnect the FDC inter-connect cable to the rear of
the Drive.

4. Position the second Disk Drive in the top position and
reconnect the ground wire and power supply connector.

5. Fasten with four screws and washers (two on each side).

6. Reconnect the FDC inter-connect cable to the rear of
the Drive.
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2.2,6 Disk Drive Power Supply (optional)

1. Before installing the Power Supply, be sure that the
bottom Disk Drive is mounted in place and the Disk
Shield is in position on the Disk Mounting Bracket.

2. Reconnect all cables and wires to the Power Supply.

3. Fasten the Power Supply with four #6 x 3/8'" screws.
Be sure the ground tab is fastened back in place

2,2.7 Video Monitor (CRT) and Video Board

1. Position the CRT in the Case Top and install the upper
left and lower right #10 washers and nuts.

2. Install the upper right and lower left #10 washers and
nuts. Be sure to reconnect the ground wire from the
CPU cable. It will require two nuts to fasten it,

3. Install the Video Board into the Case and fasten with
two #6 x 3/8'' screws,

4. Connect the ground wire with solder lug back to the
Video Board.

5. Install the plug on the rear of the CRT neck.

6. Install the four color coded wires with spade lugs to
their associated terminals (as determined by a colored
dot on the yoke near each terminal).

7. Install the high-voltage anode wire on the side of the
CRT. Use a screwdriver to compress the clip and insert
it into the CRT. Press down on the suction cup to
secure,

2.2.8 Case

1. Double-check to be sure all wires are connected cor-
rectly and all Boards are properly fastened.

2. Attach the chassis shield (if used) with #6 x 1/4"
screws and reconnect the ground connectors.

3. Carefully place the Case Top over the Case Bottom.
Do not hit the CRT neck. It could implode or break
off.

4. Install the #6 x 3/8" sheet metal screw and flat washer
in the top rear panel of the Case.

5. Carefully rest the Computer on its rear panel and replace
the ten #8 screws; five 1" sheet metal toward rear, three
7/8"" machine head along front, and two 1" machine
head in remaining positions.
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CPU CIRCUIT BOARD

3.1 MODEL 4 THEORY OF OPERATION
3.1.1 Introduction

The TRS-80 Model 4 Microcomputer is a self-contained
desktop microcomputer designed not only to be completely
software compatible with the TRS-80 Model 11, but to pro-
vide many enhancements and features, System distinctions
which enable the Model 4 to be Model |1l compatible
include: a Z80 CPU capable of running at a 4 MHz clock
rate, BASIC operating system in ROM (14K), memory-
mapped keyboard, 64-character by 16-line memory-mapped
video display, up to 128K Random Access Memory, cassette
circuitry able to operate at 500 or 1500 baud, and the
ability to accept a variety of options. These options include:
one to four 5-1/4 inch double density floppy disk drives, one
to four five megabyte hard disk drives, an RS-232 Serial
Communications Interface, and a 640 by 240 pixel high
resolution graphics board.

3.1.2 CPU and Timing

The central processing unit of the Model 4 microcomputer
is the Z80-A microprocessor — capable of running at either
a two (2.02752) or four (4.056504) MHz clock rate, The main
CPU timing comes from the 20 MHz (20.2752 MHz) crystal-
controlled oscillator, Y1 and Q1. There is an additional
12 MHz (12.672 MHz) oscillator, Y2 and Q2, which is
necessary for the 80 by 24 mode of video operation. The
oscillator outputs are sent to two Programmable Array
Logic (PAL)} circuits, U3 and U4, for frequency division
and routing of appropriate timing signals.

PAL U3 divides the 20 MHz signal by five for 4 MHz CPU
operation, by ten for a 2 MHz rate, and slows the 4 MHz
clock for the M1 Cycle (See Figure 3-3). U3 also divides
the master clock by four to obtain a 5 MHz clock to be sent
to the RS-232 option connector as a reference for the baud
rate generator. PAL U4 selects an appropriate 10 MHz or
12 MHz clock for the video shift clock, and using divider
U5 provides additional timing signals to the video display
circuitry (See Fig. 3-4).

Hex latch U18 is clocked from the 20 MHz clock, and is
used to provide MUX and CAS timing for the dynamic

Port Addr. (Hex)

FC-FF Cassette In, Mode Read
F8-FB Read Printer Status

(1) F4-F7 - reserved -

(1) F3 FDC Data Reg.

(1) F2 FDC Sector Reg.

(1) F1 FDC Track Reg.

Read Function
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memory circuits. Also, with additional gates from U186,
U19, U20, U31, and U32, this chip provides the wait cir-
cuitry necessary to prevent the CPU from accessing video
RAM during the active portion of the display. This is done
by latching the data for the video RAM and simultaneously
forcing the Z80 CPU into a “"WAIT" state and is necessary
to eliminate undesirable ““hashing” of the video display
(See Fig. 3-4).

3.1.3 Buffering

Low level signals from and to the CPU need to be buffered,
or current amplified in order to drive many other circuits.
The 16 address lines are buffered by U55 and U56, which are
unidirectional buffers that are permanently enabled. The
eight data lines are buffered by U71. Since data must flow
both to and from the CPU, U71 is a bi-directional buffer
which can go into a three-state condition when not in use.
Both direction and enable controls come from the address
decoding section.

The clock signal to the CPU (from PAL U3) is buffered by
active pullup circuit Q3 RESET and WAIT inputs to the
CPU are buffered by U17 and U46. Control outputs from
the 280 (M1%*, RD*, WR*, MREQY, and 10RQ¥) are sent
to PAL U58, which combines these into other appropriate
control signals consistent with Model 4's architecture. Other
than MREQ¥, which is buffered by part of U38, the raw
control signals go to no other components, and hence require
no additional buffering.

3.1.4 Address Decoding

The address decoding section is divided into two sub-
sections: Port address decoding and Memory address
decoding.

In port address decoding, low order address lines (some
combined through a portion of U32) are sent to the address
and enable inputs of U48, U49, and U50. U48 is also enabled
by the IN* signal, which means that is decodes port input
signals, while U49 decodes port output signals. A table of
the resulting port map is shown below:

Write Function

Cassette Out, resets
cassette data latch
Output to Printer
Drive Select latch
FDC Data Reg.
FDC Sector Reg.
FDC Track Reg.
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(1)

(2)
(2)
(2)
(2)

(3)
(3)
(3)
(3)
(3)
3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)

(4)
(5)

(5)
(5)
(5)
(5)

Fo
EC-EF
EB
EA
E9
E8

E4 -E7
EQ-E3
CF

CE

CD

cC

CcB

CA

Cco

c8

c7

C6

C5

C4
C2-C3
C1

Cco

94 - 9F
90 - 93
8C - 8F
8B

8A

89

88

84 - 87
83

82

81

80

Notes: (1)

(2)
(3)
(4)
(5)

FDC Status Reg.
Resets RTC Int.
Revr Holding Reg.
UART Status Reg.
- reserved -
Modem Status

Read NMI Status
Read INT Status
HD Status

HD Size/Drv/Hd
HD Cylinder high
HD Cylinder low
HD Sector Number
HD Sector Count
HD Error Reg.

HD Data Reg.

HD CTC channel 3
HD CTC channel 2
HD CTC channel 1
HD CTC channel 0
HD Device ID Reg.
HD Control Reg.
HD Wr. Prot. Reg.
- reserved -

- reserved -
Graphics Sel. 2
CRTC Data Reg.
CRTC Control Reg.
CRTC Data Reg.
CRTC Control Reg.
- reserved -

- reserved -

- reserved -
Graphics Ram Rd.
- reserved -

Valid only if FDC option is installed
Valid only if RS-232 option is installed
Valid only if Hard Disk option is installed
Valid only if sound option is installed
Valid only if High Resolution Graphics option is installed
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FDC Command Reg.
Mode Qutput latch
Xmit Holding Reg.
UART/Modem control
Baud Rate Register
Master Reset/Enable
UART control reg.
Write NMI Mask reg.
Write INT Mask reg.
HD Command

HD Size/Drv/Hd

HD Cylinder high
HD Cylinder low
HD Sector Number
HD Sector Count
HD Write Precomp.
HD Data Reg.

HD CTC channel 3
HD CTC channel 2
HD CTC channel 1
HD CTC channel 0

- reserved -

HD Control Reg.

- reserved -

- reserved -

Sound Option
Graphics Sel. 2
CRTC Data Reg.
CRTC Control Reg.
CRTC Data Reg.
CRTC Control Reg.
Options Register
Gra. X Reg. Write
Gra. Y Reg. Write
Graphics Ram Wr,
Gra. Options Reg. Wr



Following is a Bit Map of the appropriate ports in the Model 4. Note that this is an ““internal”’ bit map only. For bit maps of the
optional devices, refer to the appropriate section of the desired manual.

Model 4 Port Bit Map

Port D7 D6 D5 D4 D3 D2 D1 DO
FC-FF Cass Cassette
(READ) data {(MIRROR of PORT EC) data
500 bd 1500 bd
FC-FF (Note, also resets cassette data latch) cass. cassette
(WRITE) X X X X X X out data out
F8-FB Prntr Prontr Protr Prntr X X X X
(READ) BUSY Paper Select Fault X X X X
F8-FB Prntr Prntr Prntr Prntr Prntr Prntr Prntr Prntr
(WRITE) D7 D6 D5 D4 D3 D2 D1 DO
EC-EF (Any Read causes reset of Real Time Clock Interrupt)
EC-EF X CPU X Enable Enable Mode Cass X
(WRITE) X Fast X EX /0 Altset Select Mot On X
EO-E3 X Receive Receive Xmit 10 Bus RTC C Fall C Rise
(READ) X Error Data Empty Int Int Int Int
EQ-E3 X Enable Enable Enable Enable Enable Enable Enable
(WRITE) X Rec Err Rec Data Xmit Emp 10 Int RT Int CF Int CR Int
90-93 X X X X X X X Sound
(WRITE) X X X X X X X Bit
84 - 87 Page Fix Upr Memory Memory Invert 80/64 Select Select
(WRITE) Memory Bit 1 Bit 0 Video Bit 1 Bit 0

Memory mapping is accomplished by PAL U59 in the Basic 16K or 64K computer, In a 128K system, PAL U72, along with the
select and memory bits of the options register, also enter into the memory mapping function.

Four memory maps are listed below, Memory Map | is compatible with the Model 1l1. Note that there are two 32K banks in the
64K system, which can be interchanged with either position of the upper two banks of a 128K system. The 128K system has
four moveable 32K banks. Also note, in the Model Il mode, that decoding for the printer status read (37E8 and 37E9 hexadeci-
mal) is accomplished by U93 and leftover gates from U40, U46, U51, U54, UB0, and U62.

Memory Map | — Model 11l Mode

0000 — 1FFF ROM A (8K)

2000 — 2FFF ROM B (4K)

3000 -- 37FF ROM C (2K) — Less 37E8 - 37E9

37E8 — 37E9 Printer Status Port

3800 — 3BFF Keyboard

3C00 — 3FFF Video RAM (Page bit selects 1K of 2K)
* 4000 — 7FFF RAM (16K system)
* 4000 — FFFF RAM (64K systern)
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Memory Map |

0000 — 37FF RAM (14K)
3800 — 3BFF Keyboard
3C00 — 3FFF Video RAM
4000 — 7FFF RAM (16K) End of one 32K Bank
8000 — FFFF RAM (32K} Second 32K Bank
Memory Map 11
0000 — 7FFFF RAM (32K} End of One 32K Bank
8000 — F3FF RAM (29K) Second 32K Bank
F400 — F7FF Keyboard
F800 — FFFF Video RAM
Memory Map IV
0000 — 7FFF RAM (32K) One 32K Bank
8000 — FFFF RAM (32K) Second 32K Bank

(See Figure 3-2 for 128K Maps)

3.1.5 ROM

The Model 4 Microcomputer contains 14K of Read Only
Memory (ROM), which is divided into an 8K ROM (U68), a
4K ROM (U69), and a 2K ROM (U70). ROMs used have
three-state outputs which are disabled if the ROMs are
deselected. As a result, ROM data outputs are connected
directly to the CPU data bus and do not use data buffer
U71, which is disabled during a ROM access.

ROMs are Model 11l compatible and contain a BASIC opera-
ting system, as well as a floppy disk boot routine. The enable
inputs to the ROMs are provided by the address decoding
section, and are present only in the Model Il mode of
operation.

3.1.6 RAM

Three configurations of Random Access Memory are avail-
able on the Model 4: 16K, 64K, and 128K. The 16K option
uses 4116 type, 16K by 1 dynamic RAMs, which require
three supply voltages (+12 volts, +5 volts, and —5 volts).
The 64K and 128K options use 6665 type, 64K by 1 dyna-
mic RAMs, which require only a single supply voltage {(+5
volts). The proper voltage for each option is provided by
jumpers.

Dynamic RAMs require multiplexed incoming address lines.
This is accomplished by ICs UB3 and U76. Qutput data
from RAMs is buffered by U64. With the 128K option, there
are two rows of the 64K by 1 RAM ICs. The proper row is
selected by the CAS* signal from PAL U72.
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3.1.7 Keyboard

The Model 4 Keyboard is a 70-key sculptured keyboard,
scanned by the microprocessor, Each key is identified by
its column and row position. Columns are defined by address
lines A0 - A7, which are buffered by open-collector drivers
U29 and U30. Data lines DO - D7 define the rows and are
buffered by CMQOS buffers U44 and U45. Row inputs to the
buffers are pulled up by resistor pack RP 1, unless a key
in the current column being scanned is depressed. Then,
the row for that key goes low,

3.1.8 Video

The heart of the video display circuitry in the Model 4 is
the 68045 Cathode Ray Tube Controller. The CRTC allows
two screen formats: 64 by 16 and 80 by 24. Since the 80
by 24 screen requires 1,920 screen memory locations, a
2K by 8 static RAM is used for the Video RAM. The 64
by 16 mode has a two-page screen display and a bit in the
options register for determining which page is active for
the CPU. Offset the start address of the CRTC to gain
access to the second page in the 64 by 16 mode.

Addresses to the video RAM are provided by the 68045
when refreshing the screen and by the CPU when updating
the data. These two sets of addresses are multiplexed by
U33, U34, and U35. Data between the CPU and Video
RAM is latched by U6 for a write, and buffered by U7 for
a read operation,



3I7EB-I7E9 PR STATUS
2K via PAGE BIT —r—a

BASIC {16K! BASIC (MOD 51t} 64X-128K RAM
SYSTEM 64K SYSTEM EXPANSION
BANK (0}
ROMA (8K RomA (FXUPMEM MBITI MBITO}
s
ROMB {4K) g ROMB
ROMC (2K) 2 ROMC
KEVBOARD (1K S KEVBOARD__|
VIDEQ g —vmee 1,1,0 32K RAM
<
e
&
x
&
B
16K RAM 16K BAM anrm
1.0
0,11
NO
ACCESS 32K RAM 32K RAM
BANK (1)
(SELI SELO} = (0.0
{DEFAULT STATE}
64K SYSTEM 64K-128K RAM

KEYBOARD & VIDEOC MOVED

32K RAM

29K RAM

32K SHADOWED RAM

KEYBOARD (1K
VIDEO (2K)

{SELI, SELO} = (1, O

(NOTE 2K VIDEQ RAM}

{FXUPMEM MBITI MBITO}

(1,1,04

1i1m

@10

0,1,

EXPANSION

32K RAM

32K RAM

FIGURE 3-2. RAM MEMORY
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BANK {2)

BANK {3}

64K SYSTEM 64K-128K RAM
(ROM— 14K RAM) E£XPANSION
(FXUPMEM MBITI MBITO)

14K RAN
3
k=S
=
o
2
g KEYBOARL
e VIDEQ n.o 32K RAM
<
I
&
¥
%
8

16K AAM

EREL
010 \
AN
0.1,1)
32K RAM 32K RAM

{SELI SELO) = {0 1)

64K ALL RAM
SYSTEM

32K RAM

32K RAM

(SELI SELO}=(1 1)

{(FXUPMEM MBITI MBITO)

(1,1.0)

(1.1 14

010

0, 1,79

64K-128K RAM
EXPANSION

32K RAM

32K RAM




During screen refresh, the data outputs of the Video RAM
{ASCI| character codes) are latched by U8 and become the
addresses for the character generator ROM (U23). In cases
of low resolution graphics, a dual 1 of 4 data selector (U9)
is the cell generator, with additional buffering from U10

The shift register U11 inputs are the latched data outputs
of the character or cell generator. The shift clock input
comes from the PAL U4, and is 10.1376 MHz for the 64
by 16 mode and 12.672 MHz for 80 by 24 operation, The
serial output from the shift register later becomes actual
video dot information,

Special timing in the video circuit is handled by hex latch
U2. This includes blanking (originating from CRTC) and
shift register loading (originating from U4). Additional
video contro! and timing functions, such as sync buffering,
inversion selection, dot clock chopping, and graphics disable
of normal video, are handled by miscellaneous gates in U12,
U13, U14, U22, U24, and U26.

3.1.9 Real Time Clock

The Real Time Clock circuit in the Model 4 provides a 30
Hz {in the 2 MHz CPU Mode) or 60 Hz (in the 4 MHz CPU
Mode) interrupt to the CPU. By counting the number of
interrupts that have occured, the CPU can keep track of the
time, The 60 Hz vertical sync signal from the video circuitry
is divided by two (2 MHz Mode) by U53, and the 30 Hz at
pin 1 of Ub1 is used to generate the interrupts. In the 4
MHz mode, signal FAST places a logic low at pin 1 of U51,
causing signal VSYNC to trigger the interrupts at the 60 Hz
rate. Note that any time interrupts are disabled, the accuracy
of the clock suffers.

3.1.10 Cassette Circuitry

The cassette write circuitry latches the two LSBs (DO and
D1) for any output to port FF (hex). The outputs of these
latches (U27) are then resistor summed to provide three
discrete voltage levels {500 Baud only). The firmware toggles
the bits to provide an output signal of the desired frequency
at the summing node.

There are two types of cassette Read circuits — 500 baud and
1500 baud. The 500 baud circuit is compatible with both
Model 1 and Ili. The input signal is amplified and filtered
by Op amps (U43 and U28. Part of U15 then forms a
Zero Crossing Detector, the output of which sets the latch
U40. A read of Port FF enables buffer U41, which allows
the CPU to determine whether the latch has been set, and
simultaneously resets the latch. The firmware determines
by the timing between settings of the latch whether a logic
“one” or “zero’’ was read in from the tape.
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The 1500 baud cassette read circuit is compatible with the
Model 111 cassette system. The incoming signal is compared
to a threshold by part of U15. U15's output will then be
either high or low and clock about one-half of U39, depend-
ing on whether it is a rising edge or a falling edge. If
interrupts are enabled, the setting of either latch will gene-
rate an interrupt, As in the 500 baud circuit, the firmware
decodes the interrupts into the appropriate data.

For any cassette read or write operation, the cassette relay
must be closed in order to start the motor of the cassette
deck. A write to port EC hex with bit one set will set {atch
U42, which turns on transistor Q4 and energizes the relay
K1. A subsequent write to this port with bit one clear
will clear the latch and de-energize the relay.

3.1.11 Printer Circuitry

The printer status lines are read by the CPU by enabling
buffer U67. This buffer will be enabled for any input from
port F8 or F9, or any memory read from location 37E8
or 37E9 when in the Model Il mode. For a listing of bit
status, refer to the bit map.

After the printer driver software determines that the printer
is ready to receive another character (by reading the status},
the character to be printed is output to port F8. This latches
the character into U66, and simultaneouly fires the one-shot
LJ65 to provide the appropriate strobe to the printer.

3.1.12 1/0 Connectors

Two 20-pin single inline connectors, J7 and J8, are provided
for the connection of a Floppy Disk Controller and an
RS-232 Communications Interface, respectively. All eight
data lines and the two least significant address lines are
routed to these connectors. In addition, connections are
provided for device or board selection, interrupt enable,
interrupt status read, interrupt acknowledge, RESET, and
the CPU WAIT signal.

The graphics connector, J10, contains all of the above inter-
face signals, plus CRTCLK, the dotclock signal, a graphics
enable input, and other timing clocks which synchronize
the graphics board with the CRTC,

The 1/O bus connector, J2, contains connections for all
eight data lines (buffered by U74), the low order address
lines (buffered by U73), and the control lines {buffered by
U75) IN¥, QUT*, RESET*, M1*, and IORQ¥. In addition,
the 1/0 bus connector has inputs to allow the device(s),
connected to generate CPU WAIT states and interrupts.



The sound connector, J11, contains only four connections:
sound enable {any output to port 90 hex), data bit DO,
Ve, and ground,

3.1.13 Sound Option

The Model 4 sound option, available as standard equipment
on the disk drive versions, is a software intensive device. Data

| <
| Eo
[ OD
EF()Z
B
| 22
,f =
| e

is sent out to port 90H, alternately setting and clearing
data bit DO. The state of this bit is latched by sound board
U1 and amplified by sound board Q1, which drives a pie-
zoelectric sound transducer. The speed of the software
loop determines the frequency, and thus, the pitch of the
resulting tone.

8709403

COMPONENT LOCATION/CIRCUIT TRACE, SOUND BOARD #8858121

+5V +5V +5V
PN
J11 4
P
Do 2 R1
3
7 BLK D Q 18K
U1
LS74
R2 Q a1
SEN 3 ~le 36K
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C
1
+5V

R3
120 §2

QMB-6
TRANSDUCER

SCHEMATIC 8000188, SOUND BOARD #8858121
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3.2 MODEL 4 1/O BUS

The Model 4 Bus is designed to allow easy and convenient
interfacing of 1/O devices to the Model 4, The {/O Bus
supports all the signals necessary to implement a device com-
patible with the Z-80s 1/O structure. That is:

Addresses:
A@ to A7 allow selection of up to 256 input and 256
output devices if external 1/0 is enabled.

TPorts 80H to GFFH are reserved for System use.

Data:
DB@ to DB7 allow transfer of 8-bit data onto the pro-
cessor data bus if external 1/O is enabled.

Control Lines:

a. IN* — Z-80 signal specifying that an input is in pro-
gress. Gated with 1I0RQ.

b. OQUT™ — Z-80 signal specifying that an output is in
progress. Gated with IORQ.

c. RESET™ — system reset signal.

d. IOBUSINT™ — input to the CPU signaling an inter-
rupt from an 1/O Bus device if 1/O Bus interrupts
are enabled.

e. IOBUSWAIT® — input to the CPU wait line allow-
ing 1/0 Bus device to force wait states on the Z-80
if external 1/0 is enabled.

f. EXTIOSEL™ — input to CPU which switches the
1/0 Bus data bus transceiver and allows an INPUT
instruction to read 1/0 Bus data.

g. M1* —and IORQ" — standard Z-80 signals . . . .

The address line, data line, and control linesato cande to g
are enabled only when the ENEXIO bit in EC is set to a one.

To enable {/O interrupts, the ENJIOBUSINT bit in the CPU
IOPORT E@ (output port) must be a one. However, even if
it is disabled from generating interrupts, the status of the
IOBUSINT™ line can stili read on the appropriate bit of CPU
IOPORT E@ (input port).

See Model 4 Port Bit assignment for port @ FF, @ EC, and
@E® on pages 28 and 29.

The Model 4 CPU board is fully protected from '‘foreign
1/0 devices” in that all the 1/0 Bus signals are buffered and
can be disabled under software control. To attach and use an
1/0 device on the 1/0 Bus, certain requirements (both hard-
ware and software) must be met.
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For input port device use, you must enable external /O de-
vices by writing to port @ECH with bit 4 on in the user soft-
ware. This will enable the data bus address lines and cont-
rol signals to the |/O Bus edge connector. When the input
device is selected, the hardware will acknowlege by asserting
EXTIOSEL™ low. This switches the data bus transceiver and
allows the CPU to read the contents of the |/O Bus data lines.
See Figure 3.6 for the timing. EXTIOSEL* can be generated
by NANDing IN and the 1/O port address.

Output port device use is the same as the input port device in
use, in that the external 1/0 devices must be enabled by writ-
ing to port BECH with bit 4 on in the user software — in the
same fashion.

For either input or output devices, the IOBUSWAIT* control
line can be used in the normal way for synchronizing slow
devices to the CPU. Note that since dynamic memories are
used in the Model 4, the wait line should be used with cau-
tion. Holding the CPU in a wait state for 2 msec or more may
cause loss of memory contents since refresh is inhibited during
this time. It is recommended that the IOBUSWAIT* line be
held active no more than 500 usec with a 25% duty cycle.

The Model 4 will support Z-80 mode 1 interrupts. A RAM
jump table is supported by the LEVEL 1l BASIC ROMs and
the user must supply the address of his interrupt service
routine by writing this address to locations 403E and 403F.
When an interrupt occurs, the program will be vectored to
the user supplied address if 1/O Bus interrupts have been
enabled. To enable 1/0 Bus interrupts, the user must set bit
3 of Port QEQH.



Input or Qutput Cycles.

Tq

T2

Tw™

J \ / \

T3

T

AD- A7 X PORT ADDRESS X
10RQ® /
RD* /
DATABUS )\
N/
WAIT* _—"'_'_'_—_—_'ﬂ--__—_—_—
— — o— — — —— — —— —— o——— — — — — — ——— ———
WR* _
o /
DATA BUS ————————-< ouT ‘>._________
“Inserted by 280 CPU
Input or Output Cycles with Wait States.
T2 Tw™ Tw Ta

AQ- A7

I0RQ*

DATA BUS

RD*

WAIT®

DATA BUS ___C

WR*

TEXTIOSEL®

N

L
X

PORT ADDRESS

B T

e e —

I/

_/\]

ouTt

“Inserted by 280 CPU

tCoincident with IORQ* only on INPUT cycle

FIGURE 3-6. 1/0 BUS TIMING DIAGRAM

27

READ
CYCLE

WRITE
CYCLE

READ
CYCLE

WRITE
CYCLE



3.3 MODEL 4 PORT BITS

Name: WRNMIMASKREG*
Port Address: QE4H
Access: WRITE ONLY

Bit 7= ENINTRQ; 0 disables Disk INTRQ from generating
an NMI.
1 enables above.

Bit 6 = ENDRQ; @ disables Disk DRQ from generating an
NML.
1 enables above.

Name: RDNMISTATUS”
Port Address: (QE4H
Access: READ ONLY

Bit 7 = Status of Disk INTRQ; 1 = False, ® = True
Bit 6 = Status of Disk DRQ; 1 = False, @ = True

Bit 5 = Reset” Status; 1= False, @ = True

Name: MOD OUT
Port Address: QECH
Access: WRITE ONLY

Bit 7 = Undefined

Bit 6 = Undefined

Bit 5 = DISWAIT; 0 disables video waits, 1 enables

Bit 4 = ENEXTIO; @ disables external 10 Bus, 1 enables

Bit 3= ENALTSET; 0 disables alternate character set,
1 enables alternate video character set.

Bit 2 = MODSEL; @ enables 64 character mode,
1 enables 32 character mode.

Bit 1 = CASMOTORON; @ turns cassette motor off,
1 turns cassette motor on.

Bit @ = Undefined
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Name: RDINTSTATUS™
Port Address: QEQH
Access: READ ONLY

NOTE: A @ indicates the device is interrupting.

Bit 7 = Undefined

Bit 6 = RS-232 ERROR INT
Bit 5 = RS-232 RCV INT

Bit 4 = RS-232 XMIT INT

Bit.3 = IOBUS INT

Bit 2= RTC INT

Bit 1 = CASSETTE (1500 Baud)

Bit @ = CASSETTE (1500 Baud)

Name: CASOUT™
Port Address: @FFH
Access: WRITE ONLY

Bit 7 = Undefined

Bit 6 = Undefined

Bit 6 = Undefined

Bit 4 = Undefined

Bit 3 = Undfined

Bit 2 = Undefined

Bit 1 = Cassette output level

Bit @ = Cassette output level

INT F

INT R



Name: WRINTMASKREG™
Port Address: OEQH
Access: WRITE ONLY

Bit 7 = Undefined

Bit 6 = ENERRORINT; 1 enables RS-232 interrupts on par-
ity error, framing error, or data overrun error,
@ disable above.

Bit 5 = ENRCVINT; 1 enables RS-232 receive data register
full interrupts,
@ disables above.

Bit 4 = ENXMITINT; 1 enables RS-232 transmitter holding
register empty interrupts,
@ disables above.

Bit 3= ENIOBUSINT; 1 enables 1/0 Bus interrupts,
@ disables the above.

Bit 2 = ENRTC; 1 enables real time clock interrupt,
@ disables above.

Bit 1 = ENCASINTF; 1 enables 1500 Baud falling edge inter-
rupt,
@ disables above.

Bit @ =ENCASINTR; 1 enables 1500 Baud rising edge inter-
rupt,
@ disables above.

Name: CAS IN*
Port Address: OFFH
Access: READ ONLY

Bit 7 = 500 Baud Cassette bit

Bit 6 = Undefined

Bit b = DISWAIT (See Port BECH definition)

Bit 4 = ENEXTIO (See Port @ECH definition)

Bit 3= ENALTSET (See Port BECH definition)

Bit 2 = MODSEL (See Port @ECH definition)

Bit 1 = CASMOTORON (See Port ECH definition)
Bit @ = 1500 Baud Cassette hit

NOTE: Reading Port @FFH clears the 1500 Baud Cassette
interrupts.
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Name: DRVSEL”
Port Address: 0GF4H
Access: WRITEONLY

Bit 7 = FM*/MFM; @ selects single density,
1 selects double density.

Bit 6 = WSGEN; @ = no wait states generated,
1 = wait states generated.

Bit 5 = PRECOMP; @ = no write precompensation,
1 = write precompensation enabled.

Bit 4 = SDSEL; @ selects side @ of diskette,
1 selects side 1 of diskette.

Bit 3 = Drive select 4
Bit 2 = Drive select 3
Bit 1 = Drive select 2

Bit @ = Drive select 1
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Parts List, CPU PCB #6700104AA3
Model 4 16K, Cassette Input
Catalog number 26-1067

Item OQty Descrlptlon Mfgr's Part No.
1 4 Cap, 100 pfd 50v C. Disk (C1l,99,101, 8301104
103)
2 3 Cap, 10 ufd 35V Elec. Rad (C2-4) 8326103
3 74 Cap, 0.1 ufd 50V Mono Axial 8374104

(C5,11-18,23,26-29,31,33-37,39-41,
43,47-55,57-97)

4 1 Cap, 56 pfd 50V C. Disk NPO (C6) 8300563
5 2 Cap, 47 pfd 50V C. Disk NPO (C7,9) 8300472
6 2 Cap, 56 pfd 50v C. Disk (C8,24) 8300564
7 1 Cap, 100 pfd 50v C. Disk (C1l0) 8301103
8 1 Cap, .0l ufd 50v C. Disk (Cl1l9) 8303104
9 1 Cap, 22 ufd 16V Elec. Rad(C20) 8326221
10 4 Cap, .022 ufd 50v Cc. Disk (C21,32, 8303224
44,108)
11 1 Cap, 33 pfd 50V C. Disk (C22) 8300334
12 1 Cap, .0047 ufd 50v C. Disk (C30) 8302474
13 1 Cap, .0022 ufd 50v C. Disk (C42) 8302224
14 2 Cap, .00l ufd 50V Mono Axial (C45,46) 8372104
15 1 Cap, 200 pfd 50V (C56) 8301204
16 1 Cap, 10 ufd 10v Tant. (C98) 8336101
17 5 Cap, 150 pfd 50v C. Disk (C100,102 8301154
104,107,109)
18 1 Cap, 100 ufd 10V Tant. (C106) 8337101
19 2 Connector, 4-Pin Right Angle (J4,J11) 8519079
20 1 Connector, 5-Pin Right Angle (J3) 8519091
21 1 Connector, 6-Pin Right Angle (J5) 8519103
22 1 Connector, Dual 10 Rt. Angle Header (J6) 8519107
23 2 Connector, 20-Pin Flat Flex Cable (J7,8) 8519101
24 1 Connector, 17-Pin Dual Header (J10) 8519169
25 8 Diode, 1N4148 Zener 75V (CR1-7,10) 8150148
26 1 Ferrite Bead (FBl) 8419014
27 1 Inductor, 47uH (Ll) 8419028
28 1 Inductor, .68uH (L2) 8419029
29 1 IC, 741Ls175 Quad Flip-Flop (U2) 8020175
30 1 IC, PAL16R6A (U3) 8075166
31 1 IC, PAL16L8 (U4) 8075268
32 1 IC, 74LS16l Binary Counter (U5) 8020161
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Parts List, CPU PCB #6700104AA3
Model 4 16K, Cassette Input
Catalog number 26-1067

Item Qty Description Mfgr's Part No.
33 8 IC, 74LS244 Quad Tranceiver (U6,10, 8020244
41,55,56,64,67,74)
34 1 IC, 74Ls373 Octal Latch (U7) 8020373
35 2 IC, 74Ls273 Octal Flip~-Flop (U8,37) 8020273
36 1 IC, 74LS153 Dual Multiplexer (U9) 8020153
37 1 IC, 74LS166 Shift Register (Ull) 8020166
38 2 IC, 74LS51 AND OR Invert (Ul1l2,20) 8020051
39 2 IC, 74LS00 Quad 2-IN NAND (Ul1l3,14) 8020000
40 1 IC, LM339 Comparator (Ul5) 8050339
41 3 IC, 74Ls32 Quad 2-IN OR (Ul6,22,51) 8020032
42 1 IC, 741S14 Hex Inverter (ULl7) 8020014
43 3 IC, 7415174 Flip-Flop (Ul8,36,42) 8020174
44 1 IC, 74804 (Ul9) 8010004
45 1 IC, 4016 200NS RAM 2K X 8 Static (U2l1) 8040116
46 1 IC, MCM68A316E Character Generator (U23) 8044316
47 1 IC, 74LSs86 Quad 2~IN OR (U24) 8020086
48 1 IC, 741L.S04 Hex Inverter (U25) 8020004
49 3 IC, 74L308 Quad 2~IN AND (U26,46,52) 8020008
50 5 IC, 74Ls74 Dual Flip-Flop (U27,31,39 8020074
40,53)
51 1 IC, MC1458 OP-AMP (U28) 8050458
52 2 IC, 7406 Hex Inverter (U29,30) 8000006
53 1 IC, 74LS10 Triple 3-IN NAND (U32) 8020010
54 3 IC, 74Ls157 Quad Multiplexer (U33-35) 8020157
55 2 IC, 74158367 Memory (U38,75) 8020367
56 1 IC, MCl741 OP~-AMP (U43) 8050741
57 2 IC, MC14502 B CMOS Driver (U44,45) 8030502
58 1 IC, SY68045 CTC 60HZ (U47) 8040045
59 3 IC, 7418138 Decoder (U48-50) 8020138
60 2 IC, 74LS240 Octal Buffer (U54,60) 8020240
61 1 IC, Z80A CPU (U57) 8047880
62 1 IC, PAL1OL8 (U58) 8075208
63 1 IC, PAL16L8 (U59) 8075368
64 1 IC, 7405 0.C. Buffer (U61l) 8000005
65 1 IC, 74LS02 Quad 2-IN NOR (U62) 8020002
66 2 IC, 74157 Quad Multiplexer (U63,76) 8000157
67 1 IC, 7418123 Dual Multivibrator (U65) 8020123
68 1 IC, 74LS374 Octal Flip-Flop (U66) 8020374
69 1 IC, MCM68A364 ROM A (U68) 8041364
70 1 IC, MCM68A332 ROM B (U69) 8040332
71 1 IC, MCM68A316 ROM C (U70) 8048316
72 2 IC, 7418245 Octal Tranceiver (U71,73) 8020245
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Parts List, CPU PCB #6700104AA3
Model 4 16K, Cassette Input
Catalog number 26-1067

Item Qty Description Mfgr's Part No.
73 1 IC, DIP Shunt 4-POS. (U72) 8489057
74 8 IC, MCM4lle 16K RAM 200NS (U77-84) 8042016
75 1 IC, 74LS30 Positive NAND (U93) 8020030
76 1 Relay, 12v 2 AMP (K1) 8429105
77 2 Res, 510 ohm, 5% 1/4W (R1,59) 8207151
78 1 Res, 12K ohm, 5% 1/4W (R2) 8207312
79 1 Res, 6.2K ohm, 1/4W (R3) 8207262
80 2 Res, 470 ohm, 5% 1/4W (R4,23) 8207147
81 4 Res, 10K ohm, 5% 1/4W (R5,9,14,16) 8207310
82 1 Res, 3.6K ohm, 5% 1/4W (R6) 8207236
83 1 Res, 91 ohm, 5% (R7) 8207091
84 13 Res, 4.7K ohm, 5% 1/4W (R8,28,36, 8207247
43-49,52,54,60)
85 1 Res, 620K ohm, 5% 1/4W (R10) 8207462
86 1 Res, 1.5M ohm, 5% 1/4W (R11l) 8207515
87 2 Res, 56K ohm, 5% 1/4W (R12,17) 8207356
88 2 Res, 15K ohm, 5% 1/4W (R13) 8207315
89 1 Res, 51K ohm, 5% 1/4W (R15) 8207351
90 1 Res, 6.8K ohm, 5% 1/4W (R18) 8207268
91 1 Res, 8.2K ohm, 5% 1/4W (R19) 8207282
92 3 Res, 220 ohm, 5% 1/4W (R20,27,37) 8207122
93 1 Res, 680 ohm, 5% 1/4W (R21) 8207168
94 7 Res, 100K ohm, 5% 1/4W (R22,30-33, 8207410
40,42)
95 1 Res, 750 ohm, 5% 1/4W (R24) 8207175
96 2 Res, 1.2K ohm, 5% 1/4W (R25,34) 8207212
97 1 Res, 22 ohm, 5% 1/4W (R26) 8207022
98 1 Res, 220K ohm, 5% 1/4W (R29) 8207422
99 1 Res, 7.5K ohm, 5% 1/4W (R35) 8207275
100 1 Res, 82K ohm, 5% 1/4W (R38) 8207382
101 1 Res, 39K ohm, 5% 1/4W (R39) 8207339
102 1 Res, 75K ohm, 5% 1/4W (R4l) 8207375
103 1 Res, 20K ohm, 5% 1/4W (R50) 8207320
104 4 Res, 150 ohm, 5% 1/4W (R51,53,55,56) 8207150
105 1 Res, 1K ohm, 5% 1/4W (R57) 8207210
106 1 Res, 56 ohm, 5% 1/4W (R58) 8207056
107 1 Res Pak, 820 ohm, SIP 10-PIN (RP1l) 8290182
108 1 Res Pak, 4.7K ohm, SIP 8-PIN (RP2) 8292246
109 1 Res Pak, 27 ohm, DIP 1l6-PIN (RP4) 8290027
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Parts List, CPU PCB #6700104AA3
Model 4 16K, Cassette Input
Catalog number 26-1067

Item Qty Description Mfgr's Part No.

110 1 Transistor, 2N918 (Ql) 8110918
111 2 Transistor, 2N3906 PNP (Q2,3) 8100906
112 1 Transistor, 2N2222 (Q4) 8110222
MISCELLANEQUS

113 1 Crystal, 20.2752 MHz (Y1) 8409031
114 1 Crystal, 12.672 MHz (Y2) 8409030
115 3 Jumper Wire 20 Gauge (W1l-3) *NOTE

116 1 PCB Logic Board, Rev. PP3 8709296
117 1 Regulator, 79L0O5, -5V (Q5) 8051905
118 7 Socket, 20-Pin DIP (U3,4,58,59,71-73) 8509009
119 5 Socket, 24-Pin DIP (U21,23,68-70) 8509001
120 2 Socket, 40-Pin DIP (U47,57) 8509002
121 16 Socket, 1l6-Pin DIP (U77-84,85-92) 8509003
122 13 Staking Pin (E1-8,11-15) 8529014

Note: W1,W3 are 4-1/2" long, W2 is 6" long
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Parts List, CPU PCB 8858090
Model 4 64K, Single or Double Drive
Catalog Number 26-1068 or 26-1069

Item Qty Description Mfgr's Part No.
1 4 Cap, 100 PFD 50V C. Disk (C1,99,101, 8301104
103)
2 3 Cap, 10 MFD 35V ELEC. RAD (C2-4) 8326103
3 58 Cap, 0.1MFD 50V MONO AXIAL 8374104

(C5,11-18,23,26-29,31,33-37,39-41,
43,47-55,57-65,67,69,71,73,75,77,79
81,83,85,87,89,91,93,95,97)

4 1 Cap, 56 PFD 50V C. DISK NPO (C6) 8300563
5 2 Cap, 47 PFD 50V C. DISK NPO (C7,9) 8300472
6 2 Cap, 56 PFD 50V C. DISK (C8,24) 8300564
7 1 Cap, 100 PFD 50V C. DISK (C1l0) 8301103
8 1 Cap, .01 MFD 50V C. DISK (C1l9) 8303104
9 1 Cap, 22 MFD 16V ELEC. RAD(C20) 8326221
10 4 Cap, .022 MFD 50V C. DISK (C21,32, 8303224
44,108)
11 1 Cap, 33 PFD 50V C. DISK (C22) 8300334
12 1 Cap, .0047 MFD 50V C. DISK (C30) 8302474
13 1 Cap, .0022 MFD 50V C. DISK (C42) 8302224
14 2 Cap, .001 MFD 50V MONO AXIAL (C45,46) 8372104
15 1 Cap, 200 PFD 50V (C56) 8301204
16 1 Cap, 10 MFD 10V TANT. (C98) 8336101
17 5 Cap, 150 PFD 50V C. DISK (Cl1l00,102 8301154
104,107,109)
18 1 Cap, 100 MFD 10V TANT. (Cl06) 8337101
19 2 Connector, 4-Pin Right Angle (J4,J11) 8519079
20 1 Connector, 5-Pin Right Angle (J3) 8519091
21 1 Connector, 6-Pin Right Angle (J5) 8519103
22 1 Connector, Dual 10 Rt. Angl. Header (J6) 8519107
23 2 Connector, 20-Pin Flat Flex Cable (J7,8) 8519101
24 1 Connector, 17-Pin Dual Header (J10) 8519169
25 8 Diode, 1N4148 Zener 75V (CR1-7,10) 8150148
26 1 Ferrite Bead (FBl) 8419014
27 1 Inductor, 47uH (L1) 8419028
28 1 Inductor, .68uH (L2) 8419029
29 1 IC, 74LS175 Quad Flip-Flop (U2) 8020175
30 1 IC, PALLl6R6A {U3) 8075166
31 1 IC, PALl6L8 (U4) 8075268
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Parts List, CPU PCB 8858090
Model 4 64K, Single or Double Drive
Catalog number 26-1068 or 26-1069

Item Qty Description Mfgr's Part No.
32 1 IC, 74LS161 Binary Counter (U5) 8020161
33 8 IC, 7415244 Quad Tranceiver (U6,10, 8020244
41,55,56,64,67,74)
34 1 IC, 74L8373 Octal Latch (U7) 8020373
35 2 IC, 7418273 Octal Flip-Flop (U8,37) 8020273
36 1 IC, 74LS153 Dual Multiplexer (U9) 8020153
37 1 IC, 74L8166 Sshift Register (Ull) 8020166
38 2 IC, 741851 AND OR Invert (Ul2,20) 8020051
39 2 IC, 74LS00 Quad 2~In NAND (U1l3,14) 8020000
40 1 IC, LM339 Comparator (Ul5) 8050339
41 3 IC, 741832 Quad 2-In OR (Ul6,22,51) 8020032
42 1 IC, 741814 Hex Inverter (U1l7) 8020014
43 3 IC, 74Ls174 Flip-Flop (Ul8,36,42) 8020174
44 1 IC, 74504 (Ul19) 8010004
45 1 IC, 4016 200NS RAM 2K X 8 static (U21) 8040116
46 1 IC, MCM68A316E Character Generator (U23) 8044316
47 1 IC, 74Ls86 Quad 2-In OR (U24) 8020086
48 1 IC, 74LS Hex Inverter (U25) 8020004
49 3 IC, 74LS08 Quad 2-In AND (U26,46,52) 8020008
50 5 I1C, 74L8S74 Dual Flip-Flop (U27,31,39 8020074
40,53)
51 1 IC, MC1458 OP-AMP (U28) 8050458
52 2 IC, 7406 Hex Inverter (U29,30) 8000006
53 1 IC, 74LS10 Triple 3-In NAND (U32) 8020010
54 3 IC, 7418157 Quad Multiplexer (U33-35) 8020157
55 2 IC, 7418367 Memory (U38,75) 8020367
56 1 IC, MCl741 OP-AMP (U43) 8050741
57 2 IC, MC14502 B CMOS Driver (U44,45) 8030502
58 1 IC, SY68045 CTC 50Hz Version (U47) 8041045
59 3 IC, 7418138 Decoder (U48-50) 8020138
60 2 IC, 74LS240 Octal Buffer (U54,60) 8020240
61 1 IC, Z80A CPU (U57) 8047880
62 1 IC, PAL1OL8 (U58) 8075208
63 1 IC, PALl16L8 (U59) 8075368
64 1 IC, 7405 0.C. Buffer (U61) 8000005
65 1 IC, 741802 Quad 2-In NOR (U62) 8020002
66 2 IC, 74157 Quad Multiplexer (U63,76) 8000157
67 1 IC, 74LS123 pDual Multivibrator (U65) 8020123
68 1 IC, 7418374 Octal Flip~Flop (U66) 8020374
69 1 IC, MCM68A364 ROM A (U68) 8048364
70 1 IC, MCM68A332 ROM B (U69) 8040332
71 1 IC, MCM68A316 ROM C (U70) 8042316
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Parts List CPU PCB 8858090
Model 4 64K, Single or Double Drive
Catalog number 26~1068 and 26-1069

Item Qty Description Mfgr's Part No.
72 2 IC, 7415245 Qctal Tranceiver (U71,73) 8020245
73 1 IC, DIP Shunt 4-Pos. (U72) 8489057
74 8 IC, MCM6665 64K RAM 200NS (U85-92) 8040665
75 1 IC, 741830 Positive NAND (U93) 8020030
76 1 Relay, 12V 2 Amp (K1) 8429105
77 2 Res, 510 ohm, 5% 1/4W (R1,59) 8207151
78 1 Res, 12K ohm, 5% 1/4W (R2) 8207312
79 1 Res, 6.2K ohm, 1/4W (R3) 8207262
80 2 Res, 470 ohm, 5% 1/4W (R4,23) 8207147
81 4 Res, 10K ohm, 5% 1/4W (R5,9,14,16) 8207310
82 1 Res, 3.6K ohm, 5% 1/4W (R6) 8207236
83 1 Res, 91 ohm, 5% (R7) 8207091
84 13 Res, 4.7K ohm, 5% 1/4W (R8,28,36, 8207247
43-49,52,54,60)
85 1 Res, 620K ohm, 5% 1/4W (R10) 8207462
86 1 Res, l.5Meg ohm, 5% 1/4W (R1l1l) 8207515
87 2 Res, 56K ohm, 5% 1/4W (R12,17) 8207356
88 2 Res, 15K ohm, 5% 1/4W (R13) 8207315
89 1 Res, 51K ohm, 5% 1/4W (R15) 8207351
90 1 Res, 6.8K ohm, 5% 1/4W (R18) 8207268
91 1 Res, 8.2K ohm, 5% 1/4W (R19) 8207282
92 3 Res, 220 ohm, 5% 1/4W (R20,27,37) 8207122
93 1 Res, 680 ohm, 5% 1/4W (R21) 8207168
94 7 Res, 100K ohm, 5% 1/4W (R22,30-33, 8207410
40,42)
95 1 Res, 750 ohm, 5% 1/4W (R24) 8207175
96 2 Res, 1.2K ohm, 5% 1/4W (R25,34) 8207212
97 1 Res, 22 ohm, 5% 1/4W (R26) 8207022
98 1 Res, 220K ohm, 5% 1/4W (R29) 8207422
99 1 Res, 7.5K ohm, 5% 1/4W (R35) 8207275
100 1 Res, 82K ohm, 5% 1/4W (R38) 8207382
101 1 Res, 39K ohm, 5% 1/4W (R39) 8207339
102 1 Res, 75K ohm, 5% 1/4W (R41) 8207375
103 1 Res, 20K ohm, 5% 1/4W (R50) 8207320
104 4 Res, 150 ohm, 5% 1/4W (R51,53,55,56) 8207150
105 1 Res, 1K ohm, 5% 1/4W (R57) 8207210
106 1 Res, 56 ohm, 5% 1/4W (R58) 8207056
107 1 Res Pak, 820 ohm, SIP 10-Pin (RP1) 8290182
108 1 Res Pak, 4.7K ohm, SIP 8-Pin (RP2) 8292246
109 1 Res Pak, 27 ohm, DIP 16-Pin (RP4) 8290027

55



Parts List CPU PCB 8858090
Model 4 64K, Single or Double Drive
Catalog number 26-1068 and 26-1069

110 Transistor, 2N918 (Ql) 8110918
111 Transistor, 2N3906 PNP (Q2,3) 8100906
112 Transistor, 2N2222 (Q4) 8110222
MISCELLANEQOUS

113 1 Crystal, 20.2752 MHz (Y1) 8409031
114 1 Crystal, 12.672 MHz (Y2) 8409030
115 3 Jumper Wire, 20 Gauge (W1l-3) *NOTE

116 1 PCB, Logic Board Rev. PP3 8709296
117 7 Socket, 20~-Pin DIP (U3,4,58,59,71-73) 8509009
118 5 Socket, 24-Pin DIP (U21,23,68-70) 8509001
119 2 Socket, 40-~Pin DIP (U47,57) 8509002
120 16 Socket, 16-Pin DIP (U77-84,85,-92) 8509003
121 10 Staking Pin (E1l-8,11-15) 8529014
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SECTION IV

FLOPPY DISK INTERFACE
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FLOPPY DISK INTERFACE

4.1 MODEL 4 FDC PCB #8858060

The TRS-80 Model 4 Floppy Disk interface Board is an
optional board which if incorporated provides a standard five
inch floppy disk controller, The Floppy Disk Interface Board
supports both single and double density encoding schemes.
This feature, along with a special software package, allows
the transfer of Model | disk files to the Model 4 system,
Write precompensation can be software enabled or disabled
beginning at any track, although the system software enables
write precompensation for all tracks greater than twenty-one.
The amount of write precompensation is continuously
variable from @ nsec to more than 500 nsec. The write pre-
compensation is factory adjusted to 200 nsec. The data
clock recovery logic incorporates a phaselocked loop oscil-
lator which achieves state-of-the-art reliability. One to four
drives may be controlled by the interface (two internal
drives and two external). All data transfers are accomplished
by CPU data requests. In double density operation, data
transfers are synchronized to the CPU by forcing a wait
to the CPU and clearing the wait by a data request from the
FDC chip. The end of the data transfer is indicated by
generating a non-maskable interrupt from the interrupt
request output of the FDC chip. A hardware watchdog
timer insures that error conditions will not hang the wait
line to the CPU for a period long enough to destroy RAM
contents.

4.1.1 Control and Data Buffering

Refer to the Schematic Diagram 8000095,

The Floppy Disk Controller Board is an 1/0 port mapped
device which utilizes ports E4H, FOH, F1H, F2H, F3H, and
F4H. The decoding logic is implemented on the CPU board.
(See the Decoding Logic section of the CPU discussion.) U4
of the Floppy Disk Controller Board is a non-inverting octal
buffer which isolates and buffers the required control signals.
Table 4-1 and Table 4-2 summarize the port and bit alloca-
tion for the Floppy Controlier Board. U2 of the Floppy Disk
Controller Board is a bi-directional, 8-bit transceiver used to
buffer data to and from the Floppy Controiler Board. The
direction of data transfer is controlled by the combination
of control signals DISKIN* and RDNMIMASKREG*. if

either signal is active {logic low), U2 is enabled to drive data
onto the CPU board data bus. If both signals are inactive

{logic high), U2 is enabled to receive data from the CPU data
bus.

4.1.2 Nonmaskable Interrupt Logic

A dual “D" flip-flop (UB) is used to latch data bits D6 and
D7 on the rising edge of the control signal WRNMIMAS-
REG™. The outputs of U5 control the conditions which will
generate a non-maskable interrupt to the CPU. The NMI
interrupt conditions are programmed by doing an OUT in-
struction to port E4H with the appropriate bits set. If data
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bit 7 is set, an NMI will be generated by an FDC interrupt
request. |f data bit 7 is reset, interrupt requests from the
FDC are disabled. If data bit 6 is set, an NMI will be gener-
ated by Motor Time Out. If data bit 6 is reset, interrupts on
Motor Time Out are disabled. An IN instruction from port
E4H enables the CPU to question the Floppy Disk Con-
troller Board to determine the source of the non-maskable
interrupt. Data bit 7 indicates the status of FDC interrupt
request (0 = true, 1 = false). Data bit 6 indicates the status of
Motor Time Out {0 = true, 1 = false). Data bit 5 indicates the
status of the front panel reset (0 = true, 1 = false). The con-
trol signal RDNMIMASKREG™ when active {logic 0), gates
this status onto the CPU data bus.

4.1.3 Drive Select Latch and Motor On Logic

Selecting a drive prior to a disk 1/O operation is accom-
plished by doing an OUT instruction to port F4H with the
proper bit set. The following table describes the bit alloca-
tion of the Drive Select Latch.

DATABIT FUNCTION
DO Selects Drive 0 when set *
D1 Selects Drive 1 when set *
D2 Selects Drive 2 when set *
D3 Selects Drive 3 when set *
D4 Side 0 selected when reset,
Side 1 selected if set

D5 Write Precom. engaged when set,
disabled if reset

D6 Generate waits if set,
no waits if reset

D7 Selects MFM mode if set,

FM mode if reset
*Only one of these bits should be set per output.

Table 4.1. Port F4H Bit Allocation

A hex D" flip-flop (UB) latches the drive select bits, side
select and FM*/MFEM bits on the rising edge of the control
signal IDRVSEL*. A dual “D” flipflop (U18) is used to
latch the Wait Enable and Precompensation enable bits on
the rising edge of IDRVSEL™. The rising edge of IDRVSEL™
also triggers a one-shot {1/2 of U15} which produces a Motor
On to the disk drives. The duration of the Motor On signal
is approximately two seconds. The spindle motors are not
designed for continuous operation, therefore the inactive
state of the Motor On signal is used to clear the Drive Select
Latch, which de-selects any drives which were previously
selected, The Motor On one-shot is retriggerable by simply
executing an OQUT instruction to the Drive Select Latch.



4,1.4 Wait State Generation and WAITIMOUT L ogic

As previously mentioned, a wait state to the CPU can be
initiated by an output to the Drive Select Latch with D6 set.
Pin 5 of U18 will go high after this operation. This signal is
inverted by 1/6 of U1 and is routed to the CPU board where
it forces the Z-80 into a wait state. The Z-80 will remain in
the wait state as long as WAIT™ is low. Once initiated, the
wait state will remain until one of four conditions are satis-
fied. One haif of U10 {a five input NOR gate) is used to per-
form this function. INTRQ, DRQ, RESET, and WAITIMOUT
are the inputs to the NOR gate. If any one of these inputs are
active (logic high), the output of the NOR gate (U10 pin 6)
will go low. This output is tied to the clear input of the wait
latch. This signal, when low, will clear the Q output (U18
pin §) and set the Q% output (U18 pin 6). This condition
causes WAIT* to go high and allows the Z-80 to exit the wait
state, U20 is a 12-bit binary counter which serves as a watch-
dog timer to insure that a wait condition will not persist
long enough to destroy dynamic RAM contents. The counter
is clocked by a 1TMHz signal and is enabled to count when its
reset pin is low (U20 pin 11). A logic high on U20 pin 11
resets the counter ouputs. U20 pin 15 is the divide by 1024
output and is used to generate the signal WAITIMQUT.
This watchdog timer logic will limit the duration of a wait to
1024usec, even if the FDC chip fails to generate a data
request or an interrupt request.

4.1.5 Clock Generation Logic

A 4MHz crystal oscillator and a divide by 2 and divide by 4
counter generate the clock signals required by the FDC
board. The basic 4MHz oscillator is implemented with two
invertors (1/3 of U25) and a quartz crystal (Y1). One half of
U24 is used to divide the basic 4MHz clock by 2 to produce
a 2MHz output at U24 pin 6. This output is again divided by
2 using the remaining half of U24 to produce a TMHz output
at U24 pin 8. The TMHz clock is used to drive the clock
input of the 1793 FDC chip and the clock input of the
watchdog time (U20).

4.1.6 Disk Bus Selector Logic

As mentioned previously, the Model 4 Floppy Disk Board
supports up to four drives (two internal, two external). This
function is implemented by using two disk drive interface
buses, one for the internal drives and one for the external
drives. J4 is the edge connector used for the internal drives
and J1 is the edge connector for the external drives. U22
{a quad 2 to 1 data selector) is used to select which set
of inputs from the disk drive buses are routed to the 1793
FDC chip. U22 pin 1 is the control pin for the data selector.
If U22 pin 1 is low, the external inputs are selected, other-
wise the internal inputs are selected. This control signal
(labeled EXTSEL™) is derived from the outputs of the Drive
Select Latch. If Drive 2 or Drive 3 is selected, U17 pin 1
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will go low indicating that an external drive is selected.
One half of U10 (a five input NOR gate) is used to detect
when one of the four drives is selected. The output of this
NOR gate (U10 pin 5) is inverted and is used as the head load
timing and ready signal for the 1793 FDC chip. Therefore if
any drive is selected, the head is assumed to be loaded and
the selected drive is assumed to be ready.

4.1.7 Read/Write Data Pulse Shaping Logic

Two one-shots (1/2 of U15 and 1/2 of U23) are used to
insure that the read and write data pulses are approximately
450nsec in duration.

4.1.8 Disk Bus Output Drivers

High current open collector drivers (U21, U9, and U1) are
used to buffer the output signals from the Drive Select
Latch and the FDC chip to the floppy disk drives. Note from
the schematic that each output signal to the drives has
two buffers associated with each signal, one set is used for
the internal drive bus and the other set is used for the ex-
ternal bus. No select logic is required for these output sig-
nals since the drive select bits define which drive is active.

4.1.9 Write Precompensation and Clock Recovery Logic

The Write Precompensation and Read Clock Recovery logic
is comprised of U11 (WD1691), U13 (WD2143) and U14
(L.S629), along with a few passive components. The WD 1691
is an LSI device which minimizes the external logic required
to interface the 1793 FDC chip to a disk drive. With the use
of an external VCO, U14, the WD1691 will derive the RCLK
signal for the 1793, while providing an adjustment signal for
the VCO, to keep the RCLK synchronous with the read data
from the drive. Write precompensation control signals are
also provided by the WD1691 to interface directly to the
WD2143 (U13) clock generator. The Read Clock Recovery
section of the WD1691 has five inputs: DDEN™, VCO,
RDD*, WG, and VFOE®*/WF. It also has three outputs:
PU, PD*¥, and RCLK. The inputs VFOE*/WF and WG when
both are low, enable the Clock Recovery logic. When WG is
high, a write operation is in progress and the Clock Recovery
circuits are disabled regardless of the state of any other
inputs.

The Write Precompensation section of the WD1691 was
designed to be used with the WD2143 clock generator.
Write Precompensation is not used in single density mode
and the signal DDEN™ when high indicates this condition.
In double density mode (DDEN* = 0), the signals EARLY
and LATE are used to select a phase input (01 - 04) on the
leading edge of WDIN. The STB line is latched high when
this occurs, causing the WD2143 to start its pulse generation.



02 is used as the write data pulse on nominal (EARLY =0
LATE = 0), 01 is used for the early, and 03 is used for the
late. The leading edge of 04 resets the STB line in anticipa-
tion of the next write data pulse. When TG43 =0 or DDEN*
= 1, precompensation is disabled and any transitions on the
WDIN line will appear on the WDOUT line.

When VFOE*/WF and WG are low, the Clock Recovery cir-
cuits are enabled. When the RDD* line goes low, the PU or
PD* signals will become active. If the RDD* has made its
transition in the beginning of the RCLK window, PU will
go from a high impedence state to a logic one, requesting an
increase in VCO frequency. If the RDD* line has made it
transition at the end of the RCLK window, PU will remain
in the high impedence state while PD ™ will go to a logic zero,
requesting a decrease in the VCO frequency. When the lead-
ing edge of RDD™ occurs in the center of the RCLK window,
both PU and PD* will remain in the high impedence state,
indicating that no adjustment of the VCO frequency is re-
quired. By tying PU and PD* together, an adjustment signal
is created which will be forced low for a decrease in VCO
frequency and forced high for an increase in VCO freqg-
uency. To speed up rise times and stabilize the output volt-
age, a resistor divider using R7, R10, and R9 is used to adjust
the tri-state level at approximately 1.4V. This adjustment
results in a worst case voltage swing of plus or minus 1V,
which is acceptable for the frequency control input of the
VCO (U14). This signal derived from the combination of PU
and PD* will eventually correct the VCO input to exactly
the same frequency multiple as the FDD* signal. The leading
edge of the RDD™ signal will then occur in the exact center
of the RCLK window, an ideal condition for the 1793 inter-
nal recovery circuits.

4.1.10 Floppy Disk Controller Chip

The 1793 is an MOS LSI device which performs the func-
tions of a floppy disk formatter/controller in a single chip
implementation. The 1793 is functionally identical to the
1791 used on the Model Il FDC Printer Interface Board,
except that the data bus is true as opposed to inverted. Refer
to the appendix section for more information on the
FD1793. The Model Il Technical Reference Manual also
contains a good presentation of the 1791 FDC chip as well as
a discussion on Write Precompensation. The following port
addresses are assigned to the internal registers of the 1793
FDC chip.

PORT # FUNCTION
FOH Command/Status Register
F1H Track Register
F2H Sector Register
F3H Data Register

Table 4.2 Port Allocation
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4.1.11 Adjustments and Jumper Options

The Data Separator must be adjusted with the 1793 in an
idle condition {no command currently in operation). Adjust
R7 potentiometer for a 1.4V level on pin 2 of U14. Then
adjust R6 potentiometer to yield a 2MHz square wave at
pin 16 of U11.

The Write Precompensation must be adjusted while executing
a continuous write command on a track greater than twenty-
one. Adjust R5 potentiometer to yield 200nsec wide pulses
at pin 4 of U11. This results in a write precompensation
value of 200nsec.

There are four jumper options on the Floppy Disk Controller
Board. They are designated on the PC Board silkscreen and
are referenced on the Schematic Diagram. The jumpers
should be installed as described below.

JUMPER CONNECTIONS

Ato B
Eto G
LtoM
HtoJ
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SCHEMATIC 8000095E, FLOPPY DISK CONTROLLER #8858060
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1. All capacitor values are in micro-farads and
all resistor values are in ohms unless other-
wise stated.

2. On some boards, R5 may appear as a 1K
resistor and R21 may appear as a 750 ohm
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PARTS LIST, FLOPPY DISK INTERFACE PC BOARD
#8858060

MANUFACTURER'S RADIO SHACK
SYMBOL DESCRIPTION PART NUMBER PART NUMBER

INTEGRATED CIRCUITS {cont'd)

ueé 7415174, Quad “D” Flip-Flop 8020174 AMX3565
u7 WD1793 850-9002 AXX3041
us 741838, NAND Buffer 802-0038 AMX4328
usg 7416, Hex Inverter/Buffer 800-0016 = e
ui1o 741.5260, Dual NOR gate 8020260 @@= e
Uit WD1691 850-9009 AMX4471
U12 MC140733, AND gate 8030073 =
U13 WwD2143-01 850-9006 AMX4472
U14 741.5629. VCO 802-0629 AMX4663
ui1s 741.5123, Mono Multivibrator 8020123 AMX 3803
uU16 741.8367, Hex Buffer 8020367 AMX3567
u17 741.502, NAND gate 8020002 AMX3551
u18 741574, Dual "D" Flip-Flop 8020074 AMX3558
U19 741.5368, Hex Inverter/Buffer 802-0368 AMX3568
U20 MC140408, Binary Counter 803-0040 AMX4666
u21 7416, Hex Inverter/Buffer 8000016 e
u22 7415157, Quad Multiplexer 8020157 AMX3563
u23 7415123, Mono Multiplexer 8020123 AMX3803
U24 741.574, Dual D" Flip-Flop 8020074 AMX3558
u2s5 741.504, Hex Inverter 802-0004 AMX3552
RESISTORS
R1 22K, 1/4W, 5% 820-7222 ANO216EEC
R2 150 ohm, 1/4W, 5% 820-7115 ANO142EEC
R3 150 ohm, 6 pin resistor network 8290012 ARX0241
R4 2.2K, 1/4W, 5% 820-7222 ANO216EEC
R5 1K, Trim Pot 827-9210 AP0835
R6 50K, Trim Pot 827-9350 AP7168
R7 100K, Trim Pot 8279410
R8 10K, 1/4W, 5% 820-7310 ANO281EEC
R9 47K, 1/4W, 5% 820-7347 ANO340EEC
R10 47K, 1/4W, 5% 820-7347 ANO340EEC
R11 10K, 1/4W, 5% 820-7310 ANO281EEC
R12 10K, 1/4W, 5% 820-7310 ANO281EEC
R13 47 ohm, 1/4W, 5% 820-7047 ANOO99EEC
R14 270K, 1/4W,5% 820-7427 e e e e
R15 150 ohm, 10 pin resistor network 8290013 ARX0242
R16 10K, 1/4W, 5% 820-7310 ANO0281EEC
R17 910 ohm, 1/4W, 5% 820-7191 ANO192EEC
R18 910 ohm, 1/4W, 5% 820-7191 ANO192EEC
R19 2.2K, 1/4W, 5% 820-7222 ANO216EEC
R20 22K, 1/4W, 5% 820-7322 e

MISCELLANEOQUS

Socket, 18 pin 850-8006 AJB701
Socket, 20 pin 850-9009 AJ6760
Socket, 40 pin 850-9002 AJ6580
FDC Board, complete assembly AXX0510
FDC Board, without major chips AXX0509
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PARTS LIST, FLOPPY DISK INTERFACE PC BOARD

#8858060
MANUFACTURER'S RADIO SHACK
SYMBOL DESCRIPTION PART NUMBER PART NUMBER
CAPACITORS
C1 0.1uF, 50V, monolithic, radial 8384104 ACC104QJAP
Cc2 0.1uF, 50V, monolithic, radial 838-4104 ACC104QJAP
C3 0.1uF, 50V, monolithic, radial 8384104 ACC104QJAP
Cc4 0.1uF, 50V, monolithic, radial 8384104 ACC104QJAP
C5 0.1uF, 50V, monolithic, radial 838-4104 ACC104QJAP
Cé6 0.1uF, 50V, monolithic, radial 8384104 ACC104QJAP
Cc7 75pF, 50V, ceramic disc 8300754 0 e
c8 33uF, 16V, electrolytic, radial 839-6331 ACC336QDAP
c9 100pF, 50V, ceramic disc 830-1104 ACC101QJCP
C10 0.1uF, 50V, monolithic, radial 838-4104 ACC104QJAP
C11 047uF, 16V, mylar 8354471 0
Cc12 0.1uF, 50V, monolithic, radial 8384104 ACC104QJAP
C13 0.1uF, 50V, monolithic, radial 838-4104 ACC104QJAP
Cci4a 100pF, 50V, ceramic disc 830-1104 ACC101QJCP
C15 0.1uF, 50V, monolithic, radial 8384104 ACC104QJAP
Cc16 470pF, 50V, ceramic disc 830-1474 ACC471QJCP
Cc17 10uF, 16V, electrolytic, radial 832-6101 ACC106QDAP
c18 10uF, 16V, electrolytic, radial 8326101 ACC106QDAP
C19 0.01uF, 16V, ceramic disc 830-3104 ACC103QJCP
C20 0.022uF, 50V, ceramic disc 830-3224 ACC223QJCP
Cc23 0.022uF, 50V, ceramic disc 830-3224 ACC223QJCP
C24 180pF, ceramic disc 830-1184 @ e—————
C25 180pF, ceramic disc 8301184 = e
Cc26 180pF, ceramic disc 830-1184¢
c27 0.022ufF, ceramic disc 830-3224 ACC223QJCP
Cc28 180pF, ceramic disc 8301184
Cc29 0.022uF, ceramic disc 830-3224 ACC223QJcp
C30 100pF, ceramic disc 830-1104 ACC101QJCP
CONNECTORS
J2 20 pos. right angle 8519078 e
J3 4 pin right angle header 851-9079 AJG977
CRYSTAL
Y1 4 MHz 8409010 AMX2804
DIODES
CR1 MZ4682 8150682 ADX1518

INTEGRATED CIRCUITS

U1 7416, Hex Inverter/Buffer 8000016 0000 e————
uz 7415245 8020245 AMX4470
u3 741800, NAND gate 802-0000 AMX3550
U4 7415244, Octal Buffer 802-0244 AMX 3864
us 741874, Dual “D" Flip-Flop 802-0074 AMX3558
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4.2 MODEL 4 FDC PCB #8858160

The TRS-80 Model 111/4 Floppy Disk Interface Board is an
optional board which, if incorporated, provides a standard
5-1/4"" floppy disk controller. The Floppy Disk Interface
Board supports both single and double density encoding
schemes. Write precompensation can be software enabled or
disabled beginning at any track, although the system soft-
ware enables write precompensation for all tracks greater
than twenty-one. The amount of write precompensation
provided is 250 nsec and is not adjustable. The data clock
recovery logic incoporates a digital data separator which
achieves state-of-the-art reliability. One to four drives may be
controlled by the interface (two internal drives and two
external). All data transfers are accomplished by CPU data
requests. In double density operation, data transfers are
synchronized to the CPU by forcing a wait to the CPU
and clearing the wait by a data request from the FDC chip.
The end of the data transfer is indicated by generation of a
non-maskable interrupt from the interrupt request output
of the FDC chip. A hardware watchdog timer insures that
any error condition will not hang the wait line to the CPU
for a period long enough to destroy RAM contents.

4.2.1 Control and Data Buffering
Refer to Schematic Diagram 8000168

The Floppy Disk Controller Board is an 1/O port mapped
device which utilizes ports E4H, FOH, F1H, F2H, F3H, and
F4H. The decoding logic is implemented on the CPU board.
(Refer to Paragraph 3.1.4 Decoding Logic of the CPU
operation). U4 is a non-inverting octal buffer which isolates
and buffers the required control signals from the CPU
board to the FDC board. U2 is a bi-directional, 8-bit trans-
ceiver used to buffer data to and from the FDC board. The
direction of data transfer is controllied by the combination
of control signals DISKIN* and RDNMISTATUSY. If either
signal is active (logic low), U2 is enabled to drive data onto
the CPU board data bus. If both signals are inactive (logic
high), U2 is enabled to receive data from the CPU board data
bus.

4.2.2 Nonmaskable Interrupt Logic

A dual D flip-flop (U12) is used to latch data bits D6 and D7
on the rising edge of the control signal WRNMIMASKREG™,
The outputs of U12 enable the conditions which will gene-
rate a non-maskable interrupt to the CPU. The NMI interrupt
conditions are programmed by doing an OUT instruction
to port E4H with the appropriate bits set, If data bit 7 is
set, an FDC interrupt request is enabled to generate an
NM! interrupt. If data bit 7 is reset, interrupt requests from
the FDC are disabled. If data bit 6 is set, a Motor Time Out
is enabled to generate a NM! interrupt. If data bit 6 is reset,
interrupts on Motor Time Qut are disabled. An IN instruc-
tion from port E4H enables the CPU to check the FDC

69

board to determine the source of the non-maskable interrupt.
Data bit 7 indicates the status of FDC interrupt request
(0 = true, 1 = false). Data bit 6 indicates the status of Motor
Time Out (0 = true, 1 = false). Data bit 5 indicates the status
of the Reset signal from the CPU board (0 = true, 1 = false).
The control signal RDNMISTATUS® gates this status onto
the CPU data bus when active {logic low).

4.2.3 Drive Select Latch and Motor ON Logic

Selecting a drive prior to a disk 1/O operation is accomplish-
ed by doing an OUT instruction to port F4H with the
proper bit set, The following table described the bit alloca-
tion of the Drive Select Latch:

Data Bit Function

DO Selects Drive 0 when set™

Dt Selects Drive 1 when set™

D2 Selects Drive 2 when set™

D3 Selects Drive 3 when set®

D4 Selects Side 0 when reset

Selects Side 1 when set

Db Write precompensation enabled
when set, disabled when reset

D6 Generates WAIT if set

D7 Selects MFM mode if set

Selects FM mode if reset

*Only one of these bits should be set per output

A hex D flip-flop (U5) latches the drive select bits, side
select and FM*/MFM bits on the rising edge of the control
signal IDRVSEL¥. A dual D flip-flop (U15) is used to latch
the Wait Enable and Write precompensation enable bits on
the rising edge of IDRVSEL™. The rising edge of IDRVSEL*
also triggers a one-shot {1/2 of U13} which produces a Motor
On to the disk drives. The duration of the Motor On signal
is approximately two seconds. The spindle motors are not
designed for continuous operation, therefore the inactive
state of the Motor On signal is used to clear the Drive
Select Latch, which de-selects any drives which were pre-
viously selected. The Motor On one-shot is retriggerable
by simply executing another OUT instruction to the
Drive Select Latch.

4.2.4 Wait State Generation and WAITIMOUT Logic

As previously mentioned, a wait state to the CPU can be
initiated by an OUT to the Drive Select Latch with D6 set.
Pin 5 of U15 will go high after this operation. This signal
is inverted by 1/6 of U1 and is routed to the CPU board
where it forces the Z-80 into a wait state. The Z-80 will
remain in the wait state as long as WAIT® is low. Once
initiated, the WAIT* will remain low until one of four



conditions is satisfied. One half of U9 (a five input NOR
gate) is used to perform this function. INTQ, DRQ, RESET,
and WAITIMQUT are the inputs to the NOR gate. If any
one of these inputs is active (logic high), the output of the
NOR gate (U9 pin 6) will go fow. This output is tied to the
clear input of the wait latch. When this signal goes low,
it will clear the Q output (U18 pin 5) and set the Q* output
{U15 pin 6). This condition causes WAIT* to go high which
allows the Z-80 to exit the wait state. U3 is a 12-bit binary
counter which serves as a watchdog timer to insure that a
wait condition will not persist long enough to destroy
dynamic RAM contents. The counter is clocked by a 1
MHz clock and is enabled to count when its reset pin is low
(U3 pin 11). A logic high on U3 pin 11 resets the counter
outputs., U3 pin 15 is a divide-by-1024 output and is used
to generate the signal WAITIMOUT. This watchdog timer
logic will limit the duration of a wait to 1024 usec, even
if the FDC chip should fail to generate a DRQ or a INTRQ.

4.2.5 Clock Generation Logic

A 4 MHz crystal oscillator and a 4-bit binary counter are
used to generate the clock signals required by the FDC
board. The 4 MHz oscillator is implemented with two inver-
ters (1/3 of U22) and a quartz crystal (Y1). The output of
the oscillator is inverted and buffered by 1/6 of U22 to
generate a TTL level square wave signal. U21 is a 4-bit
binary counter which is divided into a divide-by-2 and
a divide-by-8 section. The divide-by-2 section is used to
generate the 2MHz output at pin 12. The 2 MHz is NANDED
with a MHz by 1/4 of U17 and the output is used to clock
the divide-by-8 section of U21. A 1 MHz clock is generated
at pin 9 of U21 which is 90 degrees phase-shifted from the 2
MHz clock. This phase relationship is used to gate the gua-
ranty Write Data Pulse (WD) to the Write precompensation
circuit. The 4 MHz is used to clock the digital data separator
U11 and the Write precompensation shift register U10. The
1 MHz clock is used to drive the clock input of the FDC
chip (UB) and the clock input of the watchdog timer (U3).

4.2.6 Disk Bus Selector Logic

As mentioned previously, the Floppy Disk Controller board
supports up to four drives {two internal and two external}.
This function is implemented by using two disk drive inter-
face buses, one for the internal drives and one for the
external drives. J1 is the edge connector used to drive the
internal disk drives and J4 is the edge connector used to
drive the external drives. U19 (a quad 2 to 1 data selector)
is used to select which set of inputs is routed from the disk
drive buses to the FDC chip. U19 pin 1 is the control pin for
the data selector. If pin 1 is low, the external inputs are
selected, otherwise the internal inputs are selected. This
control signal EXTSEL”* is generated from the outputs of
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the Drive Select Latch. If Drive 2 or 3 is selected, U20 pin
1 will go low indicating that an external drive is selected.
One half of U9 (a five-input NOR gate) is used to detect
when any of the four drives is selected,

The output of the NOR gate (U9 pin 5) is inverted and is
used as the head load timing (HLT) and ready (RDY) signal
for the FDC chip. Therefore, if any drive is selected, the
head is assumed to be loaded and the selected drive is as-
sumed to be ready.

4.2.7 Disk Bus Output Drivers

High current open collector drivers {(U18, U8, and U1) are
used to buffer the output signals from the FDC board to the
disk drives. Note from the schematic that each output
signal to the drives has two buffers associated with each
signal. One set is used for the internal drive bus and the
other set is used for the external drive bus. No select logic
is required for these output signals since the drive select
bits define which drive is active.

4.2.8 Write Precompensation and Write Data Pulse Shaping
Logic

The Write Precompensation logic is comprised of U10
(741.8195), 1/4 of U17, 1/4 of U20, and 1/2 of U15. U10
is a parallel in, serial out shift register and is clocked by 4
MHz which generates a precompensation value of 250 nsec.
The output signals EARLY and LATE of the FDC chip (UB)
are input to PO and P2 of the shift register. A third signal is
generated by 1/4 of U20 when neither EARLY nor LATE
is active low and is input to P1 of U10. WD of the FDC chip
is NANDed with 2 MHz to gate the guaranteed Write Data
Pulse to U10 for the parallel load signal SHFT/LD. When
U10 pin 9 is active low, the signals preset at P1-P3 are
clocked in on the rising edge of the 4 MHz clock. After U10
pin 9 goes high, the data is shifted out at a 2560 nsec rate.
EARLY will generate a 250 nsec delay, NOT EARLY AND
NOT LATE will generate a 500 nsec delay, and LATE will
generate a 750 nsec delay. This provides the necessary
precompensation for the write data. As mentioned previous-
ly, Write Precompensation is enabled through software
by an OUT to the Drive Select Latch with bit 5 set.
This sets the Q output of the 74L.574 (U15 pin 9) which
disables the shift register U10. This signal also enables
U20 to allow the write data (WD) to bypass the Write
Precompensation circuit. The Write Date (WD) pulse is
shaped by a one-shot (1/2 of U3) which stretches the data
pulses to approximately 500 nsec.

4.2.9 Clock and Read Data Recovery Logic

The Clock and Read Data Recovery Logic is comprised of
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one chip, the FDC9216. The FDC9216 is a Floppy Disk
Data Separator (FDDS) which converts a single stream of
pulses from the disk drive into separate clock and data
pulses for input to the FDC chip. The FDDS consists of a
clock divider, a long-term timing corrector, a short-term
timing corrector, and reclocking circuitry. The reference
clock (REFCLK) is 4 MHz and is divided by the internal
clock divider., CDO and CD1 of the FDDS chip control the
divisor which divides REFCLK. With CD1 grounded (logic
low), CDO (when a logic low) generates a divide-by-1 for
MFM mode and when logic high generates a divide-by-2
for FM mode. CDO is controlled by the signal DDEN™
which is Double Density Enable or MFM enable. The
FDDS detects the leading edges of RD* pulses and adjusts
the phase of the internal clock to genearte the separated
clock (SEPCLK) to the FDC chip. The separate long and
short term timing correctors assure the clock separation to
be accurate. The separated Data (SEPD*) is used as the
RDD* input to the FDC chip.
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4.2,10 Floppy Disk Controller Chip

The 1793 is an MOS LS| device which performs the func-
tions of a floppy disk formatter/controller in a single chip
implementation. The 1793 is functionally identical to the
1791 used on the Model |l FDC Printer Interface Board
except that the data bus is true as opposed to inverted. Refer
to the appendix section for more information on the
FD1793. The Model [l Technical Reference Manual also
contains a good presentation of the 1791 FDC chip as well
as a discussion on Write precompensation. The following
port addresses are assigned to the internal registers of the
1793 FDC chip:

Port # Function

FOH Command/Status Register
F1H Track Register

F2H Sector Register

F3H Data Register
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Parts List, FDC PCB #8858160

1 1 Printed Circuit Board 8709380
2 9 Staking Pin (TP1-9) 8529014
3 1 Connector, 20-Pin Rt. Angle (J2) 8519078
4 1 Connector, 4-Pin Rt. Angle (J3) 8519079
5 1 Socket, 8-Pin (Ull) 8509011
6 1 Socket, 40-Pin (U6) 8509002
7 1 Resistor, 150 ohm 1/4W 5% (R1) 8207115
8 1 Resistor Pak, 150 ohm 6-Pin (R2) 8290012
9 3 Resistor, 10K ohm 1/4W 5% (R3-5) 8207310
10 1 Resistor, 270K ohm 1/4W 5% (R6) 8207427
11 1 Resistor Pak, 150 ohm 10-Pin (R7) 8290013
12 1 Resistor, 470 ohm 1/4W 5% (RS8) 8207147
13 2 Resistor, 910 ohm 1/4W 5% (R9,10) 8207191
14 1 Resistor, 2.2K ohm 1/4W 5% (R11l) 8297222
15 11 Capacitor, 0.1 ufd 50v (Cc1,5,7-9,11,13-15, 8374104
c17,18)
16 2 Capacitor, 10 ufd 16V Elec. (C2,3) 8326101
17 4 Capacitor, .022 ufd 50v (C4,6,22,23) 8303224
18 4 Capacitor, 180 pfd 50v C. pisk (C10,19-21) 8301184
19 2 Capacitor, 100 pfd 50v C. Disk (Cl2,25) 8301104
20 1 Capacitor, 33 ufd 16V Elec. (Cl6) 8396331
21 1 Capacitor, 470 pfd 50V C. Disk (C24) 8301474
22 1 Crystal, 4.000 MHz (Y1) 8409010
23 3 IC, 7416 Hex Inverter Buffer (Ul,8,18) 8000016
24 1 IC, 7415245 Octal Bus Tranceiver (U2) 8020245
25 1 IC, MC14040 Binary Counter (U3) 8030040
26 1 IC, 7418244 Octal Buffer (U4) 8020244
27 1 IC, 74LS174 Flip Flop (U5) 8020174
28 1 IC, 1793 FDC (U$6) 8030793
29 1 IC, 741838 NAND Buffer (U7) 8020038
30 L IC, 7418260 5-In NOR Gate (U9) 8020260
31 1 IC, 74LS195 shift Register (Ul0) 8020195
32 1 IC, 9216 Data Separator (Ull) 8040216
33 2 IC, 74LS74 Flip Flop (Ul2,15) 8020074
34 1 IC, 74LsS123 Mono Multiplier (Ul3) 8020123
35 1 IC, 74LS367 Hex Buffer (Ul4) 8020367
36 1 IC, 7415368 Hex Inv. Buffer (Ul6) 8020368
37 1 IC, 74L8S00 NAND Gate (ULl7) 8020000
38 1 IC, 74LS157 Quad Multiplier (Ul9) 8020157
39 1 IC, 74L8S02 NOR Gate (U20) 8020002
40 1 IC, 74LS93 4-Bit Counter (U21) 8020093
41 1 IC, 74LS04 Hex Inverter (U22) 8020004
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SECTION V

MINI DISK DRIVE
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5.1 MINI-DISK DRIVE #8790112
(T.P.1 01-0053-001)

5.1.1 Physical Description

The electronic components of the Mini-Disk Drive are
mounted on the Logic/Servo Board. This board is located
above the chassis, and the power and interface signals are
connected directly to it.

The spindle is belt driven by a DC motor with an integral
tachometer. The servo control circuit, pulleys and the
tachometer control the speed of the spindie. The read/write/
erase head assembly is positioned by means of a stepper
motor, split band and a pulley.

5.1.2 Functional Description

The Disk Drive is fully self-contained. 1t consists of a spindle
drive system, a head positioning system, and read/write/erase
system.

When the front latch is opened, access is provided for the
insertion of a 5% inch (133.4 mm) standard diskette. The
diskette is positioned in place by plastic guides, the front
latch and a back stop.

Closing the front latch activates the cone/clamp system
which centers and clamps the diskette to the drive hub,
The drive hub is driven at a constant speed of 300 rpm by a
servo controlled DC motor. In operation, the magnetic head
is loaded into contact with the recording medium whenever
the front latch is closed.

A 4-phase stepper motor/band assembly and its associated
electronics position the magnetic head over the desired
track. This positioner employs a one-step rotation to cause
a 1-track linear movement. When a write-protected diskette
is inserted into the Drive, the write-protect sensor disables
the write electronics of the Drive and an appropriate signal
is applied to the interface. (When performing a write opera-
tion, a 0.013-inch {0.33 mm) [nominal] data track is re-
corded.)
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Data recovery electronics include a fow-level read amplifier,
differentiator, zero-crossing detector and digitizing circuits.
No data decoding facilities are provided in the basic Drive.

The Drive isalso supplied with the following sensor systems;

1. A track 0@ switch which senses when the Head/
Carriage assembly is positioned at Track (0.

2. Theindex sensor (an LED light source and a photo-
transistor) is positioned so that when an index
hole is detected, a digital signal is generated. The
index sensor used is a high resolution device which
can distinguish holes placed close together, i.e., in-
dex -sector holes in a hard sectored diskette.

3. The write-protect sensor disables the Disk Drive
electronics whenever a write -protect tab is applied
to the diskette.

5.1.3 Interface Connections

Signal connections for the external Disk Drive are made via
a user-supplied 34-pin flat ribbon connector. The internal
Drive uses a Radio Shack connector, Part Number AW2535.
Both of these connectors mate directly with the PC Board
connector J2 at the rear of the Drive. The DC power con-
nector is a four - pin connector J4 on the PC Board on the
top rear of the Drive.

The signal connector harness should be of the flat ribbon or
twisted pair type with the following characteristics:

1. Maximum length of 10 feet (3 M).
2. 22 - 24 gauge conductor compatible with the con-
nector to be used.

Power connections for external Drives should be made with
18 AWG cable. Internal Drives use the Disk DC Power
Harness, Radio Shack Part Number AW2532.

5.1.4 Physical Checkout

Before applying power to the unit, the following inspection
should be performed:

1 Front latch. Check that the front latch opens and
closes. Note that when the door is opened, the
head arm raises.

2. Ensure that the front panel is secure.

3. Manually rotate the drive hub. The hub should
rotate freely.

4, Check that the PC board is secure. Check that
the connectors are firmly seated.



Media
Tracks per inch

Number of Tracks
Read/Write Track Width

Dimensions
Height
Width
Depth
Weight
Temperature
(Exclusive of Media)
Operating
Non-operating
Relative Humidity
(Exclusive of Media)
Operating
Non-operating
Vibration
Seek Time
Head Settling Time

Error Rate

Head Life

Media Life

Disk Speed

Instantaneous Speed Variation
Start/Stop Time

Transfer Rate

Bits/Disk (unformatted)
Recording Modes (typical)

Power

Industry-compatible 5-1/4 inch {133.4 mm) diskette
48

40

.020 inches {5.08 mm)

3.38 inches (85.85 mm)
5.87 inches (149.10 mm)
8.0 inches (203.2 mm)
4.5 lbs (2.04 Kg

109C to 439C (50°F to 11Q°F)
—40°C to 71°C (—40°F to 160°F)

20% to 80%
5% to 95% (non-condensing)

6 to 600 Hz 0.5g peak
5 msec track to track
15 msec {last track addressed)

1 per 10° recoverable
1 per 1072 non-recoverable

20,000 hours {normal use)

3 million passes on a single track
300 rpm *1.5% (long term)
*3.0%

250 msec (maximum)

125/250K bits/sec

1.75 million (FM)

FM, MFM, MMFM

+12 V dc 0.6 V, 900 ma maximum
5V dc 10.25 V, 600 ma maximum

TABLE 5-1.

MINI-DISK DRIVE MECHANICAL
AND ELECTRICAL SPECIFICATIONS.
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5. Check for debris or foreign material between the
heads and remove same.

6. Check plastics for broken or cracked pieces, e.g.,
write protect lever, guide rails, etc.

NOTE: To ensure proper operation of the Drive, the chassis
should be connected to earth ground. The 3/16-inch
(4.76 mm) male QC lug, located at the rear of the chassis,
is provided for this connection.

5.1.5 Mounting The Disk Drive

The Drive can be mounted in any plane, i.e., upright, hori-
zontal or vertical. However, when it is mounted horizon-
tally, the Logic PC board side of the chassis must be the
uppermost side. Tapped holes are provided in various loca-
tions for the attachment of user-supplied hardware.

5.1.6 Flat Ribbon Cable Assembly

The Flat Ribbon Cable Assembly that is used is the same
one used in the Model | and I Computers. Pins must be
removed from Drive connectors on the Cable Assembly
as noted below:

1. Connector for the first internal drive {Drive 0) and
the first external drive (Drive 2) pins 12, 14 and
32.

2. Connector for the second internal drive (Drive 1)
and the second external drive (Drive 3), pins 10,
14 and 32.

INTERNAL DRIVES

DRIVE DRIVE
NUMBER ZERO NUMBER ONE
12 10
14 14
32 32

EXTERNAL DRIVES

DRIVE DRIVE

NUMBER TWO NUMBER THREE
12 10
14 14
32 32

FIGURE 5-1. CABLE ASSEMBLY ~
CONNECTOR PIN REMOVAL CHART

5.1.7 Resistor Termination

The Resistor Termination in the SIP socket (R51) is used
only in the last drive in the system. Remove all other
Resistor Terminations.

NOTE: The internal Drives in the Model 4 Com-
puter are not terminated.

Resistor Termination (in socket).
Remove except for last Drive in
System.

There will be a small mark, or dot,
or the number 1 on the left end of
the SIP to indicate pin 1. Match
pin 1 of the SIP to the number 1
on the P.C. Board.

\,

u9

1 R51
)
o

o I e O s O e Y e 0 e W8 12

L5 J V0 [ R 8y A 0 g

J2

FIGURE 5-2, RESISTOR TERMINATION
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5.2 THEORY OF OPERATION

5.2.1 introduction

The Disk Drive consists of the mechanical and electrical
components necessary to record and read digital data on a
diskette. DC power at £12V and +5V (provided by the
user for the external drives) is required for operation.

5.2.2 Organization of The Disk Drive

All electrical subassemblies in the Disk Drive are constructed
with leads which terminate in 4 or 5 pin connectors, ena-
bling the individual assemblies to be removed.

The magnetic head is connected to the PC board via a cable
terminating in a 5-pin female connector and its associated
male socket which is located in close proximity to the read/
write data electronics.

Interface signals and power are provided via connectors at
the rear of the Drive. A detailed description of these signals
is presented in Section 5.3 of this manual.

5.2.3 Functional Block Diagram Description

Figure 5-3 is a functional block diagram of the Disk Drive
and should be referred to in conjunction with the following
discussion:

The Disk Drive consists of the following functional groups:
* |ndex Pulse Shaper
* Write Protect Sensor
* Track 00 Sensor
* Spindle Drive Control
* Carriage Position Control
* Write/Erase Control
* Read Amplifier and Digitizer
5.2.4 INDEX
An index pulse is provided to the user system via the
INDEX PULSE interface line. The index circuitry consists
of an Index LED, Index Phototransistor and a Pulse Shaping

Network. As the index hole in the disk passes the Index
LED /Phototransistor combination, light from the LED
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strikes the Index Phototransistor, causing it to conduct.
The signal from the Index Phototransistor is then passed to
the Pulse Shaping Network which produces a pulse for each
hole detected. This pulse is presented to the user on the
INDEX PULSE interface line.

5.2.5 Write Protect

A Write Protect signal is provided to the user system via the
WRITE PROTECT interface line. The write protect circuitry
consists of a Write Protect Sensor and circuitry to route the
signal produced.

When a write protected diskette is inserted in the drive, the
sensor is activated and the logic disables the write elect-
ronics and supplies the status signal to the Interface.

5.2.6 Track 00 Switch

The level on the TRACK @0 interface line is a function of
the position of the magnetic head assembly. When the head
is positioned at Track @@ and the stepper motor is at the
home position, a true level is generated and sent to the
user.

5.2.7 Spindle Drive

The Spindle Drive system consists of a spindle assembly
driven by a DC motor-tachometer combination through a
drive belt.

Associated with the spindle drive motor are the servo elec-
tronics required for control.

The control circuitry also includes a current limiter and an
interface control line. When the DRIVE MOTOR ENABLE
interface line is true, the drive motor is allowed to come up
to speed. When the current through the drive motor exceeds
1.3 A, the current limit circuitry disables the motor drive.

5.2.8 Positioner Control

The Head Positioning system utilizes a four-phase stepper
motor drive which changes one phase for each track ad-
vancement of the Read/Write carriage. In addition to the
logic necessary for motion control, a gate is provided as an
element for inhibiting positioner motion during a write
operation.



SINGLE SIDED

INDEX HEAD ASSEMBLY
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READ DATA READ AMPLIFIER
AND DIGITIZER

FIGURE 5-3. FUNCTIONAL BLOCK DIAGRAM

5.2.9 Data Electronics

Information can be recorded on the diskette using a double-
frequency code. Figure 5-4 illustrates the magnetization
profiles in each bit cell for the number sequence
shown,

The erase gaps provide an erased guard band on either side
of the recorded track. This accommodates the tolerances
in track positioning.

—pmd BIT CELL [t

0
BIT PATTERAN

1
1
l
NWRITEDATA
1

MAGNETIZATION

All signals required to control the data electronics are pro-
vided by the user system and are shown in the Block Dia-
gram (Figure 5-3). These control signals are:

* SELECT
* WRITE ENABLE
* WRITE DATA

The READ DATA composite signal is sent to the user
system via the interface,

{
1]
t
1
i
I
1
1
! | |
T

A

MAGNETIC ELEMENTS

_Lj
C
-
!
£

z

S

S

e L
z

FIGURE 5-4. FM RECORDING
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5.2.10 Data Recording

Referring to Drawing 8790112 (page 97) it can be seen
that the Write Electronics consists of a Write/Erase Current
Source and Write Waveform Generator, Erase Current
Source and Trim Erase Control Logic.

The read/write winding on the magnetic head is center-
tapped. During a write operation, current from the Write
Current Source flows in alternate halves of the winding
under control of the Write Waveform Generator.

Before recording can begin, certain conditions must be
satisfied. The conditions required for recording (i.e., unit
ready) must be established by the user system as follows:

(1) Drive speed stabilization. This condition will
exist 250 mSec after starting the drive motor.

(2) Subsequent to any step operation, the positioner

must be allowed to settle. This requires 20 mSec

total after the last step pulse is initiated, ie.,

5 mSec for the step motion and 15 mSec for

settling.

NOTE: All of the foregoing operations can be overlapped,
if required.

Figure 5-5 shows the relevant timing diagram for a write
operation. When t=@ , the unit is ready and the WRITE
ENABLE interface line goes true, thus enabling the Write
Current Source,

Since the trim erase gaps are behind the read/write gap,
TRIM ERASE control goes true 390uSec after the WRITE
ENABLE interface line. It should be noted that this value
is optimized between the requirements at Track 0@ and
Track 40 so that the effect of the trim erase gaps on pre-
vious information is minimized.

Figure 5-5 also shows the information on the WRITE
DATA interface line and the output of the Write Waveform
Generator which toggles on the leading edge of every
WRITE DATA puise.

Note that a minimum of 4 uSec and a maximum of 8 uSec
between WRITE ENABLE going true and the first WRITE
DATA pulse is only required if faithful reproduction of the
first WRITE DATA transition is significant.

At the end of recording, at least one additional pulse on the
WRITE DATA line must be inserted after the last significant
WRITE DATA pulse to avoid excessive peak shift effects.
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The TRIM ERASE signal must remain true for 800uSec
after the termination of WRITE ENABLE to ensure that all
recorded data are trim erased. This value is again optimized
between the requirements at Tracks 0@ and 40.

The duration of a write operation is from the true-going
edge of WRITE ENABLE to the false-going edge of TRIM
ERASE. This is indicated by the internal WRITE BUSY
waveform shown,

5.2.11 Data Reproduction

The Read Electronics consists of the following:

* Read Switch

* Read Amplifier

3+

Filter

%

Differentiator
* Cornparator and Digitizer

The Read Switch consists of two FETs that are used to
isolate the Read Amplifier from electrical signals across
the magnetic head during a Write operation.

The remaining functions of the Read circuitry are con-
tained in the MC3470 IC.

Before reading can begin, the Drive must be in a ready con-
dition. As with the data recording operation, this ready
condition must be established by the user system. In addi-

tion to the requirements established in Paragraph 5.2.10,
DATA RECORDING, a 100 uSec delay must exist from the
trailing edge of the TRIM ERASE signal to allow the Read
Amplifier to settle after the transient caused by the Read
Switch returning to the Read mode.

Referring to Figure 5-8, the output signal from the read/
write head is amplified by a read amplifier and filtered to
remove noise by a Linear Phase Filter. The linear output
from the Filter is passed to the Differentiator which gener-
ates a waveform whose zero crossovers correspond to the
peaks of the read signal. This signal is then fed to the Com-
parator and Digitizer circuit., Variable resistor R22 is used
to balance the Comparator and Differentiator by adjusting
out any circuit imbalances and reducing peak shift.

The Comparator and Digitizer circuitry generates a 1 uSec
READ DATA pulse corresponding to each peak of the read
signal. This Composite Read Data signal is then sent to the
user system via the READ DATA interface line.
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STARTS, OR 20 MILLISECONDS AFTER LAST STEP 3. 8.5 MAPEAK TO PEAK
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FIGURE 5-6. WRITE TIMING DIAGRAM

‘ NOTE 1

LINEAR QUTPUT FROM FILTER
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READ DATA INTERFACE

—

NOTES:
t=0 =260 MILLISECONDS AFTER DRIVE MOTOR STARTS,
OR 20 MILLISECONDS AFTER STEP COMMAND, OR
100 uSECONDS AFTER TERMINATION OF WRITE
BUSY (WHICHEVER IS THE LATEST TIME)

FIGURE 5-6. READ TIMING DIAGRAM

87



* TRUE

5.3 OPERATION

5.3.1 Introduction

This section contains the interface description and the eiec-
trical adjustments necessary for the Disk Drive.

5.3.2 Interface Electronics Specifications

All interface signals are TTL compatible. Logic true (low) is
+0.4 V {maximum). Logic false (high) is +2.4 V (mini-
mum). Figure 5-7 illustrates the interface configuration.

v 5V

150 OHMS

741504 OR EQUIVALENT

+ TRUE

TRANSMISSION LINE

10 FEETY
{3m

;

AECEIWVER

L

FIGURE 5-7. INTERFACE CONFIGURATION

It is recommended that the interface cable be a flat ribbon
cable, with a characteristic impedance of 100 ohms (or

equivalent twisted pairs). Maximum interface cable length
is 10 feet (3 M).

5.3.3 Input Control Lines

Interface connector pin assignments and power connector
pin assignments are given in Table 5-2 and Table 5-3.

5.3.4 Select Lines (DSI* - DS4%)

The SELECT lines provide a means of selecting and deselec-
ting a Disk Drive. These four lines {(DS1* - DS4*) select one
of the four Disk Drives attached to the controller. When the
signal logic level is true (low), the Disk Drive electronics are
activated and the Drive is conditioned to respond to step
or read/write commands. When the logic level is false (high)
the input control lines and output status lines are disabled.

A SELECT line must remain stable in the true (low) state
until the execution of a step or read/write command is
completed.

The Disk Drive address is determined by SELECT lines 1
through 4 on the PC board. These lines provide a means of
daisy-chaining a maximum of four Disk Drives to a con-
troller. Only one line can be true (low) at a time. An unde-
fined operation might result if two or more units are
assigned the same address or if two or more SELECT lines
are in the true (low) state simultaneously.
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5.3.5 Drive Motor Enable

When this signal line logic level goes true {(low), the drive
motor accelerates to its nominal speed of 300 rpm and stab-
ilizes in less than 250 mSec. When the logic level goes false
(high), the Disk Drive stops.

5.3.6 Direction and Step (DIR*) (STEP*)

When the Disk Drive is selected, a true (low) pulse with a
time duration greater than 200 nSec on the STEP line initi-
ates the access motion., The direction of motion is deter-
mined by the logic state of the DIRECTION line when a
STEP pulse is issued. The motion is towards the center of
the disk if the DIRECTION line is in the true (low) state
when a STEP pulse is issued. The direction of motion is
away from the center of the disk if the DIRECTION line
is in the false (high) state when a STEP pulse is issued. To
ensure proper positioning, the DIRECTION line should be
stable 0.1 uSec (minimum) before the trailing edge of the
corresponding STEP pulse and remain stable until 0.1 uSec
after the trailing edge of the STEP pulse. The access motion
is initiated on the trailing edge of the STEP pulse.

5.3.7 Compensated Write Data (CWD)

When the Disk Drive is selected, this interface line provides
the bit-serial WRITE DATA pulses that control the switch-
ing of the write current in the head. The write electronics
must be conditioned for writing by the WRITE ENABLE
line (refer to the WRITE ENABLE paragraph below).

For each high-to-low transition on the WRITE DATA line,
a flux change is produced at the head write gap. This causes
a flux change to be stored on the disk.

When the double-frequency type encoding technique is
used {in which data and clock form the combined Write
Data signal), it is recommended that when writing all
zeroes, the repetition rate of the high-to-low transitions be
equal to the nominal data rate, £0.1%. The repetition rate
of the high-to-low transitions, when writing all ones, should
be equal to twice the nominal data rate, £ 0.1%.

5.3.8 Write Gate (WG*)

When this signal is true (low}, the write electronics are pre-
pared for writing data (read electronics disabled). This
signal turns on write current in the read/write head. Data is
written under control of the WRITE DATA input line. It is
generally recommended that changes of state on the
WRITE ENABLE line occur before the first WRITE DATA
pulse. However, the separation between the leading edge of
WRITE ENABLE and the first significant WRITE DATA
pulse should not be less than 4 uSec and not greater than
8 uSec. The same restrictions exist for the relationship be-
tween the least significant WRITE DATA pulse and the



Controller-to-Disk Drive

Ground Signal Description {Mnemonic)
1 2 Connector clamp
3 4 (Spare)
5 6 (Spare)
9 10 SELECT 1 (NDS1)
1 12 SELECT 2 (NDS2)
13 14 SELECT 3 (NDS3)
15 16 DRIVE-MOTOR ENABLE (NMOTORON)
17 18 DIRECTION
19 20 STEP (NSTEP)
21 22 WRITE DATA (NWRITEDATA)
23 24 WRITE GATE (NWRITEGATE)
31 32 SELECT 4 (NDS4)

Disk Drive-to-Controller

Ground Signal Description {Mnemonic)
7 8 INDEX (NINDEX/SECTOR)
25 26 TRACK @0 (NTRK®0)
27 28 WRITE PROTECT (NWRITEPROTECT)
29 30 READ DATA (NREADDATA)
33 34 Connector Clamp

TABLE 5-2, DISK DRIVE EDGE CARD PIN ASSIGNMENTS — J2.

Pin Supply Voltage
1 +12V DC
2 Return (+12 V DC)
3 Return (+56 V DC)
4 +5V DC

TABLE 5-3. POWER CONNECTOR
PIN ASSIGNMENTS
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termination of the WRITE ENABLE signal. When the
WRITE ENABLE line is false (high), all write electronics
are disabled.

When a write protected diskette is installed in a Disk Drive,
the write electronics are disabled regardless of the state of
the WRITE ENABLE line.

5.3.9 Output Status
(See Table 5-2)

5.3.10 Index Pulse (IP*)

The INDEX PULSE signal is provided once each revolution
{200 mSec, nominal) to indicate to the controller the begin-
ning of a track. The INDEX PULSE line remains in the true
{low) state for the duration of the INDEX PULSE (The
duration of an INDEX PULSE is nominally 4.0 mSec).

The leading edge of an INDEX PULSE must always be used
to ensure diskette interchangeability between Disk Drives.

5.3.11 Track 60 (TRK@*)

When the Disk Drive is selected, the TRACK 00 interface
signal indicates to the controller that the read/write head is
positioned at Track 0@. The Track @@ remains true (low)
until the head is moved away from Track 00.
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5.3.12 Write Protect (WPRT*)

When the Disk Drive is selected, this signal line logic level
goes true {low) when the diskette is write protected. The
write electronics are internally disabled when the diskette
is write protected.

NOTE: It is recommended that the write data line be in-
active whenever Write Enable is false (i.e., read state).

When the level on this line is false (high), the write electron-
ics are enabled and the write operation can be performed. It
is recommended that the controller not issue a write com-
mand when the WRITE PROTECT signal is true {(low).

5.3.13 Read Data (RD*)

This interface line transmits the readback data to the con-
troller when the Drive is selected. It provides a pulse for
each flux transition recorded on the medium. The READ
DATA output line goes true {low) for a duration of 1 uSec
for each flux change recorded.

The leading edge of the READ DATA output pulse repre-
sents the true positions for the flux transitions on the disk-
ette surface.



5.4. MAINTENANCE
5.4.1 Physical Description Of The PC Board

The Logic PC board is approximately 6 inches (152 mm)
long by 5.5 inches (139 mm) wide. Figure 5-8 illustrates
the placement of test points and connectors.

INSTALLATION

To replace the Logic P.C. Board and the Servo P.C. Board
with the newer Logic/Servo P.C. Board, the following steps
should be taken:

1. Discard the jumper cable that goes from P13 on
the Logic P.C. Board to P20 on the Servo PC.
Board.

2. Disconnect all cables that connect the two Boards.

3. Remove both the Logic and the Servo P.C. Boards
and the Servo P.C. Board mounting hardware.

4. Connect all cables except the Drive Motor Cable
that was connected to P21 on the Servo P.C.
Board.

5. Connect the Drive Motor Cable to P13 on the
Logic/Servo P.C. Board.

6. Go through the maintenance checks again. Pay
particular attention to 5.5.1, DRIVE MOTOR
MAINTENANCE and 5.5.8, PEAK SHIFT COM-
PENSATION ADJUSTMENT.

5.4.2 Circuit Board Test Points

The following test point description assumes that the Logic
and Servo P.C. boards are installed in the Drive and that the
Drive is in an operational mode with a diskette installed:

Analog Ground (TP1)
The analog ground reference point is provided for measur-
ing read/write waveforms.

Amplified Read Signal (TP2, TP3)
These test points are provided to observe the differential
output of the first stage of read signal amplification.

Logic Ground (TP4)
Digital Logic ground is referenced at TP4.

Track 00 (TP5)
This signal is low (true) when the carriage is positioned at
track B0 and the step motor phase is correct.
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Step Puise {TP6)
When stepping in or out, the signal is a high - going pulse
for each step of the carriage.

Read Data One Shot (TP7)
The output of the one shot used in the read section is nom-
inally 1.0 usec for each flux transition detected.

Write Protect Switch (TP8)
When a write protected diskette is installed in the Drive, the
signal is low (true).

Index Pulse (TP9)

With a standard soft sectored diskette installed, the signal
is a high going - pulse, nominally 4.0 msec in duration every
200 msec.

Motor On (TP11)
This signal is low (true) for the Motor On condition.

5.4.3 Option Select
Input Line Terminations

The Disk Drive has been provided with the capability of
terminating the input lines listed below:

* Motor On

* Direction Select
* Step

* Write Data

* Write Gate

These lines are terminated through a 150 ohm resistor pack
that is installed in a SIP socket (R51), located adjacent to
J2,

In a multiple drive system, only the last drive on the inter-
face is to be terminated. All other drives on the interface
must have the resistor pack removed. Catalog Numbers
26-1160 and 26-1164 are shipped with the termination
resistor installed. Catalog Numbers 26-1161/1162/1163 are
shipped without a resistor pack.
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FIGURE 5-8. LOGIC/SERVOQ PC BOARD TEST POINTS
AND CONNECTOR LOCATIONS
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5.4.4 Preventive Maintenance

To ensure that the Disk Drive operates at its design poten-
tial, the only scheduled preventive maintenance required is
periodic cleaning of the magnetic recording head.

Mechanical and electrical adjustment details are provided
for further service as a result of disassembly or repair.

5.4.5 Cleaning The Head

To clean the magnetic head, we recommend using Radio
Shack’s Universal Disk Drive Head Cleaning Kit, catalog
number 26-407. This kit comes with complete
instructions for safely cleaning the disk drive heads.

CAUTION: Rough or abrasive cloth should not be used to
clean the magnetic recording head. Use of cleaning solvents
other than 91% lsopropyl alcohol may damage the head.

Extreme care must be exercised to prevent the heads from
being damaged (i.e., scratching, banging together, etc.).

5.5 ALIGNMENT AND ADJUSTMENT

To perform the alignment and adjustment procedures,
you will require the following equipment:

* 30 MHz Dual Trace Triggered Sweep Scope
* 5 1/4" Alignment Diskette
* 5 1/4” Blank “’scratch’’ Diskette

5.56.1 Drive Motor Maintenance

Long Term Motor Speed Adjustment

1. Check power to unit. (+12 VDC T 0.8V, and
+5 VDC * §.25V.)

2. Insert a blank diskette and activate the drive.

3. Under fluorescent lighting, observe the speed disk
on the spindle pulley. For 60 Hz operation, the
outer ring on the speed disk should appear station-
ary. For 50 Hz operation, the inner ring should
appear stationary.

4. If the speed disk does not seem to be motionless,
adjust R54 {located in the upper right corner of
the PC Board) for the desired effect.

5. If motor speed cannot be adjusted, repair Servo
PCB or motor as required.
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Instantaneous Speed Variation Check/RAW Data Check

1. With a blank diskette inserted, write a 2F pattern
on any track.

2. Connect scope to TP 7 with:

Vert. to 2 volts/div.
Time Base to 1 usec/div.
Trigger internal/positive

3. Observe the waveform. Measure jitter on the lead-
ing edge of the third pulse. The leading edge of the
pulse should start 8 usec +24@ nsec from the trig-
ger pulse. The third pulse jitter should be less than
480 nsec (edge to edge).

/ 480nsec

4. If jitter is excessive, repair or replace the drive
belt, the motor, the Servo PC Board, or the spindle
as necessary.

5.5.2 Carriage Movement Check

1. Step between tracks 80 and 34/40.

2. Check carriage movement, Be certain that carriage
is moving freely and not binding at any point.
Repair if necessary.



5.5.3 Head Radial Alignment/CE Alignment
1. Insert a5 1/4" alignment diskette.

2. Connect Scope:
Channel A to TP 2
Channel Bto TP 3
Ground to TP 1
Ext.Syncto TP 9

Set mode to add (A + B) Invert B
Vert., to 50 mV/div
Trigger external - loosely.

3. Read track 16 and verify the “cat eyes’’ pattern as
shown in Figure 5-9. The smaller of the two

“eyes’’ should not be less than 75% amplitude of
the other. % = (small lobe/larger lobe) x 100.

EQUAL AMPLITUDE
{on Track 16)

TIME SCALE = 20msec Div

FIGURE 5-9. "CAT EYES” PATTERN

RETAINING ADJUSTMENT
SCREW CAM
‘ STEPPER MOTOR
® L[6l______  RETAINING

e — SCREW

// [3) i |

I

T EH FI
@ . M

| 2NN
|| e H il
o] X 2 (o]

4. Step to track §@. Return to track 16 and re-verify
the pattern.

5. Step to track 34/40 and return to track 16. Re-
verify the “‘cat eyes’’ pattern.

If Radial Needs Adjustment:

a. Loosen the two retaining screws on back of the
unit and the retaining screw on the carriage as-
sembly .

b. Turn the Adjustment Cam until the "cat eyes”
pattern is within 75%. If the pattern does not
come within spec, loosen the hex head screw on
the collar of the stepper motor and rotate the
stepper motor shaft until the ‘‘eyes’’ are to the
75% level, Tighten the hex head screw and return
to step a.

c. Tighten all screws and recheck adjustment.

RETAINING |

sC REWSGI~

FIGURE 5-10. RADIAL ADJUSTMENT



5.5.4 Track 00 Alignment
Track @0 Switch Setting

This switch is set at the factory and glued into position so
this will not be a routine adjustment. It will require adjust-
ment only after switch replacement. The switch should be
positioned at the front of the adjustment slot and the front
screw tightened. Position the head at Track 0 2. Raise
the rear of the switch until the switch contact is closed,
then tighten the rear screw, Add a drop of Locktight
420 to lock the adjustment into place. Check it for the
following conditions: the switch should make (signal fow)
at Track 01, and be off (signal high) at track @3. This may
be checked at Plug 11, pin 1.

Track 00 Stop

A Track @ @ stop is incorporated into the bracket which
attaches the guide rods at the rear of the Disk Drive assem-
bly. This stop is not adjustable.

Carriage Module

Loosen Screw
Stightly

P
AN

Track 89
Stop Clamp

Loosen and Adjust to actuate
at Tract 89

FIGURE 5-11. TRACK ¢@ SWITCH ADJUSTMENT

5.5.5 Write Protect Switch

The write protect switch is a field-adjustable setting. The
switch is located on the front right-hand corner of the
drive. The two screws holding this switch are located on
the outside of the chassis. To adjust the switch, loosen the
rear screw and place a @ 10" shim at the top and inside
of the rail slot. Lift the switch until contact is made with
the shim, then tighten the rear screw. Check with a write-
protected diskette for write protect action, and a non
write-protected diskette to verify that the write protect
switch is properly functioning. Attach the meter to Plug 8,
pin 1. The level should be low for a write-protected diskette
and high for a non write-protected diskette.

95

5.5.6 Index Sector Adjustment

1. Set Scope:
Vert. at @2 volts/div,
Time Base 50 usec/div.

2. Insert alignment diskette and read track @1. Scope
display should show @ volts AC trace for 200 usec
+50 usec. If the waveform is outside of spec., loosen
the index sector light mounting screw and adjust
to spec.

3. Open and close the Drive door and re-verify the
index sector timing.

VI \I\VI\I

TIME SCALE = 50usec/DIV

FIGURE 5-12. INDEX SECTOR TIMING

[T

HEAD MODULE

SENSOR RETAINING SCREW ADJUSTMENT

FIGURE 5-13. INDEX ADJUSTMENT



5.5.7 Head Amplitude/Compliance Check

1

. Insert a blank diskette and write a pattern to
track 34.

. Set Scope:

Time Base to 1@usec/div.
Read the amplitude.

. Apply an additional 15 grams of pressure to the
head load arm. (15 grams is approximately equal
to the weight of a 25 cent piece.)

. Observe the amplitude. If it increases more than
10%, the compliance needs to be adjusted.

. To adjust the compliance, loosen the two nuts
that hold the head load arm in place. While mon-
itoring the amplitude, move the arm until output
is highest. Hold the arm in this position and tight-
en the nuts.

. Re-verify compliance. If compliance cannot be

adjusted properly, replace the head load arm.

UPPER ARM

PEAK SHIFT COMPENSATION ADJUSTMENT

R22 is adjusted as follows:

1.

With a blank diskette inserted, write a 2F pattern
on the innermost track (track 39).

Connect the ‘scope to TP7 with:
Vert. to 2 volts/div.

Time Base to 1 usec/div.
Trigger internal/positive

The waveform should look like this:

Clock Pulse

Clock Pulse

n

Adjust R22 to center the second pulse between
the first and third pulses with a maximum jitter of
240 nanoseconds.

Data Pulse

- - fusec = e

5.5.8 Final Check

1.

2.

Use the drive to format and backup a blank disk-
ette.

Check the diskette in a known good drive.

CARRIAGE
NUTS

FIGURE 5-14. UPPER ARM AND CARRIAGE
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LOGIC BOARD (COMPONENT SIDE)

COMPONENT LOCATION, LOGIC/SERVO PC BOARD #995050001
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Symbol

C1

Cc2

C3

C4

C5

Co6

C7

C8

Co

C10
C11
C12
C13
Ci4
C15
C16
Cci17
C18
C19
C20
Cc21
C22
C23
C24
C25
C26
Cc27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39

J1
J2
J3
J4
J5

PARTS LIST

Logic/Servo Controller Board #995050001

Description

PC Board {(Rev C)

CAPACITORS

0.1 uF,50 V, Z5U, Radial

0.1 uF, 100 VDC, Polyester
0.1 uF, 100 VDC, Polyester
Not Used

0.1 uF,50V, Z5U, Radial
0.47 uF,50 V, ZbU, Radial
0.1 uF,50V, Z5U, Radial

0.1 uF,50V, Z5U, Radial
0.47 uF,50V, 25U, Radial

68 pF, 50 V, Radial

0.1 uF,50V, Z5U, Radial

0.1 uF,50V, Z5U, Radial

330 pF, 50 V, Radial

0.47 uF,50 V, Z5U, Radial

10 uF, 16 V, Electrolytic, Axial
10 uF, 16 V, Electrolytic, Axial
470 pF, 50 V, Radial

3300 pF, 100 V, Polyester

10 uF, 16 V, Electrolytic, Axial
10 uF, 16 V, Electrolytic, Axial
470 pF, 50 V, Radial

0.01 uF, 63V, Axial

0.1 uF,50V, Z5U, Radial

0.1 uF,50 V, Z5U, Radial

10 uF, 16 V, Electrolytic, Axial
0.1uF,50V, Z5U, Radial

10 uF, 16 V, Electrolytic, Axial
0.022 uF,50 V, Axial

0.1 uF, 100 VDC, Polyester

10 uF, 16 V, Electrolytic, Axial
0.1 uF,50V, Z5U, Radial

0.1 uF,50 V, Z5U, Radial

10 uF, 16 V, Electrolytic, Axial
0.1 uF,50V, Z5U, Radial

100 uF, 16 V, Electrolytic, Axial
100 uF, 16 V, Electrolytic, Axial
10 uF, 16 V, Electrolytic, Axial
0.1 uF,50V, 25U, Radial

330 pF, 50 V, Radial

CONNECTORS

Header, 5-pin, Right Angle
On PC Board
Header, 23-pin Right Angle

Housing, 4-pin, PC Mount, Power

Header, 5-pin, Right Angle
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Manufacturer’s
Part Number

ACC104ZJCF
ACC302KLGP
ACC302KLGP

ACC104ZJCF
ACC474ZJCP
ACC104ZJCF
ACC104ZJCF
ACC4742JCP
ACCB80OKJCP
ACC104Z2JCF
ACC104ZJCF
ACC331KJCP
ACC474zJCP
ACC106WDAA
ACC106WDAA
ACC471KJCP
ACC302KLGP
ACC106WDAA
ACC106WDAA
ACC471KJCP
ACC103KJHA
ACC104ZJCF
ACC104ZJCF
ACC106WDAA
ACC104ZJCF
ACC106WDAA
ACC223KJCA
ACC104JLGP
ACC106WDAA
ACC104ZJCF
ACC104ZJCF
ACC106WDAA
ACC104ZJCF
ACC107WD AA
ACC107WDAA
ACC106WDAA
ACC104ZJCF
ACC331KJCP

AJB815

AJ7049
ART2738
AJ6815

Radio Shack
Part Number

105050-001

250002-610
250001-233
250001-233

250002-610
250001-647
250002-610
250002-610
250001 -647
250001-068
250002-610
250002-610
250001-133
250001 -647
261002-410
261002-410
250001-147
250001-233
261002-410
251002-410
250001-147
250102-210
250002-610
250002-610
261002-410
250002-610
261002-410
250002-722
251002-610
261002-410
250002-610
250002-610
261002-410
250002-610
261002-310
261002-310
261002-410
250002-610
250001-133

312000-005

312000-023
313000-004
312000-005



PARTS LIST (Cont’'d)
Logic/Servo Controller Board #995050001

Manufacturer’s Radio Shack
Symbol Description Part Number Part Number
DIODE
CR1 1N52408B, 10%, Zener ADX1582 600008-001
INDUCTORS
1.1 390 uH, 10%, Axial ACAB058 461391-010
L2 390 uH, 10%, Axial ACA8058 461391-010
L3 5.6 uH, 10%, Axial ACAB194 461506-010
L4 5.6 uH, Axial ACA8194 461506-010

INTEGRATED CIRCUITS

U1 7415123 AMX3803 610002-123
uz2 MC3470 AMX4467 610010-470
U3 741.574 AMX3558 610002-074
U4 741.526 AMX4522 610002-026
us 7438 AMX3683 610002-038
8]} 741.511 AMX3554 610002-011
u7 741.586 AMX3701 610002-086
us LM2917 AMX4181 610020-917
(8¢} 741814 AMX3716 610002-014
u10 741.514 AMX3716 630002-014
V11 74L574 AMX 3558 610002-074
u12 ULN2003A AMX4513 610010-413
RESISTORS
R1 62 ohms, 1/2 W, 5% ANO110EFC 550003-062
R2 11K, 1/4W, 2% ANO0285CEE 540300-113
R3 24 K, 1/4 W, 2% ANO526CEE 540300-243
R4 10K, 1/4W, 5% ANO281EEC 550001-310
Rb 2.2K,1/4W,5% ANO216EEC 550001-222
R6 2.2K,1/4W,5% ANO2Z16EEC 560001-222
R7 4.7K,1/4W,5% ANQ247EEC 550001-247
R8 475 ohms, 1/4 W, 1% ANO627BEE 540104-750
R9 330 ohms, 1/4 W, 2% ANO159CEE 540303-303
R10 475 ohms, 1/4 W, 1% ANO627BEE 540104-750
R11 768 ohms, 1/4 W, 1% ANO572BEE 540107-680
R12 768 ohms, 1/4 W, 1% ANO572BEE 540107-680
R13 Not Used R S ———
R14 1K, 1/4W, 5% ANO196EEC 550001-210
R17 1K, 1/4W, 5% ANO196EEC 550001-210
R18 470 ohms, 1/4 W, 5% ANO169EEC 550001-147
R19 470 ohms, 1/4 W, 5% ANO169EEC 550001-147
R20 1K,1/4W, 5% ANO196EEC 550001-210
R21 1.8K,1/4W,2% ANO210CEE 540300-182
R22 50 K, Trimmer, 20% AP7211 560150-302
R23 10K, 1/4W, 5% ANO281EEC 550001-310
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Symbol

R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37
R38
R39
R40
R41
R42
R43
R44
R45
R46
R47
R48
R49
R50
Rb61
Rb62
R53
R54
Rb55
R56

01
Q2
Q3
Q4
Q5
Q6
Q7
08
Q9

PARTS LIST (Cont'd)
Logic/Servo Controller Board #995050001

Description

Not Used

10K, 1/4 W,5%
240 ohms, 1/4 W, 5%
240 ohms, 1/4 W, 5%
Not Used

1K, 1/4W,5%
1K,1/4W,5%

1K, 1/4W, 5%

0 ohms
3.3K,1/4W, 2%
1K, 1/4W, 5%

150 K, 1/4 W, 2%
470 ohms, 1/4 W, 5%
1M, 1/4W, 5%
3.3K,1/4 W, 2%
470 ohms, 1/4 W, 5%
1M, 1/4W,5%
10K, 1/4W, 5%
1.56K,1/4W,5%
150 ohms, 1/4 W, 5%
10 ohms, 1/4 W, 5%
1ohm, 1/2W, 5%
1K, 1/4W, 5%

1K, 1/4 W, 5%
2.2K,1/4W,5%
1K, 1/4W, 5%
20K, 1/4 W, 5%

150 ohms, 6-pin SIP
56 ohms, 1/4 W, 5%
150 ohms, 1/4 W, 5%
1 K, Trimmer, 10%
2.2K,1/4W,5%
150 ohms, 1/4 W, 5%

MPS3906
MPS3906
MPS3906
MPS2907
2N5460, FET
2N5460, FET
TIP110, Power
2N4124
2N4124

TRANSISTORS
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Manufacturer’s

Part Number

ANO281EEC
ANO151EEC
ANOTHT1EEC

ANO196EEC
ANO196EEC
ANO186EEC
AJ6814
ANO230CEE
ANO196EEC
ANO384CEE
ANO169EEC
ANO445EEC
ANO230CEE
ANO1T69EEC
ANO445EEC
ANO281EEC
ANO206EEC
ANO384CEE
ANOOB3EEC
ANOO22EFC
ANO196EEC
ANO196EEC
ANO216EEC
ANOT96EEC
ANO306EEC
ARX0241
ANOO13EEC
ANOT42EEC
AP7210
ANO216EEC
ANO142EEC

AMX3584
AMX3584
AMX3584
AMX4187
AMX4782
AMX4782
AMX4331
AMX4178
AMX4178

Radio Shack
Part Number

550001-310
550001-124
550001-124

550001-210
550001-210
550001-210
550000-001
540300-332
560001-210
540301-503
550001-147
5560001-510
540300-332
5560001-147
550001-510
550001-310
550001-215
540301-503
550001-010
550003-001
550001-210
550001-210
550001-222
550001-210
550001-320
570004-001
550001 -056
5560001 -151
561501-301
550001-222
550001-151

630007-001
630007 -001
630007 -001
630008-907
630006-001
630006-001
630003-110
630002-001
630002-001



PARTS LIST (Cont'd)
Logic/Servo Controller Board #995050001

Manufacturer’s Radio Shack

Symbol Description Part Number Part Number
MISCELLANEOUS

TP1 * Staking Pin AHB9682 310024-001
TP2 Staking Pin AHB9682 310024-001
TP3 Not Used e e R
TP4 Not Used —e e
TP5 Staking Pin AHB9682 310024-001
TP11 Staking Pin AHBO682 310024-001
(Q7) Heat Sink, TO220 e 405351 -001
(Q7} Screw, 4-40 x 3/8", Phillips AHD2249 411351-406
(Q7) Nut, 4-40 AHD7227 410020-001
(R51) Socket, 6-pin, SIP AJ7048 311500-006
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Parts List, Mini-Disk Drive Assembly #8790112
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995010603
105310001
995015003
105157001
400007001
995223003
995103011
995111003
105324001
105166001
105626001
105155001
450007001
995102003
450004001
105626002
105304001
400009001
995222003
105333001
400014001
105355001
995101003
105331001
400006001

105002001
105027001
105320001
105360001
105901001
105322001
105356001
310016001
310015001
310017001
995324001
995234001
105330001
105336001
105312001
105313001
105335001
105314001
995050001

Front Panel Assembly
Carriage Module

Left Hand Guide Rail Assembly

Right Hand Guide
Nut Plate, #2-56

Write Protect Switch Assembly

Index Assembly (two parts)
Timing Pulley Assembly
Spring, Module Bias
Cone, Thrust
Spring, Cone Release
Expander
Belt, Drive
Drive Motor Assembly
Bearing, Cone
Spring, Cone
Spacer, Cone
Washer, Shoulder
Track 00 Switch Assembly
Shaft, Carriage
Washer, Nylon
Chassis
Hub & Shaft Assembly
Cone, Shaft
E-Ring, .147" shaft
Latch Plate Assembly
. Latch Plate

Hinge, Latch Plate
. Latch Inhibitor
. Brass Pin
Foam Tape Strip
Spring, Cone Lever
Lever, Cone
Connector, 4-Hole Molex
Connector, 5-Hole Molex
. Terminal Pin
Upper Arm Assembly
Head Carriage Assembly
Drive Band
Clamp, Shaft
Pulley, Stepper
Collar
Track 00 Stop Clamp
Cam Screw, Carriage Module
Logic/Servo PCB Assembly
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8852023

8852017

8852018
8852015

8852016
8852065

8852050

8852063

8852046
8852044
8852031
8852032
8852064

8852047

8852058



Parts List, Mini-Disk Drive Assembly #8790112

Description RS PN

40 2 325500001 Rivet, Plastic

41 2 409545632 Clip, Tinnerman

42 1 995304001 Stepper Motor Assembly
43 1 310018001 Ground Lug

44 3 410002007 Screw, #6-32 x .375"
45 3 410024001 Washer, #6 Flat

46 1 410038001 Screw, #2-56 x 7/1l6"
47 4 410024001 Washer, #2 Flat

48 1 410009001 Screw, #6-32 x 3/8"
49 3 417323208 Screw, #2-56 x 1/2"
50 2 400001004 Screw, #6 Hex Head

51 4 410008001 Screw, #6-32 x 1/4"
52 1 400011001 E-Ring, Cam Screw

53 1 410012001 Screw, #8-32 x 1/4" 8852056
54 1 410006042 Washer, #8 Split Lock
55 2 410008001 Screw, #6-32 x 1/4"
56 2 419351605 Screw, #6-32 x 5/16"
57 2 410013001 Screw, #4-40 x 3/1le6"
58 1 410021001 Nut, #2-56

59 2 414310605 Screw, #6-32 x .312"
60 2 400188225 Washer, #2 Flat

61 2 410001007 Screw, #2~56 x .312"
62 2 404351001 Washer, #4 Starlock
63 2 410020001 Nut, #4 x .245" AF

64 2 410011001 Screw, #6-32 x 3/1l6"
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6.1 POWER SUPPLY %8790021, 38W
(ASTEC #AA11320)

6.1.1 General

One of the power supplies used in the Model 4 is a 38W
switching mode power supply utilizing the flyback method
of power conversion. This supply has built-in EMI filter
and has over-voltage and over-current protection as well as
regulation over line and load variations.

6.1.2 Theory Of Operation

PRIMARY

Power is taken from a 115 volt AC line. A UL approved
fusable resistor, R25, limits inrush current as well as acting as
a system fuse. The AC current is taken through an EMI
filter which suppresses power supply and system noise that
would otherwise be refiected back into the power lines.

After the EMI filter, the signal goes to a full-wave bridge

rectifier {(DB1) then into a capacitive input filter. The com-
bination of these last two items produces a 165 volt DC B+

line from which a DC-DC converter is run,

The DC-DC converter consists of a transistor (Q2) which is
used to chop the B+ line at approximately 20 kHz. D2, RS,
C8, C9, and D3 are all part of a snubber network designed
to protect Q2 as well as suppress ringing which would con-
tribute to line conducted EMI.

SECONDARY

When the power transistor (Q2) is ‘ON’, energy is stored in
the core of the power transformer (T2). The secondary
windings are polarized so that the output rectifiers do not
conduct while Q2 is ON. When Q2 turns ‘OFF’, it causes
the transformer to ‘flyback’ which causes the polarity on
the output windings of T2 to reverse, allowing the output
rectifiers to conduct and deliver energy to the output and
output capacitors.

A pi filter consisting of capacitors on either side of a series
filter choke is used to smooth the output waveform, deliver
energy during the ON time, and reduce ripple.
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FEEDBACK AND CONTROL

On this power supply the only regulated voltage is the +5 volt
output. The +12 volt and -12 volt outputs are simply addi-
tional secondary windings stacked on top of the +5 volt
winding. They track the +5 voltage close enough to provide
sufficient regulation to run the circuitry requiring +12 or
-12 volts.

The +5 volt output is fed into an error amplifier which com-
pares it to a reference voltage. The output of this amplifier
is fed into a control circuit which is magnetically coupled
through T1 to the turn-off circuit. This output also controls
the ON time of Q2 providing voltage regulation by variations
of the dutycycle.

OVERVOLTAGE PROTECTION

If a failure in the power supply causes the outputs to rise
uncontrolled past a specified voltage limit, the power supply
will automatically shut down. This is done by sensing the
+5 volt output via a Zener diode. When the voltage limit is
reached, the SCR is triggered and shorts the +12 volt output
to ground. A short on any output will cause the supply to
foldback and shut down.
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PARTS LIST, POWER SUPPLY #8790021 (ASTEC #AA11320)

SYMBOL DESCRIPTION
CAPACITORS INTEGRATED CIRCUIT
C1 2200pF, 250V AC, metallized paper IC1 Regulator
c2 001uF, 1KV, ceramic
C3 2200pF, 250V AC, metallized paper RESISTORS
Cc4 0.22uF, 100V, polyester
ChH 47uF, 250V, electrolytic R1 47 ohm, 5%, metal oxide film
C6 100uF, 250V, electrolytic R2 150K, 5%, carbon film
Cc7 220uF, 10V, electrolytic R3 1K, 5%, carbon film
C8 4500pF, 1KV, ceramic R4 Not used
Cc9 0.01uF, 1KV, ceramic R5 82 ohm, 5%, carbon film
c10 0.22uF, 100V, polyester R6 27 ohm, 5%, carbon film
ci1 1000uF, 25V, electrolytic R7 3.3 ohm, 5%, carbon film
C12 1000uF, 25V, electrolytic R8 10 ohm, 5%, carbon film
c13 1000uF, 25V, electrolytic R9 27 ohm, 5%, metal oxide film
C14 330uF, 16V, electrolytic R10 75 ohm, 5%, 1W, metal film
C15 2200uF, 16V, electrolytic R11 270 ohm, 5%, carbon film
C16 330uF, 16V, electrolytic R12 82 ohm, 5%, carbon film
C17 470uF, 28V, electrolytic R13 270 ohm, 5%, carbon film
c18 0.022uF, 50V, polyester R14 8.2 ohm, 5%, carbon film
C19 0.22uF, 100V, polyester R15 560 ohm, 5%, carbon film
C20 3900pF, 400V AC, ceramic R16 56 ohm, 5%, carbon film
Cc21 0.1uF, 250V AC, metallized R17 56 ohm, 5%, carbon film
R18 12K, 5%, carbon film
DIODES R19 12 ohm, 5%, carbon film
R20 470 ohm, 5%, carbon film
D1 RGP10A, rectifier R21 27K, 2%, metal film
D2 RGP10D, rectifier R22 2.7K, 2%, metal film
D3 RGP10J, rectifier R23 68K, 5%, carbon film
D4 Rectifier assembly R24 220 ohm, 5%, 1W, metal oxide film
Db Rectifier assembly R25 2 ohm, 5%, fusing metal film
D6 Rectifier assembly R26 22K, 5%, carbon film
D7 RGP15B, rectifier SCR1 SCR C122F
D8 1N46086, silicon
D9 1N46086, silicon TRANSFORMERS
D10 1N46086, silicon
DB1 WO0B, bridge rectifier T1 Control assembly
21 5.6V, 5%, 1W, zener T2 Power assembly
INDUCTORS TRANSISTORS
L1 Common mode choke assembly Q1 PEBO508B
1.2 Base choke Q2 Transistor assembly
L3 15mH, choke Q3 PE8B550B
L4 Choke coil assembly
L5 Choke coil assembly
L6 Choke coil
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6.2 Power Supply #8790043, 65 Watt (Astec AA12090)

6.2.1 Test Set-Up

A. Equipment Needed

Isolation Transformer (minimum of 500 VA rating).
Dangerously high voltages are present in this power
supply. So, for the safety of the individual doing the
testing, please use an isolation transformer. The 500 VA
rating is needed to keep the AC waveform from being
clipped off at the peaks. These power supplies have peak
charging capacitors and draw full power at the peak of the
AC waveform.

0-140 V Variable Transformer (Variac). Used to vary
input voltage. Recommend 10 amp. 14 KVA rating
minimum.

Voltage meter — Needed to measure DC voltages to 50
VDC and AC voltages to 200 VAC. Recommend two
digital multimeters.

Oscilloscope — Need x10 and x100 probes.

Load board with connectors — See Table 6-1 for values
of loads required. The entry on the table for safe load
power is the minimum power rating for the load resis-
tors used.

Ohmmeter.

B. Set-Up Procedure

Set up test equipment as shown in Figure 1. You will want to
monitor the input voltage and the output voltage of the
regulated bus, which is the +5V output, with DVM's. Also
monitor the +5V output with the oscilloscope using 50mv/div
sensitivity. The DVM monitoring the +5V output can also be
used to check the other outputs. See the No Output section
for test points within power supply.
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POWER SUPPLY

5V

+12v

ISOLATION
4 AUTO TRANSFORMI
TRANSFORMER

v

je
OUTPUT

Figure 6-1. Test Set-Up

6.2.2 Visual Inspection

Check power supply for any broken, burned, or obviously
damaged components. Visually check fuse, if any question
check with ohmmeter.

6.2.3 Start-Up

Load power supply with minimum load as specified in Table |.
Bring power up slowly with variable Transformer while
monitoring +5V output with scope and DVM. Supply should
start with approximately 40-60 VAC applied and should
regulate when 90 VAC is reached. If output has reached +5
volts, refer to the Performance Test section. [f there is no
output, refer to the No Output section,

6.2.4 No Output

General

If the power supply does not produce an output with the AC
input applied to the L and N connections and the power
switch ON, one or more components have failed. A no-output-
fault condition is most likely caused by a shorted/open
component on the primary side but may also be caused by a
short on the secondary. To determine this, follow the steps
below.

A. Check Fuse:

If fuse is blown, replace but do not apply power until cause of
failure is found.

B. Preliminary Check on Major Primary Components:
Check Diode Bridge (DB1), Power Transistor (Q2) and Catch

Diode (D3) for shorted junctions. If any component is found
shorted, replace.



C. Primary Check on Major Secondary Components

Using Ohmmeter from output common to each output, with
output loads disconnected, check for shorted rectifiers or
capacitors. If +12V output is shorted, also check crowbar SCR
(SCRH).

D. Check B+ with the Fuse Intact

Connect power supply as in Figure 1 and attach x100 scope
probe ground to the anode of D1. Slowly turn up power and
check for B+ on end of R14 nearest the transformer. With
input at 95 VAC, this point should be between 260 and 270
VDC. If this is not correct, check resistor and DB1.

If R14 is open it was most likely caused by a shorted
component that is fed power by R14. Check the following
components for proper operation {(Q2, Q1, D1, D3).

E. Check Q2 Waveforms

Using x100 probe on Q2 heat sink, check coliector waveform.
Transistor should be switching, correct waveform is shown in
Figure 2.

If this is not present check for open junctions on Q2. if Q2 is
ok, check to see if base voltage is being supplied to Q2, it
should be 0.7 volts. If it is not present, check components (L3,
Q1, D1, and R4).

50 V/DIV
5 usec/DIV

Input — 120VAC

l.oads — 5@ 2A
+12@ 1A
-12@0.1A

Figure 6-2. 02 Coliector Waveform

113

6.2.5 Low Qutputs
A. All outputs are Low

If all outputs are low at the same time, check to ensure that
the voltage selection jumper is in the proper position.

B. +5V and +12V (V3) Outputs

The power supply regulates off of the +5V and +12V (V3)
outputs. If these outputs are low, it could cause the others to

be low. If so, adjust +5V and +12V (V3) outputs by removing
or adding R27 and R28.

C. Rectifier Check
If any one output is not present, first check the rectifier

associated with that output and then the rest of the
components in the circuit and the solder joints on the PCB,

6.2.6 Crowbar

If the crowbar is not operating, check Z1 and SCR1. If the
crowbar is not triggering within the specified limits, change
Z1.

1.0 VDIV
5 Usec/DIV

Input and Loads
same as above.

Figure 3-3. Q2 Base Waveform



6.2.7 Performance Test Table 6-2. Voitage and Ripple Specifications

Each of these test conditions should be set up and noted to be Output Min Max Ripple (Max RP)
within the limits specified in Table 6-2.
+5V 5V 5.256 50 MV
Step Input +5V Load +12V{(V2} +12V(V3) -12V +12V 11.40V 12.60V 120 MV
+12V 11.40V 12.60V 120 MV
1 90VAC Max Max Max Max -12Vv -11.40V -12.60V 120 MV
2 132 Max Max Max Max
3 120 Max Min Min Min Pin Assignments
4 120 Min Min Max Min
5 132 Min Min Min Min AC Input:
6 Test Crowbar Limits. TB1
Pin 1 Line
If the power supply does not pass the above tests, refer to Pin 2 Neutral
Section 6.2.4 and 6.2.5.
DC Output:
Table 6-1. Load Board Values TB2 Pin7 V3 +av
Pin 1 Common Pin8 V1 45V
Safe Pin2 V2 +12V Pin9 V1 +5V
Min Load Load Max Load Load Pin3 Key Pin 10 V1 +5V
Output Load Resistance  Power Load Resistance Power Pin 4 V4 —12V Pin 11  Common
Pin5 V3 +12V Pin 12 Common
+5V 1.35A 3.7 ohms 12.5W 4.0A 1.25 ohms 50W Pin 6 V3 +12V Pin 13 Common

+12V-V2 0.40A 30 ohms 0w 21A 5.7 ohms 50W
+12V-V3 0.60A 20 ohms 15w 1.5A 8 ohms 35W

—12V 0OA 1K ohms TW  0.1A 120 ohms 3w Mating Conhectors are:

Molex Japan Co. Ltd.

AC Input (housing) 5239-09
DC Qutput (housing) 5265-12
Pin 5167
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Parts List, Power Supply #8790043,

(Astec AAl12090)

Item Sym
1 Cl
2 Cc2
3 C3
4 Cc4
5 C5
6 C6
7 Cc7
8 Cc8
9 Cc9
10 Cc1lo0
11 Cl1
12 cl2
13 C13
14 Ccl4
15 C15
16 cle
17 Cc17
18 Cl8
19 Cl9
20 c20
21 c21
22 C22
23 C23
24 C24
25 c25
26 D1
27 D2
28 D3
29 D4
30 D5
31 D6
32 D7
33 D8
34 D9
35 D10
36 D11
37 D12
38 zl
39 DB1
40 Fl

Capacitors
0.01 ufd, +/- 20%, 250VAC, MPR
0.1 ufd, +/- 20%, 250VAC, MPR
4700 pfd, +/- 20%, 400VAC, Ceramic
4700 pfd, +/- 20%, 400VAC, Ceramic
100 ufd, +/- 20%, 250V, Electro.
47 ufd, +/- 20%, 250V, Electro.
100 ufd, +/- 20%, 250V, Electro.
47 ufd, +/- 20%, 250v, Electro.
220 ufd, +/- 20%, 10V, Electro.
0.01 ufd, +/- 20%, 100V, Ceramic
470 pfd, +/- 20%, 3kV, Ceramic
0.01 ufd, +/-20%, 1lkV, Ceramic
0.01L ufd, +/- 20%, 250VAC, MPR
0.22 ufd, +/- 10%, 100V, Polyester
0.022 ufd, +/- 20%, 100V, Polyester
0.22 ufd, +/- 10%, 100V, Polyester
1000 ufd, +/- 20%, 16V, Electro.
1000 ufd, +/-20%, 16V, Electro.
1000 ufd, +/-20%, 16V, Electro.
1000 ufd, +/- 20%, 16V, Electro.
330 ufd, +/- 20%, 16V, Electro.
2200 ufd, +/-20%, 16V, Electro.
2200 ufd, +/-20%, 16V, Electro.
2200 ufd, +/- 20%, lev, Electro.
330 ufd, +/-20%, 16V, Electro.

Diodes
RGP10B
RGP10J
RGP10OM
RGP15B
1N4606
Heatsink Assembly
Heatsink Assembly
Heatsink Assembly
RGP10B
1N4606
1N4606
1N4001GP
Zener, 5.6V, +/-5% @ 40mA
Bridge Rectifier KBPL10

Fuse
Fuse 2.5A, 250V, 3AG
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068-10300010-220
068-10400010-220
055-47220001-189
055-47220001-189
057-10120170-141
057-47020040-192
007-10120170-141
057-47020040-192
057-22110300-190
055-10382125-111
055-47167728-111
055-10368925-111
068-10300010-220
058-22400240-189
058-22300080-220
058-22400240-189
057-10220100-192
057-10220100-192
057-10220100-192
057-10220100-192
057-33120120-192
057-22220070-192
057-22220070-192
057-22220070-192
057-33120120-192

226-10400070-118
226-10400060-118
226-10400100-118
226-10100040-118
212-10700210-158
853-60200650-000
853-60200650-000
853-60200650-000
226-10400070-118
212-10700210-158
212-10700210-158
226-10400080-118
222-56086002-148
226-30500010-118

084-00200060-217



Parts List, Power Supply #8790043, (Astec AA12090)

Item Sym Description Mfgr's Part No.
Inductors
41 Ll Toroid 024-00000110-484
42 L2 Toroid 124-00000110-484
43 L3 Base Choke 2.2 uH 328-00100030-124
44 L4 Choke 1.5 mH 328-00100010-124
45 L5 Choke Coil 852-20100180-264
46 L6 Choke Coil 852-20100180~-264
47 L7 Filter Choke Coil 852-10100370-264
Resistors
48 R1 4 ohm, +/- 10%, Thermister 258-40970015-152
49 R2 4 ohm, +/- 10%, Thermister 258-40970015-~152
50 R3 100K ohm, +/- 5%, 1w, Metal Film 247-10036054-156
51 R4 100K ohm, +/-5%, 1W, Metal Film 247~10036054~156
52 R5 33 ohm, +/-5%, 2W, Metal Oxide Film 248-33006063-189
53 R6 820 ohm, +/-5%, 1/4W, Carbon Film 240-82106022-152
54 R7 5.6 ohm, +/- 5%, 1/4W, Carbon Film 240-56906022-152
55 R8 47 ohm, +/- 5%, 1/4W, Carbon Film 240-47006022-152
56 R9 5.6 ohm, +/- 5%, 1/4W, Carbon Film 240-56906022-152
57 R10 10 ohm, +/- 5%, 1/4W, Carbon Film 240-10006022-152
58 R11 0.47 ohm, +/-5%, 1lW, Metal Film 247-04786054-156
59 R12 5.6 ohm, +/- 5%, 1/4W, Carbon Film 240-56906022-152
60 R13 120 ohm, +/-5%, 1W, Metal Oxide Film 248-12106052-189
61 R14 1 ohm, +/- 5%, 1lW, Metal Film 247-10086054~156
62 R15 39 ohm, +/-5%, 1/4W, Carbon Film 240-39006022-152
63 R16 270 ohm, +/-5%, 1/2W, Carbon Film 240~-27106033-152
64 R17 270 ohm, +/-5%, 1/2W, Carbon Film 240-27106033~152
65 R18 8.2 ohm, +/-5%, 1/4W, Carbon Film 240-82906022~-152
66 R19 330 ohm, +/-5%, 1/4W, Carbon Film 240-33106022-152
67 R20 56 ohm, +/-5%, 1/4W, Carbon Film 240-56006022-152
68 R21 56 ohm, +/-5%, 1/4W, Carbon Film 240-56006022~152
69 R22 12K ohm, +/-5%, 1/4W, Carbon Film 240-12306022-152
70 R23 470 ohm, +/-5%, 1/4W, Carbon Film 240-47106022-152
71 R24 4.7K ohm, +/-2%, 1/4W, Metal Film 247-47015022-189
72 R25 22K ohm, +/-2%, 1/4W, Metal Film 247-22025022~189
73 R26 2.7K ohm, +/-1%, 1/4W, Metal Film 247-27014022~189
74 R27 100K ohm, +/-5%, 1/4W, Carbon Film 240-10406022~152
75 R28 100K ohm, +/-5%, 1/4W, Carbon Film 240-10406022~152
76 R29 12 ohm, +/-5%, 1/4W, Carbon Film 240~-12006022~-152
Transformers

77 Tl Common Mode 852-20200120-264
78 T2 Power 852-10201340-000
79 T3 Control 852-10201510-000
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Parts List, Power Supply #8790043, (Astec AA12090)

Item Sym Description Mfgr's Part No.
Transistors

80 Q1 NPN, SD467 209-11700460-120

8l Q2 NPN, 2SCl358 209-30200020-143

82 Q3 PNP, SB561 210-11700350-120

83 04 Intergrated Circuit, TL431CLP 211-10800100-176
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6.3 Power Supply #8790049, 65 Watt

6.3.1 System Description

Basic Principle

A switching power supply circuit employs a high-speed
semiconductor switch to contro! the storage and release of
electrical energy in an inductor and provide regulated DC
output voltages with a minimum loss of energy in heat-
dissipating elements. There are several schemes for achieving
this result which differ primarily in the arrangement of the
basic circuit elements. These elements include a switch, an
inductor, a rectifier, a capacitor and a DC voltage source.

An arrangement well-suited for economical power supplies
with rated power outputs under 100 watts is the FLYBACK
CONVERTER shown in Figure 6-4. The waveforms in Figure
6-5 are used to describe the operation of the Fiyback Conver-
ter circuit. For the purpose of this discussion we will assume
that the duration of the ““ON’’ time equals the duration of the
“OFF' time.

L
D

n:l
-J_ e Isec Yo
~— vin i %

° ] +

= T° O
Switch

O
t—

Figure 6-4. Basic Flyback Converter

When the switch is closed (ON) at time ta, Vin is impressed
across the primary winding of inductor L and the current lsw
increases linearly from zero until the switch opens (OFF) at
time tb. Note that Isec is zero while the switch is closed. This
is because Vsec is negative with respect to Vo thus reverse-
biasing diode D. Note that Vsw is also zero while the switch is
closed.
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When the switch opens at time tb, the magnetic field of L
instantly collapses and reverses polarity. At this moment, Vsw
is equal to Vin plus the voltage across L just before the switch
opened (also equal to Vin). Therefore, at the instant the
magnetic field reverses polarity, Vsw = 2Vin.

During the interval when the switch is open (tb to tc), the
secondary voltage, Vsec, is a replica of the primary voltage
Vsw. Diode D is now forward biased due to the polarity of the
inductor windings and because the turns ratio, n, is such that:

Vsee x n ) Vo

This biasing replenishes the charge in capacitor C that was
delivered to the load R during the ta-tb interval. This is the
“flyback” interval and is so named because the inductor
releases the energy stored in its magnetic field while the switch
is OFF.

Several other facts are illustrated by the waveforms of Figure
6-5. First, the voltage across the switch Vsw decays exponen-
tially from 2Vin to Vin during the “OFF’ interval. This is
because the inductor and the switch timing are adjusted to
transfer all of the energy that was stored in the inductor while
the switch was ON, into the secondary while the switch is
OFF. (Observe that lsec DECREASES linearly with time to
zero at the end of the “OFF’ time period.) This is known as
resetting the core. Thus, at time tc when the switch is ready to
turn on again, the DC input voltage Vin is again available to
charge the inductor. Also at this time, all currents in the
inductor are zero.

Second, since we have assumed that Isw increases linearly with
time and that the ON and OFF time periods are equal (50%
duty cycle), the average current in the primary, Isw (av), is 1/4
the peak current Isw. Also, the average current in the
secondary, which is equal to the load current lo, is 1/4 the
peak current in the secondary.

Third, the turns ratio is set by the ratio of the average primary
voltage (Vsw) over a full cycle at its lowest value to the
maximum permissible output voltage, Vo. The lowest Vsw
value occurs at low AC line and maximum output load. In
practice, the actual turns ratio, the ratio of peak-to-average
voltages and currents, and the duty cycle may be adjusted to
compensate for circuit losses.

Fourth, notice the ringing or oscillation that appears on the
peak portion of Vsw and Vsec. This oscillation occurs at the
resonant frequency of the leakage inductance of the inductor
L and the parasitic capacitance of the circuit. The parasitic
capacitance includes the interwinding capacitance of the
inductor and stray capacitance of the switch. If this oscillation
is not damped by a suitable means, the peak voltages may
easily exceed the breakdown rating of the switch or the
insulation in the inductor.
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Figure 6-5. Waveforms for Figure 6-4.

‘Block Diagram

The basic circuit illustrated in Figure 6-4 can be divided into
three functional blocks: Input DC supply, primary, and
secondary. To make use of this model, we need to expand it to
provide control for the switch timing and to include sufficient
circuitry to satisfy performance and reliability specifications.
The complete block diagram is shown in Figure 6-6.
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Figure 6-6. Block Diagram

The other blocks provide additional output voltages, add
safety or protective features, reduce circuit noise, and develop
signals for use by the control section. The control section
continuously operates the bipolar transistor switch and varies
the proportion of ON time to OFF time in response to changes
in AC input line voltage or output load current. This is
accomplished by feeding back a signal from the output
terminals that instructs the control section to increase or
decrease the ON time to compensate for a change in the
output voltage.

The DC voltage supply to the control section is controlled by
the latch circuit when AC power is first applied to the power
supply. A built-in timing circuit allows the input DC supply
filter capacitor to become fully charged before power is
applied to the control section. After the control section circuit
starts and secondary voltages reach their regulated output
levels, the auxiliary power supply provides the required DC
voltage to operate the control section. The latch is reset when
the current limit or under-voltage sensors operate, thus
removing DC voltage to the Control IC.
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There are four secondary or output voltages in addition to the
auxiliary supply: +5.05 volt, +12 volt CRT, +12 volt Disk, and
—12 volt. The +5.05 and +12 DISK voltages are regulated by
the control circuit response to the frequency compensated
feedback control signal which comes from the load sense
section. Since the load sensing occurs on the secondary side,
an optional coupler circuit is necessary to provide safety
isolation between the primary side common ground and the
secondary side common ground.

All the secondary voltages, including the auxiliary +12 voltage,
share the same magnetic flux linkage in the transformer core
and are controlled by the flyback inductor. Any change in
secondary load currents cause a change in the shared magnetic
flux. This change in the flux of the inductor sets up an EMF
(electromotive force) which causes a flux in opposition to the
one which resulted from the change in load current. Thus, the
original change tends to be counteracted and the current
delivered to the load remains constant.



The output filters reduce the remaining ripple voitage com-
ponents of the AC line and switching frequencies to levels low
enough to prevent interference with the circuits operated by
the supply. Switching frequency components that could be
conducted out the AC input terminals are suppressed by the
EMI filter to avoid interference with other equipment con-
nected to the power line.

The overvoltage crowbar senses an abnormal rise in the +5.1
volt output and short-circuits the voltage line to the common
secondary ground, thus tripping the current limiting circuit
which finally shuts down the supply.

The surge limiter at the AC line input prevents the input filter
capacitor in-rush current surge from exceeding component
ratings or unnecessarily tripping external fuses.

6.3.2 Technical Specifications

Environment

Temperature; Operating 0" to 50° C (32° to 122° F)

Storage —40° to 85° C (—40° to 185° F)
Humidity; Operating 85% r.h. @ 35 C (95° F) max.
Storage 95% r.h. @65 C (131° F) max.

input Voltage:
90 to 135 VAC rms, 47 to 63 Hz

Input Surge Current:
48 amps max.

Efficiency:
70% min. at full load with 115 VAC rms input

Output Voltages:
V1, +5.05VDC
V2, +12VDCCRT
V3, +12VDCDISK
V4, —-12VDC

Output Power:
continuous 65 watts max.

Output Current:

l.oad
Output Min. Max.
Vi 1.35 A 40 A
Condition 1 V2 0.60 A 1.5 A
(Model 11 use} V3 0.40 A 2.1A
Va4 0.005A 0.10A
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Condition 2 V1 25 A O A
(Hard Disk use) V3 0.75 A 20 A"
V4 0.005 A 0.10 A

*NOTE: V2 and V3 connect in parallel to provide the V3
output, The V3 output will support a 5.0 A peak load
which decays to 1.0 A in approx. 8 seconds. V1 and V3
must be within specified regulation when this surge decays
t0 4.0 A,

Output Ripple Voltage:

Al {5.05 VDC) 50mV p-p

V2 (+12 VDC) 150mV p-p
V3 (+12 VDC) 150mV p-p
Vi (—12 VDC) 150mV p-p

NOTE: Ripple is the composite 100/120 Hz ripple due to
the line, plus the high frequency ripple due to the power
oscillator. Common mode noise which may be observed due
to oscilloscope connections should be ignored.

Output Voltage Regulation:
After initially setting V1, output voltage tolerances under
all conditions of rated line, load, and temperature should
remain within the following limits:

Vi ( +5.05 VDC) +/— 3%

V2 (+12VvDC) see *"NOTE

V3 (+12 VDC) +/— 5%

Va4 (—12 vDC) +25%, —8.3%
*NOTE: a) The initial value of V2 must not change by

more than +/-— 100mV under the following

load conditions of V3:

— A step increase in output current from
0.6 A (initial condition) to 2.4 A, decaying
within 60 msec to 2.1 A.

— A step decrease in output current from
2.1 A (initial condition) to 0.6 A.

b) V2 output voltage may vary +/— 5% under
all other conditions of rated line, load, and
temperature as defined in the specification.

Over-Current Protection:
Power supply will shut down before total power exceeds
the point where damage would result. No damage will result
when any output is short circuited continuously with 100
milliohms or less.

Over-Voltage Protection:
The +b.05 VDC circuit is protected with a “crowbar”
circuit with a trip range of 5.8 to 6.8 VDC.

Hold-Up Time at Continuous Max Load:
Nominal Line 16 mSec minimum
Low Line 10 mSec minimum



6.3.3 Theory of Operation

The basic operating principles of a flyback converter and the
necessary functional blocks to form a complete power supply
were reviewed in the System Description section. In this part,
the operation of each section of the circuit will be analyzed
and later these sections will be connected to illustrate the
signal flow in the power supply.

AC INPUT

A conventional bridge rectifier and a filter capacitor are
connected directly across the AC line to provide the DC input
voltage to the power supply.

An EMI filter consisting of capacitors C30-C33 and choke T2
are inserted at the input to the rectifier. This filter circuit
keeps the high frequency signals generated in the power supply
from being conducted into the AC power line. C30 and C31
provide a low impedance to the earth ground terminal for
signals common to both hot and neutral sides of the AC line.
C32 provides a low impedance dissipative path for the RF
signal energy which appears across the line. T2 blocks RF
signals common to both sides of the line and reflects them
back toward the lower impedance elements near the rectifier.
T2 also helps block differential (across-the-line} signals by
using the EMF set up by the signal current on one side of the
line to oppose the signal current flowing in the other side. C33
serves as a transient bypass capacitor to protect the power
supply from large transient voltages that appear on the AC
power line. C33 also improves the efficiency of the RF1 filter
choke T2 by terminating the line in a low impedance to absorb
and dissipate any remaining differential RF energy.

R38 is a negative-temperature-coefficient-themistor which
limits the turn-on surge current of the power supply filter
capacitor C29. The resistance of this thermistor when “cold”
is approximately 10 ohms. As the filter capacitor charges
toward the peak value of the AC input voltage, it draws less
current from the line. At the same time, the heating effect of
the current flowing in the thermistor causes its resistance to
decrease until it reaches its rated “hot" resistance of less than
1 ohm. As you can see, the thermistor dissipates very little
power when the power supply is in operation. The thermistor
is designed to cool rapidly enough, during power loss or
turn-off, to limit the turn-on surge after only a few seconds
cool-down.

The fuse, a fast acting 3.0 amp unit, is selected to ignore the
short term turn-on surges, but open quickly in the event of an
abnormally high current that would result from a component
failure in the DC input supply or current limiting circuits.

Auxiliary Power Supply

The auxiliary power supply is operational when the main
supply is on and not in a shut-down condition. This power
supply consists of winding 2-3 on T1, half-wave rectifier CR4,
and filter capacitor C14. The voltage output is approximately
+15 volts under normal conditions but momentarily reaches
about +31 volts during start-up.

Kick Start Latch

Start up of the circuit is initiated by the kick start latch. This
lateh is shown in simplified form in Figure 5a along with the
accompanying waveforms in Figure 5b. When power is applied,
C14 charges toward Vin = +160 volts through R26 with a time
constant of approximately RC or 37.5 seconds. However, as
we'll see, the kick start latch turns on in 2 or 3 seconds, the
time required for the voltage across C14 to reach 30 + Vbed =
30.7 volts. At this point Q4 turns on and develops a bias across
R21 which turns on Q5.

+

160 vbC

F1 = o —
3 amp :EMI filter
Lo o\ p | T2
90 to 135 VAC I I o
50/60 Hz | == 33 WU
| .'TTW
R38 |
R
E O

Figure 6-7. Input AC Supply
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Figure 6-8. Kick-Start Latch

Referring to Figure 6-8b, as C14 dumps its charge into C1
beginning at time t2, the voltage across C14 starts to decrease
toward a level that will be determined by the load composed
of U1 and the base drive circuit. Notice that the voltage across
C1 momentarily approaches the full 31 volts at time t3 before
it drops down under load to about +15 volts at time t4.

With C1 charging rapidly through the low resistance of a
saturated Q4 via Vbeb, the reference supply inside U1
develops its 5.0 volt output when the voltage across C1
exceeds about 8 volts. At this point, the supply has not quite
yet started, but U1 has a DC supply at pin 10. All that remains
is to start up the pulse generator so that the supply operates
and replenishes the charge in C14 on each cycle, thus
maintaining a DC source for U1 of about +15 volts. Com-
pletion of the start-up sequence occurs when the soft start
circuit, described in the next section, has started the pulse
generator.

Control Section

The control section consists of the control I1C, the primary half
of the feedback optocoupler U2, and the base drive circuit for
the switching transistor. The control circuit IC has three major
parts: an internal regulator, a pulse generator, and an error
amplifier section.

The internal reference is a regulated +5.0 DC voltage. This
voltage provides the reference voltages for the comparators
used in the pulse generator as well as the DC supply voltage for
the feedback optical coupler and the internal circuits of U1
except for its output transistors.

The pulse generator section of the control IC has four major
parts: (a) sawtooth oscillator; (b} wave-shaping and output
circuit; (c) regulating comparator; (d) dead-time comparator.
Figure 6 illustrates the sawtooth oscillator and output circuit
waveforms and the approximate levels of the DC control
voltages applied by the comparators to the wave-shaping logic.
The oscillator frequency is set by the values of R3 and C7
shown in Figure 7.

The amplitude of the sawtooth is set at 3.0 volts (approx-
imately 60% of the 5.0 volt reference voltage). Whenever the
sawtooth voltage, Vosc, exceeds both of the DC control
voltages, Vreg and Vdt, the output circuit will be in the ON
condition.

The DC control voltage, Vreg, set at a quiescent value by R6
and R9, varies in response to changes in the supply's DC
output voltages as sensed by U3 and coupled through U2.
Notice that these voltages will vary because of changes in

output loading, AC input voltage, .ard also because of the !

residual 120 Hz ripple component from the main DC supply.



The dead-time control voltage, Vdt, is set at a constant value
by R4 and R5 and ensures that the pulse generator “OFF’’
time will be at least 50% of the sawtooth period. This allows
adequate time for the complete transfer of stored energy from
the primary to the secondary of transformer T1 as discussed in
the section on basic principles.

A concept known as duty cycle was introduced in earlier
paragraphs. Duty cycle is defined as the ratio of the “ON"’
time of the sawtooth cycle to the total length of the sawtooth
period. Since the sawtooth has a linear ramp characteristic, the
duty cycle is also equal to:

Vosc, pk — Vreg _ ton
Vose, pk ~ T period

duty cycled =

There are three possible conditions of the duty cycle:

d=0 which occurs when either control voltage Vreg
or Vdt exceeds the peak value of the sawtooth
waveform Vosc

d=50%  which occurs when Vreg is less than Vdt. This

happens when the loading on the output of the
supply is heaviest and the AC input voltage is at
its lowest permitted level {see specifications)

0 {d {50% which occurs during normal operation.

vosc,volts (Ul, pin 5)

A

The dead-time control voltage is used in one other important
way. Notice the 4.7 ufd capacitor, C2, connected across R4 in
Figure 6-10. When power is first applied to the supply, the
voltage across the capacitor is zero. Therefore, Vdt = Vref =
5.0 volts and no pulses appear at the output because Vdt is
greater than Vosc,pk. As C2 charges, Vdt decreases toward 1/2
(Vosc,pk) in a time determined by Rb and C2 as t = 5x15k
ohm X 4.7 ufd = 1/3 second. As Vdt decreases past Vosc, pk,
very narrow pulses begin appearing at pin 8 of U1. The pulses
become successively wider until Vdt is less than Vreg. C2
continues charging until Vdt reaches the final correct value of
about 1.5 volts. This action provides the soft start feature of
the power supply and allows sufficient time for the DC input
supply and latch to reach normal operating conditions before
the supply is started. In effect, the load is connected to the
supply gradually by the soft start circuit.

Frequency stability of the sawtooth oscillator is provided by
the 2% tolerance and polyester construction of the timing
capacitor, C7, and the 100 parts-per-million temperature
stability and 1% tolerance of R3. Voltage stability of the DC
contro! voltages is provided by the +/— 2 1/2 percent stability
of the 5.0 volt reference.

The control section consists of two error amplifiers in U1, the
primary half of U2, and associated circuitry shown in Figure
6-10. One of the error amplifiers serves as a regulator or pulse-
width modulator which derives the DC control voltage, Vreg,
from the signal voltage developed across R7 by the current
in U2,

Vlegic
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104 | { ] |
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T % 25 microsec.

Figure 6-9. Oscillator, Pulse Generator Waveforms
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This current is a replica of the current developed by U3 in
response to the condition of the output voltage at the +5.1v
and +12v outputs. This amplifier has a gain of about 10
determined by:

_ RS 22k ohm ~
A= Re T me 2.35k ohm 10

The other error amplifier in U1 serves as a shut-down
comparator. The positive terminal, pin 14, is set at the +5.0
volt reference and pin 13, the negative terminal or shut-down
pin, is tied to the current limit latch. The output of this error
amplifier (equal to Vreg since both error amplifier outputs are
tied to the wave-shaping logic) will rapidly increase toward the
+5.0 volt reference when pin 13 drops below 5.0 volts. Recall
that if Vreg exceeds the peak sawtooth voltage, pulses are
inhibited and the power supply shuts-down.

Base Drive

Figure 6-11 illustrates the BASE DRIVE circuitry which turns
switching transistor Q7 on and off in response to the output of
the pulse generator portion of U1, The “ON" circuit is shown
in Figure 6-11a and the “OFF" circuit is shown in Figure
6-11b. Waveforms for these circuits appear in Figure 6-12.

The output transistor of U1 combined with Q3 forms a
Darlington pair. This circuit provides the relatively large
current necessary (through coupling capacitor C8) to turn on
Q7. R23 limits this base current to a value large enough to
turn on Q7 quickly, but not so large that it will exceed the
ratings of Q3, C8, or the base emitter junction of Q7, or so
large that the turn-off time of Q7 is excessive.

+15V
+160V
/ " R23 4
9
_J—‘ Il
8 5,6
o l:: 03 cs !
- Q7 {a) Turn Q7 ON
# -——t]
R37
+160V
Y/ S——
m R23 “
OH Q7 {b) Turn Q7 OFF
y —
R24 @ R37

Figure 6-11. Base Drive Circuit
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As Q3 turns on, C8 charges to approximately +5 volts and Q7
is driven into saturation. Energy is stored in the primary
winding of T1 as the collector current of Q7 increases or
“ramps up’ at a rate determined by the inductance of the
transformer primary winding.

When the output transistor of U1 turns off, the emitters of Q1
and Q2 are initially at the +6 volt level determined by the
charge on C8, the Vbe drop of Q7, and the drop across R37.
Both base-emitter junctions of the Q1-Q2 Darlington pair are
biased ON and the positive terminal of C8 is clamped to
near-ground by the saturating Q1. At this point, C8 still has
most of its charge and the base voltage of Q7 is approximately
-4.5 volts with respect to ground.

With the strong reverse polarity provided by C8 across the base
emitter junction of Q7, the “forward” charge stored in the
junction capacitance is quickly swept out and Q7 is turned off.
C8 continues to discharge through R24 to prepare for the next
“ON" cycle. R19 limits the initial discharge of C8 while Q7 is
turning off.

+160V

Notice the symmetry in the base drive circuit and the key role
played by C8 in both the turn-on and turn-off sequences.
Because of this crucial role in the circuit, this capacitor is

specified as a high temperature, low-equivalent-series-resistance
component.

Primary Circuit and Current Limit Shutdown

The Primary Circuit

The Primary circuit, shown in Figure 6-13a functions exactly
as described earlier in the ‘‘Basic Principle’’ section, That is,
the switch (Q7) is controlled by the base drive waveform
developed by the control section,

The Snubber Circuit

Practical transformers cannot couple 100% of the stored
energy from the primary to the secondary since all of the flux
from the primary fails to link all the secondary turns. A circuit
using this practical transformer behaves as though a small
fraction of the primary inductance was not wound on the core
of the transformer, but instead placed apart from the primary
and in series with it. This small, separately-acting inductance
does not participate in the transformer action and is calied the
leakage inductance.

If the resonant circuit, consisting of this leakage inductance
and the stray capacitance in the adjacent circuit, has sufficient
Q (relatively low resistance losses), a damped oscillation will
occur in this resonant circuit when the transistor switch opens.
The peak value of this oscillation will add to the Vce =2 x Vin
which appears across the transistor switch just after turn-off.
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Figure 6-13. Primary Side Protection
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The combined peak Vce may exceed the transistor breakdown
rating if not damped out by the action of a snubber circuit.

When Q7 turns off, the energy stored in the leakage
inductance is transferred to the electric field of the total
capacitance of C37 plus stray capacitance. (Since C37
capacitance is much larger than the strays, it dominates in this
action and tends to limit the peak value of the Q7 turn-off
voltage.) If there were no resistance in this series connection of
C37-plus-parasitics and leakage inductance, they would
exchange this energy back and forth indefinitely. R40 is used
to damp this oscillation without excessively slowing the
turn-off of Q7, thus effectively snubbing the turn-off voltage
spike at the collector of Q7.

Current Limit Circuit and the Shut-Down Sequence

The current limit circuit forces the voltage level at a control
pin of U1 to change to a near-zero value very quickly when the
current in the transistor switch exceeds a predetermined point.
It also removes the supply voltage from the control circuit and
resets the kick start latch and soft-start circuits.

The current limit circuit shown in Figure 6-13c has three
parts: a control bus, a detector, and a latch. The control bus
supplies the operating DC voltage to the current limit circuit.
it also conducts the current limit signal to control pin 13 and
to the reset-point in the kick start {atch circuit. Diodes CR2
and CR3 steer this signal.

The normal maximum peak current in switching transistor Q7
is 3 amps. The detector transistor Q8 is biased tc turn on by
the divider action of R35 and R36 whenever the Q7 peak
current through R37 exceeds 4 amps. A low-pass filter, formed
by R35 and C22, prevents false detections on transient signals
that don’t represent an over-current condition.

As soon as Q9 turns on, its collector current develops the
turn-on bias for Q8 across R33, and the Q8-Q9 pair “latches”’
in the “ON’’ state until the DC source for the latch is removed.
Removal of this DC source occurs when C1 discharges through
CR1, thus removing DC voltage from the control IC. Notice
also that the kick start latch, Q4 and Q5, is still in the “ON"
state and thus provides a discharge path for C14. When the
decreasing voltage across C14 is less than approximately one
volt, the Q4-Q5 latch also switches off.

At this point in time, all circuits are in an OFF condition
except the input DC supply. C14 now begins to re-charge
toward the input DC supply to restart the power supply. If a
fault remains, the kick start and current limit circuits will
continue to shut-down and re-start the power supply several
times per second until the fault is removed or AC power to the
supply is turned-off.
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Under-Voltage Lockout

The Under-Voltage Lockout, UVL, shuts down the supply
whenever the AC input voltage drops below about 90 volts.
This occurs when the voltage at pin 13, set by the divider
action of R27 and R25, diminishes to a level below the
internal reference supply of the control IC. Pulses are inhibited
immediately and because the DC supply to the Control IC is
no longer replenished by the auxiliary supply, it discharges
toward zero.

Why is it important to shut down the supply if the input AC
line drops below 90 volts? The answer will become clear when
an inherent characteristic of the circuit is discussed, namely,
its negative input resistance.

Imagine the situation where the supply is delivering full power
to its load and the AC input voltage drops five or ten volts.
The supply control circuit responds by increasing the “ON’’
time of the switching transistor thus increasing the average
current in the primary winding. The only way the DC supply
can deliver more current is to draw it from the AC line. So the
negative change in AC input voltage was accompanied by a
positive change in AC input current.

Another way to describe this characteristic is that the supply is
a constant power device, that is:

Pin = Vin x lin = constant.

Thus if V decreases, | will increase, and vice versa. The supply
will thus draw more and more current from the AC line if the
AC voltage continues to decrease. In order to limit the average
current to a safe value, the control circuit senses the input
voltage and shuts down the supply before the AC voltage level
becomes too low or the AC current input becomes too high.

Secondary Outputs

Each of the secondary windings consist of a half-wave rectifier
followed by a pi filter. The input capacitor of the filter stores
the charge delivered to it when the rectifier is biased ON by
the polarity of the transformer winding. The inductor and the
output capacitor form a low-pass filter which removes the
switching frequency ripple component.

The current output of the —12 volt supply is much smaller
than that of the positive voltage outputs. Because of this, the
current limit circuit response is not sufficiently effective to
prevent damage to the --12 volt circuit. Therefore, a three
terminal regulator with its own current limiting circuit is used
to protect the —12 volt output.

All of the 12 volt rectifiers are fast recovery types and the +5
volt rectifier is a Schottky type. These diodes feature high
switching speeds during turn-off. Their low forward voltage
drop minimizes dissipation resulting in maximum efficiency.
Each of the positive outputs has a bleeder resistor.



The reason for two separate +12 volt outputs is to provide
sufficient isolation between different types of loads. It is easier
to regulate the +12 volts if the foad which contains the DC
motors in the disk drives is separated from the rest of the
loads. In addition, the +12 volt “’Disk” output (V3) is included
in the load sense network in order to minimize the load
transients which occur when the disk drives turn on and off.
The supply is then better able to regulate the other +12 volt
output {V2) during the severe V3 transitions.

Load Sense and Feedback Signal Development

The circuit of Figure 6-14 has three parts. In part (a), the IC’s
U2 and U3 are biased ON by resistors R11 and R22. These
resistors also sense the changes in AC line input voltage to
provide line regulation. U2A is the LED half of an optocoupler
which serves to isolate the DC ground circuits of primary and
secondary while coupling the AC feedback signal via optical
coupling. U3 serves as both a stable DC reference voltage
which the output voitages are compared against and as an error
amplifier which provides the gain necessary for adequate
sensitivity of the control IC/to load changes.

Each of the passive components in the load sensing network is
a high stability (+/— 100ppm) part to assure stability of the
network over the operating temperature range of the power

supply.

Part {b) of Figure 6-14 includes the network which tailors the
frequency response of the error amplifier so that it responds to
low frequency change only. This network, consisting of
R14/C5 and R13/C4, aiso determines the stability of the
power supply by ensuring that the power supply control
circuit has no tendency to oscillate.

Part (c) illustrates the load sensing network. Equal currents
through R15 are supplied from the +12V DISK and +5.05V

transient signal occurring on the +12V CRT output {when the
motors turn on or off) is fed to R15 by C17. The wiper of
R15 feeds a control signal which represents the status of the
current loads to the error amplifier U3. U3 amplifies and
compensates it then U2 couples that control signal to U1
where it is used to vary the switching transistor (Q7) ON time
to adjust the output voltages as necessary. R15 is adjustable to
provide the initial set-up of the +5.06V output when it is
installed in a computer.

Overvoltage Crowbar

Some of the circuits supplied by the +5 volt output are quite
sensitive to voltages in excess of 7 volts. Since some circuits
require both +5 and +12 volts, a failure in those circuits could
apply +12 volts to the +5 volt bus and thus damage some of
the +5 volt circuits. To prevent the +5 volt bus from exceeding
a safe level, an SCR, QB6, is used to “‘crowbar’’ or short-circuit
the +5.05-volt output to the secondary ground bus. This short
circuit triggers the current limiting circuit and the supply shuts
down until it tries to restart.

Referring to Figure 6-15, VR2 sets the turn-on point of the
SCR and R17 develops the gate signal when VR2's Zener
breakdown voltage of 5.6 volts is exceeded. C6 and R17 pro-
vide current limiting for VR2 and filter the gate signal so
Q6 won't respond to transient signals.

Power Chain

In a sense we have already analyzed the power chain in the
section on basic principle of operation. The base drive causes
the switching transistor to turn on and off at a prescribed rate.
This action alternately stores energy from the DC input in the
primary inductance and releases it into the secondary through
the flyback transformer action. The energy is then stored in

Signal Processor

Response

outputs by R29 and R30. In addition, a portion of the the input filter capacitor at a voltage determined by the
+12V Disk
+12V Qutput
| | Input
i i 9
L1 { i
+ O ! > : _L o+
R22 $R1L ! ria | 2mc1s $R29 S R30
. P L %
1 | i
U2A cs
5 volt P T 5 volt
Input r'ad ca  gral i $ ais output
f——i(——wvv-—v——-—"——ﬂ' >
u3 i | 3
i : 3 R16
-0 l T o -
s |
- I I
| |
(a) Feedback |I (b) Frequency : (¢) Load Sense
| I

Figure 6-14. Feedback Signal Development
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R17 T Ccé

Figure 6-15 Overvoltage Crowbar

transformer turns ratio. Notice that the turns ratio determines
the ratio of collector voltage to secondary voltage, both of
which are alternating voltages. The ratio of input-to-output DC
voltage is determined by the duty cycle and the turns ratio
together.

For example, lets look at the +5 volt output of Figure 6-16 at
normal loading and approximately 120 VAC input. Under
these conditions, the DC input voltage is 168 VDC and the
duty cycle is approximately 40%. Thus, our average DC
voltage at the switching transistor collector (or across the
primary) is 40% of 168 or 67.5 volts. Dividing this average DC
voltage by the turns ratio for the 5 volt secondary (54 : 4
13.5) gives us 5.0 volts.

67.5V

T— 5V

135

+168 VDC

71 CR5
4 11 T +5VpC

54¢ 4t TClO

5,6 IO hd °
] Q7

base drive

Figure 6-16. Power Chain
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Control Chain

Imagine the load end of the feedback path disconnected from
the +5.1 volt output terminal and unfolded so that the load
sense network is now at the “input”. The secondary rectifier
(CRb) and filter (C10/C11, L1, C12) remain as the output.
The circuit as it now appears, redrawn in simplified form in
Figure 6-17 is known as the control chain, To see how the
regulation action occurs, assume a small negative voltage
change at the “input” of the feedback network and follow it
through the control chain.

This negative voltage change, which would correspond to a
slightly heavier load current, appears at pin 1 of U3 as a
decreasing voltage. The error amplifier in U3 inverts and
amplifies this signal. The positive-going output voltage of U3
at pin 3 causes less current to flow in the internal LED of
U2A. A replica of this smaller current, optically coupled and
induced in the phototransistor of U2B, develops a reduced
voltage across R7 at the non-inverting input of the regulator
error amplifier in U1.

The regulator error ampilifier in U1 does not invert the signal,
but further amplifies it, improving the sensitivity of the
control chain to small changes at the power supply output.
The regulator error amplifier output is Vreg. Since we
established earlier that a negative-going Vreg increases the
length of the base drive pulse, Q7 is turned on a little sooner
so that it can store more energy from the AC line in the
primary inductance. Finally, this increased energy is stored in
the filter capacitor C10/C11 during the flyback interval and
supplies the increased demand for current that resulted in the
original reduction in the output voltage.

More simply stated, the control chain uses an amplified version
of the output voltage CHANGE to adjust the width of the base
drive pulse through the action of a control voltage at a
comparator input.
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Figure 6-17. Control Chain Simplified Schematic

6.3.4 Troubleshooting Chart for Power Supply #8790049, 65 Watt

Trouble

open fuse

Current
limit cycle

Cause

shorted line input
filter capacitor

shorted bridge

shorted filter
capacitor

shorted switching
transistor
single rectifier

open in bridge

open filter
capacitor

Remedy

check and/or replace
C33, €32, C31,C30

check BR1

check C29, C26, R39
check Q7, C37,

R40, C26, T1 pri.,

Q3, 1, R37

check and/or replace
BR1

check C29

shorted snubber
capacitor or
resistor

open opto-coupler

shorted supply
output

shorted output
rectifier

open or shorted
output
filter capacitor

defective crowbar
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voltage goes down

*:
*:

voltage goes up

compensating change
in output

CRS 9b

g ~~ C10/11

L> b’

-~ Secondary

check C37, R40

check U2

check computer for
short on +5V, +12V
CRT, +12V DISK, —-12V
outputs and clear
shorted condition

check CR5, CR6, CR7,
CR8

check C16, C18, C25,
C23, C10, C11,C12,
C19, C20

check Q6



no pulses
at pin 8

of U1,

(i.e., supply
shut down)

no aux. DC supply

no “kick start”

no base drive

dead-time control

divider malfunction

under-volitage protect
divider malfunction

PWM feedback
malfunction

6.3.5 Testing and Adjustments

check and/or replace
CR4,C14, T1 aux.

check R286, Q4, Q5,
VR1, CR1, C1

check U1, Q3, R23,
C8, R24

check C2, R4, R5,
U1 (for V ref.)

check R27, R25, C9,
Q9

check and/or replace
U1, U2, C3

The following tests should be performed to guarantee correct
operation of the power supply after repairs have been made.
The first test checks the primary circuits and is to be made
without AC power applied. The second test is a complete
operational test with AC power applied.

Primary, Checks T2, U1

NO AC POWER APPLIED

Apply +35 volts DC via 3900 ohm resistor from Q5
emitter to primary side ground. Observe the voltage across
C5 as it charges. As it reaches a value near +31 volts
(about 2 seconds), it should drop to near +15 volts as Q5
turns on.

Check U1 pin 8 and/or Q8 base for a base drive pulse: a
40 kHz square wave of 8 volts/4 volts amplitude respec-
tively.

134

Apply +35 volts DC through a 120K ohm resistor and a
normally closed SPST switch to U1 pin 13. Operate the
switch and observe Q8 base (TP1) for loss of base drive
pulses.

Operational, Checks T2, U1, U2

APPLY AC POWER

Apply rated maximum loading for condition 1 {Model 11}
use} or condition 2 (5 1/4" Hard Disk use).

Apply 120 VAC input voltage and observe Q7 current (via
loop on PCB) and voltage (at TP2). Supply should start in

two to four seconds.

Observe the +5.05 volt output and adjust R15 until the
output is exactly +5.05 volts DC.

Measure +12V and —12V outputs.

Check all outputs at Vin =90 VAC and 135 VAC at:

(a) minimum and maximum loads

(b} check +12V CRT when +12V DISK varies in transient
test.

Measure ripple. See Measurement Techniques below.

Measure efficiency. See Measurement Techniques below.

Test operation of current limit and over-voltage protec-
tion circuits by applying +7.0 volts to the +5 volt output.

Measurement Techniques

1.

Ripple — Unit connected to full load at low line. One end
of 50 ohm coaxial cable connected to output terminals.
Other end of cable (terminated with 0.0TuF ceramic cap
in series with 51 ohm resistor) connected to scope using
BNC T-fitting. Two components at 120 Hz and 40 kHz.

Efficiency — Use Diego Systems Series 200 power
monitor. Efficiency = Power Qut
Power In



R25

glb_ DATE A 1
" lt.l‘%xl: zczn 3:/ MDD €31/ (n-21-82|Q ) Q) | AiJr22 3300wAS § L -
+|a A C.8K / AODED o : ;
| | macr_reom 2 29 70 ré 367 gy (B) [Aa[CIT. AF WAS -O4iBIIS TD C 2% TO/of0 B2
o [rz s cam ez o malPer] |0 |ao| e e e, ['PR
R8I, R COLD _Tege i3z
,_,T‘j l_ Couomaon
-T2 wi /o2
== | = JAF 92
| ! | CRe 3 cn
| ' | INL M M 56,1
| Hift . - +| cie wyn,ul .
J? %40 34 I e 220 o a3
LO No— | H | g s e LIS o041 cul azxo:}x;u
TR : | | i LoWer " I
Hil! N
: Hif! N Pmio \
« ]! ae L+
-y o 1 1 R P . :
ol == [ sopl. A CKT,
250Wac 2a : I ” HuRS10W _Lﬂoo'f % R3¢ R4/ 229 | LW
54 | 5t % c23 K L 238
| | | 2 oV 0 %K 56 K o221
R3O 1,:1" | | | LOWSES ") 1%,00emm | |
5|6 : | | " OTl pwive
N o—@
o [ | | R2¢ 15 .00)
10 a cOLD gn i ! P H-
1A HoT SuH, IR
e o ! _— Ll
I ]
: | | €10 *aN
i moRI035 A/%
et ' 11 ’ et
SeK I ¢ ciaar -
%'N | | I E 4 co At U ¢y crntl
CRS #2054 2200 T 2200 2200
1‘<}1 I o s ov .3V RiG o
4 134 | | Lowese LOWeR 292 m ’
L% 7] | 1%, 100 rov|
JI 4K : 4 I : .
1| aux oe *o5v/1.5A 120 Il ; 1, 1213 REY
ol AR . P s L % 4
—02| sHuT- DNPIY |\ MU LoW at g '
R27 12 | | | Sidv /%
$ o o e s it - e
PRI aNp 50\," a% . 3 l | | '12 Tc ’:--b/
MP-UAA | R7YATN
TEST cONMECT ( - . 1 | wiqmz
see PEMIL e o '
NL
2 GREEN 1%l
\V4 FLYING LEAD IN4OOY
18(R) 20GA <RIO
el R2% o 1+ INSULATED .
21 o T JUMPER T
(15) ¥ 2w 36V 2.5 LONG T, oA&T OF EXTERNAL TEST Fix TURE “TI
+
(1) ¥ | aea (&7 : [ 55\'/' a :
1' s L . i
¢e)12 -001 Pl I s 120K !
VREF g, a 1 [ &) NC |
l R4 Rq RIO € R | ko '
c% 4 sak 4K 249K it L 3
Py T=—~ER - Sa A S [ N I R S (N S D L N e [ Y SO
4
s o 25v = = [E
< e ) O
" 5*u1.s &
v o et b€ €
4 o ;’l ® A B € * H
! w
j*>_ e 080 @ a a. o RS VR3
(TL4nq) ae a3 CRG
AR 3 an a4 CRE
| 2K as
ia 4|7
1 REF: DRILL RAN D 10028
+ lCﬂ RS RG REF: RORT MNOB8209365
RELESS OTHERWISE SPECIFED
0 3K 47K TOUERANCES SCHEMRTIC -
i At 00 XX s 2008 G5 WATT FOWER SUPPLY
. HOLE DIA TOLERANCES maTELT 469
os-280 « 293
280 -780 = :g
- e 0
DIMENSIONS ARE -:f::u 21}
AMD APPLY AFTER PLATING 469 m
DO MOT SCALE THIS DRAWING MEXT ASSY. UED O

135






[=N0D=y = lAmmp p——EA= PA AN ZA WOD

{ 5,0
@
+ § 2y
Oy (8 ik
o geH b2 [ — 1w} TE E
r g0
A e e B AR
~ - & wo
hot b TS} £€0 & Qu
© > z3
™ ZHA [o] w e
< % Ty
Y — p o
—y w Z+-
e
- oey
i © < <q
SM -~ 5 o 0
o im == - .
- pas 82y <
' _ @
w >
zl Z
< _+1 \ zeo =
= - - 2
o +
© s
(&}
m_HH_ -
g T S I
4 + o
Al~0) oe0 &
LY 1) - m
0D + m e = (&]
— ; 3 T e %
I [
LIy =
+ 1<
Nercresmens e T
€2 suom| ] | | _m
5 s10CD ok -
[&] Q @
e sed LI 795 + 3
[+ @ > o~ i ~
=0 ¢
g g _ "
o — > -
e w— T M
- 2
I 1
10 S o m @ 820
g o
JON
(3] N Ll 1
N L2y
ot - L 2 _
tgo ~C B | & o ”
w RO ]
v - e B —
_mhgl o MNV 269 S
s & A4 © A3
n”UD Sl 8
9€) o o +
Qmw
0 4 %% 2 T
= o hd
& of |o fyo -CP~ O
= e e TO
e O
] L — s}
GL U 71 O X 2
o= 9AR _..IIH 1 © %A
+| a. >
o - ~ en
o —t G — 820041 5e

COMPONENT LOCATION, POWER SUPPLY PCB #8790049 65W (TANDY)

137



-
>
2
9
<
0
o
b
3

1700218
8709365 REV A

© 1982

CIRCUIT TRACE, POWER SUPPLY PCB #8790049, SOLDER SIDE 65W (TANDY)

138



Parts List, Power Supply #8790049 (Tandy 65W)

Item Sym Description Mfgr's Part No.
1 Cl Capacitor, 10 ufd, 35V Elect Radial 8326103
2 C2 Capacitor, 4.7 ufd, 25V Elect Radial 8325470
3 C3 Capacitor, 0.047 ufd, 50/63V 8393474
4 of} Capacitor, 0.47 ufd, 50/63V 8394474
5 C5 Capacitor, 0.068 ufd, 50/63V 8393684
6 C6 Capacitor, 1 ufd, 50V, Elect Radial 8325014
7 Cc7 Capacitor, 0.001 ufd, 63V 8392104
8 C8 Capacitor, 47 ufd, 25V, Elect Radial 8326472
9 C9 Capacitor, 1 ufd, 50V, Elect Radial 8325014
10 Cl10 Capacitor, 2200 ufd, 10V, Elect Radial

11 Cll cCapacitor, 2200 ufd, 10V, Elect Radial

12 Cl2 Capacitor, 2200 ufd, 6.3V, Elect Radial 8328220
13 Cl3 cCapacitor, 0.01 ufd, 50/63V 8393104
14 Cl4 Capacitor, 100 ufd, 35V, Elect Radial 8327103
15 Cl5 Capacitor, 1000 pfd, 100V, Ceramic Disk 8302106
16 Cl6 Capacitor, 2200 ufd, 16V, Elect Radial 8328221
17 Cl7 Capacitor, 0.1 ufd, 50/63V 8304104
18 Cl8 cCapacitor, 3300 ufd, 16V, Elect Radial 8328331
19 Cl9 cCapacitor, 100 ufd, 25V, Elect Radial 8327102
20 C20 Capacitor, 100 ufd, 25V, Elect Radial 8327102
21 C21 cCapacitor, 0.01 ufd, 50/63V 8393104
22 C22 Capacitor, 0.01 ufd, 50/63V 8393104
23 C23 Capacitor, 470 ufd, le6v, Elect Radial 8327461
24 C24 Capacitor, 0.1 ufd, 250V

25 C25 Capacitor, 2200 ufd, 16V, Elect Radial 8328221
26 C26 Capacitor, 220 ufd, 200V, Elect Radial 8327226
27 C27 Not Used

28 C28 Capacitor, 0.01 ufd, 250 VAC 8393106
29 C29 Capacitor, 220 ufd, 200V, Elect Radial 8327226
30 C30 Capacitor, 4700 pfd, 125VAC, Ceramic Disk 8303475
31 C31 cCapacitor, 4700 pfd, 125VAC, Ceramic Disk 8303475
32 C32 Capacitor, 0.1 ufd, 250VAC 8394106
33 CR1 Diode, 1N4148, Switching 8150148
34 CR2 Diode, 1N4001, 1A/50PIV 8150001
35 CR3 Diode, 1N4001, 1a/50PIC 8150001
36 CR4 Diode, 1N4939, 1A/100PIC 8150934
37 CR5 Diode, MBR1035, 8/10A, 35V, TO-220 8150035
38 CR6 Diode, MUR810, 8A/100PIV, TO-220 8150810
39 CR7 Diode, 1N4934, 1A/100PIV 8150934
40 CR8 Diode, MURS810, 8A/100PIV, TO-220 8150810
41 BR1 Dioide Bridge, 2A,600PIV 8160402
42 VRl Zener Diode, 1N5232B, 5.6V 8150232
43 VR2 Zener Diode, 1N5256B, 30V 8150256
44 VR3 Diode, A79M12
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Parts List, Power Supply #8790049 (Tandy 65W)

Item Sym Description Mfgr's Part No.
45 Fl Fuse, 3A, AGC 8479104
46 Ll Inductor, 5.0h,m 10A 8419006
47 L2 Inductor, 30h, 5A 8419008
48 L3 Not Used

49 L4 Inductor, 30h, 5A 8419008
50 L5 Inductor, 100h, 2A 8419009
51 Ul IC, MC34060, Switching Regulator 8060060
52 uA/TL494 Switching Regulator 8060494
53 U2 IC, 4N35, Opto-Isolator 8170428
54 R1 Resistor, 1 kohm, 1/4W 5% 8207210
55 R2 Resistor, 68 ohm, 1/4W 5% 8207068
56 R3 Resistor, 28 kohm, 1/4W 1% 8200328
57 R4 Resistor, 39 kohm, 1/4W 5% 8207339
58 R5 Resistor, 15 kohm, 1/4W 5% 8207315
59 R6 Resistor, 4.7 kohm, 1/4W 5% 8207247
60 R7 Resistor, 4.7 kohm, 1/4W 5% 8207247
61 R8 Resistor, 22 kohm, 1/4W 5% 8207322
62 R9 Resistor, 4.7 kohm, 1/4W 5% 8207247
63 R10 Resistor, 4.7 kohm, 1/4W 5% 8207247
64 R11 Resistor, 100 ohm, 1/4W 5% 8207110
65 R12 Resistor, 620 ohm, 1/4W 5%

66 R13 Resistor, 18 kohm, 1/4Q 5% 8207318
67 R14 Resistor, 330 ohm, 1/4W 5% 8207133
68 R15 Potentiometer, 1 kohm, 20%, Linear 8275211
69 R16 Resistor, 3.31 kohm, 1/4W 1% 8200232
70 R17 Resistor, 100 ohm, 1/4W 5% 8207110
71 R18 Resistor, 10 ohm, 1/4W 5% 8207010
72 R19 Resistor, 1 ohm, 1/4W 5% 8207001
73 R20 Resistor, 4.7 kohm, 1/4W 5% 8207247
74 R21 Resistor, 220 ohm, 1/4W 5% 8207122
75 R22 Resistor, 330 ohm, 1/4W 5% 8207133
76 R23 Resistor, 27 ohm, 2W 10% 8248127
77 R24 Resistor, 22 ohm, 1/2W 5% 8217022
78 R25 Resistor, 22 kohm, 1/4W 5% 8207322
79 R26 Resistor, 75 kohm, 1w 10% 8248127
80 R27 Resistor, 430 kohm, 1/4W 5% 8207443
81 R28 Resistor, 22 ohm, 1/4W 5% 8207022
82 R29 Resistor, 28 kohm, 1/4W 1% 8200328
83 R30 Resistor, 6.65 kohm, 1/4W 1% 8200266
84 R31 Resistor, 1 kohm, 1/4W 5% 8207210
85 R32 Resistor, 1 kohm, 1/4W 5% 8207210
86 R33 Resistor, 470 ohm, 1/4W 5% 8207470
87 R34 Resistor, 1 kohm, 1/4W 5% 8207210
88 R35 Resistor, 470 ohm, 1/4W 5% 8207470
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Parts List, Power Supply #8790049 (Tandy 65W)

89 R36 Resistor, 1 kohm, 1/4W 5% 8207210
99 R37 Resistor, 0.22 ohm, 2W 10% 8248022
91 R38 Thermistor 8298016
92 R39 Resistor, 75 kohm, 1w 10% 8248375
93 R40 Resistor, 82 kohm, 5W 10% 8248268
94 01 Transistor, MPSU51A, PNP, T0O-202 8100051
95 02 Transistor, MPSA55, PNP, TO0-92 8100055
96 Q3 Transistor, MPSUO01lA, NPN, T0-202 8111001
97 Q4 Transistor, MPSU51A,PNP, TO-202 8100051
98 05 Transistor, MPSUOl1A, NPN, TO-202 8111001
99 Q6 SCR, 8A/50PIV, TO-220 8140122
100 Q7 Transistor, MJE13006, NPN, 8A, 400V 8110006
101 ©8 Transistor, MPSA55, PNP, TO-92 8100055
102 Q9 Transistor, MPSA05, NPN, TO-92 8110005
103 71 Transformer, Power, Ferrite Core 8790046
104 T2 Transformer, Line Choke, 5.5 mH/side, 8790045
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VIDEO MONITOR
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VIDEO MONITOR

7.1 VIDEO MONITOR #8492002 (RCA VERSION)

7.1.1 Functional Specifications

The video monitor is a 12-inch solid state monitor designed
for display of alphanumeric dot characters. The monitor is
designed for a 12-volt DC power input with an average
power consumption of 12 watts. The monitor accepts sep-
arate video, and vertical drive TTL level inputs.

SPECIFICATIONS

Cathode Ray Tube: 12" diagonal, 80° deflection angle, 4 x 5 aspect ratio, P4 phosphor,
integral implosion protection.

Environment: Operating Temperature: 41°F to 131°F (5°C to 55°C) ambient
Humidity: 95% non-condensing at 41°F to 104°9F (5°C to 40°C)
Operating Altitude: 10,000 ft. (3046 meters) maximum

Power Input: +12 VDC at 1 amp nominal
TTL Level 4 volts & 1.5 volts
Input Signals: Horizontal: 4 to 25ysec, positive going

Vertical: 100 to 1400usec, negative going
Video: positive white

Video Response: Bandwidth: 15 MHz, 3dB
Pulse rise time less than 30nsec

Scanning Frequency: Horizontal: 15,600 Hz X 500 Hz
Vertical: 50/60 Hz

Horizontal Retrace: 10 5usec maximum

Vertical Retrace: 850usec maximum
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7.1.2 Service Adjustments

NOTE: Measurements should be made using 12.0 VDC input.
Measurements with kine (CRT) attached will require the
ground strap from kine be connected to chassis to prevent
transis<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>